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ABSTRACT

On a strategy to create new complexes based on bioactive organic ligands can be used as
antifungal and antibacterial reagents, we synthesized new Ni(II) complexes based on bioactive
isatin-bishydrazone compounds. The Ni(II) complexes characterized on the bases of elemental
analysis, molar conductance, IR, electronic spectra, magnetic measurements and thermal
analysis (TGA & DTA). Moreover, the stiochiometry of the synthesized complexes have been
determined spectrophotometrically. The results suggested that Isatin-bishydrazone ligands
exhibited neutral tridentate ligand with ONN sites coordinating to the metal ion via Isatin-
carbonyl (C=0), azomethine-Nitrogen (-CR=N) and pyridine-Nitrogen (C=N) forming the general
formula [Ni(L) H20]Cl2.2H,0, (where L = neutral tridentate Isatin-hydrazone ligand). = The
bioefficacy of the ligands and their complexes have been examined for their in-vitro antibacterial
and antifungal activity against many types of bacteria and anti fungal cultures which are
common contaminants of the environment in Egypt and some of which are involved in human
and animal diseases or in plant diseases or frequently reported from contaminated soil, water
and food substances. The results of these studies indicate that the ligands and their metal
complexes possess notable antimicrobial properties.

Keywords: Isatin-bishydrazone ligands, Ni(II) complexes, antibacterial, antifungal, Thermal

analysis.

1. INTRODUCTION

Hydrazones form an interesting class of
chelating ligands which contain an azomethine
group linked to a nitrogen atom and find extensive
application in various fields [12], and also form an
important class of organic compounds with a wide
variety of biological properties [3-6l. Recently, the
development of new chemotherapeutic
hydrazones is attracting the attention of medicinal
chemists 7. Many studies reported the biological
activities of hydrazones, including their anticancer
(8], antibacterial ], antifungal, and herbicidal
activities [10.11],

Isatin (1-H-indole-2, 3-dione) and its
derivatives possess a broad range of biological
and pharmacological properties [12-16] and are
widely used as starting materials for the synthesis
of broad range of heterocyclic compounds and as
substrates for drug synthesis [7l. Variety of
biological activities are associated with isatin-
hydrazones including the central nervous system
(CNS) activities as potentiation of pentobarbitone
induce nercosis [18], Analgesic [19], anticonvulsant

[20], antidepressant [21], anti-inflammatory [22], and
antimicrobial [23], moreover isatins are capable of
crossing the blood-brain-barrier [24. Although
metal complexes of monohydrazones derived
from isatin have been extensively investigated,
those formed from bishydrazones received
comparatively less attention [2526],

On the other hand, hydrazones of 2-
pyridyl derivatives (i.e. 2-acetyl pyridine, 2-
benzoyl pyridine and pyridine-2-carboxaldhyde)
and their metal complexes have good biological
applications such as antimicrobial [27.28], anti-
inflammatory [29-31] and anticancer 32-34] reagents.

While much attention has been directed
to study the metal complexes derived from isatin-
hydrazones [353¢], however, no investigations have
appeared in the literature to describe the metal
complexes of the hydrazones derived from isatin-
monohydrazone and 2-pyridyl derivatives.
Therefore the need to design new isatin-
bishydrazone derivatives for emerging drug
targets is an active area of medicinal chemistry.
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Scheme - 1: Schematic diagram of the Isatin-bishydrazone ligands and their Ni(II) complexes.

In our previous work [371 we synthesized
and characterized new isatin-bishydrazone
compounds derived from isatin monohydrazone
and 2-pyridyl which showing notable biological
activity. Thus in the present work, we aim to
synthesis new Ni(Il) complexes with the
synthesized isatin-bishydrazone ligands,
characterization by different physicochemical
methods. Also, spectrophotometric determination
of the complex stoichiometry. Furthermore,
Testing the in-vitro antibacterial and antifungal
activity of the free ligands and their Ni(Il)
complexes against many types of bacteria and anti
fungal cultures, which are common contaminants
of the environment in Egypt and some of which
are involved in human and animal diseases, plant
diseases  or  frequently reported from
contaminated soil, water and food substances in
order to assess the antimicrobial activity of the
synthesized compounds.

