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A. INTRODUCTION

Increasing importance is now being given to the

role of fungi in causing various systemic and super-
ficial skin disorders in humans. Particularly in
countries located in tropical and subtropical regions
of the world, where the fungal contamination of the
atmosphere and soil is known to be high, the possible
health hazards due to fungi have to be considered
seriously. The situation is further accentuated by
the widespread use of broad spectrum antibiotics and
immunosuppressive drugs in controlling bacterial
infections and other disorders. It is well established
that some fungi considered as mere contaminants or
saprophytes can, under altered physiological condi-
tions, be the causative agents for diseases.

A few surveys conducted earlierihave clearly shown
that mycotic infections are fairly common in India.
Hence the importance of detailed investigations in the
area of fungal infections needs tc be hardly stressed.
The research project entitled 'Human Mycoses' was
started in September 1971 with the following
objectivess to study superficial mycotic infections
and their causal organismsy to examine their patho-
genicity and host-parasite relationship, and to study
the mode of action of antifungal drugs.

The results achieved during the programme period
(September 1971 - June 1977) have significantly helped
in understanding the etiology of superficial mycoses,
their pathogenicity and immune responses they elicit
in host animals. Besides, the efficacy of miconazole,
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a synthetic antifungal drug, has been clinically
evaluated and its molecular basis of action elucidated.

The results have been presented in Half-yearly
reports (six), Annual reports (five) and PBrogress
Report Abstracts (two). This report wherein the
results from recent work and a summary of the earlier
work are presented, represents the final technical
report of the programme.
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Among the infective diseases of man and animals
the diseases due to fungi are widely distributed
throughout the world. Superficial mycotic infections
are more commonly encountered in tropics than in
temperate parts of the world. The tropical climate
of India is supposed to influence and favour the
occurrence and maintenance of these infections in the
population. The superficial mycotic infections are
confined to the skin and its appendages like nail and
hair. The clinical symptoms are highly variable
depending on the individual factors and the etio-
logical agents involved.

Studies have been carried out to examine the in-
cidence of dermatomycoses and to isolate and identify
the etiological agents. The studies have revealed
that these infections are caused both by dermatophytes
and species of Candida. The studies on pathogenicity
of species of Candida in experimental animals re-
vealed the pathogenic ability of species other than
C. albicans (pages, 5-25).
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STUDIES ON SUPERFICIAL MYCOSES .

VIJAYA MANOHAR, M. SIRSI ano G. RAMANANDA RAO

Microbiology and Cell Biology Laboratory,
Indian Institute of Science, Bangalore 560 012.

ABSTRACT

India being a tropical country, most of its parts are under the influence
of sustained periods of combined heat and humidity, and it is supposed to
have high incidence of mycotic infections. Studies carried out in different
parts of the country on the incidence of dermatomycoses and their causal
organisms have rendered varied findings. In the present study 374 patients
with suspected superficial mycotic infections were examined. The etiological
agents of these infections were isolated from the lesions and characterized
as to their species. Susceptibility of these causal organisms to various
antifungal agents generally used in clinical practice was determined.

Ever since Sabouraud’s classic publication, ‘Les Teignes’ appeared, the widespread
occurrence of dermatophytes is weli established from the findings of various workers
throughout the world. However, dermatomycoses are more common in the tropics
than in the temperate parts of the world. India being a tropical country, situated within
the tropical and subtropical belts of the world, is supposed to have high incidence of
mycotic infections. Most parts of India are under the influence of sustained periods
of combined heat and humidity recurring annually; and these geographic factors directly
or indirectly influence the occurrence of mycotic infections and their maintenance in the
population.

The study of dermatomycoses was started in India in early 1920s mainly at the Calcutta
School of Tropical Medicine'. Since then several such studies have been made in various
parts of India. During the last decade, surveys have been carried out on the incidence
of dermatomycoses and their causal organisms®—®. The findings varied depending upon
the parts of the country and population studied.

In the present study, 374 patients with suspected superficial mycotic infections, who
attended the dermatological clinics were examined. The etiological agents of these in-
fections were isolated from the lesions, and characterized as to their species. Their suscepti-
bility to various antifungal agents generally used in clinical practice was determined.

MATERIALS AND METHODS
The samples were collected at the Skin Department (Out Patient) of Employees’
State Insurance Hospital, Rajajinagar, Bangalore, and Government Hospital, Bellary.
A total number of 374 patients suspected of superficial infections were examined over a

S
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period of 2 years. The proforma used to collect the relevant information of the case
is shown in Chart 1. The cases were diagnosed as ‘tinea’ denoting fungus and a suffix

CHART 1 — PROFORMA FOR THE CASE REPORT

E.S.I. No. : Date :
1. Name : Age : Yrs. Sex : Male/Female
2. Address : Religion :
3. Occupation :
4. Duration of the illness :
5. General health :
6. History of animal contact :
7. Family history :
8. Clinical lesions :
(@) Primary site of disease : Skin Nail Hair
(b) Regions affected :
Groin Buttocks Axilla
Abdomen Foot & toes Cheek
Hands & fingers Back Chest
Thigh . Loin Face

9. No. of lesions :
10. Size of lesions :

11. Characters :
Border Redness Scales
Papule Weaping Lichenification
Vesicle Pigmentation Secondary infection
Pustules Depigmentation Itching

12. Provisional diagnosis :

13. Differential diagnosis :

14. Previous treatment :

15. Treatment advised :

16. Laboratory findings :
Direct examination :
Culture :

added denoting the site of infection, except in the case of tinea versicolor where versicolor
depicts the varied nature of the lesions. Besides skin infections, a case of external ear
infection and a vaginal infection were also encountered.

(a) Collection of samples. The skin scrapings and nail clippings were collected on a
clean paper using a sterile scalpel after cleaning the site with 709 ethyl alcohol. From
cases of tinea versicolor, samples were collected according to the method described by
Shing Lin Lii'®. After treating the site with 70% ethyl alcohol, procaine was injected
intradermally into the lesions, to form a wheal of 1 cm diameter. The epidermis was
then peeled off with a clean new razor blade and collected on sterile paper.

(b) Microscopic examination. A sample of the scrapings, and nail clippings were
mounted in a drop of KOH-glycerine (109, KOH and 5% glycerine) on a slide, covered
with a cover slip, slightly warmed over the flame and then examined under the microscope
for the presence or absence of mycelial bits, spores or yeast-like cells.
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(c) Culturing of organisms. Sabouraud’s glucose agar (S.g. agar) supplemented
with antibiotics (chloramphenicol, 0.004%, cycloheximide, 0.05%) and Littman Oxgall
agar were used to isolate dermatophytes and yeasts. Some of the scrapings were spread
on agar slants and the remaining scrapings were placed in sterile petri plates. S.g. agar
(at 40-45 C) was poured into these plates and gently swirled to disperse the scrapings
evently. Plates were incubated at room temperature, and examined at intervals for a
month.

In addition to the above media, Martin-Scott’s medium!!(sodium tauroglycocholate,
10%; oxopeptone, 5%; agar, 2%) was used for isolation of causal organism from tinea
versicolor. The epidermal pieces were inoculated on slants, incubated at 25C and 37C
and examined at intervals for a month.

(d) Identification of isolates. The isolates were identified based on their colony
morphology and then subcultured on S.g. agar slants. Further characterization of these
isolates was done by their microscopic and biochemical characteristics.

(e) Characterization of dermatophytes. Species of Trichophyton, Epidermophyton
and Microsporum were characterized by their colony morphology, viz.,shape, pigmentation,
and presence or absence of micro-and macroconidia, chlamydospores, racquet, pectinate
and spiral hyphae, on microscopy. Production of macroconidia in T. rubrum was con-
firmed using beef heart infusion tryptose agar (Difco Laboratories, London). Peptone
broth (peptone, 10 g; distilled water 100 ml, pH 6.4) containing bromothymol blue as
indicator was used to study and differentiate growth properties of dermatophytes parti-
cularly T. mentagrophytes and T. rubrum.

Christensen’s urea agar'® (peptone, 1.0 g; NaCl, 5.0 g; KH,PO,, 2.0 g; glucose, 5.0 g;
agar, 20 g; 6 ml of 0.2% phenol red solution in 50 %, ethanol and distilled water, 1000 ml)

-containing 29, urea was inoculated with the dermatophytes and incubated at 27 C for

8 days. Urease production is indicated by change of colour from yellow to pink.

Lab-lemco agar'* containing Lab-lemco beef extract (Oxoid, London), 2.5 g; glucose,
5.0 g; agar, 20.0 g; and distilled water, 1000 ml was used to examine pigment formation.

“The pH of the medium was adjusted to 6.5-7.5. Inoculated slants were incubated at

217C for 12 to 14 days and the reverse side was examined for pigmentation.

In all the above mentioned studies, standard strains of dermatophytes obtained from

‘School of Tropical Medicine and Hygiene, London, England, were used as reference.

(f) Characterization of yeast-like organisms. The characterization and identification

-of species of Candida have been carried out by methods reported earlier!®.

(g) Preparation of drug solutions. Nystatin (Sarabhai Chemicals, Baroda, India)
was dissolved in sterile distilled water containing 1% dimethyl formamide at a concen-
tration of 1 mg/ml. Stock solution of griseofulvin (Sigma Chemical Co., St. Louis,
U.S.A.) was prepared in 509 dimethyl formamide. Miconazole nitrate (Ethnor Ltd.,
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Bombay, India) and buclosamide (active ingredient of Zadit, Hoehst Laboratories, Bombay,
India) were dissolved in 509; ethanol at a concentration of 1 mg/ml.

(h) Method of testing. Serial (two-fold) tube dilution method was used for yeasts.
Tubes containing 25, 12.5, 6.25, 3.12, and 1.56 ug/ml of the drug in 5ml of S.g. broth
were inoculated with 1.5X 10° cells of yeast in 0.1 ml of inoculum and incubated at 30 C
for 2448 hr.

S.g. broth tubes containing drugs at 50, 40, 30, 25, 15, 5, 2.5, 1.5, and 0.1 pg/ml in a
5 ml system were inoculated with 0.05 ml of the spore/mycelial suspension of dermato-
phytes (stock suspension adjusted to 85% transmission in Klett-Summerson colorimeter)
and incubated at 30 C for 14 days.

Minimum inhibitory concentrations (MIC) of the drug to bring about complete
inhibition of the growth was determined at the end of 24 hr (yeasts) and 7 days (dermato-
. phytes) and expressed as pg/ml. Minimum fungicidal concentration (MFC) to bring
about complete inhibition of the growth and viability was determined at the end of 48 hr
(yeasts) and 14 days (dermatophytes).

RESULTS
The incidence of fungi in clinical cases is shown in Table 1. Out of 374 cases suspected

Table 1. Incidence of fungi in clinical cases

Number of cases studied 374 %
Number of cases found positive by microscopy 129 342
Number of cases found positive by culture 123 328
Number of cases found positive either by microscopy

or by culture 184 49.2
Number of cases where mixed infections were encountered 14 3.7

of fungal infections, 34.2 % were found positive for fungi by direct examination and 32.8%
by culture. Large number of patients had multiple lesions and some had even mixed
infections (3.7%). In 9 patients, dermatophytes and yeasts were isolated together from
same lesions. The dermatophytes isolated were T. rubrum (5 cases) and E. floccosum
(4 cases). In another 5 cases, T. rubrum and T. violaceum were isolated from the same
lesions. In some cases, multiple and clinically distinct lesions in the same patient yielded
different fungi upon culture.

Incidence of etiological agents in different clinical types: A large number of dermato-
phytes and yeasts were isolated mainly from two types of clinical lesions, viz., t.corporis
and t. cruris (Table 2). 7. rubrum constituted the most common etiological agent (31.6 %)
followed by E. floccosum (18.6%). T. mentagrophytes and T. violaceum were isolated
from 12 and 10 cases, respectively. M. canis was isolated from a single case of t. cruris.
A significantly high percentage of yeast-like organisms (32.3 %) were isolated from various
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A Fig. | Fig. 2

f T. mentagrophytes ( < 450) T. mentagrophytes ( x 450)
Clusters of microconidia Micro and macroconidia

Fig. 3 Fig. 4
T. mentagrophytes ( < 450) T. rubrum ( < 450)
Spiral hyphae Mycelium with microconidia

Fig. S Fig. 6
T. rubrum ( < 450) T. violaceum ( x 100) .
Mycelium with macroconidia Mycelia
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Fig. 7
E. floccosum ( X 450)
Mycelia with macroconidia

Fig. 8
M. canis ( X450)
Macro and Microconidia

Fig. 9
M. canis (X 360)
Raquet hyphae
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Table 2. Incidence of causal organisms in different clinical types

inter- Onychia & Otomy- Vulvo

Organisms t. capitis t. corporis t. cruris t. pedis trigo paronychia coses vaginitis Total
T. mentagrophytes 1 4 7 12
T. rubrum 25 17 1 43
T. violaceum 3 7 10
E. floccosum 7 15 1 2 25
Yeasts 2 8 13 4 9 7 1 44
A. niger 1 1

CHART 2 — CHARACTERIZATION OF THE DERMATOPHYTES

Pigmentation
Genus Species Colony Microscopy Growth in Lab-
morphology lemco agar
Trichophyton mentagrophytes Granular, Abundant sessile and  Growth on Pale brown
flat, few oval microconidia in surface with
aerial hyphae, clusters, macroconidia craters in the
reverse few, cylindrical, 4-5 centre.
yellowish celled with blunt ends. Urease+ ve.
brown Spiral hyphae.
(Figs. 1-3)
7 rubrum Granular with Abundant sessile Submerged Pronounced

central umbo. microconidia along the mycelia,a cherry red
Pinkish white hyphae. Macrocontidia few as

surface, a few absent, produced on hemispherical

aerial hyphae, beef heart infusion ball

reverse tryptose agar. 4-5 urease—ve
cherry red celled, cigar shaped
(Figs. 4, 5)
P violaceum Creamy white No spores, mycelia Submerged Pale pink
or waxy later short and stout fluffy balls colour
becomes (Fig. 6)
violet pink,
very few aerial
hyphae
Microsporum canis Yellowish Macroconidia abundant Submerged Pale brown
brown on long aerial hemispherical

granular with conidiophore, spindle  balls
brown surface, shaped, 4-5 celled
aerial hyphae microconidia, oval,

present. sessile, characteristic
racquet hyphae
(Figs. 8,9)
Epidermophyton  floccosum Flat brownish Abundant macroconidia Partially Pale brown

powdery either singly or in submerged
colony with  clusters, 3-5 celled, fluffy balls
radial furrows, club shaped intercalary

no aerial (Fig. 1)

mycelia

b
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types of clinical lesions. A detailed account of incidence, isolation and characterization
of these yeasts-like organisms as to their species has been reported earlier'’,

Characterization and identification of dermatophytes. Species of Trichophyton,
Microsporum and Epidermophyton were identified and characterized based on their colony
morphology, pigmentation, presence or absence of macroconidia, other hyphal structures
and some of their biochemical potentialities, as given in Chart 2. Like T. rubrum one of
the strains of T. mentagrophytes, viz., HM 147 produced yellowish red pigment, produced
both macro-macro-and microconidia as well. The identity of this isolate was confirmed
byproduction of urease in urea agar and inability to produce red pigment i nLab-lemco
agar (Chart 2).

