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Abstract

The antimicrobial properties of N-(2-hydroxyethyl)-1,2-benzisothiazol-3(2H)-thione (1a,b) and its carbamic esters 2a,b—6a,b
were tested in vitro against Gram positive and Gram negative bacteria, yeasts and dermatophytes. All compounds markedly
inhibit the growth of Gram positive bacteria exhibiting MIC values ranging from 1.25 to 10 pg/ml. A strong antifungal activity
is exerted against dermatophytes with MICs, in general, between 0.7 and 12 pg/ml. Structure—activity relationship studies show
that these compounds are, in most cases, more effective than the corresponding benzisothiazolone analogues 7—12. None of the
tested compounds shows genotoxic properties by Bacillus subtilis rec-assay and Salmonella-microsome test. © 1999 Elsevier
Science S.A. All rights reserved.

Keywords: 1,2-Benzisothiazole derivatives; Antimicrobial activity; Genotoxicity

1. Introduction

The antimicrobial activity of 1,2-benzisothiazoles has
been extensively studied and various 1,2-benzisothiazol-
3(2H)-ones are known to be effective against a wide
range of bacteria and fungi [1-3]. Furthermore, many
microbicidal compositions containing 1,2-benzisothia-
zolin-3-one have been reported in patent applications as
industrial preservatives [4—10].

In recent papers the antimicrobial properties of N-
hydroxyalkyl-1,2-benzisothiazol-3(2H)-ones [11] and re-
lated thiono analogues [12,13] have been reported. In
this context a series of N-(2-hydroxyethyl)-1,2-ben-
zisothiazol-3(2H)-one and -thione carbamic esters was
demonstrated to be active against Mycobacterium
avium, a microorganism responsible for frequent com-
plications in AIDS patients [13].

In the present study we enlarge the investigation on
the antimicrobial properties of N-(2-hydroxyethyl)-1,2-
benzisothiazol-3(2H)-thione (1a,b) and its carbamic es-
ters 2a,b—6a,b and of their oxo analogues 7 and 8-12
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(Fig. 1) against representative bacteria and fungi in
order to better evaluate the extent of their activity
spectrum.

Since carbamates have been found to act as elec-
trophilic agents by alkylating or acylating DNA con-
stituents [14-18], we looked also for the in vitro
genotoxic properties of these compounds by determin-
ing their DNA-damaging activity in the Bacillus subtilis
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Fig. 1. Structure of tested compounds.
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Table 1
Antimicrobial activity against Gram positive bacteria (MIC, pg/ml)

Microorganism Compounds
1a,b* 2ab 3a.b 4a.b 5a.b 6a.b Cefotaxime Gentamicin
B. subtilis 10 10 10 5 10 10 0.5 0.5
C. perfringens 5 2.5 2.5 1.25 2.5 5 b 0.25
S. albus 5 5 5 5 5 10 0.5 1.5
S. aureus 10 5 5 5 5 10 1.5 2.5

# Values previously reported [12].
> Not tested.

rec-assay and their mutagenicity in the Salmonella-mi-
crosome test (Ames test).

2. Results and discussion

The in vitro antimicrobial activity of N-(2-hydroxy-
ethyl)-1,2-benzisothiazol-3(2H)-thione 1a,b and its car-
bamic esters 2a,b—6a,b against Gram positive bacteria
is reported in Table 1. All compounds exhibit a good
growth inhibition at concentrations ranging from 1.25
to 10 pg/ml. Clostridium perfringens is the most sensi-
tive microorganism (MICs 1.25-5 pg/ml).

A poor activity against Gram negative bacteria is
observed: compounds 2a,b—6a,b exhibit MIC values
> 50 pg/ml (data not shown), whereas the parent com-
pound 1a,b is effective against Escherichia coli, Kleb-
siella  pneumoniae and Salmonella typhi at the
concentration of 50 pg/ml [12].

Table 2 reports the inhibitory activity of benzisothia-
zol-3(2H)-thione (1a,b) and its carbamic esters 2a,b—
6a,b against yeasts and moulds. The effects of the
corresponding benzisothiazolone analogues 7 and 8-12
towards the same microorganisms are also reported.
Generally compounds show moderate antifungal prop-
erties against yeasts, the best susceptibility being shown
by Cryptococcus neoformans, which is inhibited by
la,b—6ab at concentrations between 6 and 12 pg/ml.
Benzisothiazolthiones and many benzisothiazolones
possess good antifungal properties against dermato-
phytes Epidermophyton floccosum and Trichophyton
spp. (MICs 0.7—-12 pg/ml). However, the most interest-
ing activity is exhibited against Microsporum gypseum
with MIC values only 1.2-5 times higher than that of
the reference compound.

