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ABSTRACT

Thiosemicarbazones are Schiff based ligands whale lgained importance over the decades as potediia]
candidates. When coordinated to metals, they haveged as good anticancer, antimicrobial, antioxitiaand
antiprotozoal agents. Numerous applications of ¢hkgands in the field of Analytical Chemistry haalso been
reported. The present review aims to summarize soit@e recent advances in the design/synthesisowél
substituted metal-ligand thiosemicarbazone comglexith special emphasis on the efficacy of traositmetal-
ligand complexes as potential anticancer agent&@é as to unravel their possible mode of actiorirowitro living
systems viz. cell lines as well as a few animaletsod ransition-metal based complexes hold seweahntages
over other metal complexes because of their batteeptability and low toxicity in biological systenMoreover,
the role of transition metals as micronutrientsvasll as co-factors of several metallo-enzymes\iimdj systems
further corroborates the rationale behind synthesisd evaluation of novel transition-metal based
thiosemicarbazones complexes for their anticanéfects. After a careful review of the literatureadable, it has
been found that the activity enhancement has believed by many possible modifications in the liharoiety and
some of the best modifications have been citedhenréview. Future use of substituted thiosemicashag as
effective anticancer agents would depend on suclctstal modifications as would afford them bettency
against a number of tumors/cancers, together vath toxicity and better solubility, when tested ivov

Keywords: Thiosemicarbazones, Schiff bases, Substituted rfligéald complexesin vitro, in vivo, Anticancer
activity

INTRODUCTION

Schiff based ligands (Fig. 1) are synthesized hydeasation reactions between primary amines arehwitds or
ketones (R"CR’=NR where R and R’ and R” represaliyl and/or aryl substituents). The ligands aregc#at
biological importance as they have shown a breade of biological activities, including antifungahtibacterial,
antimalarial, antiproliferative, anti-inflammatommntiviral, and antipyretic [1].
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Fig. 1 General structure of Schiff base

Fig. 2. General Structure of Thiosemicarbazones. R, R?, R%, R* R® = H, or any organic substituent

Thiosemicarbazones (Fig.2) represent a versatlesabf Schiff based ligands having sulphur andgén as donor
atoms. They are usually prepared by the condemsegiction between aldehydes or ketones with thiasserbazide
[2]. Medical applications of thiosemicarbazonesdretp appear in the fifties against tuberculosis laprosy [3-4].
In the sixties, their antiviral properties wereatigered and after a considerable amount of reseaethisazone and
Marboran® were commercialized to treat smallpox Méthisazone has direct therapeutic efficiencyiregavariola
virus, but it increased morbidity and mortality aado longer manufactured as a drug [6]. In tleigqul, one of the
first antitumor activity results for thiosemicarloaes was published [7]. The anticancer potentidirapine® (3-
aminopyridine-2-carboxaldehyde thiosemicarbazong;3F was discovered and presently, it has readiedtal
phase Il trials on several types of cancer [8-8.dntitumor activity is very broad as well butt very much
dependent on the typology of tumor cells.
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Fig:3. Triapine

It has been seen that the presence of a metah@aases the activity of overall complex and makegynificant
contribution in overcoming the side effects of trganic parent compounds [10]. Thiosemicarbazore p®lar
ligand and its interaction with a charged metal iesults in a structure in which hydrophobic pdrthe molecule
gets exposed to outside and this makes the entheafomplex inside a cell membrane feasible (frig.4
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Fig.4. Metal ion coordination to a thiosemicar bazone ligand induces structural changesin the complex

It has been observed that some cell lines are reensitive than others to a particular metal-ligaodnplex.
Although many effective metal complexes are knownchemotherapeutic agents in numerous human dgease
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there is still a need to improve on already usessamnd search for the new and more effective drégsart from
thiosemicarbazones, very potent anticancer agens heen found in the group of complexes of ser&zames
also. The results indicate strong antiproliferathaivities, even stronger than those of cis-plafihe complexes
have been found to inhibit tumor cell proliferatiby arresting S phase of the cell cycle [11]. Mé&al complexes
have been found to be interesting and attractivepounds in the search and development of novatamter drugs
because of their chemical reactivity. In additiamgtal ions can show diverse coordination geomethat enable
the synthesis of compounds with unique stereochigmés compared to pure organic ligands [12]. Thesent
review is an attempt to summarize some of the tedewelopments in the field of thiosemicarbazongaine
complexes and attempts to explore their potentialuse as anticancer agents. In the current reseymjficant
strategies by which the activity of thiosemicarb@® has been enhanced as well as the correspoefizngs on
biological systems/cell lines have been discusdadaddition, the possible mechanism(s) by whichséhe
thiosemicarbazones based complexes exert thetraactr effects have also been reviewed.

