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ABSTRACT

Antibiotics, also known as antibacterial, that degs or slows down the growth of bacteria. Growragistance of
bacteria to established drugs is a major health cgn. Antibiotics can interact with a variety ofobiolecules,
which may result in inhibition of the biochemicall@ophysical processes associated with the biooubés. Metal
complexes of antibiotics in particular offer greatomise for such novel activity. Metalloantibiotics a broad
logical term, many metalloantibiotics derivativesada metal complexes of synthetic ligands and donors
demonstrating antibacterial, antiviral, and antirn@astic activities were included. In this reviewg ¥ocus on few
synthetic metalloantibiotics to provide a view loé tterm “metalloantibiotics.” Metal ions play ael role in the
actions of synthetic and natural metalloantibiotiasd are involved in specific interactions of themtibiotics with
proteins, membranes, nucleic acids, and other biecubes including DNA, RNA, proteins, receptorg] dpids.

Keywords: Metal complex; Metal; Antibiotics; Metalloantibias; Fluoroquinolones; DNA interaction;
Cytotoxicity.

INTRODUCTION

Metals have an esteemed place in medicinal chgmBame antibiotics do not need metal ions forrthalogical
activities. Some metal complexes are known to ekhmdmarkable antitumour, antifungal, antiviral asgdecial
biological activities and the efficacies of somerdpeutic agents are known to increase upon cowtidn. [1]
Research has shown significant progress in utitimabf transition metal complexes as drugs to teeaariety of
diseases and disorders like carcinomas, lymphoimfgstion control, anti-inflammatory, diabetes, amelrological
disorder. DNA can bind many different biomolecubssd synthetic compounds, synthetic metal complexes
organometallic compounds. [2] Various research groups studied the influence amhes metallic therapeutic
compounds on the pharmacokinetics of orally adrtengésl drugs in healthy human volunteers.

The advances in inorganic and medicinal chemistigvide better opportunities to use metal compleass
therapeutic agents. The mode of action of metalptexes on living organism is differing from non ralst These
complexes show a great diversity in action. Metdrdination to biologically active molecules can tged to
enhance their activity. The activity of biometas dttained through the formation of complexes vdiffierent

bioligands and the mode of biological action fompdexes depends upon the thermodynamic and kipegjeerties.
The term antibiotic refers to natural or synthetohisynthetic compounds that in, minute concewtnatiinhibit the
growth of or kill microorganisms completely. Metahs play a key role in the actions of metalloaiotibs and are
involved in specific interactions of these antilistwith proteins, membranes, nucleic acids, ahdrdbiomolecules
including DNA, RNA, proteins, receptors, and lipidsndering their unique and specific bioactivitigd There are
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a number of antibiotics called metalloantibiotibattrequire metal ions to function propefis is due to the fact
that metal ions can interact with many differemdd of biomolecules, including DNA, RNA, proteimeceptors,
and lipids, rendering their unique and specificalstivities. [3]The lipophilicity of the drug is increased throutye
formation of chelates and drug action is signifitamcreased due to effective permeability of thrag into the site
of action. Interaction of various metal ions withtibiotics may enhance their antimicrobial activity compared to
that of free ligands. [4] The structural and fuantl roles of metal ions in metalloantibiotics igtly developed in
recent years from extensive biological, biochemiaald physical studies, which are discussed heoepmovide an
overview of this important and unique group of biutics. [5]

