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Abstract 

Microsporum canis is a frequent dermatophyte in France, and causes tinea and herpes circinatus in chil- 
dren. This work shows the superficial and ultrastructural alterations induced by Econazole nitrate on this 
fungus. 

Introduction 

The mechanism of  action of  antifungal imida- 
zole derivatives has been specified by many cyto- 
logical and biochemical studies, but almost all 
these studies concern yeasts, especially Candida al- 
bicans (5, 14, 15). We report here morphological 
and ultrastructurat alterations induced by Econa- 
zole nitrate on a dermatophyte, Microsporum can&. 
These alterations are studied by scanning and 
transmission electron microscopy. 

Materials and methods 

The Microsporum can& strain (no. 81-438) was 
isolated from a tinea circinata lesion. It is a typical 
strain of  Microsporum can& with many macro- 
conidia and few microconidia. The minimal inhibi- 
tor concentration o f  Econazole for this strain is 
12.5 #g/ml. 

Culture condition 

The strain is inoculated in flasks containing 
20 ml of  Sabouraud broth and incubated at 27 ~ 
for 4 or 5 days. The cultures at this period are 
divided in five groups: 

- a first group is a control group that does not re- 
ceive any product; 

- a second group is added up of  Econazole, to the 
concentration of  100 ~g/mI o f  culture media; 
Econazole is diluted in dimethylsulfoxide 
(DMSO); 

- a third group is added up of  Econazole at the 
concentration of  t0 ~g/ml of  culture media; this 
concentration is near close to the MIC; 

- a  fourth group receives a concentration of  
1/xg/ml of  culture media; 

- the last one receives only 1 ml of DMSO. 
Immediately after the addition of Econazole, the 

cultures are shaken for 20 or 30 min, to ensure the 
contact of  Econazote with all the colonies. 

The samples are taken out I h, 4 h and 24 h after 
addition of  Econazole or solvent. 

The samples for transmission electron microsco- 
py studies are treated only for 4 h. 

Scanning electron microscopy 

The samples are centrifuged at 350 g (1 800 rpm) 
during 5 min. 

The pelleted cells are fixed at laboratory temper- 
ature in 2% glutaraldehyde buffered to pH=7 .2  
with 0.1 M sodium cacodylate for 2 or 3 h, 

After fixation, the cells are rinsed in the same 
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buffer and dehydrated in graded series of  ethanol, 
then in mixtures of ethanol-acetone up to 100% 
acetone. Subsequently, the samples are critical- 
point dried and sputtered with gold before exami- 
nation in a JEOL MT 200 Microscope. 

Transmission electron microscopy 

Method of  use of  colonies 
We use the following method to get easily orient- 

able hyphae and to study the apex of  these hyphae 
(4). 

We harvest in the liquid Sabouraud medium one 
of many Microsporum canis colonies of  fourth day 
of  culture. These colonies measure about 10 mm of  
diameter. They are starred and nextly plane. 

The complete colony is prepared until before im- 
pregnation in epon. 

At this point, we cut a fragment of  the tip of  
colony, 2 or 3 mm long. 

Subsequently, this fragment is flat deposited at 
the surface of  truncated and previously poly- 
merised gelule in a drop of  fresh epon. 

After polymerisation of  this drop of  epon, we 
make longitudinal cuts in the tip of  colony. So this 
method permits to know the level of  cut all along 
the hyphae. 

Preparation of samples 
Fixation: two methods are used, giving com- 

plementary results: Some samples are fixed in 
glutaraldehyde for 2 h and post-fixed in osmium 
tetroxide for 2 h. This method shows all the cellular 
structures, particularly the cell wall and ribosomes. 
However, it does not show well the membranes of  
organits, for the studied fungus. 

Other samples are fixed in 2% potassium per- 
manganate with distilled water for 30 to 60 min. 
After fixation, the samples are rinsed in distilled 
water for 3 h. This fixer does not show nucleic 
acids, but details very well the different membranes 
of  the cells. 

All the samples are fixed at laboratory tempera- 
ture. 

Embedding 
After dehydratation in graded series of  ethanol 

and passage in two baths of  propylene oxyde, the 
samples are embedded in epon. 

This embedding requires a first bath for a night 

in a mixture of propylene oxyde and final solution 
of  epon, then a second embedding bath in the final 
solution of epon. 

