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INTRODUCTION 
 

Versatile biological properties of thiosemicarbazones (Figure 
1) have received interest because of their bonding modes and 
biological properties such as antitumor, antiviral, 
antitubercular, antibacterial, antihypertensive and antimalarial 
activities (Lobana et.al., 2009; West et al.
et al. 2012; West et al. 1993). They have also emerged as 
potential candidate for drugs for therapeutic diagnosis in 
various disease and development of novel generation of highly 
efficient drugs with minimal side effects and many 
shown significant anti-proliferative effects, even stronger than 
for cisplatin. Many metal complexes showed better inhibitory 
effects than the parent ligands due to the increased lipophilic 
character of these complexes. It has been observed that the 
nature of metal ion in complex and substituent at N
thiosemicarbazone ligand plays a significant role in deciding 
the action of complex. It has been observed that the presence 
of a bulky group attached to the terminal nitrogen of the 
thiosemicarbazone strongly enhances its pharmacological 
activity (West et al. 1993, Wang et al. 2009). Th
studies of thisoemicarbazone and its complexes has been reviewed 
(Khan et. al. 2015.) The anticancer properties of triapine (3
aminopyridine-2-carboxaldehyde thiosemicarbazone) is currently 

been examined on different types of cancer. In this review, the 
information about biological studies on  
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Thiosemicarbazone is a well known Schiff based ligand with versatile bonding modes and 
biological activities. Upon coordination to metal, thiosemicarbazones and its complexes 
have shown remarkable progress in the development of drugs for medical conditions
to their antibacterial, antifungal, antiviral as well as antitumor properties. 
article, the recent information about biological studies conducted on thiosemicarbazones 
and its complexes is summarized. Thiosemicarbazone complexes with 
hold several advantages over metal complexes because of their better acceptability and low 
toxicity in biological process. They have shown better performance than available 
therapeutic drugs like that of the antitumor drug cis-platin. 
latest updates on current advances in medical use of thiosemicarbazone complexes.
 
 

 

hiosemicarbazones (Figure 
1) have received interest because of their bonding modes and 
biological properties such as antitumor, antiviral, 
antitubercular, antibacterial, antihypertensive and antimalarial 

et al. 1993; Suvarapu                  
1993). They have also emerged as 

potential candidate for drugs for therapeutic diagnosis in 
various disease and development of novel generation of highly 
efficient drugs with minimal side effects and many have 

proliferative effects, even stronger than 
metal complexes showed better inhibitory 

effects than the parent ligands due to the increased lipophilic 
It has been observed that the 

ature of metal ion in complex and substituent at N4 of 
thiosemicarbazone ligand plays a significant role in deciding 
the action of complex. It has been observed that the presence 
of a bulky group attached to the terminal nitrogen of the 

trongly enhances its pharmacological 
2009). The cytotoxic 

thisoemicarbazone and its complexes has been reviewed 
. 2015.) The anticancer properties of triapine (3-

thiosemicarbazone) is currently 

been examined on different types of cancer. In this review, the 

thiosemicarbazone complexes with respect to the nature of 
metal ions and substituents is summarized. This information 
can be utilized in drug designing for various conditions. 

Figure 1 Thiosemicarbazone
 

Antimicrobial Studies 
     

Thiosemicarbazone complexes possess a variety of 
antimicrobial activities such as antibacterial, antifungal, 
antimalarial activities etc. Antiba
or agents, inhibit the growth and spread of bacteria, work 
either by stopping bacterial growth or by killing the bacteria. 
They inhibit the synthesis of peptidoglycan by altering the 
microbial cytoplasmic membrane and translat
nucleic acid replication (by blocking topoisomerases) (Bakheet 
and Doig, 2010; Al-Amiery 
thiosemicarbazone complexes of metals such as molybdenum, 
manganese, zinc, cadmium, silver etc. have shown effective 
antibacterial activity and are summarized below. The effect of 
substituent at N4 atom of thiosemicarbazone is also 
highlighted. 
 

