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Abstract

The identification of novel therapeutic agents for the management of malignant gliomas represents an area of active research. Here, we
show that among the iron and platinum complexes of 2-hydroxybenzaldehyde semi-/thiosemicarbazones the latter inhibits the growth of
C6 glioma cells in vitro with an ICs, value of 45 uM. Structural characterization reveals iron complexes to be octahedral having intermediate
S = 3/2 spin states while platinum complexes are found to be square planar moieties. Our findings suggest that the platinum compounds of
2-hydroxybenzaldehyde thiosemicarbazone are potential candidates for the treatment of malignant gliomas.

© 2005 Elsevier SAS. All rights reserved.

Keywords: Glioma; Thiosemicarbazone; Antitumor effects; Iron and platinum complexes

1. Introduction

Gliomas are the most common primary tumors of central
nervous system (CNS) in humans [1]. They are classified into
four clinical grades out of which the glioblastoma multiform
(GBM) is the most aggressive one [2]. Nearly all GBM
patients die of the disease with median survival time of 1 year.
Most human gliomas generally affect either signal transduc-
tion pathways activated by the receptor tyrosine kinases or
cell cycle arrest pathways activated by the receptor tyrosi-
nases, such as CDK 4, CDK 6, cyclin D1, MDM2, p16, p14,
RB and p53. Although many genetic alterations have been
identified in human gliomas, unequivocal correlation between
these genetic alterations and gliomagenesis has been lacking.
The current chemotherapeutic treatments are thus often inef-
fective due to the intrinsic chemoresistance of these tumors
[3]. The identification of novel therapeutic agents able to
inhibit the growth of these tumors is therefore essential to
improve the prognosis of glioma patients.

It has been shown recently that thiosemicarbazone deriva-
tives of 3-amino-pyridine-2-carboxaldehyde are able to cross
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blood brain barrier exhibiting anticancer activity against
L1210 cells in the brain [4]. Similarly platinum complexes of
p-isopropylbenzaldehyde thiosemicarbazone show growth
inhibitory activities against cisplatin-resistant glioma cell line
G112 [5]. These reports suggest that thiosemicarbazone is an
effective pharmacophore for arresting tumor growth of glioma
cells. The potential of thiosemicarbazone ligands and their
metal conjugates has been investigated in our laboratory for
some time [6] and such compounds have been found to be
potent antiproliferative compounds in case of MCF-7 and
T47D breast cancer cells [7-9].

In the present work we describe synthesis and character-
ization of iron and platinum complexes of semi-/thio-
semicarbazone derivatives of 2-hydroxybenzaldehyde and
evaluation of their antiprolferative activity against C6 glioma
cell line, which reveals a very potent activity for the platinum
compounds.

2. Chemistry
2-Hydroxybenzaldehyde and semicarbazide hydrochlo-

ride were the products of Chemical Drug House (Mumbai).
Thiosemicarbazide was obtained from Sisco Research Ltd.



J. Patole et al. / European Journal of Medicinal Chemistry 40 (2005) 1052-1055 1053

(Mumbai) while ferric and platinum chlorides were the prod-
ucts of Fluka. All other chemicals and solvents employed for
synthesis were of analytical grade and were used as supplied.
The ligands were obtained by condensation of semi-
/thiosemicarbazide hydrochloride and salicylaldehyde. The
purity of compounds was checked by TLC. The iron and plati-
num complexes were prepared by mixing 1:2 and 1:1 ratio of
appropriate ligand and metal chlorides respectively. The struc-
tures of all metal complexes were confirmed by elemental
analysis and electronic spectral analysis. All the complexes
were soluble in DMEF, ethanol and DMSO solvents.

3. Results and discussion

The compositional data on the synthesized compounds are
in good agreement with their suggested stoichiometries. The
non-conducting platinum complexes have 1:1 ligand to metal
ratio, while the iron complexes possess 2:1 ligand to metal
composition and exhibit corresponding conductivities
(90 Qcm? mol™') in DMF [10].

