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ABSTRACT. The antimicrobial activity of a series of benzothiazolyl-10H-
phenothiazine derivatives against Gram positive Bacteria (Staphylococcus
aureus and Bacillus cereus), Gram negative Bacteria (Escherichia coli,
Salmonella enteritidis, Pseudomonas aeruginosa) and fungus Candida
albicans respectively, was screened using diffusion method and minimal
inhibitory concentrations (MIC) were assessed by broth serial dilution
procedure. Candida albicans, Bacillus cereus and Pseudomonas aeruginosa
were proved to be susceptible to the benzothiazolyl-10H-phenothiazine
derivatives (MIC 0.02-1.3 pg/mL)
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INTRODUCTION

Phenothiazine and benzothiazole are heterocyclic aromatic
structures largely employed as pharmacophoric units. A careful selection of
the substitution pattern of the phenothiazine unit enabled a large spectrum
of biological activities such as neuroleptic, antimicrobial, anthelmintic, etc.
[1,2], while benzothiazole derivatives were also screened as antimicrobial
[3], anticancer [4], antihelmintic [5], and antidiabetic [6] agents.
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Continuing our research in the biological activity evaluation of new
synthetic compounds containing phenothiazine and thiazole units assembled
in the same molecular structure [7-10], we report here the antimicrobial
screening of a series of new derivatives containing joint phenothiazine and
thiazole units [11].

RESULTS AND DISCUSSIONS

The series of benzothiazolyl-phenothiazine derivatives selected for
the evaluation of antimicrobial activity contain different substitution patterns
at the phenothiazine unit as shown in Figure 1. C-substituted regioisomer
series cover derivatives with benzothiazol-2-yl unit attached in positions 1-4
of the phenothiazine moiety and the heterocyclic nitrogen atom in an NH
(1), or N-methyl group (2-5). Symmetrical 3,7-disubstituted phenothiazine
derivatives contain two benzothiazolyl groups (6), while unsymmetrical
derivatives include a halogene (7), or a 2-cyano-vinyl group (8) apart the
benzothiazole substituent. 2-Phenyl-benzothiazole (9) was also included in
the tested series for a relative examination of the properties induced by the
benzothiazole unit.
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Figure 1. Structure of synthetic derivatives subjected to the antimicrobial activity
screening

The in vitro antimicrobial susceptibility of Gram positive bacteria:
Staphylococcus aureus and Bacillus cereus, Gram negative bacteria:
Escherichia coli, Salmonella enteritidis, Pseudomonas aeruginosa and
Candida albicans fungus respectively, was screened using diffusion method;
minimuml inhibitory concentration (MIC) of compounds 1-9 were determined
using broth serial dilution procedure.

The examination of the inhibition zones resulted by diffusion
procedure pointed out an intermediate response of S. aureus, B. cereus, P.
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aeruginosa (Table 1) to the tested compounds 1-9, while the rest of the tested
bacterial strains seemed resistant. Based on this method, 3-(benzothiazol-2-yl)-
10-methy-10H-phenothiazine 4 was observed to be the most efficient of the
series, even more efficient than amoxicillin against B. cereus and with an
antifungal activity slightly better than miconazole against C. albicans.

Table 1. Inhibition zone diameter (mm) obtained by diffusion procedure using
compounds 1-9 in solution 63 mM in DMSQO?.

Compound S. aureus B. cereus  P. aeruginosa  C. albicans
(25 pl/disc)
1 6 6 0 0
6 0 0 0
3 6 6 0 6
4 12 18 10 25
5 6 6 0 6
6 6 7 6 6
7 6 7 7 8
8 9 8 6 0
9 7 7 12 7
Amoxicillin® 40 9 0 -
Miconazole® 21

aDMSO produced no inhibition zone; *25ug/disc; 10 pg/disc.

The minimum inhibitory concentration (MIC) determined by broth
dilution using ten concentrations derived from serial twofold dilution indicate
antifungal and antibacterial activity for each compound in the series with MIC
between 0.02-1.3 pg/ml. As it may be seen from figure 2, in the mono-
benzothiazolyl-phenothiazine series characterized by enhanced antimicrobial
activity, 1-, 2- and 3-substituted phenothiazine derivatives (1, 2, 3 and 4) were
the most effectives against C. albicans (with MIC around 0.02-0.04 ug/ml),
while B. cereus was effectively inhibited by 1- and 3-benzothiazolyl-
phenothiazines (1, 2 and 4). When the benzothiazolyl substituent was situated
in position 4 of the phenothiazine unit (5) the observed activity against B.
cereus appeared largely diminished (MIC =1.3 pg/mL).