STRUCTURE ALTERATIONS/MODIFICATIONSATTEMPTED

1. Enhancement in Anticancer Activity dueto Positioning of Substituents

It has been observed that cytotoxic activity degendt only on the metal ion but also on the positid the
substituent group on aromatic ring. Recently coxgsaeof Fe (I11) and Ni (1) withS-methyl-thiosemicarbazones of
2-hydroxy-R-benzaldehyde have shown maximum cyiotpatential when methoxy (-OGHgroup was placed in
the side chain aromatic ring (Fig.5). The cytotoxativity has been tested against chronic myeleitgkémia (K562)
and human endothelial (ECV304) cell lines by MTEas 4-Methoxy substituted iron chelates have lsdemvn to
possess considerable cytotoxic activity against Xafhile 3-methoxy chelate with nickel has shown arded
activity against both ECV304 and K562 [13].

Fig.5. General Structureof iron, nickel chelates (a, where M/X=Fe/Cl) and nickel chelates (b, where M/X=Ni/-) chelates

2. Anticancer Activity of N(4)-Substituted Thiosemicarbazones Complexes

Considerable work has been done on modificatiogites such as aldehydes or ketonic carbon, thiomgpgand the
N* position along with the position of attachment ttee pyridine/isoquinoline moiety im-N heterocyclic
thiosemicarbazones [14-15]* Nubstituted thiosemicarbazones have shown greatiosyc activity enhancement as
reported in literature. fNsubstituted thiosemicarbazones and many of theimhtomplexes have been shown to
possess substantial vitro activity against various human cancer cell line8-{18]. However, these complexes are
usually insoluble in aqueous solutions, and hawevshless promisingn vivo activity and need improvement and
more exploration. Cu (Il) complexes prepared fid(d) substituted thiosemicarbazones [Cu (pclbhig)}2H,0

[1], [Cu (p-mbhtsc)2 ]Gl 2H,0 [2] and [Cu (p-nbhtsc)2]&RH,0 [3], where (pclbhtsc) = para-chloro benzaldehyde
thiosemicarbazone, (p-mbhhtsc)=para-methoxy besbhglit thiosemicarbazone, (p-nbhtsc)=para-nitro
benzaldehyde thiosemicarbazone have been test#iiefocytotoxic activity against breast cancet tees MCF-7.

All three Cu (Il) complexes showed modest in vitgdotoxic properties. 16 values were compared with cisplatin
and the results have revealed that complex 1 pessesighest activity. But detailed studies are irequto
understand the mechanistic action at the cellefeglland to better understand the role of the ni2€jl In another
example, cobalt (Ill) complexes containing pyridoXsd(4)-substituted thiosemicarbazone ligands witie t
composition [Co (HEZCI)(HLY%H,0)] (1-2) have been synthesized from the reactibfiCoCl,(PPh)2] and
pyridoxal-N-methyl-thiosemicarbazone  hydrochloridgHsL*- Cl)/pyridoxal ~ N-phenyl  -thiosemicarbazone
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hydrochloride (HL2 Cl). The ligand has been found to change fromrak(ithL- Cl) (L) to dianionic (HL-Cl) (&)
and monoanionic forms (HL-8) (L) and coordinated as tridentate dinegative formhveivbalt (I1l) ion and
formed a neutral complex. Substitution from Me d&r gtoups on terminal Mnitrogen of thiosemicarbazone has
been found to exhibit significant influence on thetential binding and cleavage ability with DNAgér radical
scavenging and cytotoxicity [20]. 2, 6-diacetylprie bis (N-p-chlorophenylthiosemicarbazone) ligangLHand
its palladium (1) and platinum (II) complexes [Fdand [PtL] have shown good cytotoxic effect. Inmgaex
formation, the ligand acts as dianionic tetradentiinor and forms square planar complex with th&lntlerough
the pyridine nitrogen atom, azomethine nitrogen #mohe sulfur atoms from one thiosemicarbazoneetyoi The
fourth coordination site is occupied by the hydnaznitrogen atom of the other thiosemicarbazonestyoirhe free
ligand and its metal complexes have been testedrftiproliferative activity in vitro against NCI-60, T-47D,
A2780 and A2780cisR human cancer cell lines. Tytetoxicity data suggests that they possess patetitumor
properties, especially  and [PtL] since they are capable of not only winwenting cisplatin resistance in
A2780cisR cells but also exhibit high antiproliféva activity in breast cancer T-47D cells [21]. Medenum, a
second transition series element has been utilteeébrm dioxomolybdenum (VI) complexes by reactioh
[MoO,(acac)] with thiosemicarbazones derived from 5-allyl-2dhgxy-3-methoxybenzaldehyde (1), 2-
hydroxynaphthaldehyde (2), 2, 3-dihydroxybenzaldiehy3), or 5-tert-butyl-2-hydroxybenzaldehyde (4Yhe
ligands have been found to coordinate to Mo aemtiske ONS donors. Binding of the ligand and comgsewith
calf thymus DNA (CT-DNA) has been investigated by,Uluorescence titrations, and viscosity measumme
techniques. Gel electrophoresis studies have redehht all the complexes cleave pBR322 plasmid DXAay
crystallography studies have shown that the distbdctahedral coordination of molybdenum is conegleby
methanol in complex 1, 3 and 4 and byOHNn complex 2. The cytotoxic properties of the pdemes against human
colorectal (HCT 116) cell line have shown strongj@nliferative activities in the order 4 > 3 > 12>respectively
with 1Csg values of 1.6, 4.0, 4.8, and GFl. The complexes have been found to be more athie the standard
reference drug, 5-fluorouracil (}¢7.3uM) [22].

