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ABSTRACT

Novel Transition metal complexes of an organylberaigand, hydrobis (benzoato)
(salicylylaldehyde) borate have been synthesaé=eids potassium salt (KL), the treatment of KL
with one equivalent of M&bH,O gave complexes [ML@D)..Cl] (X= 2, M= Co(ll), Ni(ll)) and
one equivalent of CugPH,O gave [CuLCl] complex. All compounds were charazésl by
elemental analyses, FTIR4 NMR, ESI MS, UV-Vis spectroscopic techniquesnthkanalyses,
conductivity and magnetic data measurements. Orb#ses of these studies, a six coordinate
octahedral geometry around the Co(ll), Ni(ll) ions the complexes and a four coordinate
square planner around Cu(ll) complex has been psepo Antifungal and antibacterial studies
were carried out by performing Minimum Inhibitorpentration (MIGg), Disc diffusion assay
and WST1 cell cytotoxicity assay. The result shothat the test compounds possess potent
anticandidial and antibacterial activities, where&ted against different pathogenic fungi and
bacteria.

Key words: Hetroscorpionates, metal complexes, antimicrolmedening.

INTRODUCTION

Organylborates have found widespread use in atyaak application as biocides [1, 2] on
account of their moderate to high level of biol@giactivities [3, 4]. They display broad-
spectrum activities against bacteria, fungi aneécétswhen coupled with some toxic organic and
organometallic compounds [5]. Borates along witgamometals are commonly used in wood
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preservation [6, 7]. Despite their favorable atitds, high relative activity and low toxicity, low
corrosiveness and non combustionability, the beredé® be used in non exposed applications [6-
8]. There is substantial interest in the developn@nleach- resistant borates. H. Steinberg
adopted to take advantage in the intrinsic abiityborate ions to form boroester with acids,
aldehydes and phenols [9]. This ester formatiorvides a means of production of hydrostatic
boron compounds [10]. Such mono carboxylic acid glemes of metals are widely used as
antimicrobials and as catalysts [11-14]. The biags®sult has strong proof that some of the
compounds are good acaricidals [15]. It has besported that the metal complexes of
organylborates such as Cu(ll) Phosphane complexgsarolyl borate ligands are particularly
active against A549 carcinomas cells that are tagstigo cis platin treatment [16]. Some mixed
chelate copper based drugs have exhibited greatemeoplastic potency than cis platin in
invitro and invivo studies of a variety of tumorlidenes [17]. On the other hand organonickel
and organocobalt complexes have also shown highmianbbial activities against
microorganisms liké\. flavus, E. coli and C. albicarj&8]. This study aims to develop a broad
spectrum and low mammalian toxic organylborates thiett metal complexes [Co(ll), Ni(ll),
and Cu(ll)], their systematic physico—chemistry dmological activity; therefore here we have
reported the synthesis, characterization of thestt@n metal complexes of an organylborate
ligand. Encouraging results on antibacterial anédfargal properties have been reported here for
the first time.

MATERIALS AND METHODS

Physical Measurements

Potassium borohydride (E. Merck, Ltd, India), beozacid (S.D.Fine-Chem. Ltd, India), and
salicylaldehyde (S.D.Fine-Chem. Ltd, India) wereghased and used as received. The solvents
were purchased from (Merck, India Ltd.). All solt¥®nvere degassed with dry nitrogen prior to
use. Samples for micro analysis were dried in vacto constant weight. Elemental analyses
were performed by a Perkin Elmer 2400 CHNSO eleatanalyzer. IR spectra were recorded
as KBr pellets using a Perkin Elmer 1620 FT IR sp@hotometer. Far IR spectra were
recorded as Csl pellets in the region 650-100 asing a JASCO FT IR spectrophotometet.
NMR spectra were recorded using a Bruker DPX-30QzMpectrophotometer operating at room
temperature with DMSOegdas solvent. The chemical shift datg ére reported in parts per
million (ppm) using tetramethylsilane as interngnslard. Positive and negative ESI mass
spectra were measured by Bruker (esquire3000_0008ryment. Thermal analysis (TG/DTA)
data were studied under nitrogen atmosphere us8igEx Star 6000 TG/DTA 6300 instrument.
Magnetic susceptibility measurements were carrigdrom a microanalysis laboratory by Gouy
method at room temperature. Electronic spectra wemrerded on a spectro—UV-Vis Dual Beam
8 auto cell UVS-2700 LABOMED, INC, US spectrophotger using DMSO as solvent at room
temperature. Melting points were recorded on a &4etnelting point apparatus.

