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Abstract  
The aim of this study was to investigate the in vitro activity of thirty-eight heterocyclic organoboron compounds (1a–o, 2a–j, 
3a–m) against clinically isolated dermatophytes Trichophyton mentagrophytes and Microsporum canis. Minimum inhibi-
tory concentrations (MICs) of compounds (1a–o, 2a–j, 3a–m) were determined according to published protocol Clinical 
and Laboratory Standards Institute (CLSI) M38–A2 broth microdilution method. The minimum fungicidal concentrations 
(MFCs) for both T. mentagrophytes and M. canis were found by subculturing each fungal suspension on potato dextrose agar. 
According to the results, heterocyclic organoboron compounds (1a–o, 2a–j, 3a–m) were found to be more effective against 
dermatophyte M. canis (MIC = 3.12–25 µg/ml) than T. mentagrophytes (MIC = 12.5–100 µg/ml). Our findings showed that 
7–membered heterocyclic organoboron compounds (3a–m) (MIC = 12.5–50 µg/ml) have stronger in vitro antifungal activity 
against T. mentagrophytes than 5–membered heterocyclic organoboron compounds (1a–o, 2a–j) (MIC = 25–100 µg/ml). The 
MFC values for all compounds ranged from 6.25 to 200 µg/ml. The limited number of systemic antifungal agents used in 
the treatment of dermatophyte infections and the presence of side effects have led to the search for new treatment resources 
in recent years. Therefore, investigation of the effect of heterocyclic organoboron compounds against dermatophytes will be 
promising for the discovery of new antifungal compounds that have gained great importance today.

Keywords Antifungal activity · Dermatophyte · MFC · MIC · Microsporum canis · Organoboron compounds · 
Trichophyton mentagrophytes

Introduction 

Dermatophytoses are superficial fungal infections caused by 
dermatophytes that multiply in hot, humid, and unhygienic 
environments and affect structures such as skin, hair, and 
nails. The dermatophyte species commonly seen in cats and 
dogs is primarily Microsporium canis (M. canis), but also 
carrier of other species such as M. nanum, M. gypseum, 

Trichophyton mentagrophytes (T. mentagrophytes), and T. 
terrestre. Dermatophytoses cause fungal lesions on the skin 
and head area, infecting people in contact with contami-
nated environments and animals. Dermatophytoses are seen 
in both humans and animals globally [1, 2].

Zoophilic species benefit by infecting keratin-rich tissues 
in the human or animal host. Humans can become infected 
with zoophilic species through direct contact [3–6]. When 
dermatophytes infect humans, they colonize the keratinized 
outermost layer of the skin, and usually do not invade the 
living tissue [7–9].

Treatment of dermatomycosis is delayed by the patient 
owners due to their long duration and expensiveness, which 
leads to new searches for treatment. Few antifungal agents 
are available and licenced for use in veterinary practice, and 
the use of systemic drugs is limited in livestock due to the 
problems of residues in products intended for human con-
sumption [10]. Systemic antifungal drugs used in animals 
with dermatophytosis include griseofulvin, itraconazole, and 
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terbinafine [11]. In humans, dermatophytoses can be treated 
topically or systemically with azoles or allylamines. Since 
dermatophyte infections can be recurrent and chronic, they 
require long-term treatment with antifungal agents. More-
over, some widely used antifungal agents, such as terbin-
afine and azole-like compounds, have liver and cardiac side 
effects and drug–drug interactions that prevent the prolonged 
usages. Hence, fungal infections have an important cause of 
the decline in the quality of human living standards. New 
antifungal agents that selectively inhibit a single fungal spe-
cies are urgently needed and will help to overcome the above 
problems. However, emerging resistance to current drugs 
highlights the importance of molecular studies of antifungal 
resistance, which may be valuable in curing the disease [8, 
12–15].

