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INTRODUCTION

Synthesis of triazoles especially 1,2,3-triazole containing
molecules has been considered because of their important
biological activities [1]. The interesting properties within 1,2,3-
triazoles have made them into pharmaceutically vital mole-
cules. The triazole molecules reveal high dipole moment, the
ability of hydrogen bonding and π-stacking interactions [2,3].
However, the heterocyclic molecules containing triazole moiety
have expanded the range of therapeutically interesting drugs
e.g., anti-inflammatory, sedatives, antimicrobial and antifungal
activity. In addition, several important triazole-based drugs
such as fluconazole, rilmazafone, trapidil, rufinamide, ribavirin
are used for clinical treaments [4-6].

High coordination numbers, suitable geometries, redox
activities and thermodynamic and kinetic affinities of metal
complexes to ligands have given a good mechanism of biolo-
gical action. Generally, the nature of metals and ligands plays
a significant role in the biological activities of metal complexes
[7,8]. In 1967, Rosenberg et al. [9] identified the electrogene-
rated platinum(II) species that stop the growth of Escherichia
coli. This observation has been encouraged inorganic chemists
to test the anticancer activity of cisplatin, (cis-[Pt(NH3)2Cl2]).
In 1978, cisplatin have been reached for clinical approval and
became the most used anticancer drug [10]. Moreover, various
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metal complexes have been prepared and screened for antitumor
activities. Among them, only two complexes, namely carboplatin
and oxaliplatin have been approved for the clinical trial. While
these complexes are active against a number of cancer cells,
but their uses are limited due to their side effects [11]. These
complexes damage DNA, kill the cell by crosslinking with DNA
and disrupted the replication and transaction. The crosslinking
ability is not selective only for cancer cells but also for healthy
cells. For these reasons, the use of these drugs is bad like a
disease [12]. This fact encourages us to prepare the non-platinum
metal complexes, which may expand the activities of metal-
anticancer drugs.

Ruthenium metal may be the most promising alternative
preference, since its complexes have particular biochemical
properties and can easily accumulate in neoplastic cells  [13-
15]. The first property seems to correlate with its ability to inter-
act with transferrin. It has been assumed that Ru-transferrin
complexes are effectively transported into neoplastic tissues,
which contain high transferrin receptors, low oxygen content
and high acidity, such as in hypoxic tumors. NAMI-A and
KP1019 tested Ru complexes have appeared for clinical trials
[16]. Both complexes have a similar structure with Ru3+ cation
and are coordinated with chloride and heterocyclic ligands.
However, the mode of action for these Ru drugs is different.
KP1019 was used as a potential primarily anticancer drug, while
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NAMI-A acted as antimetastatic agents. Sadler et al. [17]
reported new Ru-arene complexes, which have cytotoxic effects
on various human cancer cells [17]. Based on the reported comp-
lexes, only a few ruthenium-triazole complexes have been used
for anticancer agents. Tornøe et al. [18] reported the Ru-triazole
ligand complexes and tested them against human epithelial
cells (HEp-2) and human lung cancer cells (A-549). These
metal complexes have exhibited good cytotoxic activities. The
potentiality of these complexes has been significantly influe-
nced by the nature of ligands. The introduction of water-soluble
parts into triazole ligands might have the positive effects to leave
the non-chelating ligand (-Cl) and make them available site
for DNA. The above reasons have been led to the synthesis of
Ru-water soluble triazole ligands as an anticancer drug.
Recently, the triazole ligands for homogeneous catalysis have
been reported by our research group [19-23].

In the current work, the synthesis of water-soluble triazole
ligand and their ruthenium complex as well as the anticancer
and antimetastatic properties of the Ru complex are discussed.
A431 (human cervical carcinoma cell), A549 (human lung
cancer cell), BxPC3 (pancreatic cancer cell) and HCT-15 (colon
cancer cell) are used as target cell lines.