Pyridine based Thiosemicarbazone and its complexes have 
shown considerable activity against various bacterial and 
fungal strains. Activity against gram positive bacteria 
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Thiosemicarbazone is a well known Schiff based ligand with versatile bonding modes and 
biological activities. Upon coordination to metal, thiosemicarbazones and its complexes 
have shown remarkable progress in the development of drugs for medical conditions owing 
to their antibacterial, antifungal, antiviral as well as antitumor properties. In this review 
article, the recent information about biological studies conducted on thiosemicarbazones 
and its complexes is summarized. Thiosemicarbazone complexes with transition metals 
hold several advantages over metal complexes because of their better acceptability and low 
toxicity in biological process. They have shown better performance than available 

platin. This review will also provide 
latest updates on current advances in medical use of thiosemicarbazone complexes. 

thiosemicarbazone complexes with respect to the nature of 
metal ions and substituents is summarized. This information 

be utilized in drug designing for various conditions.  

 
Thiosemicarbazone 

Thiosemicarbazone complexes possess a variety of 
antimicrobial activities such as antibacterial, antifungal, 
antimalarial activities etc. Antibacterial activity of compounds 
or agents, inhibit the growth and spread of bacteria, work 
either by stopping bacterial growth or by killing the bacteria. 
They inhibit the synthesis of peptidoglycan by altering the 
microbial cytoplasmic membrane and translation, inhibiting 
nucleic acid replication (by blocking topoisomerases) (Bakheet 

Amiery et al. 2012). Many 
thiosemicarbazone complexes of metals such as molybdenum, 
manganese, zinc, cadmium, silver etc. have shown effective 
antibacterial activity and are summarized below. The effect of 

atom of thiosemicarbazone is also 

Pyridine based Thiosemicarbazone and its complexes have 
shown considerable activity against various bacterial and 
fungal strains. Activity against gram positive bacteria 
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Staphylococcus aureus, gram negative bacteria Escherichia 
Coli, and fungus Candida albicans was shown by Nickel(II) 
and palladium(II) complexes of 2-acetylpyridine 
thiosemicarbazone and complexes of Chromium, 
Cobalt(II,III), Nickel(II) and copper(II)  with 2, 6-
pyridinedicarboxaldehyde thiosemicarbazone (Kovala-
Demertzi et al. 2001; Ahmed and Mahammadynus, 2014). 
Bidentate complexes of copper (II) with thiosemicarbazones 
derived from pyridine based species like 2, 6-diacetylpyridine, 
2-pyridine carboxaldehyde, pyridine-2-carboxaldehyde, 
showed antibacterial activity, while the ligands derived from 2, 
6-diacetylpyridine had a greater effect against E. coli than the 
other bacteria (Prashanthi et al. 2010; Ispir et al. 2008). N4 
substituted analogues of this ligand with copper (II) showed 
moderate activity against bacteria MRSA and B.Subtilis 
(Abdalla et al. 2015). Tin (IV) complexes of 2-acetylpyridine-
N(4) substituted thiosemicarbazone and 2-benzoylpyridine 
N(4) substituted thiosemicarbazone (N4-orthochlorophenyl, 
orthofluorophenyl, ortrhonitrophenyl) ligands showed similar 
minimum inhibitory concentration (MIC) values to that of 
fluconazole (Parrilha et al, 2013). Complexes of 
acetylpyrazine 3-azabicyclo-nonylthioisemicarbazone and 
acetylpyrazine 4N-methyl, 4N-dimethyl and 3-
hexamethyleneiminyl thiosemicarbazone with copper(II) and 
nickel(II) showed higher antifungal activity against two human 
pathogenic fungi, Aspergillus Niger and Paecilomyces variotii 
(West et al. 1993). 
 

A series of complexes with O, N, S donor ligand like 
salicylidene thiosemicarbazones were investigated against 
various bacterial strains and fungal species in vitro under 
liquid nutritive environment (2% of peptonate bullion (pH 
7.0)). Copper complexes were found to be more active than 
those containing inner sphere amine (Pahontu et al. 2013). 
Copper(II) thiosemicarbazone complexes have also shown 
significant antimicrobial activity (Lobana et al. 2014; Ilies et 
al. 2014). Melha and Khlood reported significant in vitro 
antibacterial and antifungal activity of N(4)-(7'-chloroquinolin-
4'-ylamino)-N(1)-(2-hydroxy-benzylidene) thiosemicarbazone 
against Gram + ve bacteria (Staphylococcus aureus), Gram - 
ve bacteria (Escherichia coli), fungi (Candida albicans and 
Fusarium solani) [Melha and Khlood. 2008). Khan et al.2014 
reported the antibacterial activity of novel thiosemicarbazones 
and their Cu(II), Ni(II), and Co(II) complexes against bacterial 
species sub-cultured in BHI medium by the disk diffusion 
method (Khan et al. 2014). A set of aryl- and phenoxymethyl-
thiosemicarbazones also showed activity against the larvae 
of Aedes aegypti, the vector responsible for diseases like 
Dengue and Yellow Fever (da Silva et al. 2015; Pahontu et al. 
2015). 
 

