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Biologically active mixed ligand complexes of Co(ll), Ni(ll), Cu(ll) and Zn(ll)
Potential antimalarial, antidibetic and anticancer agents

Vikas D. Ragole, Dnyaneshwar S. Wankhede, and Sonaji V. Gayakwad

School of Chemical Sciences, Swami Ramanand Teerth Marathwada University, Nanded, Maharashtra, India

ABSTRACT

Mixed ligand complexes of transition metal ions Co(ll), Ni(ll), Cu(ll) and Zn(ll) were synthesuﬁt)i
using bidentate Schiffs base (E)-2-((benzo[d]thiazol-2-y|iminomethyl)-6-methoxypheno| (d ;
derived from condensation reaction of 2-aminobenzothiazole and 2-hydroxy-3-rr}ethoxybenzal :;:-
hyde, and 5-Chloro-8-hydroxyquinoline (5CHQ) (L2) as ligands. A‘II3 the synthesized compoun ;
were characterized using elemental analysis, IR, electronic, 'H and *C NMR spectra, TGA-DTA a:

Powder XRD analysis, molar conductivity and magnetic susceptibility measurements. Based on the
results obtained all the synthesized complexes are proposed to have tetrahedral geometry. All the
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synthesized compounds were screened for their antioxidant, antimicrobial, antimalarial, antidlt;\etlc,
anticancer activities and cytotoxicity study using MTT assay. The complexes are proposed to have

potential antimalarial, antidibetic and anticancer activities.

GRAPHICAL ABSTRACT

Anticancer

Introduction

Cancer, diabetes and malaria are serious health concerns in
countries like India and hence the primary targets of chem-
istry research. Cancer is a group of diseases involving abnor-
mal cell growth which can spread to other body parts and
caused deaths of millions of people throughout the world.
The platinum based complex ‘Cisplatin’ owing to its anti-
cancer activities has motivated worldwide researchers to
work in this area which has produced large number of mol-
ecules. Still the research is ongoing in order to find different
metal complexes with less side effects and similar or better
cytotoxicity.“l Diabetes resulting from insulin deficiency or

insulin resistance is a serious chronic disorder around the
world. > Two main types disease viz. type 1 (insulin
dependent) and’type 2 (non-insulin dependent) diabetes are
known. Although various drugs are available in the market
at present, the complications involved such as kidney failure,
micro-and macrovascular disease, retinopathy, neuropathy
and atherosclerosis has created an urgent need for the
search of orally active drugs.>**! Malaria is one of the most
infectious diseases affecting to health and developmental
growth of developing countries. It is present in 91 countries,
mostly in tropical and subtropical regions and the incidence
of malaria becoming serious owing to globalization in the
world®*" The antimalarial potential of coordination
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(E)-2«((benzo[dJthiazol-2-ylimino)methyl)-6-

methoxyphenol 5-Chloro-8-hydroxyquinoline

Ethanol
RT Stirring
4-6h

oo

N\
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Where, M= Co(I1), Ni(lI). Cu(Il) and Zn(Il)
Figure 1. Synthesis of mixed ligand complexes.
compounds is well established and the research is
still continued.

Mixed ligand complexes have gained considerable atten-
tion recently owing to their importance in biological sys-
tems. Such complexes play vital roles in the chemistry of
living matter.”*! Schiffs bases are one of the most import-
ant ligands due to their versatility and exhibit a broad range
of biological activities such as antiviral, antibacterial, anti-
inflammatory, antimalarial, antifungal, anti-proliferative and
antipyretic properties.”***) 8-hydroxyquinoline is a bidentate
organic ligand which has attracted attention of chemists,
medicinal chemists and professionals in health sciences
owing to wide range of biological activities, including anti-
microbial, anticancer and antifungal effects.!®!