Synthesis of ligand
Potassium hydrobis (benzoato) (salicylylaldehyde) borate
For the synthesis of ligand, same procedure wémiet as reported in the reference [19].

Synthesis of Cobalt(I1) complex

A solution of CoCJ.6H,0 (0.237 g, 1 mmol) dissolved in 20 ml methanol wdded drop wise
to a methanolic solution (20 ml) of the ligand ({63g, 1 mmol) with continuous stirring. The
resulting solution was stirred for 6 h and the soluwas concentrated to 30 ml. It was then
allowed to stand overnight in a refrigerator. Ahligpink product separates out, which was
isolated by filtration under vacuum. It was washledroughly with hexane and dried in vacuo
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over fused CaGl The compound was recovered in solid state and neagstallized from
methanol. Yield 53%, m.p.>30. UV-Vis (DMSO) (nm) 520, 565, 682, 739, 824; IRE(,
cmi'): 1318(B-0), 1565(C=0), 2370(B-H), 3059(C-H), 34320), 1067, 710; Far IR (Csl, ¢m
1) 447 (Co-0), 335 (Co-CIYH NMR (300 MHz,5 ppm from TMS in DMSO-¢ 300 k):5 4.82-
4.91 (sbr, 1H, B-H)$ 3.79 (b, 1H, C-H)p 7.55-7.61 (s, 4H, multiplet, salicylaldehydic rn§
7.32-7.51 and 7.88-7.97 (s, 10H, multiplet, phenyl ring); ESI Ni8/z) 507 [M]+, 509 [M+2]+.
Molar conductanceAm (Qcm™ mol?, 10° DMSO, r.t.): 39.7.ueff (r.t., BM): 4.82. Anal.
Found: C, 49.95; H, 4.02; O, 25.39; calcd for Col@hCl; C, 49.90; H, 3.95; O, 25.32%

Synthesis of Nickel(I1) complex

The procedure followed was similar to that for daalt (I) complex except NigbH,O was
used instead of CogbH,O. A light green product was obtained. It was rstalized from
methanol. Yield 52% m.p.>30{C.; UV-Vis (DMSO) (nm) 410, 523, 682, 749, 857; (RBr,
cmi?): 1333(B-0), 1550(C=0), 2368(B-H), 3056(C-H), 10704; Far IR (Csl, ci) 456 (Ni-
0), 345 (Ni-Cl)."H NMR (300 MHz,8 ppm from TMS in DMSO-¢ 300 k):& 4.84-4.92 (sbr,
1H, B-H), 6 3.80 (b, 1H, C-H)p 7.58-7.63 (s, 4H, multiplet, salicylaldehydic rjng 7.33-7.53
andoé 7.89-7.93 (s, 10H, multiplet, phenyl ring).; ESBEMm/z) 506 [M]+, 508 [M+2]+. Molar
conductanceAm (Q‘cm-1 mot*, 10° DMSO, r.t.): 40.1peff (r.t., BM): 3.25. Anal. Found: C,
49.95; H, 3.45; O, 20.49; calcd for NiL{6).Cl; C, 49.92; H, 3.41; O, 20.46%.

Synthesis of Copper (11) complex

This complex was also synthesized in the same masi@ the above case except GUWE,O
was used as the metal chloride. A sky blue prodias obtained which was recrystallized from
methanol. Yield 56%, m.p.>30%C; UV-Vis (DMSO) (nm) 658; IR (KBr, c): 1315(B-0),
1570(C=0), 2367(B-H), 3062(C-H), 3415(H20); Far (Bsl, cnm) 487 (Cu-O), 314 (Cu-Cl).
'H NMR (300 MHz,5 ppm from TMS in DMSO-¢g 300 k):5 4.84-4.94 (sbr, 1H, B-H} 3.82
(b, 1H, C-H),6 7.59-7.65 (s, 4H, multiplet, salicylaldehydic n§ 7.34-7.56 and 7.90-7.95 (s,
10H, multiplet, phenyl ring); ESI MS (m/z) 476 M478 [M+2]+. Molar conductance\m (Q
em® mor?, 10° DMSO, r.t.): 38.3ueff (r.t., BM): 1.91. Anal. Found: C, 53.24; H, 8;40,
20.27; calcd for CuLCl; C, 53.20; H, 3.37; O, 2025

Strains, Media, Growth conditions, and Experimental Protocols

Candida albicansand Candida tropicalis were from clinical material:Candida albicans
sequence number-3, S.T.D number-1220 &@ahdida tropicalissequence number-6, S.T.D
number- 126/9 were provided by S.T.D Lab, DepartnoérMicrobiology, Safdarjung Hospital
New Delhi (India). Bacterial strains used in thisdy were obtained from Indian Institute of
Integrative Medicines (IlIM) Jammu (India). Medeglvents used in this study were purchased
from (Merck Ltd, India).