3. Anticancer Activity of Macrocyclic Metal Thiosemicarbazones Complexes

Synthetic macrocyclic chelates of transition methts/e attracted much attention in coordination aogra
molecular chemistry [23]. Some of the chelates fmrby thiosemicarbazones have received consideattiglation
as anticancer drug compounds. Novel complexeshef type [MLX] where L = 2-hydroxy benzylidene
carbohydrazone; M = Co (ll), Ni (II) and Cu (Il); XCI', NO;", CH,COO ions have been synthesized by template
condensation of 2-hydroxy benzylidene carbohydrazand thiosemicarbazide in the presence of divaiestal
salts in methanolic solution. They have exhibiteddyanticancer activity [24]. Palladium(ll) bis-¢ie complexes
of the type [Pd (TSC1-5)2] (6-10), with 4-phenyldcetone)-thiosemicarbazone, HTSC1 (1), 4-phen(d-1-
chloro-benzaldehyde)-thiosemicarbazone, HTSC2 &phenyl-1-(3'-hydroxy-benzaldehyde)-thiosemicadvez,
HTSC3 (3), 4-phenyl-1-(2'-naphthaldehyde)-thioserbazone, HTSC4 (4), and 4-phenyl-1-(1'-nitro-2'-
naphthaldehyde)-thiosemicarbazone, HTSC5 (5), baea synthesized and characterized by elementgsaand
spectroscopic techniques (IR afid- and **C-NMR). The molecular structure of HTSC3, HTSC#dqPd
(TSC1)2] (6) were determined by single crystal x-caystallography. Complex 6 had a square plaeamngetry
with two deprotonated ligands coordinated to PJl tthfough the azomethine nitrogen and thione sudfioms
arranged in a cis-form. The in vitro cytotoxic igity measurements have indicated that the palladili)
complexes (g = 0.01-9.87uM) exhibit higher antiproliferative activity thame free ligands (165 = 23.48-70.86
and >250uM) against different types of human tumor cell ineAmong all the studied palladium (lI) complexes,
the [Pd(TSC3)2] (8) complex has been found to eéxhilghest antitumor activity on the DU145 prostaarcinoma
and K562 chronic myelogenous leukemia cells, wighyvow values of the inhibitory concentration (D.@&nd 0.02
uM, respectively) [25]. Neutral and cationic copp®s (thiosemicarbazone) complexes with Me, Ph, Hnds
substituents on the diketo-backbone of the ligaankeen synthesized and characterized by speapiosoethods
and in three cases by x-ray crystallographyyvitro cytotoxicity studies have revealed their cytotgxitential. Bis
Copper chelates Cu (GTSC) and Cu(GTSCHCI) derivenh fglyoxal bis(4-methyl-4-phenyl-3-thiosemicarbaed
(GTSCH2) have been found to be cytotoxic againgbua human cancer cell lines, with an efficiensimilar to
that of the anticancer drug adriamycin and up t60l®ld higher than that of the corresponding Zmptex.
Tritiated thymidine incorporation assay have regdahat Cu (GTSC) and Cu (GTSCHCI) inhibit DNA gyegis
substantially. Cell cycle analyses have shown @at{GTSC) and Cu (GTSCHCI) induce apoptosis in HT
cells. The Cu(GTSCHCI) complex causes distinct Ddlfavage and Topodlinhibition unlike that for Cu(GTSC).
In vivo administration of Cu (GTSC) has been found toificantly inhibit tumor growth in HCT116 xenografiis
nude mice [26].
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4. Anticancer Activity of Other Thiosemicarbazone Derivatives

