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Abstract

The aim of the present study was to assess the cytotoxic and antimicrobial properties of seven
new thiocyanato complexes: Ni(CgH;1N2O)(SCN), Cu(CoH11N0)(SCN), Pd(CoH11NO)(SCN), Pt(CoH414N,0)
(SCN), K[Ti(CgH14N>0)(SCN)s], Au(CoH11N20O)(SCN), and K[V(O)(CoH11N,O)(SCN)] (T1—T5, respectively). All
the complexes showed toxicity against brine shrimp nauplii (Artemia salina L.). The titanium-based
complex, Ts, exhibited potent toxicity, with a lethal concentration 50% (the concentration of test com-
pound that kills 50% of A. salina) value of 1.59 ug mL~". These new complexes also exhibited promising
antibacterial and antifungal properties. A macrodilution technique was used to estimate the minimum
inhibitory concentrations of the seven bioactive complexes. Minimum inhibitory concentrations were
found to be 8-64 ugmL~" against the tested bacterial species.

Introduction

Coordination complexes of transition metals have been widely studied for their anti-
microbial (Islam etal 2002a; Kamalakannan & Venkappayya 2002) and anticancer
properties (Treshchalina etal 1979; Brown et al 1982; Mirabelli et al 1987; Kelland et al
1994; Amirkhanov etal 1999; Rho etal 2002). One of the most potent and effective
antitumour agents was discovered serendipitously by Rosenberg etal (1965). They
synthesized several simple platinum complexes, among which cisplatin
(Pt(ID(NH3),Cl,) showed remarkable efficacy in inhibiting the growth of tumours in
mice (Rosenberg etal 1969). Over the past 30 years, platinum-based drugs, notably
cisplatin and carboplatin, have dominated the treatment of various cancers by chemical
agents. McGowan (2001) reported the first clinical trials of cisplatin in 1971, with official
approval being granted in the USA in 1978. By 1983, cisplatin was the biggest selling
antitumour drug in the USA and is still one of the most widely used antitumour drugs. It
is one of the most effective drugs for treating testicular, ovarian, bladder and neck
cancers. Despite the success of cisplatin, however, it lacks selectivity for tumour tissue,
which leads to severe side-effects, including renal impairment, neurotoxicity and ototoxi-
city. Various tumour cell lines are now becoming resistant to cisplatin, for example,
acquired cisplatin resistance in some pre-clinical tumour models (Kelland 1993).

Researchers are now exploring other transition metal complexes as antitumour agents
and considerable results have brought through the discovery of titanium-based com-
plexes (Kurbacher et al 1994; Friedrich et al 1998) and other transition metal complexes
(Mishra et al 1995; Bacchi et al 1999; Ghosh et al 2000; Joudah et al 2002; Shrivastav et al
2002; Vijayalakshmi et al 2002; Quievryn etal 2003). Among the other transition metal
complexes, the titanium complex titanocenedichloride (TiCp,Cl,) is the only metallo-
cene-based compound to have entered clinical trials for its potent and broad spectrum
activity against mammalian tumours (McGowan 2001). Compared with standard anti-
neoplastic agents such as cisplatin, doxorubicin, mitoxantrone and vinblastine, titanocene-
dichloride was found to exhibit greater cytotoxicity against renal cell carcinoma
(Kurbacher et al 1994). It was also found to be more effective in a human ovarian cancer
xenograft model than cisplatin (Friedrich etal 1998). Recently, some derivatives
of titanocenedichlorides were shown to have enhanced anticancer activity (Boyles
etal 2001).
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Given the considerable success of coordination com-
plexes, researchers are keen to discover new bioactive
complexes with potential antitumour and antimicrobial
effects to be used against cancer and other infectious
diseases, such as AIDS and SARS. We examined the
cytotoxic and antimicrobial properties of some novel
coordination complexes of different transition metals to
assess their biological potency.

