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Abstract
C. albicans has the ability to form biofilms on biotic and abiotic surfaces. Biofilms are highly 
resistant to various antifungal drugs and there are complex mechanisms underlying biofilm 
resistance. Biofilm associated infections are urgently needed successful treatment. It has become 
essential to develop alternative strategies in order to overcome the limitations of current antifungal 
therapy against biofilm associated fungal infections. Developing new therapeutic approaches for 
anti-biofilm activities, there is a need to find novel drugs from natural sources. Combination 
therapies and exploring natural compounds and immune therapies are good approach to overcome 
this problem. In addition to the discovery of new antifungal drugs, vaccines, antibiotics, natural 
products, small molecules and synthesized compound are the important alternatives to be used 
alone or in combination with antifungal drugs. Combination of molecules with different drugs is an 
excellent strategy due to advantages of combination therapy like reduced side effects and reducing 
the concentration of dosages of individual drugs and reduced toxicity.

Introduction
The polymorphic fungus, Candida albicans is a commensal organism found in the digestive, oral 

and urinogenital areas of healthy humans [1]. It is not pathogenic in healthy individuals but may 
become pathogenic in immune compromised patients [2]. It is the most common hospital-acquired 
infectious agent. C. albicans may cause superficial and serious systemic mycosis. The diseases caused 
by Candida are called as candidiasis [1]. A patient with low number of neutrophils might have 
a chance of Candidemia i.e. infection related with blood streams. Vaginitis in women and oral 
pharyngeal thrush in AIDS patients are the most common infections caused by C. albicans [2,3]. 
Patients suffering from diseases like AIDS and those under chemotherapy and organ transplantation 
have most chances of life threatening infections of candidiasis [3].

Vulva vaginal Candidiasis may affect up to 75% of women. Candida infections are the fourth 
most common hospital-acquired infection in India and second most in the United States of America 
[4]. Candida albicans can exist in various morphological forms like yeast, hyphae and psedohyphae 
and chlamydospores [5]. Hyphae are the filamentous tube like structures without constriction at the 
septal junctions consider as virulence factor of C. albicans. Hyphae have invasive property that can 
promote tissue penetration [5,6]. The use of antifungal agents has increased from many years for 
the treatment of a variety of diseases caused by fungi. There are eight different targets for antifungal 
therapy like chitin synthesis, ergosterol synthesis, glucan synthesis, squalene epoxidase, nucleic 
acid synthesis, protein synthesis, and microtubules synthesis [7]. Azole antifungals are widely used 
to treat candida infections. It consists of imidazole and triazole derivatives such as Ketoconazole, 
Fluconazole, voriconazole etc., that block the synthesis of ergosterol in the cytoplasmic membrane 
[8]. Fluconazole is effective against oropharyngeal and vaginal candidiasis and is   effective at 
very low concentrations and shows very less side effects [9]. Morpholins and allylamines inhibit 
the conversion of lanosterol to ergosterol, while Echinocandins are glucan synthesis inhibitors. 
Flucytosine was first developed as an anticancer agent but later on it was developed as an antifungal 
agent and today it is used in adjunctive therapy with Amphotericin B [10]. Polyene antifungal agents 
such as amphotericin B and nystatin are having broad spectrum of action and shows fungicidal 
activity. Echinocandins and their analogue and has excellent activity towards fluconazole resistant 
candida strains [8,11]. Antifungals like fluconazole, pyrimidine analogues and allylamines are 
less useful against biofilms of C. albicans. So, commercial antifungal agents including fluconazole 
and amphotericin are widely prescribed but they are not very effective in clinical situations [12]. 
Pathogenicity of C. albicans increases because of resistance activity of virulence factors like biofilm 
formation, yeast to hyphae transition [2,13].
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Biofilms are microbial communities containing a dense network 
of yeast and filaments embedded inside an exo-polymeric matrix 
which makes it resistant against chemotherapeutic agents [14]. 
Biofilms are not just a mixture of yeast and filaments but it shows 
different developmental phases differing from planktonic growth 
mode. Specific gene programme and metabolic processes are activated 
during biofilm formation [15,16]. Candida biofilm shows increased 
resistance against most the antifungal agents [17].

Biofilms formed by C. albicans are more pathogenic than the 
budding yeast [2]. Biofilms are responsible for broad spectrum 
infections in the human host [2]. Implanted devices in human host 
like inside wall of intravenous catheters, indwelling bladder catheters, 
joint prosthesis, eye lenses and mechanical heart valves are common 
site for biofilm growth [18,19]. Biofilms have the ability to efflux out 
the drugs outside the cell. Biofilms are made up of high density cells 
and persister cells. Changes in gene expression take place during 
formation of biofilms [14]. At high concentration of repeated doses, 
some antifungal agents showed toxicities [19]. Overall, increased cost 
and drug resistance has put limitations on the use of antifungal drugs. 
Candida albicans biofilms are difficult to eradicate [14]. So there is 
a need to find better drug agents to cure life threatening infections 
associated with biofilms of C. albicans.

Combination therapy is considered as an effective approach to 
improve the efficacy of therapy in the treatment of invasive infections 
[20]. Combination therapy is very useful and effective since they may 
increase both the rate and degree of microbial killing [21]. Another 
important reason for using combined drugs is that each drug may 
have different mechanism of action. Two drugs may act on different 
targets resulting in multi targeting. Due to multi targeting approach, 
development of drug resistance can be slowed down [22]. Some 
antifungal drugs like fluconazole affect liver. Toxicity and intolerance 
of the drug could be avoided with the help of two or more combined 
drugs [22,23].

Studies on Drug Combinations against C. 
albicans in vitro

Non-steroidal anti-inflammatory drugs are used for the treatment 
of pain and inflammation. It is demonstrated that COX inhibitors 
decreased biofilm production by C. albicans. These drugs block the 
biosynthesis of mammalian prostaglandin by acting on one or both 
of the cyclooxygenase isoenzymes, COX-I, COX-II. Cyclooxygenase 

enzymes are involved in the synthesis of mammalian prostaglandins. 
Prostaglandins are lipid molecules and have diverse biological roles 
like regulation of blood pressure, inflammation, reproduction, renal 
function etc [2]. Prostaglandins are also produced by pathogenic 
fungi. Non-steroidal anti-inflammatory drugs like Aspirin, Diclofenac 
sodium, Ibuprofen, Ketoprofen, Piroxicam block prostaglandin 
synthesis by inhibiting COX enzyme [24]. Among NSAIDs, Aspirin, 
Diclofenac and Ibuprofen exhibit anti biofilm activity. Ibuprofen 
combined with fluconazole show synergistic interaction against 
fluconazole resistant C. albicans. Ibuprofen has both fungicidal and 
fungistatic activity depending upon its doses. Ibuprofen at high doses 
can kill Candida by causing damage to cell membrane under in vitro 
condition. Combination of Ibuprofen with Fluconazole increases the 
sensitization of C. albicans [23]. The non-steroidal anti-inflammatory 
drug Diclofenac, a COX-I and COX-II inhibitor, when combined 
with Fluconazole or Ketoconazole shows synergistic effect against cell 
viability of C. albicans [25]. The mechanisms of action for synergistic 
interaction between NSAIDs with antifungal drugs might be that 
they inhibit the activity of phospholipase A and B in C. albicans. 
Phospholipase A and B have the ability to cleave the fatty acid side 
chains of phospholipids. Biofilm and yeast cells of fungi synthesized 
fungal prostaglandins which are very sensitive to the COX inhibitors 
[26].

Caspofungin, an Echinocandin has the ability to interfere 
with fungal cell wall biosynthesis by inhibiting beta-1, 3-D-glucan 
synthase. Caspofungin is effective against resistant strains of C. 
albicans. Caspofungin is used in the treatment of invasive candidiasis 
[7]. To increase the efficacy of caspofungin towards biofilm of C. 
albicans, caspofungin is combined with Diclofenac. Diclofenac is 
an anti-inflammatory drug which inhibits hyphae development and 
biofilm formation. Susceptibility of C. albicans could be increased by 
combined interaction of caspofungin towards biofilm by Diclofenac 
pretreatment. This combination can be used against C. albicans 
biofilm associated infections [27]. Caspofungin combined with 
posaconazole, resulted synergistic interaction in vitro and in vivo 
against clinical isolates of C. albicans [28].

Curcumin, a polyphenol found in turmeric, is known to have 
antifungal activity. Curcumin when combined with azoles like 
fluconazole, miconazole, ketoconazole, nystatin, and amphotericin 
B in vitro resulted in synergistic interaction against C. albicans [29]. 
Curcumin increases the level of ROS and regulation of expression 

No Antifungal Drug Mode of action  Mechanism of resistance References

1 Azoles Fungistatic, broad spectrum antifungal drug. Inhibits 
fungal cytochrome P450 14α-lanosterol demethylase.

Drug efflux carried out due to decreased affinity in 
Erg11 protein by mutations up regulation of multidrug 
transporter genes. Alteration of specific steps in the 
ergosterol biosynthetic pathway.

[7,8,9]

2 Polynes (Amphotericin 
B )

Fungicidal, broad spectrum antifungal drug which is 
used in liposomal form having reduced toxicity. It binds 
to ergosterol major sterol of fungal membrane. 

Due to binding ergosterol content is decreased. 
Absence of ergosterol alters the specific steps in 
biosynthetic pathway.

[7,8,9]

3 5-flurocytosine Inhibition of nucleic acid synthesis by formation of 
fluorinated pyrimidine metabolites.

Lack of enzyme essential in the metabolism of 5-Fc.
Deregulation of the pyrimidine biosynthetic pathway. 
Defects in cytosine deaminase.

[7,8,9]

4

Echinocandins
Inhibition of cell wall synthesis enzyme β-1, 3 glucan 
synthase. 