In recent years many different derivatives of seimicarbazone have been prepared and tested. Signtrel
characterization of palladium complex of phenantBrequinone thiosemicarbazone and evaluation of its
antiproliferative properties in the breast canagitscand normal cells have been studied [27]. Ttheyssuggests
that the complex is a potent anti neoplastic agjesit acts selectively against tumor cells and fectfre against
drug resistant breast cancer cells. Thiosemicar®swoontaining benzimidazole moiety have been shovimhibit
growth in numerous human cancer cell lines. 2-{&ifforo-1H-benzimidazole-2-yl) ethylidine]-N-phehydrazine
carbothiomide have been selected for five dosagerings and have shown remarkable anticancelitgd@8]. In
the group of p-isopropyl benzaldehyde thiosemicashas, zinc (Il) complexes have been shown to éxdpecific
cytotoxic activity against Pam-ras cancer cell lippbably due to cell killing by apoptosis. Thizmgplex may be
considered as potential antitumor agent becatisduted apoptosis in the ras-transformed cell [28§. 2(E)-2-[1-
(4-pyridinyl)ethylidene]hydrazinecarbothioammidehychloride and two of its copper complexes haventfeend
to be cytotoxic against malignant RT2 glioblastoredls (expressing p53 protein) withsiGvalues in the 5.1-13.2
uM range, and against malignant T98 glioblastombs ¢ekpressing mutant p53 protein) withyd@alues in the 4.5-
31uM range. Coordination to copper increased the oyiotpotential considerably when compared to thdree
ligand [30].

4-(p-X-phenyl)thiosemicarbazone of naphthaldehydbdre X = Cl1(HL1) and X = Br (HL2)}, thiosemicarbazone
of quinoline-2-carbaldehyde (HL3) and 4-(p-fluoreplyl)thiosemicarbazone of salicylaldehydel(f) and their
complexes with copper(l) i.e. {[Cu(HL1)(PBBBr]*CH:CN (1) and [Cu(HL2)(PPH2CI]sDMSO (2)} and
copper(ll) i.e. {[(CyLz 2CI)2(u-Cl),]*2H,0 (3) and [Cu(L)(Py)] (4)} have been synthesized and characterized
elemental analysis, cyclic voltammetry, NMR, ESI-MR and UV-visible spectroscopy. Molecular stures of

all the Cu (I) and Cu (Il) complexes have been mheitged by x-ray crystallography. All the complexds4) have
been tested for their DNA-binding ability and clege activity. The complexes have been found tectffely
interact with CT-DNA possibly by groove binding medwith binding constants ranging from 104 to 1051M
Complex 3 has shown the highest chemical (60%)elsag photo-induced (80%) DNA cleavage activitpiagt
pUC19 DNA. Thein vitro antiproliferative activity of all the complexesshbeen assayed against the HelLa cell line.
Some of the complexes have proven to be as actiweeaclinically referred drugs, and the enhancgiVity of
complex 3 may be attributed due to its aqueousbdidiu and the presence of the quinonoidal groupttie
thiosemicarbazone ligand coordinated to the me2al.[ Novel phytochemicals quercetin thiosemicadiez
copper(ll)metal complex, quercetin 3-O-glucosidetsemicarbozone and its rutin derivative have mgnhesized
and characterized by FT-IR, HNMR, ESREMR, UV-Vis and Mass spectrometry techniques. $pectral and
other data indicate that all the Cu (II) metal ctemps possess tetrahedral and octahedral (rutingtate. The
transitional metal complexes of quercetin thiosembazone (QTSC) and quercetin-3-O-glucoside
thiosemicarbozone (QOTSC) ligands possess antaokicanti-tumor, anti-cancer, anti-viral, anti-nm&@g anti-
fungal, and anti-microbial activities. These aitids have been found to increase upon co-ordinatience making
them suitable ligands for the synthesis of potértidi-cancer agents. In an extended study by #&meesauthors,
Schiff bases of certain constituents viz. flavasfptiytochemicals and transition metal complexe# iatinum,
gold, palladium, ruthenium, cobalt, iron, nickelnz and chromium have been synthesized. The persirthe
derivatives/analogs and the transition metal corgseall have been found to be excellent candid&bes
development of novel anticancer drugs [32]. Thectiea of 4-R-benzaldehyde thiosemicarbazones (dghas
H,L-R, where H stands for the two dissociable protons and R (RGHs;, CHs, H, CI and NQ) for the substituent
on the Ph ring) with [Pt (PBRCI,] in the presence of NEjproduced a series of organometallics of Pt (Iijhwi
general formula [Pt (PRJ{L-R)]. Reaction of the same group of ligandshwi, [PtCl,] in the presence of NEt
afforded complexes [Pt (HL-R). The crystal structure of [Pt (PBh(L-CH3)] and [Pt (HL-CH),] has been
determined. In [Pt (PRh (L-R)] complexes, the benzaldehyde thiosemicashag are coordinated to Pt as
dianionic tridentate CNS donors. In [Pt (HL;R3omplexes, the benzaldehyde thiosemicarbazomescardinated

