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Abstract: The aim of the present study was to nvestigate the biocidal activity of seven new chromium based
coordination complexes [Cr(Pht), (Glycine),, 3,]. [Cr(Pht), (Leucine),, S;], [Cr(Pht), (Cystein),, 3;], [Cr(Pht),
(Sermne),, 3,], [Cr(Suc), (Leucine),, 5], [Cr(Suc), (Cystein),, S;] and [Cr(Suc), (Serine),, 3,] agamst Gram-positive
and -negative bacteria, fungi and brine shrimp nauplii. The complexes S,, S,, 5,, S; showed good antibacterial
activity at the concentration of 200 ug disc™' and gave MIC values between 16-64 g ml™ against the tested
bacteria. The complexes gave comparatively better antibacterial activity against the Gram-negatives. S, did not
show any remarkable antifungal activity but others showed good activity. The brine shrimp were hatched in
artificial sea water and exposed to the complexes to determine mortality rate. LC;, values were calculated after
probit transformation of the resulting data. All the complexes showed better cytotoxic effect but among them
3, and S, having 1.C.; values of 3.31 and 3.63 ug ml™ showed potent cytotoxic activity when compared with
the reference standard Gallic acid whose 1.C; values was 4.53 ug ml™".
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INTRODUCTION

Coordination complexes of transition metals have
been widely studied for their antimicrobial’® and
cytotoxic”? properties. In the history of coordination
complexes in cancer therapy, the first climcal trials of
cisplatin (a titanium based coordination complex) were
carried out in 1971"". Cisplatin is one of the most potent
and effective antitumor agent but it lacks selectivity for
tumor tissue and many tumors are growing resistance to
this platinum complex. To address this problem modified
versions of cisplatin, leading to second and third
generation platinum-based drugs have been synthesized
over the past 30 years and have got their less toxic effect
to the host tissue!™.

Recently there has been considerable interest and
mcreased research activity in developing other transition
metal compounds as anticancer drugs, which are less toxic
than platinum-based drugs. In the continuation of the
search for new anticancer coordination complexes,
titanium complexes have shown better anticancer activity
than the cisplatin’"'®. Besides titanium, other transition
metal complexes of won, nickel, zine, cobalt and copper
showed antitumor properties!™*. Chromium complexes
have also been reported for their potent cytotoxic
activity!* 1,

The aim of the present study was to evaluate the
cytotoxic properties of a series of new chromium based
coordination complexes with the hope of adding new and
potent cytotoxic chemotherapeutic agents to treat
marmmalian cancer cells. We compared the cytotoxicity of
the complexes with the reference standard Gallic acid. We
also tested the cytotoxicity of the anticancer drug
bleomycin and have compared with the tested chromium
complexes. We also studied the antibacterial and
antifungal activity of the newly synthesized complexes
and have compared the activities with the standard
antibacterial and antifungal drugs.

MATERIALS AND METHODS

Preparation of complexes: The complexes were
synthesized according to the following procedure; The
aqueous solution of chromium (IIT) chloride and of amino
acids containing minimum amount of KOH (to make
soluble) were mixed in a molar ratio of 1:2 and then
allowed to stand for about 10 min. Two moles of imide
salts (potassium phthalimide or potassium succimmide)
were then added. To get the precipitates of complexes, the
mixture were then heated at 60°C for about 25 min and
then allowed to stand for 10 min. The precipitates formed
were removed by filtration, washed several times with
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distilled water and finally with alcohol and dried in a
vacuum desiccator over anhydrous CaCl,. The prepared
complexes were characterized by IR, UV, magnetic
moment, melting point and conductivity measurement.
According to the following equations the complexes of
the chromium (TIT) were obtained.

For phthalimide based complexes

Hpim+KOH —————PKpim+H0
CrCls + A-H+ K-pim ——— P K[Cr(pim), (A),]

and for succimmide based complexes

H-Sim+ KOH ————— P K-Sim + H,0
CGCL+ A-H+Ksim — g K[Cr(Sim);(A),]

Where,

Pim = anions of phthalimide,

Sim = anions of succinimide

A = amino acids e.g., glycin, alanine, phenylalanine,
cystein, cystine, serine, leucine.

