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Chromoblastomycosis Murine Model and In vitro Test to
Evaluate the Sensitivity of Fonsecaea pedrosoi to
K etoconazole, Itraconazole and Saperconazole
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An experimental model of murine chromoblastomycosis and in vitro tests with Fonsecaea pedrosoi
were used to test the sensitivity of this fungus to three different antimycotics. The experimental model
was standardized in BALB/c mice inoculated intraperitoneally with a 108 CFU/ml suspension of a F.
pedrosoi isolate. Clinical infection was evident after 5 days of inoculation. Three groups of 27 mice each
wer e used in the experiment. One group was treated with ketoconazole (KTZ), another with itraconazole
(ITZ) and the other with saperconazole (SPZ). Antimycotic therapy was continued for 21 days. The
control group consisted of 40 mice which wereinoculated, but not treated. I nfection was documented by
macr oscopic and microscopic examination of affected tissue in addition to culture of tissue macer ates.
Minimal inhibitory concentrations (MIC) and minimal fungicidal concentrations (MFC) for the F. pedrosoi
strain used were done. Thein vitro results showed that SPZ was the most active with MIC 0.01 ng/ml
and MFC 0.1 ng/ml, followed by 1TZ. SPZ was also the most effective in vivo since 63% of the treated
animals (p=0.01) showed a curative effect after the observation period. We concluded that SPZ had the
best in vitro and in vivo activity against F. pedrosoi.
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Chromoblastomycosis is a chronic infectious
disease produced by a dematiaceous fungi (dark
pigmented) that affects the skin and the cellular
subcutaneous tissue (Zaias 1978, Rippon 1988,
Milam & Fenske 1989, Restrepo 1991). Four gen-
era and 5 species of the dematiaceous fungi pro-
duce chromoblastomycosis: Fonsecaea pedrosoi,
Fonsecaea compactum, Phial ophora verrucosum,
Cladosporium carrionii and Rhinocladiella
aquaspersa (Londero & Ramos 1989, Wagner
1990). The most frequent one in Colombia is F.
pedrosoi (Duque 1962, Rippon 1988).

Thesefungi livein vegetation, soil and water,
and infect man by direct inoculation through
trauma caused by contaminated material (Rocha
& Gutiérrez 1972, Borelli & Reyes 1976).

Chromoblastomycosisisanincapacitating dis-
easewhose clinica evolution can vary from months
toyears. Duration, size of lesion and anatomic site
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can lead to functional limitations, concomitant bac-
terial infections, as well as physical deformities
which alter the patient’ swell-being and, in some
cases, cause hislher social isolation (Wackym et
al. 1985, Rippon 1988, Milam & Fenske 1989).

Treatment for this mycotic infection has been
difficult due to the fungus’ resistance to existing
antimycotics and to the chronicity of the lesions
(Restrepo 1991). Several treatments have been
tried, but response has not been adequate or uni-
form (Mittag & Kreysel 1982). Surgical resection
is a good theraupeutic practice when lesions are
circumscribed and small. Cryotherapy, local heat
and carbon dioxidelaser lights, some physical prac-
tices utilized, have not been totally effective
(Conti-Diaz et a. 1964, Bopp 1974, Tagami et al.
1979, Tuffanelli & Milburn 1990).

Chemotheraphy isthe treatment of choice; sev-
eral agents have been tried individually or com-
bined. Amphotericin B (parenteral or intralesional)
has shown minimal utility and frequent and seri-
ous secondary effects (Tuffandlli & Milburn 1990).
If used with 5-flourocytocin, better results are ob-
tained, but notorious side effects persist (Borelli
1958, Bayles 1974, Vitto et al. 1979).