to the metal center as bidentate NS donors and fiesrmembered chelate rings, and with referendbecstructure

of the uncoordinated thiosemicarbazone ligand, tbi®rdination mode is associated with a change in
stereochemistry around the CN bond. All the [FRHP (L-R)] and [Pt (HL-R),] complexes have been found to
exhibit intense absorptions in the visible and Wgions. The cytotoxic effects of these complexegeHaeen
examined on the human leukemia cell line HL-60 hodhan lymphoma cell line U-937, thereby showing tih
the [Pt(PPE(L-R)] and [Pt(HL-R}] complexes are cytotoxic in nature and theigl@alues is indicative of their
potential use as antitumor agents [33]. Organotetahd inorganic ruthenium and copper complexearibg
thiosemicarbazone ligands have been tested aguamdr agents. These compounds have been foundceto b
cytotoxic against breast cancer (MCF-7 and MDA-MBEP and colon cancer (HT29 and HCT116) cell linéh w
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ICs5 values ranging from 2.7 to 40 mM. Their biophgséieactivity with DNA and human serum albumin (HSA
has been studied. These compounds have been sbomieract with DNAn vitro which might be the target for
their biological activity. The binding constants the organometallic complexes with DNA are of thder of 103
M™ but the inorganic ruthenium and copper compouraie thinding constants that are of higher magnitutlee
interactions of Cu (II), Zn (I) and Fe (Il) withripine (3-aminopyridine-2-carbaldehyde thiosenbeaone),
which is currently undergoing phase Il clinicabts as a chemotherapeutic antitumor agent have iheestigated
in a water/DMSO mixture. The proton-dissociatioonstants of the ligands, the stability constantd #re
coordination modes of the metal complexes formegehbeen determined by pH-potentiometric, UV/Vis
spectrophotometric, EPRHINMR spectroscopic and ESI-MS methods. Two terihird-dimethylated derivatives
of Triapine have also been studied. Mono- andlig&éd complexes in different protonation statesehheen
identified. Furthermore, the formation of the ditaar species with copper i.e. [{Ly]" has been confirmed for all
ligands by EPR spectroscopy and ESI-MS measuremdiits results have indicated that the N-terminally
dimethylated ligands act as much more potent dnelagents than Triapine for the divalent metalsionThe
ligands form the least stable complexes with ZJy (lhereas the Fe (II) complexes are somewhat statde than
the corresponding Cu (ll) species [34]. A new lida6-hydroxy chromone-3-carbaldehyde thiosemicarbazL),
and its Ni (II) complex have been synthesized dmatacterized. The crystal structure of Ni (II) qiex has been
determined by single crystal X-ray diffraction. tGpxic activity of Ni (II) complex and ligand L kabeen
investigatedn vitro using THP-1, Raji and Hela cancer cell lines. @ared with the ligand, Ni (II) complex has
been shown to exhibit significant cytotoxic actwvigainst these cancer cell lines. The interastiohNi (ll)
complex and ligand with CT-DNA have also been itigaded by spectrometric titrations, ethidium brdei
displacement experiments and viscosity measuremmathods. Results have indicated indicated that(INi
complex binds to DNA by intercalative mode via tigand. The intrinsic binding constants of Ni(@mplex and
ligand L with DNA have been found to be in the ramf (1.10 + 0.65) x 106 Mand (1.48 + 0.57) x 105 M
respectively [35]. Four [Cu(HL)G] complexes of chalcone-derived thiosemicarbazdwe® also been synthesized
and characterized. Complexes 1-3 have been fooridtéract with CT-DNA. The cytotoxic activities the
thiosemicarbazones and complexes (1-4) have bstrdtagainst wild type human promyelocytic leuke(hib60),
human immortalized line of T lymphocyte (Jurkatyntan breast carcinoma (MDA-MB 231) and human caclate
carcinoma (HCT-116) tumor cell lineages. Upon odifmation to Cu(ll) cytotoxicity significantly ineased in
Jurkat, MDA-MB 231 and HCT-116 cells. Unlike thed thiosemicarbazones, 1-4 induced DNA fragmeoridti
solid tumor cells indicating their pro-apoptotict@uatial [36].