No correlation between the types of clinical lesions and the etiological agent isolated
is evident. However, T. violaceum was always observed in t. capitis cases where lesions
were of either single or multiple kerion types, while in the glabrous regions the lesions
caused by T. violaceum were circinate with pronounced border.

Analysis of cases into different clinical types in relation to age, sex and occupation.
The distribution of different clinical types in men and women is given in Table 3. The

Table 3. Analysis of cases into different clinical types with relation to sex

Clinical types Males Females Total
t. capitis 8 1 9
t. corporis 73 82 155
t. cruris 94 11 105
t. pedis 20 19 39
intertrigo 6 9 15
onychia and paronychia 14 17 31
t. versicolor 22 8 30
vulvovaginitis — 1 1
otomycoses —_ 1 1
TOTAL 237 149 386

Table 4. Analysis of different clinical types in relation to the age

10yrsand 11—20 21—30 31—40 41—50 51 yrsand

Clinical types © below yIS. yIs. yIs. yrS. above  Total
t. capitis 7 2 - — — —_ 9
t. corporis 21 18 47 38 23 13 155
t. cruris 2 4 45 31 11 12 105
t. pedis 6 5 11 9 6 2 39
intertrigo — 2 4 4 3 2 15
onychia and paronychia — 2 7 8 10 4 31
t. versicolor — 5 13 10 1 1 30
otomycoses 1 — — —_ —_ —_ 1
vulvovaginitis 1 —_ — - -_— — 1

TOTAL 38 34 127 100 54 33 386

i ol e i a5 ol it e i
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most common clinical type, viz., t. corporis (409, of the incidence) was observed equally

in both the sexes. T. cruris and t. versicolor were found more in man. But in women,
the predominant sites of infection are foot, nail and intertrigal regions.

People in the age group of 21 to 40 years were found to be affected more than other
groups (Table 4). T. capitis was found only in the younger age groups of 10 to 20 years.

The analysis of clinical types in relation to the occupation of the patients is given
in Table 5. Infections of scalp were found only among students. T. corporis though /

Table S. Analysis of clinical types with relation to occupation

» Clinical types Students Housewives  Factory Others* Total 4

workers 3
t. capitis 8 —_ 1 — 9
t. corporis 19 68 40 28 155
t. cruris 8 9 4 4 105
t. pedis 8 12 9 10 39
intertrigo — 10 2 3 15

onychia and paronychia 3 16 4 8 31 3
t. versicolor 6 6 12 6 30
vulvovaginitis 1 — — — 1
otomycoses 1 — — — 1
TOTAL 54 121 112 9 386

*include office workers, businessmen, artisans and manual labourers of both the sexes.

affected all the classes of people, factory workers and housewives seem to be affected
more (28.5%). T. cruris was found more in factory workers than in any other group.

The in vitro susceptibility of dermatophytes to antimycotic agents is shown in Tables
6 and 7. Griseofulvin exerted both growth inhibition and fungicidal effect in the con-

Table 6. Susceptibility of dermatophytes to antifungal agents

Griseofulvin Miconazole
Organisms
MIC MFC MIC MFC
(pg/ml) (pg/mi) (pg/mi) (pg/ml)
Epidermophyton
Sloccosum HM 358 1.5 1.5 0.5 1.5
Microsporum canis HM 382 5.0 5.0 1.5 1.5
Microsporum adounii* 1.5 1.5 0.5 1.5
Microsporum gypseum* 1.5 1.5 1.5 1.5
Microsporum nanum** 25 25 1.5 1.5

*Obtained from School of Tropical Medicine & Hygiene, London, U. K.
**Obtained from Willingdon Hospital, New Delhi, India.
MIC —Minimum Inhibilitory Concentration.
MFC—Minimum Fungicidal Concentration.
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Table 7. Variation in the susceptibility of species and strains of Trichophyton antifungal to agents

Griseofulvin Miconazole
Isolates
MIC MFC MIC MFC
(pg/mi) (pg/ml) (pg/ml) (pg/ml)

T. mentagrophytes

HM 331, 385 1.5 2.5 0.5 1.5

HM 325 1.5 2.5 2.5 5.0

HM 147 25 25 1.5 1.5

HM 106 5.0 3.0 1.5 50
T. rubrum

HM 95, 183, 24, 280, 386 0.5 1.5 0.1 1.5
T. violaceum

HM 72 0.1 1.5 Q.1 1.5

HM 163, 299, 377, 364 0.5 1.5 0.1 1.5

MIC —Minimum Inhibitory Concentration.
MFC—Minimum Fungicidal Concentration.

centration range of 1.5 to 5.0 #g/ml. Miconazole was more effective and showed fungicidal’

effect at a concentration of 1.5-2.5 ug/ml. Strains of T. violaceum and T. rubrum were
susceptible to both the drugs (Table 7). Strains of T. mentagrophytes exhibited slight
variation. Griseofulvin was found to inhibit the growth of 4 strains at 1.5 to 2.5ug/ml
level and was fungicidal at 2.5 pg/ml. The strain HM 106 was resistant to griseofulvin.
It required two-fold higher concentration to cause inhibition and twelve-fold higher
concentration for fungicidal action.

Susceptibility of Candida species to various antifungal agents is shown inTable 8.
Table 8. Susceptibility of Candida species and strains to antifungal agents

Buclosamide Nystatin Miconazole
Species and No.
of isolates MIC MFC MIC MFC MIC MFC
(pg/ml)  (pg/ml) (pg/ml)  (pg/mi) (pg/ml)  (pg/ml)
C. albicans 6.25- 25 1.56- 1.56- 1.56- 1.56-
(19) 25 12.5 25 3.12 3.12
“@)* (**
C. pseudo tropicalis 6.25- 25 1.56- 3.12- 1.56- 1.56-
12) 12.5 (1)** 6.25 12.5 6.25 6.25
C. krusei 6.25- 3.12- 3.12- 1.56- 1.56-
3 12.5 3)** 6.25 12.5 3.12 3.12
ay*
C. parakrusei 6.25- 25 12.5- 12.5- 3.12 3.12
2 25 25 (1)**
C. parapsilosis (1)* 1)* 6.25 6.25 1.56 1.56
C. tropicalis 3.12 6.25 1.56 3.12 1.56 312
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MIC —Minimum Inkibitory Concentration.
MFC—Minimum Fungicidal Concentration.

*not inhibited even at 25 pg/ml.

*not fungicidal even at a concentration of 25 ug/ml.
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Miconazole inhibited the growth and affected the viability of all the species and strains
of Candida at a concentration range of 1,5 to 6.25 ug/ml. While majority of yeasts were
inhibited by the nystain at 1.56 to 12.5 ug/ml, a few required a concentration of 25 ug/ml. :
Buclosamide inhibited yeasts at higher concentrations, viz., 6.25 to 25 ug/ml. It showed
fungicidal effect only in 50% of C. albicans strains at 25 ug/ml.

DISCUSSION

The widespread occurrence of dermatophytes in the tropics is well known and the
present study indicates that they are very common in this part of the country affecting
l the people of all classes.

A fairly significant percentage of people had tinea versicolor, with microscopically i
demonstrable ovoid spore masses and short hyphae in scales. Our attempts to cultivate
the causal organism either by using Martin-Scotts medium!? or by following the method
of Shing Lin Lii!° were not successful.

In the present study 7. rubrum is found to be the common etiological agent, and
this finding is in conformity with earlier reports from our laboratory and other parts
of India, The second common etiological agent encountered was E. floccosum. A
similar high incidence of E. floccosum was reported from Bengal by Ghosh?; while 7. menta-
grophytes was reported to be the second common etiological agent in other parts of the

country. M. canis was isolated from only one case for the first time in this part of the
country.

Another salient feature of the present study is significantly high incidence of yeasts
in superficial mycotic cases. Their incidence, isolation, characterisation!® and their
pathogenic ability'® have been studied in greater detial and reported elsewhere.

The predominance of infections in men may be attributed in general to excessive :
sweating and abrasion of under garments, particularly in case of tinea cruris. Both
tinea corporis and tinea cruris were observed in great numbers in factory workers than 1
in any other group. Women, house-wives in particular, were mostly affected by tinea
corporis infections, on foot, nail and intertrigal regions. In women, the tinea corporis
was observed chiefly around the waist aud under arms because of the type of clothing
they wear. The tightly worn sarees and blouses cause abrasions in the skin, and sweat
provides a mircroclimate suitable for the maintaince of the invading fungus. Act on
and McGuire' have described the predisposing conditions for tinea, as thinness of the
skin surface, moisture as in obese people friction by clothing and shoes, and constant
wetting of hands and feet, Incidence of scalp infections only among children up to the
age of 18 years and below is an interesting observation in conformity with earlier reports.

The dermatophytes isolated from these clinical materials have been tested for their
pathogenicity in experimental animals like mice, rates and guinca pigs and some of them
were found to be pathogenic (detail's of experimental infection and pathogenicity of
dermatophytes to be published elsewhere),

~
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The in vitro susceptibility of dermatophytes and yeasts to various antifungal agents
was examined. Miconazole appeared to be highly potent than other - drugs tested.
Dermatophytes were more susceptible than yeasts. Griseofulvin and nystatin were
effective at two-fold higher concentrations. Buclosamide needed higher concentrations
for its fungi static and fungicidal action both on dermatophytes and yeasts. The clinical
efficacy of miconazole as a topical agent has been studied and reported by us recently,!’
showing 100 cure rate in cases of dermatophytes and yeasts without any recurrence
after the therapy is discontinued.
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In a recent study extended over a preiod of 15 months, 320 patients attending the
skin department of a local hospital, have been examined for the etiological agents in skin
infections., In nearly 31 per cent of the cases which are positive by culture, yeasts are
isolated as sole causative organisms. Mixed infections of yeasts with dermatophytes are
observed in another 9 per cent and the associated dermatcphytes are E. floccosum
and T, rubrum, Yeasts are isolated not only from hands, feet and nalls, but also frcm
body and groin. In all 42 yeast-like organisms are isolated from 37 patients with
different clinical types. Based on their morphology in different media, fermentation
tests, pseudomycelia, chlamydospore and germ-tube formation, 33 isolates are charac-
terised as to their species. They included C. albicans, C. pseudotropicalis, C. krusei,
C. parakrusei, C. parapsilosis, C. guillermondii and C. tropicalis. In this study
C.albicans, a definitely proved pathogen accounted for 33 per cent of the yeasts islcated.
Further, a high incidence of C. pseudotropicalis, (28 per cent) is also observed.

Introduction

Among fungi pathogenic to humans and animals, importance of yeasts is well
recognized. Most of the pathogenic yeasts exist as commensals in humans and
animals and are frequently isolated from mouth, intestine, vagina etc. However,
during the altered physiological conditions of the host as in infancy, pregnancy,
hormonal disorders, diabetes and due to prolonged treatment with broad spectrum
antibiotics, costicosteroids etc., yeast-like organisms could be invasive and bring about
pathogenic manifestations (Chakravarthi et al., 1962; Balbir Singh and Sharma,
1962; Daftary et al., 1962 and Raman et al., 1962). In surveys of the incidence of
fungal diseases of both systematic and superficial nature, yeasts are found to be
prominent etiological agents (Ghosh, 1948; Desai et al., 1962; Indira et al., 1971).

In the present study from June 1972 to August, 1973, 320 patients with suspected
fungal infections attending the skin department of Employee’s State Insurance
Hospital, Rajajinagar, Bangalore have been examined. Besides various species of
dermatophytes, yeast-like organisms have been isolated from superficial skin lesions
and characterised to their species.

1
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Material and Methods

Clinical material : Scrapings are collected from patients by means of sterile scalpel
after clearing the site with 70 per cent ethyl alcohol.

Direct examination : Scrapings are digested with 10 per cent KOH and then microsco-
pically examined for the presence or absence of fungal elements. *

Culture : Sabouraud’s glucose (S.g.) agar supplemented with chloramphenicol
(0-04 mg./ml.) and cycloheximide (0-5 mg./ml.) and Littman Oxgall agar, are used
for the primary isolation. Scrapings are placed on agar slants and incubated at room
temperature. When yeast-like colonies appeared, they are transferred on to S.g.
agar slants, allowed to grow for 2 days at 30°C. and then stored at 0-5°C.

Morphology of growth in S.g. broth : Isolates are inoculated into S.g. broth, incubated
at 30°C. and then observed for the formation of surface growth or submerged growth.

Fermentation of sugars : . The ability of all the isolates to ferment the sugars glucose,
sucrose, maltose and lactose is tested according to the method of Beneke and Rogers,
1971. - Tubes contained 4-5 ml. of sterile beef extract broth and 0-5 ml. of 10 per cent
sterile aqueous sugar solution. The broth contained bromocersol purple as pH
indicator (0-16 mg./ml.) and Durham tubes to collect the gas evolved. These tubes are
inoculated with 0-1 ml. of 18 h. culture of the isolates in S.g. broth, then incubated at
37°C.for 48 h. and observed for the production of acid and gas. The fermentation
properties are found to be same even after 72 h.

Production of pseudomycelia and chlamydospores : The relative efficiency of cornmeal
agar, chlamydospore agar (Moss and McQuoun, 1969) and rice agar with Tween 80
(Beneke and Rogers, 1971) to facilitate pseudomycelia and chlamydospore formation
is examined.

Rice agar with Tween 80 is found to yield best results when tested with a standard
strain of C. albicans (Z 248) within 20 h. incubation. The chlamydospore production
was maximum at 20°C. than at 30 or 37°C. Hence rice agar with Tween 80 medium
"and incubation at 20°C. are chosen for screening all the isolates for their ability to pro-
"duce pseudomycelia and chlamydospores.