The structures of the prepared ligands
and their Ni(II) complexes in this investigation are
shown in scheme 1.

2. Experimental
2.1. Reagents

All chemicals were used as produced
without further purification. Isatin, 2-acetyl
pyridine, 2-benzoyl pyridine and pyridine-2-
carboxaldhyde were obtained from Sigma-Aldrich
Company Ltd. Hydrazine hydrate and hydrated
Nickel chloride (NiCl;.6H,0) was obtained from
BDH Company. All other reagents and solvents
(methanol, ethanol and DMF) were purchased
from commercial sources and were of analytical
grade.

2.2. Synthesis of the ligands and their

complexes.

2.2.1. Synthesis of the ligands.
I[satin-bishydrazone ligands, namely

[(pyridine-2-Carboxaldhyde)-3-isatin]-
bishydrazone (cpish), [(2-acetyl pyridine)-3-
isatin]-bishydrazone (apish) and [(2-benzoyl
pyridine)-3-isatin]-bishydrazone (bpish) were
prepared as described before [371 in two steps: the
first step is the synthesis of Isatin-
monohydrazone, followed by condensation with
the 2-pyridyl, giving the Isatin-bishydrazone
Ligands.

2.2.1.1. Synthesis of Isatin-monohydrazone.

Isatin (1.47 g, 10 mmol) was dissolved in
methanol (40 mL) and was added to a solution of
hydrazine hydrate (0.05 g, 10 mmol) dissolved in
hot methanol (5 mL). The resulting mixture was
refluxed for 3 h on a water-bath. On cooling, the
yellow compound that formed was filtered,
washed with cold methanol, dried and
recrystallized from methanol [38].

2.2.1.2.
ligands.

A (1.0 mmol of 2-pyridyl (2-acetyl
pyridine or 2-benzoyl pyridine or Pyridine-2-
carboxaldhyde) was added drop wise to a hot
methanolic solution of Isatin-monohydrazone (1.0
mmol) then the resulting mixture was refluxed for
1h with constant stirring, then 2-3 drops of glacial
acetic acid was added, with continue refluxing for
4h under constant magnetic stirring. On cooling,
the formed ligand was filtered, washed with cold
methanol, dried and finally recrystallized from
methanol [37],

Synthesis of Isatin-bishydrazone
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2.2.2. Synthesis of Ni (II) complexes

The solid Ni(IlI)-complexes of Isatin-
bishydrazone ligands were prepared as the
following; a solution of the metal salt in minimum
amount of water [NiCl;.6H;0, 1.0 mmol] was
added drop wise to a hot methanolic solution of
the ligand [cpish or apish or bpish, 1.0 mmol]. The
resulting mixture was refluxed at 70 °C for 10 h
under constant stirring. By evaporation over
night, the resulted solid product was filtered,
washed with water-methanol solvent, drying, and
finally recrystallized from water-methanol mixed
solvent. The yield and melting point of each
product were determined.

2.3. Analyses of the complexes
2.3.1. Physico-chemical measurements

The stoichiometric analysis (C, H and N)
of the new compounds was performed using
elemental analyzer Perkin-Elmer model 40c, at the
Micro-analytical Centre at Cairo-University, Egypt.
The molar conductance of 10-3 molar dilution was
measured by JENWAY conductivity-meter model
4320 at 298 K. The IR spectra were recorded on
Shimadzu FTIR model 8101 in the region 4000-
400 cm™? using dry KBr discs. The electronic
spectra of the complexes in methanol were
recorded in the region 200-800 nm using a 10
mm matched quartz cells on Jasco UV-Visible
spectrophotometer model V-530. Rigaku model
8150 thermo-analyzer was used for simultaneous
recording of TG-DTA curves at a heating rate of 10
min-1.