EXPERIMENTAL

Synthesis of ruthenium complex: A mixture of 0.12 g
(0.39 mmol) 2-(1-((pyridine-2-yl)methyl)-1H-1,2,3-triazol-4-
yl)ethyl sodium sulfate (ligand 1) and 0.12 g (0.20 mmol)
[RuCl2(η6-p-cymene)]2 was stirred in 20 mL methanol for three
days at room temperature. After filtration, the filtrate was evap-
orated by vacuum evaporation and obtained yellow crystalline
powder. Then, the product was dissolved in boiled EtOH (10
mL) and the solution was left overnight at room temperature.
Finally, yellow microcrystals of [RuCl(p-cymene)(ligand 1)]
complex were collected [21,23] (Scheme-I) and isolated by
hot-cold recrystallization of crystalline powder using ethanol.
IR (KBr, νmax, cm–1): 2947 (p-cym, -C-H str.), 1603 (Py C=N,
str.), 1005 (C-O str.), 773 (C-H bend.). Elemental anal. of calcd.
(found) % for C20H25N4O4SClRu: C, 43.36 ( 43.11); H, 4.55
(4.55); N, 10.11 (9.89). 1H NMR (CD3OD, 300 MHz, δ ppm):
9.11 (doublet, 1H(1), J = 5.0 Hz), 8.33 (singlet, 1H(7)), 8.06
(triplet of doublet, 1H(3), J = 7.7, 1.25 Hz), 7.77 (doublet,
1H(4), J = 7.3 Hz), 7.59 (triplet, 1H(2), J = 6.7 Hz), 6.13-6.07
(multiplet, CHa/CH Ar, 2H), 5.97 (doublet, 1H Ar, J = 6.0 Hz),
5.87 (doublet, 1H Ar, J = 6.1 Hz), 5.81 (doublet, 1H Ar, J = 6.2
Hz), 5.62 (doublet, 1Hb, J = 15.8 Hz), 4.34-4.20 (multiplet,
2H(10)), 3.19-3.04 (multiplet, 2H(9)), 2.97-2.88 (multiplet,

1H(13)), 2.01 (s, 3H(18)), 1.32 (doublet, 6H(11,12), J = 6.9 Hz).
13C NMR (CD3OD, 300 MHz, δ ppm): 159.48 (C1), 154.66
(C5), 149.68 (C7), 141.78 (C3), 130.10 (C4), 127.39 (C8 or
C2), 127.28 (C8 or C2), 107.87 (p-cym), 102.59 (p-cym), 89.02
(p-cym), 86.32 (p-cym), 85.64 (p-cym), 84.88 (p-cym), 67.11
(C10), 55.38 (C6), 32.18 (p-cymCH), 27.16 (C9), 22.57
(CHCH3), 22.43 (CHCH3), 18.30 (p-cymCH3).

Cell cultures: Human lung (A549), pancreatic (BxPC3),
melanoma (A375) and colon (HCT-15) carcinoma cell lines
were collected from American Type Culture Collection (ATCC,
Rockville, MD). Nontumor HEK293 cell was collected from
the European Collection of Cell Cultures (ECACC, Salisbury,
UK). Human cervical carcinoma cell A431 was provided by
Prof. F. Zunino (Istituto Nazionale dei Tumori, Milan, Italy).
LoVo human colon-carcinoma cell line was kindly providedby
Prof. F. Majone of Padova University, Italy. Cell lines were
maintained in the logarithmic phase at 37 ºC in a 5% CO2

atmosphere using the following culture media containing 10%
fetal calf serum (Euroclone, Milan, Italy), antibiotics (50 units/
mL penicillin and 50 µg/mL streptomycin) and L-glutamine
(2 mM): (i) F-12 HAM’S (Sigma Chemical Co.) for LoVo
and A549 cells, (ii) DMEM for A375 cells and (iii) RPMI-
1640 medium (Euroclone) for A431, HCT-15 and BxPC3 cells.