Growth conditions

Stock cultures were maintained on slants of nutreegar (yeast extract 1%, peptone 2%, D-
glucose 2% and agar 2.5%) at 4°C. To initiate gndat experimental purposes, one loop full of
cells from an agar culture was inoculated into 3@hYEPD (Yeast extract, Peptone, Glucose)
nutrient medium and incubated at %7 for 24 hr i.e. up to stationary phase (primariture).
The cells from primary culture (¥@ells/ml) were re-inoculated into 100ml fresh YEPIeast
extract, Peptone, Glucose) medium and grown fod &#li.e., up to mid-log phase Cl€ells mi

1. Microbial cultures, freshly grown at 3 were appropriately diluted in sterile YEPD bragh
obtain the cell suspension at 106 CFU/ml. Bactetiatk cultures ofS. aureusandE. coliwere
maintained on Luria agar.
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Determination of MICg

Minimum inhibitory concentration was defined as theest concentration of the test molecule
that causes (80%) growth inhibition of microbiall€eMICg, was determineth vitro in liquid
medium by serial broth dilution method [20].

Disc diffusion assay

Inhibitory activity of KL, LNi, LCu and LCo on salimedia against both the fungal and bacterial
strains was determined with the help of Disc DifusMethod [21]. Microbial cells (Tcells
ml™) grown in YEPD and Luria broth were mixed in maltmedia with agar (~4@) and poured

in a Petri plate. Different concentrations of testtcompounds (dissolved in 10% DMSOQO) were
spotted on the disc in 10ul volume. Diameter ofezohinhibition was recorded in millimeters
after 3 days.

WST1 cytotoxicity assay

The assay was monitored with a spectrophotometeg aslherent or cultured cell suspension in
a micro-plate followed by incubation with WST-1. pyppriate concentration of the test
compound is added to cell culture and then incubfie24 hrs. 10ul of WST-1/CEC assay dye
solution was added to each well. Plate was incabfaie30 minutes in cell culture incubator and
shaken for 1 min. The reaction was stopped by adtidul of 1% SDS. WST-1 tetrazolium salt
is reduced to formazan by cellular dehydrogenaGeseration of deep red colored formazan
was measured at 450nm by BIORAD Microplate Reagich then directly correlates to cell
number [22].

RESULTS AND DISCUSSION

The physical properties and analytical data oflipgnd and its metal complexes support their
proposed structure (Scheme. 1). The molar condtyc{ixm) of the metal complexes measured
in 1x10% mol L™ DMSO at room temperature shows values of 39.7, 40d 38.32*cm* mor*

for the cobalt(ll), nickel(ll) and copper(ll) congles respectively. These low values indicate
that they are non electrolyte species [23]. Elealearalysis results show that the composition of
the complexes is in agreement with their formulatio

Reaction Scheme

KBH4 + 2(C/H0O2) + C7H6O> ethanol 70°C' K[HB2(&402) + C;Hs0,] + 3H>

Benzoic acid Salicylal dehyd%tlrrlng Ligand (KL)

KL + CoCl,.6H,0 / NiCl,.6H,0 Methanolrt_—rcq) 15),c1]/ [NIL(H 20),Cl] + KCI
Stirring

Co(ll) complex / Nli) complex
methanol r.t

KL + CuCl,.2H,0 — [CuLCl] KCI
Stirring

Cu(ll) complex

136



Athar Adil Hashmi et al J. Chem. Pharm. Res,, 2010, 2(3): 133-146

Scheme 1: Synthesis of metal complexes [Co(ll), amd(ll), Cu(ll)]
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IR Spectra