Materials and Methods

Test organisms

The bacterial species used in this experiment were
Streptococcus [(B-haemolyticus (ATCC-12873), Staphylo-
coccus aureus (ATCC-25933), Pseudomonas aeruginosa
(ATCC-27853), Escherichia coli (ATCC-25922) and
Salmonella typhi (ATCC-26853), all of which were obtained
from the Institute of Nutrition and Food Sciences, Dhaka
University, Bangladesh. The fungi, Candida albicans
(ATCC 10231), Aspergillus fumigatus (ATCC 1028) and
Aspergillus niger (CCRC 31494), were obtained from
stock cultures at the Institute of Biological Sciences,
Rajshahi University, Bangladesh.

Study design

Seven novel complexes were obtained from the Inorga-
nic Research Laboratory, Department of Chemistry,
Rajshahi University, Bangladesh. Chemical characteriza-
tion of these bioactive complexes has been published pre-
viously (Islam et al 2002b). To determine the cytotoxicity of
the complexes, we used the brine shrimp (Artemia salina L.)
lethality bioassay and measured the lethal concentration
50% (LC50: the concentration of test compound that kills
50% of A. salina) values after probit transformation to
assess their potency. Antibacterial activity was determined
by the disc-diffusion method (Bauer etal 1966; Rios etal
1988). Minimum inhibitory concentration (MIC) values for
the complexes were determined against pathogenic bacteria.
We also determined the antifungal activity of the complexes
against some pathogenic fungi.

Synthesis of complexes

A tridentate ligand, CyoH;5N,O, having ONN donor
sequences, was synthesized by the condensation of ethylene-
diamine with salicylamide. The ligand undergoes deprotona-
tion during complexation and forms complexes of the com-
position: Ni(CoH;1N,O)(SCN), Cu(CyH;;N,O)(SCN), Pd
(C9H1 lNzo)(SCN), Pt(CQHl 1N20)(SCN) (Where CgH] ]N20
is the deprotonated schiff base), K[Ti(CoH;;N,O)(SCN);],
Au(CyH |1 N,O)(SCN), and K[V(O)(CoH ;| N,O)(SCN)] (T—
T, respectively). These complexes were characterized on the
basis of elemental analysis, conductivity and magnetic meas-
urements, nuclear magnetic resonance, infrared and electro-
nic spectral studies (Islam et al 2002b).

Brine shrimp lethality bioassay

The brine shrimp lethality bioassay (Persoone etal 1980;
Mayer etal 1982; McLaughlin & Anderson 1988;
McLaughlin 1991; Jaki etal 1999) is a recent development
in the assay procedure of bioactive compounds, which
indicates cytotoxicity as well as a wide range of pharma-
cological activities (e.g. anticancer, antiviral, insecticidal,
pesticidal) of the compounds. The shrimp lethality assay
was proposed by Michael etal (1956) and later developed
by Vanhaecke et al (1981) and Sleet & Brendel (1983). It is
based on the ability to kill laboratory-cultured brine
shrimp (Artemia nauplii). The assay is considered a useful
tool for preliminary assessment of toxicity (Solis etal
1993) and it has been used for the detection of fungal
toxins (Harwig & Scott 1971), plant extract toxicity
(McLaughlin etal 1991), heavy metals (Martinez etal
1998), cyanobacterial toxins (Jaki etal 1999), pesticides
(Barahona & Sanchez-Fortun 1999), and cytotoxicity test-
ing of dental materials (Pelka et al 2000).

In the present study, in-vivo lethality tests were carried
out using brine shrimp nauplii eggs (4. salina L.). Eggs
were placed in one side of a small tank divided by a net
containing 3.8% NaCl solution for hatching. In the other
side of the tank, a light source was placed in order to
attract the nauplii. After a 2-day hatching period, the
nauplii were ready for the experiment. The complexes
(3mg) were accurately measured and dissolved in 0.6 mL
of dimethylsulfoxide (DMSO) to give a concentration of
SmgmL’I. From the stock solutions, 1, 2, 5, 10, 20, 40
and 80 uL. were placed in seven different vials and the
volume was made up to SmL with NaCl solution. The
final concentrations of the samples in the vials were 1, 2, 5,
10, 20, 40 and 80 ug mL, respectively.

