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Introduction

Candida is the most important yeast that affects humans 
and causes opportunistic infections especially in 
immunocompromised patients, worldwide (1). azoles are 
widely used in Candida infections treatment for nearly fifty 
years. In those years, a research program which focused on 
imidazole chemistry was initiated at Janssen (2). among 
many reasons to investigate imidazole chemistry, the moiety 
of it is present in the neurotransmitter histamine, which in 
turn is a metabolite of the amino acid histidine, the most 
important one. Moreover, chloro imidazole, a benzimidazole 
derivative, displayed antifungal activity. Miconazole seems 
to suppress adenosine-5’-triphosphate levels (atP) in C. 
albicans cells (3). ketoconazole is the first broad-spectrum, 
orally used, well tolerated antifungal agent which can be 
used to treat superficial and deep mycoses. Fluconazole was 
active against Candida species including C. neoformans, but 
it was less active against dermatophytes and was not activite 
against Aspergillus species (4). Fluconazole was active against 
Candida species and Cryptococcus neoformans, less active 
against dermatophytes and is not active against Aspergillus 
species (4). Fluconazole is only fungistatic but not fungicidal 
when tested against Candida species in both stationary 
and logarithmic phase (5). Clotrimazole is effective against 
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In this study we compared the cytotoxic and proinflammatory/
antiinflammatory effects of azole antifungals such as 
clotrimazole, ketoconazole, miconazole and fluconazole 
on Candida albicans co-culture with tHP-1 cell line. MICs 
of several azole antifungal agents were determined with C. 
albicans (nCPF 3179, Bioball™ Multishot 10E8)  by the broth 
microdilution plate method.  Cytotoxic effects of antifungal 
drugs were evaluated on tHP-1 cell line by WSt-1 test.  Cytokine 
levels of IL-1β, IL-6, IL-8, IL-10, IL-12p70 and tnF-α in tHP-1 

cells stimulated by C. albicans were determined by Cytometric 
Bead array (CBa). Miconazole, clotrimazole, ketoconazole, 
and fluconazole exhibited antifungal activity against C. albicans 
Multishot 10E8 with a 8, 16, 64, and 128 µg/ml MIC value. 
The azole antifungals showed low cytotoxicity against tHP-1 
cell line (IC50>512 µg/ml). The results demonstrated that IL-8 
levels were increased by azole antifungal drugs and particularly, 
clotrimazole significantly induced not only IL-8 but also tnF-α. 
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individual Candida or fungal cells by altering the permeability 
of the fungal cell membrane by binding to phospholipids and 
inhibiting the biosynthesis of ergosterol and other sterols 
required for cell membrane synthesis. The human monocytic 
cell line tHP-1 is an adequate in vitro model of monocytes/
macrophages during interaction with fungal cells. Monocytes 
are capable of producing chemokines, proinflammatory 
cytokines, and particularly the immunoregulatory cytokines 
interleukin-10 (IL-10) and IL-12 (6). 

The aim of this study was to determine the antifungal  activity 
of azole antifungals on candida strains, to detect cytotoxic, 
proinflammatory / antiinflammatory effects of these drugs 
on tHP-1 cell line and , to investigate the changes in the 
cytokine levels of tHP-1 cell line in response to Candida 
albicans (Bioball 10E8) . 

Materials and Methods

Antifungal agents

Clotrimazole (Sigma, C6019), ketoconazole (Sigma, k1003), 
Miconazole (Sigma, M3512)  and Fluconazole (tCI-tokyo 
Chemical Industry, QaGtF-PG) were obtained in powder 
form and dissolved in DMSO. 