The IR Spectra of the ligand and its metal comefanly support the formation of these
compounds. The ligand shows an important signaBas cm which justify the formation of a
B-O stretching vibration [24]. Absences of a bradzsorption and strong band in the region
3300-2800 cm and 3600-3500 cihshows that the hydrogen atom in carboxyl group of
benzoic acid and hydroxyl hydrogen of salicylyldedyare not present respectively and also
indicates that the -OH group of benzoic acid antic@gldehyde were deprotonated and
converted into B-O bond in the ligand. Absorptioh medium intensity near 2720 €m
accompanied by C=0 absorptions is in agreemenh®fptesence of aldehydic group, which
clarifies that the hydroxyl group of salicylyldeleyds involved in the formation of B-O bond in
the ligand. Absorption of a medium intensity ned86@ cm' shows the presence of B-H bond
[25]. An insignificant shifting of the B-O stretalg frequency in the metal complexes clarifies
the non involvement of ester oxygen of ligand iorcination with boron. The >C=0 stretching
vibration (1595 cnf) of the ligand shows significant shifting in thetal complexes.

Moreover the presences of metal to oxygen bondatitor in the metal complexes firmly suggest
that the carbonyl oxygen is coordinated to the hmatiam in all the metal complexes. A new
broad absorption band is seen in the region 3454-3h' which indicates the presence of
water molecule in the Co(ll) and Ni(ll) metal corepés and the absence of this region were
seen in Cu(ll) complex. Vibrating signals are seem47 crif, 456 cm® and 487 cnil in the
spectra of the metal complexes of ligand, whiclegius clear proof for the presence of Co-O,
Ni-O, and Cu-O bonds respectively [26]. Other vilorg signals are seen at 335En345 cnf,

and 314 crit in the spectra of metal complexes of ligand, givegroof for the presence of Co-
Cl, Ni-Cl and Cu-CI bonds respectively [26].

'H NMR Spectra

In the 1H NMR spectra, two broad signals in thegeaih3.79-3.82 and 4.82-4.94 showed the
presence of C—H bond and B-H bond in all the comgsuespectively [27]. These protons
show insignificant changes in all the metal comptexwhich means non involvement of these
protons during coordination. A sharp doublet in thageé 7.83-7.95 and 7.3-7.49 shows
protons at different locations of the phenyl rifgerizoic acid), where as a broad multiplets
centered ab 7.27-7.59 showed the presence of ring protonsali$addehyde. These aromatic
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proton signals undergo down field shifting in detmetal complexes of the ligand, because of
the paramagnetic effect of metal(ll) ions. The lménzrotons of cobalt, nickel and copper
complexes appeared in the ranye.32-7.91,6 7.33-7.93, and 7.34-7.95 respectively and
hence support the coordination of the ligand towahng metal ions [28-30].

Electro spray ionization mass spectra (ESI MS)

The electro spray ionization mass spectra (ESI M®)e ligand and the complexes were studied
in DMSO solution. Fig.1. A positive ion ESI masespum of the metal free ligand confirms the
proposed formula by showing a peak at m/z 415.1responding to the moiety [K
(HBC21H1506) atomic mass m/z 414]. The series akpén the range m/z 106.8, 158.7, 263,
381.1 etc., may be assigned to various fragmethisir Tntensity gives an idea of stability of the
fragments. Similarly positive ion ESI-MS of the et copper, and nickel, complex show peaks
at m/z 507, 476, and 506 respectively which aresistent with the molecular ion fragments and
it supports the proposed structure of the complefis2]+ fragments were observed in all the
metal complexes. This may be possible due to poeseh isotopic chlorine in low quantities
[31]. In some cases, the molecular ion peak wae aksociated with the solvent, water
molecules and some adduct ions from the mobilegbkakition [32, 33].

Fig 1. Electron spray ionization mass spectrum otie ligand (L).
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Electronic spectra

The electronic spectra of all the metal complexgs2Ha, b, c) measured in DMSO solvent
support the geometry around the respective metah.alhe spectra of the cobalt(ll) complex
consist of transition bands at 520, 565 nm whiehaasigned to the transiti6ﬁ19—>4Tlg(P), 682

nm which is assigned to the transitibfyz—°T1, and 739, 824 nm which are assigned to the
transition*T;4—*T24 These transition bands establish an octahedaahety around the cobalt
(1N ion [34].

The electronic spectra of the nickel (I) compldxowed transition bands at 410, 523 nm
(shoulder) which are assigned to the transifidg,—>T14 (F), 682, 749 and 857 nm which are
assigned to the transiti(fng—>3ng. These bands indicate an octahedral geometry drthen
nickel (1) ion in its complex [35].