The transition metal complexes of 3-methyl 
butanalthiosemicarbazone were found to be good antibacterial 
agents against selected bacteria (such as Escherichia coli, 
pseudomonas, Klebsiella species) using agar-well diffusion 
method (Venkatesh et al. 2016). Complexes of Isatin-3-
thiosemicarbazone when evaluated in vitro against the HM1: 
IMSS strain of Entamoeba histolytica, showed better anti-
amoebic activity than the ligand. They also exhibited 
antibacterial and antifungal activities (Konstantinovic et al, 
2008). Copper(II) complexes of 4[N-(benzalidene)amino] 
antipyrine thiosemicarbazone, 4[N-(4-methoxybenzalidene) 
amino] antipyrine thiosemicarbazone and standard drugs 
(ampicillin and teracycline) showed moderate antibacterial and 

antifungal activities by the agar-cup method in DMF solvent at 
a concentration of 50μg/mL (Agarwal, Singh and Sharma 
2006). Similar antibacterial activity against gram-positive and 
gram-negative bacteria was also exhibited by antimony(III), 
Mn(II) complexes with 2-Butyl-4-chloro-5-formylimidazole 
thiosemicarbazone and Cr(III) complexes of  anthraquinone 
N4benzylthiosemicarbazone. [Kasuga et al. 2006; Reddy et al. 
2014; Chandraa et al.2013). 
 

Antitrypanosomal and antimalarial Studies 
 

A number of studies have been reported on the activity of 
thiosemicarbazone complexes on   trypanosoma species. 
Ruthenium complexes Ru(II)-cyclopentadienyl Ru(η5-
C5H5)(PPh3)L] showed activity against trypanosoma 
cruzi (Dm28c strain), the infective form of trypanosoma 
brucei (strain 427), J774 murine macrophages and human-
derived EA.hy926 endothelial cells, with IC50values in the 
micromolar or submicromolar range, while manganese(II) 
complexes of N4-methyl-4-nitrobenzaldehyde 
thiosemicarbazone, N4-methyl-4-nitroacetophenone 
thiosemicarbazone and N4-methyl-4-nitrobenzo-phenone 
thiosemicarbazone showed poor activity on their in vitro 
activity in bloodstream and intracellular forms 
of Trypanosoma Cruzi (Fernandez et al. 2015; Batista et al. 
2010). Platinum (II) complexes with 3-(5-nitrofuryl) acroleine 
thiosemicarbazone, displayed IC50 values in the micromolar 
range against two different strains of Trypanosoma cruzi 
causative agent of Chagas disease (American 
Trypanosomiasis). Platinum (II) complexes with 5-nitrofuryl 
thiosemicarbazones were found to be as active as the anti-
trypanosomal drug nifurtimox (Vieties et al. 2009). Antimony 
(III) complexes of 2-acetylpyridine and 2-benzoylpyridine 
based thiosemicarbazones were found to be excellent 
inhibitors of Trypanosoma cruzi  growth (Parrilha et al. 2013). 
A series of Pd(II) and Pt(II) complexes with 1-indanones 
derived thiosemicarbazones showed significantly higher 
activity against T. cruzi than the corresponding free ligands 
(Santos et al. 2012).  
  

The gold(I) thiosemicarbazone complexes displayed their activity 
against malaria parasite Plasmodium falciparum and cysteine 
protease falcipain-2 (Khanye et al. 2010). A series of both mono- and 
dinuclear gold(I) phosphine complexes containing monoanionic 
seleno- and thiosemicarbazones exhibited activity similar to that of 
chloroquine, while the selenium derivatives displayed only moderate 
anti-malaria activity (Molter et al. 2011).  Palladium complexes with 
aryl based thiosemicarbazones showed antimalarial activity against 
two Plasmodium falciparum strains-3D7 (chloroquine sensitive) and 