Complexes base on the antibiotics
1.Aminoglyosides

2.B-lactum antibiotics
3.Cepalosporine

4. Tetracycline

5.Chloramphenicol

6.Macrolide

7.Fluoroquinolones
8.Miscellaneous

1.Aminoglycosides

The ability of aminoglycosides to bind metal iossprimarily governed by sugar ring substitutiontba 2-deoxy
streptamine ring (Ring B). Vicinal amine and hydybgroups can form a potential metal chelating fpats found
within the 2-deoxy streptamine ring (1-amine ankly@iroxyl). Gentamicins also possess metal chelat®idatoms
in ring C(R [4]. Metal ions have been found to bedlved in some unique activities of aminoglycosid&he
binding of iron to gentamicin has been postulatedntuce free radical formation which causes pelaton of
lipids. Intra- and extra-cellular low molecular @kt oxidant scavengers are fascinating moleculeék wihigh
therapeutic potential. As ROS/RNS plays a pivotak rin ototoxicity ,these scavengers have beeredest
otoprotective agents. The condition of oxidativeess generated after ototoxic drug administratiora@ustic
trauma is accompanied, to a varying degree, bysaaiyeostasis of metal ions, including the redok«adtansition
metals: iron and copper. Therefore, iron or copgeglation therapy could be a promising approaciprevent
ototoxicity. Indeed, administration of the iron tdters, protects hearing function and cochlear bells of guinea
pigs treated by aminoglycosides. [6,7]. Thé*f&complexes of gentamicin have recently been ingati.

These redox-active iron complexes were implieddminoglycoside toxicity. Several aminoglycosideilgiotics

have been observed to bind ‘€gentamicin {) and the semi-synthetic amikacin [8,9]. In addifi@ few simple
amino sugars have also been reported to bind, @ich serve as simple model for binding of amigogside
antibiotics to metals. The Cu-aminoglycoside complexes are observed to exhikiative activity, which can
catalyze oxidation of nucleotides in the preserfcel®,. Aminoglycoside phosphotransferase (3')-llla (ARtdp
broadest substrate range among the phosphor trass$ethat cause resistance to aminoglycosidei@iag The
presence of metalnucleotide increased the bindffigitg of aminoglycosides to APH. Aminoglycosidesin be
considered as “metalmimics” because they bind ttahlien binding sites of RNA molecules and inteefavith the
function of RNA by displacing functionally/strucally important metal (ll) ions. Scientists showekatt
aminoglycosides also interfere with metalion bimgdsites of protein enzymes, showing that them “@iaics”

property of aminoglycosides is not only restrictedhe interaction between aminoglycosides and RMNA

OH NH,

Gentamicin complex of copper(1)
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2.p-lactum antibiotics

Metal complxese of Clavulinic acid, Penicillin aAdnpicillin are reported. IR spectra of clavulandy penicillin
and ampicillin complexes showed strong modificadiosf the carbonyl group located on the lactamiq,rin
indicating that thisoxygen participates in the coordination to the mn&as along with the carboxylate group.
Penicillin behaves as bidentat®) ©r tridentates ligand2}. In bidentate mode, coordination occurs through t
carboxylate and lactamic oxygen atoms to the neetdlin case of tridentate mode, coordination octhumugh the
carboxylate, lactamic oxygen and amide carbonyligrto the metal [11-13].

Nickel complex of Benzylpenicillin Iron complexof Benzylpenicillin
(Tridentate mode) (2) (Bidentate mode) (3)

3.Cephalosporin

The cephalosporins antibiotics are semisynthetitbacterials derived from cephalosporin C. Cephados
antibiotics are very closely related to penicillit® H. Audaet al concluded that Cephalosporins contain electron
donor groups that can bind naturally occurring mietas in vivo. Cephalosporin antibiotics exhibitacchange in
their toxicological properties and biological perfmnce when they were tested as metal complexespidposed
reason for such a behavior is the capability oflateebinding of the cephalosporins to the metakpl@losporins
are acting as multidentate chelating agents, ve l#tttam carbonyl and carboxylate and N-azomoieflids
complexes are insoluble in water and common organleents but soluble in DMSO. Anacoea al reported
synthesis and antibacterial activity of cephalefdhMetal Complexes with Mn(ll), Co(ll), Ni(ll), Cul), Zn(ll),
Cd(l), Hg(ll). The anti-bacterial study of Cu(ltefalexin and Zn(ll)-cefalexin complexes sdemortsttahat the
complexation of cefalexin with these metals enhart® activity significantly compared to cefalexatone. The
complex [Cu(cefotaxime)Cl] was found to have highetivity than that of cefotaxime against the baatstrains
studied under the test conditions, showing thiahg a good activity as bactericide [14,15,].