Although for the studied compounds it is not possi-
ble to state a correlation between antimicrobial activity
and chemical structure, the following can be stated:

1. the substitution in 2-position does not determine
significant differences in the activity of the studied
compounds;

2. concerning the antibacterial activity, the comparison
of the MICs of compounds 1a,b—6a,b with those

previously reported for the corresponding oxo ana-
logues [11] shows an increased potency of the thione
carbamic esters towards C. perfringens;

3. regarding the antifungal activity, benzisothiazolones
8-12 seem to be more active upon Candida spp.
than the corresponding benzisothiazolthiones 2a,b—
6a,b. The differences between the two classes are less
evident by observing their activity towards moulds;

4. in all cases the antimicrobial activity of the studied
compounds is lower than that of the reference
substances.

None of the benzisothiazolthiones shows DNA-dam-
aging activity in the B. subtilis rec-assay (Table 3) or
mutagenicity in the Salmonella-microsome test (Table
4), although the carbamoyl group is cited as ‘alerting
structure’ [22] and ‘biofore’ [23] for genotoxicity. This
confirms the hypothesis that similar chemical structures
may not exhibit similar biological activity.

Thus, it is interesting to underline that the lack of
genotoxicity detected in benzisothiazolthiones and in
the corresponding oxo analogues [11] may be of great
importance in the development of new benzisothiazol-
carbamates as potential antimicrobial agents.

3. Experimental

3.1. Chemistry

Compounds 1a,b—6a,b and 7-12 were synthesized as
previously reported and analytical data are in agree-
ment with those published [11,13].

3.2. Biological assays

3.2.1. Antimicrobial activity

The in vitro antimicrobial activity of compounds was
evaluated by the measure of the minimal inhibitory
concentration (MIC, pg/ml) required to prevent visible
growth of the tested microorganisms. The antibacterial
activity was assayed against Bacillus subtilis ISM 6513,
Clostridium perfringens ATCC 12916, Staphylococcus
albus ATCC 12228 and Staphylococcus aureus ATCC



Table 2

Antimicrobial activity against fungi (MIC, pg/ml)

Compounds

Microorganism

Miconazole

11 12

10

4a,b 5a,b 6a,b

2a.b 3a,b

1a,b

Yeasts

25

12
25

25 25

25

100
>100
>100

> 100
> 100
> 100
> 100

>100
>100
>100
>100

>100
>100
>100
>100

>100
>100
>100
>100

50

25

C. albicans®

0.3

50
50
12
12
25

50
100

25

50
100

C. guilliermondii
C. parapsilosis
C. tropicalis

0.7

25

50
12
12
25

12
50

12

25

25

50
100
100

0.3
12

25

25

12
100

12
50

12
25

C. neoformans
S. cerevisiae

Moulds

25

50

50

25

25

25

0.01
10

1.5
50

12
>100

0.7
25

L.5

25

1.5
12

E. floccosum

50
25

50 50
25

25

100

12
12

25

50

M. gypseum
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12

50
25

50
100

25

12

T. interdigitalis

12

25

12
12

12

12

T. mentagrophytes®

T. rubrum

12
12

12
25

25

1.5
0.7

1.5

0.1

25

0.7

12

T. soudanense

2 The strain used in this study is different to that employed in Ref. [12].

6538 (all Gram positive bacteria) and against Es-
cherichia coli ISM 6585, Klebsiella pneumoniae ATCC
4352, Pseudomonas aeruginosa ATCC 15442 and
Salmonella typhi ATCC 19430 (all Gram negative
bacteria). Cefotaxime and gentamicin were used as
reference substances. The test was carried out by the
Bioscreen Analyzer as previously reported [12].

The antifungal activity was evaluated against yeasts
and moulds of dermatological interest by the serial
twofold dilution technique [19]. The compounds were
dissolved in DMSO and further progressive double
dilutions with the test media furnished the required
concentrations in the range from 0.15 to 100 pg/ml.
Miconazole was employed as standard control. The
following yeasts were used: Candida albicans ATCC
10231, C. tropicalis ATCC 1369, Saccharomyces cere-
visiae ATCC 9763 and clinical isolates of Candida
guilliermondii, C. parapsilosis and Cryptococcus neo-
formans. Well-growing cultures were obtained in
Sabouraud liquid medium (pH 5.7, Oxoid) and then
diluted to ensure an inoculum size of 10° CFU/ml.
Tubes containing serial twofold dilutions of the com-
pounds in Sabouraud liquid medium were inoculated
with the test microorganisms and the MICs were
recorded by observing the fungal growth after 48 h of
incubation at 30°C. Dermatophytes freshly isolated
from pathological materials were tested as moulds:
Epidermophyton  floccosum, Microsporum  gypseum,
Trichophyton interdigitalis, T. mentagrophytes, T. ru-
brum and T. soudanense. Dermatophytes were culti-
vated on Sabouraud dextrose agar (Oxoid). The
inocula, prepared by suspending the mycelia in phos-
phate buffer (pH 7.4), were streaked on Sabouraud
dextrose agar plates containing different concentra-
tions of the test substances. MIC values were deter-
mined after 14 days of incubation at 25°C.

