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Summary: The observation under the scanning electron microscope of cell morphological 
alterations in cultures of Candida albicans treated with Fenticonazole has led us to study the 
biological characterization of the substance which probably exhibits a block of enzymatic activity 
(cytochrome oxidase and peroxidase) as primordial cause of the structural and functional modi- 
fications observed. 

Zusammenfassung : Die SEM Beobachtung der morphologischen Zellverinderung in Candida 
albicans mit Fenticonazole versetzten Kulturen hat uns bewogen, die Substanz biologisch zu 
charakterisieren, die wahrscheinlich einen BIock der Enzymaktivitiit zeigt (Cytochrome-oxidase 
und Peroxidase) als Anfangsgrund der bemerkten strukturellen und funktionellen 
Abanderungen. 

The study of imidazole derivatives (1,2,3,4) has made it possible to determine the biological 
part played by these substances in the chemotherapy of fungal infections, to the extent that 
typical alterations are seen with the electron microscope both at the level of the cytoplasmic 
membrane with formation of extensive vacuoles that disorganize the very component of 
cytosol, and at that ofthe cell wall (5). We felt it ofintrest to undertake a research on the ultra- 
structural modifications revealed by the s. E. M. and produced by Fenticonazole (Rec 
191476) in cultures of Candida albicans, also attempting to identify the mechanism ofaction. 
The fungistatic and fungicidal activity compared to that of Miconazole, Clotrimazole and 
Econazole has already been revealed and described in previous works (6,7,8,9). This action 
has been found to be potentiated, especially on yeasts, on varying the pH of the culture 
medium from 3.20 to 5.32, using Michaelis' buffer (6). 

Fenticonazole is an odourless, white, crystalline powder, soluble in common organic 
solvents; its molecular weight is 5 18.4, and the active principle is 1-[2,4-dichloropheny1)-2-(4- 
phenylthiobenzyloxy)ethyl] imidazole nitrate, possessing the follwing structural formula. 
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Materials and Methods 

Some strains of Candida albicans coded NCPF (National Collection of Pathogenic Fungi), 
kindly supplied by the Public Health Laboratory Service, London School of Hygiene and 
Tropical Medicine, Keppel St., Lond WcIE 7 HT, were used. Fenticonazole of99.00% purity, 
supplied by Recordati S. p. A. - Milan - Italy, was used. The technique of serial dilution in 
liquid media at various pH values (from 3.20 to 5.20) was used for determination of the MIC 
and MFC against the isolated mycete. Series of test-tubes each containing 9.00 ml of Sa- 
bouraud liquid medium and serial doses of the substance under test, from 100 to 
6.25 mcg/ml, using the doubling technique, were prepared. 0.10 ml of the mycete suspen- 
sion was inoculated into each test-tube. The controls were prepared separately, with only the 
mycete suspension which, before incubation, had a turbidity index determined 
nephelometrically equivalent to 70% T, and the substance itself, so as to reveal any con- 
tamination, at the beginning. The test-tubes were read after incubation for 48 hours. 

After repeated washing in sterile physiological saline, the suspensions were fixed in a 5% 
solution ofgluteraldehyde inO.1 M phosphate buffer,pH 7.4,for2 hours. After rapid washing 
with the same buffer solution, the samples were first dehydrated in ascending concentrations 
of alcohol, up to absolute alcohol, then placed in acetone and, finally, a few drops of the cell 
suspension were deposited on slides and dried in the air. Finally, the preparations were gold- 
shadowed in a Sputter Cooter S 150 Edwards, and observed in a Philips 505 SEM at the vol- 
tage of 25 KV. 

Description of the Findings 

Observation ofthe control preparations reveals the ovoid morphological characteristic ofthe 
cells, with slight irregularities of the membrane consisting of micro-folds and micro-extra- 
flexions spheroidal in shape. When, by contrast, the shape of the individual elements is 
markedly ellipsoidal, a spherical extroflexion appears at the surrounded by a complete ring. 

These findings are (perhaps) to be considered as the expression ofan evolutive stage, such 
as to appear as small ellipsoidal formations differing from the larger ones which appear to re- 
present the mother element. As soon as the subdivision process is complete, the two for- 
mations again take on an approximately spherical form (Figures 1,2 and 3). Cultures ofCan- 
dida albicans treated with 6.25 mcg/ml of Fenticonazole show morphological alterations of 
both shape (ellipsoidal, spheroidal, or irregularly langthened) and volume. 
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Fig. 1 

Fig. 2 

Fig. 1 and 2: Controls ofCandida 
albicans. 