CH,
0
N WesOoN
v b
" o \C' NH, O '
{_NH > OH OH

X=Cl
M=CO(I1),NI(Il),Fe(lIl)

Cefalexin metal complex (4) Tetracycline metalanplex (5)
[M= Cu(ll), Zn(ll), Ni(I1)]

4. Tetracyclines
Tetracyclines inhibit binding of aminoacyl-tRNA the mRNA-ribosome thereby inhibiting translatiorogess
which is an important step in protein synthesiseilThsage has been limited in recent years beazfuside effects.
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The acidicoxy-groups at positions 1, 3, 10, 11, d2af Tetracycline are the potential metal bindiclelating site.
Recent studies of the mechanism for bacterialteesig of this drug has afforded new insight inttoreal design of
analogues and searching for new analogues of ttwadbspectrum antibiotic family. Antibiotics drugd the
tetracycline family are chelators of Gand Md? ions. Tetracyclines coordinate metal (I1) ionslimting Cd? and
Mg*? ions under physiological conditions forming chelabmplexes with their ketoenolate moiety at riBgand C.
These metal(ll) complexes were the biologicallyevaint molecules conferring the antibiotic charaotethe drug
by inhibiting ribosomal protein biosynthesis in kaoyotes. The beneficial effects of tetracyclines attributed to
their metal complex. Tetracyclines complex with gepacts as antioxidants and anti-inflammatory &gésiectron
scavengers) by neutralizing the damaging oxygemraeicals produced by the activated leucocyted 16

Novel Co(ll),Ni(ll) and Fe(lll)complexess] of tetracycline have been synthesized and cheniaet! by vibrational,
electronic and HNMR spectroscopic Studies. Thenlibaas found to be bidentate, coordinating thraihghoxygen
of alcoholic group and that of the carboxyl grodptibacterial screening of the complexes has beaderagainst
Bacillus subtilis, Serratia species and Eschericuih All the novel complexes showed higher atjivihan the
original tetracycline hydrochloride [18].

Anthracycline

Anthracycline (AC) antibiotics are produced by Ptmemy cesspecies and exhibit wide spectrum of eafifastic
activity toward both solid and hematologic tumonsl @ancers. The redox activity of the AC ring playey role in
the action of these drugs. In addition, the megal bound to the 11, 12-bketophenolate site is #ieaght to be
involved in some actions of these antibiotics.A@s lanown to bind various metal ions including tidoa metals,
lanthanides, and uranyl ions. A number of artitlase reported that some metal ions, e.g?Becu”? Pd? and
Pt play an important role in altering the biochemipabperties of ACs. The binding of metal ions mays=a
significant influence on the redox property of A@sus affecting their activities. The interactiomdasubsequent
damage of DNA and other cell components with Fe/lLi-ecomplexes have been previously studied withhibip
of various physical and biochemical methods. Dokimin is powerful chelators of other metal ionslirding Cu*®
and Al'®, Copper-complexation had no affect on the cytatitxiof the doxorubicin drug suggesting therebyt tha
extracellular as well as intracellular mechanisnay tme involved in the development of its antituractivity [19].

5.Chloramphenicol

Chloramphenicol was isolated from Streptomyces zeekae in 1947. Chloramphenicol was found to beactfie
against typhus in 1948 and became the first anitibto undergo large-scale production. By 1950, tiedical
community was aware that the drug could causewseraad potentially fatal aplastic anemia, and itkjy fell into
disfavor. Chloramphenicol currently is used in theited States only to combat serious infections rerhather
antibiotics are either ineffective or contraindezht

CO(ll) and Ni(ll)complexes) with chloramphenicol have been synthesized dmatacterized on the basis of

element analysis and molar conductance formula GBH(GL,N,Os5)VO5.2H,0 and Ni(G;H;,CL,N,0O5)VO3.3H,0
[20].
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X X-VO,

Chloramphenicol complex (6)

Streptonigrin

Streptonigrin (SN) is a metal-binding quinone-camitey antibiotic produced by Streptomyces flocculAsredox
active metal ion such as Fe and Cu is requiredhigrantibiotic to exhibit full antibiotic and artimor activities.
The implication for the formation of metal complexaf the antitumor antibiotic streptonigrin, whicleaves DNA
in the presence of metal ions, has been reponedyd, metal ions such as Zn(ll), Cu(ll) and Mn(facilitated the
initial reduction of streptonigrin to the semiquimby capturing the semiquinone after streptonigetuction by
biological reductants. Structur@)(has been determined for metal-free drug by me#msystallography, whereas
the structure §) represents the conformation upon metal bindingletermined by means of NMR relaxation.
Formation of structureg] requires a twist of the £C,' bond in structure?) [21].