K1 (chloroquine and pyrimethamine resistant) and by 2-benzoyl 
pyridine thiosemicarbazone and its N4-Phenyl derivative with 
IC50of 10-7 to < 10-6 M (Chellan et al. 2010; Pingaew et al. 
2010). Copper (II), nickel(II), iron(III) and manganese (II) 
complexes of 2-acetylpyridine thiosemicarbazone showed 
reduced antimalarial activity in mice infected with 
Plasmodium bergei (Scovill et al. 1982). Cobalt 
(III) complexes derived from 2-acetylpyridine N(4)-R 
thiosemicarbazone (Hatc-R, R = alkyl, aryl) showed 
satisfactory antitubercular activity with minimal inhibitory 
concentration value under 10 µmol L - 1 and one presented quite low 
cytotoxicity against VERO and J774A.1 cells (IC50), resulting in high 
selectivity index (SI > 10) (Oliviera et al. 2014). 
 

Cytotoxic Studies 
 

A great deal of work has been done on the antitumor property 
of thiosemicarbazone ligands and its complexes. 
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Thiosemicarbazones are potent inhibitors of the enzyme 
ribonucleotide reductase (RR) and are capable of interrupting 
DNA synthesis and repair resulting in alteration or 
enhancement of their biological activity on incorporation into 
metal centre (Kovala-Demertzi  et al. 2002). They have been 
actively developed in their use against cancer and are very 
much dependent on the typology of tumor cells. This property 
has been exhibited by various transition metal complexes of 
thiosemicarbazone with metals like copper, iron, nickel, 
palladium, platinum etc (Table 1). Thiosemicarbazone 
complexes have been found to inhibit the enzyme 
ribonucleotide reductase essential for DNA synthesis. Current 
section discusses current advances of thiosemicarbazones and 
its complexes as potent anticancer agents, describing recent 
insights into their mechanism of action.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 

 

A number of important anticancer activities have been 
exhibited by copper-thiosemicarbazone complexes especially 
with chelating ligands like di-2-pyridylketone 
thiosemicarbazones (Park et al. 2006).  Thirty two Cu(II), 
Ni(II) and Zn(II) complexes  with a series of salicylidene 
thiosemicarbazones were tested for their antimicrobial activity 
as well as antiproliferative activity against HL-60 cells using 
three concentrations: 0.1, 1.0 and 10 μmol/L. The ligands and 
metal complexes showed non-significant inhibitor activity at 
0.1 and 1.0 μmol/L, but at10 μmol/L, salicylidene-4-
phenylthiosemicarbazone, 5-Br-salicylidene-4-phenyl 
thiosemicarbazone and 5-NO2-salicyliden-4-phenyl 
thiosemicarbazone inhibited the cell proliferation (90, 75 and 
70%, respectively) (Melha et al. 2008).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Metal complexes and their studies on various cancerous cell lines 
 

S. No Ligand Metal  Activity on- Reference 

1. 

3-methyl-5-oxo-1-phenyl-3-pyrazolin-4-
carboxaldehyde thiosemicarbazone; 5-oxo-
3-phenyl-3-pyrazolin-4-carboxaldehyde 
thiosemicarbazone 

Copper(II) HL60, REH, C6, L929 and B16 cancer cell lines Leovac et al. 2011 

2. 

salicylidene-4-phenylthiosemicarbazone, 5-
Br-salicylidene-4-phenylthiosemicarbazone 
and 5-NO2-salicyliden-4-phenyl 
thiosemicarbazone 

Cu(II), Ni(II) 
and Zn(II) 
complexes 

HL-60 cancer cells Pahontu et al. 2013 

3. Aqua(pyridoxal thiosemicarbazone) Copper(II) retroviruses HIV-I and HIV-1/2 Pelosi et al. 2010 

4. 
4-hydroxy-3-methyl-1,2-naphthoquinone-
1-thiosemicarbazone 

Cu(II)  MCF-7 Saha et al, 2002 

5. 
N(4)-phenyl-2-benzoylpyridine 
thiosemicarbazone 

Tin (IV) 
MCF-7, TK-10 and UACC-62 human tumor cell 
lines 

 Perez-Rebolledo et al. 
2005 

6. 
3-hydroxypyridine-2-carbaldehyde 
thiosemicarbazone 

Organotin 
MCF-7 (human breast cancer cell line), T-24 
(bladder cancer cell line), A-549 (nonsmall cell lung 
carcinoma) and a mouse L-929 

Wiecek et al. 2010. 