Ten brine shrimp nauplii were then placed in each vial.
For the control test of each vial, one vial containing the
same volume of DMSO plus seawater up to 5SmL was
used. After 24h of incubation, the vials were observed
using a magnifying glass and the number of survivors in
each vial were counted. The resulting data were trans-
formed to the probit analysis (Finney 1971) for the deter-
mination of LC50 values for the complexes.

Antibacterial screening

In-vitro antibacterial screening is generally performed by
the disc-diffusion method (Bauer etal 1966; Rios etal
1988) for primary selection of compounds as therapeutic
agents. The disc-diffusion method is highly effective for
rapidly growing microorganisms and the activities of the
test compounds are expressed by measuring the diameter
of the zone of inhibition. Generally, the more susceptible
the organism, the bigger the zone of inhibition. The
method is essentially a qualitative or semiquantitative
test, indicating sensitivity or resistance of microorganisms
to the test materials as well as bacteriostatic or bacterici-
dal activity of a compound (Reiner 1982).

The antibacterial activity of the complexes T;—T; was
determined at a concentration of 30 pg/disc and 200 pg/disc
against two Gram-positive (S. aureus and S. B-haemolyticus)



and three Gram-negative (S. typhi, P. aeruginosa and E. coli)
bacteria. The diameters of the zones of inhibition produced
by the compounds were compared with the standard anti-
biotic (ciprofloxacin 30 ug/disc). The experiments were per-
formed three times to minimize error.

Growth media and conditions

Nutrient agar was used to culture the pathogenic bacteria.
Nutrient broth was used as liquid culture of all the tested
bacteria and was used in the MIC determinations. In all
cases of bacterial culture the temperature was maintained
at 37°C. Potato dextrose agar medium was prepared in
the laboratory to maintain the fungal growth. The anti-
fungal activity of the complexes was determined on potato
dextrose agar Petri dishes spread with fungal spores and
kept at 28°C for about 72 h. To prepare potato dextrose
agar, 20g potato was extracted with distilled water
(100mL) at 100°C for 1h and it was then filtered off
using a cotton filter. The potato juice (100 mL) was then
mixed with 2 g dextrose and 1.5 g agar, and the pH of the
prepared medium was adjusted to 7.00.

MIC measurements

A current definition of the MIC is the lowest concentra-
tion that results in maintenance or reduction of inoculum
viability (Carson etal 1995). Determination of the MIC
involves a semiquantitative test procedure, which gives an
approximation to the least concentration of an antimicro-
bial needed to prevent microbial growth. The method
involves tubes of growth broth containing a test level of
preservative, into which an inoculum of microbes is
added. The end result of the test is the minimum concen-
tration of antimicrobial (test material) that gives a clear
solution (i.e. no visible growth) (Collins 1964; Davidson &
Parish 1989). The serial dilution technique (Reiner 1982)
was used for the determination of the MIC of the
complexes. Four bacterial species were used: S. aureus,
S. B-haemolyticus, S. typhi and E. coli. Replicate analyses
were performed.

DMSO was used to make dilutions of the coordination
complexes for MIC determinations. Bacteria were incu-
bated on nutrient agar slants for 18 h at 30°C. MIC tests
were run with the third subculture of bacteria and samples
were taken during the exponential phase of bacterial
growth. Bacterial inocula were prepared at 5x 10°—
5% 10’ CFUmL™". The optical density was measured at
an absorbance of 0.05 and a wavelength of 660 nm.