The spectra of the copper(ll) complex exhibits @aldrand low energy band at 658 nm which is
attributed to d-d transitioﬁE@lgazAlg) typical for Cu(ll) in a square planar environm§sw].
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Fig.2. Electronic spectra of the complexes (a) [CuLl], (b) [CoL(H ,0),Cl], (c) [NiL(H ,0),Cl]
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Magnetic measurements.
An indication of the most probable geometric comfagion of the synthesized metal complexes
is their magnetic moment values. The Co(ll) comptas an effective magnetic moment value
(veff) of 4.82 BM. This value is indicative of an abedral geometry around the cobalt (II) ion.
The magnetic properties of octahedral cobalt(Imptexes are governed by the orbitally
degenerating ground terf‘ﬂ'lg; this provides an orbital contribution to the metyn moment so
that the room temperature moments are experimegritalnd to be in the range 4.7-5.2 B.M [36,
37].

The Ni (II) complex possesses magnetic momempeft 3.25 BM, which is in agreement with
an octahedral geometry around the nickel(ll) ionagiMletic moment of octahedral Ni (II)
complexes are expected to be well in excess ofpheonly value, and typically lie in the range
3.2-4.0 B.M [37].

The room temperature effective magnetic momentevaluthe copper(ll) complex is 1.91 BM,
which is corresponding to the presence of one wegatlectron and which supports a square
planar geometry [38].

Thermo gravimetric analysis (TG/DTA)

The thermal analysis (TG/DTA) of the ligand and itetal complexes were studied under
nitrogen atmosphere at heating rate ofCitin. The TG/DTA of the ligand shows two major
steps of weight loss (Fig.3). The first weight lags63.08% mass occurs between 115°C40
with a first inflexion point at 22Z. This weight loss corresponds to the loss of beazene
rings and a salisaldehyde ion (Theoretical mass882). This is an endothermic step as shown
by DTA. After the first weight loss the remaininarp of the ligand is stable up to £@and
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shows complete decomposition from 443-4BWith a second inflexion point on the DTA curve
at 444C.

Complexes

The thermal gravimetric (TG) analysis was used gsode to proof the associated water or
solvent molecules to be in coordination spherenacrystalline form [39]. The thermo gram of
nickel(ll) and cobalt(ll) complexes shows the finskight loss between 130-18D which
corresponds to loss of two coordinated water mddscand a chlorine ion (observed loss 13.7%;
theoretical weight 14.14%) with the first inflexipoint at 186C. The second step is observed as
continuous weight loss between 240-39%orresponds to the loss of two benzene molecules
and a salisaldehyde ion (observed loss 50.1%; e¢tieal weight 51.62%). This is an exothermic
step with an inflexion point at 276. The remaining part of the Ni(ll) and Co(ll) coleyes of
the ligand are decomposed continuously from 395%%0Rith inflexion points at 424 and
482°C. This is also an exothermic step.

The TG/DTA of Cu(ll) (Fig 4) complex is interestiggdifferent than other two complexes
showing no sign of coordinated water molecule md¢bmplex, which confirms that complex, is
anhydrous. It shows a small step of weight los8%.6nass from 240-280, corresponds to the
loss of chlorine ion (theoretical 7.47%) with andethermic inflexion point at 27€. The
complex shows the second major step of weight8s81% (theoretical 70.34%) between 320-
47C0°C, with an exothermic inflexion point at 4& The remaining part of the Cu(ll) complex
decomposes completely from 500-800

Fig. 3. TG/DTA curve of the ligand (L)
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Fig. 4. TG/DTA curve of the Ni(ll) complex
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Antimicrobial screening

Minimum I nhibitory Concentration (M1 Cgp)

The MIGg of the test compounds was determined against twgal and two bacterial species
using broth dilution method (BDM). From the resuits(Table.1) it is clear that, in case of

fungus generally the Migg of LNi < LCu < LCo< KL, where as in case of bacethe MIG of
LCu < LNi < LCox< KL respectively.