2.3.2. Determination of the stoichiometry and
formation constant of the complexes.

The stoichiometries of the prepared
complexes were determined by applying the
spectrophotometric molar ratio [941 and
continuous variation [“2431  methods. All the
spectrophotometric measurements were carried
out in 10 mm cells in the thermostatted cell Jacket
compartment of Jasco UV-Visible
spectrophotometer (model V-530). The
thermostatted cell holder was supplied by an
ultrathermostate water circulator (CRIOTERM
model 190) to control the temperature at 252C +
0.1 °C. Magnetic susceptibilities of the complexes
were determined at room temperature by Gouy
method using Hg[Co(NCS)4] as calibrant [44l.
Consideration the magnetic contribution of
various atoms and structural units [“546. The
effective magnetic moments (in Bohr magneton)
were calculated from the corrected susceptibilities
using the equation: L = 2.828 (xT)/2, where x is
the molar susceptibility (in cm3/mole) and T is
the absolute temperature.

2.4. In-vitro biological activity
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2.4. 1. Antibacterial and anti-fungi screening

The antimicrobial activity of all the
synthesized Isatin-bishydrazone ligands and their
corresponding Ni(Il) complexes were tested
against 6 bacterial (three gram positive bacteria
and three gram negative bacteria) and 6 fungal
strains. These strains are common contaminants
of the environment in Egypt and some of which
are involved in human and animal diseases
(Trichophyton  rubrum, Candida albicans,
Geotrichum candidum, Scopulariopsis brevicaulis,
Aspergillus flavus and Staphylococcus aureus
(+ve)) or in plant diseases (Fusarium oxysporum)
or frequently reported from contaminated soil,
water and food substances (Escherichia coli (-ve),
Bacillus cereus (+ve), Pseudomonas aeruginosa (-
ve), Serratia marcescens (-ve) and Micrococcus
luteus (+ve )). To prepare inocula for bioassay,
bacterial strains were individually cultured for
48h in 100 ml conical flasks containing 30 ml
nutrient broth medium. Fungi were grown for 7
days in 100 ml conicals containing 30 ml
Sabouraud's dextrose broth. Bioassay was done in
10 cm sterile plastic Petri plates in which
microbial suspension (1ml/plate) and 15 ml
appropriate agar medium (15 ml/plate) were
poured. Nutrient agar and Sabouraud's dextrose
agar were respectively used for bacteria and fungi.
After solidification of the media, 5 mm diameter
cavities were cut in the solidified agar (3
cavities/plate) using sterile cork borer. Chemical
compounds dissolved in dimethyl sulfuxide
(DMSO) at 100 ppm were pipetted in the cavities
(20 ul /cavity). Cultures were then incubated at 28
°C for 48 h in case of bacteria and up to 7 days in
case of fungi. Results were read as the diameter
(in mm) of inhibition zone around cavities [#7].

2.4.2. Determination of minimum inhibitory
concentration (MIC) value.

To determine the minimum inhibitory
concentrations (MICs), chemical compounds
giving positive results were diluted with DMSO to
prepare a series of descending concentrations
down to 5 ppm. Diluted chemicals were similarly
assayed as mentioned before and the least
concentration (below which no activity) was
recorded as the MIC.