The prognosis of thedisease hasimproved since
imidazolic derivates and triazol es began to be used.
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Thiabendazole, ketoconazole (KTZ), sapercona-
zole (SPZ) and itraconazole (1TZ) have been tested
and the latter seems to be the most adequate
(Battistini & Sierra1969, Bayles & Durban 1971,
Drouhet et al. 1982, Silber et al. 1983, Espinel-
Ingroff et al. 1984, Restrepo et al. 1988, Grant &
Clissold 1989, Franco et al. 1992). Small lesions
have responded to treatments with ITZ adminis-
tered for periods of 18 to 24 months, in doses of
100 to 200 mg/day. Improvement in patients with
larger lesions subjected to prolonged treatment, has
also been considerable (Restrepo et al. 1988). SPZ,
has been tested in patients with systemic and sub-
cutaneous mycoses (Cutsem et al. 1989). Chromo-
blastomycosis patients, treated with SPZ at doses
of 100 to 200 mg/day, presented complete resolu-
tion of their lesions after 12 months of therapy,
with cultures becoming negative after 6 months of
treatment (Franco et al. 1992), unfortunately this
antimycotic isnot available.

Due to the causative agents resistence to the
different antimycotics, in vitro tests would be ad-
visable before beginning the patient’s therapy
(Stevens 1984, Espinel-Ingroff & Shadomy 1988,
Kobayashi & Spitzr 1989). This problem is spe-
cially complex because of theinherent variability
of al in vivo systems and the fact that host factors
(e.g. immune parameters, mechanical factors such
as penetration of the drug to the specific site and
undrained abscesses) can potentially have more
influence on clinical outcome than intrinsic drug
susceptibility. The outcomes of three general
groups of fungal infections might be correlated with
in vitro results: animal models of infection, clini-
cal studiesof cutaneous and mucosal infectionsand
clinical studiesof deep, invasivefungal infections.
Studieswith animals offer one solution to the prob-
lem of compensating for the effect of host factors.
Ideally, infecting strains of fungi that differ only
intheir in vitro susceptibility to an antifungal agent
are study in parallel (Ghannoum et al. 1996).

Several animal models have been developed
to evaluate the evolution of the chromoblastomy-
cosis and other therapeutic possibilities. Borelli
used lactant mice and tried different inoculation
sites and paths (Borelli 1972, Borelli & Reyes
1976). To evaluate the diseaseimmunological pro-
cess Balb/c mice strains nu/+, nu/nu and bg/bg have
been used (Ahrens et al. 1989).

These studies permit clear demostration of re-
| ationships between the MI1C and the minimal ef-
fective dose. A recent review of 17 of such studies
found that 12 of the studies found coherent rela-
tionships between in vitro results and treatment
efficacy for amphotericin B, flucytosineand ava-
riety of azoles (Ghannoum et al. 1996).

MATERIALSAND METHODS

In vitro study

Cultures- F. pedrosoi strain no. 23790 isolated
from a chromoblastomycosis patient was used
(Laboratorio de Micologia, Corporacion para
Investigaciones Bioldgicas, CIB, Medellin, Colom-
bia). The cultures were plated both in sabouraud
dextrose agar (SDA) (Becton Dickinson Microbi-
ology Systems, Cockeysville, MD, USA), and
mycosel agar (Becton Dickinson Microbiology
Systems, Cockeysville, MD, USA) at room tem-
perature for 14 days.

Inoculum - A suspension of the fungus in sa-
line solution at 0.85% was prepared, both conidia
and hyphae fragments were counted, and the in-
oculum was adjusted to the order of 10* colony
forming units/ml (CFU/ml) in aNeubauer camera
(Espinel-Ingroff & Shadomy 1988, Kobayashi &
Spitzr 1989, Smith & Pfaller 1991). Inoculum vi-
ability was tested using an Evans Blue (E 2129
Sigma Chemical Company, St Louis, MO, USA)
based vital stain with eosin yellow (E 4009 Sigma
Chemical Company, St Louis, MO, USA) and se-
rial dilutions were plated in SDA for 14 days at
room temperature. At the end of that period, the
CFU/ml grown was determined (Vermorel et al.
1988, Kobayashi & Spitzr 1989, Smith & Pfaller
1991).