The number of patients with clinically resistant derma-
tophytosis is increasing, indicating the increasing clinical 
importance of antifungal susceptibility testing (AFST) 
in situations where resistance is common [16]. The presence 
of natural or synthetic products among the new antifungal 
targets are seen as advances that facilitate the development 
of new strategies for antifungal therapy [17, 18]. In addition, 
with the development of technology in recent years, the lat-
est technological innovations for the prevention of diseases 
are used by using smart clothes in the field of health. In this 
way, by combining drug therapy with technological devices 
and clothing, usable product design for treatment approaches 
that are thought to be more effective becomes a necessity. It 
is seen that there are many reactive fungal wearable product 
studies developed for this purpose [19–22].

When the antifungal studies on dermatophytes in the 
literature are examined, the following publications stand 
out: topical application of boric acid and ozonated olive oil 
[6], antifungal potential of ozone [23], antidermatophytic 
oxaborole-6-benzene sulphonamide [24], antifungal activity 
of some plants [25–27], antioxidant and antidermatophytic 
activities of essential oil and extracts [28–40], antifungal 
effect of silver nanoparticles [41], antifungal activity of gel-
atin-stabilized selenium oxide nanoparticles [42], antifungal 
activity of lichen compounds [43], and hormonal effects on 
fungal growth [44]. For this reason, heterocyclic organobo-
ron compounds (1a–o, 2a–j, 3a–m), which we synthesized 
in our previous studies [45–47], have given very good activ-
ity results, as new drug discovery researches are increasing.

Materials and methods

Antifungal agents and fungal strains

The structure of thirty-eight heterocyclic organoboron 
compounds (1a–o, 2a–j, 3a–m) with synthesis and analy-
sis results are included in the literature [45–47] is shown 
in Scheme  1. 6-Substituted phenyl-3-(4-chlorophenyl)-
3a,4,8,8a-tetrahydro-[1,3,2]dioxaborepino[5,6-d]isoxazoles 
(1a-o), 3,5-disubstituted 4,5-dihydro-1,2,4,5-oxadiazab-
oroles (2a–j), and 3,4,5-trisubstituted 4,5-dihydro-1,2,4,5-
oxadiazaboroles (3a–m) were synthesized by reacting dif-
ferent starting materials and phenylboronic acid derivatives.

Scheme 1  Structures of tested 
compounds 6-substituted 
phenyl-3-(4-chlorophenyl)-
3a,4,8,8a-tetrahydro-[1,3,2]
dioxaborepino[5,6-d]isoxa-
zoles (1a-o), 3,5-disubstituted 
4,5-dihydro-1,2,4,5-oxadiazab-
oroles (2a–j), and 3,4,5-trisub-
stituted 4,5-dihydro-1,2,4,5-
oxadiazaboroles (3a–m)



Brazilian Journal of Microbiology 

1 3

Compounds (1a–o, 2a–j, 3a–m) to be tested were dis-
solved in sterile 100% ethanol (Sigma) to obtain stock 
solution of 2000 µg/ml. The final desired concentration 
(1600 µg/ml) was prepared with RPMI 1640 medium for 
compounds (1a–o, 2a–j, 3a–m). The tested concentrations 
ranged from 1600 to 0.04 (1600, 800, 400, 200, 100, 50, 25, 
12.5, 6.25, 3.12, 1.56, 0.78, 0.39, 0.19, 0.09, and 0.04) μg/
ml. In the studied concentrations, ethanol did not effect the 
microorganisms.

The T. mentagrophytes (isolated from dog) and M. canis 
(isolated from cat) strains were clinical isolates obtained 
from skin and hair samples taken with the suspicion of 
cutaneous mycosis and kept in the Faculty of Veterinary 
Medicine, Department of Microbiology Culture Collection, 
Istanbul University–Cerrahpasa. Isolation and identification 
were done by conventional methods. At the time of testing, 
the isolates were subcultured twice to achieve exponential 
growth and to ensure purity.