Table 3
DNA-damaging activity in the Bacillus subtilis rec-assay

Compound Inhibition halo diameter DNA-damaging
(mm) activity®
Rec™ Rec™ Rec™ [rect

la,b 28 28 1

2a,b 16 16 1

3a,b 14 14 1

4a,b 13 13 1

5a,b 16 16 1

6a,b 15 15 1

Controls

Ampicillin 35 35 1

Chloramphenicol 20 21 1.05

Methyl methane- 10 33 3.30

sulfonate

4 Values in bold indicate positive response.
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Table 4
Mutagenic activity on Salmonella typhimurium strains

Compound Amount tested® His* revertants/plate®
(ng/plate)

TA 1535 TA 1537 TA 98 TA 100

—S9 +S9 —-S9 +S9 —S9 +S9 —S9 +S9
1a,b 50 15 11 10 41 48 156 164
2a,b 200 16 15 11 10 43 47 142 166
3a,b 500 15 21 8 36 52 155 133
4a.b 500 16 14 7 7 36 50 151 150
5a,b 500 12 15 14 13 39 37 173 153
6a,b 500 15 17 6 10 30 39 178 175
Controls®©
Spontaneous 11 11 6 7 32 36 142 124
2AAF 50 12 13 10 8 33 > 3000 149 >3000
EtBr 10 13 15 9 8 34 >2000 160 141
MNNG 10 >5000 >5000 8 9 30 43 >5000 >5000

2 The highest subtoxic dose is reported.

® Mean values from three experiments without correction for background are given. Values in bold print indicate mutagenic activity.
¢ 2AAF, 2-acetylaminofluorene; EtBr, ethidium bromide; MNNG, N-methyl-N'-nitro-N-nitrosoguanidine.

3.2.2. Genotoxicity

3.2.2.1. Bacillus subtilis rec-assay. DNA-damaging ac-
tivity was evaluated by using two strains of Bacillus
subtilis: PB 1652 (rec*) and PB 1791 (rec™) [20]. Cul-
tures of the test bacteria were grown overnight at 37°C
in Mueller Hinton broth (Difco). Compounds were
dissolved in DMSO and 30 pl of each solution (1200
ng) were adsorbed onto sterile paper disks (8 mm
diameter) placed on the surface of Nutrient agar
(Difco) plates seeded separately with 100 pl of each
bacterial culture. After an incubation of 24 h at 37°C,
the resulting zones of growth inhibition around the
disks were measured in mm. Ampicillin (20 pg/disk)
and chloramphenicol (30 pg/disk) were used as nega-
tive standard drugs, methyl methanesulfonate (300 pg/
disk) as a positive one. DNA-damaging activity is
estimated by comparing the diameter of the inhibition
zone on the rec™ strain with that on the rec™ one.
Active substances produce a rec”/rec™ value higher
than 1.2. Each assay was repeated three times.

3.2.2.2. Salmonella-microsome test (Ames test). The mu-
tagenic potential was measured by the histidine rever-
sion assay [21] against Salmonella typhimurium TA
1535, TA 1537, TA 98 and TA 100 strains. Compounds
were tested by the plate incorporation procedure at
different concentrations from 5 pg/plate to the highest
subtoxic dose in the absence and presence of rat liver
microsomes (as S9 fraction). Each substance was incor-

porated in the molten top agar together with 10® cells
of the indicator strain and, in the experiment in which
activation and detoxification were determined, 500 pl of
S9 mix. The mixture was homogenized and poured into
minimal Vogel-Bonner agar plates. When solidified,
the plates were incubated at 37°C for 72 h. His*
revertant colonies were counted. An increase in sponta-
neous reversion of a factor of three for TA 1535 and
TA 1537, and a factor of two for TA 98 and TA 100
indicates mutagenic activity. 2-Acetylaminofluorene,
ethidium bromide and N-methyl-N’-nitro-N-nitro-
soguanidine were employed in the screening as positive
reference drugs.
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