2.4.3. Determination of the Activity Index (%)
for the complexes.

The antibacterial and antifungal activity
of a common standard antibiotic Chloramphenicol
as antibacterial standard and Clotrimazole as
antifungal standard were also recorded
maintaining the same protocol as above at the
same  concentrations and solvent. The
antibacterial and antifungal results of the
compounds were compared with the standard and
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% Activity Index for the complexes was calculated
by using the formula as under [48l:

Zone of inhibition by test compound{diamier )
Zone of inhibition by standard({d iamter )

X100

svity index =

3. Results and discussion
3.1. Identification of the prepared compounds.

3.1.1. Microanalysis and molar Conductance
Measurements

The results of the microanalysis of the
prepared Isatin-bishydrazone ligands and their
Ni(II) complexes in addition to the molar
conductance measurements, table 1 suggested
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that: the subject ligands act as neutral tridentate
and form complexes in 1:1 molar ratio (metal :
ligand), with 1:2 electrolytic nature of all the
complexes*850l, Thus, the general formula of the
prepared complexes is suggested to be
[Ni(L)(H20)]Cl; .2H20 according to the following
reaction:

NiCl, nH ,0+ L—[NKLXH,O0)Cl, nH,,0

Where L is the Isatin-bishydrazone ligand.
The satisfactory results of analytical data table 1
and spectral studies revealed that the ligands and
their complexes were of good purity.

Table - 1: Analytical and physical data of ligands and their complexes.

Empirical Formula m.p Elemental Analysis Hv
(Formula Weight) color (&9] yield found (calculated) (2-1.Cm2.mol1)
()  co H% N% % M% Methanol DMF Ethanol
cpish C14H10N40 red 245 89 % 67.19 4.03 2239 s e e e e
(250.255) °C ’ (67.20)  (4.33) (22.30)
Ni- [Ni (cpish) H20]Cl2 Dark >300 38.84 3.49 12.94 16.38 13.56 170 140 85
cpish -2H20 65% (38.75) (3.72) (12.91) (16.34) (13.53)
complex (433.89) brown
apish C1sH12N40 red 250 e 68.17 4.58 2120 -eeem- eeeen e s e
(264.28) °C ’ (68.50)  (4.25) (20.98)
Ni- [Ni (apish)H20]Cl» Dark >300 40.31 3.83 12.54 15.87 13.13 166 137 82
cpish -2H20 brown 60% (40.22) (4.05) (12.51) (15.83) (13.10)
complex (447.93)
bpish C20H14N40 red 265 85 % 73.61 4.32 1717 - e emeeeee e e
(326.35) °C ’ (73.55) (4.28) (17.05)
Ni- [Ni(bpish) H20]Cl2 Dark >300 47.29 3.57 11.03 13.96 11.55 160 133 80
cpish -2H.0 70%  (47.10) (3.95) (10.99) (13.90) (11.51)
complex (509.99) brown
m.p; melting point, py; molar conductance
3.1.2. Spectroscopic studies I[satin-bishydrazone ligands are assigned to

3.1.2.1. L.R. spectra and mode of bonding

In the absence of a powerful technique
such as single X-ray crystallography, infrared
spectra has proven to be the most suitable
technique to give enough information to elucidate
the nature of bonding of the subject ligands to the
metal ion. Thus a detailed interpretation of IR
spectra of the free ligands and the effect of binding
of Ni(II) of the vibration frequencies of the free
ligands is discussed to determine the coordination
sites which may involve in chelation. The
significant infrared bands of the subject ligands
and their metal complexes are given in table 2.
The observed bands may be classified into those
originating from the ligands and those arising
from the bonds formed between metal ions and
the coordinating sites. The IR spectrum of the
Isatin-bishydrazone ligands exhibited
Characteristic band due to (-NH) and lactonyl
carbon v(C=0) at » 3180-3200 cm? and = 1722
cm[51] respectively. In addition, the strong band
at = 1460 cm! and a characteristic high intensity
band at 1621 cm in the IR spectrum of the

