
Mycopathologia 118: 15-2l, 1992. 
�9 1992 Kluwer Academic Publishers. Printed in the Netherlands. 

In vitro activity of cloconazole, sulconazole, butoconazole, isoconazole, 
fenticonazole, and five other antifungal agents against clinical isolates of 
Candida albicans and Candida spp. 

J.M. Herntindez Molina, 1 J. LLosfi, I A.  Martinez Brocal ~ & A. Ventosa 2 
~Servicio de Microbiologfa, Hospital General Virgen de las Nieves, Granada; 2Departarnento de 
Microbiologfa y Parasitolog[a, Facultad de Farrnacia, Universidad de Sevilla, Sevilla, Spain 

Received 3 January 1991; accepted in revised form 4 September 1991 

Key words: Butoconazole, cloconazole, fenticonazole, imidazoles, isoconazole, sulconazole, in vitro 
susceptibility, Candida 

Abstract 

The in vitro activity of several new imidazoles, cloconazole, sulconazole, butoconazole, isoconazole and 
fenticonazole, were compared with those of amphothericin B, flucytosine, and three azoles: econazole, 
miconazole and ketoconazole against isolates of pathogenic Candida. A total of 186 clinical isolates of 
10 species of the genus Candida and two culture collection strains were tested by an agar-dilution 
technique. Isoconazole was the most active azole, followed by butoconazole and sulconazole. Differences 
between some of the species in their susceptibility to the antifungal agents were noted. Sulconazole and 
cloconazole had the highest activity in vitro against 106 isolates of C. albicans. Butoconazole and 
isoconazole were also very active against isolates of C. albicans, and were the most active azole 
compounds against 80 isolates of Candida spp. 

Introduction 

The incidence of clinically significant diseases 
caused by opportunistic yeasts, particularly Can- 
dida albicans and related species, has increased 
in recent years, especially in compromised and 
immunosuppresed patients [1-4]. Only a limited 
number of effective antifungal agents are pre- 
sently available, including the polyene antibiotic 
amphotericin B, the synthetic antimetabolite flu- 
cytosine, and the synthetic imidazoles [5, 6]. Fur- 
thermore, resistance of yeasts to these antifungal 
drugs has been described [7, 8], together with 
various side-effects associated with their use [9, 

10]. Thus, a number of new synthetic antifungal 
agents have been developed for clinical use in 
both topical and systemic administration [11-14]. 

Azole derivatives are prominant in the devel- 
opment of new antifungal agents. Cloconazole, 
sulconazole, butoconazole, isoconazole, and 
fenticonazole are new N-substituted (mono) imi- 
dazoles developed by Shionogi & Co, Ltd, 
Osaka, Japan, Syntex Inc, Palo Alto, USA, 
Janssen Pharmaceutica, Beerse, Belgium, and 
Recordati SpA, Milano, Italy, respectively. At 
present limited data are available regarding the 
antifungal properties of these imidazoles. 

In this report we present our findings of the in 



16 

vitro activity of cloconazole, sulconazole, buto- 
conazole, isoconazole, and fenticonazole com- 
pared to that of amphotericin B, flucytosine, and 
three azoles: econazole, miconazole, and keto- 
conazole against a great number of clinical iso- 
lates of Candida albicans and other Candida spe- 
cies. 

Materials and methods 

Yeast strains. A total of 186 pathogenic Candida 
strains isolated from clinical specimens were 
tested, including 106 C. albicans, 24 C. parap- 
silosis, 20 C. guilliermondii, 19 C. tropicalis, 9 C. 
krusei, 3 C. pseudotropicalis, 2 C. pseudointerme- 
dia, 1 C. mogii, 1 C. viswanathii, and 1 C. zeyl- 
anoides. These isolates were identified previously 
(J.M. Herngmdez Molina, PhD thesis, Universi- 
dad de Sevilla, Sevilla, 1989) by conventional 
methods and procedures as described elsewhere 
[15, 16]. Two culture collection strains, S. cerevis- 
iae ATCC 36375 and C. pseudotropicalis ATCC 
28838, were used as reference strains. All cultures 
were grown on Glucose-Peptone-Yeast extract 
agar slants [17], and maintained at 4 ~ 