MECHANISMS OF ACTION RESPONSIBLE FOR THE ANTICANCER/CYTOTOXIC ACTIVITY OF
THIOSEMICARBAZONE COMPLEXES

Thiosemicarbazone complexes may exhibit their amtitr/antiproliferative effect by any of the follovg main
mechanisms:

1. Ribonucleoside Diphosphate Reductase(RR) I nhibition

Thiosemicarbazones in their neutral or deprotonfided, act as a N,N,S-thiodentate ligands whilerfimg chelates
with essential metal ions. They display antiprohtese activity on different tumor cell lines. Arghg co-relation
has been established between tumor growth ratetl@denzyme Ribonucleotide Reductase (RR), a negessa
enzyme for DNA synthesis [37]. Thiosemicarbazonmpounds have been found to inhibit RR [38]. It fisil@n-
dependent enzyme that promotes the reduction ofeilio deoxyribose through a free radical mechanidme
activity is initiated by a tyrosyl radical. Inhilmnh of this enzyme leads to blockage in the synshphase of cell
cycle and eventually to cell death by apoptosis.rafige carboxaldehyde thiosemicarbazone and 1-
formylisoquinoline thiosemicarbazone which ar€N)-heterocyclic thiosemicarbazones have showi laigtivity
owing to their tridentate nature making them bettezlators [39]. Certain formyl-pyridyl thiosemibazones have
been found to act as powerful inhibitors of RR [4Q]. One of the earliest thiosemicarbazone RRbitdnis tested
was 5-HP (5-hydroxy-2-formylpyridine) which despjesitive results in animals showed relatively Ipatency
and rapid excretion in man. The mechanism of adtias revealed that by exposing RR to these molgctyiosyl
free radical of the enzyme is targeted by the dimd that the thiosemicarbazone complex exhibitinhgitory
effect on the enzyme by destroying the tyrosyl cadi42]. The mechanism requires oxygen and addeva
dimension to the role of thiosemicarbazones as Isinmpn chelators. It is also reported that thectiea is
reversible, and this is in accordance with the érpental observations. The greater inhibitory datgivof 1-
formylisoquinoline thiosemicarbazone than 2-fornyyigine thiosemicarbazone has pointed towards tesgmce
ofa hydrophobic pocket in enzyme with which thenaatic system interacts, which could justify thetfdmat upon
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methylation of the aromatic ring in 2-formylpyridirthiosemicarbazone leads to a activity signifigaorease in
activity[43].

2.Inhibition of Topoisomerase |l and DNA interactions

Topoisomerase |l (Topo-ll) is a eukaryotic cell lmaz enzyme that decatenates DNA coils, passing heatis
through another to prevent supercoiling during DMflication [44-45]. Topo-ll is necessary for DNAnshesis
and cellular division; rapidly proliferating ceksich as those in tumors generally contain highl lefzéhis enzyme
and this renders it an interesting target in caceds. Thiosemicarbazones are potent antitumontagéat inhibit
Topo-Il. Relationship between vitro andin vivo behavior of*“Cu-labelled thiosemicarbazide complexes and the
expression of Topo-Il activity has been investigaj46]. Four‘N-azobicyclo [3.2.2] nonane thiosemicarbazide
ligands were prepared and radiolabelled Wi€u to form lipophilic cations (Fig.6).
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Fig.6. “N-azobicyclo [3.2.2] nonane Thiosemicar bazone ligands

Of the four ligands(1-4) examined in the study (€igligand three has been found to possess signifiy higher
growth inhibitory activity when compared with noadioactive copper with I§ value of 0.004mol/l in HT29 cells