v(C=N) and v(HC=N) respectively. In comparison
with the spectra of the Isatin-bishydrazone
ligands, all the Ni(ll) complexes exhibited the
band of v(HC=N) in the region = 1590 cmY;
showing the shift of the band to lower wave
numbers indicating that, the azomethine nitrogen
is coordinated to the metal ionl5253l. The band of
v(C=0) in the region 1670-1680 cm in the metal
complexes showing the shift to lower wave
numbers confirms that, the carbonyl oxygen of
[satin is coordinated to the metal ion [5455], The
unaltered position of a band due to v(NH) and
v(C=N) in all the metal complexes indicates that,
these groups are not involved in coordination.
The new bands in the region of 500-510 and 630-
650 cm? in the spectra of the complexes are
assigned to stretching frequencies of (M-N) and
(M-0) bonds respectively [56l. Thus the IR spectral
results provide strong evidences for the
complexation of Isatin-bishydrazone ligands with
metal ion in tridentate mode via Isatin-
carbonyl(C=0), azomethine-N(C=N) and pyridine-
N (C=N).
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Table - 2: The infrared absorption frequencies (cm') and electronic spectra of the investigated

Isatin-hydrazone ligands and it’s metal complexes

no Compound v v v v v v v Electronic spectra
(OH)* (N-H)2 (C=0)* (HC=N)* (C=N)* (M- (M- Q.. Emax Assignment
0) ) nm  (dm3.mol
Lcm1)
1 Cpish 34212 32765 17217 1613.7 14603 ... ... 237 1744.05 -
324 865.49 n-m’
2 Ni- cpish ~ 3430.8 3287.1 1685.0 1611.7 1409.0 656.8 510.2 627 320.12 d-d band
nm 293.02 d-d band
676
nm
3 Apish 33932 3180.0 17217 16185 14584 ... ... 254 538.30 m-T"
274 580.97 m-T"
325 339.05 n-m’
4 Ni- apish ~ 3357.5 3159.8 16725 15924 1463.2 637.6 5044 625 723.22 d-d band
nm 256.57 d-d band
680
nm
5 Bpish 34240 3181.0 1721.7 16079 14526  .... ... 252 1096.47 m-T"
271 882.56 -1
327 653.87 n-m’
6 Ni- bpish ~ 3359.4 3160.7 16715 15944  1463.2 636.6 503.5 636 268.80 d-d band
nm 295.95 d-d band
682
nm

1, Vibrations of the water molecules, 2. Vibrations of the Indol ring (N-H), 3. Vibrations of the Lactonyl group (C=0), .
Vibrations of the azomethine group (C=N), 5. Vibrations of group from the -hydrazone of Isatin (C=N). Amax;
maximum absorbance wave Length, emax ; molar extension coefficient.

3.1.2.2. Electronic Spectra

Electronic spectra are a valuable tool for
coordination chemists to draw important
information about the structural aspects of the
complexes. The ligands, which are organic
compounds, have absorption bands in the
ultraviolet region and in some cases these bands
extend to higher wavelength region due to
conjugation. Upon complexation with metal ions,
changes will take place in the electronic
properties of the system. New bands in the visible
region due d-d absorption and charge transfer
spectra from metal to ligand (M—L) or ligand to
metal (L = M) can be observed and this data can
be processed to obtain information regarding the
structural and geometry of the complexes. The
Electronic spectra of the Isatin-bishydrazone
ligands and its Ni(Il)-complexes were recorded in
MeOH (= 1x10-3 mol/dm3) in the range 200 - 800
nm at 298K. The absorption maxima bands are
listed in table 2 and the spectra are given in Figure
1. The UV-Vis spectrum of the Isatin-bishydrazone
ligand show important strong bands at ~ 388 and
= 230 nm due to ™ - ™ *and n - 7 * transitions(>7!
respectively. These bands are altered to a greater
extent on complexation. The spectrum of Ni(Il)-
complexes shows characteristic bands at at Amax =

220-250 nm, Amax ® 320-400 nm and abroad band
at Amax ® 670-680 nm due to Intra-ligand band,
Ligand-Metal Charge Transfer (LMCT) and d-d
transition band respectively.

T T T T T T T T
200 300 400 500 600 TO0 8OO
Wave Length [nm]

Figure - 1: UV VIS Spectrum of the Ni(II) Isatin-
hydrazone Complexes.