Table 1: Minimum Inhibitory Concentrations MIC gq (ug/ml) of Bioactive Compound

Species KL LNi LCu LCo
C. albicans 1700 1000 1300 1400
C. tropicalis 1800 1200 1300 1500
E.coli 2000 1400 1300 1600
S.aureus 1900 1400 1200 1500

Disc Diffusion Assay
Antibacterial activity in vitro) of the ligand and its complexes was studied againe G and
one G bacteria at different concentrations. The dategrsarized in Table-2, suggest that these
test compounds show significant antibacterial @&gtivhe highest zone of inhibition i.e. 15 mm
was measured i8. aureusvhen treated against LCu, followed by 14mm and m3measured in
E.coli and S.aureuswhen treated with LCu and LNi at higher conceitreg. At much lower
concentration of the test compounds (500ug/ml) Wimbogical activity was less. In case of
bacteria the order of inhibition was LCu >LNi > LGKL.

Table 2: Antibacterial activity screening data asZone of inhibition (mm) ug/ml

Bacteria| KL | KL KL LNi | LNi LNi | LCu | LCu | LCu | LCo | LCo | LCo KP
* *

* *% *kk * *% *kk *%* *kk *% *kk *

S.aureus| 01 02 04 09 11 13 10 12 15 05 07 09 18
E.coli 01 02 03 06 10 11 07 11 14 04 06 08 16
Cont® - - - - - - - - - - - -

#10-20 mm significant active, 05-10mm moderate act®5 less active.

PStandard drug Kanamycin (positive contr68olvent 10% DMSO(negative control).

* 500 pug/ml, ** 1000 pg/ml, *** 2000 pg/ml.

For antifungal activity the highest inhibitory zone. 16mm, 15mm and 14mm mm were
measured irC. albicansandC. tropicalis when treated against LNi, LCu and LNi at highest
concentrations. The results, summarized in Taljeo¥e that in case of fungi for the entire
tested organisms LNi proved more effective follovilsdLCu and LCo. Same thing was noticed
here, in comparison to complexes, ligand KL showaath less antimicrobial activity. The
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results showed that, in case of control disc ncezohinhibition was observed, so as far as our
study is concerned 10% DMSO, as a solvent is havingffect on the tested organisms. Hence
we can effectively conclude here that whole of améimicrobial effect is due to the different
concentration of the test compounds used in thidystAntifungal and antibacterial activities of
the compounds when compared with standard antifusmga antibacterial drugs (Fluconazole,
Kanamycin) showed significant and matching antiotical properties.

Table 3: Antifungal activity screening data. Zoneof inhibition  (mm) pg/ml

Fungi| KL | KL KL | LNi [ LNi | LNi | LCu | LCu | LCu | LCo | LCo | LCo FCZ°
* * *

* *% *kk * ** *kk *% *kk ** *kk

C.albicans| 01 03 04 10 13 16 09 12 15 06 08 10 19
C.tropicalis 01 02 03 08 12 14 07 11 13 05 07 09 17
Controf - - - - - - - - -

#10-20 mm significant active, 05-10mm moderate actd5 less active.
PStandard drug Fluconazole (positive contré§olvent 10%DMSO(negative control).
*500 pg/ml, ** 1000 pg/ml, *** 2000 pg/ml.

WST1 Cytotoxicity assay
Fig-5(a,b,c,d) give %Cytotoxicity of test compouradslifferent concentrations, calculated as:

% Cytotoxicity = (100 x (cell control — Experimehta(Cell control)

The experiment was performed in triplicate and ager%Cytotoxicity was calculated for all the
test compounds. InCandida albicanshighest concentration of the test compounds LNi
(2000pg/ml), LCu (1300ug/ml), LCo (1400ug/ml), akdd (1700ug/ml), have a killing activity
of 76%; 72%, 68% and 32% (Fig 5a).@andida tropicalisLNi (1200pg/ml), LCu (1300ug/ml),
LCo (1500ug/ml) and KL (1800ug/ml), possess medimdi activity of 71%, 63%, 62% and
23% respectively (Fig 5b). In case of tested bé&cteighest concentration of test compounds
compounds LNi (1400ug/ml), LCu (1300ug/ml), LCo @0ag/ml), and KL (2000ug/ml have a
killing activity of 57%; 60%, 51% and 21% when tiee agains€. coli (Fig 5¢). While as in
case of S.aureus at highest concentrations LNi (1400upg/ml), LCu Q@gg/ml), LCo
(1500pg/ml), and KL (1900ug/ml) the %cytotoxicityasv58%, 53%, 47% and 17% (Fig 5d).
Assay result indicates that higher concentratiorthef test compounds is inhibitory for cell
proliferation and drastically reduces biomass afrobial cell culture (Table 4).

