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Summary. The in vitro antifungal activity of the 
quinoline nitroxoline has been compared with those 
of amphotericin B, flucytosine, and two azoles, mi- 
conazole and ketoconazole, against clinical isolates 
of Candida spp. A total of 186 isolates of 10 species 
of Candida and two culture collection strains were 
tested by an agar-dilution technique. Nitroxoline 
was highly active against Candida spp. MICs for 
nitroxoline ranged between 0.25-2 pg ml-' for 186 
representative strains. With MIC,, as the measure 
of antifungal activity, nitroxoline appeared to be 
superior to the imidazoles studied. Data for individ- 
ual species of Candida revealed that the activities 
of nitroxoline and amphotericin B were generally 
just as effective against C. albicans, whereas flucy- 
tosine was the most active agent against Candida 
SPP. 

Zusammenfassung. Die antimyzetische Akti- 
vitat des Chinolins Nitroxolin wurde in v i m  ver- 
gleichend mit Amphotericin B, Flucytosin, Mico- 
nazol und Ketoconazol an klinischen Candida-Iso- 
laten gepruft. Insgesamt wurden im Agardilutions- 
test 186 Isolate von zehn Candida-Arten sowie zwei 
Sammlungsstamme getestet. Nitroxolin erwies sich 
gegen die Candida-Arten als hoch aktiv. Die MHK- 
Werte fur Nitroxolin lagen bei den 186 reprasen- 
tativen Stammen zwischen 0,25-2 pg ml-I. Legt 
man die MHK,-Werte als Man antimyzetischer 
Aktivitat zugrunde, erscheint Nitroxolin als den ge- 
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priiften Imidazolen uberlegen. Die Daten indivi- 
dueller Candida-Arten belegen, daR in der Wirk- 
samkeit gegen Candida albicans Nitroxolin und 
Amphotericin B gleich liegen, wahrend Flucytosin 
das wirksamste Agens gegen Candida-Arten dar- 
stellt. 

Introduction 

Nitroxoline is a synthetic quinoline [ 11, 5-nitro-8- 
hydroxyquinoline (Fig. 1 ), developed by Debat lab- 
oratory (Paris, France). I t  is a yellow crystalline 
powder with a molecular weight of 190.15 and a 
melting point of 180 "C, and is freely soluble in both 
alkali and hot hydrochloric acid [2, 31. 

Nitroxoline is an antimicrobial agent used as a 
urinary antiseptic [4, 51. Clinically it has been 

NO, 
Figure 1. 5-nitro-8-hydroxyquinoline (nitroxoline). 
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shown to be efficacious in humans in the treatment 
of urinary-tract infections at dosages of 300 to 600 
mg given orally once a day [6]. Limited data are 
now available regarding the antifungal properties 
of this quinoline [7, 81. 

This study reports on the comparison in vitro of 
nitroxoline with amphotericin By flucytosine, mi- 
conazole, and ketoconazole against clinical isolates 
of Candida spp. 

Material and methods 

Yeast strains. A total of 186 pathogenic Candida 
strains isolated from clinical specimens were tested, 
including 106 C. albicans, 24 C. parapsilosis, 20 C. 
guilliermondii, 19 C. tropicalis, 9 C. krusei, 3 C. 
pseudotropicalis, 2 C. pseudointermedia, 1 C. mo- 
gii, 1 C. viswanathii, and 1 C. zeylanoides. These 
isolates were identified by conventional methods 
and procedure as described elsewhere [9-111. Two 
culture collection strains, S. cerevisiae ATCC 36375 
and C. pseudotropicalis ATCC 28838, were used as 
reference strains [ 121. 

Antifungal drugs. Five drugs were studied: ampho- 
tericin B (Squibb); flucytosine (Hoffmann-La 
Roche); ketoconazole, miconazole Uanssen Phar- 
maceutica); and nitroxoline (Debat), all supplied as 
pure powders. The compounds were dissolved in 
different solvents to produce stock solutions. Am- 
photericin B and imidazoles were dissolved in di- 
methylsulfoxide, flucytosine in distilled water and 
nitroxoline in a solution of 0.1 N HCl in distilled 
water. 

Performance of the susceptibility test. An agar di- 
lution replicate-plate method was employed for an- 
tifungal susceptibility testing [ 12, 131. The medium 
used for all the compounds was buffered yeast mor- 
phology agar (Difco Laboratories, Detroit, MI, 
USA), adjusted at pH 7.0, by a 0.01 mol sterile 
phosphate buffer [12]. Serial doubling dilutions of 
each drug were added to a melted medium culture 
to obtain a final range of concentrations from 0.03 
to 64 pgml-I. 

Inocula for susceptibility testing were prepared 
from 48-hour cultures on Sabouraud dextrose agar. 
Cells harvested from isolated colonies were washed 
with sterile distilled water and suspended in a sterile 
saline solution to obtain a density of approximately 
0.5 MacFarland standard. These cell suspensions 
were adjusted to about lo6 CFU ml-I by haema- 
cytometer counting and viability analysis [ 131. 

Each set of plates was inoculated with spots of 
the yeast suspensions using a Steers replicator, each 
spot containing about lo3 CFU ml-I. Drugfree con- 
trol plates were inoculated with the corresponding 

test microorganisms. Reference strains with known 
minimal inhibitory concentrations (MICs) were 
used in each set of experiments as controls of drug 
activity and interest reproducibility. Plates were in- 
cubated at 35°C until the control plates showed 
visible growth. 

Results and discussion 

Summaries of MIC statistics (range, mode, MIC,, 
and MI&) of the antifungal agents tested against 
the 188 Candida strains used in the present study 
are given in Table 1. The MICs for all strains were 
the same when the strains were tested in different 
experiments. For nitroxoline, MICs for 186 repre- 
sentative isolates ranged from 0.25 to 2 pg ml-I. 
Nitroxoline activity against Candida was generally 
the same as that of amphotericin B and appeared 
to be superior to that of the imidazoles. Data for 
individual species of Candida showed that nitrox- 
oline was active against C. albicans and Candida 
spp. The cumulative percentages of strains suscep- 
tible to various concentrations of nitroxoline are set 
out in Figure 2. 

The in vitro susceptibility data presented here 
show that nitroxoline is satisfactorily active against 
clinical isolates of Candida. Likewise, the sensitivity 
distribution of all Candida species to nitroxoline is 
symmetrical (unimodal) . These results are similar 
to those found by Escobar et al. [14], although our 
MIC values were lower. 

When the data for individual species of Candida 
are compared in terms of MIC values, nitroxoline 
and amphotericin B are the most effective drugs 
against strains of C. albicans. On the other hand, 
all Candida spp. isolates were more susceptible to 
flucytosine than to other antifungal agents. 

Figure 2. Susceptibilities of 186 strains of Candida to nitrox- 
oline. * = 106 C. albicans, 0 = 24 C. parapsilosis, h = 20 
C. guilliermondii, 0 = 19 C. tropicalis, a = 17 other Candida 
SPP. 
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In vitro data, therefore, indicate that nitroxoline 
appears to be a useful antifungal agent against Can- 
dida isolates. In vivo experiments in cases of can- 
didosis are now needed to confirm this conclusion. 
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