The cell membranes themselves present deeper folds, so that they appear uniformly 
wrinkled, while pictures of gemmation are seen only rarely (Figs. 4 and 5) .  At the dose of 
12.50 mcg/ml of Fenticonazole, the mycete cells continue toretain avery variable shape and 
to present even more accentuated folds and wrinkles; the origin of this is perhaps related to 
gradual invagination of the cell membrane due to probable destruction of the cytoskeleton. 
Moreover, pictures of gemmation are seen increasingly rarely and somtimes the cell 
elements themselves loose their characteristic formation turning into strangely flat forms 
(Fig. 6). At the dose of 25 mcg/ml of Fenticonazole, the most representative morphological 
picture is that of increasingly larger folds densely entwined; the gemmation phenomena 
have almost completely disappeared, while initial sings offracture can be seen at the surface 
of the membrane (Figs. 7 and 8). Cultures treated with 50 mcg/ml of Fenticonazole present 
extremely variable cell elements; in fact, forms of small size with roughly smooth membrane 
contrast with ellipsoidal, flat, irregularly crumpled formations, with membranes furrowed by 
folds and with irregular deposits ofan amorphous material (Figs. 9 and 10). The morphologi- 
cal alterations observed at lower concentrations are particularly evident at the dose of 100 
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Fig. 3: Control of Candida albicans. 

Fig. 4-5: Cultures of C. albicans 
treated with 6.25 mcg/ml of 
Fenticonazole. 
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Fig. 7-8: Cultures of C. albicans treated with 25.0 mcg/ml of Fenticonazole. 

mcg/ml of Fenticonazole; in fact, a complete disorder of the cell is observed, with the for- 
mation of dense agglomerates. 

The cell irregularity is shown up by the presence of small surfaces of smooth, ellipsoidal 
membranes alongside irregularly lumpy membranous formations folded in various shapes 
(from ellipsoidal to flat) and covered by abundant amorphous material, as well as forms 
present in greater number with large fractures of the membrane, and apparently flattened 
cells, perhaps for progressive destruction of the cytoskeleton (Figs. 11 and 12). 

Discussion of the Findings and Conclusions 

The most obvious morphological expression resulting from S. E. M. studies on cultures of 
Candida albicans treated with increasing doses OfFenticonazole, is the gradual and constant 
destruction ofthe cytoskeleton which is accompanied by progressive wrinkling ofthe plasma 
mambrane with alterations both inshape and in volume. This leads to the beliefthat a state of 
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Fig. 9-10: Cultures of C. albicans treated with 50 mcg/ml of Fenticonazole. 

Fig. 11 

Fig. 12 

Fig. 11-12: Cultures of C. albi- 
cans treated with 100 mcg/ml of 
Fenticonazole. 

impairment of the cell is brought about, with consequent reduction in the activity of 
synthesis and reproduction, expressed by disappearance of the gemmation phenomena in 
relation to the various concentrations of Fenticonazole. In the same way, also the young cell 
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technique. This serum gave positive DD reaction with Ag-534 antigen. The ELISA and IIF 
titers of this serum were also significantly high. This is a clear indication of the superiority of 
using several antigens in avoiding false negative reactions. The ELISA method gave higher 
titers in patients and were positive in some of the precipitin negative sera. Ojanen, Terho and 
Mantyjarvi (5) reported higher ELISA titers in precipitin negative sera from aspergillosis, a 
result comparable to our findings. The ELISA and IIF methods demonstrated specific anti- 
body in normal controls although in very low titers. This was expected due to the sensitiza- 
tion by AF, which is universally present in the environment. In the present study the ELISA 
and IIF titers in the normal controls were considerably lower than those detected in the 
patient groups. Similar results were reported by other workers (1,10,11). However, Schon- 
heyder and Anderson (7) reported very high IIF titers in normal adults and children. They 
attributed this to sensitization to Aspergillus rather than to non-specific binding of IgG 
molecules to the hyphae mediated via the Fc portion of the molecule. It is noteworthy that 
certain exposed healthy individuals may show very high levels of antibodies without any 
apparent symptoms of disease as in the case of farmer’s lung and other hypersensitivity lung 
diseases (6 ) .  Demonstration of high titers of specific antibodies against A F  in the sera by 
semi-quantitative methods such as ELISA and IIF alone is mot diagnostic. A majority of the 
aspergilloma and ABPA cases demonstrated high titers ofantibodies against A F  in their sera, 
although some show only very low antibody levels. The presence of a wide spectrum of 
antibody levels in non-AF-induced lung diseases further aggravate the differential diagnosis 
of aspergilloma and ABPA. Until standardized specific antigens associated with the diseases 
are available the results obtained by DD, IIF and ELISA should be cautiously evaluated 
before making a diagnosis. The present study clearly indicates the necessity for standardized 
antigens and methods in the diagnosis of AF-induced diseases. 
Acknowledgements: Our thanks are due to Dr. Roy Patterson of the Northwestern University School of 
Medicine for providing some of the ABPA sera used in this study. 
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