Fig.5(a): Cytotoxic effect of different test compond concentrations againsiCandida albicans
(Data represents Mean of three experiments)

90 -+

%CYTOTOXICITY

142



Athar Adil Hashmi et al J. Chem. Pharm. Res,, 2010, 2(3): 133-146

Fig.5(b): Cytotoxic effect of different test compound concentrations againstCandida tropicalis.
(Data represents Mean of three experiments)
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Fig.5(c): Cytotoxic effect of different test compound concentrations againsg. coli.
(Data represents Mean of three experiments)
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Fig.5(d): Cytotoxic effect of different test compouad concentrations againstS. aureus.
(Data represents Mean of three experiments)
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When Cell cytotoxicity assay was performed only argmal decline in cytotoxicity was
observed at lower concentrations, while at higharcentrations of test compounds mainly in
case of LNi and LCu significant levels of cell dgiicity were observed. Tetrazolium salts are
widely used as an assay for bacterial, fungal aachmalian cell viability and are widely used as
indicators of cellular proliferation and biomass &ukaryotic and prokaryotic cells. Live cells
reduce the tetrazole ring and a coloured formazaduyzt is formed, which can be assessed
visually and quantified spectrophotometrically. féhare reports that such assays are used to test
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the efficiency of antifungal drugs in killing orhibiting growth of Candida and other fungi [40-
42]. Assay result indicates that higher conceraratf the test compounds is inhibitory for cell
proliferation and drastically reduces biomass afrobial cell culture.

Table. 4: %Cytotoxicity in presence of different £st compound concentrations (ug/ml) against differ
bacteria and fungi

C.albicans C.tropicalis E.coli S. aureus
Sample| %Cytotoxicity| Sample | %Cytotoxicity| Sample | %Cytotoxicity| Sample | %Cytotoxicity
Control 0 CONTROL 0 CONTROL 0 CONTROL 0

500 18.12 500 (KL) 14.32 500 (KL) 12.43 500 (KL) 10.11
1000 27.49 1000 (KL) 21.47 1000 (KL) 16.17 1000 (KL) 13.2
1700 32.43 1800 (KL) 23.3 2000 (KL) 21.39 1900 (KL) 17.43
300 36 300 (LNi) 31 500 (LNi) 25 500 (LNi) 24.11
600 58.45 1000 (LNi) 54.36 1000 (LNi) 45 1000 (LNi) 43.67
1000 76.4 1200 (LNi) 714 1400 (LNi) 57 1400 (LNi) 58.5
500 32.88 500 (LCu) 28.56 500 (LCu) 28.45 500 (LCu) 27.45
1000 57.34 1000 (LCu) 51.89 1000 (LCu) 49.32 1000 (LCu) 46.78
1300 72.1 1300 (LCu) 63.52 1300 (LCu) 60.34 1200 (LCu) 53.34
500 30.48 500 (LCo) 23.5 500 (KL) 23.51 500 (LCo) 20.22
1000 53.67 1000(LCo) 48.67 1000 (KL) 42 1000 (LCo) 36.89
1400 68.2 1500 (LCo) 62.56 1600 (LCo) 51 1500 (LCo) 47.23
CONCLUSION

Chosen bacterial and fungal strains are highly qghic, causing, several diseases, are
universally distributed in the environment, can dmsily cultured in the laboratory, and test
results can be obtained very quickly. The most irtgra thing that was noticed in this study was
that the complexes were much effective againstdarthan in case of bacteria, and all of the
fungal strains used in this study are responsinedusing candidiasis, a disease that varies from
superficial mucosal to life threatening systemisodders. Although little is known of the effects
of these metal complexes on microbial processesh sompounds can inhibit a number of
microbial processes and all relate to membranetifume Present observations may serve as a
guide for studying the control release of thesepmleres and could be a promising future in the
field of infectious diseases. Another thing thatsweoticed in this study was that the metal
complexes have higher activities as compared todhghe parent ligand when treated against
the same microorganism. Such increased activith@imetal complexes may be due to chelation
of the metal ion in the complex [43], which enhandbe lipophylic character favoring its
permeation through the lipid layer of cell membra@éher factors viz. stability constant, molar
conductivity, solubility and magnetic moment arescalresponsible for increasing the
antimicrobial activity of the complexes [44]. Asrfas our results are concerned these metal
complexes can thus be explored in future as arodbr decreasing pathogenic potential of
infecting bacterial and fungal species.
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