This has prompted us to undertake synthesis of mixed
ligand complexes of transition metal ions Co(II), Ni(II),
Cu(Il) and Zn(II) using Schiff base (E)-2-((benzo[d]thiazol-
2-yliminomethyl)-6-methoxyphenol (L1), derived from con-
densation reaction of 2-aminobenzothiazole with 2-hydroxy-
3-methoxybenzaldehyde, and 5-Chloro-8-hydroxyquinoline
(L2) as ligands and their structure elucidation using various
techniques. All the synthesized complexes are proposed to
have tetrahedral geometry and were screened for their anti-
oxidant, antimicrobial, antimalarial, antidibetic, anticancer

activities and cytotoxicity study using MTT assay.

Experimental
Materials and methods

Metal salts (CoCl,.6H,0, NiCl,.6H,0, CuCl,.2H,0, and
ZnCl,.H,0) and 5-Chloro-8-hydroxyquinoline were pur-
chased from S. D. Fine Chemicals Private Limited. 2-amino-
benzothiole and 2-hydroxy-3-methoxybenzaldehyde were
obtained from Merck Chemicals Limited. All the chemicals
used were of AR grade. Solvents used were double distilled
and dried using molecular sieves before use.!'”!

Melting points or decomposition temperatures of all the
synthesized compounds were measured using a simple capil-
lary tube method and are uncorrected. Molar conductance
values of all the synthesized complexes were measured by
preparing 107> M solutions in DMF solvent using
Equiptronics conductivity meter with an inbuilt magnetic

firrer (Model:Eq-664) at room temperature. Magnetic sus-
ceptibilities were determined on the SES Instrument’s mag-
netic susceptibility Gouy’s balance (Model: EMU-50) at
room temperature u.sing copper (II) sulfate as a standard. IR
spectra of complexes were recorded as KBr pellets in
the region of 4000-400cm™'  using  Shimadzu
Spectrophotometer. Electronic spectra were recorded by pre-
paring 10~ M solutions of complexes in DMSO using
Shimadzu UV-1800 UV/Visible Scanning spectrophotometer
(double beam). The 'H and '>C NMR spectra were recorded
using Bruker 400 MHz spectrometer. The thermal analysis of
complexes was done using a Mettler instrument (DTG-60H
detector) with heating rate 10.00°C/min. The Powder XRD
spectra were recorded on an Ultima IV instrument with X-

Ray 40kV/20 mA.

Preparation of Schiff's base ligand (L1)

The Schiff's base ligand (L1) was prepared using the proced-
ure reported earlier"®! with 85% yield.

General procedure ffor the synthesis of mixed
ligand complexes

To the 10mL aqueous solution of respective metal salts
(10 mmol) was added 10 mL hot ethanolic KOH solution of
primary Schiff's base ligand (L,) [0.284g, 10 mmol] with
continuous stirring. This was followed by 10mL hot etha-
nolic KOH solution of secondary ligand 5-CHQ (L)
[0.175g, 10mmol]. The reaction mixture was stirred con-
tinuously at RT for 4-6 h. The precipitates obtained were fil-
tered off, washed with (1:1) ethanol:water solution,
recrystallized from ethanol and dried. Figure 1 depicts the
synthesis scheme.

Antimicrobial activity
Antibacterial activity using well plate method

All the synthesized compounds were screened for their anti-
bacterial activities against pathogenic organisms like E. coli
and B. subtilis and the results obtained were compared with
standard drug Streptomycin.'"® The inoculums of the
microorganism were prepared from the bacterial cultures.
15mL of nutrient agar (Hi media) medium was poured in
clean sterilized Petri plates and allowed to cool and solidify.
100 4L of broth of bacterial strain was pipette out and
spread over the medium evenly with a spreading rod till it
dried properly. Wells of 6 mm diameter were bored using a
sterile cork borer. Solutions of all the compounds (100, 200,
300 ug/mL) in DMSO were prepared. 100 uL of plant extract
solutions were added to the wells. The petri plates incubated
at 37°C for 24 h. Streptomycin (1 mg/mL) was prepared as a
positive control and DMSO was taken as negative control.
Antibacterial activity was evaluated by measuring the diame-
ters of the zone of inhibitions (ZI). All the determinations
were performed in triplicate.
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Antifungal activity using q
i ar wel
diffusion method 9 agar well plate