Anticandidal activity on bioball:

The antifungal susceptibility profile of Candida albicans 
(nCPF 3179, Bioball™ Multishot 10E8,  bioMérieux, sa, Marcy 
l’Etoile, France) was determined by Broth Microdilution 
method (BMD). BioBall MultiShot 10E8 is a freeze dried 
water soluble ball containing a precise number of viable 
yeast cells.BioBall is produced to the world’s highest quality 
standards, achieving ISO Guide 34,  a standard for reference 
material producers, accreditation (7). Each BioBall was re-
hydrated in 1.1 mL re-Hydration Fluid containing 10 doses 
of 100 uL with 107 cfu each, resulting in a target concentration 
of 5 × 105 cfu per mL when inoculated in 20 mL of  Sabouraud 
dextrose broth (SDB). Each well of the 96 well plate was filled 
with 100 uL of each anticandidal drug concentrations (0.5-
512 μg/ml) and 100 uL of yeast stock culture was added. 
after that, plates were incubated at 35°C (±1for 24 h in 
aerobic conditions;  the test was performed in triplicate. after 
incubation, 20 uL Mtt (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) dye was added to each well 
and viability was evaluated

Human cell line 

tHP-1 (monocytic leukemic-atCC tIB-202) cell line was 
obtained from the american type Culture Collection. The 
cells were grown in rPMI 1640 (atCC-formulated rPMI-
1640 Medium, Catalog no. 30-2001.) supplemented with 

10% heat-inactivated fetal bovine serum, 1%  penicillin-
streptomycin and 2- mercaptoethanol to a final concentration 
of 0.05 mM at a 37oC in a humidified incubator with 5% CO2 
atmosphere.

WST-1 assay (Water-soluble Tetrazolium)

5x103 tHP-1 cells were seeded in each well of the 96-well 
plate and after 24 hours the cells were treated with 0.5-
512 μg/ml clotrimazole, ketoconazole, miconazole and 
fluconazole concentrations. after 24 hour, 0.2 mL WSt-1 
(Water-soluble tetrazolium) solution was added to each well. 
after 3-4 hours of incubation period, the formazan crystals 
were formed and they were solubilized with 100 μL DMSO. 
The culture plate was inserted in Cytation 3 (Biotek, Vt, 
USa) microplate reader and the absorbance was measured 
at 450 nm. This process was repeated for all of the incubation 
periods. In the experiment, each group was tested in eight 
wells. The data is mean values from experiment results of 
four different compounds.

Coculture conditions

Precise numbers of C. albicans 10E8 cultures and tHP-1 
cells were resuspended in culture medium, and after 4 h. of 
incubation. Firstly, they were counted with a cell counter 
(Cedex), plated at 2 × 106 cells per well density, and allowed to 
equilibrate at 37°C for 3 h. after incubation, Candida cultures 
were washed, counted with a the cell counter and plated 
with tHP-1 cells at 4:10 Candida-monocyte ratio. Secondly, 
cocultures were incubated at 37°C in a CO2 incubator for 
24 h with azole antifungals (8). after incubation collected 
supernatants from cocultures were tested using an CBa bead 
array with accuri C6 flow cytometer. all experiments were 
performed in duplicate. 

Cytokine detection

Cell culture supernatants were collected, centrifuged, and 
stored at −20 °C. Cytokine levels of the supernatants obtained 
from cultures were quantified for 4 hr by using the BD 
human inflammatory kit procedure (BD™ Cytometric Bead 
array (CBa) Human Inflammatory Cytokines kit Cat. no. 
551811). CBa analysis was conducted by using FCaP array 
in BD accuri C6 flow cytometer (9).

Results

Antimicrobial activity 

In vitro antifungal activities of 4 azoles on Candida albicans 
(nCPF 3179, Bioball™ Multishot 10E8) were investigated 
by using BMD method. When compared with miconazole 
(MIC= 8 µg/mL) and were found to be more effective 
against C. albicans than other azole antifungals (fluconazole, 
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clotrimazole, ketoconazole). Fluconazole (MIC= 128 µg/
mL) was less effective than clotrimazole, ketoconazole, 
miconazole. Clotrimazole inhibited C. albicans Bioball at 
32 μg/ml, whereas ketoconazole required concentrations of 
4 μg/ml. The results could be different because it was used 
precise number of microorganisms. Therefore Bioball™ 
Multishot 10E8 was preferred.  

 

WSt-1 assay was carried out to evaluate the cytotoxicity 
of azole antifungals such as clotrimazole, ketoconazole, 
miconazole and fluconazole on tHP-1 cells. azole antifungals 
showed low cytotoxic activity on tHP-1 cell line (IC50>512 
μg/ml ) (table 1 and Fig. 1). 