3.2. Stoichiometry and formation constant of
the complexes.

3.2.1. Determination of the stoichiometry of
the complexes.
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The stoichiometry of the various Ni(II)
Isatin-bishydrazone complexes was determined
by applying the spectrophotometric molar ratiol>8-
60] and continuous variation[61-621 methods, which
suggested the possible formation of 1:1
complexes. The curves of continuous variation
method  (Figure 2) displayed maximum
absorbance at mole fraction X ligand = 0.5,
indicating, the formation of the complex between
the metal ion and the ligands in 1:1 (metal:
Ligand) molar ratio. Moreover, the data resulted
from applying the mole ratio method support the
same metal ion to ligand ratio of the prepared
complexes (Figure 3).

—=— Abs. of [Ni(cpish)(H,O)ICI,.2H_O
—e—Abs. of [Ni(apish)(H,0)ICI,.2H,0

20+ Abs._of [Ni(bpish)(H O)]CI_2H O
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Figure - 2: Continuous variation plot of Ni(II)-
Isatin-bishydrazone complexes.

—8— Abs. of [Nifcpih)(H_ C)CL.2H O Complex
15— —#— Abs. of [Ni:spish:-:H;D
Abs. of [Nibpish)(H O}

EH;D Complex
EH;D Complex

1.5 I

" —"
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(-1 [ ] 10 1.5 1.0 2.5

W awve Lengih [rm]

Figure - 3: Molar ratio plot of Ni(ll)-Isatin-
bishydrazone complexes.

3.2.2. Evaluation of the apparent formation
constants of the synthesized complexes

The formation constants (Kf) of the
studied Ni(II) Isatin-bishydrzone  complexes
formed in solution were obtained from the
spectrophotometric measurements by applying
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the continuous variation method according to the

following relations(®3l.
A
A m

A 2
(1 - A " j ¢

Where A, is the absorbance at the
maximum formation of the complex, A is the
actual absorbance of the complex and C is the
initial concentration of the metal. As mentioned in
Table 3, the obtained K¢ values indicate the high
stability of the prepared complexes. The values of

K¢ for the studied complexes increase in the
following order: Ni-bpish > Ni-apish > Ni-cpish.

Table - 3: Stability constants and Thermodynamic
parameters

Complex Temp. Ke(x Log(ks) AG*
(ccy 10°) (KJ/mol)

Ni-cpish

complex 25 4.09 9.61 -54.8212

Ni-apish

complex 25 4.47 9.65 -55.0321

Ni-bpish

complex 25 5.43 9.73 -55.5348

AG* = -RT log Kt; Kris the formation constant, and AG*is
the free energy

3.3. Thermo-Gravimetric analysis (T.G, Dr.T.G)
of the prepared Isatin-bishydrazone
complexes.

The importance of this study on the Ni(II)
complexes of the Isatin-bishydrazone ligands
(cpish, apish and bpish ) stems from their possible
biological activities. Therefore, they are widely
subjected to investigation by thermal analysis and
other physicochemical methods. And also for
perfect deduction of the complex structure, by
determining the number of hydrated and
coordinated water molecules. Thermal data of the
complexes are given in (Table 4). The Ni (II)
complexes of the Isatin-bishydrazone ligands
exhibited thermal stability in the range = 25 - 50
0C, and then degrade in three steps Figure (4(a),
4(b) and 4(c)). The first degradation step in the
temperature range = 350-360 K may account for
the loss of the hydrated water molecules (two
water molecules). The second degradation step in
the temperature range = 470-540 K may be
attributable to the loss of the coordinated water
molecule (one water molecule) and the third step
of decomposition occurs within the temperature
range = 730-790 K corresponds to the loss of
organic moiety leaving NiCl; as metallic residue.
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Table - 4: Thermo analytical data. (TG, DTG)