3.1. IR studies

The IR data on the ligands and their metal complexes show
a band due to intramolecularly H-bonded hydroxyl stretch-
ing vibration in the region 3433-2475 cm™' which disap-
pears upon metal complexation indicating deprotonation and
subsequent involvement of the phenoxyl group in metal coor-
dination [11]. A sharp peak in the range 1613-1622 cm™' is
due to the azomethine linkage whose participation in metal
coordination is indicated by its downward shift in the metal
complexes [12]. The involvement of the carbonyl group in
semicarbazide side chain in 1 is indicated by its downward
shift to 1670 cm™" [13]. The thiocarbonyl stretching fre-
quency in the thiosemicarbazone side chain in 2 is observed
at 855-875 cm™! [14] which undergoes a shift to lower fre-
quency in the region 835-845 cm™! indicating involvement
of the thione form in metal coordination. The IR studies thus
indicate monoanionic, tridentate nature of the present ligands,
which undergo coordination to metal ions with ONO or ONS
donor atom sets. Such metal complexation with metal/ligand
stoichiometry of 1:2 as indicated above leads to octahedral
geometries similar to those observed for iron complexes of
thiosemicarbazone derivative of 2-benzoylpyridine [15]. On
the other hand platinum complexes having 1:1 metal to ligand
compositions tend to be square planar similar to the copper
compounds described recently [16].

3.2. Magnetic studies and electronic spectroscopy

The room temperature magnetic moments of the iron com-
plexes (1a and 2a) are in the range 3.40—4.32 BM indicating
stabilization of the species having intermediate ferric spin (S
= 3/2) state. The occurrence of such intermediate spin states
is typical for the octahedral ferric complexes of thiosemicar-

bazone ligands as shown by Zelenstov [17]; Padhye et al. [18];
Padhye and Kauffman [19].

In case of ferric complexes the d—d bands are laporte for-
bidden as well as spin-forbidden and are generally obscured
by much more intense charge transfer bands [20]. In the
present iron(III) complexes the higher energy bands in the
region 35,000-29,000 cm ™' probably originate from the ligand
to metal charge transfer transitions while the lower energy
absorption around 16,000 cm™" can be ascribed to °A, - *T,
transition and is similar to that observed in analogs octahe-
dral iron complexes [21].

The platinum complexes 1b and 2b show ligand-based
transitions at 35,000-37,000 cm~! while bands around
22,000 cm™" are assignable to 'A, . 'B, . transition in the
square planar platinum compounds [22,23].

3.3. Cyclic voltammetric studies of iron complexes

The iron complexes show an irreversible peak around
—1.00 V attributable to the reduction of the azomethine link-
age [12], while the reversible Fe(IIl)/Fe(IT) redox couple is
observed at —0.08 and + 0.05 V for compounds 1a and 1b
respectively indicating facile reduction in case of the thiosemi-
carbazone compound which may have relevance to its higher
antiproliferative activities against the glioma cells.

3.4. Anticancer activity

The results of antiproliferative activity of iron and plati-
num complexes against C6 glioma cell lines are depicted in
Fig. 1. In general, metal complexes of thiosemicarbazone
ligands show dose and time dependant antiproliferative activi-
ties while the semicarbazone compounds are found to be inac-
tive. The platinum complex 2b is the most active compound
amongst the present series with ICy, value of 45 uM, which
is on the lower side than the one reported for the platinum
complex of p-isopropylbenzaldehyde thiosemicarbazone
(ICs0 =98 uM) described earlier [24] and may be ascribed to
formation of extensive DNA interhelical cross-links by the
present compound [25].

4. Conclusions

Our study thus indicates that coordinately unsaturated
metal-thiosemicarbazonato compounds with planar struc-
tures may offer useful strategies in designing effective anti-
proliferative compounds against glioma cancers and may have
a role in the clinical therapy of gliomas as an adjuvant to
conventional chemotherapeutic agents.

5. Experimental protocols

5.1. Instrumentation and measurements

Details of the instrumental measurements have been
described earlier [16].
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Fig. 1. Antiproliferative activities of iron (1a, 2a) and platinum (1b,

5.2. Synthesis of ligands

Preparation of semicarbazone (1) and thiosemicarbazone
(2) ligands was carried out according to literature methods
[26,27].
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5.3. Synthesis of complexes: a general method

The metal complexes were prepared by refluxing ethan-
olic solutions of the ligands in 2:1 stoichiometric ratio iron
complexes and 1:1 in case of platinum complexes. On keep-
ing the reaction mixture in refrigerator overnight a green pre-
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2b) complexes against C6 glioma cells after 9 days exposure.

cipitate for each iron complexes were obtained which was
filtered and washed with ethanol. In case of platinum com-
plexes 1:1 stoichiometric metal to ligand ratio was used with
reaction refluxing for 3 h and stripping off the solvent on
rotavapor to obtain solid compounds, which were recrystal-
lized from hot aqueous ethanol. All the complexes obtained
were dried in vacuum at room temperature.