Alteration of affinity of echinocandins for β-1,3 glucan 
synthase. [7]Caspofungin

Micafungin

5
Allylamines Fungicidal Poorly active against Candida species.

Inhibition of squaleneepoxidase (ERG1) Alteration in the gene ERG1 [8]
Terbinafine

6 Morpholines Inhibition of sterol reductase and isomerase Unknown [9]

Table 1: List of Anti-fungal agents.
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Number Combination Interaction Reference

1 Latex of Euphorbia characias +  Ketoconazole Synergistic [88]

2 Caspofungin+ Amphotericin B Synergistic [89]

3 Estragole + AmB Antagonistic [90]

4 Amphotericin B + FC, echinocandins, TBF Antagonism [23]

5 Berberine + amphotericin B Synergistic [23]

6 Ibuprofen + FLC, KTC, ITR Synergistic [23]

7 Cinnmaldehyde + AmB Synergistic [91]

8 Berberine + fluconazole Synergistic [58]

9 Cyclosporine A, FK506 + FLC Synergistic [23]

10 Amiodarone + FLC, ITR, VOR  Synergistic [61]

11 Baicalein + Fluconazole Synergistic [31]

12 Retigeric acid B + FLC, ITR, KTC Synergistic [39]

13 Allicin + FLC, AmB Synergistic [55]

14 Thymol + FLC, AmB, ITR Synergistic [61]

15 Curcumin + FLC, VOR, ITR, AmB, miconazole, nystatin Synergistic [29]

16 Linalool, benzyl benzoate, eugenol + FLC Synergistic [46]

17 Lectoferrin + FLC Synergistic [52]

18 Cinnmaldehyde, Eugenol + FLC Synergistic [44]

19 Eugenol, Cinnmaldehyde + Amphotericin B Indifference [44]

20 Thymol + Fluconazole Synergistic [43]

21 Cyclosporine A + FLC, VOR, ITR, AmB, nystatin Synergistic [67]

22
Chloroquine + FLC, VOR; Synergistic;

[68]
Chloroquine + Caspofungin, amphotericin B No Interaction

23 Diclofenac + caspofungin Synergistic [27]

24 Posoconazole + Caspofungin Synergistic [75]

25 Geldanamycin + Fluconazole Synergistic [60]

26 Diketopiperazine + AmphotericinB Synergistic [38]

27 Tyrocidines + Amphotericin B and Caspofungin Synergistic [36]

28 Glabridin + Fluconazole Synergistic [70]

29 Stillbines + Fluconazole Synergistic [38]

30 Econazole- Nitrate + chelerythrine Synergistic [28]

31 Tetrandrine + Fluconazole Synergistic [76]

32 Fluoxetine + Fluconazole Synergistic [71]

33 Farnesol + Fluconazole, Amphotericin B or micafungin Synergistic [65]

34 Thymol + Nystatin Synergistic [45]

35 Eugenol-tosylate + Fluconazole Synergistic [49]

36 Diorcinol D + fluconazole Synergistic [72]

37 Plant Defensin HsAFP1 + Caspofungin Synergistic [74]

38 Thionin-like peptide + fluconazole Synergistic [53] 

39 Calcium channel blockers (amlodipine, nifedipine, bendipine, flunarizine) + fluconazole Synergistic [73]

40 Budesonide + fluconazole Synergistic [77]

41 Essential oil  and its major component + fluconazole Synergistic [48]

42 Synthetic chalcones + fluconazole Synergistic [34]

43 Extract of Rchingii + Fluconazole Synergistic [79]

44 PVP-coated AG-NPs + Fluconazole Synergistic [78]

45 Quercetin + Fluconazole Synergistic [80]

Table 2: Combination of Chemo-sensitizing agents with Antifungals against C.albicans in vitro.
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of several genes associated with fungal oxidative stress, including 
superoxide dismutase, catalase, and oxydoreductase [30].

A flavonoid, Baicalein, which was originally isolated from the 
Chinese plant, Scutellaria baicalens has anticandidal property. 
Baicalein is a lipooxygenase inhibitor or efflux pump inhibitor 
[31]. It shows inhibitory effect against different stages of biofilm 
development and growth of Candida. Baicalein directly act on cell 
surface hydrophobicity of the biofilm [32]. Baicalein combined 
with fluconazole shows synergistic interaction against C. albicans. 
As baicalein is an inhibitor of efflux pump, in combination with 
fluconazole it reduces the ability of cells to efflux out the drugs [31]. 
Baicalein combined with amphotericin B resulted in apoptosis in C. 
albicans. Caspase activity and reactive oxygen species in C. albicans 
is enhanced in presence of both baicalein and amphotericin B [33].

Chalcones are naturally occurring flavonoids composed of two 
aromatic rings connected by α, β unsaturated carbonyl group. They 
have antitumor, antifungal and anti-inflammatory activities. Twenty-
four derivatives of chalcones were synthesized by aldol condensation 
and combined with fluconazole against resistant strains of C. albicans. 
Synthetic chalcones combined with fluconazole show synergistic 
interaction and might be following similar mechanism like baicaelin 
[34].

Tyrocidines isolated from Bacillus have antibacterial, antimalarial 
as well as antifungal activities. At low concentrations they show strong 
inhibitory effect against planktonic growth of C. albicans. Tyrocidines 
are cationic cyclodepeptides and have been used as topical antibiotics 
for bacterial and parasitic infections [35]. Additionally tyrocidines 
inhibit biofilm development and maturation by direct attack on cell 
membrane. Membrane disruptive activity of tyrocidines causes cell 
death. When tyrocidenes were combined with Amphotericin B and 
Caspofungin it potentiated the activity of AMB and CAS towards C. 
albicans by inducing reactive oxygen species and disrupted membrane 
permeability [36].

Small cyclic peptides namely diketopiperazines has different 
properties like antitumor, antifungal and antibacterial activities 
[37]. Diketopiperazines increase the efficacy of amphotericin B and 
clotrimazole against C. albicans. Amphotericin B is toxic and hemolytic 
effect in vivo. Diketopiperazines in combination with Amphotericin 
B reduces the side effects or cytotoxicity of Amphotericin B [38].

Retigeric acid B, a pentacyclictriterpene acid isolated from 
the lichen, Lobaria kurokawae, possesses antifungal activity [39]. 
The antifungal mode of action of Retigeric acid B was found to be 
associated with reactive oxygen species related apoptosis. Retigeric 
acid b when combined with fluconazole and ketoconazole resulted 
in synergistic interaction [40]. Retigeric acid B inhibits efflux pump 
activity and ergosterol biosynthesis pathway in C. albicans [39].

Components of essential oils, like eugenol, thymol, carvacrol, 
geraniol, linalool, cinmaldehyde and menthol possess antifungal 
activity against biofilm of C. albicans [41]. Essential oils have the 
ability to create pores in the cell membrane and efflux the drugs out 
of cell and decrease the ergosterol content of the cell membrane. 
Thymol, eugenol and Carvacrol cause membrane disintegration; 
ion loss and interference in the TOR pathway [42]. By creating ionic 
disruption, carvacrol may make cells unable to regulate acidification. 
Thymol, eugenol, and carvacrol combined with fluconazole show 
synergistic interaction against biofilm of C. albicans [43]. Thymol and 
eugenol are reported to have synergistic interaction with fluconazole 
against planktonic form of C. albicans. Terpenoids are fungicidal in 
nature and it increases the sensitivity of C. albicans biofilms towards 
fluconazole by altering the fungistatic activity into fungicidal [44]. 
Combined effect of thymol with fluconazole and amphotericin B 
resulted in synergistic interaction between thymol and fluconazole 
[42]. Some studies have shown that thymol has broad spectrum of 
biological activities like antiseptic, anti-inflammatory antioxidant 
and fungicidal effect on Candida. Thymol combined with the 
synthetic antifungal drug, Nystatin, resulted in synergistic interaction 
by inhibiting ergosterol formation. Thymol acts on different enzymes 

46 Farnesol + Fluconazole Synergistic [66]

47 Fluxitine +  FLZ, ITR, VOR Synergistic [82]

48 Allylisothiocyanate + Fluconazole Synergistic [85]

49 Osthole +Fluconazole Synergistic [83]

50 Lipopeptide AC7BS + Amphotericin B Synergistic [84]

51 Caffic acid phenethyl ester + Caspofungin Synergistic [87]

52 Lovastatin + Itraconazole Synergistic [86]

Numbers Combinations Interaction Model Organism Reference

1 Epigallocatechin + AmB in murine model Synergistic Mice [92]

2 Allicin + FLC Synergistic Murine [93]

3 Berberine + AmB Synergistic Murine [58]

4 Caspofungin + Diclofenac Synergistic Rat [27]

5 Tyrocidienes  + Caspofungin Synergistic C.elgansnematode [36]

6 Amiodarone + fluconazole Synergistic Murine [23]

7 Budesonide + fluconazole Synergistic G.mellonella [83]

8 Quercetin + fluconazole Synergistic Murine VVC [80]

9 Farnesol + fluconazole Indifference Murine [66]

10 Fluxetine + FLZ, ITR, VOR Synergistic G.mellonella [82]

Table 3: Combination of chemosensitizing agent with antifungal agent against C.albicans in vivo.
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responsible for the synthesis of ergosterol of the fungal plasma 
membrane [45].

Cinnamaldehyde combined with amphotericin B shows 
synergistic interaction against C. albicans by disrupting the plasma 
membrane of Candida. Other terpenoids like linalool, benzyl 
benzoate, and eugenol combined with fluconazole resulted in 
synergistic interaction against planktonic forms of C. albicans [46]. 
The monoterpenes, linalool and phenyl propene methylchavicol 
combined with fluconazole and ketoconazole shows synergistic 
interaction against C. albicans by acting on membrane permeability 
[47].

Essential oil from Ocimum basilicum var. Maria Bonita and 
its major components like linalool and geraniol when combined 
with fluconazole showed increased antifungal activity. Geraniol 
combined with fluconazole showed synergistic interaction & also in 
combination of linalool with geraniol showed synergistic interaction 
against resistant strain of C. albicans. Essential oil and linalool have 
ability to reduce ergosterol content it means they might act on 
ergosterol biosynthesis pathways and showed synergistic interaction 
against biofilm of C. albicans [48].

Semi-synthetic analogue of eugenol, Eugenol-tosylate and its 
congeners combined with fluconazole and tested their antifungal 
activity against Fluconazole-resistant C. albicans have showed 
significant synergistic interaction. Eugenol-tosylate and its congeners 
from E1 to E6 have ability to down regulate the activity of ERG11 
gene. By inhibiting ergosterol biosynthesis pathway eugenol-tosylate 
acts as an augmenting agent [49].