A lower susceptibility of Gram negative bacteria to benzothiazolyl-
phenothiazine derivatives 1-8 may be observed in figure 3. The best results
were achieved in the inhibition of P. aeruginosa. E. coli and S. enteritidis
were susceptible to the unsymmetrical 3,7-disubstituted benzothiazolyl-
phenothiazine derivatives containing bromine 7, or 2-cyano-vinyl group 8
(MIC 0.8 and 0.4 ug/ml respectively).

The antimicrobial activity of 2-phenyl-benzothiazole 9 was observed
to be less effective as compared to benzothiazolyl-phenothiazine derivatives
1-8 in each case.
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Fig. 2. Antimicrobial activity of benzothiazolyl-phenothiazine derivatives evaluated
using broth dilutions method (tested serial concentrations: 0.06, 0.12, 0.24, 0.49,
0.98, 1.96, 3.93, 7.85, 15.75 and 31.5 uM).
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Fig 3. Antibacterial activity of benzothiazolyl-phenothiazine derivatives evaluated
using broth dilutions method (tested serial concentrations: 0.06, 0.12, 0.24, 0.49,
0.98, 1.96, 3.93, 7.85, 15.75 and 31.5 uM).

CONCLUSIONS

Based on the described in vitro antimicrobial susceptibility test, the
synthetic benzothiazolyl-phenothiazine derivatives developed a better
antimicrobial activity as compared to 2-phenyl-benzothiazole.

Mono 1-, 2- and 3-benzothiazolyl-phenothiazine derivatives were
effective against C. albicans, B. cereus and P. aeruginosa. Connecting the
benzothiazolyl substituent in position 4 of the phenothiazine unit diminishes
this antimicrobial activity.
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Symmetrical 3,7-disubstituted phenothiazine derivatives containing two
benzothiazolyl groups were less efficient than mono 3-substituted derivative.

S. aureus, E. coli, and S. enteritidis were less susceptible to the
antibacterial benzothiazolyl-phenothiazine derivatives.

EXPERIMENTAL

Materials:

Gram positive bacterial strains: Staphylococcus aureus ATCC 6538P
and Bacillus cereus ATCC 14579.

Gram negative bacterial strains: Escherichia coli ATCC 10536,
Salmonella enteritidis ATCC 13076 and Pseudomonas aeruginosa ATCC
27853

Fungus: Candida albicans ATCC 14053

Mueller Hinton Agar (Merck, Germany)

Sabouraud dextrose agar (Merck, Germany)

Antimicrobial tests:

a) The Diffusion method was carried out according to standard
methods described by CLSI-M02-A10 [12] and Markey and co. [13]. A
bacteria culture which has been adjusted to 0.5 McFarland standard,
108UFC/ml in physiological solution was used to inoculate Muller Hinton
agar plates, followed by incubation at 37+2°C for 24 hours. For the
susceptibility tests, on each test plate were made wells (56 mm diameter) in
radial disposition and 25 ul from 63 mM solution of synthetic compounds in
DMSO were disposed. Seven compounds were tested on a plate. The
standard commercial antibiotic amoxicillin (25ug) was used for positive
control and DMSO solvent for negative control. After incubation at 37+2°C
for 24 hours the plates were examined for inhibition zone, which was
measured and recorded in mm.

The fungus was cultivated and tested on Sabouraud dextrose agar
with incubation at 37+2°C for 48h in aerobic conditions. The tests were
repeated three times to ensure reliability.

b) Broth dilution procedure was carried out according to the protocols
previously described [12,13] with minor modifications according to the
properties of tested compounds. MIC was determined using microdilution trays
with 96 wells. In each well were introduced 50ul Mueller Hinton broth and 50
gl of diluted antimicrobial agents. Serial two fold dilutions were prepared
starting with a stock solution 63 mM in DMSO and distilled water. 5 pl
suspension of bacteria in physiological solution standardized to 0.5
McFarland was added in each well and the plates were incubated at
37+2°C for 24 h under aerobic conditions. Each tray included a growth
control well and a sterility (uninoculated) well.
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For the fungus Sabouraud dextrose broth was used and incubation

was performed at 37+2°C for 48h in aerobic conditions.

The amount of growth in the wells containing the antimicrobial agent

was compared with the amount of growth in the growth-control well.
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