Antifungal screening

The antifungal activity of the complexes was determined
by the disc-diffusion method (Bauer etal 1966; Rios et al
1988) against three pathogenic fungi, C. albicans, A. niger
and A. fumigatus, at a concentration of 200 ug/disc for
each. The medium used was potato dextrose agar. The
activity was determined after 72 h of incubation at room
temperature (30°C). All experiments were performed in
triplicate.
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Statistical analysis

Statistical analysis of the antibacterial and antifungal
activities of the novel thiocyanato complexes with differ-
ent concentrations of each (30 and 200 ug/disc) was per-
formed using the Kruskal-Wallis test (Shil & Debnath
2001). Differences in individual antibacterial and antifun-
gal activity of the tested complexes (T;—T,) were examined
using post-hoc Nemenyi’s test following the Kruskal—
Wallis test. A level of P < 0.05 denoted significance in
all cases.

Probit analysis (Finney 1971) was used to determine
the LC50 values from the mortality data. The cytotoxicity
of the novel thiocyanato coordination complexes was
compared with the standard gallic acid and also with the
anticancer agent bleomycin. Probit software was used to
calculate the LC50 value from the mortality data.
Determination of LC50 by probit analysis allowed the
ranking of these coordination complexes with respect to
their biocidal activity.

Results

Antibacterial activity

At a concentration of 30 ug/disc, the complexes Ty, T,, Ty
and T did not show remarkable biocidal activity, whereas
the palladium-, platinum- and titanium-based complexes,
T;, T4 and Ts, showed modest antibacterial activity
against the tested Gram-positive and Gram-negative bac-
teria (Table 1). The palladium complex T3 showed promis-
ing antibacterial activity (zones of inhibition 28-31.2 mm)
at a concentration of 200 ug/disc in comparison with
ciprofloxacin (zones of inhibition 26.3-29.3 mm), but it
was not statistically significant. The complexes Ty, T, Tg
and T5 showed promising antibacterial activity against the
Gram-positive bacteria at a concentration of 200 ug/disc,
but Ty, T, and T; were inactive against some Gram-nega-
tive bacteria (Table 1). At a concentration of 200 ug/disc,
the palladium-, platinum- and titanium-based complexes
T;, T4 and Ts showed remarkable antibacterial activity
against the tested bacteria in comparison with ciproflox-
acin. In the present study, we found that the complexes
showed comparatively greater antibacterial activity
against Gram-positive bacteria compared with Gram-
negative bacteria. The antibacterial activity of different
transition metal complexes has been reported. Islam et al
(2002a) reported the activity of Cu-, Ni- and Co-based
coordination complexes and found zones of inhibition of
14-30 mm against the tested bacterial species. Sultana et al
(2003) reported the activity of Cd-, Sb- and As-based
coordination complexes and found zones of inhibition by
the disc-diffusion method to be §-25 mm against different
pathogenic bacteria. In our previous investigation of the
novel titanium-based coordination complexes (Sheikh
etal 2004), we found the zones of inhibition to be 9-—
18 mm at 200 pg/disc. In the present study, we found the
zones of inhibition for the thiocyanato complexes to be
9.3-17.3 mm at 30 pg/disc and 9.3-31.2 mm at 200 pg/disc
(Table 1), which is similar to previous reports.
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MIC

The MIC values of the complexes against S. aureus,
S. B-haemolyticus, S. typhi and E. coli are shown in Table
2. The MIC values of the complexes T, T¢ and T5 against
the tested bacteria were not different (32 ugmL ™' for Gram-
positive and 64 ugmL ™' for Gram-negative), indicating
that the complexes were more active against Gram-positive
bacteria than Gram-negative bacteria. For T;, the MIC
values were 64, 32, 64 and 64 ugmL ™' against the tested
bacteria, respectively. The complexes T3, T4 and Ts showed
MIC values of 8-16 ugmL ™", indicating more potent anti-
bacterial activity compared with the other tested complexes.