Polyphenol, epigallocatechin-o-gallate found in the extract of tea 
possess antifungal activity. Epigallocatechin-o-gallate combined with 
Amphotericin B shows synergistic interaction against C. albicans. 
Epigallocatechin-o-gallate is reported to be a highly pH dependent 
compound, and in acidic condition it shows synergism with 
amphotericin B [50].

Antimicrobial peptides are very important components of 
immunity against acute infections. They kill rapidly Gram positive 
and Gram negative bacteria, viruses and fungi. Antimicrobial peptides 
can alter membrane permeability due to which leakage of cellular 
ingredients may occur and result into cell death [51]. Lactoferrin an 
antimicrobial peptide combined with fluconazole shows synergistic 
interaction against C. albicans. Chelating function of lactoferrin 
target the mitochondrion of Candida, due to which production of 
reactive oxygen species increase and this is responsible for synergistic 
interaction between lactoferrin with fluconazole [52].

A plant derived peptide Thionin, named CaThi has strong 
candidacidal activity and when combined with fluconazole show 
synergistic interaction by permeabilization of plasma membrane in 
C. albicans. The combined treatment of CaThi with fluconazole is 
results strong improvement in therapeutic results against resistant 
strains of Candida spp [53].

Allicin, aallyl-sulfur organic compound derived from garlic, have 
ability to inhibit the yeast to hyphal form transition and inhibit growth 
of hyphae in Candida albicans. Allicin can reduce Glutathione lavel 
and increase oxidative stress in C. albicans [54]. Allicin combination 
with amphotericin B and flucytosine shows synergistic interaction 
against C. albicans. It is reported that when allicin is combined 
with flucytosine and amphotericin B the outer membrane of cells 

completely destroyed. Allicin combined with fluconazole shows 
synergistic interaction against clinical isolates of C. albicans [55,23].

A common alkaloid Berberine is found in many plants like Coptis 
chinensis and Hydratis canadensis L. Berberine is reported to have 
synergistic interaction with fluconazole against clinical isolates of C. 
albicans. In this combination of Berberine with fluconazole, berberine 
acts as a chemosensitizer of fluconazole [56]. Berberine directly 
attack on the mitochondrial respiration resulting in the production 
of reactive oxygen species [57]. Berberine chloride combined with 
fluconazole exhibits synergistic interaction against clinical isolates of 
C. albicans by inhibiting presence of sterol 24 alpha methyl transferase 
enzymes in the membrane [58].

Geldanamycin is a benzoquinone ansamycin antibiotic which 
possesses antifungal activity [59]. Geldanamycin combined with 
fluconazole shows synergistic interaction against C. albicans. 
Geldanamycin have the ability to inhibit Hsp90 proteins by binding to 
proteins aminotrminal domain, where ATPs bind. Due to inhibition 
of Hsp90 protein, its client proteins degraded and cell lysis take place. 
This mechanism is responsible for the synergistic interaction of 
geldanamycin with fluconazole [60].

Amiodarone is an antiarrhymic drug which possesses antifungal 
properties against fungi like Aspergillus, Cryptococcus and Candida. 
Amiodarone is reported to exhibit synergistic interaction with 
fluconazole, itraconazole and voriconazole against drug resistant 
strains of C. albicans [61]. Amiodarone has the ability to disrupt 
the cell membrane. Due to alteration in cell membrane, ergosterol 
lavel can be reduced resulting in cellular ion imbalance. Changes in 
ergosterol pathway and Calcium stress are responsible for alteration 
of cellular organization. Amiodarone combined with fluconazole 
exhibit synergistic activity against C. albicans [62].

Farnesol is a quorum sensing molecule which is reported to have 
synergistic interaction with fluconazole. Farnesol causes apoptosis 
in C. albicans by different mechanisms like production of reactive 
oxygen species and mitochondrial degradation. Farnesol inhibits yeast 
to hyphae transition in C.albicans. In combination with fluconazole 
farnesol can accumulate reactive oxygen species and down regulate 
the ergosterol biosynthetic pathway [63,64]. Farnesol combined with 
Amphotericin B, micafungin and fluconazole have shown synergistic 
interaction against biofilm of C. albicans by targeting the mitogen 
activated protein kinase and cAMP- protein kinase pathway. This 
pathway is regulated by Ras protein. Farnesol inhibits the activity 
of RAS signals in C. albicans. Ras and ROS have important roles in 
physiological functions and development of C. albicans [65]. But 
combinations of farnesol with fluconazole against sessile C. albicans 
isolates were shown indifference interaction. Synergistic interactions 
were found against only planktonic forms of strain of C. albicans [66].

Cyclosporine in combination with fluconazole, voriconazole 
and caspofungin show synergistic interaction against C. albicans. 
Cyclosporine A is a calcineurine inhibitor. Calcineurine have 
properties like hyphae elongation, vegetative growth, cation 
homeostasis, cell wall synthesis and regulation of cell cycle and also 
plays role in the regulation of the intracellular Ca+ concentration. 
Calcineurine is a calmodulin activated phosphatase. Phosphatase 
has a key role in development of C. albicans. These drugs suppress 
the immune system by inhibiting calcineurine [67]. Chloroquine an 
antiparasitic drug when combined with fluconazole and voriconazole 
shows synergistic interaction against C. albicans biofilm. Chloroquine 
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sensitizes biofilms of C. albicans to fluconazole and voriconazole may 
be due the activation of drug efflux pump and by inhibiting ergosterol 
content in the membrane [68].

Glabridin is found in the root extract of the plant Glycyrrhiza 
glabra. Glabridin is associated with properties like anti-oxidant, 
anti-inflammatory, neuroprotective and skin whitening. Glabridin 
shows antifungal activity against C. albicans [69]. Glabridin exhibit 
synergistic interaction with fluconazole against resistant strains of C. 
albicans. On the basis of cell membrane permeability test it is reported 
that after combined treatment of fluconazole with glabridin, changes 
are found in cell envelop of C. albicans. Cell membrane permeability 
increased by decreasing cell size, therefore cells is very sensitive to the 
cell wall inhibitors [70]. Vulvovaginal candidiasis is most common 
infections caused by Candida spp. combined dose of a selective 
serotonin reuptake inhibitor drug, fluoxetine with fluconazole is 
used in treatment of vulvovaginal candidiasis. This combination 
showed synergistic interaction against fluconazole resistant strain by 
increasing the production reactive oxygen species [71].

Diorcinol D is an antifungal compound isolated from the 
fungus Aspergillus versicolor, an endophytic fungus derived from 
the lichen, Lobaria quercizan, when combined with fluconazole 
synergistically inhibited mature biofilms of C. albicans. Diorcinol 
D inhibited the activity of efflux pump by reducing the expression 
of Cdr1 in C. albicans. It also blocked the biosynthesis of ergosterol; 
these possibilities are responsible for synergistic interaction with 
fluconazole [72].

In the treatment of cardiovascular diseases, Calcium Channel 
Blockers (CCBs) are used. These drugs have antifungal activity 
against C. albicans. Some commonly used CCBs like Amlodipine 
(AML), Nifedipine (NIF), Bendipine (BEN), Flunarizine (FNZ) 
show synergistic interaction with fluconazole against C. albicans. 
CCBs have the ability to down regulate the activity of Yvc1protein, 
the putative vacuolar calcium channel, and plays important role in 
C. albicans infection. Combined treatment of CCBs with fluconazole 
disturb the calcium concentration by inhibiting the expression of 
CNA1, CNB1 (encoding calcineurin) and YVC1 (encoding calcium 
channel protein in vacuole membrane) protein due to which growth 
of C. albicans inhibited [73].

HsAFP1 is a small cysteine-rich peptide molecule isolated from 
the seeds of coral bells (Heucherasanguinea). It is nontoxic to human 
cells but have antifungal activity. HsAFP1 has inhibitory activity 
against yeast cells but not against the mature biofilm of the C. albicans. 
rHsAP1 combined with Caspofungin show synergistic interaction 
against biofilm of C. albicans. Plant defensins inhibit growth of fungal 
cell by the mechanism of increasing production of ROS and by the 
induction of apoptosis [74].

Chelerythrine (CHT) is a benzopherathridine alkaloid isolated 
from the roots of Chelidonium majus. CHT have strong anti-
inflammatory activity. CHT show synergistic interaction with 
Econazole nitrate (Imidazole) by reducing its toxic side effects. The 
actual mechanism responsible for this interaction is ECZN inhibits 
ergosterol biosynthetic pathway and by accumulating toxic sterol 
in membrane of C. albicans causing cell death. Also, CHT inhibited 
activity of Protein Kinase C (PKC) in C. albicans. PKC is a key 
enzyme in fungi responsible for regulating the cell proliferation, 
differentiation and survival [75].

Tetradrine (TET) is a major alkaloid used in the treatment of 

rheumatic arthritis and hepatic fibrosis. When tetradrine is combined 
with fluconazole, synergistic interaction is found between them 
against C. albicans [76]. Tetradrine inhibits the function of drug efflux 
in C. albicans. The actual mechanism for this synergistic combination 
is related with respiratory metabolism. Classical respiratory chain is 
the major source of respiration or O2 consumption in C. albicans. 
TET affects respiratory energy generation and its conversion in C. 
albicans. TET +FLZ treatment increases the production of ATP by 
inhibiting respiratory enzyme complex due to which ROS production 
increases in the cell and cell goes to apoptosis [76].

Budesonide (BUD) is an inhaled corticosteroid in the group of 
glucocorticoids. Glucocorticoids are used only in the treatment of 
severe infections due to its strong anti-inflammatory effects. BUD 
has the ability to increase the antifungal effect of fluconazole against 
resistant C. albicans in vitro. BUD combined with fluconazole 
show synergistic interaction against C. albicans in vitro as well as in 
vivo. This combination inhibits the function of drug transporters, 
reducing the biofilm formation, promoting apoptosis and inhibiting 
the activity of extracellular phospholipases. On treatment with 
combination transporter genes, CDR1, CDR2, MDR1 and FLU1 were 
down regulated. In presence of BUD and fluconazole expression of 
biofilm formation genes were decreased. HSP90, CRZ1 and CNA1 
were down regulated after treatment with BUD combined with 
fluconazole indicating that apoptosis plays an important role in 
synergistic interaction [77].