Formation of germ tubes in the presence of serum and egg albumin : Rabbit and guinea
pig sera are used to test the formation of germ tubes (Beneke and Rogers, 1971) with
the standard strain. Serum samples are inoculated and incubated at 37°C. After 4 h.
of incubation, small delicate germ tubes are found on microscopic examination with
a standard strain of C. albicans, Z248. Hen’s egg albumin (Gentles and La Touche,
1969) is found to be equally suitable and it facilitated the production of more pronounc-
ed and stout germ tubes. Hence the hen’s egg albumin has been used for screening
all the isolates.

Standard strains tested : In all the above experiments, parallel tests are performed
on standard strains of Candida species, viz., C. albicans Z248, C. Krusei Z70, C. pseu-
dotropicalis Z27 (got from Londoa School of Hygienc and Tropical Medicine,
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Fig. 1. Chlamydospore production in C. albicans. HM312, X 480.

o

Fig. 2. Germ tube production in C. albicans. HM312, x 480.
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London), and C. tropicalis 509/7 (got from Vallabhbhai Patel Chest Institute, Delhi
University, Delhi) to serve as controls..

Results and Discussion

The results of the study of 320 cases of suspected superficial mycotic infections
are shown in Table 1. 1In all, 93 cases (29-0 per cent) yielded causal organisms upon
culture and they included both dermatophytes and yeasts. Dermatophytes accounted
for 56 cases (out of 93) and the isolated species are : T. mentagrophytes (8), T. rubrum
(18), T. violaceum (10), E. floccosum (20).

Table 1. Yeast-like organisms in superficial mycoses®.

Causal organisms encountered
No. of
cases

Site of infection
T. mentagropbytes T. rubrum T. violaceum E. floccosum Yeast

-

Scaip

Beard 1 o 1
Body 37 5 10 6 i 9t
Groin 35 3 8 12 12%
Hand (interdigital

region) § 1 4
Foot 6 6
Nail and associated
skin 6 e 2 55 e 9
Total 93 3 18 10 20 37

*In 3 cases yeasts were isolated atong with E. floccosam (2 cases) and T. rubrum (1 case).
+In 5 cases yeasts were isolated along with E. floccosum (3 cases) and T. rubrum (2 cases).
$The data is from 320 cases studied.

Among 93 cases that are positive by culture, yeast-like organisms accounted
for 37 cases (40 per cent). They are isolated not only from hands, feet, nails and asso-
ciated skin regions but also from body and groin. * While dermatophytes are predomi-
nant etiological agents causing infections of body and groin (51 cases), yeasts are also
‘responsible in significant number (21) of cases (29 per cent).

In all, 42 yeast-like organisms are isolated from 37 patients (in 5 patients 2 yeast-
like organisms are isolated from each) with different clinical types. Based on their
morphology in S.g. broth, rice agar, fermentation tests etc., 33 isolates are characteriz-
ed, as species of Candida, while the remaining 9 isolates are not identified because of
the varied fermentation reactions and lack of pseudomycelia formation. The following
7 species of Candida are encountered (Table II).

Group 1 : C. albicans (14 isolates) HM12, 27, 4la, 42, 66, 144, 206, 281b, 303, 309,
312, 318a, 318b, 343.

Group 2 : C. pseudotropicalis (11 isolates) HM40, 82a, 116b, 244, 282, 290b, 295,
322a, 322c, 323b, R,

o
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Table [I. Characterisation and identification of yesst-like organisms.
Organisms Fermentation behaviour 9 : .
2 Growth in  Morphology in ies
(nsolateid g'lM S.g. broth r?;:eagar ide‘l)l.;‘i:ﬁcd
SEaine Glu Mal Suc Lac
Group 1 AG AG A= No surface  Pseudomycelia C. albieans
- (14 isolates) growth bearing terminal
chalmydospores
Group 2 AG — — AG Nosurface Pseudomycelia C. pseudo-
(11 isolates) growth tropicalis
Group 3 AG — — —  Frothy myce- Pseudomycelia C. kruesi
(3 isolates) lial growth
Group 4 AG — — — Nosurface Pseudomycelia C. parakruse
(2 isolates) growth
Group 5 AG AG A — Nosurface Pseudomycelia C. parapsi-
(1 isolate) growth lopsis
Group 6 AG — A - No surface  Pseudomycelia C quillier-
(1 isolate) growth mondii
Group 7 AG A AG — Surface Pseudomycelia C. tropicalis
(1 isolate) growth
Group 8 Varied reactions No surface  Blastospores Unidentified
(9 isolates) growth
Group 3 : C. krusei (3 isolates) HM41b, 308b, R?,
Group 4 : C. parakrusei (2 isolates) HM265, 123.
Group 5 : C. parapsilosis (1 isolate) HM152.
Group 6 : C. guilliermondii (1 ioslate) HM240.
Group 7 : C. tropicalis (1 isolate) HM279.
Group 8 : Unidentified (9 isolates) HM74, 155, 204, 252, 280, 281a, 288, 289, 310.

The identity of isolates in group 1 as C. albicans is further confirmed by their
ability to produce chlamydospores (Plate XXIII, Fig. 1) and germ tubes in presence of

egg albumin (Plate XXIII, Fig. 2).

Several species of yeasts belonging to the genus Candida are isolated from super-
ficial mycoses. In this study, C. albicans, a definitely proved pathogen, accounted for
nearly 33 per cent of the yeasts isolated; further a high incidence of C. pseudotropi-
calis, i.e., 11 out of 42 (26 per cent) is of interest.

The present study establishes the occurrence of yeasts in dermatological lesions.
Whether they are present merely as saprophytes or responsible for the dermatological
lesions needs further study on their pathogenic ability in experimental animals.
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Pathogenicity of several species and strains of Candida isolated from superficial skin in-
fections, in mice has been examined. Fifty per cent of yeasts isolated were found to be
pathogenic. In addition to C. albicans which is a definitely known pathogen, other spe-
cies of Candida viz., C. pseudotropicalis and C. parapsilosis have been found to be
equally pathogenic.

Introduction

Although the occurrence of yeasts, notably species of Candida. as commensals in
various parts of the human body, viz., mouth (Young e al., 1951), intestine (Marples
and di Menna, 1952) and vagina (Balbir Singh and Sharma, 1962) and theit pathogeni-
city under altered physiological conditions, viz., infancy (Taschdjian and Kozinn,
1957), old age, pregnancy (Daftary er al., 1962), prolonged hormone and broad-
spectrum antibiotic treatment (Crossby, 1967 and Raman er al., 1962) are well docu-
mented, their occurrence and function in superficial skin layers are less understood.
While Drouhet (1960) reported failure to recover C. albicans from a large number of
healthy skin samples, its definite presence and relation to age have been shown by
Marples and Somerville (1966). However, information is lacking on species of Candida
which are frequently encountered on the skin and their potential pathogenicity.
Though in earlier studies on superficial skin infections, yeast-like organisms have been
isolated as etiological agents, their identity and pathogenicity are not reported.

The incidence, isolation and characterisation of yeast-like organisms from super-
ficial skin infections have been reported earlier by the present authors (Vijaya Manohar
et al., 1975). The present paper deals with the pathogenicity of these yeast-like
organisms to Swiss albino mice.

Material and Methods

Organisms : The following strains of Candida species (isolated from patients
designated as HM series) and strains obtained from London School of Hygiene and
Tropical Medicine, London (designated as Z series) were used.
C. albicans : HMI2, 27, 41a, 66, 206, 303, 309, 312, 318a, 318b and Z248.

i
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: C. pseudotropicalis : HMA40, 56, 82a, 116b, 244, 282, 290b, 295, 322a, 322b and Z27.
C. parakrusei : HM265.
C. parapsilosis : HMI152 and Z40.
C. tropicalis : HM279 and Z156.

Preparation of inocula : Cells from an 18 hour culture, grown at 30°C. in Sabouraud’s
glucose (Sg) broth, were harvested, washed twice with saline and suspended in the
same. The cell population was quantitated by haemocytometer.

Experimental animals and mode of inoculation : Swiss albino mice of either sex in the
weight range of 15 to 25 g. were used. Animals were infected by intravenous route follow-
ing the procedure described by Ramananda Rao and Sirsi (1962). As the strain Z248,
proved to be pathogenic at a dose of 5x 10 cells with an average survival period of
less than 7 days, all the isolates were tested by injecting 0-1 ml. cell suspension containing
5 and 10x 10° cells. Isolates which were non-pathogenic at a dose level of 10 x 10°
cells were also tested at a dose level of 30x 10° cells. Each group consisted of 5 animals
and control group received 0-1 ml. of saline. Body weights of the experimental
animals were recorded before and during the course of infection at regular
intervals.

Examination of the tissue preparation : The mice were kept under observation and
mortality rates were calculated at the end of 30 days. The mice died of infection and
those which survived, were sacrificed at the end of one month, dissected and examined
for the presence of macroscopic lesions in organs like Iung, liver, spleen, kidney and
brain. Smears prepared from these tissues were microscopically examined (after stain-
ing with 1 per cent aqueous methylene blue) for the presence or absence of blastospores
and pseudomycelia.

Culturing of the organisms : S.g. agar and broth containing cycloheximide (0-5 mg./ml.)
and chloramphenicol (0-04 mg./ml.) were inoculated with aliquots of tissue homogenates
and incubated at 30°C.

Results and Discussion

The animals infected with pathogenic strains showed loss in weight. Pathogeni-
city of strains of C. albicans is shown in Table I. The strain Z248 was found pathogenic
at both the dose levels of 2-5 and 5-0x 108 cells, with average survival periods of 10-5
and 6-2 days, respectively. All the isolates of C. albicans tested were found pathogenic
to varying degrees. Four of them (40 per cent) were highly pathogenic with an average
survival time of 1-2 to 3-2 days and the rest were moderately pathogenic with an average
survival period of 6-8 to 10-5 days.

Among 10 isolates of C. pseudotropicalis, 4 strains were found to be pathogenic
to varying extent as seen in strains of C. albicans. Isolates HM295 and 322a were highly
pathogenic (Table II). With a two-fold increase in the dose of inoculum, the average
survival time of the animals infected with these isolates was considerably reduced
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Fig. 1

Lesions in kidneys of mouse infect-
ed with C. pseudotropicalis HM295.

Fig. 2

Mycelia in the smears of kidneys
of mouse infected with C. pseu-
dotropicalis HM295. X 480.

Fig. 3

Mycelia in the smears of kidneys
of mouse infected with C. albicans
HM27. X 480,
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Table 1. Pathogenicity of C. albicans strains* to Swiss albino mice.

No, of animals Average survival

Isolates Dose of infection  died/No. of period
animals used (days)
Standard strain
Z248 2'5 x 10% cells 4/5 10’5
”» 50 x lo‘ » 4/5 62
Highly pathogenic
HM303 50 X 108 cells 4/5 12
HMI12 - 3/5 23
HM312 = 4/5 247
HM4la - 5/5 32
Moderately pathogenic
HM66 % 5/5 68
HM206 s 3/5 81
HM318b 5 5/5 86
HM27 % 5/5 86
HM318a - 2/5 90
HM309 i 4/5 10

*Since all the strains were found to be pathogenic at a dose of 5x10°® cells,

higher doses were not tested.

Table II. Pathogenicity of C. pseudotropicalis strains to Swiss albino mice.

No. of animals Average
Isolates Dose of infection  died/No. of survival period
animals used (days)
Pathogenic*
HM295 5 108 cells 5/5 50
) 10x 108 ,, 5/5 28
HM322a 5x108 3/5 83
» 10X 108 ” 4/5 35
HMS56 5% 108 ,, 0/5
» 10 108 ,, 4/5 50
HMS82a 5x10¢ ,, 0/5
”» 10x10% ,, 3/5 80
Non-pathogenic
HMJ40, 116b, 244, 5% 10° ,, /5
290b, 322c, 10x 108 ,, 0/5
322b and Z27 30x108 ,, 0/5

*Strains which proved pathogenic at a dose level of 10 10® cells, were not
tested at a dose level of 30 X 10° cells.
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(5:0 to 2-8 days and 8:3 to 3-5 days). The other two isolates viz, HM56 and 82a
were moderately pathogenic at a dose of 10x 10¢ cells, with an average survival period
of 5-0 and 8-0 days, respectively. The remaining isolates and the strain Z27 were non-
pathogenic even at a dose of 30 x 10° cells.

Among other species tested, C. parapsilosis HM152 was moderately pathogenic
at a dose of 10x10® cells (Table III). The tissue involvement in animals infected
with pathogenic strains is shown in Table [V. Only few strains viz., C. albicans HM27,
C. pseudotropicalis HM295 (Plate CIV, Fig. 1), HM322a and C. parapsilosis HM152
produced discrete lesions in kidneys. However kidney smears from all the animals
infected with pathogenic strains showed yeasts and pseudomycelia on microscopic
examination (Plate CIV, Figs. 2 and 3). No such macroscopic lesions were seen in
other organs viz., lung, liver, brain and spleen, and microscopically smears did not
show any yeasts or pseudomycelia. But homogenates from all the organs viz., kidney,
spleen. liver, lung and brain, yielded yeasts on culture. Recently similar findings have
been reported in case of C. albicans by Marianita and Schmitt (1973). No macroscopic
lesions were found in any of the organs of the animals which survived and were sacrificed
at the end of one month, and tissue smears from these organs did not reveal either
blastospores or pseudomycelia. Further, homogenates from any of the organs from
these animals, did not yield yeasts on culture.

In the present study, the pathogenic ability of 50 per cent of the yeasts isolated
from skin lesions is established. In addition to C. albicans which is a definitely known
pathogen, other species of Candida, viz., C. pseudotropicalis and C. parapsilosis are found
to be pathogenic. Since these organisms were isolated from superficial mycotic lesions
(Vijaya Manohar et al., 1975) and found to be pathogenic in experimental animals, the

Table III. Pathogenicity of Candida spp. to Swiss albino mice.

No. of animals Average

Isolates Dose of infection died/No. of  survival period
animals used (days)

C. parapsilosis

HM152* 5 X 108 cells 0/5 -

”» 10 X 108 ,, 4/5 13

C. parapsilosis

740 ]
C. tropicalis '> 5% 108 ,, 0/s

HM279, 2156 ' 10 x 108 ,, 0/5
C. parakrusei J 30 X 108 ,, 0/5

HM265

*Since this strain proved to be pathogenic at a dose level of 10 X 10° cells,
it was not tested at 30 X 10° cells.
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Table IV. Tissue involvement in experimental candidiasis in Swiss albino mice.