7. 
1-phenyl-3-methyl-4-benzoyl-5-pyrazolone 
4-ethyl thiosemicarbazone 

Copper(II) HL-60 Pahontu et al. 2015 

8. 

pyridine-2-carbaldehyde 
thiosemicarbazone; 
(1E)-1-pyridin-2-ylethan-1-one 
thiosemicarbazone 

Zinc(II) 
MCF-7 (human breast cancer cell line), T24 
(bladder cancer cell line) and a mouse fibroblast L-
929 cell line 

Kovala-Demertzi et al. 
2006 

9. 
cyclohexanone thiosemicarbazone and 
 cyclohexanone N(4)-phenyl 
thiosemicarbazone 

Zinc(II) 
calf thymus DNA (CT-DNA) and bovine serum 
albumin (BSA) 

Vikneswaran et al. 2016 

10. 
pyridine-2-carbaldehyde 
thiosemicarbazone and (1E)-1-pyridin-2-
ylethan-1-one thiosemicarbazone 

Zinc(II) 
human breast cancer cell line MCF-) and bladder 
cancer cell line T24 

Kovala-Demertzi et al. 
2006 

11. 
3, 5-diacetyl-1,2,4-triazol bis (4N-
substituted thiosemicarbazone 

Pd(II) renal LLC-PK1 cells Matesanz et al. 2011 

12. 
2-formylpyridine-4-N-ethyl-
thiosemicarbazone 

Pd(II) 
MCF-7 (human breast cancer cell line), T24, A-549 
cell lines and a mouse L-929 cell line 

Kovala-Demertzi et al. 
2013 

13. 

methyl-3-formyl pyrazole-N(4)- dimethyl 
thiosemicarbazone and 5-methyl-3-
formylpyrazoleN(4)-diethyl 
thiosemicarbazone 

Iron (III) cervical carcinoma cells HeLa Saha et al., 2012 

14. 4-R benzaldehyde thiosemicarbazone Pt(II) 
human leukemia cell line (HL-60) and human 
lymphoma cell line (U-937 

Halder et al. 2012 

15. 
quinoline-2-carboxaldehyde 
thiosemicarbazone 

Copper(II) and 
Nickel (II) 

lymphoma cell line U937 Bisceglie et al. 2015 

16. 
N(4)-phenyl 2-benzoylpyridine 
thiosemicarbazone 

Gold(I) Jurkat, HL-60, MCF-7  and HCT-116  Lessa et al. 2011 

17. 
aminopyridine-2-carboxaldehyde 
thiosemicarbazone 

 Pam-ras cells 
Popović-Bijelić et al.  
2011 

18. 

chalcone-derived 3-phenyl-1-pyridin-2-
ylprop-2-en-1-one thiosemicarbazone, 3-
(4-chlorophenyl)-1-pyridin-2-ylprop-2-en-
1-one thiosemicarbazone, 3-(4-
bromophenyl)-1-pyridin-2-ylprop-2-en-1-
one thiosemicarbazone and 3-(4-
nitrophenyl-1-pyridin-2-ylprop-2-en-1-one 
thiosemicarbazone 

Copper(II) 

HL60 (wild type human promyelocytic leukemia), 
Jurkat (human immortalized line of T lymphocyte), 
MDA-MB 231 (human breast carcinoma) and HCT-
116 (human colorectal carcinoma) tumor cell lines 

da Silva et al. 2013. 

19. 

 2-acetylpyridine thiosemicarbazone, 
its N(4)-methyl and N(4)-phenyl  
derivatives; N(4)-phenyl 2-benzoylpyridine 
thiosemicarbazone  

Gold (I) 

Jurkat (immortalized line of T lymphocyte), HL-60 
(acute myeloid leukemia), MCF-7 (human breast 
adenocarcinoma) and HCT-116 (colorectal 
carcinoma) tumor cell lines. 

Lessa et al. 2011 
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Copper (II) complex with pyridoxal thiosemicarbazone also 
showed potent anti HIV activity (Pelosi et al. 2010). Copper 
(II) complexes showed higher antiproliferation activity against 
human breast adenocarcinoma cancer cell lines MDA-MB-231 
and MCF-7 (Low et al. 2016). Coordination to copper (II) 
complexes with chalcone based thiosemicarbazones showed a 
significant increase in cytotoxicity in Jurkat, MDA-MB 231 
and HCT-116 cells and also induced DNA fragmentation in 
solid tumor cells indicating their pro-apoptotic potential (da-
Silva et al 2013). The copper(II) complexes of 4-hydroxy-3-
methyl-1,2-naphthoquinone-1-thiosemicarbazone, showed 
cytotoxic properties when tested in vitro against human breast 
cancer cell line MCF-7 (Saha et al. 2002). Similar cytotoxic 
activity was also observed by copper (II) thiosemicarbazone 
complexes against several cell lines  (human leukemia cell 
lines K562 and U937) (Leovac et al. 2011; Ferrari et al. 2002).   
 