::); antifungal §tudy each compound was dissolved in DMSO

concentration of 5mg/mL and stored in a refrigerator till
further use. Antifungal activities of the compounds were eval-
uated by means of agar well diffusion assay. The assay was
carried out according to the method of Hufford."”® Sabouraud
dextrose agar (Hi media) was used for the growth of fungus.
Media with acidic pH (pH 5.5 to 5.6) containing relatively
high concentration of glucose (40%) is prepared by mixing
(SDA) Sabouraud dextrose and distilled water and autoclaved
at 121°C for 15 minutes. Twenty 5mL of molten (45°C) SDA
medium was aseptically transferred into each 100mm x
15mm sterile Petri dish. For counting of spore (fungi) were
suspended in normal saline to make volume up to 1mL and
then counted with help of heamocytometer (nebular chamber).
Once the agar was hardened, 8 mm wells were bored using a
sterile cork borer. Then 0.1 mL (100 uL) from each stock solu-
tion of the compounds having final concentration of 5mg/mL
was placed in each the well and the plates were incubated for
24h at 29°C. Two wells in each petri dish were supplemented
with DMSO and reference antifungal drug Clotrimazole
(1mg/mL) dissolved in DMSO serve as negative and positive
control respectively. The antifungal activity was measured as
the diameter (mm) of clear zone of growth inhibition.?"!

In vitro semi-quantitative test for screening of anti-
malarial activity

A mixture containing 50 uL of 0.5mg/mL hematin chloride
freshly dissolved in 0.1M NaOH, 100 4L of 0.5M sodium
acetate buffer (pH 4.4), and 50 uL of the synthesized com-
pound potential anti-malarial drug solution and positive
control used was chloroquine diphosphate, whereas the
negative control distilled water, was put in microtube and
incubated at 37°C for 18h. The tube was then centrifuged
for 8 min at 4000 rpm. The supernatant was removed and
the pH of reaction was measured. The final pH of the mix-
ture should be between (5.0-5.2). It is important that the
solutions be added to the plate in this order. The solution
mixture in the wells were washed with 200 uL DMSO per
well to remove free hematin chloride. The plate was centri-
fuged again, discharging the supernatant afterwards. The
f-hematin remaining was then dissolved in 200 uL of 0.1 M
NaOH to form an alkaline hematin that can be measured
spectrophotometrically. Finally, the absorbance read at
405nm.?! Lastly percentage inhibition of hematin by
compounds was calculated by using following formula (1),

Percent inhibition (%)

Reading of control — Reading of treated cells

x 100 1
Readig of control M

Antidibetic activity using a-amylase inhibition assay

ibition was studied using the method

. inh
In vitro amylase in 41 In brief, S00AL of the test
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compound (1 mg/mL) was allowed to'react with 500 puL oef
0.1 M phosphate buffer pH 6.9 containm.g a-amylaosg e;lg())'mL
[ diastage (0.5%)]. After 10 min incubation at 25°C, 6};)
of 1% starch solution in 0.1M phosphate buffer (pH ;
was added. Then the solution was again incubated at 25 C
for 10 min. The same operation was performed for the con-
trols where 500 uL of the enzyme was replaced by buffer.
After incubation, 1000 yL of dinitrosalicylic acid reagent was
added to both control and test. They were kept in boiling
water bath for) 10min and cooled. The absorbance was
recorded at 540nm using spectrophotometer and the per-
centage inhibition of a-amylase enzyme was calculated using
the formula (2).

Percent inhibition (%)
_ Abs540 (Control) — Abs 540 (Extract)
. Abs 540 (Control)

Suitable reagent blank and inhibitor controls were simul-
taneously carried out.

x 100  (2)

Anticancer activity and cytotoxicity study using
MTT assay

All the synthesized compounds were screened for their anti-
cancer activity using MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide] assay against human breast
cancer cell lines MCF-7 to assess the cytotoxicity.[?2¢]

Cells were irlcubated at a concentration of 1 x 10* cells/
mL in culture medium for 24 h at 37°C and 5% CO,. Cells
were seeded at a concentration (70 pL) 10* cells/well in
100puL culture medium and 100pL herbal extracts into
micro plates respectively (tissue culture grade, and 96 wells).