Table 1. antifungal susceptibilities of Candida albicans de-
termined by broth microdilution MIC and cytotoxic activity 
on tHP-1 cell line by WSt-1 methods. 

C.albicans 
MIC (µg/ml)

THP-1 cytotoxicity
WST-1 (µg/ml)

Clotrimazole 16 >512

ketoconazole 64 >512

Miconazole 8 >512

Fluconazole 128 >512

Figure 1. Cytotoxic effects of azole antifungal drugs on tHP-
1 cell line.  

Cytokine levels  in C. albicans– THP-1 cells.

Six cytokine levels of proinflammatory/antiinflammatory 
C. albicans–stimulated and unstimulated tHP-1 cells were 
compared (Fig. 2). all azole antifungals IL-8 level induced 
coculture tHP-1 cell line after stimulation for 4 h C. albicans 
(pg/mL).

Discussion

Candida is a fungal opportunistic pathogen commonly 
located on the mucosal surfaces of the gastrointestinal tract, 
skin and/or female genital tract in the majority of humans 
(10). Candida infections in immune system response 
via form monocytes secrete cytokines. Cytokines form a 
complicated network that modulates numerous cellular 
events (11). Human monocytes and macrophages are 
important components of host defense against pathogens. 
Mannan, an important component of the C. albicans cell 
wall, as well as following exposure to some cytokines. 
There are several methods available to measure cytokine 
levels, mostly used are conventional ELISa technics. ELISa 
methods are generally cost-effective, however they are 
restricted to measuring one cytokine at a time, and also 
require multiple sample aliquots and repetitive execution 
of the procedures for each cytokine (12). Therefore, we 
used a microparticle-based flow cytometric immunoassay 
which is an efficient method for simultaneously measuring 
six cytokines of interest from a various test samples (13-15). 
This method is more sensitive and analytically comparable 
with conventional ELISa (16). In this study, the anticandidal, 
cytotoxic and proinflammatory/antiinflammatory effects of 
four azole antifungal drugs were compared for the first time. 
Commonly, MIC values are determined by BMD method. 
In this method, microbial cell number /mL is adjusted 
according to McFarland standard. C. albicans nCPF 3179, 
Bioball™ Multishot 10E8 contains precise number of the 
microorganism. It should not be expected same results 
according to turbidimetric method. Bioball™ Multishot 10E8 
is a newer, more reliable and more validated than McFarland. 
For this reason it was prefered. The cytotoxic effects of azole 
drugs were demonstrated by WSt-1 method. according 
to our results, these azole antifungal drugs showed lower 
cytotoxic effects on tHP-1 human monocyte cell line (Fig.2). 
This data shows that these drugs have selective toxicity on 
C. albicans. Cytokine levels of IL-1β, IL-6, IL-8, IL-10, IL-
12p70 and tnF-α in tHP-1 cells stimulated by C. albicans 
were determined by Cytometric Bead array (CBa). In this 
study, we demonstrated that high levels of proinflammatory 
cytokines IL-8 and tnF were produced by C. albicans-
stimulated tHP-1 cells (table 1). The chemokine IL-8 plays 
an important role in the pathogenesis of an inflammation. 
Because of the powerful properties of IL-8, its extracellular 
release must be tightly regulated. Monocytes are important 
components of cellular defense mechanisms in humans (17).  
When stimulated by microorganisms, arachidonic acid is 
produced and released, and production of cytokines including 
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tumor necrosis factor alpha (tnF-α, interleukin-1b (IL-1b), 
IL-6, IL-8 is realized (18).  Fluconazole is a drug that inhibits 
the formation of C. albicans hyphae and is concentrated in 
human phagocytes (19-20).  Clearly, these differences could 
be actively reinforced by the immunomodulating properties 
of mannan and other mannoprotein constituents of the 
yeast. These results support the use of selected cytokines as 
adjunctive therapy in disseminated candidiasis. tnF could 
be induced, in a dose-dependent manner, by stimulation of 
human monocytes with a phospholipomannan antigen of the 
yeast. These responses by the monocytes may be an important 
mechanism both for candida infections and for the initiation 
of a local inflammatory reaction (21). The results described 
in our study clearly indicate that the microbicidal activity of 
human monocytes is closely associated with the activities of 
proinflammatory cytokines.