Antimycotics evaluated - KTZ (R4 1400), ITZ
(R51211), SPZ (R66905) (Janssen Pharmaceuti-
cal). These antimycotics were dissolved in poly-
ethylene glycol 200 (P2263 Sigma Chemical Com-
pany, St Louis, MO, USA) with agitation and heat-
ing upto 75-80°C, according to the manufacturer’s
suggestion.

Minimal inhibitory concentration (MIC) - MICs
were determined for each drug and the smallest
non-fungal growth concentration was chosen
(Espinel-Ingroff et al. 1984, Espinel-Ingroff &
Shadomy 1988, Smith & Pfaller 1991).

Minimal fungicidal concentration (MFC) -
MFC was determined from the MIC which, when
platedin SDA andincubated at room temperature
for 14 days, would yield fungal growth. CFU/ml
was calculated and fungal viability demonstrated
by its growth capacity after being subjected to the
antimycotics tested (Espinel-Ingroff et al. 1984,
Espinel-Ingroff & Shadomy 1988, Smith & Pfaller
1991).

In vivo study

Animal model - The standardization of the ani-
mal model was done on 202 male BALB/c mice
distributed in groups according to the variablesto
beevaluated, i.e., age, weight, siteand inoculation
path (Brammer & Tarbil 1978, Kan & Bennet 1988,
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Ahrenset al. 1989). For practical and standardiza-
tion purposes (dose antimycotic administration)
male Balb/c mice weighing 23 + 2 g were placed
in boxes containing 9 mice each, and supplied with
food and acidified water ad libitum (Corporacion
para Investigaciones Bioldgicas, CIB, Bioterio).
Theinoculum was administered in brain heart in-
fusion (BHI) (Becton Dickinson Microbiology
Systems, Cockeysville, MD, USA) to contain 108
CFU/ml. The inoculum was administered intrap-
eritoneally to micein 5 different sites, (0.2 ml per
site), the same day it was prepared. Inoculations
indifferent sites (base of tail, auricular region, loins,
rump, plantar pad, abdominal region), and at dif-
ferent depth levels (intradermic, subcutaneous, in-
tramuscul ar, intraperitoneal) showed that the ap-
propriate site for inoculation was the abdominal
area, via intraperitoneum, since easily palpable
gray-black nodular lesionsinvolved the skin, were
detected regularly in daily follow-ups. This stan-
dardization was confirmed by autopsies, biopsies
and cultures which supported the diagnosis and
contributed to the determination of theinfection’s
natural evolution.

Sudy groups- Ninegroupsof 9 miceeach were
studied. Nine treatments were tested (3 doses of
each antimycotic) (Table 1). The control group
consisted of 40 mice, infected but not treated, which
received polyethilene glycol 200.

Antimycotics - The F. pedrosoi-infected mice
were treated with the same agents used for thein
vitro tests. The doses and the number of mice
treated are recorded in Table |. These doses were
chosen based on previous studies (Drouhet et al.
1982, Radetsky et al. 1986, Hughes et al. 1988,
Kan & Bennett 1988, The RW Johnson Pharma-
ceutical Research Institute Zurich 1989).

Treatment duration - The antimycotics were
given to the mice orally via cannula (Biomedical
Animal Feeding, Popper & Sons, Inc, NY, USA),

TABLE |
Study groups

Doses No. mice

mg/kg/day

Group

Ketoconazole 10

Itraconazole

Saperconazole
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during 21 consecutive days, necessary for the sta-
bilization of theantimycotic level in tissue (Drouhet
et al. 1982, The RW Johnson Pharmaceutical Re-
search Institute Zurich 1989, Grant & Clissold
1989).

Fungal load in tissues - On the 21st day, when
the treatment was coming to an end, an autopsy
was conducted on 27 mice (9 per treatment group)
and 30 mice from the control group. Sampleswere
taken from abdominal skin, peritoneum and from
organswhich showed macroscopical changes(nod-
ules, gray or black pigmentation).