Microscopic
Isolates Species Macroscopic lesions in organs  examination of
kidney smears*
Highly pathogenic
HM303 C. albicans No lesions in kidreys and Yeasts and
other organs pseudomycelia
HM]Z ”» ” ”
HMd4la » » »
HM312 s » »
HM295 C. pseudotropicalis Discrete lesions in kidneys o
HMS56 % No lesions in kidneys and P
other organs
HM322a - Discrete lesions in kidneys %
Moderately patho:enic
HM66 C. albicans No lesions in kidneys and 5
other organs
HMS82a C. pseudotropicalis o i
HM206 C. albicans & =
HM318a » » ”
HM27 o Discrete lesions in kidaeys -
HM309 - No lesions in kidneys and =
other organs
HM152 C. parapsilosis Discrete lesions in kidneys s

*Smears from lung, liver, brain and spleen did not reveal any yeast-like organisms or pseudomycelia
on microscopy but the homogenates from all these organs yielded yeasts upon culture,

need for cultural diagnosis is emphasized in seiecting a suitable therapy for superficial
mycotic infections. .
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Since the etiology of superficial mycotic infect-
ions are highly variable, the study of their in vitro
susceptibility to antimycotic drugs would help in
selecting a suitable therapeutic agent and its dos-
age. Though a wide spectrum of antimycotic agents
have been reported, the number of drugs used in
practice are very few and often are highly selective
in their action on fungi. There is no single drug
which acts on all the etiological agents with equsl
efficacy. The in vitro susceptibility of various
superficial mycotic agents to some of the commonly
used antifungal agents like griseofulvin, nystatin and
buclosamide has been examined. Their antifungal
activity was compared with miconazole nitrate (a
synthetic antifungal drug with broad-spectrum action).
The results revealed that both dermatophytes and
Candida spp. were highly susceptible to miconazole as
compared to griseofulvin or nystatin or buclosamide.
Further the clinical evaluation of miconazole as a
topical applicant in patients with superficial
mycotic infections has shown that the drug effectively
cures all the superficial mycotic infections irres-
pective of the etiological agents involved (pages 11,
12,27-30).

S
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Abstract

Miconazole nitrate (2%) cream was evaluated in the
treatment of superticial mycoses. Out of 116 patients having
multiple clinical diagnoses, 66 cases were found to be
positive by culture. Species of Trichophyton were the
predominant etiological agents (in over 60%) followed by
Candida species (20%) and Epidermophyton  floccosum
(15%). All the cases selected for study were followed up to a
yeriod of 4-18 months. A cure rate of 94.6 per cent was
observed in all the cases where causal organisms were
isolated. Significantly high cure rate (66% ) was also seen in
cases where causal organisms could not be isolated,
including cases of tinea versicolor. Results of mycological
examination were in confirmity with the clinical results.

Introduction

Miconazole nitrate has been shown to have a broad-spectrum
of in vitro antimicrobial activity. It inhibits the growth of
dermatophytes. pathogenic and nonpathogenic yeasts and
gram-positive bacteria (2, 4, 11, 15). Its effective therapeutic
use as a topical applicant in treating skin and nail infections
and in vaginal candidiasis has been recognised (1, 3, 5, 10,
12, 13, 14). Its use under tropical conditions in India
necessitated a clinical and mycological evaluation in a
random population of patients.

* Read at the Symposium on Human Mycoses and Mico-
nazole held in New Delhi, India, February, 1975.

Patients and methods

Cases were selected from those attending a local hospital,
who consented to take the treatment and to report
periodically for examination. Irrespective of their age, sex,
severity and duration of infection, with or without the history
of previous treatment with available antifungal agents, each
patient was supplied with miconazole nitrate in the form of
2% cream in collapsible tubes. Each patient was asked to
smear the lesions with the cream at least twice a day. During
the night the drugsmeared areas were covered with
butterpaper (occlusive method) and bandaged. The extent
and severity of the lesions were recorded and photographs of
few cases were taken before and after cure. Patients were
examined once in a week and at each attendance the skin and
nail scrapings were collected by the dermatologists and
examined by microscopy and culture in the laboratory.

Several representative pieces of skin and nail scrapings
were examined microscopically for the presence of fungal
elements after digesting with 10 per cent potassium
hydroxide. Sabouraud’s glucose agar supplemented with
chloramphenicol (0.04%) and cycloheximide (0.5%) was
inoculated with skin and nail scrapings and incubated at 30°C
for three weeks, to isolate dermatophytes and yeasts.

Miconazole treatment was continued for 30 days after the
clinical cure and later discontinued. At each attendance
patients were questioned as to adverse reactions to the
preparation they were using and whether they found the
preparation acceptable. An attempt was made to follow-up
all the patients for a period of 4-18 months.

b7 f




Table 1. Superficial mycotic cases taken for
miconazole treatment
e
No. of No. of
patients clinical
diagnoses
encountered
Total number of cases
selected for miconazole 116 141
treatment
Number of cases positive
; 66 80
by culture
Number of cases not positive
either by microscopy or by 50 61
culture
Some patients had more than one type of clinical
lesions
Table 2. Efficacy of mico reat nt uper fi al €es
y dermatophytes a
Organisms isolated Cured ot Not
(Nos.) cured traced
t cruri 29 12) 29 -
8)
spp. (&)
t 4)
()
tinea circinata 19 . rubrer (12) 16 - 3
Spp 1)
n () %
tinea corporis 1" 7) " - -
(&)
tinea pedis 5 | 4 1
(1)
1
02 (2)
tinea manum 1 . floceosur (1) - 1 -
intertrigo 4 « floeccoswn (1) 3 - |
iz spp. (3)
onychomycosis 6 mdida spp. (4) 3 : 1
T 1 m (1)
tinea axilla 1 mdida spp. (1) 1 =
kerion 2 « ment (1) =
I 1. Eff " 8 3 - Ak . tinea capitis 1 and 1 - =
S Sfficacy o 0 yle 24 COPOr e g
ig. | icacy of miconazole in tinea corporis infections e e : e e : 3 )
Total 80 7 4 5

Results

One hundred and sixteen patients with multiple diagnoses
were selected for the study. Eighty clinical diagnoses from
66 patients yielded fungi upon culture (Table 1). A
significantly high percentage of incidence was observed in
the age group of 16-45 years who were young and healthy.
The percentage distribution of these cases according to the
sex was as follows — males 75, females 21 and children 3
The results on the etficacy of miconazole treatment in

cases which were positive by culture are shown in Table 2

58

Follow-up period was 4-18 months. Drug effect: Cured 71/75 = 94.6 Not
cured 5/75 = 72

Out of 80 clinical diagnoses where organisms were isolated.
tinea cruris accounted for 29, followed by tinea circinate in
19 and tinea corporis in 11 cases. Onychomycoses and tinea
pedis together accounted for 11 cases. Though tinea cruris
infections were caused by a variety of etiological agents like
species of Trichophyton. Epidermophyion floccosum angt
Candida spp.. all the cases were completely cured by
miconazole. Similarly over 90 per cent cure rate was seen in

tinea circinata and tinea corporis infections. In tinea pedis




Table 3. Efficacy of miconazole in the treat-
reat® of superficial mycotic cases where
etiological agent was not isolated

Clinical Total Cured Not Not
diagnoses cured traced

tinea cruris 14 1
tinea circinata
tinea corporis
tinea pedis
tinea manum
tinea intertrigo
“onychomycosis
tinea axilla
tinea capitis
tinea versicolor

O—=NOETOEONO
N =N — | —UININ
o= — =

N =W 1 VWl

Total 61 36 1

@
~

“Follow-up period was 4~18 months

and onychomycoses where Candida spp. were mostly the
causal organisms, miconazole treatment showed complete
cure in 70 per cent of the cases. When all the 75 clinical
diagnoses were taken into account. the cure rate was 94.6 per
cent.

A high cure rate (66% ) was noticed even in cases where
causal organisms could not be isolated (Table 3).

Comments

Species of Trichophyton were encountered in majority of
cases. I'. rubrum being the most dominant etiological agent,
causing the infections in groin and the corporial regions of
the body. Topically applied miconazole was found to be
highly effective in the treatment of infections caused by both
dermatophytes and yeasts as shown by clinical and
mycological examinations during the treatment and
follow-up. There were no reports of relapse after the
discontinuation of the miconazole treatment during the
follow-up period ranged from 4-18 months or of adverse side
effects with the use of miconazole cream. These findings are
in conformity with the prior reports of the efficacy of the
miconazole in curing superficial mycoses.
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Miconazole nitrate [1-(2,4-dichloro-g-(2,4-di-
chlorobenzyloxy )phenethyl)imidazole nitrate], a
recently discovered synthetic imidazole derivative, is
a potent antifungal drug. The drug is clinically used
in the treatment of superficial mycoses (including
those of Candida species) and systemic mycoses.

Though the chemothe¢rapeutic usefulness of mioona-
zole has been well documented, the mechanism by which
it inhibits the growth of susceptible organisms is not
known. Hence, investigations have been carried out to
elucidate its molecular basis of action., The main
objectives are to relate the biological effects of the
drug on sensitive cells to the intcecraction between the
drug and its biochemical target in the cells and ulti-
mately to explain these interactions in moleccular
terms. Secondly, these studies would explain the
basis of selective toxicity of the drug. A detailed
understanding of the antifungal action of the drug at
the molecular level may generate new ideas for the
design of entirely novel drugs. Further, the drug can
be used as a2 probe to understand in detail the bio-
chemical processes which it inhibits.

With the above objectives in mind investigations
have been made using three different biological syst-
ems. These are: (a) cells of Candida albicans, a

pathogenic yeast, (b) mammalian erythrocytes, and

(¢) rat liver lysosomes. Lliconazole inhibits the
growth of C. albicans by impairing the cell membrane
function resulting in the loss of intracellular mater-
ials (pages 34-39). A close correlation is observed
betwecen the loss of intracellular materials and loss
of viability of cells. The uptake of labeled precur-
sors and their incorporation into DNA, RNA, protein
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and lipid are inhibited by miconazole as a result of
cell membrane damage caused by the drug. Further, the
drug brings about hemolysis of mammalian erythrocytes
by direct interaction with the erythrocyte membrane
(pages 40-45), Miconazole binds strongly to membrane
lipoprotein fractions. Miconazole~-induced hemolysis
is inhibited by serum and the serum components res-
ponsible for the inhibition have been identified as
IgG and albumin. Studies have been extended further
to examine the effect of miconazole on subcellular
membranes using rat liver lysosomes as a model system.
Miconazole exerts a profound effect on the lysosomal
membrane and causes release of lysosomal enzymes
(pages 46-50), The results obtained so far clearly
reveal that the drug interacts with both cellular and
subcellular systems and impairs their membrane struc-
ture and function. The interaction of miconazole with
the membrane constituents present in these divergent
biological systems brings about disorganization of the
structure of membranes to an extent that they lose
their properties as permeability barriers.

A major achievement in these studies is that the
biochemical target for the drug has been identified
as membrane in both cellular and subcellular systems.
The present approach to study the molecular basis of
action of miconazole using three different biological
systems has yielded a more comprehensive view of
biological action of the drug. These studies further
show that the drug interacts with divergent biological
systems such as yeasts, erythrocytes and lysosomes.
Further studies on the characterization of the binding
site of the drug on the membrane and also its inter-
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action with model membranes will provide a greater
insight into the understanding of the action of micona-
zole and would throw more light on the subject of
membrane biochemistry itself. These studies are in
progress.
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The antifungal drug, miconazole nitrate, inhibits the growth of several species
of Candida. Candida albicans, one of the pathogenic species, was totally
inhibited at a concentration of approximately 10 ug/ml. Endogenous respiration
was unaffected by the drug at a concentration as high as 100 ug/ml, whereas
exogenous respiration was markedly sensitive and inhibited to an extent of 85%.
The permeability of the cell membrane was changed as evidenced by the leakage

of 260-nm absorbing materials, amino ac

ids, proteins, and inorganic cations. The

results we present clearly show that the drug alters the cellular permeability, and

thus the exogenous respiration becomes

sensitive to the drug

Miconazole nitrate [1-(2,4-dichloro-8-(2,4-
dichlorobenzyloxy)phenethyl)imidazole nitrate]
is a potent antifungal drug (4), the structure
of which is shown in Fig. 1. The drug was
obtained as a gift sample through the cour-
tesy of Ethnor Ltd., Bombay, India. It is a
white microcrystalline powder, has a molecular
weight of 479, and is soluble in 50% ethanol on
warming.

Miconazole has a broad spectrum of in vitro
antimicrobial activity. It inhibits the growth of
dermatophytes, namely, species of Trichophy-
ton, Microsporum, and Epidermophyton, pa-
thogenic and nonpathogenic yeasts, and gram-
positive bacteria (4, 12). Its effective therapeu-
tic use as a topical applicant in treating skin
and nail infections in man and in vaginal
candidiasis has been reported (2, 5, 16, 18).
However, the mode of action of this drug has not
yet been elucidated. In this paper we report our
findings on the effect of miconazole on respira-
tion and cell permeability of a pathogenic strain
of Candida albicans, 7248.

MATERIALS AND METHODS

The microorganisms used in this study were ob-
tained from the following sources: Candida albicans
7248, C. parapsilosis Z40, C. pseudotropicalis 727,
C. krusei Z70, C. tropicalis 2156, C. pelliculosa 7.220,
and C. guilliermondii 755, Mycological Reference
Laboratory, London School of Hygiene and Tropical
Medicine, London; C. albicans 502/9, C. intermedia
512/9 and C. tropicalis 502/7, V.P. Chest Institute,
New Delhi, India. Cultures were maintained on Sa-
bouraud glucose agar slants.

420

Cell growth. For growth studies both Sabouraud
glucose medium containing 2% glucose and 1% Difco
neopeptone, and synthetic medium containing 2%
glucose, 0.3% (NH,),SO,, 0.3% KH,PO,, 0.1%
MgSO0,-7H,0, 0.1% CaCl,-2H,0, and 30 ug of biotin
per liter were used. The inoculum was prepared by
growing the cells in 250-ml Erlenmeyer flasks contain-
ing 100 ml of medium for 18 h on a rotary shaker (200
rpm) at 30 C.