~ Control wells were incubated with DMSO (0.2% in PBS)

and cell line. All samples were incubated in triplicate.
Controls were maintained to determine the control cell sur-
vival and the percentage of live cells after culture. Cell cul-
tures were incubated for 24h at 37°C and 5% CO, in CO,
incubator. After incubation the medium was completely
removed and added 20 pL of MTT reagent (5 mg/min PBS).
After addition of MTT, cells incubated for 4h at 37°C in
CO; incubator. The wells were observed for formazan crys-
tal formation under microscope. The yellowish MTT was
reduced to dark colored formazan by viable cells only. After
removing the medium completely added 200 L of DMSO
(kept for 10 min) and incubated at 37°C (wrapped with alu-
minum foil). Trjplicate samples were analyzed by measuring
the absorbance of each sample by microplate reader at a
wavelength of 550 nm.

Antioxidant activity using DPPH radical
scavenging activity

All the synthesized compounds were characterized for their
antioxidant activity using DPPH (1, 1-diphenyl-2-picrylhy-
drazyl) radical scavenging activity as per the method
described®”! with some modifications and compared with
ascorbic acid as standard antioxidant compound. 100 uL of
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Table 1. Elemental analysis, molar conductance and magnetic moments.

Elemental analysis
Found (Calculated) (%)

Molar conductance

Magnetic moment |1 y
(B.M.)

Compound M C H N S (0hm™".cm%.mol™")
[ColLy)(L) 11.31 5534 3.15 8.07 6.16 16.05 389
(11.32) (55.36) (3.16) (8.08) (6.18)
INI(L) (LN 1.27 5537 3.10 8.07 6.16 13.04 312
(11.29) (55.39) 341 (8.09) (6.17) i
[CulLy)(L) 12.09 54.86 3.07 8.00 6.10 14.36 191
(12.1) (54.87) (3.08) (8.02) (6.11) ]
Zn(L)L) 1241 54.66 3.06 797 6.08 17.86 Diamagnetic
(12.45) (54.67) (3.07) (7.98) (6.09)

Synthetic compounds with the concentration of 1000 ug/mL
was mixed with 100 uL DPPH (0.2 mmol/L in methanol) in
96 well plate, in control only methanol and for standard
Ascorbic acid (1000 ug/mL in 100 uL) used. The resultant
absorbance was recorded at 515nm after 30 min. incubation
at 37°C. The percentage of scavenging activity was derived
using the following formula (3).12*]

A(Control) — A(Sample)
A(Control)
x 100

Percentage inhibition (%) =

3)

where A(Control) is absorbance of DPPH and A(Sample) is
absorbance of reaction mixture (DPPH with Sample).

Results and discussion

The complexes can be represented by general formula
[M(L1)(L2)] where M=Co(lI), Ni(II), Cu(Il), Zn(II),
L1=Schiff's base ligand (E)-2-((benzo[d]thiazol-2-ylimino-
methyl)-6-methoxyphenol and L2 = 5-chloro-8-hydroxyqui-
noline (5-CHQ). All the complexes were obtained in
72-76% yield, were having light yellow to green color, ther-
mally stable and were found to decomposed above 300 °C.
All the complexes were soluble in DMF, DMSO and CHCI.
The elemental analysis data along with yield, molar conduct-
ance and magnetic susceptibility values recorded for all the
synthesized complexes are represented in Table 1.

Molar conductance and magnetic properties

Molar conductance measurements for all the synthesized
complexes were carried out by preparing 107> M solutions
in DMF solvent. The low values obtained for all the synthe-
sized complexes indicated non-electrolytic  nature
of complexes.

The Co(II), Ni(II) and Cu(II) complexes were paramag-
netic, while Zn(II) complex was diamagnetic. The magnetic
moment value of 3.89 B. M. recorded for Co(II) complex
indicated the presence of three unpaired electrons in this
complex and is attributed to spin contribution only.
Somewhat greater magnetic moment value (3.12 B.M.) than
expected (2.89 B.M.) was recorded for Ni(II) complex which
can be devoted to the presence of orbital contribution in
addition to spin contribution in this complex.*®! The mag-
netic moment value of 1.91 B.M. observed for Cu(Il)

complex indicated presence of one unpaired electron while
Zn(II) complex was diamagnetic.