Table 2. Cytokine levels of Candida albicans stimulated and 
unstimulated tHP-1 cell line after 4 hour (pg/mL).

Cytoki-
nes

THP-1 
unsti-
mula-

ted

Candida 
albicans 

4 h

stimula-
ted

Clotri-
mazole

Ketoco-
nazole

Mico-
nazole

Fluco-
nazole

IL-
12p70

7.60 8.19 9.99 7.35 8.25 6.68

TNF 7.19 22.58 146.31 20.49 28.25 24.89

IL-10 7.42 7.46 9.35 7.22 7.59 6.90

IL-6 4.52 5.39 7.06 4.84 5.48 4.95

IL-1β - - 9.15 16.29 10.07 23.59

IL-8 23.92 130.27 4094.35 4340.11 2545.19 4652.65

Figure 2. Determined of Clotrimazole, ketoconazole, miconazole 
and fluconazole effects of IL-1β, IL-6, IL-8, IL-10, IL-12p70 and 
tnF-α in tHP-1 cells stimulated by Candida albicans (pg/mL). 

Figure 3. 16 µg/ml concentration light microscope view of 
Candida albicans infected tHP-1  cells (x40) a: Cloritmazole, 
B: Miconazole, C: Fluconazole, D: ketoconazole
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Candida albicans ile aktive edilmiş THP-1 hücrelerinin 
sitokin üretim seviyelerine azol grubu antifungallerin 
karşılaştırmalı etkileri

Öz
Bu çalışmada klotrimazol, ketokonazol, mikonazol ve flukonazol 
gibi azol grubu antifungallerin sitotoksik ve proinflamatuar/
antiinflamatuar etkilerini, Candida albicans ile kokültüre edilmiş 
tHP-1 hücreleri üzerinde karşılaştırdık. C. albicans (nCPF 
3179, Bioball™ Multishot 10E8) kullanılarak bazı azol grubu 
antifungal ilaçların MIC değerleri sıvı mikrodilüsyon yöntemi 
ile belirlendi. WSt-1 yöntemi ile antifungal ilaçların sitotoksik 

etkileri tHP-1 hücreleri üzerinde gösterildi. C. albicans ile 
stimüle edilmiş tHP-1 hücrelerinin sitokin seviyeleri (IL-1β, 
IL-6, IL-8, IL-10, IL-12p70 ve tnF-α) antikor kaplı boncuk 
sistemi ile flow sitometride belirlendi.  Mikonazol,  klotrimazol, 
ketokonazol, ve flukonazolün MIC değerleri sırasıyla C. albicans 
Multishot 10E8 8, 16, 64 ve  128 µg/ml olarak bulundu. azol 
antifungaller tHP-1 hücreleri üzerinde düşük sitotoksisite 
gösterdi (IC50>512 µg/ml). azol antifungal ilaçlar IL-8 
seviyesinde artışa neden olurken, özellikle klotrimazol sadece 
IL-8 değil tnF- α seviyesinde de önemli bir artışa neden 
olmuştur.
Anahtar Kelimeler: Candida albicans, sitokin, inflamatuar, 
tHP-1 hücreleri.



Cantürk
Compared effects of azole antifungals on cytokine production of THP-1 cells activated by Candida albicans Marmara Pharm J 20: 288-292, 2016292

REFERENCES
1. Viscoli C, Girmenia C, Marinus a, Collette L, Martino P, 

Vandercam B, Doyen C, Lebeau B, Spence D, krcmery V, 
De Pauw B, Meunier F. Candidemia in cancer patients: a 
prospective, multicenter surveillance study by the Invasive 
Fungal Infection Group (IFIG) of the European Organization 
for research and treatment of Cancer (EOrtC). Clin Infect 
Dis 1999;28:1071-9.

2. Heeres J, Meerpoel L, Lewi P. Conazoles.  Molecules 
2010;15:4129-88. 

3. Odds FC, Cheesman SL, abbott aB. Suppression of atP 
in Candida albicans by imidazole and derivative antifungal 
agents.Sabouraudia 1985;23:415-24.