COO

The metal-SN complexes can be reduced to theirggengine forms by NADH, which then can induce clegvaf
DNA. Zinc ions bind SN to afford complexes with yiarg metal to ligand ratios at various temperatuiesvhich
1:1 metal-drug complex is the predominant one. ifiteraction of Zi*~SN with DNA and oligonucleotides has
been investigated witfH- and P-NMR spectroscopy. This study concludedrédupirement of metal ions for SN
binding to DNA SN can bind to several different graagnetic metal ions, including and Fé&? with large
formation constants to form 1:1 metal-SN comples@® study of FE-SN complex is particularly important since
it is considered an active form exhibiting enhanaetivity towards DNA destruction, both in vitrocm vivo [22].

Bleomycin

Bleomycin (BLM) is a glycosylated linear nonribosalnpeptide antibiotic produced by the bacteriune@omyces
verticillus. Bleomycin was first isolated as a‘&oontaining glycooligopeptide antibiotic from thelttre medium
of Streptomyces verticullus, and was later fountheadhe most widely used anticancer drugs. BLM @imista few
uncommon amino acids, such g@minoalaninep-hydroxyhistidine, and methylvalerate, two sugagsig¢se and
mannose), a few potential metal-binding functiaredi such as imidazole, pyrimidine, amido, and angroups,
and a peptidyl bithiazole chain considered to lmeDRMNA recognition site. DNA cleavage by bleomycapdnds on
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oxygen and metal ions, at least in vitro. It isdetd that bleomycin chelates metal ions (primariby) producing a
pseudoenzyme that reacts with oxygen to producerexjule and hydroxide free radicals that cleave DNAe

bleomycin-iron complex was the well-studied exampfesite-specific, metal-mediated damage to DNAe

bleomycin- mediated cleavage of DNA occurred viarfation of a ternary complex, DNA-bleomycin-irorurkher,

oxidation of the complexed Fe(ll) resulted in sespecific oxidation of DNA, most probably by thgdhoxyl

radical.Antitumor properties of bleomycin and its severatah complexes as well as nucleic acid recognitign
metal complexes of bleomycin has been reportedd2},

6.Sulphonamide

They are competitive inhibitiors of bacterial ena/mihydropteroate synthetase, and microbial nuckgicls
synthesis was also inhibited along with microbialic acid synthesis. Sulphonamide posses free bstiuted
amino group, binding site for metal complexes. St al [25] report the synthesis of Cu(ll), Zn(ll), Co(ll),
Ni(Il) and Pb(Il) complexes of 4-(2'-hydroxy pheimgino) phenyl sulphonamide9), The Complexes were
evaluated for their antibacterial activity usingotwram positive bacteriéS( aureus, E. faeca)iand two gram-
negative bacterial coli, P. aeruginosgby disc diffusion method. The results show thatah complexes were
found to enhance the antimicrobial potental of ligand. Quinolinyl sulfonamides, such as N-(quineb-yl)
methanesulfonamide and N-(5-chloroquinolin-8-yl) thamesulfonamide [potent methionine aminopeptidase
(MetAP)] inhibitors showed different inhibitory paricies on Co(ll)-, Ni(ll)-, Fe(ll)-, Mn(ll)-, and i{ll)-forms of
E. coli MetAP, and their inhibition was dependentroetal concentration and form metal complex wibidue at

the enzyme active sif26].
HO

N
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4-(2'-hydroxy phenylimino) phenyl sulphonamide.
M= Cu(ll), Zn(Il), Co(ll), Ni(Il) and Pb(lI) (9)