C. albicans (ATCC 90,028) strain was used as a quality 
control.

Inoculum preparation and AFST

The broth microdilution (BMD) method was performed in 
accordance with the Clinical and Laboratory Standards Insti-
tute (CLSI) M38–A2 [48]. RPMI 1640 broth with L–glu-
tamine without sodium bicarbonate was used. The medium 
was buffered to pH 7.0 at 25 °C with 0.165 M morpho-
linepropanesulfonic acid (MOPS) (Sigma). Preparation of 
inoculum suspensions of dermatophytes were based mainly 
to the CLSI guidelines [48] and the procedure in the litera-
ture [49]. The microdilution assay was performed in multi-
well microdilution plates (sterile, disposable 96 U–shaped 
wells). Fluconazole (Sigma) was used as the control anti-
micotic (MIC = 2 µg/ml), which was also obtained from the 
manufacturer.

In our previous studies, we used C. albicans (ATCC 
90,028) for antifungal activity [45–47]. The broth microdi-
lution method was performed in accordance with the CLSI 
M27–A2 [50]. The MIC was defined as the lowest compound 

concentration that caused 100% inhibition of visible fungal 
growth. The MIC results for C. albicans (ATCC 90,028) 
obtained in our previous studies [45–47] are 50–100 µg/ml 
for (1a–o), 25–200 µg/ml for (2a–j), and 50–800 µg/ml for 
(3a–m).

Before antifungal susceptibility testing, T. mentagro-
phytes and M. canis were subcultured onto potato dex-
trose agar (PDA) plates were incubated at a temperature of 
25 ± 1 °C for a period of 7–14 days. All tested strains grew 
well during this period. The fungal colonies were covered 
with ca. 10 ml of distilled sterile water, and suspensions 
were prepared by gently probing the surface with the tip 
of a Pasteur pipette. The resulting mixtures of conidia and 
hyphal fragments were withdrawn and transferred to a sterile 
tube. They were incubated at room temperature for 30 min to 
precipitate heavy particles and the upper homogeneous sus-
pensions were collected and mixed with a vortex mixer for 
15 s (Fig. 1). The density of these suspensions was adjusted 
with a spectrophotometer at a wavelength of 530 nm to 
obtain inoculum quantification (65 to 75% T). These stock 
suspensions were diluted 1:50 in RPMI 1640 medium to 
obtain the final inoculum size, which range from 0.4 ×  104 
to 5 ×  104 CFU/ml (colony forming unit). For susceptibility 
tests, 100 µl of each organoboron compounds (1a–o, 2a–j, 
3a–m) solutions was added in microdilution plates contain-
ing 100 µl of RPMI 1640 medium buffered to pH 7.0 with 
0.165 M MOPS; then, microdilution plates were inoculated 
with 100 µl of the previously obtained inocula. Microdi-
lution plates were incubated at 25 ± 1 °C for a period of 
7–14 days and were examined daily for the presence of fun-
gal colonies. MICs corresponded to the lowest concentration 
that showed 100% growth inhibition which is determined 
with the naked eye (Table 1). All tests were performed in 
duplicate.

The minimum fungicidal concentrations (MFCs) of the 
compounds were obtained by a subculture of 100 μl from 
minimum inhibitory concentration (MIC-2) wells, without 
visible growth, placed in Petri dishes containing potato dex-
trose agar medium [15]. MFC values represent the lowest 
concentration of compound that produces a 99.9% end point 
reduction (Table 1).

Fig. 1  a Fungal colonies (left T. 
mentagrophytes, right M. canis) 
were poured with sterile dis-
tilled water and gently examined 
with the tip of a Pasteur pipette, 
b first and final preparation of 
fungal colonies in the sterile 
tube

(b)(a)
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Results and discussion

The T. mentagrophytes and M. canis isolates were isolated 
from skin and hair samples taken from cats and dogs with 
hair loss, skin crusting, and redness. Healthy animals also 

carry this factor without showing any symptoms. It also 
poses a risk to humans as it is zoonotic.