Silver nanoparticles (AG-NPs) coated with Polyvinyl Pyrroliodone 
(PVP) is combined with fluconazole and voriconazole against 
resistant strain of C. albicans resulted in synergistic interaction. This 
combination up regulated the expression of ERG5 and ERG6, and 
down regulated the expression of CDR1 gene. Also, PVP-coated 
AG-NPs exhibited tendency to attach to cell membrane and reduce 
hyphae formation [78].

Rubus chingii is one of the members of the genus Rubus. Rubus 
species possess antimicrobial and antifungal activities. The extract 
of R. chingii combined with fluconazole, synergistically inhibit C. 
albicans. Possible mechanism behind this synergistic interaction 
might be changes in the cell cycle of C.albicans after the treatment 
with combination of drugs, fluconazole and extract of chingii arrested 
C. albicans in the S phase, Extract of Chingii decreased the efflux of 
Cdr1 ABC transporter which may be responsible for fluconazole 
resistance [79].

Quercetin (QCT), a dietary flavonoid combined with fluconazole 
show synergistic interaction against C. albicans biofilm which is 
isolated from vulvovaginal candidiasis patients. Combined effect of 
QCT and fluconazole had ability to reduce cell-cell adhesion and 
CSH. QCT with fluconazole combination affected the expression of 
genes responsible for biofilm formation, like ALS1, HWP1, SUN41, 
UME6, PBS2 and PDE2 [80].

Sodium Houttuyfonate (SH) combined with fluconazole 
showed synergistic interaction against clinical strain of C. albicans. 
Sodium Houttuyfonate (SH) is a chemical compound synthesized 
from houttuynin and sodium bisulfate. The antifungal mechanism 
of SH with fluconazole involve the synthesis and transportation of 
β-1,3-glucan. SH have ability to negatively regulate ZAP1and IFD6 
responsible for the accumulation of β-1, 3-glucan [81].

Fluxetine is a Serotonin-Reuptake Inhibitor (SSRI), which is used 
an antidepressant. Antifungal activity of SSRI is reported. Fluxetine 
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combined with three azoles like fluconazole, voriconazole and 
itraconazole show synergistic interaction C. albicans biofilm formed. 
Fluxetine have the ability to down regulate the activity of Secreted 
Aspertase Protease (SAP) formed. Fluxetine have the ability to down 
regulate the activity of SAP genes and also inhibit extracellular 
phospholipase activity [82].

Osthole is an important antifungal o-methylated natural 
Coumarin derived from Candida fructus. C. fructus has been widely 
used in China for the treatment of supportive dermatitis and vaginitis. 
Osthole exhibit synergistic effect with fluconazole. RAS augmentation 
might be an important cause of this synergistic interaction [83].

Lipopeptide AC7BS and amphotericin is synergistic against C. 
albicans biofilm. AC7BS have the ability to affect cell membrane. 
Due to this amphotericin can enter into the cell and show synergistic 
interaction. AC7BS is a potent inhibitor of C. albicans biofilm on 
medical insertional materials and it is used as coating agent [84]. 
Allylisothiocyanate (AITC) with fluconazole were shows synergistic 
interaction against planktonic and biofilm growth forms of C.albicans 
[85]. It hypothesized that AITC might damage cell membrane of 
the C. albicans due to which influx of fluconazole may increase and 
inhibit the biofilm.

Caffic Acid Phenethyl Ester (CAPE) a polyphenol, having 
antifungal activity showed synergistic interaction with Caspofungin 
against C.albicans by disrupting iron homeostasis. By RTPCR 
analysis they were confirmed that iron deprivation induced by CAPE 
led to down regulation of iron utilization gene and up-regulation 
of iron uptake and regulation genes, it indicates that disrupting 
iron homeostasis by CAPE may be the cause of synergism with 
Caspofungin against C. albicans [86]. Zhou et al. proposed that 
lovastatin is an synergistic antifungal potentiator of Itraconazole 
against Candida albicans planktonic cells and biofilms. By regulating 
ergosterol biosynthetic pathway lovastatin showed synergistic 
interaction with itroconazole [87].

Studies on Drug Combinations against C. 
albicans in vivo

The Non steroid anti-inflammatory drug, Diclofenac combined 
with caspofungin is tested on sub cutaneous biofilm formed on 
catheters in a rat model. Diclofenac alone had no effect on biofilms 
on catheters. In combination with fluconazole it was able to eradicate 
the biofilms and increase the survival of rats. Combined treatment of 
Diclofenac with caspofungin increased the survival of rats up to seven 
days [27].

Effect of Tyrocidines and Caspofungin is studied in the Nematode 
model of Caenorhabditis elegans. After five days of infection, C. elegans 
is treated with combined doses of Tyrosidines and Caspofungin. This 
treatment doubled the survival of C. elegans against Candida infection 
without any toxicity [36].

Epigallocatechin-o-gallate combined with Amphotericin B 
shows synergistic interaction against C. albicans. This combination 
is studied in mice model against disseminated Candidiasis. Infected 
mice injected with combined doses of Amphotericin B and EGCG 
showed increased survival rate than mice injected with Amphotericin 
B. EGCG itself inhibit hyphal formation and ergosterol synthesis in 
C. albicans [92].

Guo et al., reported that allicin and fluconazole when applied 
together can reduce infection of kidney in a murine model of 

Candidiasis and increase the survival. Berberine a common alkaloid 
combined with amphotericin B increases the survival rate of mouse 
which infected by C. albicans [93]. Berberine plus amphotericin B 
injection in mouse model increased the survival of mice twice than 
amphotericin B alone [58]. Berberine can directly attack on the 
mitochondrial respiration resulting in the production of reactive 
oxygen species [57].

Amiodarone with fluconazole can reduce infection of kidney 
in murine model of candidiasis and increase the survival four 
times. Amiodarone has the ability to disrupt the cell membrane 
in C. albicans. Due to alteration in cell membrane, ergosterol lavel 
is reduced and cellular ion imbalance takes place. This may be 
responsible for increasing the survival rate [23].

Galleria mellonella larva, a new fungal infection model, is used to 
study the effect of combined treatment of Budesonoide (BUD) with 
fluconazole. Infected G. mellonella larvae exposed to a combination 
of fluconazole and BUD resulted in significant increase in survival. 
Histopathology study of infected larvae showed that the treatment 
with fluconazole and BUD resulted in much fewer melanized nodules 
than the alone treatment. Immuno-modulatory activities of BUD 
might be responsible for the protection of G. mellonella larvae from 
C. albicans infections [77]. Kovacs, et al [66] tested farnesol with 
fluconazole against C. albicans biofilms in a murine vulvovaginitis 
model. Indifference interaction was showed by this combination.

Quercetin (QCT), a dietary flavonoid combined with fluconazole 
showed synergistic interaction in a murine vulvovaginal candidiasis 
model. Following treatment fungal load decreased, hyphal forms 
disappeared, and the inflammation of mucosal epithelial cells was 
decreased [80].

Fluxetine combined with three azoles like fluconazole, 
voriconazole and itraconazole showed synergistic interaction against 
C. albicans biofilm in G. mellonella model. Fluoxetine down regulated 
the expression of SAP genes. Also, phospholipase activity was 
decreased during treatment with combined drug in the larvae [82].

Future Prospects
Universally, Candidiasis is a major life-threatening disease, due 

to the increased incidence of drug resistance in Candida spp and the 
limited number of antifungal agents available. Combination therapy 
might be a valid alternative. The main objective of combination 
therapy is to achieve synergistic interaction between two compounds, 
by increasing their activity and lowering the toxic effects of both 
compounds. The results of this combination review show a promising 
new strategy for control of fungal diseases. There are many reports 
available on combination of antifungal drug with synthetic small 
molecules and with natural compound in vitro. Some of them 
combinations were tried in vivo. There is a need to try more these 
combinations in vivo. Promising attributes of chemosensitizing 
agents like synthetic compound show greater specificity towards C. 
albicans biofilm. There will be greater opportunity to eradicate the 
biofilm. By using combinatorial approach of chemosensitizing agents 
with appropriate commercial antifungal agents might be improve 
efficacy of available antifungal agents.

Acknowledgements
Authors are thankful to Prof. Pandit Vidyasagar, Hon’ble Vice 

Chancellor, SRTM University, for his kind support. The authors are 
also thankful to UGC and DST New Delhi for support under the 



Sankunny Mohan Karuppayil, et al., American Journal of Clinical Microbiology and Antimicrobials

Remedy Publications LLC. 2018 | Volume 1 | Issue 5 | Article 10228

UGC-SAP DRS II and DST-FIST program respectively.

References 
1. Douglas LJ. Medical importance of biofilms in Candida infections. Rev 

Iberoam Micol. 2002;19(3):139-43.

2. Douglas LJ. Candida biofilms and their role in infection. Trends Microbiol. 
2003;11(1):30-6.

3. Ganguly S, Mitchell AP. Mucosal biofilms of Candida albicans. Curr Opin 
Microbiol. 2011;14(4):380-5.

4. Hasan F, Xess I, Wang X, Jain N, Fries BC. Biofilm formation in clinical 
Candida isolates and its association with virulence. Microbes Infect. 2009; 
11(8-9):753-61.

5. Sudbery P, Gow N, Berman J. The distinct morphogenic states of Candida 
albicans. Trends Microbiol. 2004;12(7):317-24.

6. Silva S, Rodrigues CF, Araújo D, Rodrigues ME, Henriques M. Candida 
Species Biofilms’ Antifungal Resistance. Journal of Fungi. 2017;21;3(1):8.

7. Onyewu C, Heitman J. Unique applications of novel antifungal drug 
combinations. Anti-Infective Agents in Medicinal Chemistry. 2007;6(1):3-
15.

8. Moudgal V, Sobel J. Antifungals to treat Candida albicans. Expert Opin 
Pharmacother. 2010;11(12):2037-48.

9. Johnson MD, Perfect JR. Use of antifungal combination therapy: agents, 
order, and timing. Current fungal infection reports. 2010;4(2):87-95.

10. Reedy JL, Filler SG, Heitman J. Elucidating the Candida albicans 
calcineurin signaling cascade controlling stress response and virulence. 
Fungal Genet Biol. 2010;47(2):107.