Growth inhibition studies were carried out in 100
ml of Sabouraud or synthetic medium in 250-ml
Erlenmeyer flasks with side arms. Required volumes
of miconazole (dissolved in 50% ethanol) were added
aseptically to the medium to give various drug con-
centrations. The flasks were inoculated with 0.1 ml of
an 18-h culture of the organism grown in the same
medium. Control flasks contained equal volumes of
50% ethanol. They were incubated at 30 C on a rotary
shaker, and the growth was measured in a Klett-Sum-
merson colorimeter using a no. 42 filter.

Cell viability. The viability of the cells was deter-
mined by serially diluting the samples with NaCl-
peptone-water (0.5% NaCl, 0.1% peptone). A portion
(0.1 ml) of the diluted sample was thoroughly mixed
with 2 ml of molten soft agar (1.0% peptone, 0.5%
NaCl, and 0.7% agar) at 45 C and poured over the
surface of Sabouraud glucose agar plates. The plates
were incubated for 48 h at 30 C.

Respiration studies. Studies on respiration were
carried out using standard manometric techniques
(17). Cells grown in Sabouraud glucose medium for 18
h were harvested and washed three times with physio-
logical saline and suspended in 0.05 M phosphate
buffer, pH 7.0. Warburg flasks contained in a final
volume of 3.2 ml: 50 umol of phosphate buffer, pH 7.0,
50 umol of glucose, and 1 ml of cell suspension (12 mg
dry weight) in the main compartment. The center

well contained 0.2 ml of 20% KOH. In the side arm of
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Fic. 1. Structure of miconazole. 1-(2,4-dichloro-
B-(2,4-dichlorobenzyloxy)phenethyl)imidazale ni-
trate.

the flask, 0.5 m! of drug at appropriate concentration
was taken and the control flasks contained 0.5 ml of
50% ethanol. The flasks were equilibrated for 10 min
at 30 C, and the oxygen uptake was measured after
the miconazole was tipped from the side arm.

Cell permeability studies. For these studies, cells
were grown in Sabouraud glucose medium either in
the presence or absence of [*?P Jortho-phosphoric acid
(Bhabha Atomic Research Centre, Bombay, India) at
a concentration of 0.4 4Ci/ml. After 18 h of growth on
a rotary shaker at 30 C, the cells were harvested and
washed three times with distilled water and sus
pended in the same. The cells were exposed to
miconazole at various concentrations on a rotary
shaker at 30 C. At different time intervals samples
were removed and the cell exudates were obtained by
centrifugation. The cell exudates were examined for
the 260-nm absorbing materials by measuring the
absorbance at 260 nm, proteins were determined by
the method of Lowry et al. (9), and amino acids were
examined by the modified colorimetric method of
Rosen (13). Potassium and sodium were estimated by
flame photometry. The radioactivity in the cell exu-
dates obtained from *’P-labeled cells were determined
in a Beckman LS-100 liquid scintillation counter.

RESULTS

Susceptibility of Candida species to mi-
conazole. Various species of Candida have been
screened for their susceptibility to the drug, and
the minimum inhibitory concentration (MIC)
values are shown in Table 1. Candida species
markedly differed in their susceptibility to mi-
conazole. Whereas C. parapsilosis and C. pseu-
dotropicalis are highly susceptible, species like
C. pelliculosa, C. guilliermondii, C. intermedia,

’

and C. tropicalis needed 1,000-fold higher con-
centrations for their complete inhibition. In all
the studies described below, a pathogenic strain
of C. albicans, Z248, has been used. The growth
patterns in Sabouraud and synthetic media and
their inhibition by miconazole are shown in Fig.
2. At 10 ug/ml the growth was almost com-
pletely inhibited in Sabouraud medium,
whereas at 1.0 and 0.1 ug/ml the effect was only
partial. In the synthetic medium, the inhibitory
effect of the drug was markedly reduced. Only
50% inhibition was noticed at 10 ug/ml.

Effect of miconazole on cell viability. The
inhibition of growth of C. albicans in Sabouraud
glucose medium was paralleled by a decline in
the number of viable organisms (Table 2). The
viability of cells is affected both by increasing
the drug concentration and by prolonging the
time of contact. At the 2.5 ug/ml level, more
than 60% of cells were killed within 4 h, and at
the end of 12 h of exposure the viability loss was
81%. Doubling the drug concentration had not
increased the effect significantly. However, at
10 ug/ml, nearly 100% loss in viability was
observed by 4 h.

Effect of miconazole on respiration. The
effect of miconazole on endogenous respiration
of unstarved and starved cells and exogenous
respiration is shown in Fig. 3. The freshly
harvested cells of C. albicans showed a very
high level of endogenous respiration, and this
level was not affected markedly by miconazole.
Only at 100 ug/ml did it show a slight inhibi-
tion, and at 500 ug/ml it showed 30% inhibition.
On prolonged shaking of the cell suspension for
6 h at 30 C on a rotary shaker, the endogenous
respiration was markedly reduced. Even on
these starved cells the drug failed to show any
effect. When the endogenous respiration

TasLE 1. Susceptibility of Candida species to

miconazole
Organism MIC (ug/ml)®
Candida parapsilosis, Z40 .. .......... 0.01
C. pseudotropicalis, 227 .............. 0.01
G REUBCY BT i vt s Wi e , 0.1
€. tropicalis, ZI56 ... c.oesiswssis 0.1
C. albicans, 2248 .................. 3 1.0
C..albicans, 502/8 . « .o cvilvs avonnss 1.0
C. pelliculosa, 2220 ....... ......... . 10.0
C. guilliermondii, 255 .. ............ 10.0
C. intermedia, 512/9 ... .. .. AT 10.0
C.tropiealis, 50T .. . . cawio w e v i 10.0

2The MIC was determined in Sabouraud glucose
broth by serial tube dilution method. All the values

are from duplicate determinations.
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¥16. 2. Effect of miconazole on the growth of
Candida albicans. Symbols: O, control; @, 0.1 ug/ml;
A, 1.0 ug/ml; A, 10.0 ug/mi.

TasLe 2. Effect of miconazole on viability of Candida

albicans®
Catie of Loss of viability at various incubation
miconazole times (%)

(xg/ml) 2h 4h 8h 12h
0 0 0 0 0

25 31 60 81 83

5.0 34 61 85 91
10.0 69 97 99 100

*Cells of C. albicans (2 x 107 cells) (18 h old) were
inoculated into 100 ml of Sabouraud glucose broth in
250-ml Erlenmeyer flasks and incubated on a rotary
shaker at 30 C. Samples were removed at indicated
time intervals and plated as described in Materials
and Methods. Colony counts were made after 48 h of
incubation at 30 C.

was high, the addition of glucose had not
increased the oxygen uptake. Hence, the
starved cells were used in glucose utilization.
Glucose utilization was inhibited by 30% at 10

ANTIMICROB. AG. CHEMOTHER.

ug of drug per ml, and the inhibition exceeded
over 80% at 100 ug of miconazole per ml. Total
inhibition of glucose utilization was noticed at
500 ug of miconazole per ml.

Effect of miconazole on cell permeability.
The leakage of various cellular constituents like
260-nm absorbing materials, proteins, and
amino acids as affected by miconazole is shown
in Fig. 4. There was very little leakage of
260-nm absorbing materials when cells were
exposed to 25 ug of drug per ml. Concentrations
above 25 ug/ml, however, brought about leak-
age, and it increased with time. But the max-
imum leakage occurred during the first 30 min
of drug exposure. Appreciable amounts of leak-

S C
30

20~ B

M| OXYGEN UPTAKE /mg DRY CELLS

| | 1 1 1 )
(¢} 0 60 90 120 150 180
TIME (min)

Fic. 3. Effect of miconazole on respiration of C.
albicans. Endogenous respiration of unstarved cells
(A) and starved celis (B). Exogenous respiration
(glucose)(C). Symbols: O, control; @, 10 ug/mi; A,
100 ug/ml; A, 500 ug/ml.
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AMINO ACIDS, pg/mi

PROTEIN, ug/mi

A260 nm

1 1 " |
o 15 30 45 0 120
TIME (min)

Fic. 4. Effect of mii le on the leakage of
260-nm absorbing materials (A), proteins (B), and
amino acids (C) from the cells of C. albicans (1.5 x
10° cells/ml). Symbols: @, control; O, 25 ug/ml; A, 50
ug/ml; A, 75 ug/ml; ©, 100 ug/ml.

age continued to occur as the time of exposure to
drug was prolonged. The leakage of proteins (B)
also showed the same pattern as 260-nm absorb-
ing materials. But at higher concentrations, the
leakage increased with time, and the maximum
leakage occurred within 30 min of drug expo-
sure. Leakage of amino acids (C) also followed
the same pattern as in the case of 260-nm
absorbing materials and proteins.

The effect of drug on the leakage of potassium
and sodium is shown in Fig. 5. The leakage of
these two cations showed different patterns.
Miconazole failed to cause any leakage of K*
ions at 10 and 25 ug/ml. At 50 ug/ml the drug
brought about marked efflux of K* ions. A
small amount of Na* ions came out from cells of
C. albicans in the absence of drug. In the
concentration range of 10 to 25 ug/ml, the
drug enhanced this leakage by two- to three-
fold. Further increase in the drug concentration
failed to bring about increased leakage.

The leakage of *?P-labeled cellular constitu-

ents is shown in Table 3. The leakage is
expressed in terms of counts per minute per
milligram (dry weight) cells. The total **P taken
up and incorporated by the cells during growth
amounts to 3 x 10® counts per min per mg (dry
weight) cells. From this data the percéntage of
leakage of **P-labeled cellular constituents was
calculated. There was a very little leakage of
labeled constituents in the absence of the drug.
At 10 ug/ml the leakage was increased by
10-fold. Higher concentrations brought about

14—
o K*
o NO‘
12
10—
c
x
5
a —
+°
z s o —o
=%
o
o
4
2
o P i, 1
o} 10 25 50 75 100

MICONAZOLE, ug/mi

Fic. 5. Leakage of Na* and K* from the cells of C.
albicans (2.5 x 10* cells/ml) exposed to miconazole
for 2 h.

TaBLE 3. Effect of miconazole on the leakage of
P labeled cellular constituents from the cells of C.

albicans
Radioactivity
Mi . (counts/min) Leakage of
(g/m1) in exudates from **P.labeled
1 mg (dry wt) of compounds (%)
cells®
0 130 0.04
10 1,340 0.45
100 18,000 6.0
250 124,000 41.0
500 171,500 57.0
1,000 182,400 61.0

® Radioactivity of 3 x 10* counts per min per
milligram (dry weight) of cells before exposure to
drug.
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an increasing amount of leakage. The leakage of
57% of the labeled constituents occurred at 500
ug/ml. A further increase of the drug by twofold,
ie., 1,000 ug/ml, has resulted in only slight
increase in the effect.

Influence of divalent cations on miconazole
effect. In synthetic medium where divalent
cations like Mg?* and Ca?* are present, the
growth inhibition of miconazole is less as com-
pared in Sabouraud medium (Fig. 2). Whether
these divalent ions have any effect on the
miconazole action was examined by studying
the drug effect on the leakage of 260-nm absorb-
ing materials in the presence of increasing
concentrations of either Ca?* or Mg?* (Fig. 6).
Even at a very low concentration of Mg?**,
namely, 1 mM, the miconazole effect was re-
duced by approximately 34% and Ca®' at the
same level reduced the effect of miconazole by
46%. In the concentration range of 1 to 10 mM,
Ca** exerted higher reversal than Mg?*. At 10
mM level, both the metal ions caused a reversal
of 82%, and further increase in the concentra-
tion of divalent ions had no increased effect.

DISCUSSION

Data presented in this study clearly reveal
the potent growth inhibition exerted by micona-
zole on various species of Candida. Although all
the species are highly susceptible to the drug,

—

3.6

| " e |
01 5 10 15 20

Mg“ or Ca** (mm)

Fic. 6. Reversal by Mg** and Ca** of the leakage
of 260-nm absorbing materials from the cells of C.
albicans (1.1 x 10° cells/ml) exposed to miconazole at
a concentration of 100 ug/ml (0.2 mM).
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some, namely, C. parapsilosis and C. pseudo-
tropicalis, are 1,000-fold more susceptible than
C. pelliculosa, C. guilliermondii, C. intermedia,
and C. tropicalis. The rapid uptake and stronger
binding of the drug molecules by the highly
susceptible strains are possibly responsible for
these species differences.

The activity of miconazole is affected by the
media composition. In the synthetic medium,
the decreased effect may be due to the reversal
caused by the divalent metal ions like Ca** and
Mg?*. The leakage of 260-nm absorbing mate-
rials from cells of C. albicans is brought about
by miconazole. This effect is greatly reduced in
the presence of Ca®* and Mg?** ions. These
divalent cations might compete with micona-
zole for binding sites, thereby reducing the
effective concentration of drug to exert its
effects.

Miconazole failed to affect the endogenous
respiration, while greatly inhibiting utilization
of glucose. A wide range of compounds such as
amino acids, intermediates of citric acid cycle,
and fats are known to be the sources of endoge-
nous respiration in microorganisms. Hence, the
lack of miconazole effect on endogenous respira-
tion suggests its inability to interfere with the
oxidative metabolism of these substrates. How-
ever, its potent inhibition of glucose utilization
is probably at the level of substrate uptake by
damaging the integrity of the cell membrane.

Literature is extensive in the area of mem-
brane active antibacterial (1, 3, 7, 10, 14) and
antifungal agents (8, 15). By affecting the
membrane integrity and functions, they pro-
duce an initial rapid loss of high- and low-
molecular-weight metabolites from the meta-
bolic pool within the cell. Compounds like
phenolics also initiate autolytic enzyme activity
which cause extensive breakdown of proteins
and nucleic acids. The hydrolytic products of
these leak out from the cells in greater concen-
tration. Antifungal antibiotics like polyenes
specifically combine with sterol components in
the membrane of susceptible organisms, result-
ing in the structural disruption of membrane
and the loss of essential metabolites from the
cell. The data presented here on miconazole
show that the effect is on the cell membrane of
the organism. There is very little autolytic
action in the untreated cells. But miconazole
brings about rapid loss of essential cellular
constituents like proteins, amino acids, nucleo-
tides and also monovalent cations. Its effect on
membrane is also reflected in glucose utiliza-
tion. The fact that miconazole is active on a
wide range of gram-positive and gram-negative
bacteria, besides yeasts and dermatophytes,
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clearly reveals its binding to components pres-
ent in all these structurally divergent microbes.
The effect of miconazole is probably not by
binding to a specific cell membrane component
like ergosterol, the site where polyenes bind to
exert their effect.

