Effect of in vitro Treatment with Clotrimazole on
the Ultrastructure of Alternaria alternata
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mata (LT A, alternata W) 22 2720hY <
v — (clotrimazole, bis-phenyl-(2-chlorophenyl)-1-
imidazolyl methane, AT CTZ £ W) OER % EF
sEmE (UITEBR L) B2 AV TRE T 2720127
7.

MEs & UFE

I.# #

FEREMRE & D ORFREE L D S8 RE s A
alternata (F K BEF 5 K B 8RR EHE,
Nol931) Td 5. CTZ i Bayer # & b 2 & 17z 4
R E g IR A

. s &

1. B NFEEHIEEE & B/ N EEREDRIE

CTZ D A, alternata =3+ 2 B/ FEM LB E

(minimal inhibitory concentration, LA T MIC & %)
L B/NVEEEE (minimal fungicidal concentration,
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HBIREVBIEL, T4bb, A alternata % 4 %7
P §E%K (Sabouraud) #HEIEHHIC 27°CTC 7 HRI%:
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FAE BRI AR TR O TER 21> 72, BIRKN
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MCC ¥z L1z,

2. BERE

1) 4% 7 8 JHEFESHNIC 27°CT 3 BRI RERI
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IEERRD & D Wi EhTwa, T4bb, CTZ2
pg/ml®E 7203 25 pg/ml®, £ 3V - 10 yg/ml'?,
Ty ERTYYYB1l.6~3.2 ug/ml?, 4 RAFF 8§
~32 yg/ml?, ¥ U > 2.5 ug/ml®, bY oLy
¥ 4.5 ug/ml', 7 ) L F 7L E Y 10 ug/mi?, 5 -7
LAY A by 100 pg/mlALED, FLFTTF— b
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MIC £ 31.25 ug/ml Th oz, AohiEESL &
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MICE» 5L TA 35V —1FR (CTZ, 225V —
V) BIUOR)VZ VR (FrRFYVY B F4R9F
v, BV yy, NYavq ) DEY Alternaria
BOBRESTHZ LOICBbRS, EIR, BERMC
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Campbell'™®3, A. brassicicola DEMIZ BT
b bar P 7, MEGRBIUTY RV —
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FTTIARIz & S, A, alternata DEFEF T Y, B
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TTEEEEE RO onr o, ThsDOFR»
5, OB IZEREM b ORE T B E AR I
FOEMEMET L, EESELET 3 2 s hiz,

&, EREHICEE T3 &, 9 1:BBICIEeH
WREL, UBRBIEEL 2D, B0 HTHET 2
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7, WA BT 2B TP R LY 3ABET
CEMROEESMET T2 2 3%, LiaoT,
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=R A A
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EFNFETE, CTZ XEMBOBER &L T
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CTZ iz EIBE CHEHE, RNA, DNA, REB LV
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MO EREDOER FBL2OBEICHEETL LY
FEATVAY M7, Iwata S0, BEIIEE (3 X
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L, BHENEREICL2METIEI b2 R Y 7TOELR
DI IS FOEIZRS o kv, RERIE
B L BB TRIBEBEOGREL & 7245 Mk
BHEESE (intracytoplasmic membrane com-
plex) % lomasome OB B & VEL s o> F
D7 OWEDRHEMSIE D, BEOEOGEME T
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Nollin & Borgers*?i3 107"—10"*M & CTZ T 7 —24
SR X 0T C. albicans #EBEEWICRE L, 20
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b, &7 CTZ AAEEOEMIE T EB O Mg
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A ELWEESE 2 528, £/ MCC O CTZ 1k
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I EeELBNI,

Eil I

BERBICSD, S S & L @A — RS
18, EEAEYGRTEE L AIRSEHEIBCEEORE
FELET. ARNOESEE B HAFEREEERS

(WEFI54 22 10 A 27 - 28 B, MER), % 80 @HA KR
FLREMARE WEM6E4H3I~5H, REAHE) wBu
THELL.

X 73

1) ® BE-8% B-8BAKRX: 7705
T Ay VYVREBIED 1, B, 27, 329-334
(1973).

2) Pedersen, N. B., March, P, A. & Jonsson,
N.: Cutaneous alternariosis. Br. J. Dermatol., 94,
201-209 (1976).

3) BEBKER: K7 AVTVF Y TED LF. AE
55, 20, 148-152 (1979).

4) IREEX XRAKX-PBELE: BELUEFTV



208 1

7o) T, ERERK, 23, 1695-1701 (1981).