7.Microlide

There are a couple of new relatives of erythromyaiithromycin, erythromycin and clarithromycingathwork the
same way, but kill more bugs and have slightly feside effects. The erythromycin-like antibiotiae also known
as macrolides. Macrolides belong to the polyketildss of natural products. Macrolide antibiotics ased to treat
respiratory tract infections, genital, gastrointest tract, soft tissue infections caused by susigkpstrains of
specific bacteria. Macrolides bind with ribosomesnf susceptible bacteria to prevent protein prdadactThis
action is mainly bacteriostatic, but can also betdrécidal in high concentrations. Macrolide antiis contain a
14-membered lactone ring to which are attachedoomeore deoxy sugars. In order to establish the oblvarious
essential and trace element complexation on théatérial activity of various macrolide antibiaticthe
synergistic or antagonistic behavior of erythromyaietal complexes have been studied and comparédtie
parent drug. Metal complexes of erythromycin wittagmesium, calcium, chromium, manganese, iron, tobal
nickel, copper, zinc and cadmium have been invady for their antibacterial activity and companeih
erythromycin by observing the changes in minimuimbitory concentration (MIC) and by measuring tlome of
inhibition of complexes against both Gram-negatwel Gram-positive microorganisms. Various microaigias
used wereStaphylococcus aureus, Enterococcus faecalis, Estlie@ coli, Salmonella typhi, Proteus vulgaris,
Shigella dysentary, Klebsiella pneumoniae and Stimgloccus epidermidR7].

8.Fluoroquinolones

Numerous metal complexes of fluoroquinolones hasenbsynthesised and tested for their antibactacid@ity.In
addition some mixed ligand complexes have beenrteghdn the literature. There are different typétigands used
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for metal complexes formation, but Nitogen donotehecyclic ligands have great interest in formatafnmetal
complexes. 1,10- phenanthroline, 2,2'- bipyridimed &,2'-dipyridylamine are reported in literaturer fmetal
complex.

Metal complexes of fluoroquinolonegSingle and Mixed ligands approch)

The isolation of quinolone-metal complexes was ewil by the group of Xiao-Zeng You. They have pregpa
complexes with quinolones coordinated to magnesaattjium, copper and zinc. In some of these crystaktures
the bonding modes are significantly different fronose reported before.The other complexes of Sil@ebalt,
Cadmium, Boron, Vanadium, Iron, Nickel and Bismutith quinolones are reported. It has been found rinetal
complexes of quinolones enhanced biological agtivitrealation to the free quinolones.

=
O
HN\H F A
Cu(pr-norf)(phen)Cl (10) Cu(sf)(phen)Cl (11)

George Psomast al reported the synthesis of copper (II) complé&g) (with the quinolone antibacterial drug N-
propyl-norfloxacin and nitrogen donor 1, 10-phehaoline had been prepared and characterized sgeopially.
The antimicrobial activity of the complex has betsted on three different microorganisms and thst be
inhibition(MIC = 0.25 ng mL7) has been exhibited against Escherichia coli. ifiteraction study of the complex
with calf-thymus DNA also performed with variousesproscopic techniques and revealed that compléx il
bound to calf-thymus DNA by the intercalative mo@amplex (10) showed an increased antiproliferatine
necrotic effect on both HL-60 and K562 human leuleecells in comparison to the free pr-norfloxa¢8].

George Psomast al reported the synthesis of copper (II) complex&$) (of the third-generation quinolone
antibacterial drug sparfloxacin in the presenceafitrogen donor heterocyclic ligand 1,10-phenaiihe have
been prepared and characterized spectroscopicdlhe antifungal and antibacterial properties of yn&u (I1)
complexes have been evaluated against severalgeaticofungi and bacteria. Copper (l) complexeswitugs are
much more active in the presence of a nitrogen-dbaterocyclic ligand [29].