Antifungal agents exist which affect the cell
membrane and its permeability, although their
primary site of action has been proved to be
elsewhere. Thus, lomofungin (6) inhibits the
uptake of uracil and thymidine, and pyrrolni-
trin (11) causes the leakage of 260-nm absorbing
materials from the cells.

The present studies suggest the effect of
miconazole on cell membrane; to exclude site(s)
other than membrane, further studies are re-
quired.
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Abstract

Interaction of miconazole, an antifungal agent, with mammalian erythrocytes has been stud-

ied. Miconazole brings about hemolysis of sheep erythrocytes and 50 per cent hemolysis is observed
at a drug concentration of 158 x 10" * M. The drug-induced hemolysis is dependent on drug:cell
ratio. Erythrocytes from different species do not show any significant variation in their sensitivity
to miconazole. The uptake of miconazole by erythrocytes is very rapid and major portion of the
drug taken up is associated with the cell membrane. Miconazole binds mostly to membrane lipoprotein
fractions containing a lipid:protein ratio of 1:0. Miconazole-induced hemolysis is inhibited by serum
and the serum components responsible for the inhibition have been identified as albumin and I1gG.
Bovine serum albumin is found quite effective in protecting erythrocytes against drug-induced hemolysis.
The hemolytic activity of miconazole has been compared with polyene antibiotics, digitonin and
2-phenethylalcohol. From these results it is concluded that miconazole interacts directly with the red

cell membrane and alters its permeability.

Miconazole nitrate [1-(24-dichloro-f-(24-dichloro-
benzyloxy) phenethyl)imidazole nitrate] has a broad-
spectrum of activity against most pathogenic fungi
and Gram-positive bacteria [1-3]. Its effective thera-
peutic use as a topical applicant in treating skin and
nail infections and in vaginal candidiasis has been
well documented [4-8].

Biochemical and electron microscopic studies on
the mechanism of action of miconazole have been
reported [9-11]. The drug caused a significant in-
crease in membrane permeability in cells of Candida
albicans as evidenced by a rapid loss of intracellular
materials [9]. At low concentrations, miconazole sel-
cctively inhibited the uptake of purines and glutamine
by the cells of C. albicans[10]. Electron microscopic
examination of C. albicans cells exposed to micona-
zole revealed that the earliest drug-induced alter-
ations are seen at the plasma membrane before any
other cytoplasmic organelle seems to be in-
volved [11]. These findings clearly reveal that
miconazole impairs membrane function by inducing
selective permeability changes in the cell membranes
of sensitive cells.

In an attempt to determine whether the action of
miconazole on membrane permeability is restricted
to yeast cells or has a similar action on animal cells.
its effect on the permeability of sheep erythrocytes
is investigated. The present paper reports a study of
various aspects of interaction of miconazole with red
blood cells.

MATERIALS AND METHODS
Materials. Crystalline bovine serum albumin. cho-
lesterol. digitonin and sodium dodecyl sulphate were
purchased from Sigma Chemical Co. St. Louis,

* To whom correspondence should be addressed

U.S.A. Amphotericin B and nystatin were kindly
donated by E. R. Squibb and Sons. Inc., Princeton.
U.S.A. Miconazole nitrate was a gift sample from
Ethnor Ltd.. Bombay. India. [ *H]Miconazole (sp. act.
292:3 mCi/m-mole) was a kind donation of Janssen
Pharmaceutica. Belgium.

Erythrocyte preparation. Fresh blood from healthy
human adults, wistar rats. guinea pigs. rabbits and
sheep (for non-nucleated erythrocytes) or from
chickens (for nucleated erythrocytes) were obtained
using Alsever’s solution as an anticoagulant. Immedi-
ately after collection, the blood was centrifuged at
1500 ¢ in a Sorvall centrifuge model RC-2B for 10 min
at 4 and the plasma and the buffy coat were
removed. The packed erythrocytes were washed four
times with 0-15 M NaCl (isotonic saline) followed by
centrifugation. The cells after the last wash were sus-
pended in 0-15 M NaCl to give an erythrocyte suspen-
sion containing approximately 1-5 x 107 cells ml (by
hemocytometer count). Unless otherwise specified. all
experiments were done with this cell suspension. Ali-
quots of the cell suspension were pre-incubated for
15min at 37" before the start of the reaction.

Measurement of hemolysis. Hemolysis was deter-
mined by the addition of 0-1 ml of washed erythro-
cytes to 49 ml of 0-15M NaCl (preincubated at 37
for 15min) containing miconazole (in 50°, ethanol)
at various concentrations. Each sample had a final
volume of Sml and erythrocyte concentration of
3 x 107 cells/ml. Control tubes containing appro-
priate quantity of ethanol were included in cach ex-
periment and the final concentration of ethanol in
all the samples was | per cent. After the required
time of incubation at 37", the tubes were centrifuged
and the hemoglobin released was determined by mea-
suring the absorbance of the supernatant at 540 nm
in a Beckman model-DU  spectrophotometer. The
data were corrected for the

roleacs af hemaolahin
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observed in controls. To determine the total amounts
of intracellular hemoglobin, 0-1 ml of cell suspension
was lysed in 49 ml of distilled water and centrifuged.
The supernatant had an absorbancy of 0-800 at
540nm. Loss of hemoglobin was expressed as a per
centage of total cellular content of hemoglobin in the
untreated cells.

Uptake of [*Hmiconazole. [*H]Miconazole (sp.
act. 292:3 mCim-mole) was diluted with unlabeled
miconazole to achieve the desired molar concen-
tration of the drug. This diluted solution (4 x 10 *
M) was used to measure the uptake of miconazole
at different concentrations in 0-15M NaCl-001 M
sodium phosphate buffer, pH 7-4. Erythrocytes (1:6 x
10% cells) were incubated at 37 with different concen-
trations of [ *H]miconazole dissolved in 50, ethanol.
The final volume of each sample was 4 ml and con-
tained 4 x 107 cells'ml. After 15min of incubation,
2-ml aliquots of cell suspension were removed and
centrifuged. Aliquots (100 ) of supernatant fraction
and total cell suspension were spotted on Whatman
3 MM filter squares, dried under infrared lamp, and
counted in Beckman LS-100 liquid scintillation
counter using 10 ml scintillation fluid containing 0-4%,
PPO and 0-005°, POPOP in toluene. The difference
between the counts in the supernatant and total cell
suspension was taken as the amount of drug taken
up by the cells.

The amount of miconazole associated with the
cytoplasm and bound to the cell membrane was
determined in the following way. Cell suspensionn in-
cubated with [*H]miconazole (1 x 10" °M) was
washed twice with 0:15 M NaCl and were then hemo-
lysed in 5mM sodium phosphate buffer, pH 7-4. An
aliquot (100 ul) of the hemolysate was removed for
counting and the remainder was centrifuged at
20.000 ¢ for 20 min to separate the red cell membrane
from the cytoplasm. Radioactivity in 100 ul of the
supernatant fraction (cytoplasm) was determined as
described above. The difference between the amount
of drug taken by the cells and the amount in the
cytoplasm is taken as the amount of drug bound to
membranes.

Preparation of erythrocyte membranes. Sheep eryth-
rocyte membranes were prepared by the procedure
of Dodge et al.[12]. The cells were washed thrice
with 0-15M NaCl by centrifugation at 1500¢ for
10 min at 4 . Membranes were prepared by the osmo-
tic lysis of washed erythrocytes by adding 10 volumes
of cold 6:5mM sodium phosphate buffer, pH 74 to
1 volume of packed cells and mixed with a magnetic
stirrer for 15 min. The hemolysate was centrifuged at
30,000 g at 4 for 40 min in a Sorvall centrifuge model
RC-2B. Following centrifugation. the post hemolytic
residue was washed four to six times with the same
buffer and a final wash with isotonic saline. The milky
membrane preparation thus obtained from the last
centrifugation, was suspended in isotonic saline to a
protein concentration of 13 mgml

Solubilization of erythrocyte membranes and gel filt-
ration. Solubilization of erythrocyte membranes and
subsequent gel filtration was done according to the
method of Zimmer ¢r </ [13]. Membrane preparation
containing 9 mg protein was incubated at 37 with
0-55ml of 17, sodium dodecyl sulphate for 30 min.
The concentration of sodium dodecyl sulphate was

|
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about (-6 mg mg of membrane protein. 0015 gmoles
of [*H]miconazole contained in 0-15M NaCl was
then added and the final volume was made up to
2:5ml with 0-15M NaCl. Incubation was continued
for a further 30 min and the solubilized membranes
were gel filtered.

Sephadex G-100 column (48 x 12 cm) was equili-
brated with 0:-5M NaCl 001 M Trnis HCL pH 84
The dissolved membranes were layered onto  the
column and gel filtration was carried out at 28 . Frac-
tions of about I'5ml were collected. The fractions
comprising within the peak at 280 nm were analysed
for protein, lipid and radioactivity. Protein. phospho-
lipid and cholesterol were determined in 0-1 0-2-ml
samples. Radioactivity in 0-1-ml sample was deter-
mined as described above.

Incubation of serum with [*H]miconazole and gel
Siltration. One ml sheep serum was incubated with
[*H]miconazole (0-025 gmoles) at 37 for 30 min and
gel-filtered at 28 on Sephadex G-200 column
(53 x 2cm) equilibrated with 0.1 M NaCl 005 M
sodium phosphate buffer. pH 7+4. Fractions of 3 ml
were collected and absorbancy at 280nm and
radioactivity determined.

Analytical procedures. Protein was determined by
the procedure of Lowry et al.[14] with crystalline
bovine serum albumin as standard. Membrane lipids
were isolated by the method of Bligh and Dyer [15].
Lipid phosphorous was determined by a modification
of the method of Bartlett [16]. as reported by Mar-
inetti [ 17] and phospholipid was estimated by multi-
plying the lipid phosphorus content by 25. Chole-
sterol was determined by the method of Glick e
al.[18].

RESULTS

Miconazole-induced hemolysis. The time course of
miconazole-induced hemolysis of sheep ervthrocytes
is shown in Fig. la. At a miconazole concentriation
of 1 x 10 * M. the hemolysis by miconazole is very
rapid and the rate is linear up to 20 min. Complete
hemolysis resulted in 40 min. In control tubes con-
taining ethanol at a final concentration of 17, (con-
centration equivalent to those in experimental tubes)
hemolysis is less than 0-5 per cent.

The effect of miconazole concentration on the in-
itial rate of hemolysis is shown in Fig. 1b. The cells
are incubated with various concentrations of drug for
Smin at 37. The extent of hemolysis is markedly
influcnced by the drug concentration. Up to a drug
concentration of 1-:2 x 10" *M the rate of hemolysis
is very slow and thereafter increases rapidly. The drug
concentration required for 50 per cent hemolysis is
1:58 x 10 *M and complete hemolysis occurs at a
concentration of 22 x 10 * M.

The loss of hemoglobin from the erythrocyvtes is
dependent not only on the concentration of micona-
zole in the incubation medium. but also on the
number of erythrocytes present in the suspension.
When miconazole concentration is held constant, and
the number of cells per unit volume of suspending
medium is increased, the hemolysis is progressively
decreased with increasing cell concentration (Fig. 2).
The hemolysis is only 60 and 20 per cent at erythro-
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Fig. 1. Miconazole-induced hemolysis of sheep erythro-

cytes. (a) Time course of hemolysis of sheep erythrocytes

by miconazole. Miconazole concentration, 1 x 10™* M. (b)

Effect of miconazole concentration on the initial rate of

hemolysis of sheep erythrocytes. Incubation time. 5 min at
37°.

cyte concentration of 3 x 107 and 6 x 107 cells/ml.
respectively.

Uptake and distribution of miconazole. When eryth-
rocytes are incubated with [*H]miconazole at non-
hemolytic concentrations for 15min at 37", the
uptake of drug by erythrocytes is very rapid and is
lincar over the concentrations tested (Fig. 3).
Measurements of its uptake by red cells at different
concentrations show that more than 60 per cent of
the drug added to the red cell suspension is associated
with the red cells. The distribution of radioactivity
in cellular fractions of erythrocytes incubated with
[*H]miconazole was studied. The major portion of
the radioactivity taken up by the cells (837,) is found
associated with the cell membranes.

Binding of [ *H]miconazole to erythrocyte membrane
fraction. When sheep erythrocyte membranes are
solubilized with sodium dodecyl sulphate and gel fil-
tered on Sephadex G-100, the partial separation of
membrane lipoproteins is achieved. As the gel filt-
ration proceeds. the lipid:protein ratio changes from
above | to about 02, This separation of membrane
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Fig. 2. Effect of sheep crythrocyte concentration on
hemolysis by miconazole.  Miconazole concentration.

1 x 1074 M.

lipoproteins indicate that the lipoproteins with the
higher lipid content are eluted first. To characterize
the miconazole binding site on membraues the solubi-
lized membranes are incubated with [*H]miconazole
and gel-filtered. The pattern of elution of lipoproteins
and radioactivity are shown in Fig. 4. The radioacti-
vity peak coincided with the membrane lipoprotein
peak having a lipid:protein ratio of 1-0. About 90
per cent of the total radioactivity present during the
incubation of membranes with the drug got eluted
with the liproprotein fractions indicating a strong
binding of miconazole to membrane components.

Inhibition of hemolysis by serum. The effect of
homologous serum on the miconazole-induced hemo-
lysis of sheep erythrocytes is shown in Fig. 5. The
erythrocytes are preincubated with serum and the
reaction is started by the addition of miconazole to
a final concentration of 1 x 10°*M and incubated
for 20 min at 37 . The serum has a protective action
and inhibits the miconazole-induced hemolysis even
at low concentrations. At 0-2°  serum level, the hemo-
lysis is inhibited by 60 per cent and at 1°, the inhibi-
tion is more than 90 per cent.
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Fig. 3. Uptake of [*H]miconazole by sheep erythrocytes
Incubation time. 15 min at 37
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Fig. 4. Binding of [*H]miconazole to erythrocyte mem-
brane lipoprotein fractions. Erythrocyte membranes, solu-
bilized with sodium dodecyl sulphate, were incubated with
[*H]miconazole and gel-filtered on Sephadex G-100
column. After gel filtration, individual fractions were ana-
lysed for radioactivity. protein and lipid content.