Antifungal drugs. Ten drugs were studied: 
amphotericin B (E.R. Squibb & Sons, Princeton, 
N J), 5-fluorocytosine (Hoffmann-LaRoche Inc, 
Basel, Switzerland), econazole, miconazole, 
ketoconazole, isoconazole (Janssen Pharmaeeut- 
ica), cloeonazole (Shionogi & Co, Ltd), sulcona- 
zole, butoconazole (Syntex Inc), and fen- 
ticonazole (Recordati SPA), all supplied as pure 
powders. Because of their varying solubilities the 
compounds were dissolved in different solvents 
to produce stock solutions of 10 mg of active drug 
per ml. Amphotericin B, econazole, miconazole, 
ketoconazole, isoconazole, butoconazole and fen- 
ticonazole were dissolved in 100% dimethylsul- 
foxide, flucytosine in distilled water and clocona- 
zole and sulconazole in absolute ethanol. Stock 
solutions were sterilized by filtration through 

0.22-1xm-pore membrane filters (Millipore Corp, 
Bedford, MA), and kept at 4 ~ for no longer 
than a week. 

Antifungal susceptibility testing medium. The me- 
dium used for all the groups of compounds was 
Yeast Morphology Agar (YMA) (Difco Labora- 
tories, Detroit, MI), adjusted at pH 7.0, by a 
0.01 M sterile phosphate buffer, as described else- 
where [18]. Serial doubling dilutions of each drug 
were added to a melted medium culture, main- 
tained at 50 ~ in a water bath, to obtain a final 
range of concentrations between 0.03 to 
64 Ixg/ml. These mixtures were mixed and poured 
into 9-cm diameter petri plates and allowed to 
harden. The maximun concentration of dimethyl 
sulfoxide or ethanol when finally diluted was 2%; 
in no case did these amounts of solvents inhibit 
the growth of any test organism. Two drug-free 
plates of buffered YMA were added to each set of 
antifungal agent concentrations. The plates were 
used within a week of their preparation. 

Preparation of  inoculum. Inocula for in vitro sus- 
ceptibility testing were prepared from 24-48-h 
cultures on.. Sabouraud dextrose agar (Difco). 
Cells of well-isolated colonies were washed with 
sterile distilled water and suspended in a sterile 
saline solution to obtain a density of approxi- 
mately a 0.5 MacFarlad standard. These cell sus- 
pensions were adusted to about 10 6 CFU/ml by 
hemacytometer counting and viability analysis 

[61. 

Performance of  the susceptibility test. An agar di- 
lution replicate plate method was employed for 
antifungal susceptibility testing [6, 18]. All tests 
were performed at least in duplicate. Before use, 
each set of plates was dried at 37 ~ for 30 rain; 
they were then inoculated with spots of the yeast 
suspensions using a Steers replicator, so that each 
spot contained about 103 CFU/ml. One of the 
drug-free control plates was inoculated with the 
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Fig. 1. Test plates illustrating the sharp endpoints obtained with this method; the arrows show the 'ghost phenomenon' sometimes 
seen in inhibitory concentrations of azole with Candida spp. 

corresponding test microorganisms at the begin- 
ning and the other at the end of the set. The 
reference strains with known minimal inhibitory 
concentrations (MIC's) were used in each set of 
experiments as controls of drug activity and in- 
tertest reproducibility. T h e  inoculated plates 
were incubated at 35 ~ for 24 h, or until the 
control plates showed clearly visible growth, 
examinations being made at 24-h intervals. After 
incubation, the resulting MIC was determined as 
the lowest concentration of antifungal agent 
which prevented visible growth, with the control 
plates as reference; a little 'ghost growth', which 
is sometimes seen in inhibitory concentrations of 
azole with Candida spp., is not counted as 
growth. To define antifungal resistance, those 
strains requiring MIC's >2txg/ml of ampho- 
tericin B, and >16 ~g/ml of flucytosine were re- 
garded as resistant [19, 20]. As for the imidazoles 
are concerned, in accordance with other authors 
[11, 21], we have chosen >32 txg/ml as being a 
suitable, albeit arbitrary, value to represent resis- 
tance. 

