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In vitro and in vivo antidermatophyte activities of NND-502, a new imidazole antimycotic agent, were
compared with those of two existing antifungal agents, lanoconazole and terbinafine. NND-502 exhibited strong
in vitro antifungal activity against Trichophyton spp.; its MIC was 1 to 4 times lower than that of lanoconazole
or terbinafine. In an in vivo study with a guinea pig model of tinea pedis, 7-day topical treatment with a 0.5%
solution of NND-502 (dissolved in polyethylene glycol 400) was more effective than that with a 0.5% solution
of either lanoconazole or terbinafine for eradicating fungi from the infected feet. When the duration of
treatment was shortened to 3 days, a topical 1% solution of NND-502 achieved a complete mycological cure,
while topical 1% solutions of lanoconazole and terbinafine did not.

A large number of antifungal imidazoles, among them, lano-
conazole, an imidazole compound with a ketene dithioacetal
structure, have been clinically introduced for the topical treat-
ment of dermatomycoses (6, 9, 11-13, 20, 22, 24). Clinical trials
of lanoconazole completed in Japan with preparations of 1%
cream and 1% solution demonstrated that they are highly
effective in the treatment of various dermatomycoses, includ-
ing tinea pedis, tinea corporis, and cutaneous candidiasis (22).
Topical lanoconazole preparations were successfully launched
in 1994 and are commercially available in Japan.

NND-502, (—)-(E)-[4-(2,4-dichlorophenyl)-1,3-dithiolan-2-
ylidene]-1-imidazolylacetonitrile, whose structure is shown in
Fig. 1, is a novel analog of lanoconazole that is being developed
for the therapy of dermatomycoses. Since one of the major
differences between lanoconazole and NND-502 is that the
former is a racemic compound and the latter is an R-enantio-
mer (the S-enantiomers of both compounds are inactive as
antimycotic agents), NND-502 is expected to be the more po-
tent antifungal agent. In this study, we compare the in vitro and
in vivo antifungal activities of NND-502 against dermatophytes
with those of lanoconazole and terbinafine, which are members
of an allylamine class of antifungal agents (17).

NND-502, lanoconazole, and terbinafine were synthesized
according to methods described previously (10, 18, 21). Their
chemical structures were identified by their melting points and
nuclear magnetic resonance spectra, and the purity of all test
materials was more than 99.0% as measured by high-pressure
liquid chromatography. Twenty stock cultures of Trichophyton
mentagrophytes and Trichophyton rubrum were used for in vitro
study, and 7. mentagrophytes TIMM 2789 was used for in vivo
study. Male Hartley guinea pigs (Japan SLC Inc., Shizuoka,
Japan) weighing 350 to 500 g were used to study infection. The
animals were maintained in an air-conditioned room at 23 *
2°C (set temperature = standard deviation) and were allowed
access to feed and water ad libitum throughout the experiment.

The MICs for Trichophyton spp. were determined by a mac-
robroth dilution technique with Sabouraud dextrose broth.
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The conidial suspension of each strain was prepared in sterile
physiological saline containing 0.1% (wt/vol) Tween 80 from
cultures grown on Sabouraud dextrose agar slants at 27°C for
1 to 4 weeks. Following filtration through sterilized gauze to
remove hyphal fragments and agar blocks, the final suspension
was adjusted to 10° conidia/ml. To each tube containing 9.8 ml
of the broth, 0.1 ml of each drug being tested dissolved in
dimethyl sulfoxide and 0.1 ml of a conidial suspension were
added. All of the tubes were incubated with shaking (120
strokes/min) at 27°C for 7 days. The MIC was defined as the
lowest drug concentration which prevented visual fungal
growth.

Two experiments with a guinea pig model of tinea pedis
were conducted to evaluate the in vivo antifungal activity of
NND-502. The procedure that was used for infection in the
first experiment is essentially identical to the method of Fujita
and Matsuyama (7) and Fujita, Matsuyama, and Sato (8). The
conidial suspension of 7. mentagrophytes TIMM 2789 was pre-
pared in the same way as in the in vitro study to obtain a final
suspension of 10 conidia/ml. One side of a paper disc (1.5 mm
thick and 8 mm in diameter) was covered with a piece of
aluminum foil, while the other side held the inoculum suspen-
sion. The disc was wetted with 50 wl of the inoculum suspen-
sion and then fixed onto the sole of the guinea pig foot with
elastic adhesive tape. The disc was removed on the 7th day
postinfection. Each agent, dissolved in polyethylene glycol 400
(0.1 ml/locus), was topically applied to the whole soles of
guinea pigs once a day for 3 or 7 consecutive days starting on
the 10th day postinfection. Five days after the last treatment,
the skin from the soles of the guinea pigs’ feet was divided into
two parts, and the tissue from the half closer to the toe (toe
portion) and that from the corresponding heel portion for each
animal were cut into small blocks (about 2 by 2 mm). Ten
tissue blocks obtained from each portion of the foot were
implanted on a Sabouraud dextrose agar plate containing 500
pg of cycloheximide per ml, 50 wg of chloramphenicol per ml,
and 50 g of sisomicin per ml and cultured at 27°C for 14 days.
The tissue blocks yielding fungal growth were considered to be
culture positive, and feet (toe and heel portions combined)
with more than one culture-positive tissue block were consid-
ered to be fungus positive. Intensity of infection was assessed
with scores ranging from 0 to 10, based on the number of
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FIG. 1. Chemical structures of lanoconazole and NND-502.