11. Sardi JC, Scorzoni L, Bernardi T, Fusco-Almeida AM, Giannini MM. 
Candida species: Current epidemiology, pathogenicity, biofilm formation, 
natural antifungal products and new therapeutic options. J Med Microbiol. 
2013;62(Pt 1):10-24.

12. Ramage G, Rajendran R, Sherry L, Williams C. Fungal biofilm resistance. 
Int J Microbiol. 2012;2012:14.

13. Ramage G, Martinez JP, Lopez-Ribot JL. Candida biofilms on implanted 
biomaterials: a clinically significant problem. FEMS Yeast Res. 2006;6 
(7):979-86. 

14. Desai JV, Mitchell AP, Andes DR. Fungal biofilms, drug resistance, and 
recurrent infection. Cold Spring Harb Perspect Med. 2014;4(10).

15. Chandra J, Mukherjee PK, Leidich SD, Faddoul FF, Hoyer LL, Douglas LJ, 
et al. Antifungal resistance of candidal biofilms formed on denture acrylic 
in vitro. J Dent Res. 2001;80(3):903-8.

16. Kim J, Sudbery P. Candida albicans, a major human fungal pathogen. J 
Microbiol. 2011 Apr;49(2):171-7.

17. Fanning S, Mitchell AP. Fungal biofilms. Plos Pathog. 2012;8(4): e1002585.

18. Ramage G, Saville SP, Thomas DP, Lopez-Ribot JL. Candida biofilms: an 
update. Eukaryot Cell. 2005;4(4):633-8.

19. Al-Fattani MA, Douglas LJ. Biofilm matrix of Candida albicans and 
Candida tropicalis: chemical composition and role in drug resistance. J 
Med Microbiol. 2006;55:999-1008.

20. Mukherjee PK, Sheehan DJ, Hitchcock CA, Ghannoum MA. Combination 
treatment of invasive fungal infections. Clin Microbiol Rev. 2005;18(1):163-
94.

21. Hemaiswarya Sh, Kruthiventi AK, Doble M. Synergism between natural 
products and antibiotics against diseases. Phytomedicine. 2008;15(8):639-
52.

22. Wagner H, Ulrich-Merzenich G. Synergy research: approaching a new 
generation of phytopharmaceuticals. Phytomedicine. 2009;16(2):97-110. 

23. Campbell BC, Chan KL, Kim JH. Chemosensitization as a means to 
augment commercial antifungal agents. Front Microbiol. 2012;3:79.

24. Alem MA, Douglas LJ. Effects of aspirin and other nonsteroidal anti-
inflammatory drugs on biofilms and planktonic cells of Candida albicans. 
Antimicrobial Agents and Chemotherapy. 2004;48 (1):41-7.

25. Rusu E, Radu-Popescu M, Pelinescu D, Vassu T. Treatment with some 
anti-inflammatory drugs reduces germ tube formation in Candida albicans 
strains. Brazilian Journal of Microbiology. 2014;45(4):1379-83.

26. Alem MA, Douglas LJ. Prostaglandin production during growth of 
Candida albicans biofilms. J Med Microbiol. 2005;54:1001-5.

27. Bink A, Kucharíkova S, Neirinck B, Vleugels J, Van Dijck P, Cammue BP, 
et al. The non-steroidal anti-inflammatory drug Diclofenac potentiates the 
in vivo activity of caspofungin against Candida albicans biofilms. J Infect 
Dis. 2012;206(11):1790-7.

28. Chen YL, Lehman VN, Averette AF, Perfect JR, Heitman J. Posaconazole 
exhibits in vitro and in vivo synergistic antifungal activity with caspofungin 
or FK506 against Candida albicans. PLoS One. 2013; 8(3):e57672.

29. Sharma M, Manoharlal R, Negi AS, Prasad R. Synergistic anti-candidal 
activity of pure polyphenol curcuminI in combination with azoles and 
polyenes generates reactive oxygen species leading to apoptosis. FEMS 
Yeast Research. 2010;10(5):570-8.

30. Monika Sharma, Raman Manoharlal, Suneet Shukla, Nidhi Puri, Tulika 
Prasad, Suresh V Ambudkar, et al. Curcumin modulates efflux mediated 
by yeast ABC multidrug transporters and is synergistic with antifungals. 
Antimicrobial Agents and Chemotherapy. 2009;53:3256-65.

31. Huang S, Cao YY, Dai BD, Sun XR, Zhu ZY, Cao YB, et al. In vitro 
synergism of fluconazole and baicalein against clinical isolates of Candida 
albicans resistant to fluconazole. Biol Pharm Bull. 2008;31(12):2234-6.

32. Serpa R, França EJ, Furlaneto-Maia L, Andrade CG, Diniz A, Furlaneto 
MC. In vitro antifungal activity of the flavonoid baicalein against Candida 
species. J Med Microbiol. 2012;61(Pt 12):1704-8.

33. Fu Z, Lu H, Zhu Z, Yan L, Jiang Y, Cao Y. Combination of baicalein and 
Amphotericin B accelerates Candida albicans apoptosis. Biol Pharm Bull. 
2011;34(2):214-8.

34. Wang YH, Dong HH, Zhao F, Wang J, Yan F, Jiang YY, et al. The 
synthesis and synergistic antifungal effects of chalcones against drug 
resistant Candida albicans. Bioorganic & Medicinal Chemistry Letters. 
2016;26(13):3098-102.

35. Spathelf BM, Rautenbach M. Anti-listerial activity and structure–activity 
relationships of the six major tyrocidines, cyclic decapeptides from Bacillus 
aneurinolyticus. Bioorganic & medicinal chemistry. 2009; 17(15):5541-8.

36. Troskie AM, Rautenbach M, Delattin N, Vosloo JA, Dathe M, 
Cammue BP, et al. Synergistic activity of the tyrocidines, antimicrobial 
cyclodecapeptides from Bacillus aneurinolyticus, with amphotericin B 
and caspofungin against Candida albicans biofilms. Antimicrob Agents 
Chemother. 2014;58(7):3697-707.

37. Martins MB, Carvalho I. Diketopiperazines: biological activity and 
synthesis. Tetrahedron. 2007; 63(40):9923-32.

38. Kumar SN, Nambisan B, Mohandas C, Sundaresan A. In vitro synergistic 
activity of diketopiperazines alone and in combination with amphotericin 
B or clotrimazole against Candida albicans. Folia Microbiol (Praha). 
2013;58(6):475-82.

39. Sun LM, Sun SJ, Cheng AX, Wu XZ, Zhang Y, Lou HX. In vitro activities 
of retigeric acid B alone and in combination with azole antifungal 
agents against Candida albicans. Antimicrob Agents Chemother. 
2009;53(4):1586-91.

40. Chang WQ, Wu XZ, Cheng AX, Zhang L, Ji M, Lou HX. Retigeric acid 
B exerts antifungal effect through enhanced reactive oxygen species and 
decreased cAMP. BiochimicaBiophysicaActa (BBA)-General Subjects.  