Antibacterial assay: In vitro Antibacterial screening 1s
generally performed by disc diffusion method"®"! for
primary selection of the compounds as therapeutic agent.
Disc diffusion method 15 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 1s the zone of inhibition. The method
15 essentially a qualitative or semi quantitative test
indicating sensitivity or resistance of microorganisms to
the test materials as well as bacteriostatic or bactericidal
activity of a compound™!. The antibacterial activity of the
complexes S, 5,, 5, 5,, 3, S; and 3, was determined at a
concentration of 30 pg disc™" and 200 ug disc™ against
two gram-positive (Bacillus subtilis and Streptococcusf-
haemolyticus) and tlhree gram-negative (Shigella
dysenteriae, Pseudomonas  aeruginonosa and
Escherichia coli) bacteria. The diameters of zones of
inhibition produced by the complexes were compared with
the standard antibiotic {(Amoxicillin 30 ug disc™). The
experiment was performed in triplicate to mimmize errors.
The media used in this respect was nutrient agar (DIFCO).

Minimum inhibitory concentration (MIC) determination:
MIC of a compound is defined as the lowest
concentration of that compound m a medium without
visible growth of the test organisms. The mmimum
inhibitory concentration of the complexes was determined
agamnst four pathogemc bacteria Bacillus subtilis,
Streptococcus-f-haemolyticus, Escherichia coli and

Salmonella typhi by serial dilution technique™. The
results were compared with the standard antibiotic,

amoxicillin. The media used in this respect was nutrient
broth (DIFCO).

Antifungal assay: The antifungal activity of the
complexes were tested against the three pathogenic fungi
Candida albicans, Aspergillus niger and Aspergillus
Jumigatus at a concentration of 200 ng disc™ for each.
The media used in this respect was Potato Dextrose Agar
(PDA). The activity was determmed after 72 h of
incubation at room temperature (30°C).

Cytotoxicity bioassay: Brine shrimp lethality bioassay™ "
is a recent development in the assay procedure of
bicactive compounds which indicates cytotoxicity as well
as a wide range of pharmacological activities
(e.g. anticancer, antiviral, insecticidal, pesticidal, ATDS,
etc.) of the compounds. Here, in vive lethality test were
carried out using brine shrimp nauplii eggs (Artemia
salina 1..). Eggs were placed in one side of a small tank
divided by a net containing 3.8% NaCl solution for
hatching. In other side of the tank, a hght source was
placed in order to attrack the nauplii. After two days of
hatching period the nauplii were ready for the experiment.
3 mg of the complexes were accurately measured and
dissolved in 0.6 ml (600 ul) of DMSO to get a
concentration of 5 mg ml™". From the stock sclutions
2, 4, 8, 20 and 40 ug ml™ were placed in & different vials
making the volume up to 5 ml. The final concentration of
the samples, in the vials became 2, 4, &, 20 and 40 ug m1™,
respectively.

The brine shrimp nauplii 10 in number were then
placed in each vial For the control test of each vial, one
vial containing the same volume of DMSO plus water up
to 5 ml was used. After 24 h of incubation, the vials were
observed using a magnifying glass and the number of
survivors m each vial were counted and noted. The
resulting data were transformed to the probit analysis™
for the determination of L.C,; values for the complexes.