Our previous studies with heterocyclic organoboron 
compounds (1a–o, 2a–j, 3a–m) have shown their antifungal 

Table 1  In vitro antifungal 
activity data of compounds 
(1a–o, 2a–j, 3a–m)

P, positive control (just medium, RPMI 1640); fluconazole as the negative control agent (standard drug; 
MIC = 2 µg/ml)
Best MIC results are indicated with bold font

Compounds substituents: 
X, Y, and control

Fungi isolates/antifungal activity — MIC and MFC values in µg/ml 

T. mentagrophytes M. canis

MIC–0 MIC–2 MFC MIC–0 MIC–2 MFC

1a p-OCH3 50 50 100 12.5 25 50
1b p-CH3 50 50 100 12.5 25 50
1c m-(N(CH3)2 50 50 100 25 25 50
1d m-CH3 50 50 100 25 25 50
1e -H 50 50 100 12.5 25 50
1f m-OCH3 50 50 100 25 25 50
1 g p-Br 25 25 50 6.25 6.25 12.5
1 h p-Cl 25 25 50 6.25 6.25 12.5
1i m-Cl 12.5 25 50 6.25 6.25 12.5
1j m-Br 12.5 25 50 3.12 6.25 12.5
1 k p-COCH3 25 50 100 12.5 12.5 25
1 l m-CN 25 25 50 3.12 3.12 6.25
1 m p-CN 25 25 50 12.5 12.5 25
1n m-NO2 25 25 50 12.5 12.5 25
1o p-SO2CH3 25 50 100 12.5 25 50
2a p-OH 50 100 200 12.5 12.5 25
2b p-OCH3 50 100 200 12.5 12.5 25
2c p-CH3 25 25 50 25 25 50
2d m–N(CH3)2 25 50 100 25 25 50
2e m-CH3 50 100 200 25 25 50
2f -H 50 100 200 12.5 12.5 25
2 g m-OCH3 25 50 100 12.5 12.5 25
2 h p-Cl 25 25 50 6.25 6.25 12.5
2i m-Cl 25 25 50 6.25 6.25 12.5
2j m-Br 25 25 50 25 25 50
3a p-Cl, m-CH3 12.5 12.5 25 6.25 12.5 25
3b p-Cl, m-OCH3 25 25 50 12.5 12.5 25
3c p-Cl, p-Br 50 50 100 12.5 12.5 25
3d p-Cl, p-Cl 50 50 100 6.25 6.25 12.5
3e p-Cl, m-Cl 6.25 12.5 25 6.25 6.25 12.5
3f p-Cl, m-CF3 12.5 25 50 6.25 6.25 12.5
3 g -H, m-CH3 25 25 50 12.5 25 50
3 h p-F, m-CH3 25 25 50 25 25 50
3i p-Br, m-CH3 6.25 12.5 25 6.25 12.5 25
3j m-Cl, m-CH3 12.5 12.5 25 12.5 12.5 25
3 k m-Br, m-CH3 6.25 12.5 25 12.5 12.5 25
3 l m-NO2, m-CH3 25 50 100 25 25 50
3 m p-NO2, m-CH3 25 25 50 25 25 50
P  +  +  +  + 
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activity against C. albicans with MIC ranged from 25 to 
800 μg/ml [45–47].

The heterocyclic organoboron compounds (1a–o, 2a–j, 
3a–m) have been tested for their antifungal effects against 
two pathogenic fungi in this study. The antifungal activity 
results of all the compounds (1a–o, 2a–j, 3a–m) are given in 
Table 1. The results were compared with the standard drug, 
fluconazole. 

The microplates were incubated at 25 ± 1 °C and were 
read at 7 days and 14 days of incubation. The MICs were 
determined by visual inspection of the macroscopic growth 
inhibition of each well compared with that of the growth 
control (drug–free) well. Two MIC end points were deter-
mined for each isolate. The wells were given a numerical 
score as follows: (i) 0, 100% inhibition of growth (at 7 days) 
(designated MIC–0); and (ii) 2, 100% inhibition of growth 
(at 14 days) (designated MIC–2). For T. mentagrophytes: 
(i) MIC–0: 6.25–50 µg/ml and (ii) MIC–2: 12.5–100 µg/ml 
and for M. canis: (i) MIC–0: 3.12–25 µg/ml and (ii) MIC–2: 
3.12–25 µg/ml, respectively. The values given in Table 1 (in 
other words MIC–2) were accepted as the final MIC values 
of compounds (1a–o, 2a–j, 3a–m).