To characterize the serum component(s) respon-
sible for the inhibition of miconazole-induced hemo-
lysis. serum is incubated with [*H]miconazole and
gel-filtered on Sephadex G-200 (Fig. 6). The radioacti-
vity of the drug ecluted in fractions containing IgG
and albumin. About 40 per cent of the total radioacti-
vity is found in IgG fraction and 60 per cent in the
albumin. These results indicate that miconazole binds
to serum proteins and the inhibitory effect of serum
on hemolysis is a consequence of miconazole binding
to serum proteins.

%

Hemolysis,

.
0 02 04 06 0.8 10
Serum concentration, %

Fig. 5. Inhibition of miconazole-induced hemolysis of
sheep ervthrocytes by homologous serum. Miconazole con-

centration, 1 x 107 * M.

5
~

com x 10 ¥mL (-==-)

e g————

Fraction No

Fig. 6. Binding of [ *H Jmiconazole to serum proteins. One

ml sheep serum was incubated with [*Hmiconazole and

gel-filtered on Sephadex G-200 column. After gel filtration.

each fraction was analysed for absorbancy at 280 nm and
radioactivity.

Since miconazole binds to albumin it is of interest
to see the hemolytic activity of miconazole in the
presence of albumin. Erythrocytes are preincubated
with various amounts of bovine serum albumin for
30min at 37 before the addition of miconazole. As C
shown in Fig. 7 the hemolytic activity of miconazole
is inhibited by albumin and at an albumin concent-
ration of 0-4 mg/ml. the hemolysis is inhibited by 68
per cent. The hemolytic activity of miconazole is par-
tially retained at 2 mg/ml albumin concentracion.

Relative hemolytic effect of miconazole compared
with other membrane-active drug: For comparison.
the effect of other membrane-active agents like
polyene antibiotics, digitonin and 2-phenethylalcohol
on sheep erythrocytes is studied. The cells are incu-
bated with the different concentrations of cach drug
for Smin at 37 and from the graphic plot of the

Hemolysis, %

L L L

0 04 08 12 6 20
Bovine serum albumin concentration, mg/ml

Fig. 7. Effect of bovine serum albumin concentration on

hemolysis of sheep erythrocvtes by miconazole. Micona-

zole concentration, 1 x 10 4 M.
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Table 1. Comparative hemolytic eflect of miconazole with
other membrane active agents

Concentration of drug required

Drugs tested for 50°, hemolysis
Amphotericin B 92 x 10°°M
Nystatin 84 x 10°°M
Digitonin 26 x 10°°M
2-Phenethylalcohol 5$7x10*M
Miconazole 1:558 x 10°*M

Lo tubes containing different concentrations of drugs in-
dicated in the table, washed sheep erythroceytes were added
to a final concentration of 3 x 107 cells ml, incubated for
Smin at 37 and immediately centrifuged. The hemoglobin
released was measured as described under Materials and
Methods. Amphotericin B and nystatin were dissolved in
dimethylformamide, digitonin in absolute alcohol and dilu-
tions of 2-phenthylalcohol in 507 ethanol. The control
tubes contained the equivalent amount of solvents wn which
the drug was dissolved.

data. the concentration of each drug needed to bring
about 507, hemolysis is calculated. As shown in Table
[. digitonin is a more potent hemolytic agent while
2-phenethylalcohol 1s  least effective.  Digitonin,
amphotericin B and nystatin cause 507, hemolysis at
60. 17 and 1-8-fold lesser concentration than micona-
zole. respectively. On the other hand. 2-phenethylal-
cohol requires about 360-fold higher concentration
than miconazole to bring about 50° hemolysis.
Hemolytic effect of miconazole on erythrocytes from
different species. Erythroeytes from different species
are examined for their susceptibility to miconazole
(Table 2). The washed erythrocytes from different spe-
cies are incubated with different concentrations of
miconazole for Smin at 37 and from a graphic plot
of the data. the hemolytic value corresponding to 507
hemolysis is calculated. Among the non-nucleated
erythrocytes. the variation in their susceptibility to
miconazole-induced hemolysis is not very significant.
Erythrocytes from hamster require comparatively
lower concentration (09 x 10 * M) than erythrocytes
from humans which require a 3-fold higher concen-
centration (276 x 10 * M). Erythrocytes from guinea
pig. rabbits and sheep are susceptible to the same

Table 2. Hemolytic effect of miconazole on erythrocytes
from different species

Concentration of miconazole
required for 50, hemolysis

Erythrocyte source (x 10°*M)
Rat 118
Rabbit 1-58
Guinea pig 1-54
Hamster 090
Sheep 1:58
Human 2:76
Chicken 148

The washed erythroeytes (3 < 107 cells/'ml) from differ-
ent species were incubated with different concentrations
of miconazole for Smin at 37 and centrifuged immedi-
ately. Hemoglobin released was measured as described un-
der Materials and Methods. From the graphic plot of the
data. the concentration of drug required for 50", hemolysis
was caleulated

N R
extent and require about 1-7-fold lower concentration
than human erythroeytes. The nucleated erythroceytes
from chicken are also equally sensitive to the action
of miconazole and 50", hemolysis occurs at a drug
concentration of 148 x 10 * M.

DISCUSSION

The drug-induced hemolysis of red cells is currently
thought to occur by either of two basic mechanisms
[ 19 22]. The first involves direct interaction of the
drug with the red cell membrane which results in
changes in membrane structure, increased permeabi-
lity. osmotic swelling and hemolysis. In the second
mechanism, the drug first penetrates into the cell in-
terior where it interferes with cellular metabolism ulti-
mately resulting in membrane damage and hemolysis.
T'he drug-mduced hemolysis in the second mechanism
may be due to enzyme deficiencies, unstable hemoglo-
bins or immune mechanisms 20, 21].

T'he present findings reveal that miconazole has a
profound effect on erythrocyte membrane structure
and brings about rapid hemolysis. This raises the pos-
sibility that hemolysis is the result of a direct interac-
tion between miconazole and the plasma membrane
of the erythroceytes. A prerequisite to direct alteration
of membrane permeability 1s that miconazole must
interact with the cell membrane. Data presented in
this paper show that [*HJmiconazole at low. non-he-
molytic concentrations binds largely to the red cell
membrane and thus satisfying a necessary condition.

Identification of the binding site on the erythrocyte
membrane surface would help for a better under-
standing of the mechanism of action of membrane-
active drugs. In our effort to characterize the micona-
zole-binding site on the ervthrocvte membrane. it has
been shown that miconazole binds to membrane lipo-
proteins strongly and that miconazole binding is
maximum in lipoprotein fraction containing lipid:
protein ratio of 1'0. The concentration of sodium
dodecylsulphate (0-6 mg SDS mg membrane protein)
employed to solubilize the membrane in the present
experiment does not cause any loss of biological ac-
tivity of the membrane [13.23]. and no disruption of
lipoprotein structure of the membranc is evident (Fig.
4). The present experiments. however. do not indicate.
the differential binding of miconazole to either lipid
or protein part on the membrane.

The protective effect of serum against miconazole-
induced hemolysis apparently results from the bind-
ing of miconazole to serum proteins. Serum albumin
is found quite effective in protecting erythrocytes
against miconazole-induced hemolysis. The binding of
miconazole to serum proteins would result in a reduc-
tion of effective drug concentration to bring about
hemolysis of erythroeytes. Several drugs are known
to bind to albumin in the serum. but the binding
of miconazole to 1gG. presented in this paper. raises
two possibilities. It may be either due to the binding
of miconazole to 1gG itself or to the elution of albu-
min dimers formed in the serum along with 1gG. In
the latter case the drug primarily binds to albumin.
but due to the formation of albumin dimers the
radioactivity appears in the 1gG peak.

Polyene antibiotics. which have been extensively
studied for their membrane damaging properties.
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have been compared with miconazole for their hemo-
Iytic activity. Among the polyenes, amphotericin B
showed higher heniolytic effect than miconazole and
nystatin showed almost equal effect. Digitonin, a
nlant saponin. exerts higher hemolytic activity than
miconazole. Polyenes and saponins induce membrane
damage by their strong binding to cholesterol in the
membrane [ 24 32]. 2-Phenethylalcohol.  which i
known to impair the cell membrane function in bac-
teria [ 33, 34], yeasts [35]. fungi [36]. tumor cells [37]
and mammalian erythroeytes [38], showed lower
hemolytic activity than miconazole.

There 1s little variation in the hemolytic effect of
miconazole on erythroeytes from different species and
it is independent of the presence or absence of a nuc-
leus. The basis for the reported differences in the
hemolytic tendency among species is not known but
variation in the protein and lipid composition of the
red cell membrane may account for such differen-
ces [39-46].

On the basis of the results presented in this paper
we conclude that miconazole interacts directly with
the red cell membrane and brings about permeability
alterations. Though miconazole binds to membrane
lipoproteins strongly, the nature of this interaction
is not known. The chemical nature of the drug indi-
cates a possible mode of interaction. Since the drug
is hydrophobic in nature. the interaction may be of
a hydrophobic type and this would lead to an impair-
ment of membrane function. Further studies are
needed to elucidate this aspect.
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Miconazole, a potent antifungal agent, labilizes rat liver lysosomes. Its labil-
izing effect is followed by measuring the release of lysosomal hydrolases,
namely, acid phosphatase, 8-glucuronidase, and arylsulfatase A. The effect of
miconazole is concentration dependent in the range of 10 to 1.2 x 10~ * M. How-
ever, at higher concentrations, miconazole inhibits enzyme release but does not
inhibit enzyme activities per se. The effect of miconazole depends on the drug/
lysosome ratio and is influenced by the pH of the incubation media, being
minimal at alkaline pH. Membrane-active drugs such as nystatin, 2-phenethyl-
alcohol, hexachlorophene, and digitonin have been compared with miconazole
for their lysosome-labilizing action. The effect of miconazole on the lysosomal
membrane is confirmed by a decrease in turbidity of the lysosomal suspension.

Miconazole {1-(2,4-dichloro-g-(2,4-dichloro-
benzyloxy)-phenethyllimidazole nitrate} has
a broad spectrum of antimicrobial activity
against pathogenic and nonpathogenic yeasts,
dermatophytes, numerous saprophytic fungi,
and gram-positive bacteria (13, 25, 31). Chemo-
therapeutic activity of miconazole as a topical
applicant is well documented in the treatment
of skin and nail infections and vaginal candidi-
asis (2, 5, 14, 29, 32). Studies on the mechanism
of biological action of miconazole have been
recently reported (9, 10, 28, 33; K. H. Sreed-
hara Swamy, M. Sirsi, and G. Ramananda
Rao, Biochem. Pharmacol., in press). The drug
induces leakage of intracellular materials from
cells of Candida albicans (28), and at low con-
centrations it selectively inhibits the uptake of
purines and glutamine into these cells (33).
Electron microscopic examination of cells of C.
albicans exposed to miconazole revealed that
the earliest drug-induced alterations are seen
at the plasma membrane (9, 10). Further, mi-
conazole has been shown to induce hemolysis of
mammalian erythrocytes and binds strongly to
erythrocyte membrane lipoproteins (Sreedhara
Swamy et al., in press). These investigations
clearly indicate that the paramount feature of
the biological action of miconazole is its inter-
action with cell membrane of sensitive orga-
nisms, resulting in the impairment of mem-
brane function and eventually cell death.

In an attempt to delineate the mode of action
of miconazole on cellular and organellar mem-
branes and to obtain a more comprehensive
view of biological action, we have carried out
studies on the interaction of miconazole with

rat liver lysosomes. The present paper de-
scribes the effect of miconazole on the integrity
of lysosomal membrane, providing further evi-
dence that miconazole interacts with biological
systems by impairing membrane function.

MATERIALS AND METHODS

Chemicals. Miconazole nitrate was a gift sample
from Ethnor Ltd., Bombay, India. Hexachlorophene,
digitonin, 2-phenethylalcohol, p-nitrophenylphos-
phate, p-nitrocatechol sulfate, phenolphthalein-g-p-
glucuronide, Triton X-100, and tris(hydroxymethyl)-
aminomethane (Trizma base) were purchased from
Sigma Chemical Co., St. Louis, Mo. Nystatin was
kindly donated by E. R. Squibb and Sons, Inc.,
Princeton, N.J. All other chemicals were of analyt-
ical reagent grade.

Preparation of rat liver lysosomes. Inbred Wistar
A/lisc rats weighing 100 to 120 g were killed by
cervical dislocation, and the liver was quickly dis-
sected out into ice-cold 0.15 M NaCl (isotonic saline).
The liver was washed twice with 0.15 M NaCl,
weighed, minced finely with scissors, and sus-
pended in 0.25 M sucrose. The liver was homoge-
nized in 0.25 M sucrose (5 ml of solution per g of
liver) using a Potter-Elvehjem glass homogenizer
with a motor-driven Teflon pestle. The homogenate
was first centrifuged at 1,500 x g in a Sorvall centri-
fuge, model RC 2-B, for 10 min at 4 C to sediment
unbroken cells and nuclei. The supernatant was
then centrifuged at 20,000 x g for 30 min, and the
pellet containing the lysosomes was suspended
gently in 0.25 M sucrose to give a final concentra-
tion of 10 mg of protein per ml.

Effect of miconazole on rat liver lysosomes. The
effect of miconazole on lysosomes was followed by
measuring the release into the medium of lysosomal
hydrolases. Rat liver lysosomes (0.5 mg of protein
per ml) were incubated in 0.25 M sucrose containing

903
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miconazole (dissolved in 50% ethanol) «f various
concentrations for 15 min at 37 C. All incubation
mixtures, including controls, contained ethanol at a
final concentration of 1%. After the incubation, the
tubes were chilled in ice and centrifuged at 20,000 x
g for 20 min, and the resulting supernatants were
assayed for acid phosphatase, g-glucuronidase, and
arylsulfatase A. The enzyme activity in the super-
natant is expressed as percentage of total activity
obtained in the presence of 0.1% Triton X-100. The
data were corrected for the release of enzymes in
control samples.

Enzyme assays. Acid phosphatase activity was
determined by the method of Igarashi and Hollan-
der (17), using p-nitrophenyl phosphate as sub-
strate.

The reaction mixture for B-glucuronidase assay
in 1 ml contained 30 mM acetate buffer, pH 4.5,
0.5 ml of the supernatant, and 0.4 mM phenolphtha-
lein-B-p-glucuronide (sodium salt). The reaction
mixture was incubated at 37 C for 30 min, and the
reaction was stopped by adding 5 ml of 0.2 M gly-
cine-NaOH buffer, pH 10.4. The absorbancy of the
color was measured at 540 nm.