culture-positive tissue blocks of the 10 tissue blocks studied
(14). The mean of the data for the toe portion and the corre-
sponding heel portion was considered to be a representative
value for each foot.

The procedure for infecting and treating the animals in the
second experiment was essentially identical to the method of
Uchida et al. (23). A sheer plaster (Band-Aid; Johnson &
Johnson Co., Ltd., Tokyo, Japan) was wetted with 100 .l of the
inoculum suspension and then fixed onto the sole of an ani-
mal’s foot with elastic adhesive tape. The plaster was removed
on the 7th day postinfection. Each agent, dissolved in polyeth-
ylene glycol 400 (0.1 ml/locus), was topically applied to the
whole soles of the guinea pigs once a day for 3 consecutive
days. The latter part of the procedure was the same as that for
the first experiment. Experimental schedules are shown in Fig.
2.

Statistical analyses for the rate of fungus-positive feet and
the average intensity of infection were assessed by Fisher’s
exact probability test and nonparametric Tukey’s multiple
comparison test in combination with Kruskal-Wallis’s rank
test, respectively. P values of <0.05 were considered to be
significant.

In vitro susceptibilities of 20 strains of Trichophyton spp. to

1st Experiment
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TABLE 1. In vitro antifungal activities of NND-502, lanoconazole,
and terbinafine against stock cultures of Trichophyton spp.

MIC (pg/ml)
Organism (no. of strains) Compound Geometric
Range mean
T. mentagrophytes (10) NND-502 0.0025-0.02 0.0093
Lanoconazole 0.01-0.04 0.025
Terbinafine 0.0025-0.02 0.0093
T. rubrum (10) NND-502 0.00063-0.0025 0.0015
Lanoconazole  0.0013-0.01 0.0054
Terbinafine 0.00063-0.005 0.0027

NND-502, lanoconazole, and terbinafine are summarized in
Table 1. The MIC of NND-502 for each strain was 2 to 4 times
lower than that of lanoconazole and almost equal to or slightly
lower than that of terbinafine. The MICs of NND-502, lano-
conazole, and terbinafine for T. mentagrophytes TIMM 2789,
the strain used for in vivo study, were 0.0025, 0.01, and 0.0025
ng/ml, respectively.

In the first experiment with the tinea pedis guinea pig model,
the efficacy of 3- or 7-day therapy with a 0.5% solution of
NND-502 was compared with those of 0.5% solutions of lano-
conazole and terbinafine (Table 2). In the 3-day treatment
regimen, T. mentagrophytes was recovered from the feet of all
the untreated control and solvent (polyethylene glycol 400)-
treated control animals. All these animals’ feet were culture
positive, with average intensity of infection scores higher than
5 (scores higher than 6 and 4 in the toe and heel portions,
respectively). These results indicate that the infection spread
over almost the whole soles of the infected animals. In the
animals treated once daily for 3 consecutive days with a 0.5%
solution of NND-502, 7 of 10 infected feet became culture
negative and the rate of fungus-positive feet and the average
infection intensity scores were significantly lower than those in
the untreated and solvent-treated control animals. When treat-
ment with the 0.5% solution of NND-502 was prolonged to 7
consecutive days, all 10 infected feet became culture negative.
Although the 0.5% solutions of lanoconazole and of terbin-
afine were both highly effective in this animal model of tinea
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FIG. 2. Experimental schedule for study of the therapeutic efficacy of topical treatment with polyethylene glycol 400 solution, NND-502, lanoconazole, and

terbinafine in a guinea pig model of tinea pedis.
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TABLE 2. Therapeutic efficacy of topically applied NND-502,
lanoconazole, and terbinafine in the guinea pig
model of tinea pedis (first experiment)?