Results 

Typical test plates illustrating the sharp endpoints 
obtained with this method are shown in Fig. 1. 
The arrows show the 'ghost phenomenon' some- 
times seen in inhibitory concentrations of azole 
with Candida spp. Summaries of MIC statistics 
(range, mode, 50% MIC [MICs0], and 90% MIC 
[MICg0]) of the antifungal agents tested against 
the 188 Candida strains used in the present study 
are given in Table 1. The MIC's for each individ- 
ual strain were the same when the strains were 
tested in different experiments. For 186 Candida 
spp. isolates (not selected for clinical failure of 
antifungal therapy), MIC's for cloconazole and 
fenticonazole ranged between 0.12-32txg/ml. 
For isoconazole, sulconazole and butoconazole, 
MIC's for 186 strains were between 0.12- 
8 Ixg/ml, approximately, four fold lower than 
those for cloconazole and fenticonazole. With the 
MIC9o as the measure of antifungal activity, iso- 
conazole appeared to be superior to the other 
imidazoles, 100% of the strains were inhibited 
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Table 1. In vitro inhibitory activity of Amphothericin B, Flucytosine, Econazole, Miconazole, Ketocanazole, Cloconazole, 

Species Strains Amphothericin B Flucytosine 

MICso MIC90 M o d e  Range MICso MIC90 M o d e  Range 

C. albicans 106 0.50 a 0.50 0.50 0.12-0.50 
C. parapsilosis 24 0.50 1.00 0.50 0.25-2.00 
C. tropicalis 19 0.50 1.00 0.50 0.50-1.00 
C. krusei 9 1.00 2.00 1.00 1.00-2.00 
C. guilliermondii 20 0.25 1.00 0.25 0.12-1.00 
C. rnogii 1 1.00 
C. pseudotropicalis 3 0.50 
C. pseudointermedia 2 1.00 
C. viswanathii 1 0.50 
C. zeylanoides 1 1.00 
S. cerevisiae b 1 0.12 
C. pseudotropicalis b i 0.25 

0.12 32.00 0.12 
<0.03 0.06 <0.03 

0.12 0.12 0.12 
0.25 0.25 0.25 
0.03 0.12 0.12 

<0.03->64.00 
<0.03--0.12 

0.03--0.12 
0.25 

<0.03-32.00 
<0.03 
<0.03 

0.50 
<0.03 

0.06 
0.06 
0.06 

Species Strains Cloconazole 

MICso MIC9o M o d e  Range 

Sulconazole 

MICso MIC9o M o d e  Range 

C. albicans 106 I a 2 2 0.12-8.00 
C. parapsilosis 24 4 4 4 0.50-8.00 
C. tropicalis 19 8 8 8 0.50-8.00 
C. krusei 9 8 16 8 8.00-16.00 
C. guilliermondi 20 8 8 8 2.00-32.00 
C. mogii 1 4.00 
C. pseudotropicalis 3 0.12-0.50 
C. pseudointermedia 2 2.00 
C. viswanathii 1 4.00 
C. zeylanoides 1 4.00 
C. cerevisiae b 1 0.12 
C. pseudotropicalis b 1 0.12 

0.50 1 1.00 
0.25 2 0.25 
2.00 4 2.00 
4.00 8 4.00 
2.00 2 2.00 

0.12-8.00 
0.12-8.00 
0.25-8.00 
4.00-8.00 
0.50-2.00 
2.00 
0.12-0.25 
1.00 
0.25 
0.50 
0.12 
0.12 

aMIC's in/xg/ml. 
bReference strains. 

with 4 txg/ml of isoconazol. Sulconazole and buto- 

conazole were superior to econazole, miconazole 

and ketoconazole and about 90% of the strains 

were inhibited with 4 txg/ml of sulconazole and 

butoconazole. Of the ten drugs studied, ampho- 

thericin B was the most active at the lower con- 

centrations as more than 95% of the strains were 

inhibited by 1 p~g/ml of this agent. 