Complex Step TGrange DTAmax Thermal Mass loss: Assignment Metallic
(°C) (°C0) effect Obs. (Calc.) (%) residue
I 53.11-106.55 78.38 Endo 8.98 (8.30) 2H20 (hydrated)
Ni-cpish II 106.55-426.69 209.42 Endo 5.13 (4.14) 1H20 (coordinated)
complex I 426.69-600.53 506.16 Endo 58.10 (57.68) Organic moiety NiClz
I 54.07-219.16 78.71 Endo 8.55 (8.03) 2H20 (hydrated)
Ni-apish II 219.16-389.07 196.61 Endo 5.22 (4.02) 1H20 (coordinated)
complex I1I 389.07-497.8 460.33 Endo 75.11 (72.86) Organic moiety NiClz
I 56.07-210.55 87.68 Endo 7.35 (7.06) 2H20 (hydrated)
Ni-bpish 11 210.55-404.91 265.57 Endo 4.05 (3.53) 1H20 (coordinated)
complex I1I 404.91-580.93 519.39 Endo 65.78 (63.99) Organic moiety NiClz
Toa oo 3.4. Magnetic measurements
00000 The magnetic measurements of the

-0.0002

-0.0004
-0.0006
-0.0008
T T T T T T T
100 200 300 400 500 600
Temp [C]
Figure 4(a): Thermal decomposition of

[Ni(cpish)(H20)]Cl..2H>0 Complex.
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Figure - 4(b): Thermal decomposition of
[Ni(apish)(H20)]Cl2.2H20 Complex.
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Figure - 4(c): Thermal decomposition of
[Ni(bpish)(H20)]Cl;.2H,0 Complex.

prepared Ni(II) Isatin-bishydrazone complexes
showing the diamagnetic character, which
suggested the square planar structure.

3.5. In-vitro biological activity (Antibacterial
and anti-fungi screening)

The free ligands and there Ni(Il)
complexes were screened as anti-bacteria activity
against three gram positive (Staphylococcus
aureus (+ve), Micrococcus luteus (+ve ), Bacillus
cereus (+ve)), and three gram negative (
Escherichia coli (-ve), Pseudomonas aeruginosa
(-ve), Serratia marcescens (-ve) ) and also
antifungal activity against (Candida albicans,
Geotrichum candidum, Trichophyton rubrum,
Fusarium oxysporum, Scopulariopsis brevicaulis,
Aspergillus flavus ) to assess their potential
antimicrobial activity. The susceptibilities of
certain strains of bacteria and fungal cultures to
Isatin-bishydrazone complexes were evaluated by
measuring the diameter (in mm) of the inhibition
zone around cavities. The antimicrobial activity
data of all synthesized Isatin-bishydrazone
Ligands B71 and there Ni(Il) complexes are
summarized in tables 5 and 6 and show that the
newly synthesized ligands and their Ni(ll)
complexes possess notable biological activity. The
antibacterial screening results exhibited marked
enhancement in activity on coordination with the
metal ions against most the testing bacterial
strains cf. Figure 5 and 6. This enhancement in the
activity can be rationalized to the basis of the
structures of the ligands by possessing an
additional azomethine (-C=N) linkage which is
important in elucidating the mechanism of
transamination and resamination reaction in
biological systeml[64l. It has also been suggested
that the ligands with nitrogen and oxygen donor
systems might inhibit enzyme productionl®3], since
the enzymes which require these groups for their
activity appear to be especially more susceptible
to deactivation by the metal ions upon
chelationl®¢l. The polarity of the metal ion is
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reduced by chelation [67] and this mainly because
of the partial sharing of its positive charge with
the donor groups and possibly with the
delocalized m-electrons within the whole chelation
ring, which is formed because of the coordination.
This process of chelation increases the lipophilic
nature of the central metal atom, which in turn
favors its permeation through the lipoid layer of
the membranel®8l, This is also responsible for the
increasing of the hydrophobic character and
liposolubility of the molecules in crossing the cell
membrane of the microorganism and hence
enhances the biological utilization ratio and
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activity of the testing drug/compound. The results
are quite promising. It is evident from the results
that, the biological activity of the metal
complexes is higher than the corresponding
ligands. This enhancement in the activity of the
metal complexes can be explained on the basis of
chelation theory [¢9]. It is, however, known that the
chelating tends to make the Schiff base act as
more powerful and potent bactereostatic agents,
thus inhibiting the growth of bacteria and
fungi more than the parent ligand [70-72], and
also, noticed that the activity of Ni(Il) complexes
were more than the paraent ligands.

