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ABSTRACT

With increased microbial resistance to antibiotics from natural
sources, we are bound to look for synthetic chemicals with
antibacterial activity. Many such chemotherapeutic agents such as
norfloxacin, ciprofloxacin and others are widely used. Ten Schiff
base metal ion complexes derived from salicylidene
thiosemicarbazone and S-bromosalicylidene thiosemicarbazone
(SALTSC and 5-BrSALTSC) were synthesized, characterized and
screened for their in vitro antibacterial activity against common
pathogenic bacteria such as Staphylococcus aureus, Escherichia
coli and Klebsiella pneumoniae. The sensitivity of the compounds
tested both by disc diffusion and tube dilution techniques. Among
these compounds 5-BrCuSALTSC was found to be highly active
against S.aureus at a concentration of 100ug/disc and against
E.coli at a concentration of 150ug/disc. 5-BrNiSALTSC was found
to be highly active against E.coli at a concentration of 150ug/disc.
These compounds, if found to be non-toxic to human and animal
tissues, can be used for treating human infections. They may also

be used at higher concentrations in veterinary medicine.
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INTRODUCTION

Many synthetic Schiff bases have been reported possessing antibacterial (-7, antifungal
14131 activities. Also certain polymeric Schiff bases
have been found to possess antitumor activity. The Schiff bases have the highest degree of
hydrolysis at pH 5 and the solubility in water is also high at this pH. Antitumor activity of the
Schiff bases towards acidic tumours increases considerably with the slight increase in water
solubility ®!,

(5191 antimicrobial !''"*! and antiviral !

Schiff bases are important intermediates for the synthesis of some bioactive
compounds such as beta-lactams. The base catalysed condensation of acetyl chlorides with
N-arylaldimines occurs by initial acylation at the nitrogen atom and leads to B-lactams of
interest in penicillin chemistry "),

It has been suggested that the azomethine linkage might be responsible for the
biological activities displayed by Schiff bases '"®). The compounds having antimicrobial
activity may act either by killing the microbe or by inhibiting multiplication of the microbe
by blocking their active sites (91 Schiff bases derived from salicylaldehydes are well known
as polydentate ligands, coordinating as deprotonated or neutral forms **. Keeping in view
the promising use of potentially metal-based antibacterial therapy that has provoked wide
interest into this diversified area, we, therefore, wish to report here some metal-based
[Cu(Il), Ni(Il), Zn(II), Co(Il) and Cd(II)] complexes incorporated with salicylidene
thiosemicarbazone and 5-bromosalicylidene thiosemicarbazone and their in vitro antibacterial
activity. To compare the antibacterial activity we have synthesized polymer supported Schiff
base complexes derived from styrene acrylonitrile (SAN) copolymer and 5-
bromosalicylidene thiosemicarbazone.

MATERIALS AND METHODS
Preparation of Schiff base complexes 1! %%

A mixture of 0.735ml of salicylaldehyde (0.01M) and 0.0919g of thiosemicarbazide
(0.01M) dissolved in ethanol refluxed for two hours on a water bath till a clear solution was
obtained. It was allowed to cool and stirred using a magnetic stirrer. The Schiff base
separated out was filtered and recrystallised from hot ethanolic solution. The Melting Point of
synthesized Schiff base was 203°C. 5-bromosalicylaldene thiosemicarbazone was prepared
by combining brominated salicylaldehyde (0.01M) and thiosemicarbazide (0.01M).

Salicylaldene thiosemicarbazone/ 5-bromosalicylaldene thiosemicarbazone (0.01 M)
was mixed with corresponding metal ion (0.01M) in ethanol. The resulting solution was
refluxed for two hours. Sodium acetate was also added to control the pH. The refluxed
solution was cooled and the complex filtered. The filtered complex washed several times with
ethanol and dried over anhydrous calcium chloride in a desiccator. The polymeric supported
Schiff base complexes were synthesized by using styrene acrylonitrile (SAN) copolymer with

5-bromosalicylidene thiosemicarbazone according to the literature method 2%,
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Antibacterial studies

The synthesized Schiff base ligand, metal ion complex and polymer supported
complexes were screened in vitro for their antibacterial activity against one Gram-positive,
Staphylococcus aureus and two Gram-negative, Escherichia coli and Klebsiella pneumoniae
bacterial strains by Kirby-Bauer disc diffusion method *! at lower concentration of
10pg/disc, 20pg/disc and 30ug/disc. Among the ten complexes five of them which were
moderately or slightly active were tested again at a concentration of 50ug/disc, 100ug/disc
and 150pg/disc against S.aureus and E.coli. The minimum inhibitory concentration (MIC) of
these five complexes was also determined by tube dilution method.

Disc diffusion method: When an antibiotic-impregnated disc is placed on a solid growth
medium previously inoculated with the test bacterium, the disc picks up moisture and the
antibiotic diffuses radially outward through the agar, producing an antibiotic concentration
gradient. The antibiotic is present at high concentrations near the disc and affects even
minimally susceptible microorganisms while resistant organisms will grow up to the disc. As
the distance from the disc increases, the antibiotic concentration drops and only more
susceptible pathogens are inhibited. A clear zone or ring is present around an antibiotic disc
after incubation if the agent inhibits bacterial growth.

With a sterile inoculation loop four or five discrete colonies of the pathogen grown on
nutrient agar medium, was picked and suspended in a tube of Tryptone Soya broth, to have a
bacterial concentration equivalent to 0.5 McFarland standard. A sterile cotton swab was
dipped in the standardized bacterial test suspension and used to evenly inoculate the entire
surface of a plate of Mueller-Hinton agar. After the agar surface has dried for about 5
minutes, the appropriate antibiotic test discs were placed on it with sterilized forceps or a
needle. The plate was incubated aerobically in an incubator at 37°C. After 24 h of incubation,
the diameter of each zone of inhibition measured to the nearest mm.