5) NI - FALER - BREE: K7V T 0T
V7 RED 1. EEEE, 11, 218 (1970).

6) Bt = -BESFE -TEEAME-TFO L KH
TNTF LY TECGEER) O 1F, RERR, 19,227
-232 (1977).

7y #BAR—-&FEKE - FEAXTF - HEFEH - F
F #:RETAMTATY TE BB 17, 246
(1977).

8) T4 W KARED - BRBME - —HRATF: K
7T AF ) 7HE. FEEER, 39, 691-695 (1977).
9) de Moragas, J. M., Prats, G. & Verger, G.:
Cutaneous alternariosis treated with miconazole.
Arch. Dermatol., 117, 292-294 (1981).

10) EDE¥  BORCEEINIEWEREOERE
LERER. HEEE, 18, 374-386 (1977).

11) #ERR—: HEEFRE. KEEHEEE, 91-101
H, &FER, 5=, 1959.

12) Van Cutsem, J. M. & Thienpont, D.: Micon-
azole, a broad-spectrum antimycotic agent with
antibacterial activity. Chemotherapy, 17, 392-404
(1972).

13) Struyk, A. P., Hoette, 1., Drost, G.,
Waisvisz, J. M., Van Eek, T. & Hoogerheide, J.
C.: Pimaricin, a new antifungal antibiotic. Ant-
ibiot. Ann., 1957/1958, 878-885 (1958).

14) Ohashi, Y.: On a rare disease due to Alfer-
naria tenuis Nees (Alternariosis). Tohoku J. Exp.
Med., 72, 78-82 (1960).

15) Campbell, R.: An electron microscope study
of spore structure and development in Alfernaria
brassicicola. J. Gen. Microbiol., 54, 381-392 (1969).
16) Campbell, R.: An electron microscope study
of exogenously dormant spores, spore germination,
hyphae and conidiophores of Alternaria brassicicola.
New Phytol., 69, 287-293 (1970).

17) wBRER— - LRFH - EFFEE - EBEH: 58
BEF OFRBF BT > B FEMBR. ZE,
9, 80-88 (1968).

18) EEFnk - WOt Clotrimazole D1E FBHE(E
1. Candida albicans W3t 5 —RIEA SO, B
§&, 28, 513-521 (1973).

19) WD HE - HEFK : Clotrimazole D1EFHHEE
1. Candida albicans $REOER ZXF 2 /EM. Bl
§8, 29, 379-385 (1974).

20) Yamaguchi, H.: Antagonistic action of lipid
components of membranes from Candida albicans

and various other lipids on two imidazole ant.
imycotics, clotrimazole and miconazole. Ant.
imicrob. Agents Chemother., 12, 16-25, (1977).

21) Iwata, K., Kanda, Y., Yamaguchi, H, &

Osumi, M.: Electron microscopic studies on the

mechanism of action of clotrimazole on Candids
albicans. Sabouraudia, 11, 205-209 (1973).

22) Nollin, S. D. & Borgers, M.: An ultras.
tructual and cytochemical study of Candida al.
bicans after in vitro treatment with imidazoles,
Mykosen, 19, 317-328 (1976).

23) Voigt, W. H.: Clotrimazole (Canesten)-Elect-
ron microscope studies on the action on the
ultrastructure of pathogenic fungi, p.12-19. In R.

Alstaedter (ed.), Broad-Spectrum Antimycotic
Canesten Experience and Outlook, Bayer AG,
Leverkusen (FRG), 1975.

Figure legends

Fig.1. Electron micrograph of the conidium of A.
alternata cultured on Sabouraud’s glucose agar
for 3 days at 27°C. The conidial cells are
separated by thick septa (S) one another, con-
taining many mitochondria (M) within the
cytoplasm. N, nucleus; ER, endoplasmic retic-
ulum ; V, vacuole; CW, cell wall. x12,000.

Fig. 2. Enlargement of a portion of Fig. 1, showing
oval mitochondria (M) with villiform cristae.
ER, endoplasmic reticulum; R, ribosome; PM,
plasma membrane. X37,500.

Fig. 3. Electron micrograph of the mycelium of A.
alternata cultured on Sabouraud’s glucose agar
for 3 days at 27°C. The mycelial cells contain a
number of lipid droplets (L) and vacuoles (V)
within the altered cytoplasm. X17,500.

Fig. 4. Enlargment of a portion of Fig. 3, showing
shrinking mitochondria (M) and irregularly
aggregated ribosomes (R) within the cytoplasm.
L, lipid droplet ; V, vacuole. Xx28,000.