Arylsulfatase A was estimated by the method of
Jerfy and Roy (18), using p-nitrocatechol sulfate as
substrate.

Protein was estimated by the method of Lowry et
al. (22).

RESULTS

Effect of miconazole on rat liver lysosomes.
The time course of miconazole-induced release
of lysosomal enzymes is shown in Fig. 1. At a
miconazole concentration of 5 x 10> M, the rate
of release of acid phosphatase and arylsulfatase
A showed an increase up to 40 min and there-
after remained constant. On the other hand,
the release of B-glucuronidase reached maxi-

60
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o 3-Glucuronidase
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F1G. 1. Time course of miconazole-induced lysis
of rat liver lysosomes. Miconazole concentration, 5 x
10°M.

mum by 30 min and showed no further signifi-
cant increase up to 60 min of incubation. The
release of acid phosphatase and arylsulfatase A
by miconazole at 60 min is about 44%, and that
of B-glucuronidase is 32% of the total enzyme
activity present in the lysosomes.

The effect of increasing concentrations of mi-
conazole on the release of acid phosphatase,
arylsulfatase A, and B-glucuronidase from lyso-
somes is shown in Fig. 2. The lysosomes were
incubated with various concentrations of mi-
conazole in 0.25 M sucrose for 15 min. Micona-
zle caused an increased release of all three
lysosomal enzymes up to a concentration of 1.2
x 10°* M, and further increase in the drug
concentration showed decreasing enzyme activ-
ities in the supernatant.

The labilization of lysosomes is dependent
not only on the concentration of miconazole,
but also on the amount of lysosomes in the
incubation medium. Increase in the lysosomal
protein concentration (number of lysosomes)
per unit volume of suspending medium at a
constant miconazole concentration caused a
progressive decrease in the release of enzymes
from lysosomes (data not shown).

Influence of pH on the miconazole-induced
labilization of lysosomes. The effect of micona-
zole on lysosomes is dependent on the pH of the
incubation media (Table 1). The release of lyso-
somal enzymes by miconazole was equally
effective at pH 5.0 (0.25 M sucrose-0.01 M
acetate) and pH 6.8 (unbuffered 0.25 M su-
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Fi1c. 2. Effect of miconazole concentration on the
release of lysosomal enzymes. Incubation time, 15
min at 37 C.
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TaBLE 1. Influence of pH of the incubation medium on the release of lysosomal enzymes by miconazole"

Free activity (% of total)

B-Glucuronidase

Incubation medium Acid phosphatase

Arylsulfatase A

M 5x10°M 10'M

5x10°M 10*M 5x10°*M

0.25 M sucrose-0.01 M acetate 11.6 30.8 15.8 46.2 16.0 35.7
(pH 5.0)

0.25 M sucrose (pH 6.8) 17.0 44.0 17.0 43.8 12.0 32.0

0.25 M sucrose-0.01 M Tris-hy- 5.0 16.5 10.3 20.9 5.5 19.4

drochloride (pH 8.0)

“ Lysosomes (0.5 mg of protein per ml) were incubated at different pH values with the indicated
congentration of miconazole for 15 min at 37 C. After centrifugation at 20,000 x g for 20 min at 4 C, the
enzyme activities released into the supernatants were determined. Total activity in each sample was
measured by incubation of lysosomes with 0.1% Triton X-100. After correction for release of enzymes in
controls containing 1% ethanol, the data were expressed as percentage of total enzyme activity. Tris,

Tris(hydroxymethyl)aminomethane.
” Miconazole concentration.

crose), but the extent of release was reduced at
pH 8.0 [0.25 M sucrose-0.01 M tris(hydroxy-
methyl)aminomethane-hydrachloride).

Decrease in turbidity of lysosomal suspen-
sion caused by miconazole. Incubation of lyso-
somes with miconazole in 0.25 M sucrose re-
sulted in a decrease in the Jysosomal turbidity.
It was measured at 25 C by adding lysosomes to
0.25 M sucrose containing miconazole, and the
absorbancy of the suspension was measured at
520 nm in a Carl-Zeiss spectrophotometer at
different time intervals. The decrease in tur-
bidity of the lysosomal suspension after 2 min
was about 12 and 26% at miconazole concen-
trations of 5 X 10> M and 10-* M, respectively.
Under similar conditions, 0.1% Triton X-100
decreased the turbidity of lysosomal suspension
by about 71%.

Lysosome labilizing action of miconazole as
compared with other membrane-active drugs.
For comparison, the effect of some membrane-
active drugs such as nystatin, 2-phenethyl-
alcohol, hexachlorophene, and digitonin on rat
liver lysosomes was studied (Table 2). Nystatin
was relatively ineffective in releasing enzymes
from lysosomes. 2-Phenethylalcohol required a
very high concentration (5 x 10-2 M) to induce
drastic changes in lysosomal integrity, result-
ing in the release of lysosomal enzymes. Both
hexachlorophene and digitonin disrupted lyso-
somes, and at 10-* M the lysosome labilization
brought about by these drugs and miconazole
was quite similar.

DISCUSSION

The data presented in this paper clearly
reveal that miconazole has a profound effect on
lysosomal membrane and causes release of acid

TaBLE 2. Comparative effect of miconazole with
some membrane-active drugs on labilization of rat
liver lysosomes"

Free enzyme activity

(% of total)

Drigs Concn : -

(M) Acid | Aryl- | B-Glu-

phos- | sulfa- | curoni-

phatase | tase A | dase

Nystatin l 1x10 t 1.70 | 0.97 2.40
2-Phenethyl- | 5 x 10~* 5.30 2.90 5.80
alcohol | 1x 107 | 240 | 1.10 | 2.90

) 5x 10°* 5.40 1.60 | 11.70

[ 6 x107* |59.20 | 38.20 | 25.40

|

Hexachloro- ] 1x10° | 810 | 7.40 | 7.80
phene | 1x 10 | 35.60 | 34.80 | 58.80
Digitonin | 1x10° 2.00 1.00 | 11.70
| 1 x10* | 46.70 | 40.00 | 63.70

Miconazole 103 107> 4.20 4.40 3.40
’ 1 x 107* | 44.00 | 43.80 | 32.00

“ Lysosomes (0.5 mg/ml) were incubated for 15
min in 0.25 M sucrose containing different concen-
trations of drugs (as indicated in the table) and
centrifuged at 20,000 x g for 20 min at 4 C. The
enzyme activities in the supernatant were deter-
mined as described in Materials and Methods. Tota!
enzyme activity was measured by incubation cf lyso-
somes with 0.1% Triton X-100. Nystatin was dis-
solved in dimethylformamide. Digitonin, hexachlo-
rophene, and miconazole were dissolved in 50%
ethanol, and dilutions of 2-phenethylalcohol were
made in 30% ethanol. The control samples contained
solvents at concentrations present in experimental
tubes.

phosphatase, g-glucuronidase, and arylsulfatase
A from lysosomes. Its effect is concentration
dependent, and, when lysosomes are exposed to
different concentrations of miconazole, an opti-
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mum concentration for lysis is reached (1.2 x
10~* M) instead of a saturation response (Fig.
2). The release of enzymes is reduced beyond
this optimunr concentration. The decreased en-
zyme activities in the supernatant at higher
concentrations of miconazole is apparently due
to its interference with release of enzymes,
since the drug failed to inhibit enzyme ac-
tivities per se (data not shown).

Turbidity of lysosomes often serves as an in-
dication of their structural integrity. Miconazole
decreased the turbidity of lysosomal suspen-
sion, thus providing evidence for its effect on
lysosomal membrane structure.

The lysosome-labilizing effect of miconazole
was compared with that of nystatin, 2-phen-
ethylalcohol, hexachlorophene, and digitonin.
Nystatin, a polyene antibiotic, impairs cell
membrane function by binding to sterols in the
membrane of susceptible organisms (15, 20).
Nystatin is relatively ineffective in releasing
enzymes from lysosomes. The data is consistent
with the previous finding (34) that the high-
molecular-weight group of polyenes (nystatin
and amphotericin B) are least effective in dis-
rupting lysosomes. 2-Phenethylalcohol, which
is known to interact with the cell membrane of
bacteria (26, 30), yeasts (6; T. K. Narayanan,
Ph.D. thesis, Indian Institute of Science,
Bangalore, India, 1975), fungi (21), tumor cells
(4), and mammalian erythrocytes (3; Sreedhara
Swamy et al., in press), requires very high
concentrations to disrupt lysosomes. Earlier,
2-phenethylalcohol was shown to release acid
phosphatase from chicken liver lysosomes at
high concentrations (16).

Hexachlorophene and digitonin are included
in the present studies because they have been
shown to interact with various biological sys-
tems by impairing cell membrane function.
Hexachlorophene has been shown to alter the
permeability of plant (24), bacterial (8, 19, 27),
and mammalian erythrocyte membranes (7, 12,
23). Digitonin, a plant saponin, induces mem-
brane damage by binding to cholesterol in the
membrane (1, 11). The results presented in this
paper clearly show that both hexachlorophene
and digitonin disrupt rat liver lysosomes and
release enzymes. These compounds both exert a
maximum release of B-glucuronidase when
compared with the release of acid phosphatase
and arylsulfatase A. In contrast, miconazole
and 2-phenethylalcohol released B-glucuroni-
dase to a lesser extent than did the other two
enzymes. Thus, the differential effects showed
by these drugs on lysosomes appear to be drug
specific.

In conclusion, the present findings and the

earlier studies on the action of miconazole on
membranes of yeasts (9, 10, 28, 33) and mam-
malian erythrocytes (Sreedhara Swamy et al.,
in press) show that the drug interacts with
both cellular and subcellular membranes.
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4a, Development of experimental dermatomycoses in

laboratory animals.

Experimental infections in laboratory animals help
not only in establishing the pathogenicity of an iso-
lated fungus but also in several other purposes, viz.,
to obtain the tissue phase of certain fungi like
Histoplasma, Cryptococcus, etc., to determine the hair-
spore relationship of an isolated fungus, to under-
stand the role of fungi in allergy and the host-immune
response and to evaluate antimycotic agents in vivo.

In order to standardise and study the course of an
experimental dermatophytic infection in a susceptible
host, laboratory animal species like rats, mice and
guinea pigs were examined for their susceptibility to
various dermatophyte species (Table 1). Guinea pigs
were found to be susceptible to Trichophyton mentagro-
phytes var granular when infected by cutaneous scarifi-
cation method. In brief the method is as follows. The
animals were clipped and shaved over the flanks. The 1
shaved skin was scarified with No.l grit sand paper and
0.5 ml of spore suspension in saline (60mg dry weight)
was rubbed-in. The peak of infection was seen by the
end of 21 days and lasted for 35 days with spontaneous
clinical recovery. The morphology of the lesions
during various phases of infection and mycological

examination of skin scales and hairs are described in

Table 2. The lesions were initially boggy and erythe-
matous, later became scaly and dry typical of a ring-

worm lesion. The fungus was present in skin and hair

as mycelia and arthrospores. The invasion of the hair
was of ectothrix type.
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Repeated infections.

The animals which were infected and self-cured,
were repeatedly infected for 4 times and the course of
infection and the morphology of the lesions during
each infection were examined. The results are presented
in the Table 3. The results revealed that reinfections
in once infected and self-cured animals led to rapid
recovery and increased dermal reactions indicating the
development of acquired immunity.

Immune response during the course of experimental

dermatomycoses in guinea pigs.

The spontaneous cure of the primary lesions and the
development of increased riosistance to reinfections
indicate the operation of immune mechanisms during the
infection and recovery. The immune response during
the infection and recovery was analysed as to the
amount and types of circulating antibodies in the
sera. A low titer of prccipitating, agglutinating and
complement fixing antibodics were detected (Table 4).
The animals showed a delayed-type of hypersensitive
reactions to the solublc extract of T. mentagrophytes
when challenged intradermally (Table 5). The reactions
appeared 2 weeks after the infection, increased there-

after and remained at high level even after clinical
recovery.

4b, Analysis of immune response in guinea pigs

immunized with soluble extract of T. mentagrophytes.

Analysis of immune response during the course of
infection and recovery indicates that both antibody-
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TABLE 4. LEVEIS OF ANTIBODI:ZS IN SERA OF GUINEA PIGS
INFECTED WITH TRICHOPHYTON MENTAGROPHYTES
DURING VARIOUS PHASES OF INFECTION AND

RECOVERY.
Types of Early Peak of Declining Clinical
antibodies infective infect- phase recovery
phase ion
oi-da; on day on day on day
21 25 40
-tlter --%1t;; -_t;ter--- titer
Precipitin nil 1l: 4 1:8 1:4
Agglutinin nil 1: 40 1: 40 Xs: 320
Complement-
fixing nil e 18 1:8

TABLE 5. CELL-MEDIATED IMMUNE RESPONSE IN GUINEA PIGS
INFECTED WITH TRICHOPHYTON MENTAGROPHYTES.

Hypersensi- Early Peak of Declining Clinical
tivity infective infect- phase recovery
reactions phase ion
on day on day on day on day
7 Zil 29 40

———— - — - — - W - ey e - -

diameter of induration (mm)

Delayed-
type 6 to 8 g ta &5 1% to 16 ol 60 15
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mediated and cell-mediated immune responses are in
operation. The presence of low titers of the anti-
bodies might probably be due to the lack of adequate
antigenic stimulus. Since the organism is confined to
superficial layers, the amounts of diffusible antigenic
components reaching the lymphoid system might be very
low. Hence the immune responses in detail were studied
in actively immunized animals.,

Soluble extract from acetone-washed 7-day old
mycelium of T. mentagrophytes was prepared in O.1 U
phosphate buffercd saline (pH 7.2). The dialyzed
extract (12 mg protein) in Preund's Complete Adjuvant
was injected subcutaneously in three doses at weekly
intervals. One more dose was given 14 days after the
third injection to boost the level of antibodies and the
cellular reactions. Animals were examined for the
circulating antibodies and the delayed-type hyper-
sensitive reactions. The levels of circulating anti-

podies in sera of immunized animals are shown in
Table 6., The titer of precipitating antibodies was
doubled with a booster dose. But there was no change
in other types.

The cellular immunity was studied in detail. In
summary the following techniques were employed for the
study and the results are sho<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>