G. Mendoza-Diaz alset al reported some mixed-ligand complexd®,(13 of Copper (ll) with drugs of the

Quinolone family and (N-N) donors. They used cirdraCnx) or oxolinic acid (oxo) drugs of the galone
family. The complexes were characterised by X-mggtallography30].
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X X
P P
| ] | i
N / M /
/CU\ OH, /CU\ OH,
0] 0] @] 0]
O O
N
0] )N 0] J
Cu(cnx)(phen)H20 (12) Cu(oxo)(phen)H0 (13)

Efthimiadou et al also carried out the synthesis of the mononucle@per complexed#) with the quinolone
antibacterial drug enrofloxacin in the presenca aftrogen donor heterocyclic ligand 1,10-phenadthe (=phen)
and had been prepared and characterized. Theiemtinal efficiency of the complexes has been tbste three
different microorganisms and the available evidesggports that the best inhibition is provided bjCvagainst
Escherichia coli and Pseudomonas aerugin@da.

o

N

C“—C' Ni

o T

Cu(erx)(phen)Cl (14) [Ni(fimgk(phen)] (15)complex

George Psomast al reported the synthesis of Nickel (II) complexd®){ith the first-generation quinolone
antibacterial agent flumequine in the presence itfogen donor heterocyclic ligands 1, 10-phenadiheo
characterized by physicochemical and spectrosdepfmique$32].

Patelet al reported the synthesis of Copper (II) complexts) of Enrofloxacin in presence of neutral bidentate
ligands. The complexes have been characterisetelmeatal analysis, IR and mass spectroscopy. Compleave
been screened for their in-vitro antibacterial \agti agaianst two Gram (+ve$taphylococcus aureus, Bacillus
subtilis, and three Gram (-v&erratiamarcescens, Escherichia caindPseudomonas aeruginosaganisms using
the double dilution technique [34].
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Cu(Enrofloxacin)(2, 9-dimethyl- Cu(Gatifloxacin)(2, 9-Dimethyl-4,7
1,10-Phenanthroline)Cl (16) -diphenyl-1, 10-phmanthrolin (17)

Patelet al synthesis the square pyramidal copper (I) com@d&&) with fourth generation fluoroquinolone and
neutral bidentate ligand. They focused the cootiinaof different neutral bidentate ligand to coppen in
combination with gatifloxacin. They used 1, 10-Phmsthroline derivatives as neutral bidentate ligaindsomplex
formation[34].

Alexandra Karaliotaet al reported the synthesis of mononuclear copper comfi®) with the quinolone
antibacterial drug N-propyl-protected norfloxaciN-pr-norfloxacin, in the presence of the nitrogeonar
heterocyclic ligand 2, 2'-bipyridine.The crystalrsiture has been determined and refined with X-ray
crystallography. X-band electron paramagnetic rasoa (=EPR) spectroscopy at the antimicrobial agtof the

complex has been tested on three different micevsgns and the best inhibition (MIC = 0.25 Ig mL hBs been
exhibited against Escherichia coli [35].

WA
7N N
205 Q42

\ /
/Cu—CI /

/

Cu(N-propyl-norfloxacin) Cu (sparfloxacin)
(2, 2'-bipyridine)ClI (18) (2, 2'-bipyridine)ClI (19)

George Psomaat al reported the synthesis of neutral mononuclear agiipeomplex(9) of the third-generation

quinolone antibacterial drug sparfloxacin in thegence of a nitrogen donor heterocyclic ligand-Bigyridine
characterized by physicochemically and spectrosedlygi The antimicrobial activity of the complexbas been
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tested on three different microorganisms. The cemphost active ones against Escherichia coli, Reeodas
aeruginosa anstaphylococcus aurepgrhen compared to the other corresponding copp@retpne complex [36].
Patelet alstudied the Superoxide dismutase SOD mimic actiiftyA binding and in-vitro antibacterial studies of
drug based copper(ll) compleq) with levofloxacin(levo) in presence of 2,2'bifglylamine(bpd) Compounds
were checked for their in-vitro antimicrobial adtyvagainst two Gram(+ve) and three Gram(-ve) badtspecies.

Patelet al studied the SOD mimic activity, DNA binding andvitro antibacterial studies of drug based coppgr(ll
complexesZ1) with pefloxacin(pef)in presence of 2,2"-bipyridgiine (bpd) Compounds were checked for their in-
vitro antimicrobial activity against two Gram(+vajd three Gram(—ve) bacterial species. Intringiclibig constant
(Kb) of complexes with CT DNA were determined usatgsorption titration. Viscosity measurement sugggkthat
complexes bind with CT DNA through partial nonclaakintercalative mode. Superoxide dismutase (SGH2)
activity of the complexes was also determifg4.

|\NHN'; \NHN\

Cu cl Cu Cl
/\ /\
O (@] O (@]
K\N N N N
SRS SRS
Cu (levo) (bpd)CI (20) Cu(pef)(bpd)Cl (21)

G. Mendoza-Diazt al reported the synthesis and characterization of Ain@d complexes with nalidixate anion
and (N-N) donors 1, 10-phenanthroline as N-N dombe complexes22) have been characterised by 13C NMR
studies [38].