When data for individual species of Candida 

were analyzed, sulconazole and cloconazole were 

the most active imidazoles against 106 isolates of 

C. albicans, 97% of strains being susceptible to 

2 ~g of these agents per ml, but were among the 

least active against C. parapsilosis  and C. krusei .  

Butoconazole and isoconazole were active against 

C. albicans, and were the most active azole com- 
pounds against 80 isolates of Candida species. 

The activities of fenticonazole, econazole and 

miconazole were generally of the same magnitude 

against C. albicans and Candida spp. Ketocona- 

zole was the least active drug against C. albicans 

with a range of 0.12->641xg/ml and a MIC9o 

of 64 ~g/ml; similarly, little in vitro activity was 

observed with the isolates of C. tropicalis and C. 

krusei.  Amphothericin B was the most effective 

of all the antifungal agents against C. albicans, 

whereas flucytosine was the most active against 

Candida spp.; C. albicans was least susceptible, 

90% of the strains were inhibited by 16 Ixg of 

flucytosine per ml, and >64 txg/ml was required 

for the inhibition of all strains. 

Of the 186 Candida strains isolated, resistance 
to amphothericin B was not noted. One (4%) 

strain of C. parapsilosis  and two (20%) strains of 
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Sulconazole, Butocanazole, Isocanazole, and Fenticonazole on 186 isolates of Candida species and 2 culture collection strains. 

Econazole Miconazole Ketoconazole 

MICso MIC9o Mode Range MICso MICgo Mode Range MICso MICgo Mode Range 

4.00 16 8.00 0.25-32.00 2.00 16.00 8.00 0.25-32.00 16.00 64.00 8.00 0.12->64.00 
0.50 4 0.50 0.25-4.00 0.25 0.50 0.25 0.12-0.50 0.25 0.50 0.25 0.06-1.00 
4.00 8 4.00 0.50-16.00 4.00 8.00 4.00 0.50-16.00 1.00 8.00 0.50 0.25-16.00 
8.00 8 8.00 4.00-8.00 2.00 4.00 2.00 2.00-4.00 8.00 32.00 8.00 1.00-32.00 
4.00 4 4.00 0.50-4.00 1.00 1.00 1.00 0.25-1.00 1.00 1.00 1.00 0.50-4.00 

4.00 1.00 0.50 
0.25-0.50 0.12-0.25 1.00-0.50 
0.25 0.12-0.25 0.50 
0.50 0.25 0.12 
4.00 0.50 1.00 
0.25 0.25 0.25 
0.25 0.12 0.12 

Butoconazole Isoconazole Fenticonazote 

MICs0 MICg0 Mode Range MICs0 MIC90 Mode Range MICs0 MICg0 Mode Range 

1.00 8.00 1.00 0.12-8.00 1.00 4.00 4.00 0.12-4.00 8.00 8.00 8.00 0.25-32.00 
0.12 0.25 0.12 0.12-1.00 0.12 0.25 0.12 0.12-0.25 0.50 0.50 0.50 0.25-1.00 
0.12 1.00 0.12 0.12-1.00 0.50 2.00 0.50 0.12-2.00 4.00 8.00 4.00 0.50-16.00 
0.25 0.50 0.25 0.25-0.50 2.00 2.00 2.00 1.00-2.00 16.00 16.00 16.00 4.00-16.00 
0.12 0.12 0.12 0.12-0.25 0.50 0.50 0.50 0.12-1.00 4.00 4.00 4.00 2.00-8.00 