. A wide range of tridentate TSCs with variousagen based heterocycles has been examined. A liggaxihg a
quinoline group has been identified to have paldity high cytotoxicity and also to inhibit Topo-IlThe
mechanism of inhibition has suggested that the lfiggand bound to the ATPase domain of the enzynkied
enzyme mediated ATP hydrolysis [47]. A subsequemtep has examined the Topo-Il inhibition by Cu cteres
of same ligand types and has shown them to betie#einhibitors of Topo-Il in cells [48]. Cu-thiosdcarbazone
complexes have significantly higher growth inhibjtactivity than the uncomplexed ligand and havwedo G,
values against tumor cells than the reported Tépohibitors [47]. Antitumor activity of 1,2 naphtiguinone-2-
thiosemicarbazone and its metal complexes of QURH (Il) and Ni (Il) has been investigated agabreast cancer
(MCF-7) cell line establishing them as effectivditamor agents. The Ni complex has been most effedtased on
ICso values [49]. Further investigation of the ligaratsd complexes has shown that they can only stabiliz
single-strand DNA, but not double-strand breakagerinediates. The metal complexes of these ligaasle been
found to exert an antagonizing effect on Topo-Htaty, as compared to the free ligands. In anostady, Cu (lI)
complexes of 4-hydroxy-3-methyl-1,2 naphthoquindrgtiosemicarbazone have shown highest cytotoxicity
compared to those of Fe(ll), Ni(ll), Pd(Il) and IBtfnetal complexes with the same ligand. This basn explained
by the generation of Cu () species during intriatat enzymatic reduction or greater binding affyrof Cu (1) to an
estrogen receptor protein complex [50]. The bindsghought to prevent the protein complex fromchioning
properly during its interaction with DNA. Furtheudies on mechanism of action have shown that nceraplexes
could stabilize the cleavable complex formed by DEAd Topo-ll. Studies have shown that iron and eopp
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complexes are more active in cell destruction alb agein the inhibition of DNA synthesis than thecomplexed
thiosemicarbazone [51]. 5-hydroxy-2-formyl thioseantbazone has been shown to cause lesions in H2A [t
has been proven [53] that a tridentate nature dmgraformation constant is a prerequisite for evtea activity by
comparing the activity of pyrazine thiosemicarbazalerivatives and an analog derived from acetopienid has
also been reported that these compounds preventuptake from the serum transferrin thereby altgtime iron
homeostasis. In a very recent study, Topo-ihhibition and antiproliferative activity ofa-heterocyclic
thiosemicarbazones and their corresponding copdfr domplexes has been investigated. Cu (I
(thiosemicarbazonato)Cl complexes have been showeatalytically inhibit Topo-kk at concentrations (0.3-7.2
uM) over an order of magnitude lower than their esponding thiosemicarbazone ligands alone. Th@eop
complexes have also shown inhibitory action towahdsproliferation of breast cancer cells (SK-BRe3pressing
high levels of Topo-U at lower concentrations than breast cancer cMISH-7) expressing lower levels of the
enzyme [54]. The copper complex of acetylpyridinetiglthiosemicarbazone has also been shown toiinhipo-
Ila enzyme. To test the hypothesis that the palladiyimd platinum(ll) complexes of the same ligandwd also
inhibit the enzyme due to the same structural geignfsquare planar around the metal), a seriecefypyridine
thiosemicarbazone ligands, and their Cu(ll) andlPd{etal complexes have been synthesized and ctesized by
NMR. The results have demonstrated that the Pa@iplexes have much the same high anti-prolifezaictivity
as the Cu (ll) complexes [55].

3.Generation of Reactive Oxygen Species

Redox metal complexes can act as ROS generatorse 8iost thiosemicarbazone complexes contain redmal
ions, they potentially can activate, @nd generate OHadicals. [Cu (LYpz)](ClOs) and {[Cu(L), (dca)](CIQ)}
complexes where L=2-formylpyridine TSC, pz=pyrazamel dca=dicyanamide have been tested for thdiwdiaal
activity on DNA. The oxidative cleavage of DNA hasen assayed in the presence of 3-mercaptopromoeid as
reducing agent by gel electrophoresis using sufleccpUC18. Both complexes have been found to prediingle
and double strand breaks in DNA [56]. It is wellekvyn that copper is an essential micronutrient aamslimportant
biological functions, such as cellular traffickimgdox regulation [57-58] and angiogenesis modutadtc. [59-60].
An abnormal level of intracellular copper will incii cellular apoptosis. The related investigationsGu (II)
complex-mediated cytotoxicity are on the rise [@&]-6Four novel thiosemicarbazone metal complexes,
[Cu(AmMsM)(OAC)]-H,O (1),[Zn(HAMmM)CI,] (2),[Zn(AmaM).Bro] (3) and [Zn(AmsM),(OAc),]-2MeOH (4)
[HAM4M = (2)-2 (amino(pyridin-2-yl) methylene)-N-methyitdrazinecarbothioamide], have been synthesized and
tested against HepG-2 cell. Ovalue (11.2+0.uM) of complex 1 against HepG-2 cells has been founte
nearly 0.5 fold of that against human hepatic tieks LO2, showing a lower toxicity to human liveells.
Additionally, it has been found to display a strengnhibition on the viability of HepG-2 cells thams-platin
(IC50=25£3.1 uM), suggesting complex-1 might be a potential ahijldy efficient antitumor agent. It is well-
known that copper (ll) is very sensitive to eleattoansfer, and zinc (ll) is difficult to particifmin redox reaction
owing to lack of a variable valence. Fluorescenégascopy observation and flow cytometry analysis hrevealed
that complex-1 cannot significantly suppress HepGeR viability and induce apoptosis. Several inelgxsuch as
DNA cleavage, reactive oxygen species (ROS) geioaratomet assay and cell cycle analysis have ateétthat
the antitumor mechanism of complex 1 on HepG-2scalight bevia ROS-triggered apoptosis pathway [63].
Complexes 1-4 have been found todisplay differemrdination geometries even in similar synthetiaditions,
which is attributed to the nature of metal ion dsd ionic radius, coordination humbers, differeptinter anions
(CI7, Br and OAC) etc.