https://www.ncbi.nlm.nih.gov/pubmed/12825991
https://www.ncbi.nlm.nih.gov/pubmed/12825991
https://www.ncbi.nlm.nih.gov/pubmed/12526852
https://www.ncbi.nlm.nih.gov/pubmed/12526852
https://www.ncbi.nlm.nih.gov/pubmed/21741878
https://www.ncbi.nlm.nih.gov/pubmed/21741878
https://www.ncbi.nlm.nih.gov/pubmed/19409507
https://www.ncbi.nlm.nih.gov/pubmed/19409507
https://www.ncbi.nlm.nih.gov/pubmed/19409507
https://www.ncbi.nlm.nih.gov/pubmed/15223059
https://www.ncbi.nlm.nih.gov/pubmed/15223059
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi6lrOh7KzbAhVFVisKHZ_TAjcQFggrMAA&url=http%3A%2F%2Fwww.mdpi.com%2F2309-608X%2F3%2F1%2F8%2Fpdf&usg=AOvVaw3uVC3Mwg4Bo7WNzcc61Ohf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi6lrOh7KzbAhVFVisKHZ_TAjcQFggrMAA&url=http%3A%2F%2Fwww.mdpi.com%2F2309-608X%2F3%2F1%2F8%2Fpdf&usg=AOvVaw3uVC3Mwg4Bo7WNzcc61Ohf
http://www.ingentaconnect.com/contentone/ben/aiamc/2007/00000006/00000001/art00002#Supp
http://www.ingentaconnect.com/contentone/ben/aiamc/2007/00000006/00000001/art00002#Supp
http://www.ingentaconnect.com/contentone/ben/aiamc/2007/00000006/00000001/art00002#Supp
https://www.ncbi.nlm.nih.gov/pubmed/20536294
https://www.ncbi.nlm.nih.gov/pubmed/20536294
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2889487/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2889487/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2815136/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2815136/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2815136/
https://www.ncbi.nlm.nih.gov/pubmed/23180477
https://www.ncbi.nlm.nih.gov/pubmed/23180477
https://www.ncbi.nlm.nih.gov/pubmed/23180477
https://www.ncbi.nlm.nih.gov/pubmed/23180477
https://www.hindawi.com/journals/ijmicro/2012/528521/
https://www.hindawi.com/journals/ijmicro/2012/528521/
https://www.ncbi.nlm.nih.gov/pubmed/17042747
https://www.ncbi.nlm.nih.gov/pubmed/17042747
https://www.ncbi.nlm.nih.gov/pubmed/17042747
https://www.ncbi.nlm.nih.gov/pubmed/25274758
https://www.ncbi.nlm.nih.gov/pubmed/25274758
https://www.ncbi.nlm.nih.gov/pubmed/11379893
https://www.ncbi.nlm.nih.gov/pubmed/11379893
https://www.ncbi.nlm.nih.gov/pubmed/11379893
https://www.ncbi.nlm.nih.gov/pubmed/21538235
https://www.ncbi.nlm.nih.gov/pubmed/21538235
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3320593/
https://www.ncbi.nlm.nih.gov/pubmed/15821123
https://www.ncbi.nlm.nih.gov/pubmed/15821123
https://www.ncbi.nlm.nih.gov/pubmed/16849719
https://www.ncbi.nlm.nih.gov/pubmed/16849719
https://www.ncbi.nlm.nih.gov/pubmed/16849719
https://www.ncbi.nlm.nih.gov/pubmed/15653825
https://www.ncbi.nlm.nih.gov/pubmed/15653825
https://www.ncbi.nlm.nih.gov/pubmed/15653825
https://www.ncbi.nlm.nih.gov/pubmed/18599280
https://www.ncbi.nlm.nih.gov/pubmed/18599280
https://www.ncbi.nlm.nih.gov/pubmed/18599280
https://www.ncbi.nlm.nih.gov/pubmed/19211237
https://www.ncbi.nlm.nih.gov/pubmed/19211237
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3289909/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3289909/
http://aac.asm.org/content/48/1/41
http://aac.asm.org/content/48/1/41
http://aac.asm.org/content/48/1/41
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1517-83822014000400031
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1517-83822014000400031
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1517-83822014000400031
https://www.ncbi.nlm.nih.gov/pubmed/16192429
https://www.ncbi.nlm.nih.gov/pubmed/16192429
https://www.ncbi.nlm.nih.gov/pubmed/22984120
https://www.ncbi.nlm.nih.gov/pubmed/22984120
https://www.ncbi.nlm.nih.gov/pubmed/22984120
https://www.ncbi.nlm.nih.gov/pubmed/22984120
https://www.ncbi.nlm.nih.gov/pubmed/23472097
https://www.ncbi.nlm.nih.gov/pubmed/23472097
https://www.ncbi.nlm.nih.gov/pubmed/23472097
https://www.ncbi.nlm.nih.gov/pubmed/20528949
https://www.ncbi.nlm.nih.gov/pubmed/20528949
https://www.ncbi.nlm.nih.gov/pubmed/20528949
https://www.ncbi.nlm.nih.gov/pubmed/20528949
http://aac.asm.org/content/53/8/3256.full
http://aac.asm.org/content/53/8/3256.full
http://aac.asm.org/content/53/8/3256.full
http://aac.asm.org/content/53/8/3256.full
https://www.ncbi.nlm.nih.gov/pubmed/19043205
https://www.ncbi.nlm.nih.gov/pubmed/19043205
https://www.ncbi.nlm.nih.gov/pubmed/19043205
https://www.ncbi.nlm.nih.gov/pubmed/22918868
https://www.ncbi.nlm.nih.gov/pubmed/22918868
https://www.ncbi.nlm.nih.gov/pubmed/22918868
https://www.ncbi.nlm.nih.gov/pubmed/21415530
https://www.ncbi.nlm.nih.gov/pubmed/21415530
https://www.ncbi.nlm.nih.gov/pubmed/21415530
https://www.sciencedirect.com/science/article/pii/S0960894X16304978
https://www.sciencedirect.com/science/article/pii/S0960894X16304978
https://www.sciencedirect.com/science/article/pii/S0960894X16304978
https://www.sciencedirect.com/science/article/pii/S0960894X16304978
https://europepmc.org/abstract/med/19586775
https://europepmc.org/abstract/med/19586775
https://europepmc.org/abstract/med/19586775
https://www.ncbi.nlm.nih.gov/pubmed/24752256
https://www.ncbi.nlm.nih.gov/pubmed/24752256
https://www.ncbi.nlm.nih.gov/pubmed/24752256
https://www.ncbi.nlm.nih.gov/pubmed/24752256
https://www.ncbi.nlm.nih.gov/pubmed/24752256
https://www.sciencedirect.com/science/article/pii/S0040402007012112
https://www.sciencedirect.com/science/article/pii/S0040402007012112
https://www.ncbi.nlm.nih.gov/pubmed/23446490
https://www.ncbi.nlm.nih.gov/pubmed/23446490
https://www.ncbi.nlm.nih.gov/pubmed/23446490
https://www.ncbi.nlm.nih.gov/pubmed/23446490
https://www.ncbi.nlm.nih.gov/pubmed/19171796
https://www.ncbi.nlm.nih.gov/pubmed/19171796
https://www.ncbi.nlm.nih.gov/pubmed/19171796
https://www.ncbi.nlm.nih.gov/pubmed/19171796
https://www.sciencedirect.com/science/article/pii/S0304416511000341
https://www.sciencedirect.com/science/article/pii/S0304416511000341
https://www.sciencedirect.com/science/article/pii/S0304416511000341


Sankunny Mohan Karuppayil, et al., American Journal of Clinical Microbiology and Antimicrobials

Remedy Publications LLC. 2018 | Volume 1 | Issue 5 | Article 10229

2011;1810(5):569-76.

41. Raut JS, Shinde RB, Chauhan NM, Mohan Karuppayil S. Terpenoids of 
plant origin inhibit morphogenesis, adhesion, and biofilm formation by 
Candida albicans. Biofouling. 2013;29(1):87-96.

42. Pemmaraju SC, Pruthi PA, Prasad R, Pruthi V. Candida albicans biofilm 
inhibition by synergistic action of terpenes and fluconazole. Indian J Exp 
Biol. 2013;51(11):1032-7.

43. Doke SK, Raut JS, Dhawale S, Karuppayil SM. Sensitization of Candida 
albicans biofilms to fluconazole by terpenoids of plant origin. J Gen Appl 
Microbiol. 2014;60(5):163-8.

44. Khan MS, Ahmad I. Antibiofilm activity of certain phytocompounds 
and their synergy with fluconazole against Candida albicans biofilms. J 
Antimicrob Chemother. 2012;67(3):618-21.

45. Castro RD, de Souza TM, Bezerra LM, Ferreira, de Brito Costa EMM, 
Cavalcanti AL, et al. Antifungal activity and mode of action of thymol 
and its synergism with nystatin against Candida species involved with 
infections in the oral cavity: an in vitro study. BMC Complement Altern 
Med. 2015;15:417.

46. Zore GB, Thakre AD, Rathod V, Karuppayil SM. Evaluation of anti‐
Candida potential of geranium oil constituents against clinical isolates 
of Candida albicans differentially sensitive to fluconazole: inhibition of 
growth, dimorphism and sensitization. Mycoses. 2011;54(4):e99-109.

47. Amber K, Aijaz A, Immaculata X, Luqman KA, Nikhat M. Anticandidal 
effect of Ocimum sanctum essential oil and its synergy with fluconazole 
and ketoconazole. Phytomedicine. 2010;17(12):921-5.

48. Cardoso NN, Alviano CS, Blank AF, Romanos MTV, Fonseca BB, 
Rozental, et al. Synergism effect of the essential oil from ocimum basilicum 
var. maria bonita and its major components with fluconazole and its 
influence on ergosterol biosynthesis. Evid Based Complement Alternat 
Med. 2016;2016:12.

49. Ahmad A, Wani MY, Khan A, Manzoor N, Molepo J. Synergistic 
Interactions of Eugenol-tosylate and Its Congeners with Fluconazole 
against Candida albicans. PloSone. 2015;10(12):e0145053.

50. Hirasawa M, Takada K. Multiple effects of green tea catechin on the 
antifungal activity of antimycotics against Candida albicans. J Antimicrob 
Chemother. 2004;53(2):225-9.

51. Lupetti A, Welling MM, Pauwels EK, Nibbering PH. Radiolabelled 
antimicrobial peptides for infection detection. Lancet Infect Dis. 
2003;3(4):223-9.

52. Kobayashi T, Kakeya H, Miyazaki T, Izumikawa K, Yanagihara K, Ohno 
H, et al. Synergistic antifungal effect of lactoferrin with azole antifungals 
against Candida albicans and a proposal for a new treatment method for 
invasive candidiasis. Jpn J Infect Dis. 2011;64(4):292-6.

53. Taveira GB, Carvalho AO, Rodrigues R, Trindade FG, Da Cunha M, Gomes 
VM. Thionin-like peptide from Capsicum annuum fruits: mechanism 
of action and synergism with fluconazole against Candida species. BMC 
Microbiology.  2016;16(1):12.

54. Cox MC, Low J, Lee J, Walshe J, Denduluri N, Berman A, et al. Influence of 
garlic (Allium sativum) on the pharmacokinetics of docetaxel. Clin Cancer 
Res. 2006;12(15):4636-40.

55. Borjihan H, Ogita A, Fujita KI, Hirasawa E, Tanaka T. The vacuole-
targeting fungicidal activity of amphotericin B against the pathogenic 
fungus Candida albicans and its enhancement by allicin. J Antibiot. 
2009;62(12):691-7.

56. Iwazaki RS, Endo EH, Ueda-Nakamura T, Nakamura CV, Garcia LB, Dias 
Filho BP. In vitro antifungal activity of the berberine and its synergism 
with fluconazole. Antonie Van Leeuwenhoek. 2010;97(2):201-5.

57. Xu Y, Wang Y, Yan L, Liang RM, Dai BD, Tang RJ, et al. Proteomic analysis 
reveals a synergistic mechanism of fluconazole and berberine against 

fluconazole-resistant Candida albicans: endogenous ROS augmentation. J 
Proteome Res. 2009;8(11):5296-304.

58. Quan H, Cao YY, Xu Z, Zhao JX, Gao PH, Qin XF, et al. Potent in vitro 
synergism of fluconazole and berberine chloride against clinical isolates 
of Candida albicans resistant to fluconazole. Antimicrobial agents and 
chemotherapy. 2006;50(3):1096-9.

59. Cowen LE, Lindquist S. Hsp90 potentiates the rapid evolution of new 
traits: drug resistance in diverse fungi. Science. 2005;309(5744):2185-9.

60. Zhang J, Liu W, Tan J, Su Y, Wan Z, Li R. Antifungal Activity of 
Geldanamycin alone or in Combination with Fluconazole against Candida 
species. Mycopathologia. 2013;175(3-4):273-9.

61. Guo Q, Sun S, Yu J, Li Y, Cao L. Synergistic activity of azoles with 
amiodarone against clinically resistant Candida albicans tested by 
chequerboard and time–kill methods. J Med Microbiol. 2008;57(Pt 4):457-
62.

62. Gamarra S, Rocha EM, ZhangYQ, Park S, Rao R, Perlin DS. Mechanism of 
the synergistic effect of amiodarone and fluconazole in Candida albicans. 
Antimicrob Agents Chemother. 2010;54(5):1753-61. 