RESULTS AND DISCUSSION

Antibacterial activity: The chromium complexes were
slightly active in the concentration of 30 pg disc™ but
showed good activity m the increased concentration of
200 ug disc™' compared with the standard antibiotic
amoxicillin. Among the complexes S, S,, S, and 3, showed
better activity against Gram-negative bacteria than
positive ones. The complex S, showed maximum activity
against Bacillus subtilis, Streptococcus-f-haemolyticus,
Shigella dysenteriae and Pseudomonas aeruginosa
and the complex S, showed maximum activity against
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Table 1: Jn vitro antibacterial activity of the coordination complexes 8y, 8, 8, 84, 85, 86, §; and standard amoxicillin

Diameter of zone of inhibition (in mm)

8y 8, S: S, 85 84 S; Amoxicillin

pg discst ——W 30 200 30 200 30 200 30 200 30 200 30 200 30 200 30
Gram positive bacteria
Bacillus subtiiis 10 17 09 15 11 19 10 21 09 16 11 17 00 15 21
Streptococcus-P-haemolylicus 11 16 12 16 10 21 12 20 00 15 10 19 00 14 20
Gram negative bacteria
Shigella dysenteriae 12 18 11 17 12 18 13 23 00 15 13 20 10 18 21
Pseudomonas ceruginosa 14 22 10 15 11 19 12 22 10 17 12 18 09 15 21
Escherichia coli 13 21 00 16 12 22 13 19 00 18 14 21 00 15 23
Table 2: Minimum Inhibitory Concentration (MIC) values of the compounds 8, 8;, S;, 84, 85, 86, 8; and standard amoxicillin

Minimum inhibitory concentration (ug ml™*)
Test organisms S, 5, S; Ss Ss S S, Amoxicillin
Bacillus subltilis 64 64 32 32 32 16 64 4
Streptococcus-P-haemolyticts 32 61 32 16 &1 32 64 4
Escherichia coli 32 32 16 16 32 16 64 8
Sedmone la typhi 64 [i%} 16 16 32 16 64 4
Table 3: Jn vitro antifungal activity of the complexes 8;, 8, 8, 84, 85, 86, §; and standard nystatin

Diameter of zone of inhibition (in mm)

5 8, S; S4 85 86 S5 Nystatin
pg disct ——» 200 200 200 200 200 200 200 30
Ceamdida cdbicens 15 00 16 16 18 12 16 17
Aspergillus niger 17 09 18 15 20 17 18 16
Aspergillus fitmigcus 18 10 14 12 19 19 14 16
Table 4: The results of cytotoxic effect of the complexes S, 82, 8, S, 85, 8¢, S5 and standard bleomycin and gallic acid

95% confidence limit
LCs

Test samples (ppm) lower upper Regression equation X2
[Cr(Pht), (Glycine),, 8] 331 12.21 4.98 Y =3.453331+2.989771X 2.51
[Cr(Pht), (Leucine),, ;] 7.71 3.55 16.75 Y =3.119999+2.126059X 4.91
[Cr(Pht), (Cystein),, S:] 3.63 2.22 5.93 Y =3.740003+2.27554% 0.11
[Cr(Pht), (Serine);, $4] 11.67 2.92 46.65 Y =3.180002+1.710808X 2.24
[Cr(Suc), (Leucine),, $5] 5.60 2.89 10.85 Y =3.63+1.81047X 829
[Cr(Suc), (Cystein, S¢] 4.36 2.9 6.53 Y =3.230003+2.807054X 0.24
[Cr(Suc), (Rerined,, 85] 5.62 3.71 8.49 Y =2.773334+2.989765X 8.63
Standard bleomycin 0.41 0.27 0.62 Y =3.163565+2.989771X 0.62
Gallic acid 4.53 3.33 6.15 Y =3.93+1.62X 1.25

Escherichia coli. The concentration of 30 ug disc™ the
complex S8, did not show any activity against
Streptococeus--haemolyticus, Shigella dysenteriae and
Escherichia coli and the complex S, did not show activity
against Bacillus subtilis, Streptococcus-B-haemolyticus
and Escherichia coli. Against Escherichia coli we did
not find any activity for the complex 8, at the
concentration of 30 pg disc™ (Table 1).