5.3.1. [Fe(1),]CI-H,O (la)

Green solid (ethanol). Yield: 75%; Anal. Calc. for
(C,¢H§NzOsClFe): C 41.25, H 3.86, N 18.05; Found: C
41.24, H 4.34, N 18.35%; UV/VIS: 2.« (cm™) 35,710,
28,400, 15,200; v._. . (cm™) 1601 (C=N), 1660 (C=0).

max

5.3.2. [Fe(2),]CI (2a)

Green solid (ethanol). Yield: 80%; Anal. Calc. for
(C,6H4O,NS,ClFe): C 40.22, H 2.93, N 17.59, S 13.40;
Found: C 40.05, H 2.73, N 17.52, S 13.35%; UV/VIS: A,.x
(cm™) 29,940, 15,340; v, (cm™) 1605 (C=N), 835 (C=S).
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5.3.3. [P«(1)Cl] CH;0H (1b)

Brown solid (ethanol). Yield: 60%; Anal. Calc. for
(CoH,,N;05CIPt): C 23.97, H 2.66, N 9.32; Found: C 23.21,
H 2.49, N 9.03%; UV/VIS: /., (cm™") 35,710, 27,030,
21,740; v,,,,, (cm™") 1602 (C=N), 1654 (C=0).

5.3.4. [Py(2)Cl] CH;0H (2b)

Brown solid (ethanol). Yield: 66%; Anal. Calc. for
(C6H,40,N¢S,ClFe): C22.61,H 1.88,N 9.89, S 7.54; Found:
C 22.97, H 2.03, N 9.70, S 7.13%; UV/VIS: A, (cm™)
35,710, 27,030,20,410; v, (cm™") 1602 (C=N), 840 (C=S).

5.4. Anticancer activity

The effect of the four test compounds on C6 glioma cells
was determined by the MTT viability assay [28]. C6 glioma
cells were seeded at a density of 5000 cells/100 pl medium
per well of a 96 well microtitre plate. The culture medium
used was Dulbecco’s modified Eagle’s medium containing
10% heat-inactivated fetal bovine serum and antibiotics
(100 units/ml penicillin G, 100 ug ml™" streptomycin and
100 units of fungizocin) and the cells were grown at 37 °C in
5% CO, and 95% air in a humidified incubator. Twenty-four
hours after seeding, the medium was replaced with one con-
taining various concentrations of each of the test compounds
dissolved in DMSO. Cell viability was determined over a
period of 9 days, with medium containing the agents being
replenished every 3 days. MTT was added (20 pl per well of
a5 mg ml~" stock in phosphate buffered saline) every 3 days,
and the formazon crystals formed were dissolved with 100 pl
of 10% SDS in 0.01 N HCI after an incubation period of 4 h.
Optical density was read on an ELISA reader at 540 nm with
a reference wavelength of 690 nm.

Acknowledgements

JP would like to thank University of Pune (India) for the
financial assistance.

References

[11  V.A. Levin, PH. Gutin, S. Leibel, in: V.T. De Vita, S. Hellman,
S.A. Rosenberg (Eds.), Cancer: Principles and Practice of Oncology,
Lippincott, Philadelphia, 1993, pp. 1697-1737.

(2]

(3]

(4]

(5]
(6]
(71
(8]
[9]

[10]
[11]

[12]
[13]
[14]
[15]
[16]
(17]
(18]

[19]
[20]

[21]
(22]
(23]

[24]

[25]

(26]
(27]

(28]

C. Dai, E.C. Holland, Biochim. Biophys. Acta 1551 (2001) M19—
M27.

(a) R.J. Packer, .M. Boyett, R.A. Zimmerman, L.B. Rorke, A.M.
Kaplan, A.L. Albright, M.T. Selch, J.M. Cherlow, J.L.. Finlay, G.D.
Hammond, W.M. Wara, Cancer 72 (1993) 1414-1421; (b) P. Hosli,
A.P. Sappino, N. De Tribolet, P.Y. Dietrich, Ann. Oncol. 9 (1996)
589-600.

R.A. Finch, M.-C. Liu, S.P. Grill, W.C. Rose, R. Loomis,
K.M. Vasquez, Y.-C. Cheng, A.C. Sartorelli, Biochem. Pharmacol. 59
(2000) 983-991.