4. Fromtling r.a, Overview of Medically Important azole 
Derivatives. Clin. Microbiol. rev. 1988; 1: 187–217.

5. Palacin C, tarrago, C, agut, J, Guglietta a. In vitro activity 
of Sertaconazole, ketoconazole, Fenticonazole, Clotrimazole 
and Itraconazole against Pathogenic Vaginal Yeast Infections. 
Methods Find Exp Clin Pharmacol 2001; 23:61–4.

6. Coussens Lisa M, Zena W. Inflammation and cancer. nature 
2002; 420.6917: 860-7.

7. Gundogdu E, koksal C, karasulu E. Comparison of 
cefpodoxime proxetil release and antimicrobial activity from 
tablet formulations: Complexation with hydroxypropyl-β-
cyclodextrin in the presence of water soluble polymer. Drug 
Dev Ind Pharm 2012;38: 689–96.

8. katherine BS, Liu t, and rogers P.D, Coculture of tHP-
1 human mononuclear cells with Candida albicans results 
in pronounced changes in host gene expression. Journal of 
Infectious Diseases. 2005; 192. 5: 901-12.

9. Chen r, Lowe L, Wilson JD, Crowther E, tzeggai k, Bishop JE, 
Varro r. Simultaneous quantification of six human cytokines 
in a single sample using microparticle-based flow cytometric 
technology. Clin Chem 1999; 45: 1693–4.

10. roilides E,  Dignani MC, anaissie EJ, rex J H. The role of 
immunoreconstitution in the management of refractory 
opportunistic fungal infections. Med Mycol 1998; 36:12–25.

11. Stevens Da, Walsh tJ, Bistoni F, Cenci E, Clemons kV,  Del 
Sero G. Cytokines and mycoses. Med Mycol 1998; 36:174-82.

12. McHugh tM. Flow microsphere immunoassays for the 
quantitative and simultaneous detection of multiple soluble 
analytes. In: Methods Cell Biology, 2nd ed. Vol. 42, Part 
B.  Editors: Darzynkiewicz Z, robinson JP, Crissman Ha, 
academic Press. new York.  1994, pp 575–595.

13. Fulton rJ, McDade rL, Smith PL, kienker LJ, kettman Jr. 
advanced multiplexed analysis with the FlowMetrixtM 
system. Clin Chem 1997; 43: 1749–56.

14. Camilla C, Defoort JP, Delaage M, auer r, Quintana J, Lary t, 
Hamelik r, Prato S, Casano B, Martin M, Fert V. a new flow 
cytometry based multi-assay system. 1.application to cytokine 
immunoassays. Cytometry 1998; (Suppl 9):132.

15. Collins DP. t lymphocyte functionality assay based on 
simultaneous femtomolar detection of GM-CSF secretion and 
cellular immunophenotyping by flow cytometry. Cytometry 
1999; (Suppl 9):71.

16. Oliver kG, kettman Jr, Fulton rJ. Multiplexed analysis of 
human cytokines by use of the Flow Metrix System. Clin Chem 
1998; 44: 2057–60.

17. Calderone r, Sturtevant J. Macrophage interactions with 
Candida. Immunol Ser 1994;60:505-15.

18. ayray C,  Imir t. tumor necrosis factor (tnF) induction from 
monocyte/macrophages by Candida species. Immunobiol 
1996; 196: 363–74.

19. Louie a, Baltch aL, Smith rP, Franke Ma, ritz WJ, Singh 
Jk, Gordon Ma.Fluconazole and amphotericin B antifungal 
therapies do not negate the protective effect of endogenous 
tumor necrosis factor in a murine model of fatal disseminated 
candidiasis. J Infect Dis 1995;171:406-15.

20. Van ‘t Wout JW, Meynaar I, Linde I, Poell r, Mattie H, Van 
Furth r. Effect of amphotericin B, fluconazole and itraconazole 
on intracellular Candida albicans and germ tube development 
in macrophages. J antimicrob Chemother 1990; 25: 803–11.

21. Jouault t, Bernigaud a, Lepage G, trinel Pa, Poulain D. 
The Candida albicans phospholipomannan induces in vitro 
production of tumour necrosis factor-a from human and 
murine macrophages. Immunol 1994; 83:268–73.