Thirty and 60 days after the treatment was fin-
ished, 27 mice (9 from each group) and 5 mice
from the control group, were submitted to the same
procedure, on each occasion. Macerates on tissue
obtained in the autopsy were done, with macerator
(Tekmar Tissumixer Cincinnati, Ohio, USA) in
BHI. To determine fungi viability in the infected
tissue, each samplewasweighed in a pre-weigther
container. Fromthismacerate, seria dilutionswere
made and plated in SDA at room temperature; one
month later atissue CFU/g count was done.

Histopathological study - For histophatology,
samples were taken systematically from skin and
subcutaneoustissue. Samplesfrom striated muscle,
liver, spleen, gastrointestinal tract, pancreas, me-
senteric ganglions were taken when there were
macroscopically suspicious organs (gray-black
nodules). Thetissueswerefixed in neutral formal-
dehydeat 10% for at least 12 hr, and embedded in
paraffin. Serial sections (3m), methenamine-sil-
ver and hematoxilin-eosine stainswere performed.

Information processing - The information ob-
tained was collected in adata-base program (dBase
[11 plus) and transferred to a Statgraphics statistics
program. The datawere then analyzed by variance-
analysis and the intervals for the medians were
determined based on the Scheffe test with 95%
reliability. The data were classified according to
the type of drug versus a control group with no
treatment.

RESULTS

In vitro tests

Minimal inhibitory concentration- KTZMIC's
was 1ug/ml, ITZ MIC swas0.1ug/ml and 0.01ug/
ml of SPZ was sufficient to inhibit F. pedrosoi
strain 23790 CIB’ s growth.

Minimal fungicidal concentration - 1ug/ml of
KTZ was the MFC for F. pedrosoi strain 23790
CIB, thel TZ MFC' swas0.5ug/ml and SPZ MFC's
was 0.1ug/ml (Tablell).

In vivo tests
Sandar dization of theanimal model - After in-
oculation of 202 male BALB/c mice of various
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TABLE Il

Minimal inhibitory concentration (MIC) and minimal
fungicidal concentration (MFC) of Fonsecaea
pedrosoi strain 23790 CIB

Test agent MIC (ug /ml) MFC (ug/ml)
Ketoconazole 1.00 1.00
Itraconazole 0.10 0.50
Saperconazole 0.01 0.10

ages, it was determined that age was not an impor-
tant factor inthe evolution of theinfection (p>0.05).

We found that BALB/c male mice devel oped
clinical infection 4-5 days after being inoculated
intraperitonedlly, the average clinical infection last-
ing 25 days (Fig. 1). At this time the lesions
changed to scarsin 85% of themice. Thisclinical
change did not mean acurefor theinfection, inas-
much as 95% of the mice presented deep tissue
nodules confirmed by positive cultures and histo-
pathology.

Eleven mice died during the experiment; 5 of
them had a systemic infection that compromised
skin, peritoneum, liver, spleen, mesenteric gangli-
ons and abdominal muscle. The cause of deathin
6 animalsis unknown.

Histopathology and tissue cultures - The his-
topathology was interpreted according to its own
results, positive or negative, positive is the pres-
ence of hyphae, sclerotic bodiesand muriform cells

Fig. 1: black nodular lesion of chromoblastomycosis in the
inoculation site.

(Figs2,3); thetissue cultureresultswereinterpreted
according to their own results (positive or nega-
tive fungal growth) and were classified according
to the antimycotic so that histopathology and tis-
sue culture results could be compared to the con-
trol group.

Therapeutictrial - SPZ wastheonly drug show-
ing apositive effect in controlling the di sease, com-
pared to the control group p=0.01 (Tablell).

Fig. 2: Fonsecaea pedrosoi hyphae in skin biopsie. Meth-
enamine-silver stain. X100.

Fig. 3: Fonsecaea pedrosoi sclerotic bodies and muriform cells
in subcutaneous tissue biopsie. Hematoxilin-Eosin stain. X400.
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TABLE 1l

Percentage of results and statistical significance
(ANOVA) of results from histopathology (HP) and
tissue cultures (TC) according to the study group

Study group Results HP and TC p
Negatives Positives
Saperconazole 63% 37% 0.01
Itraconazole 44% 56% >0.05
Ketoconazole 37% 63% >0.05

When the same test was carried out with the
various treatment doses acting as classifying fac-
tors, SPZ at 1.25 mg/kg showed both lowest aver-
age of biopsies and positive cultures, and statisti-
cally significant differences (p=0.02) compared
with the other doses. On the other hand, KTZ pre-
sented the highest average of biopsiesand positive
cultures.