Lengthening of time of  the second bath (a mini- 
mum of 24 h) makes it easier to obtain ultrathin 
sections. Polymerisation of  blocks is made at 60 ~ 
for 48 h. 

Ultrathin sections are stained with uranium ace- 
tate and lead citrate before examination in a 
Hitachi H 300 or Siemens Elmiskop 102 TEM 
microscope. 

Results 

Untreated cultures 

SEM 
SEM study of  untreated cultures shows many 

cylindrical, regular septed and branching hyphae. 
The surface of these untreated hyphae is smooth 
(Fig. 1). A few macroconidia are observed in these 
cultures of  5 days. They too have a regular form, 
with many echinulations on their surface (Fig. 2). 

Fig. L Untreated hyphae of M. can& (x2 070). 

Fig. 2. Untreated macroconidia of M. canis (• 
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Fig. 3. Untreated fungus cell, near apex fixed by glutaraldehyde 
and osmium (x 15 000). 

T E M  
The study of  sections of  hyphae shows a thick 

cell-wall (about 300 m#) appearing clearly com- 
posed of two layers, on the sections fixed in 
glutaraldehyde and osmium (Fig. 3): 

- an outer layer, dense at electrons, with fibrillous 
aspect, 

- an inner layer, more clear. Fig. 5. Fungus cell distant of apex with voluminous vacuole and 
fixed by glutaraldehyde and osmium (x 13 700). 

Fig. 4. Untreated fungus cell, near apex by potassium perman- 
ganate (x 23 000). 

This cell-wall is extended between the cells by 
transverse septa, provided with pores, and accom- 
panied of  spherical and dense inclusions, Woronin 
bodies. 

Structure of  cytoplasm depends on the level of  
section all along the hypha. The section at the level 
of  apex shows a cytoplasm rich in organits: nuclei 
(2 at 4 by cell); endoplasmic reticulum, with many 
ribosomes; mitochondrias, with well developed 
cristae appearing clearly after fixation by potassi- 
um permanganate (Fig. 4); vacuoles, very small at 
this level. 

The sections passing in distant of  apex levels 
show a cytoplasm filled with voluminous vacuoles, 
representing at this level essential organization of  
cell, and containing many electron's dense frag- 
ments and pseudo-myelinic formations (Fig. 5). 

Treated cultures 

S E M  

The hyphae treated 4 h by 1 #g/ml  of  Econazole 
do not show modifications in comparison to  con- 
trol hyphae. Their form is regular and their surface 
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Fig. 6. Treated hyphae during 4 h by Econazole nitrate 
(100 #g/ml) (x 2 070). 

Fig. 8. Treated macroconidia during 24 h by Econazole nitrate 
(100/~g/ml) (x 1 260). 

is smooth. The hyphae treated 1 h by 10/zg/ml of 
Econazole and treated only by DMSO also do not 
show alterations. The hyphae treated 24 h by 
1 #g/ml of Econazole, 4 h and 24 h by 10 txg/ml of 
Econazole, 1 h, 4 h and 24 h by 100 txg/ml of 
Econazole show for the most part an irregular sur- 
face with many folds (Fig. 6). These alterations are 
particularly important in hyphae treated by 
100 ~g/ml of Econazole, especially in hyphae treat- 
ed for 24 h (Fig. 7). These hyphae appear in the 
greater part heavily distorted, many of them in a 
collapsed state. Macroconidia treated for 24 h by 
100 ~g/ml of Econazole are too very distorted, 
with prominent folds and the rupture of cell-wall 
(Fig. 8). 

T E M  

The cells treated by 1 tzg/ml of Econazole for 4 h 
are a little different from control cells. However, 
some alterations of mitochondria are noted, i.e. 
their form is most round and their cristae less visi- 
ble (Fig. 9). All the cells treated by 10 #g/ml of 

Fig. 7. Treated hyphae during 24 h by Econazole nitrate Fig. 9. Treated fungus cell during 4 h by Econazole nitrate 
(100/~g/ml) (x2  070). (I /~g/ml) and fixed by potassium permanganate (x 19 600). 
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Fig. 10. Treated cell by 10/~g/ml of Econazole during 4 h with 
important alterations of mitochondria (x 11 700). 