IR spectra

IR spectra were recorded in the range 4000-400 cm™! and

interpreted using few main peaks. The spectrum of Schiff
base ligand (L1) exhibited a weak band at 3520 cm™! due to
phenolic (-OH) group. The other band at 3053 cm™" could
be attributed to (C-H) of aromatic ring. The main strong
band found at 1583cm™! indicates (C=N) in Schiff base
ligand. In the spectrum of 5-chloro-8-hydroxyquinoline
(5CHQ) (L2), a broad peak was observed at
3400-3450 cm ™' which is attributed to symmetric stretching
of (O-H) group. The strong band due to (C=N) at
1607 cm™" was also observed.!!

The broad peak observed in the range of 3200-3450 cm™!
due to phenolic v¥(-OH) in ligands was absent in complexes
which indicated M-L bonding through oxygen atom of
phenolic -OH groups of both these ligands. The band
observed in the range 1580-1610cm™" due to v(-C=N) in
the spectra of ligands was shifted at lower frequency in com-
plexes. This indicated that both these ligands are coordi-
nated with the respective metals through nitrogen of
v(-C=N) group. The peaks observed in the range of
414-453cm™" and 540-552cm™ in case of complexes, can
be attributed to the stretching vibrations of v(M-N) and
¥(M-0) respectively.!”'® Two peaks observed at 1638 and
672cm™" due to ¥(C=N) in the thiazole ring of the Schiff
Base ligand were unchanged in the spectra of complexes
which confirms that the nitrogen and sulfur atoms present
in thiazole ring remains uncoordinated.!*¢!

]

Electronic spectra

Nujol mull electronic spectra of all the synthesized com-
pounds were recorded. The absorption bands at 22land
261nm in the spectrum of Schiff base ligand (L1) can be
attributed to (m—n*) transition of benzenoid system of ben-
zothiazole moiety. The next bands observed at 271 and
276 nm correspond to (n—7*) transition in Schiff base lig-
and (L1).”°! The electronic spectrum of secondary ligand 5-
CHQ (L2) exhibited presence of absorption bands at (294,
307 nm) respectively which are attributed to (n—n*) transi-

tion and those at A, (354, 372, 391 nm) can be assigned
due to (n —7*) transition, 18!



T
able 2, Powder XrD analysis of complexes.

Miller Crystal
Complex Reflexes 2-Theta indices (d) Value (A°) size ?l;) (nm) FWHM
oLl Peakt 1836 1 482 1984 07077
Peak2 2310 210 384 05.24 2.6969
Peak3 2962 220 3.01 03.52 40661
Average crystal size 09.53nm
INIL)(L))  Peaki 1634 I 5.41 28.87 0.4850
Peak2 2320 M 3.82 10.98 1.2877
Peak3 2948 310 3.02 175 1.2191
Average crystal size 17.20 nm
[Cull)(L)) Peakl 0668 111 13.2 2037 0.6815
Peak2 1132 300 7.80 04.87 2.8554
Peak3 2302 442 385 02.00 7.0507
Average crystal size 09.08 nm
[Zn(L)(L,))  Peakl 0520 1M 16.98 14.69 0.541
Peak2  09.06 300 9.75 15.38 0.518
Peak3 1394 40 6.34 1545 0.518
Peakd 2606 831 341 19.23 0.424
Average crystal size 16.19nm

The electronic spectrum of Co(I) complex exhibited
three different absorption bands. The first band at 346 nm is
attributed to ligand to metal charge transfer (LMCT). The
second and third absorption bands observed at 377 and
399nm respectively can be assigned to *A,—*Ep and
4A,—*T,p transitions respectively. The electronic spectrum
of Ni(II) complex exhibited two absorption bands. The one
observed at 292nm can assigned to 3T (F)—>T,(P) transi-
tion while the second band at 347nm is attributed to
3T, (F)—>T4(F) transition respectively. The electronic spectra
of Cu(II) complex shows absorption band at A max 404 nm
can be attributed to 2E;— T, (d-d) transition this corre-
sponds to tetrahedral geometry of complex. The electronic
absorption spectrum of Zn(II) complex do not exhibit d-d
transition due to completely filled d orbital and shows
absorption band at 423 nm attributed to LMCT transition.
The observed electronic data indicated that all the complexes
show tetrahedral geometry.!*!)