No. of culture-

positive feet/ Average intensity of

Treatment

total no. of infection score
feet (%)
3-Day
Untreated control 10/10 (100) 5.8
PEG400* 10/10 (100) 5.6
0.5% NND-502 3/10 (30)>¢ 0.255¢
0.5% Lanoconazole 7/10 (70) 0.85¢
0.5% Terbinafine 5/10 (50)>< 0.7>¢
7-Day
Untreated control 10/10 (100) 6.1
PEG400 10/10 (100) 5.7
0.5% NND-502 0/10 (0)>< 0b<
0.5% Lanoconazole 2/10 (20)>¢ 0.1>¢
0.5% Terbinafine 1/10 (10)>< 0.15¢

“ Polyethylene glycol 400.

* Significantly different (P < 0.05) from values obtained for the comparable
untreated control group.

¢ Significantly different from values obtained for the comparable PEG400
group.

4 No significant differences were found in any of the parameters among the
comparable 0.5% NND-502, 0.5% lanoconazole, and 0.5% terbinafine groups.

pedis, complete mycological cure of all the infected feet was
not achieved with either, even after 7 days of treatment.

In the second experiment, the therapeutic efficacies of three
concentrations of NND-502 solution topically applied for 3
consecutive days were compared with each other and with
those of reference agents (Table 3). For animals treated once
daily with 0.25 and 0.5% solutions of NND-502, 3 of 10 and 8

TABLE 3. Therapeutic efficacy of topically applied NND-502,
lanoconazole, and terbinafine in the guinea pig
model of tinea pedis (second experiment)”

No. of culture-

positive feet/ Average intensity of

Treatment total no. of infection score
feet (%)
Control
Untreated 10/10 (100) 8.2
PEG400* 10/10 (100) 8.15
NND-502 (%)
0.25 7/10 (70) 0.75¢
0.5 2/10 (202“ 0.15<
1 0/10 (0)>¢ 0b<
Lanoconazole (%)
0.25 9/10 (100 1.65
0.5 6/10 (60)>¢ 0.95%¢
1 3/10 (30)>¢ 0.25%¢
Terbinafine (%)
0.25 9/10 (90) 14
0.5 5/10 (50)>< 0.45>¢
1 3/10 (30)>< 0.25%¢

“ Polyethylene glycol 400.

® Significantly different (P < 0.05) from values obtained for the untreated
control group.

¢ Significantly different from values obtained for the PEG400 group.

4 No significant differences were found in any of the parameters among the
comparable NND-502, lanoconazole, and terbinafine groups.
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of 10 infected feet became culture negative, respectively, and
the rate of fungus-positive feet and the average intensity of
infection scores were significantly lower than those for un-
treated and solvent-treated control animals. When the animals
were treated with a 1% solution of NND-502, all infected feet
became culture negative. Under the same experimental condi-
tions, lanoconazole and terbinafine solutions also showed con-
centration-dependent therapeutic effects but did not achieve a
mycological cure of all infected feet.

Recently, a major advance in antifungal chemotherapy, the
successful short-term therapy for dermatophytoses, was achieved
by the use of topical terbinafine (3-5). The 1% cream of ter-
binafine, applied twice daily for 1 week, was reported to be
significantly superior to a 4-week course of 1% cream of clo-
trimazole for treating tinea pedis in humans (4). Treatment of
this fungal infection with the 1% cream of terbinafine once
daily for 1, 3, 5, or 7 days was also effective (5). Preclinical
studies with the imidazole antifungal agent lanoconazole dem-
onstrated that short-term treatment with this drug resulted in
excellent therapeutic efficacy in a guinea pig model of tinea
pedis, suggesting that the antifungal potential of lanoconazole
is almost equal to that of terbinafine (14). NND-502 is a newly
synthesized antifungal imidazole compound whose structure is
closely related to that of lanoconazole; thus, we decided to
compare its in vitro and in vivo antidermatophyte activities
with those of lanoconazole and terbinafine. The in vitro activity
of NND-502 against 7. rubrum and T. mentagrophytes was
shown to be almost equal to or higher than those of lanocon-
azole and terbinafine. To evaluate in vivo activity, experimental
infection with 7. mentagrophytes in guinea pigs’ feet was
adopted because this model mimics naturally occurring tinea
pedis in humans in terms of histopathology, symptomatology,
and chronicity and has been successfully used for evaluation of
the activities of several antifungal agents (1, 2, 14-16, 23). In
this tinea pedis model, topical NND-502 solutions exhibited
activity which seemed to be more potent than those of lano-
conazole and terbinafine, and a 3-day treatment with a 1%
solution of the agent achieved complete mycological cure. Al-
though both reference agents were also highly effective in the
model, neither their efficacies nor their in vitro anti-7richophy-
ton activities exceeded those of NND-502.

These results suggest that NND-502 is a promising candidate
for clinical development as a topical antifungal agent that may
be useful for the short-term treatment of dermatophytoses.
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