A.G. Quiroga, J.M. Perez, I. Lopez-Solera, E.I. Montero,
J.R. Masaguer, C. Alonso, et al., J. Inorg. Biochem. 69 (1998) 275.
D.X. West, A.E. Liberta, S.B. Padhye, R.C. Chikate, P.B. Sonawane,
A.S. Kumbhar, et al., Coord. Chem. Rev. 123 (1993) 49-71.

Z. Afrasiabi, E. Sinn, S. Padhye, S. Dutta, S. Padhye, C. Newton, et al.,
J. Inorg. Biochem. 95 (2003) 306-314.

D.K. Saha, S.B. Padhye, E. Sinn, C. Newton, Ind. J. Chem. 41A
(2002) 279-283.

D.K. Saha, S.B. Padhye, E. Sinn, C. Newton, Metal-Based Drugs 8
(2001) 73-77.

W.J. Geary, Coord. Chem. Rev. 7 (1971) 81-122.

V.M. Leovac, L.S. Jovanovic, V.S. Cesljevic, L.J. Bjwlica, V.B. Arion,
N.V. Gerbelu, Polyhedron 13 (1994) 3005-3014.

P. Bindu, M.R.P. Kurup, T.R. Satyakeertiy, Polyhedron 18 (1998)
321-331.

A. Para, S. Katolczyk-Kostuch, Carbohydr. Res. 50 (2002) 151-158.
S.V. Kasmir Raja, G.A. Savariraj, Ind. J. Chem. 18A (1979) 297-301.
A. Shreekanth, M.R.P. Kurup, Polyhedron 23 (2004) 969-978.

J. Patole, S. Dutta, S. Padhye, E. Sinn, Inorg. Chim. Acta 318 (2001)
207-211.

V.V. Zelenstov, in: V.I. Spitsyn (Ed.), Advances in Inorganic Chemis-
try, Mir. Publishers, Moscow, 1983 (125 and references therein).
S.B. Padhye, D.X. West, P.B. Sonawane (Eds.), Structure and Bond-
ing, vol. 76, Springer, Germany, 1991, pp. 1-50.

S. Padhye, G.B. Kauffman, Coord. Chem. Rev. 65 (1985) 127-160.
A.B.P. Lever, Inorganic Electronic Spectroscopy, second ed., New
York, 1984, pp. 458.

P. Bera, N. Saha, S. Kumar, D. Banerjee, R. Bhattacharya, Trans. Met.
Chem. (Dordrecht, Neth.) 24 (1999) 425-430.

A. Castineiras, E. Bermejo, D.X. West, L.J. Ackerman, J. Valdes-
Martinez, S. Hernandez-Ortega, Polyhedron 18 (1999) 1463-1469.
K.I. Goldberg, J. Valdes-Martinez, G. Espinosa-Perez, L.J. Ackerman,
Polyhedron 18 (1999) 1177-1182.

V.M. Gonzalez, P. Amo-Ochoe, JM. Perez, M.A. Fuertes,
J.R. Masaguer, C. Navarro-Ranninger, et al., J. Inorg. Biochem. 63
(1996) 57-68.

J.B. Roberts, B.V. Houten, Y. Qu, N.P. Farrell, Nucleic Acids Res. 17
(1989) 9719-9733.

T. Mosmann, J. Immunol. Methods 65 (1983) 55-63.

J. Valdesmartinez, R.A. Toscano, R. Salcedo, Monatsh. Chem. 121
(1990) 642-647.

D. Chattopadhyay, S.K. Mazumdar, T. Banerjee,
T.C.W. Mak, Acta Crystallogr. C44 (1988) 1025-1028.

S. Ghosh,



	Antiproliferative activities of iron and platinum conjugates of salicylaldehyde semi-/thiosemicarbazones against C6 glioma cells
	Introduction
	Chemistry
	Results and discussion
	IR studies
	Magnetic studies and electronic spectroscopy
	Cyclic voltammetric studies of iron complexes
	Anticancer activity

	Conclusions
	Experimental protocols
	Instrumentation and measurements
	Synthesis of ligands
	Synthesis of complexes: a general method
	[Fe(1)2]Cl·H2O (1a)
	[Fe(2)2]Cl (2a)
	[Pt(1)Cl] CH3OH (1b)
	[Pt(2)Cl] CH3OH (2b)

	Anticancer activity


	Acknowledgements
	References