Wallis et at studied the synthesis of Copper (brPlexes 23) of the Fluoroquinolone antimicrobial ciprofloxaci
and norfloxacin in presence of 2, 2'-bipyridine. eTttcomplex [Cu (cip)(phen)(C)(NJI2H.O (23) was
characterized by°C NMR and potentiometric study. The selective besaig of resonances in tHéC NMR
spectrum of ciprofloxacin by the addition of &@q) was determined. The protonation constantodfaxacin and
ciprofloxacin were determined by potentiometricatitons at 25°€39].

B

AN
AN |N
|N 07 N
2

Zn(phen)(Nal)X (22) Cu(gio) (1, 10-phen)CI complex (23)
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Patel et al carried out synthesis, biological aspects and SOBienactivity of square pyramidal copper(ll)
complexes Z4) with the 3rd generation quinolone drug sparflimaend phenanthroline derivatives An
antimicrobial efficiency of the complexes was tdsten five different microorganisms and exhibitedvetse
biological activity against two Gram (+ve), Staphgdccus aureus and Bacillus subtilis, and threemGfave),
Serratia marcescens, Pseudomonas aeruginosa ahneriElsia coli, microorganisms by the broth dilutiorethod
[40].

Benigno Macia®t al synthesis Cu(ll) with ofloxacin and characterizédcording to elemental chemical analysis
and FT-IR spectroscopy data direct reaction of Tsélts @5) with ofloxacin leads to formation of precipitates
which mass spectrometry demonstrates their polymmeatiure [41].

~
(0] N
T30
N HO | .
|
= (e} O
| ¥ /
= N\C/u ol \Cu —OH,

/\

4N
F I ° Fw%

-
Sadeelet al reported the synthesis of Mn(ll), Co(ll) and FéYihlorfloxacin complexes26). The complexes were
characterised by by elemental analysis, infrartgbtenic, mass spectra and thermal analysis. d feand that the
norfloxacin act as bidentate ligands through onthefoxygen atoms of the carboxylic group and thg carbonyl
oxygen atonf42].

Cu(Sparfloxacin) (2, 9-dimethyl-1, M-(Obxacin),cu complex;(25)
10-Phenanthroline) Cl complex (24)
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M-(Norfloxacin) , complex; where M= Mn or Co (26) [Cu (Cf}(ClO,),] - 6H,0 (27)
Jimenez-Garrido et al. prepared three mixed coneglexf ciprofloxacin with Cu (Il), namely [Cu(GECIO,),]

6H,0,[Cu(CfL(NOs),] 6H,0(27) and [Cu(Cf)(C,0,),] 2H,O. The single crystal structure of [Cu(&10,),] -
6H,0Owas determined and characterized [43].

Chen et al. prepared the mixed-ligand copper (ihgex @8) [Cu(PPR),(Nf)ClO,]. The crystal structure of this
compound consisted of the [Cu(RRINf)] cation and Cl anion. The antibacterial adtes of the newly synthesis
compounds were evaluated and correlated with gigisicochemical properties [44].