Complex 1 was dissolved in DMSO and then a calculated
amount of drug solution was added into the cell growth medium
to get a final solvent with the concentration of 0.5%, which
had no detectable effect on cell killing. Cisplatin was dissolved
in 0.9% NaCl solution. MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) and cisplatin were obtained
from Sigma Chemical Co, St. Louis, USA.

MTT assay: The growth inhibitory effect against tumor
cells was assessed by MTT assay [24]. Depending upon the
cell growth characteristics, (3-8) × 103 cells/well were seeded
in 96-well microplates in a 100 µL growth medium. After 24
h, fresh media containing the tested compound at the proper
concentration was placed. Triplicate cultures were settled for
individual treatment. In each well, a 10 µL MTT saline solution
of 5 ppm was added. After, 5 h of incubation, a solution (0.01 M
HCl) of sodium dodecylsulfate (SDS) solution was added. After
overnight incubation, cell growth inhibition was detected by
measuring the absorbance of each well at 570 nm using a Bio-
Rad 680 microplate reader. Mean absorbance for each drug
dose was expressed as a percentage of the control untreated
well absorbance and plotted vs. drug concentration. IC50 values,
the drug concentrations that reduce the mean absorbance at
570 nm to 50% of those in the untreated control wells, were
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Scheme-I: Synthetic route of [RuCl (η6-p-cymene)(ligand 1)] complex
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calculated by the four-parameter logistic (4-PL) model. The
evaluation was based on at least four individual experiments.

Tumor cell invasion assays: Transwell embedded with 8
µm pores (Corning) were covered with 100 µL Matrigel (Becton
Dickinson), which was diluted 1:4 in ice-cold F-12 HAM’S
and allowed to gel at 37 ºC. LoVo cells were starved in a medium
without fetal bovine serum overnight and then 1 × 105 cells
resuspended in 100 µL of serum-free medium, containing the
compound to be tested at the appropriate concentration, were
added to the upper chamber and cultured for 24 h. The non-
migratory cells on the upper surface of the membrane were
removed and the cells were stained in 0.1% crystal violet and
counted.

RESULTS AND DISCUSSION

Yellow crystalline powder [RuCl (η6-p-cymene)(ligand 1)]
was obtained from the reaction of an equivalent amount of
ligand 1 with [RuCl2(η6-p-cymene)]2. The synthesized complex
was characterized by FT-IR, elemental analysis, 1H & 13C NMR
spectroscopic methods. The characteristics IR frequencies for
ruthenium complex were observed at ca. 2947 (p-cym, -C-H
stretching), 1603 (Py C=N, str.), 1005 (C-O str.), 773 (C-H
bend.) cm-1. The shifting of C=N stretching frequency from
1650 to 1603 cm-1 indicates the bonding of Ru-ligand in the
complex.

From 1H NMR (Fig. 1a, CD3OD, 298 K) spectra for ligand
1 and complex 1, it has been shown that the singlet peak for
H(7) atom and the doublet peak for H(1) atom are shifted
downfield region compared to those for free ligand (∆δ = 0.57
and 0.33 ppm), The shifting is matched well with the reported
spectra data of metal-triazole complexes [21-26]. The formation
of Ru-complex is also confirmed by the 13C NMR spectrum
(Fig. 1b) in which the resonance of C(7) and C(1) atoms occur

at lower fields compared to those for free ligand 1 (∆δs = 5.13
and 4.80 ppm) [25,27].

Cytotoxicity studies: The cytotoxicity properties for
complex 1 against several human cancer cells e.g. cervical
(A431), lung (A549), pancreatic (BxPC3), colon (HCT-15) and
melanoma (A375) cancer were tested by MTT method. The
IC50 values (Table-1) were obtained after 72 h of exposure.
The cytotoxicity of cisplatin was compared under the same
conditions. The tested complex showed a limited antitumor
activity, with higher IC50 values than those recorded with
cisplatin. Cytotoxicity of the complex was also estimated
against HEK293 (human nontumor) cell line. As reported in
Table-2, the IC50 value of complex 1 against HEK293 cells
was 200 times lower than that registered after the treatment
with cisplatin. Interestingly, the SI value of the synthesized
ruthenium complex was significantly higher (about 2 times)
than that calculated with cisplatin. Complex 1 was also tested
against human colon cancer LoVo cells, endowed with high
metastatic potential (Fig. 2). The invasion potential of LoVo
treated and untreated cells was assayed through the matrigel
barrier in the transwell inserts test. The addition of complex 1
accordingly reduced the invasion potential of LoVo cells in a
dose-dependent manner. Notably, at 25 µM Ru1 (complex 1)
determined a cell invasion inhibition which was rather similar
to that obtained with Vandetanib (5 µM).