63. Sharma M, Prasad R. The quorum-sensing molecule farnesol is a modulator 
of drug efflux mediated by ABC multidrug transporters and synergizes 
with drugs in Candida albicans. Antimicrobial agents and chemotherapy. 
2011;55(10):4834-43.

64. Yu LH, Wei X, Ma M, Chen XJ, Xu SB. Possible inhibitory molecular 
mechanism of farnesol on the development of fluconazole resistance in 
Candida albicans biofilm. Antimicrob Agents Chemother. 2012;56(2):770-
5.

65. Katragkou A, McCarthy M, Alexander EL, Antachopoulos C, Meletiadis 
J, Jabra-Rizk MA, et al. In vitro interactions between farnesol and 
fluconazole, amphotericin B or micafungin against Candida albicans 
biofilms. J Antimicrob Chemother. 2015;70(2):470-8.

66. Bozó A, Domán M, Majoros L, Kardos G, Varga I, Kovács R. The in 
vitro and in vivo efficacy of fluconazole in combination with farnesol 
against Candida albicans isolates using a murine vulvovaginitis model. J 
Microbiol. 2016;54(11):753-60.

67. Shinde RB, Chauhan NM, Raut JS, Karuppayil SM. Sensitization of 
Candida albicans biofilms to various antifungal drugs by cyclosporine A. 
Annals of Clinical Microbiology and Antimicrobials. 2012;11(1):27.

68. Shinde RB, Raut JS, Chauhan NM, Karuppayil SM. Chloroquine sensitizes 
biofilms of Candida albicans to antifungal azoles. Brazilian Journal of 
Infectious Diseases. 2013;17(4):395-400.

69. Fatima A, Gupta VK, Luqman S, Negi AS, Kumar JK, ShankerK, et al. 
Antifungal activity of Glycyrrhiza glara extracts and its active constituent 
glabridin. Phytotherapy research. 2009;23(8):1190-3.

70. Zhang J, Liu W, Tan J, Su Y, Wan Z, Li R. Antifungal Activity of 
Geldanamycin alone or in Combination with Fluconazole against Candida 
species. Mycopathologia. 2013;175(3-4):273-9.

71. Oliveira AS, Gaspara CA, Rita Palmeira-de-Oliveiraa, José Martinez-
de-Oliveira, Ana Palmeira-de-Oliveiraa. Anti-Candida activity of 
fluoxetine alone and combined with fluconazole: a synergistic action 
against fluconazole-resistant strains. Antimicrob Agents Chemother. 
2014;58(7):4224-6.

72. Li Y, Chang W, Zhang M, Li X, Jiao Y, Lou H. Synergistic and drug-
resistant reversing effects of diorcinol D combined with fluconazole 
against Candida albicans. FEMS yeast research. 2015;15(2):fov001.

73. Liu S, Yue L, Gu W, Li X, Zhang L, Sun S. Synergistic Effect of Fluconazole 
and Calcium Channel Blockers against Resistant Candida albicans. 
PlosOne. 2016;11(3):e0150859.

74. Cools T, Vriens K, Harvey P, Craik D, Spincemaille P, Cassiman D, et 
al. Synergistic activity of the plant defensin HsAFP1 and caspofungin 

https://www.sciencedirect.com/science/article/pii/S0304416511000341
https://www.ncbi.nlm.nih.gov/pubmed/23216018
https://www.ncbi.nlm.nih.gov/pubmed/23216018
https://www.ncbi.nlm.nih.gov/pubmed/23216018
https://www.ncbi.nlm.nih.gov/pubmed/24416942
https://www.ncbi.nlm.nih.gov/pubmed/24416942
https://www.ncbi.nlm.nih.gov/pubmed/24416942
https://www.ncbi.nlm.nih.gov/pubmed/25420420
https://www.ncbi.nlm.nih.gov/pubmed/25420420
https://www.ncbi.nlm.nih.gov/pubmed/25420420
https://www.ncbi.nlm.nih.gov/pubmed/22167241
https://www.ncbi.nlm.nih.gov/pubmed/22167241
https://www.ncbi.nlm.nih.gov/pubmed/22167241
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4659158/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4659158/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4659158/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4659158/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4659158/
https://www.ncbi.nlm.nih.gov/pubmed/20337938
https://www.ncbi.nlm.nih.gov/pubmed/20337938
https://www.ncbi.nlm.nih.gov/pubmed/20337938
https://www.ncbi.nlm.nih.gov/pubmed/20337938
https://www.ncbi.nlm.nih.gov/pubmed/20378320
https://www.ncbi.nlm.nih.gov/pubmed/20378320
https://www.ncbi.nlm.nih.gov/pubmed/20378320
https://www.hindawi.com/journals/ecam/2016/5647182/
https://www.hindawi.com/journals/ecam/2016/5647182/
https://www.hindawi.com/journals/ecam/2016/5647182/
https://www.hindawi.com/journals/ecam/2016/5647182/
https://www.hindawi.com/journals/ecam/2016/5647182/
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0145053
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0145053
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0145053
https://academic.oup.com/jac/article/53/2/225/850536
https://academic.oup.com/jac/article/53/2/225/850536
https://academic.oup.com/jac/article/53/2/225/850536
https://www.ncbi.nlm.nih.gov/pubmed/12679265
https://www.ncbi.nlm.nih.gov/pubmed/12679265
https://www.ncbi.nlm.nih.gov/pubmed/12679265
https://www.ncbi.nlm.nih.gov/pubmed/21788703
https://www.ncbi.nlm.nih.gov/pubmed/21788703
https://www.ncbi.nlm.nih.gov/pubmed/21788703
https://www.ncbi.nlm.nih.gov/pubmed/21788703
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4729097/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4729097/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4729097/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4729097/
https://www.ncbi.nlm.nih.gov/pubmed/16899612
https://www.ncbi.nlm.nih.gov/pubmed/16899612
https://www.ncbi.nlm.nih.gov/pubmed/16899612
https://www.nature.com/articles/ja2009103
https://www.nature.com/articles/ja2009103
https://www.nature.com/articles/ja2009103
https://www.nature.com/articles/ja2009103
https://www.ncbi.nlm.nih.gov/pubmed/19882381
https://www.ncbi.nlm.nih.gov/pubmed/19882381
https://www.ncbi.nlm.nih.gov/pubmed/19882381
https://www.ncbi.nlm.nih.gov/pubmed/19754040
https://www.ncbi.nlm.nih.gov/pubmed/19754040
https://www.ncbi.nlm.nih.gov/pubmed/19754040
https://www.ncbi.nlm.nih.gov/pubmed/19754040
http://aac.asm.org/content/50/3/1096.full
http://aac.asm.org/content/50/3/1096.full
http://aac.asm.org/content/50/3/1096.full
http://aac.asm.org/content/50/3/1096.full
https://www.ncbi.nlm.nih.gov/pubmed/16195452
https://www.ncbi.nlm.nih.gov/pubmed/16195452
https://www.ncbi.nlm.nih.gov/pubmed/23341047
https://www.ncbi.nlm.nih.gov/pubmed/23341047
https://www.ncbi.nlm.nih.gov/pubmed/23341047
https://www.ncbi.nlm.nih.gov/pubmed/18349365
https://www.ncbi.nlm.nih.gov/pubmed/18349365
https://www.ncbi.nlm.nih.gov/pubmed/18349365
https://www.ncbi.nlm.nih.gov/pubmed/18349365
https://www.ncbi.nlm.nih.gov/pubmed/20194694
https://www.ncbi.nlm.nih.gov/pubmed/20194694
https://www.ncbi.nlm.nih.gov/pubmed/20194694
http://aac.asm.org/content/55/10/4834
http://aac.asm.org/content/55/10/4834
http://aac.asm.org/content/55/10/4834
http://aac.asm.org/content/55/10/4834
http://aac.asm.org/content/56/2/770.full
http://aac.asm.org/content/56/2/770.full
http://aac.asm.org/content/56/2/770.full
http://aac.asm.org/content/56/2/770.full
https://www.ncbi.nlm.nih.gov/pubmed/25288679
https://www.ncbi.nlm.nih.gov/pubmed/25288679
https://www.ncbi.nlm.nih.gov/pubmed/25288679
https://www.ncbi.nlm.nih.gov/pubmed/25288679
https://link.springer.com/article/10.1007/s12275-016-6298-y
https://link.springer.com/article/10.1007/s12275-016-6298-y
https://link.springer.com/article/10.1007/s12275-016-6298-y
https://link.springer.com/article/10.1007/s12275-016-6298-y
https://ann-clinmicrob.biomedcentral.com/articles/10.1186/1476-0711-11-27
https://ann-clinmicrob.biomedcentral.com/articles/10.1186/1476-0711-11-27
https://ann-clinmicrob.biomedcentral.com/articles/10.1186/1476-0711-11-27
https://www.sciencedirect.com/science/article/pii/S1413867013000603
https://www.sciencedirect.com/science/article/pii/S1413867013000603
https://www.sciencedirect.com/science/article/pii/S1413867013000603
https://www.ncbi.nlm.nih.gov/pubmed/19170157
https://www.ncbi.nlm.nih.gov/pubmed/19170157
https://www.ncbi.nlm.nih.gov/pubmed/19170157
https://www.ncbi.nlm.nih.gov/pubmed/23341047
https://www.ncbi.nlm.nih.gov/pubmed/23341047
https://www.ncbi.nlm.nih.gov/pubmed/23341047
http://aac.asm.org/content/58/7/4224.full
http://aac.asm.org/content/58/7/4224.full
http://aac.asm.org/content/58/7/4224.full
http://aac.asm.org/content/58/7/4224.full
http://aac.asm.org/content/58/7/4224.full
https://www.ncbi.nlm.nih.gov/pubmed/25752309
https://www.ncbi.nlm.nih.gov/pubmed/25752309
https://www.ncbi.nlm.nih.gov/pubmed/25752309
https://www.ncbi.nlm.nih.gov/pubmed/26986478
https://www.ncbi.nlm.nih.gov/pubmed/26986478
https://www.ncbi.nlm.nih.gov/pubmed/26986478
https://www.ncbi.nlm.nih.gov/pubmed/26248029
https://www.ncbi.nlm.nih.gov/pubmed/26248029


Sankunny Mohan Karuppayil, et al., American Journal of Clinical Microbiology and Antimicrobials

Remedy Publications LLC. 2018 | Volume 1 | Issue 5 | Article 102210

against C. albicans biofilms and planktonic cultures. PLoS One. 
2015;10(8):e0132701.