As can be seen from Table 1, all heterocyclic organo-
boron compounds (1a–o, 2a–j, 3a–m) showed antifungal 
effect, ranging from very good to moderate, with minimum 
inhibitory concentrations of 3.12–100 µg/ml. According to 
all microbial results, compound (1 l) has the best activity 
with MIC value of 3.12 µg/ml to M. canis. The second best 
activity belongs to compounds (1 g, 1 h, 1i, 1j, 2 h 2i, 3d, 3e, 
and 3f) with the MIC value of 6.25 µg/ml on the same der-
matophyte. When these MIC results are compared with the 
standard drug fluconazole (MIC = 2 µg/ml), it can be seen 
that a very good antifungal value with MIC = 3.12 µg/ml 
is obtained especially for compound (1 l) against M. canis. 

Compound (1 l) has the MIC value of 25 µg/ml to T. men-
tagrophytes. As can be seen from Table 1, the best effect is 
the 12.5 µg/ml with compounds (3a, 3e, 3i, 3j, and 3 k) to 
T. mentagrophytes. The other compounds have a moderate 
effect on the fungi, i.e., 25, 50, and 100 µg/ml. 7–Membered 
heterocyclic organoboron compounds (3a–m) are found to be 
more effective against T. mentagrophytes with MIC values 
of 12.5–50 µg/ml.

Table 1 shows the MFCs of heterocyclic organoboron 
compounds (1a–o, 2a–j, 3a–m) against T. mentagrophytes 
and M. canis. All the tested compounds showed MIC and 
MFC values, which support their antifungal activity against 
fungi. The MFC values varied from 6.25 to 200 µg/ml. The 
results obtained are important in combating fungal diseases, 
especially those caused by the fungus T.mentagrophytes, 
which are difficult to treat and are increasing in prevalence 
worldwide.

Studies on the chemistry of boron atom containing com-
pounds have gained even greater importance today, with the 

demonstration of its biological properties, such as inhibitors 
of dipeptidyl peptidase IV (DPP IV), anticoagulants, and 
inhibitors of thrombin, potent hypolipemic agents, boron 
neutron capture therapy (BNCT) agents, anticancer agents, 
antibacterial agents, antiviral agents, and antiparasitic agents 
[51, 52]. In this study, it was concluded that the organo-
boron compounds (1a–o, 2a–j, 3a–m) that we synthesized 
may have an important place in antifungal activity. When 
the studies on dermatophytes were examined, it was seen 
that there were no studies on heterocyclic boron compounds, 
but mostly on thiophene derivative, quinolines derivatives, 
essential oil, and chitosan nanoparticles [53–58].

Conclusion

This paper is the first presented study to investigate the 
in vitro antifungal effects of organoboron compounds against 
dermatophytes. The results showed that heterocyclic organo-
boron compounds have in vitro antifungal activity against 
T. mentagrophytes and M. canis. Therefore, further stud-
ies should be carried out to confirm the usefulness of these 
organoboron derivatives in vivo. Thus, it can be concluded 
that organoboron compounds could be used as a new anti-
dermatophytic agents to control superficial human fungal 
infections. Boron compounds, which we think will have an 
important effect in antifungal therapy, will be derivatized in 
future studies and new compound syntheses will be made.

Complementary investigations should be conducted to 
evaluate the efficacy of these compounds on more clinical 
isolates per fungal species. We believe that by performing 
toxicity tests, the antifungal effects of compounds can be 
indicated with more reliable results. This will reveal more 
precisely whether the compounds will be used in therapy in 
the future.
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