H

N 53

o . OO
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Cu(PPhy)(Nf)] - ClO, (28) [Fe (Cf) (Nta)] - 3.5HO (29)
Wallis et al prepared from aqueous solutions the iron (lll) camg29) with ciprofloxacin and nitriloacetaté{a)

as an additional ligand, [Fe(Cf)(Nta)] -3.8MH The complexes have been characterized by elamanglysis,
reflectance spectra, IR and mass spectroscopy [45].
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Structure of Bi (Norfloxacin) »(H2O) ,complex (30)

Shaikhet al studied the Synthesis, physicochemical and antohiat evaluation of Bismuth-Norfloxacin complex
(30). The complex was prepared by reacting bismutlateitwith aqueous solution of norfloxacin. The stuwe of
the bismuth-norfloxacin complex (BNC) was confirm®dspectral, chemical and elemental analysis.mistiobial
studies were carried out using agar diffusion methagainst Escherichia coli Klebsiella pneumonige
Staphylococcus aureuBacillus pumilisandStaphylococcus epidermidiShe results showed significant increage (
< 0.05, Tukeys test) in antibacterial activity oN8 as compared with norfloxacin and physical miatwf
norfloxacin and bismuth citrate. This increase étivity is being considered due to increased bidakdity of the
metal drug complex. [46]

[Zarconium(gatifloxacin) ,CI].H ,0 complex(31)

[Yattrium(gatifloxacin) ,Cl].H ,0 complex(32)

Sadeek Aet al were reported three metal complexes of the foudghegation quinolone antimicrobial agent
gatifloxacin (GFLX) with [Y(lID](31), Zr(IV)(32) and U(VI) and characterized with physicochemicad a
spectroscopic techniques. In these complexes,l@&tifin acts as a bidentate deprotonated liganchdbda the
metal through the ketone oxygen and a carboxylaymen. The complexes are six-coordinated with distb
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octahedral geometry. The antimicrobial activitytbé complexes has been tested against microorgantbmee
bacterial species, such &taphylococcus aureus (S. aureus), Escherichia ¢®li coli) and Pseudomonas
aeruginosa (P. aeruginosand two fungi species, penicilliun®(notatum and trichoderma (T. sp.), showing that
they exhibit higher activity than free ligand.[47]

Patelet al reported the antibacterial and DNA interactionds#s of zinc (lI) complexes with ciprofloxacin. Six
binuclear zZn (Il) complexes using ciprofloxacin amelutral bidentate ligands were synthesized andactexized
using absorption spectra, viscosity measurementsedl as gel electrophoresis studies. Absorptigecsal study
indicate that the Zn(ll) complexes intercalate ledw the base pairs of the DNA tightly with intrmdinding
constant in the range. Antibacterial study indisatet all the metal complexes were more activepared to metal
salts and Schiff bases. The antimicrobial actiafyall the ligands and metal complexes has beemmead by
minimum inhibitory concentration method All the cplaxes were found to be more potent than all stahdeugs
againstS. aureusand B. subtilis Gel electrophoresis data suggested that preseinebO, enhances the DNA
cleavage to a significant extent. [48]

\_ /N7
\C / Cl
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HN )
Cu(N-propyl norfloxacin)(2,2'-bipyridine)cl complex(33) Zn(norfloxacin)(1,10-phen) Complex (34)

Our research group had synthesized zinc metal @epl with fluoroquinolone antibacterial drugs like
Sparfloxacin, Ofloxacin, Levofloxacin, PefloxacMorfloxacin and Gatifloxacin in the presence ofitaogen donor
heterocyclic ligand 1,10-phenanthroline. The argholial activity of the complexes had been testadtwo
different microorganisms and the results shown waerde biological activity in comparison to the free
fluoroquinolone. The mixed fluoroquinolone and Nado ligands zinc complexes were found among thetmos
active ones again&. colicompared t&. aureusEspecially, the zinc-norfloxacin-N-donor compl&4d) was found
the most active one agairistcoli andS. aureusvhen compared to other corresponding zinc—quiretmmplexes.

CONCLUSION

In this review, overviews of the metal complexespfibiotics with have been discussed. Metal congdeoffer a
platform for the design of novel therapeutic compuasi Activity of the compound can be increased kg t
formation of complex with different metal ion. leems that opportunities exist to develop metalibatics for
better and improved activity of parent antibiotioslecule due to altered properties. The encougagisults of
preclinical and clinical studies with metal compdsnform the basis for further investigations tovgartie
development of metalloantibiotics for better thenafic profile. Although, metalloantibiotics havense side effects,
they are successfully being used in cancer theamplyseveral other therapies. Therefore there ised flor new
approaches that are required to circumvent themgldrcks and cover a way for potent drug treatment.
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