We found good antibacterial activity of the
complexes S, S,, S, and S, against the tested bacteria and
comparatively maximum activity were found in case of
Gram-negative bacteria which 1s an interesting finding of
our present study. In the literature survey we did not find
any report of antibacterial activity of chromium complexes
and for why this is probably the first report of
antibacterial activity of chromium complexes. Previous
works showed chromium complexes as to cause oxidation
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of DNA by binding with guanine!. So, our present
findings suggest the previous reports. The mechanism of
antibacterial activity of our complexes may be due to
oxidative DNA damage as the previous reports!'™™ but
further studies are needed to confirm the mechamsm of
antibacterial action.

Minimum inhibitory concentration: The MIC values of
the complex S, against Bacillus subtilis, Streptococcus
B-haemolyticus, Escherichia coli and Salmonella typhi
were 64, 32, 32 and 64 pg m1™, respectively (Table 2), for
the complex 3, 64, 64, 32 and 64 ug ml™, respectively for
complex 3, 32, 32, 16 and 16 ug ml™", respectively for
complex S, 16, 32, 16 and 16 pg ml™, respectively for
complex S, 32, 64, 32 and 32 pg ml™, respectively for
complex S; 16, 32, 16 and 16 ug ml ™", respectively and that
for complex S, 64, 64, 64 and 64 pg ml ™", respectively.
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From the MIC results we can conclude that the
chromium complexes are more active against the Gram-
negative rather than Gram-positives. The MIC values of
the complexes are higher than the values for the standard
antibiotic amoxicillin which indicate the less activity of
chromium complexes compared with the amoxicillin but it
as an interesting findings as the chromium complexes are
being reported for their antibacterial activities for the first
time.

Antifungal activity: Against Candida albicans the
complex S, did not show any activity in the concentration
of 200 pg disc™ but other complexes showed good
activity and maximum activity was shown by the complex
S; (Table 3). Against Aspergillus niger the complex 3,
showed poor activity and the complex S, showed
moderate activity but the others showed good activity
comparatively with the standard antifungal nystatin and
maximum activity was shown by the complex S.. Against
Aspergillus fumigatus the complexes 3, and 3, showed
same activity and the complexes 3, and 3, showed
relatively poor activity but the complexes S,, S, and S,
showed good activity. Many coordination complexes of
different transition metals had been reported for their
antifungal activity’? but still we did not find any previcus
antifungal activity report for chromium complexes. Tt is the
first antifungal report for chromium complexes and it
supports the previous results of other coordmation
complexes. The probable mechanism of fungicidal activity
is the oxidative DNA damage as previcus report!™'” but
further studies are needed to confirm the mechanism of
fungicidal activity of theses new chromium based
complexes.

Cytotoxic activity: The mortality rate of brine shrimp
napulii was found to mcrease with concentration of the
complexes. The L.C,, values of the complexes S,, S,, 5., 5,,
3., 8, and 8, were found to be 3.31, 7.71, 11.67, 5.60, 4.36
and 5.62 ug ml™, respectively. The standard anticancer
drug blecmycin gave its LC;, value at 0.41 pg ml™". The
lowest 1.C,; values for the complexes were found in case
of the complexes S, and S, having the values of 3.31 and
3.63 pg ml™, respectively. These values are near to the
standard bleomycin and mdicative of thewr (3, and S;)
potent cytotoxic properties.

Biocassay of the chromium complexes showed
significant cytotoxicity with the LC.; values between 3.31
to 7.71 ppm except the complex S, which showed moderate
cytotoxicity with the LC,; of 11.67 ppm compared with the
control DMSO and gallic acid, used as standard agent™™.
Previously, many authors explored the cytotoxic activity
of metal coordination complexes™™. At the present
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investigation we also found potent cytotoxic activity for
the chromium based complexes. The cytotoxicity results
10 our present investigation suggest the previous report
of biocidal activities™ but further investigations are
required to confirm the activities for the newly
synthesized complexes.

In conclusion, all the chromium complexes showed
biocidal activity against bacteria, fungi and brine shrimp
nauplii. Further studies of these cytotoxic chromium
complexes may explore their clinical implications in the
world most life threaten disease cancer.
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