Tube dilution method: In broth dilution test, a series of Tryptone Soya broth tubes
containing chemical concentrations in the range of 10 to 100ug/tube was prepared and
inoculated with standard volume of test bacterial suspension in sterile saline. The lowest
concentration of the antibiotic resulting in no growth after 16 to 20 h of incubation is the MIC
of that compound.

RESULTS

The antibacterial activity of ten Schiff base complexes was screened in vitro against
two Gram-negative (E.coli and K.pneumoniae) and one Gram-positive (S.aureus) bacterial
strains by using the solvents Dimethyl formamide (DMF) and Dimethyl sulphoxide (DMSO)
as controls. The complexes either exhibited slight or no inhibitory effect on the growth of
different tested strains. The effect of compounds which were taken in a concentration of
10pg/disc, 20pg/disc and 30pg/disc on the growth of tested bacteria is given in Table 1. From
the data it was found out that the polymeric supported samples were inactive against S.
aureus and E. coli and were slightly active against K. Pneumoniae.
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Table 1- Effect of Schiff bases on the growth of tested bacteria at lower concentrations.

Complexes Concentration- Concentration- Concentration-
10pg/disc 20pg/disc 30pg/disc
S.A KP |EC |SA KP |EC |SA KP |EC
SALTSC + + + + + + + + +
CuSALTSC ++ + + ++ + + + ++ ++
5BrCuSALTSC | + + + + + + ++ ++ +
NiSALTSC + + + + + + + ++ +
5-BINiSALTSC | + + + + + + - - -
ZnSALTSC + + + + + + + - +
5BrCuSALTSC- | - + - - + - + - +
SAN
SBrNiSALTSC-
SAN - + - - + - - ++ -
5BrCoSALTSC-
SAN ) n ) ) " ) ) + )
5-BrCdSALTSC | ) ) ) " ) ) n )
-SAN
Key to symbols:
Moderately active = ++ (inhibition zone 9-12mm)
Slightly active = + (inhibition zone 6-9mm)
Inactive = - (inhibition zone < 6 mm)

Abbreviations:
S.A= Staphylococcus aureus
K.P= Klebsiella pneumoniae

E.C= Escherichia coli
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Table 2- Effect of Schiff bases on the growth of tested bacteria at higher concentrations.

Concentration of | Concentration of | Concentration of
Complex complex-50ug/disc complex-100ug/disc complex-150ug/disc
S.aureus E.coli S.aureus E.coli S.aureus E.coli
SALTSC + i n - n -
CuSALTSC + ++ ++ ++ + ++
5BrCuSALTSC | ++ + +++ ++ +++ +++
NiSALTSC + - + - + +
SBrNiSALTSC | + + ++ ++ +++ -
Key to symbols:
Highly active = +++ (inhibition zone >12mm)
Moderately active = ++ (inhibition zone 9-12mm)
Slightly active =+ (inhibition zone 6-9mm)
Insignificant = - (inhibition zone < 6 mm)

Table 3- The minimum inhibitory concentration of Schiff base complexes on the growth
of tested bacteria.

Schiff base complex | MIC for S.aureus MIC for E.coli MIC for
K.pneumoniae

SALTSC >100pg >100pg 60ug

CuSALTSC >100pg >100pg 60pg

5-BrCuSALTSC >100pg >100pg 60ug

NiSALTSC >100pg >100pg 60pg

5-BrNiSALTSC >100pg >100pg >100ug

In the next stage we selected five complexes and tested their activity against S.aureus
and E.coli at a concentration of 50ug/disc, 100pug/disc and 150pg/disc. The test results are
given in Table 2. The compounds taken in 50pg/disc showed growth inhibition of S. aureus,
but only with 5-BrCUSALTSC the growth inhibition was significant. E.coli showed
significant growth inhibition with compounds SALTSC and CuSALTSC. The compounds
taken in 100ug/disc showed growth inhibition of S.aureus. But compounds CuSALTSC, 5-
BrCuSALTSC and 5-BrNiSALTSC showed significant growth inhibition. Both CuSALTSC
and 5-BrCuSALTSC exhibited growth inhibition of E.Coli. (=12mm).
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The compounds 5-BrCuSALTSC and 5-BrNiSALTSC (150ug/disc) showed better
inhibition of 13mm and 14mm respectively. CuSALTSC, 5-BrCuSALTSC and NiSALTSC
showed growth inhibition of E.coli.

The broth tube dilution method was used to determine the minimum inhibitory
concentration (MIC). The culture that showed no growth in the presence of the lowest
concentration of the complex represents the MIC of the complex against the test bacteria. The
MIC of the compounds is given in Table 3.

DISCUSSION

It is evident from the above data that the antibacterial activity significantly increased
on coordination. This enhancement in the activity may be rationalised on the basis of their
structures mainly possessing an additional azomethine bond. It has been suggested that the
ligands with nitrogen and oxygen donor systems inhibit enzyme activity. Coordination
reduces the polarity of the metal ion mainly because of the partial sharing of its positive
charge with the donor groups within the chelate ring system. This process, in turn, increases
the lipophilic nature of the central metal atom. This favours its permeation more efficiently
through the lipid layer of the microorganism thus making the chelate compounds bactericidal.

The scope for future research in this field is to subject the synthetic compounds to in
vitro cytotoxic studies on normal and cancer cell lines. If found toxic only for cancer cells,
the compounds can be subjected to in vivo animal studies to establish their chemotherapeutic
efficacy. With positive animal test results, the compounds can be used in Human clinical trial
studies and such an effort may pave way for new drug developments for antimicrobial and
chemotherapeutic use.
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