NMR spectra

"H-NMR spectrum

The 'H-NMR spectrum of synthesized Schiff base ligand
(L1) was recorded in CDCl; and Zn (II) complex in dime-
thylsulfoxide (DMSO) solvent using TMS as internal stand-
ard. In the spectrum sharp singlet at 6 =3.93 ppm indicates
presence of methoxy proton in the ligand. The signals of
protons of aromatic substituted aldehyde ring are observed
at §=6.91-7.35ppm while the signals for the aromatic pro-
tons of benzothiazole ring was observed at
0=17.39-7.98ppm. The sharp signal at §=9.27ppm was
due to azomethine proton in Schiff base ligand (L1). The
last peak in spectrum at 6 =12.46 ppm due to phenolic -O-
H proton of substituted aldehyde molecule.

The '"H-NMR spectrum of Zn(II) complex was compared
with parent Schiff base ligand (L1). The -O-H signal at
12.46 ppm in the spectrum of ligand (L1) is completely dis-
: that Zn(IT) complex, indicating the involvement
~OH in the chelation through the displacement
he peak for azomethine proton observed
the spectrum of ligand (L1) is shifted to

appeared in
of phenolic
of ~OH proton. T
at §=9.27ppm in
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n that of Zn(II) complex which
ogen atom bonded to

5=381ppm is due to
ligand (L1). The peaks
8.09 ppm can be attributed

lower value at § =8.49 ppm i .
may be due resonance and nitr
metal.*?! The singlet observed at
methoxy proton in Schiff base
observed in the range 6 =6.90 to
to aromatic protons of the ligand moiety.

13C.NMR spectrum '

The '>C-NMR spectrum of synthesized Schiff base ligand
(L1) was recorded in CDCl; solvent using TMS as internal
standard. The peak at 6 = 167.49 ppm represents the azome-
thine carbon. The signals at 6=116.69, 118.38, 119.38,
121.76, 151.48 and 152.11 ppm represents carbon atoms of
benzene ring of substituted benzaldehyde while those at
§=123.05, 12528, 125.30, 126.72, 134.73 and 148.53 ppm
represents carbon atoms from benzene ring of benzothiazole
moiety. The signal at 6 =168.93ppm was due to carbon of
(N=C-S) of thiazole ring and finally the signal at
56.29 ppm was due to methoxy carbon (-OCH3) of substi-
tuted benzaldehyde. Thus both these NMR spectra provide
sufficient evidences to confirm the proposed structure of
synthesized Schiff base ligand (L1) molecule.

Powder XRD analysis

The nature of synthesized mixed ligand complexes of Co(II),
Ni(II), Cu(II) and Zn(II) was studied by powder x-ray dif-
fraction method. The obtained results indicate microcrystal-
line nature in these complexes. The inter planner spacing
(d) is calculated by using Brag’s equation (4),

) niA =2d sin0 @

The mean particle size of complexes was calculated using
Scherer’s formula (5),

_ Ki
" BCos0
where K is constant and usually taken as 0.9, D is particle

size, 4 is wavelength of x-ray radiation, f§ is Full Width half
maximum and 6 is diffraction angle.*®! The obtained results

are represented in Table 2.

)

Thermal analysis

The TGA/DTA curves of synthesized mixed ligand com-
plexes were recorded. The experiments were carried out in a
nitrogen atmosphere with heating rate of 10.00 K/min and
in temperature range 20-800°C using alumina crucible.
TGA: From TGA curves it was observed that all the com-
plexes were thermally stable up to 140°C. No weight loss
occurs in this region indicating absence of any water molecule
bonded to the metal atoms.*! The TGA curves of Co(ID),
Ni(ll) and Zn(II) complexes exhibited single weight loss step
while that of Cu(I) complex exhibited two weight loss steps.
The major weight loss of 79.12% for Co(IT) complex in
the temperature range of 351-785°C, of 76.08% for Ni(1I)
complex in the temperature range of 334-690°C, and of
85.30% for Zn(II) complex in the temperature range of
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(a)

Figure 2. Antibacterial activity (a, b) against £. coli and (c, d) against B. Subtilis.