Fig.5. Electron micrograph of the mycelial cell of
A. alternata cultured in Sabouraud's glucose
liquid medium for 3 days at 27°C. The cell hasa
large nucleus (N) with a prominent nucleolus and
contains a number of mitochondria (M) within
the cytoplasm. ER, endoplasmic reticulum;
PM, plasma membrane; CW, cell wall. %25,
500.
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Fig.6. Electron micrograph of the mycelial cell of 27°C. Markedly swollen mitochondria (M) with
A. alternata cultured in acetone-added liquid a few cristae are seen. N, nucleus; L, lipid
medium for 24 hr at 27°C (control). The cell droplet.  %30,000.
shows the same structure as in Fig.5. No Fig. 10 Electron micrograph of the cell of A.
significant changes due to acetone are seen. N, alfernata exposed to the minimal fungicidal
nucleus; M, mitochondria. X15,000. Inset concentration of clotrimazole for 6 hr at 27°C.
shows mitochondria with villiform cristae. X35, Mitochondria (M) are markedly swollen and
000. ~ vacuolated. Xx37,500.

Fig.7. Electron micrograph of the mycelial cell of Fig. 11. Electron micrograph of the cell of A.
A. alternata exposed to a minimal inhibitory alternata treated with the same procedure as in
concentration (31.25xg/ml) of clotrimazole for 6 Fig.10. A number of membrane-limited vacuol-
hr at 27°C. Slightly swollen mitochondria (M) es (V) are seen. X 15,000.
with irregularly arranged cristae are seen. N, Fig. 12. Electron micrograph of the cell of A.
nucleus.  X45,000. alternata exposed to the minimal fungicidal

Fig. 8. Electron micrograph of the mycelial cell of concentration of clotrimazole for 24 hr at 27°C.
A. alternata exposed to the minimal inhibitory Membrane-limited vacuoles (V), intra-
concentration of clotrimazole for 24 hr at 27°C. cytoplasmic membrane complex (IM) and sepa-
Mitochondria (M) are seen to be vacuolated in ration of the plasma membrane (PM) from the
varying degrees and the cristae are decreased in cell wall can be seen. X25,000.
number. N, nucleus; L, Lipid droplet. X37, Fig. 13. Electron micrograph of the cell of A.
500. alternata treated with the same procedure as in

Fig.9. Electron micrograph of the cell of A. Fig.12. Degradation of cell organelles and
alternata exposed to a minimal fungicidal con- separation of the plasma membrane (PM) from
centration (250ug/ml) of clotrimazole for 1 hr at the cell wall are seen. V, vacuole. X45,000.

Effect of in Vitro Treatment with Clotrimazole on the Ultrastructure of Alrernaria alternata
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Abstract

Although human cutaneous alternariosis is clinically treated with imidazole derivatives, there
has been little information concerning the effect of the drugs on pathogenic fungi of the disease.
The aim of this study was to investigate, by electron microscopy, the in vitro mode of action of
clotrimazole, bis-phenyl-(2-chloropheny1)-1-imidazoly 1 methane, on Alternaria alternata isolated
from the lesion of human cutaneous alternariosis. After cultivation in the Sabouraud’s glucose
liquid medium for 24 hr at 27°C, cultures of fungal cells were exposed to a minimal inhibitory
(31.25 ug/ml) or a minimal fungicidal (250 ug/ml) concentration of clotrimazole and examined
the drug effects 1, 6 and 24 hr later, respectively. Other cultures, to which an equal amount of
solvent (0.5% acetone) was added, served as controls. In Many of the cells after exposure to the
minimal inhibitory concentration of the drug for 6 to 24 hr, mitochondria showed varying
degrees of swelling and incomplete loss of cuistae. In all the cells after exposure to the minimal
fungicidal concentration for 1 to 6 hr, mitochondria exhibited marked swelling and complete or

incomplete loss of the inner membrane systems including cristae, often forming electron-lucent
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vacuoles. After a 24-hr exposure, all the cells showed severe alterations of all cell organelles,
Vacuolation of mitochondria, disappearance of nuclei and partial separation of the plasma
membrane from the cell wall were commonly observed. Some of the cells displayed varying
degrees of lytic changes of the cytoplasmic matrix. These findings indicate that clotrimazole
exerts its primary effect on the membrane systems of the cells, and that the earliest alterations
occur at the mitochondria before any other organelles are involved.