Tin(IV) complexes of N(4)-phenyl-2-benzoylpyridine 
thiosemicarbazone (H2Bz4Ph) were active against the MCF-7, 
TK-10 and UACC-62 human tumor cell lines and were proved 
to be better as cytotoxic agent than the clinically used drug 
etoposide (Perez-Rebolledo et al. 2005). Diorganotin complexes with 
3-hydroxypyridine-2-carbaldehyde thiosemicarbazone showed high 
cytotoxicity compared to cis-platin against various cancer cell 
lines (Agarwal et al. 2006; Wiecek et al. 2010). Pahontu et al 
2015 reported higher in vitro antibacterial and antifungal 
activity of the copper (II) complexes with 1-phenyl-3-methyl-
4-benzoyl-5-pyrazolone 4-ethyl thiosemicarbazone and 
reported antiproliferative activity against HL-60 leukaemia 
cells (Pahontu et al. 2015). Zinc (II) complexes with pyridine-
2-carbaldehyde thiosemicarbazone and (1E)-1-pyridin-2-
ylethan-1-one thiosemicarbazone showed IC50 values in a μM 
range similar to or better than that of the antitumor drug cis-
platin, making them as potential antitumor activity candidates 
for further stages of screening in vitro and/or in vivo (Kovala-
Demertzi et al. 2006). Likewise, zinc(II) complexes with 
cyclohexanone thiosemicarbazone and  cyclohexanone N(4)-
phenyl thiosemicarbazone gave GI50 values lower than 
5 μg/mL were reported to be advantageous as anticancer 
agents (Vikneswaran et al. 2016). The tin (IV) complex with 
meclofenamic acid was found to be a promising anti-
mycobacterial lead compound, displaying high activity 
against M. tuberculosis H37R  with -formyl and 2- acetyl 
pyridine and hexamethyleneiminyl ring incorporated at N(4) 
position of thiosemicarbazones against human cancer cell 
lines, such as MCF-7, T24 and A-549 (non-small cell lung 
carcinoma) (Kovala-Demertzi et al. 2009). 
 

2-Acetylpyridine thiosemicarbazones and their substituted 
compounds showed excellent cytotoxic activity against RT2 
(expressing p53 protein) and T98 (expressing mutant p53 
protein) glioma cells (Lessa et al. 2010). The cytotoxic and 
antimalarial activities of 2-benzoylpyridine thiosemicarbazone 
and its N4 substituted derivatives exhibited the potent activity 
against HuCCA-1, HepG2, A549 and MOLT-3 cancer cell 
lines with IC50 values of 0.03, 4.75, 0.04 and 0.004 µg/mL, 
respectively (Pingaew et al. 2010). Iron (III) complexes of 
methyl-3-formyl pyrazole-N(4)- dimethyl thiosemicarbazone 
and 5-methyl-3-formylpyrazoleN(4)-diethyl thiosemicarbazone were 

found to be more cytotoxic against cervical carcinoma cells 
(HeLa) than their parent ligands (Saha et al. 2012).The 
cytotoxic activity of Pd(II) and Pt(II) complexes were reported 
with 5-substituted thiophene -2-carboxaldehyde against human 
cervix carcinoma (Karakucuk et al. 2011). Platinum (II) 

complexes of 4-R benzaldehyde thiosemicarbazones when 
tested on the human leukemia cell line (HL-60) and human 
lymphoma cell line (U-937), showed potential cytotoxic nature 
on the tested cells (Halder et al. 2012). Antiproliferative 
behaviour of palladium (II) and platinum (II) complexes with 
2,6-diacetylpyridine bis(4N-tolyl thiosemicarbazone (L) 
showed important antitumor properties on their in vitro activity 
against various human cancer cell lines (Matesanz et al. 2013). 
The palladium (II) and platinum (II) complexes derived from 
α-diphenyl ethanedione bis (thiosemicarbazone) and α-
diphenyl ethanedione bis (4-ethylthiosemicarbazone) showed 
IC50 values for ligands and platinum complex higher than that 
of cisplatin but the maximum antiproliferative activity was 
similar (Matesanz et al. 2007).   
 