(b)

Table 3. Antimicrobial activity.

Zone of inhibition (mm)

Antibacterial activity Antifungal activity

Compound Concentration (mg/mL) E. coli B. Subtilis C. albicans A. niger
SB (Ly) 5 10 15 08 09
[Co(Ly)(L)] 5 25 20 07 07
[NiL,)(L2)) 5 14 13 00 00
[Cu(Ly )L 5 12 10 00 00
[Zn(L)(L] 5 20 16 05 07
Standard (streptomycin) 1 31 32 - -
Standard 1 - - 14 13

(Clotrimazole)

372-777°C was observed. This major weight loss in all three
complexes can be attributed to the decomposition of both
the organic ligands. In case of Cu(ll) complex, the first
weight loss of 25.77% is observed in the temperature range
210-403°C which can be attributed to decomposition of
heterocyclic ligand (5-Cl-8-HQ). The second weight loss of
71.66% is observed in the temperature range 403-763°C
which can attributed to decomposition of Schiff base organic
ligand (L1). The remaining weight of final residues corre-
sponds to the percentage of metal oxides remained.”**!

DTA: The DTA curves of Co(II), Ni(II) and Zn(II) com-
plexes exhibited two peaks. The first endothermic peak at
160°C for Co(II) and 145°C for Ni(II) complexes owing to
crystalline rearrangement process occurring. The second
sharp exothermic peaks observed in the range 400-600°C
for Co(II) and Ni(II) complexes were due to decomposition
of organic ligands.

In case of Zn(II) complex two exothermic peaks are
observed in the range 500-700°C which indicated complete
decomposition of organic ligands. The DTA curve of Cu(II)
complex exhibited only one broad exothermic peak in the
range 380-570°C owing to complete decomposition of
organic ligands.

Antimicrobial activity

Antibacterial activity using well plate method

All the synthesized compounds were screened for their anti-
bacterial activities against pathogenic organism like E. coli
and B. subtilis and the results were compared with standard
drug Streptomycin. The results are represented in
Figure 2(a)-(d).

All the four complexes were found to be more potent as
compared to the Schiff base ligand (L1). The enhanced
activity in complexes as compared to ligand (L1) can be
explained based on)Overtone’s concept and chelation the-
ory.?? As per chelation theory the polarity of metal ion
decreases on complexation owing to sharing of its positive
charge with donor groups and possible 7-electron delocaliza-
tion over the whole chelate ring. This results in increased
lipophilic character the central metal atom which favors the
cell permeation and increase the activity.*®!

The Co(II) and Zn(II) complexes shown good results but
Ni(II) and Cu(II) complexes exhibited moderate activity for
both the species. The complexes were found to be more
potent than Schiff base ligand (L1).

Antifungal activity using agar well plate diffusion method
All the synthesized compounds were screened for their anti-
fungal activity against C. albicans and A. niger fungal patho-
gens and the results were compared with the standard
Clotrimazole. The results obtained were not much encourag-
ing in cases of antifungal activity measurements. The Schiff
base ligand (L1) and Co(Il) complex exhibited moderate
antifungal activity whereas Zn(1I) complex exhibited poor to
moderate activity. The Ni(Il) and Cu(Il) complexes were

inactive. Table 3 represents the results obtained from anti-
microbial screening,

Antimalarial activity

Figure 3 represents graphical representation of results

obtained from antimalarial activity for all the synthesized
mixed ligand complexes.
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aCtiVitieshzlozymheSized compounds exh]
Zn(11) I le to the standard used. The Co(lI), Ni(ll) and
ition Valuesp exes c.xhibited 65.71, 65.96, and 64.62% inhib-
value 6g 909235pcct1vely which are very close to the standard
act ag ‘ot .and th}ls exhibited excellent. Thus these can
eXhibiteg 5cntlal a.ntntnalarial agents. The Cu(ll) complex
Schiff 1 16_.89% inhibition value which is less than the
Sonipg as; lgan‘d.(Ll) (58.99%). Overall all the synthesized
and pounds eXhl.blth good to excellent antimalarial activity

€an be considered as potential antimalarial agents.