4. Other Possible M echanisms of Action

Other than these common mechanisms it has alsodiEemved that substitution on terminal nitrogesréases the
overall activity of the complex. 2-formyl- and 2etyglthiosemicarbazone and their metal complexek wiitc have
been tested for activity against MCF7, T24 and B-§]. Later acetyl derivative was modified by adgan ethyl
group on terminal nitrogen and its Pt and Pd corgdenere synthesized [M], M=Pd, Pt. The complexes were
found to be active towards cis-platin resistantdumcell lines and role of metal was not found & dignificant
[65]. In another similar study 8-hydroxy quinoloBesarboxaldehyde thiosemicarbazone and its 4, 4itiiyph
derivative along with their Cu (II) complexes. Ttegminal amino substituted complex showed stromgicancer
activity than that of the unsubstituted complex.eTactivity was tested on SK-N-DZ (a cisplatin resi$
neuroblastoma cell lines). Enhanced expressiorb8fgotein was detected in the SK-N-DZ cells treéatéth the
non- methylated complex suggesting that apoptoas saused by DNA damage [66]. Quinoline-2-carbatayde
thiosemicarbazone derivatives and their Cu (Il) ptaxes have been found to trigger apoptosis bybitihg
proteasome-ubiquitin pathway and not through okidattress [67]. This shows an additional pathwiagotion.
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DISCUSSION

Thiosemicarbazones have emerged as ligands of grelatgical activity. The ability of thiosemicarbazes to
chelate metal ions has now been recognized asa fiaaor in their antiproliferative effects [68hterest in metal
complexes with thiosemicarbazones and semicarbazbag been stimulated because biological actigitgfien
enhanced on complexation [69-70]. The more readenakplanation for the higher activity by the metal
thiosemicarbazone complexes when compared to fgeends passes through the prevalence of the diffusi
mechanism over the active transport mechanism sa¢h@smembranes. The chelation of the metal iothbymost
polar regions of the ligands (the donor atoms)vadl@n easier uptake by the cell. Only a limited banofin vivo
studies have been done which indicate that sonusehiicarbazones show potential as chemotherapegeiats.
However, future studies are warranted.

Many attempts have been made in the last decattapmve the hydrophilicity and reduce the toxiceets by
modifying the thiosemicarbazones frameworks [71huinber of N (4)-substituted thiosemicarbazonesraady of
their metal complexes have been shown to posséssasiialin vitro activity against various human tumor lines
[16-18]. However, due to their lack of solubility aqueous solutions, these thiosemicarbazoneshaidnetal
complexes show less promisiitg vivo activity. But still detailed studies are requinedexplore new mechanistic
actions and the specific role of metal and ligam&lde body. Hencin vivo studies should be undertaken. Ligands
which have poor or moderate activity should beistiéh combination with ligands of good biologicadnificance
for activity enhancement. As a futuristic lead, denthiosemicarbazones have not been tested toaddtean be
evaluated for their prospectiue vitro and more importantlyn vivo activity.

Anticancer activity of thiosemicarbazone complexesnainly attributed to inhibition of RR activityiopo- I
activity and generation of ROS, but there are opmssible targets as well which need to be explolednany
casesjn vitro ribonucleotide inhibitors have been found to berparoliferation inhibitors on whole cells. Another
area which needs attention is metal/ion sequegtesince thiosemicarbazones are versatile chelatbesy
sometimes deprive the cell of essential metal lpnforming stable chelates with them. On the otieard, the fact
cannot be overruled that metal-ligand complexes racge active than pure ligands. The redox capgbdit
transition metals like copper play an importanteral activity enhancement but it can also triggfrFenton’s
reactions producing significant amount of Q#tlicals that can create hindrance in normal celttions. It has also
been observed that some of the ligands are moreeastile others are inactive for the same celesinhence
guestioning the simple diffusion hypothesis. Likeavthe interaction of one metal with another cao bk explored
taking synergestic effect into consideration. Nolyahis, whether the complex acts in unison orahand ligand
act independently inside the body needs a greafghdf understanding by bridging the gap betwdemistry and
molecular biology.

CONCLUSION

Thiosemicarbazide is an important structural mthiét has the potential to display chemical fundaldy in
biologically active molecules. Optimization of theucture can result in groundbreaking discovémev class of
anticancer agents. In future, the success of thiasebazone based complexes as anticancer agentd {mogely
depend on the possibility of enhancement in agtiait can be obtained by such modifications in theurctures as
have never been attempted till date and as a coesegq, their better acceptability and solubilityivo.
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