TABLE-2 
CYTOTOXIC ACTIVITY AGAINST THE  
HUMAN NONTUMOR CELL, HEK293 

Compound IC50 (µM) ± S.D. 
(HEK293) 

S.I. 

Complex 1 456.22 ± 3.23 6.1 
Cisplatin 21.11 ± 2.17 2.8 
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Fig. 1. (a) Comparison between 1H NMR spectra of complex 1 and ligand 1 in CD3OD; (b) 13C NMR spectrum of complex 1 in CD3OD

TABLE-1 
CYTOTOXIC ACTIVITY IN TERMS OF IC50 (µM) ± S.D. FOR THE TESTED COMPOUNDS  
AT 72 h ON THE HUMAN CANCER CELL LINES, A549, A431, A375, BxPC3 AND HCT-15 

IC50 (µM) ± S.D. 
Compound 

A549 A431 A375 BxPC3 HCT-15 
Complex 1 126.76 ± 5.99 113.42 ± 6.11 32.98 ± 4.22 49.43 ± 3.13 35.65 ± 2.38 
Cisplatin 9.98 ± 2.86 1.65 ± 0.51 3.11 ± 0.98 11.13 ± 2.36 11.32 ± 1.51 
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Complex 1 elicited dose-dependent cytotoxicity that was,
however, lower than that of cisplatin. Based on the dose-response
curve, 25 and 12.5 µM were selected as non-toxic doses to be
employed to assess tumor cell invasion ability (Fig. 2b).
Vandetanib, a good tyrosine kinase inhibitor endowed with
significant antimetastatic potential, has been used as a positive
control.

Conclusion

[RuCl (η6-p-cymene)(ligand 1)] complex (where ligand
1 = 2-(1-((pyridine-2-yl)methyl)-1H-1,2,3-triazol-4-yl)ethyl
sodium sulfate) was synthesized by the hot solution evaporation
method and characterized by FT-IR and NMR spectroscopic
techniques. The ligand shows mononucleated properties toward
the ruthenium metal to form a neutral complex. The cytotoxic
activities of the sythesized complex 1 on human cancer cells
A375, A431, BxPC3, A549 and HCT-15 showed a limited in
vitro antitumor activity, with IC50 values up to one order of
magnitude higher than cisplatin. Cytotoxicity of the complex
1 against a human nontumor embryonic kidney HEK293 cells
(human noncancerous cells in rapid proliferation) is 200 times
lower than cisplatin after treatment. The selectivity index value
for the complex was also remarkably higher (about 2 times)
than that for calculated with cisplatin.

ACKNOWLEDGEMENTS

The authors are grateful to Dr. Alberto scrivanti and Dr.
Beghetto Valentina, Ca’ Foscari University of Venice, Italy,
for their kind help for the cytotoxic evaluations. The authors
are thanks to Dr. M. Razaul Karim, Shahjalal University of
Science and Technology, Sylhet, Bangladesh for his kind and
valuable suggestions about this work.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

(a) (b)

100

80

60

40

20

0

120

100

80

60

40

20

0

C
el

l v
ia

bi
lit

y 
(%

)

0  10 20 30 40 50 60

Concentration (µM)

R
e

la
tiv

e
 c

el
l i

nv
as

io
n 

(%
)

Ru1
CisPt

Vandetanib

Ru1, 25 µM

Ru1, 12.5 µMCtr
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