Antifungal activity

Table 3 shows that, with the exception of T, the complexes
were active against the tested fungi at a concentration of
200 pg/disc compared with the standard nystatin. The max-
imum zones of inhibition against A. niger and A. fumigatus
were 21 and 22 mm, respectively, for the complex T3, which
were similar to the zones of inhibition of 23 and 24 mm of the
standard nystatin. Among the other complexes, the
vanadium(I'V)-based complex T showed a maximum zone
of inhibition against C. albicans. This was an interesting
finding as we did not find any report of antifungal activity
for vanadium-based complexes. Islam et al (2002a) reported
the antifungal activity of Cu-, Ni- and Co-based coordination
complexes and found zones of inhibition of 8-28 mm against
the tested fungi. Sultana etal (2003) reported the activity of
Cd-, Sb- and As-based complexes and found zones of inhibi-
tion of 8-20 mm at 200 pg/disc against different fungi. In our
previous investigation for novel titanium-based complexes,
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we found zones of inhibition of 9—16 mm against C. albicans,
A. niger and A. fumigatus. (Sheikh etal 2004). The present
results of zones of inhibition of 9-22.3 mm for the tested novel
complexes are supported by the previous studies.

Cytotoxicity

The mortality rate of brine shrimp nauplii was found to
increase with increasing concentrations of the complexes.
The LC50 values of the complexes T;, T,, T3, Ty, Ts, Tg
and T, were 6.49, 2.28, 5.56, 3.01, 1.59, 7.08, 9.80, 0.41 and
4.53 ugmL~" (ppm), respectively (Table 4). The standard
anticancer drug bleomycin had an LC50 value of
0.41 ugmL~". The lowest LC50 value of 1.59ppm was
found in the case of the titanium-based complex Ts, indicat-
ing its more potent cytotoxicity compared with the other
coordination complexes in this study. Titanium-based com-
plexes have been reported previously for their potent cyto-
toxic properties compared with platinum-based complexes
(Kurbacher etal 1994; Friedrich etal 1998). Our present
findings support the previous studies as the titanium-based
complex Ts5 (LC50 = 1.59 ppm) was more cytotoxic than the
platinum-based complex T, (LC50=3.01ppm). The
copper(Il)- and platinum(II)-based complexes T> and Ty
showed greater cytotoxicity compared with the control
DMSO and gallic acid, which was used as standard agent
(Sarkar etal 1988). Here, DMSO was used as solvent only.

Table 4 Cytotoxic effects of the complexes T—-T;, standard
bleomycin and gallic acid

Test sample LC50 95% confidence
(ppm) limit (ppm)
Table 2 In-vitro antibacterial activity of the coordination Lower Upper
complexes T;—T; and standard ciprofloxacin by the macro-dilution .
method Ni(CoH 1 N,O)(SCN) T, 6.49 4.16 10.16
Cu(CyH;1N,O)(SCN) T, 2.28 1.36 3.84
Test organism Minimum inhibitory concentration (ugmL ") Pd(CHIN0)(SCN) Ts 3.56 3.52 8.79
Pt(CoH;N,O)(SCN) Ty 3.01 1.94 4.67
T, T, T3 T4 Ts T¢ T,; Ciprofloxacin K[Ti(CoH;1N,0) Ts 1.59 1.06 2.38
(SCN)s]
Staphylococcus aureus64 32 8 16 8 32 32 2 Au(CoH ;| N,O)(SCN) Te 7.08 4.16 12.05
Streptococcus 32 32 16 8 8 32 32 2 K[V(O)(CyHN,0O) T, 9.80 5.66 16.99
(B-haemolyticus (SCN)]
Salmonella typhi 64 64 16 16 16 64 64 2 Standard bleomycin 0.41 0.27 0.62
Escherichia coli 64 64 16 16 16 64 64 4 Gallic acid 4.53 3.33 6.15
Table 3 In-vitro antifungal activity of the complexes T;—T; (200 ug/disc) and standard nystatin by the disc-diffusion method
Test organism Diameter of zone of inhibition (mm)
T, T, T; T, Ts Te T, Nystatin
Candida albicans 00£00 163+1.2 158+1.7 158+1.0 183+1.5 11.6+1.52 2234+1.52 253+1.2
Aspergillus niger 9.0+00 120+1.0 21.3+1.5 17.3+1.5 20.0+1.0 13.3+0.6 15.6+0.6 23.6+0.6
Aspergillus fumigatus 9.6+0.6 13.6+1.2 223+1.2 21.34+0.6 18.6+0.6 14.3+0.6 16.0+1.0 24.6+1.2