The copper(II) and nickel(II) complexes of a series of 
quinoline-2-carboxaldehyde thiosemicarbazones, trans-
cinnamaldehyde thiosemicarbazone and cuminaldehyde 
thiosemicarbazone showed antiproliferative properties on 
lymphoma cell line U937 (Bisceglie et al. 2014, 2015). 
Manganese (II) complexes derived from 2-acetylpyridine-
N(4)-R-thiosemicarbazones, when investigated for anti-
Mycobacterium tuberculosis activity by in vitro cytotoxicity 
on VERO and J774A.1 cells, showed promising anti-M. 
tuberculosis properties, with SI values comparable or better 
than some commercial drugs available for the  
tuberculosis treatment (Oliveira et al. 2014). 
 

Gold (I) complexes of 2-acetylpyridine thiosemicarbazone  
induced DNA fragmentation in HL-60 and Jurkat cells 
indicating their pro-apoptotic potential [60]. Kalyani et al 2016 
investigated the curcumin thiosemicarbozone (curTSC) 
derivatives of gold (III)complexes, for the nuclease activity on 
pBR 322 plasmid DNA by agarose gel electrophoresis in the 
presence of H2O2. At micro molar concentration, the ligands 
exhibited no significant activity. The nuclease activity was 
greatly enhanced by incorporation of metal ions in the ligands 
(Kalyani et al. 2016). Nickel(II) thiosemicarbazone complexes 
containing 4-chromone N(4)-substituted thiosemicarbazone 
ligands showed good anticancer activity against MCF-7 cancer 
cell line due to the terminal substituted thiosemicarbazones 
(Selvamurugan et al. 2016). Afrasiabi et al 2005 reported the 
antiproliferative activity of Ni(II) complexes of ortho-
naphthaquinone thiosemicarbazone on MCF-7 human breast 
cancer cells than the thiosemicarbazone analogues (Afrasiabi 
et al. 2005). Palladium(II) complexes with 2 formyl pyridine-
4-N-ethyl-thiosemicarbazone displayed IC50 values in a μM 
range better than that of the antitumor drug cis-platin against 
MCF-7 and T-24 cell lines and can be considered as agent with 
potential antitumor activity candidates and thus used for 
further investigation in vitro and/or in vivo (Kovala-demetrzi et 
al. 2013). Ferraz et al 2011 reported the cytotoxic activity 
behaviour of the palladium (II) and platinum(II) complexes of  
N(4)-ortho,  N(4)-meta  and N(4)-para-(H2Bz4pT) tolyl-2-
benzoylpyridine-derived thiosemicarbazones showed moderate 
anti-proliferative activity against HepG2 (hepatoma) and 
UACC-62 (melanoma) cancer cell lines, but showed high anti-
proliferative effect against A431, suggesting the potential of 
these complexes as chemotherapeutic drug candidates (Ferraz et al. 
2011). 3-aminopyridine-2 carboxaldehyde thiosemicarbazone is 
reported to show anticancer properties.  Popović-Bijelić et al 
2011 reported the cytotoxic activity of this ligand and and 
its iron (III), gallium(III), zinc(II)  and copper(II) complexes 
(Popovic-Beijelic et al. 2011).              
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CONCLUSION 
 

The survey of the literature has revealed the ability of 
thiosemicarbazone and its complexes as a versatile  compound 
for designing potential bioactive agents.  Its derivatives have 
been reported to possess broad spectrum biological activities. 
Many of the thiosemicarbazone ligands and their complexes 
showed better performance than available drugs like nutriflox, 
cisplatin etc and many such complexes have also been 
recognised as potential drugs for therapeutic intervention in 
various diseases. For instance, acetylpyridine N(4) substituted 
thiosemicarbazone and its complexes have shown activity 
against malignant gliomas. Such information can be used by 
biotechnologists and pharmacologists for designing drugs in 
such a way that they can be useful in treatment of different 
diseases. Research is still continuous and can be used for 
further formulation of drugs. It can be concluded that many 
other derivatives of thiosemicarbazone can be synthesized 
which will exhibit potent pharmacological activities.  
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