Antidibetic activity using «-amylase inhibition assay

Tal?lc 4 represents the results obtained from antidibetic
activity evaluation. The Schiff base ligand (L1) exhibited per-
cent inhibition value of 60.60% which is greater than Co(II),
Cu(ll) and Zn(II) complexes (53.53, 56.06 and 54.54%
inhibition respectively). The Ni(II) complex was able to
show greater inhibition as compared to Schiff base ligand
(L1) ie, 62.12%. The Standard acarbose exhibited percent
inhibition value of 80.80%. All the synthesized compounds
were able to show good a-amylase inhibition activity in
comparison to the standard used.

Anticancer activities and cytotoxicity study using
MTT assay

Anticancer activity measurements shed light on ability of
compound to control abnormal growth of cells. MTT assay
is widely accepted and most reliable method for measuring
cell proliferation, cell viability or cytotoxicity.*”! The results
obtained from antibacterial measurements indicated com-
plexes are more active than the Schiff base ligand (L1) which

Antimalarial activity of schiff base and Complexes

6571 65.96

58.99

% Inhibition
3

J S—

Standard Ligand (SBL1)  [Co(l.1)L2))  [Ni(L1XL2))  [Cu(L1}(L2)}  [£n(L1XL2)]
Compounds

Figure 3. Graphical representation of antimalarial activity.
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prompted us to carry out anticancer activity of complexes

against human breast cancer cell line MCE-7 using MTT
assay. Figure 4 represents graphical representatior.l f’f results
obtained from anticancer activity and cytotoxicity study
using MTT assay.

The ICs, values above 100 uM are noted for all the syn-
thesized compounds while the standard drug 5-Fluorouracil
(5-FU) exhibited ICs, value of 60.76 uM. Thus all the c'or'n-
pounds exhibited moderate to good anticancer actnvx'ty
against human breast cancer cell line MCF-7. The cell viabil-
ity values indicated that these complexes are more toxic to
cancer cells than normal cells. Considering all these
observed facts all these complexes could be considered as
potential anticancer agents.

Antioxidant activity

All the synthesized compounds were screened for their anti-
oxidant activity using DPPH method and results compared
with standard ascorbic acid. The Zn(II) complex shown
good antioxidant activity with 63.21% inhibition as com-
pared to the standard used (97.79%). The Schiff base ligand
(L1) recorded moderate activity with 51.76% inhibition.
Remaining compounds were inactive.

Conclusions

All the mixed ligand complexes were proposed to have tetra-
hedral geometry. All the synthesized compounds were
screened for their antimicrobial, antimalarial, antidibetic,
anticancer and antioxidant activities. Based on the results

% cell inhibition Against Human breast cacer cell line MCF-7
60 -

»10 pg/ml
50
830 pg/ml

=100 pg/ml

a
=3

% Cell Inhibition
3

0 K e RN i\
Standard - S-FU Ligand (SBL1) (Co (L1)(L2) INE(LD)(L2) [Cu(LD) (L2)]
Compounds

S

1Za (LD (L2)}

Figure 4. Graphical representation of anticancer activity.

Table 4. Antidibetic activity i.e., percent inhibition of a-amylase,

Compound Concentration (ug/mL) ABS at 540 nm Percentage inhibition (%)
Control = 1.98 i B

SB (Ly) 1000 0.78 60.60
[ColLy)(L2)] 1000 0.92 53.53

[Ni(Ly (L] 1000 0.75 62.12
[Cu(Ly)(L2)] 1000 0.87 56.06
[Zn(Ly)(L)] 1000 0.90 5454
Standard-Acarbose 1000 038 80.80
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obtained all the com
tial antimalarial, antj

p.lexes can be proposed to have poten-
dibetic and anticancer activities and are

good candidates for future drugs.
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