After these analyses, each result was discrimi-
nated among positives and negatives for the accu-
mulated values. According to this analysis, 17 of
the 27 SPZ-treated mice were classified as nega-
tivefor histopathology and cultures. According to
this, SPZ could prevent the appearance of symp-
toms in up to 63% of the cases; ITZ appeared to
have the same effect on 44% of the cases, 37% of
the mice treated with KTZ were negative for cul-
tures and histophatol ogy.

DISCUSSION

The experiments showed that SPZ presented a
greater in vivo and in vitro activity than ITZ and
KTZ. SPZ inhibited fungal growthinvitroat a0.01
pg/ml concentration and was fungicidal at a 0.1
ug/ml concentration; both concentrationswerethe
lowest among the antimycotics tested. Other re-
searchers have reported that F. pedrosoi’ sresponse
to SPZ invitro, showsa0.1 pg/ml MIC (Cutsem
et a. 1989). Thedifference between our resultsand
those mentioned may be due to the difference in
isolates or to the laboratory techniques used.

ITZ was the second in efficacy. In the in vitro
experimentsa0.1 pg/ml concentration was needed
to inhibit fungal growth while a0.5 pg/ml concen-
tration was needed to produce a fungicidal effect.
These concentrations were 10 and 5 times greater,
respectively, than those required for SPZ to produce
the same results. The MIC found was the same as
that found by other researchers (Cutsem et al. 1986).

KTZ was the antimycotic which required the
greatest concentration in thein vitro experiments,
1 pg/ml, to produce inhibitory and fungicidal ef-
fects. Thisconcentration is 100 times greater than
that required for SPZ and 10 times greater than
that required for ITZ to produceinhibitory effects;
10timesgreater than SPZ and 2 times greater than
ITZ, to produce fungicidal effects.

The MIC found in our experiments, coincide
with those found by other researchers (Cutsem et
al. 1986).

In the in vivo experiments, the SPZ, ITZ and
KTZ supplied to infected mice, resemble what
Franco and colleagues found (Franco et a. 1992).
They found that the action SPZ had on chromoblas-
tomycosis patients was greater than that observed
with either KTZ or ITZ. SPZ wasthe most effective
drug, yielding 63% negative cultures and histopa-
thology in mice, and a 100% cure-rate in humans.
This could be explained because the drug’ s behav-
ior and infection evolution are different in humans
and inthe animal model (Brammer & Tarbil 1978,
Ahrenset a. 1989, Esterreet al. 1991).

Theinvivo experimentswith I TZ yielded a44%
cure-rate. Inclinical studieswith chromoblastomy-
cosis patients, a cure rate of 80 to 90% was re-
ported, which is a greater effective cure-rate than
that found by usin the animal model (Restrepo et
al. 1988).

A cure-rate of 37% was obtained with KTZ;
thiscure-rate datais closer to that found in clinical
studies, which have rendered a 41 to 50% cure-
rate (Drouhet et a. 1982, Hugheset al. 1988). The
invitro findings and the murine animal model can
be compared to results obtained in other studies
andto clinical experimentson humans, keepingin
mind, though, that they deal with two different
models which have different natural evolutions.
The difference in antimycotic effectiveness be-
tween humans and the murine experimental model
can be explained by the model’ s own nature, me-
tabolism and immunity, among other differences.

Further studies of the F. pedrosoi infection on
BALB/c mice could render thisexperimental model
useful for other studies concerning phenomena,
such as: mechanismsand efficiency of antimycotics
and other chemotherapeutic agents, cellular and
humoral immunological mechanisms during the
disease evolution, host resistance and self-healing
phenomena.
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