Data are mean £ s.d.
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In the present study, the other transition metal nickel(IT)-,
copper(Il)-, palladium(II)- and vanadium(IV)-based com-
plexes also showed toxicity against Artemia. The maximum
LC50 value (9.80 ppm) was shown by the vanadium(IV)-
based complex T.

Discussion

Compared with standard antineoplastic agents such as cis-
platin, doxorubicin, mitoxantrone and vinblastine, titanoce-
nedichloride (titanium complex) was found to exhibit greater
cytotoxicity against renal cell carcinoma (Kurbacher etal
1994). The titanium-based complexes were also found to be
more effective than cisplatin in a mammalian cancer model
(Friedrich et al 1998). Therefore, it was of interest to explore
some novel transition-metal-based complexes as potentially
potent cytotoxic agents.

In the present study, we found a novel titanium(I11)-based
complex Ts with potent cytotoxicity (LC50= 1.59 ppm).
Among the six other novel thiocyanate complexes, only T,
(LC50=2.28ppm) and T, (LC50=3.01ppm) showed
promising cytotoxic effects compared with the reference
standard gallic acid (LC50 =4.53 ppm). The cytotoxic and
antitumour properties of coordination complexes have been
previously reported by others (Treshchalina etal 1979;
Brown etal 1982; Mirabelli etal 1987; Berners-Price et al
1990; Kelland etal 1994; Amirkhanov etal 1999; Carotti
et al 2000; Coronnello et al 2000; Rho et al 2002). The present
findings also indicate the cytotoxicity of the newly synthe-
sized thiocyanato complexes against A. salina. The different
LC50 values of the thiocyanato complexes indicate their
different cytotoxic potencies and possibly different mechan-
isms of action. Further investigation is required to explore the
exact mechanism of their cytotoxic properties.

The newly synthesized complexes displayed poor anti-
bacterial activity at the lower concentration of 30 ug/disc
(zones of inhibition of 9.3-17.3mm), but had promising
antibacterial activity at the higher concentration of
200 pg/disc (zones of inhibition up to 31.2mm). The MIC
values (8-16 ugmL™") of the palladium-, platinum- and
titanium-based complexes (T3, T4 and Ts) against the tested
bacteria indicated their considerable antibacterial potency
compared with ciprofloxacin (24 ugmL™"). Vijayalakshmi
etal (2002) and Joudah etal (2002) reported that the
mechanism of biocidal activity of some metal coordination
complexes involved oxidative DNA damage. The cytotoxic
nature of the novel thiocyanato complexes may also be due
to oxidative DNA damage, but further investigations are
required to confirm this activity.

The nickel(IT)-based complex (T;) showed poor anti-
fungal activity but the palladium(II)-, platinum(II)-,
titanium(III)- and vanadium(IV)-based complexes (T3,
T4, Ts and T;) showed considerable antifungal activity,
indicating their potential as antifungal agents. Different
ligands can modify the antifungal activity of metal-based
complexes, so proper ligand selection is an important
consideration. The present findings may also prompt a
new search for the palladium-, platinum- and titanium-
based complexes for use against fungal diseases.

In conclusion, the novel complexes described here show
promising cytotoxic and antimicrobial activities. Further
studies on mammalian cancer cell lines are necessary to
explore their cytotoxicity and potential as anticancer agents
in clinical trials.
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