Econazole for 4 h show important alterations of 
mitochondria, many cristae are destroyed and are 
replaced by vesicular structures (Figs 10 and 11). It 
is noted, also, that many cells show unsticking of 
plasmalemma from cell-wall and formation of vesi- 

Fig. 12. Treated cell by 100 #g/ml of Econazole nitrate during 
4 h (x16500). 

cles near plasmalemma (Fig. tl). Alt the cells 
treated by 100/zg/ml of Econazole for 4 h are com- 
pletely necrotized. Plasmalemma is completely 
separated from cell wall, and cytoplasm is retracted 
into the cell and filled with voluminous vacuoles. 

Mitochondria, nuclei and endoplasmic reticulum 
are destroyed. Only ribosomes are still recogniza- 
ble. Moreover, the outer layer of cell-wall appears 
irregular and thinner in many hyphae (Figs 12 and 
13). 

Fig. 11. Treated cell by ~,g/ml of Econazole nitrate during 4 h Fig. 13. Treated cell by 100/~g/ml of Econazole nitrate during 
with vesicles near plasmalemma (x24 600). 4 h (x 20 000). 
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Discussion 

1) The cytological study of  control hyphae 
shows the important variation of  fungal cells all 
along the hyphae. The key to the hyphal alterations 
lies in apex, the zone of  synthesis and growth of  
hypha, and the most rich in organelles. So it is the 
apex which is necessary to study to appreciate cor- 
rectly the action of  antifungal agent. The distant of  
apex part corresponds only with aged cells, whose 
cytoplasm is autolysed by vacuolar enzymes. 

2) Study in transmission electron microscopy of 
treated cells suggests a double action of  Econazole 
nitrate in Microsporum canis." 
- peripheral, at level of  plasmalemma probably by 

inhibition of  ergosterol and increase of mem- 
branous permeability; 

- mitochondrial, these organelles appear, at cyto- 
logical level, the first damaged by Econazole ni- 
trate. 

This first effect in mitochondria has been so not- 
ed by Preusser (20, 21) by the action of  Econazole 
nitrate in Trichophyton rubrum and Candida albi- 
cans, by lwata et al. (5, 6) studying action of  
Clotrimazole and Candida albicans, by Negroni de 
Bonvehi et al. (11) studying effects of  Ketoconazole 
in Paracoccidioides brasiliensis. However, for 
Miconazole, De Nollin & Borgers (15, 16) note that 
first alterations induced by this antifungal in Can- 
dida albicans concern plasmalemma. Damage of 
mitochondria is later, at least at cytological level. 

Biochemical effect of  Ketoconazole in mitochon- 
dria has been specified by Uno, Shigematsu & Arai 
(26) in Candida albicans. This effect should be situ- 
ated at the distal portion of  the respiratory chain by 
inhibition of  cytochrome c oxydase. Inhibition by 
Miconazole of  mitochondrial cytochrome c oxy- 
dase's synthesis and catalase has been shown on the 
other hand by De Nollin & Borgers in Candida albi- 
cans (16). 

3) Alterations observed with scanning electron 
microscopy seem only secondary alterations, 
reflecting necrosis and retraction of cytoplasm, the 
cell-wall of  necrotized cells tending to sink and the 
hypha to collapse. Alteration of outer layer of  cell- 
wall, observed with TEM in hyphae at the higher 
dose, may also partially explain irregular aspect of  
hyphae observed with SEM. 

4) Interpretation of  alterations observed with 
SEM is often difficult because of  many artefacts. 

Indeed, lozalized sinkings of  hyphae may be noted 
on untreated cultures and probably are result of im- 
perfect dehydratation. Some breakings of cell-wall 
may be explained also by artefacts, perhaps too 
many rapid centrifugation. 

Moreover, we have observed fissuration of cell- 
wall in badly metallised macroconidias. However, 
in case of  our experiments, treated cultures always 
show important differences with control and paral- 
lel prepared cultures. So, alterations observed in 
treated cultures, in contrast with smooth surface of  
most control hyphae, do not seem to correspond 
with artefacts. 

However, Meingassner (10) noted this problem in 
the interpretation of partially collapsed hyphae. 
They tried to determine the time of  critical point, 
in processing that led to vacuolization of treated 
cells. 
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