75. Chen Z, Li X, Wu X, Wang W, Wang W, Xin M, et al. Synergistic activity 
of econazole-nitrate and chelerythrine against clinical isolates of Candida 
albicans. Iran J Pharm Res. 2014;13(2):567-73.

76. Guo H, Xie SM, Li SX, Song YJ, Lv XL, Zhang H. Synergistic mechanism 
for tetrandrine on fluconazole against Candida albicans through the 
mitochondrial aerobic respiratory metabolism pathway. J Med Microbiol. 
2014;63(Pt 7):988-96.

77. Li X, Yu C, Huang X, Sun S. Synergistic effects and mechanisms of 
budesonide in combination with fluconazole against resistant Candida 
albicans. PloS one. 2016;11(12):e0168936.

78. Sun L, Liao K, Li Y, Zhao L, Liang S, Guo D, et al. Synergy 
BetweenPolyvinylpyrrolidone-Coated Silver Nanoparticles and Azole 
Antifungal Against Drug-Resistant Candida albicans. Journal of 
Nanoscience and Nanotechnology. 2016;16(3):2325-35.

79. Han B, Chen J, Yu YQ, Cao YB, Jiang, YY. Antifungal activity of Rubus 
chingii extract combined with fluconazole against fluconazole‐resistant 
Candida albicans. Microbiology and Immunology. 2016;60(2):82-92.

80. Gao M, Wang H, Zhu L. Quercetin Assists Fluconazole to Inhibit Biofilm 
Formations of Fluconazole-Resistant Candida albicans in In vitro and  In 
vivo Antifungal Managements of  VulvovaginalCandidiasis. Cell Physiol 
Biochem. 2016;40(3-4):727-42.

81. Shao J, Cui Y, Zhang M, Wang T, Wu D, Wang C. Synergistic in vitro 
activity of sodium houttuyfonate with fluconazole against clinical Candida 
albicans strains under planktonic growing conditions. Pharm Biol. 
2017;55(1):355-9.

82. Gu W, Guo D, Zhang L, Xu D, Sun S. The Synergistic Effect of Azoles 
and Fluoxetine against Resistant Candida albicans Strains Is Attributed 
to Attenuating Fungal Virulence. Antimicrob Agents Chemother. 
2016;60(10):6179-88.

83. Li DD, Chai D, Huang XW, Guan SX, Du J, Zhang HY, et al. Potent In 
Vitro Synergism of Fluconazole and Osthole against Fluconazole-Resistant 
Candida albicans. Antimicrob Agents Chemother. 2017;61(8):e00436-17.

84. Ceresa C, Rinaldi M, FracchiaL. Synergistic activity of antifungal drugs 
and lipopeptide AC7 against Candida albicans biofilm on silicone. AIMS 
Bioengineering. 2017;4(2):318-34.

85. Raut JS, Bansode BS, Jadhav AK, Karuppayil SM. Activity of 
AllylIsothiocyanate and Its Synergy with Fluconazole against Candida 
albicans Biofilms. J Microbiol Biotechnol. 2017;27(4):685-693.

86. Sun L, Hang C, Liao K. Synergistic effect of caffeic acid phenethyl ester 
with caspofungin against Candida albicans is mediated by disrupting iron 
homeostasis. Food Chem Toxicol. 2018;116(Pt B):51-58.

87. Zhou Y, Yang H, Zhou X, Luo H, Tang F, Yang J, et al. Lovastatin synergizes 
with itraconazole against planktonic cells and biofilms of Candida albicans 
through the regulation on ergosterol biosynthesis pathway. Appl Microbiol 
Biotechnol. 2018;102(12):5255-64.

88. Giordani R, Trebaux J, Masi M, Regli P. Enhanced antifungal activity of 
ketoconazole by Euphorbia characias latex against Candida albicans. J 
Ethnopharmacol. 2001;78(1):1-5.

89. Hossain MA, Reyes GH, Long LA, Mukherjee PK, Ghannoum MA. 
Efficacy of caspofungin combined with amphotericin B against azole-
resistant Candida albicans. Journal of Antimicrobial Chemotherapy. 
2003;51(6):1427-9.

90. Shin S, Pyun MS. Anti‐Candida effects of estragole in combination with 
ketoconazole or amphotericin B. Phytotherapy Research. 2004;18(10):827-
30.

91. Giordani R, Regli P, Kaloustian J, Portugal H. Potentiation of antifungal 
activity of amphotericin B by essential oil from Cinnamomumcassia. 
Phytother Res. 2006;20(1):58-61.

92. Han Y. Synergic anticandidal effect of epigallocatechin-O-gallate combined 
with amphotericin B in a murine model of disseminated candidiasis and 
its anticandidal mechanism. Biological and Pharmaceutical Bulletin. 
2007;30(9):1693-6.

93. Guo N, Wu X, Yu L, Liu J, Meng R, Jin J, et al. In vitro and in vivo 
interactions between fluconazole and allicin against clinical isolates of 
fluconazole-resistant Candida albicans determined by alternative methods. 
FEMS Immunology & Medical Microbiology. 2010;58(2):193-201.

https://www.ncbi.nlm.nih.gov/pubmed/26248029
https://www.ncbi.nlm.nih.gov/pubmed/26248029
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4157032/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4157032/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4157032/
https://www.ncbi.nlm.nih.gov/pubmed/24790082
https://www.ncbi.nlm.nih.gov/pubmed/24790082
https://www.ncbi.nlm.nih.gov/pubmed/24790082
https://www.ncbi.nlm.nih.gov/pubmed/24790082
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0168936
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0168936
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0168936
http://www.ingentaconnect.com/contentone/asp/jnn/2016/00000016/00000003/art00029
http://www.ingentaconnect.com/contentone/asp/jnn/2016/00000016/00000003/art00029
http://www.ingentaconnect.com/contentone/asp/jnn/2016/00000016/00000003/art00029
http://www.ingentaconnect.com/contentone/asp/jnn/2016/00000016/00000003/art00029
https://onlinelibrary.wiley.com/doi/abs/10.1111/1348-0421.12357
https://onlinelibrary.wiley.com/doi/abs/10.1111/1348-0421.12357
https://onlinelibrary.wiley.com/doi/abs/10.1111/1348-0421.12357
https://www.ncbi.nlm.nih.gov/pubmed/27915337
https://www.ncbi.nlm.nih.gov/pubmed/27915337
https://www.ncbi.nlm.nih.gov/pubmed/27915337
https://www.ncbi.nlm.nih.gov/pubmed/27915337
https://www.ncbi.nlm.nih.gov/pubmed/27931143
https://www.ncbi.nlm.nih.gov/pubmed/27931143
https://www.ncbi.nlm.nih.gov/pubmed/27931143
https://www.ncbi.nlm.nih.gov/pubmed/27931143
https://www.ncbi.nlm.nih.gov/pubmed/27503639
https://www.ncbi.nlm.nih.gov/pubmed/27503639
https://www.ncbi.nlm.nih.gov/pubmed/27503639
https://www.ncbi.nlm.nih.gov/pubmed/27503639
http://aac.asm.org/content/61/8/e00436-17.full
http://aac.asm.org/content/61/8/e00436-17.full
http://aac.asm.org/content/61/8/e00436-17.full
http://www.aimspress.com/article/10.3934/bioeng.2017.2.318
http://www.aimspress.com/article/10.3934/bioeng.2017.2.318
http://www.aimspress.com/article/10.3934/bioeng.2017.2.318
https://www.ncbi.nlm.nih.gov/pubmed/28138121
https://www.ncbi.nlm.nih.gov/pubmed/28138121
https://www.ncbi.nlm.nih.gov/pubmed/28138121
https://www.ncbi.nlm.nih.gov/pubmed/29634985
https://www.ncbi.nlm.nih.gov/pubmed/29634985
https://www.ncbi.nlm.nih.gov/pubmed/29634985
https://www.ncbi.nlm.nih.gov/pubmed/29691631
https://www.ncbi.nlm.nih.gov/pubmed/29691631
https://www.ncbi.nlm.nih.gov/pubmed/29691631
https://www.ncbi.nlm.nih.gov/pubmed/29691631
https://www.ncbi.nlm.nih.gov/pubmed/11585681
https://www.ncbi.nlm.nih.gov/pubmed/11585681
https://www.ncbi.nlm.nih.gov/pubmed/11585681
https://academic.oup.com/jac/article/51/6/1427/837477
https://academic.oup.com/jac/article/51/6/1427/837477
https://academic.oup.com/jac/article/51/6/1427/837477
https://academic.oup.com/jac/article/51/6/1427/837477
https://onlinelibrary.wiley.com/doi/full/10.1002/ptr.1573
https://onlinelibrary.wiley.com/doi/full/10.1002/ptr.1573
https://onlinelibrary.wiley.com/doi/full/10.1002/ptr.1573
https://www.ncbi.nlm.nih.gov/pubmed/16397923
https://www.ncbi.nlm.nih.gov/pubmed/16397923
https://www.ncbi.nlm.nih.gov/pubmed/16397923
https://www.jstage.jst.go.jp/article/bpb/30/9/30_9_1693/_article
https://www.jstage.jst.go.jp/article/bpb/30/9/30_9_1693/_article
https://www.jstage.jst.go.jp/article/bpb/30/9/30_9_1693/_article
https://www.jstage.jst.go.jp/article/bpb/30/9/30_9_1693/_article
https://academic.oup.com/femspd/article/58/2/193/597204
https://academic.oup.com/femspd/article/58/2/193/597204
https://academic.oup.com/femspd/article/58/2/193/597204
https://academic.oup.com/femspd/article/58/2/193/597204

	Title
	Abstract
	Introduction
	Studies on Drug Combinations against C. albicans in vitro
	Studies on Drug Combinations against C. albicans in vivo
	Future Prospects
	Acknowledgements
	References
	Table 1
	Table 2
	Table 3