0.25 0.25 2.00 
0.12 0.12 0.50 
0.12 0.12 0.50 
0.12 0.12 0.50 
0.25 0.25 4.00 
0.12 0.12 0.50 
0.12 0.12 0.50 

C. krusei were found to be relatively resistant 

(MIC value of 2 txg/ml). Twelve isolates of Can- 
dida were resistant to 5-fluorocytosine, one (5%) 

strain of C. guilliermondii and eleven (10%) 

strains of C. albicans had MIC values of 

I>32 p~g/ml. The majority of the isolates were sus- 

ceptible to the imidazoles, according to the upper 

concentration chosen by us to define resistance 

(>32 ixg/ml); only 25 (24%) strains of C. albicans 
showed any resistance to ketoconazole. 

Discussion 

The in vitro susceptibility data presented here 

show that the new azoles, isoconazole, clocona- 

zole, sulconazole, butoconazole, and fenticona- 

zole are more highly active against the pathogenic 
yeasts tested than econazole, miconazole or keto- 

conazole. When the data for individual species of 

Candida are compared in terms of MIC values, 

amphothericin B is the most effective drug against 

strains of C. albicans, followed by sulconazole, 

cloconazole, and isoconazole in that order. On 

the other hand, all Candida spp. isolates were 

more susceptible to flucytosine, butoconazole, 

and isoconazole than to other antifungal agents; 

only one strain of C. guilliermondii had a MIC 

for 5-fluorocytosine of 32 ~g/ml. MIC responses 

for S. cerevisiae ATCC 36375 and C. pseudotrop- 
icalis A T C C  28838 never exceeded 0.50 p~g/ml 

with any of the ten drugs studied (range, 0.06- 

0.50 p~g/ml). 

Although studies by various authors describe 

drug resistance by clinical yeast isolates [22-25], 

we encountered few resistant Candida isolates 
during our study. All Candida species have a sym- 

metrical distribution of susceptibilities (uni- 
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modal) to amphothericin B and the majority of 

imidazoles. Susceptibility to ketoconazole and 5- 

fluorocytosine is more complex; ketonazole and 

flucytosine revealed bimodal responses in tests 

with C. albicans. Few strains were more resistant 

to either drug than the others; there are clearly 

two populations of C. albicans. Our results are 

similar to those of Hamilton-Miller  [26], Espi- 

nel-Ingroff  et al. [27] and Hussain Qadri et al. 

[28], who found in vitro bimodal patterns of sus- 

ceptibility or resistance on the part of isolates of 

Candida to ketoconazole and flucytosine. We also 

observed that the,yeasts that we found to be re- 

sistant to ketoconazole or 5-fluorocytosine did not 

show any cross-resistance to the other drugs. 

Otherwise, the MIC's  with amphothericin B 

and flucytosine were generally well-defined, and 

development of resistant colonies was not ob- 

served. MIC's  of imidazoles were not always well- 

defined, since there was more of a gradual de- 

crease in growth with increasing azoles rather 

than a marked transition at any one concentra- 

tion. This might be put down to the anticellular 

effects produced by these antifungal agents; the 

major mechanisms of action of the imidazoles 

remain unclear. Comparative studies in our lab- 

oratory have shown the concentration of the agar 

to be an important factor in eliminating trailing 

endpoints, which are characteristic of both liquid 

and solid agar media used for estimating the 

MIC's  of the azoles. Other important factors are 

the adjustment of the pH, the use of a standard- 

ized inoculum, and the relapse time before the 

results are read, this last point being particularly 

crucial. 

Our in vitro data suggest therefore that the new 

imidazoles, cloconazole, sulconazole, butocona- 

zole, isoconazole, and fenticonazole may be pro- 
mising antifungal agents against Candida isolates, 

but further in vivo tests with these drugs in can- 

didiasis in animals and humans are needed. 
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