25

20

standard

Ni-bpish bpish

Ni-cpish

W Gram-positive bacteria Staphylococcusaureus (+ve) mm

W Gram-positive bacteria Micrococcus luteus (+ve ) mm

W Gram-positive bacteria Bacillus cereus (+ve) mm

W Gram-negative bacteria Escherichia coli (-ve) mm

B Gram-negative bacteria Pseudomonas aeruginosa (-ve) mm

W Gram-negative bacteria Serratia marcescens (-ve) mm

Gram-negative bacteria Serratia marcescens (-ve) mm
Gram-negative bacteria Pseudomonas aeruginosa (-ve)...
Gram-negative bacteria Escherichia coli (-ve) mm
Gram-positive bacteria Bacillus cereus (+ve) mm

Gram-positive bacteria Micrococcus luteus (+ve ) mm

Gram-positive bacteria Staphylococcus aureus (+ve} mm

cpish

Figure - 5: Antibacterial activity of the synthesized Isatin-hydrazone ligands and their Ni(II)
complexes.

Standard

Ni-bpish bpish

Ni-apish

/\ ® Candida albicans mm
M Geotrichum candidummm

apish

® Trichophyton rubrum mm
W Fusarium oxysporum Mm
W Scopulariopsis brevicaulis mm

m Aspergillus flavus mm

Aspergillus flavus mm
Scopulariopsis brevicaulis...
Fusarium oxysporum Mm
Trichophyton rubrum mm

Geotrichum candidummm

Candida albicans mm

Ni-cpish cish

Figure - 6: Antifungal activity of the synthesized Isatin-hydrazone ligands and their Ni(II)
complexes.
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Table - 5: Antibacterial activity of the synthesized Isatin-hydrazone ligands and their metal complexes.

Diameter of inhibition zone in mm , Minimum Inhibition Concentration (MIC) and Activity Index (%) for Some Bacteria

Compound . - " -
Gram-positive bacteria Gram-negative bacteria
Conc.
(ppm) Staphylococcus Micrococcus Bacillus cereus Escherichia coli Pseudomonas Serratia
aureus luteus (+ve) (-ve) aeruginosa marcescens
(+ve) (+ve) (-ve) (-ve)
m MI % m MI % m MI % M MI % m MI % m MI %
m € m C m C m C m C m C
cpish 100 45 40 50 35. 10 40 45. 9 50 45 45 25 50 38.
7 4 8
apish 100 4 40 26. 6 45 42. 9 55 40. 8 45 40 7 50 35 9 55 50
7 8 9
bpish 100 5 50 33. 7 40 50 8 45 36. 7 45 35 8 50 40 6 50 33.
3 4 3
Ni- 100 13 20 86. 10 15 71. 17 20 77. 16 25 80 17 20 85 12 30 66.
cpish 7 4 3 7
Ni- 100 12 25 80 11 20 78. 14 20 63. 15 25 75 15 15 75 12 25 66.
apish 6 6 7
Ni- 100 11 25 73. 10 25 71. 15 15 68. 16 20 80 15 25 75 10 25 55.
bpish 3 4 2 6
Chloramphenico 15 100 14 100 22 100 20 10 20 10 18 100
1 0 0
As antibacterial
standard
mm; Diameter of inhibition zone in mm, MIC; Minimum Inhibition Concentration (ppm), %; Activity Index.
Table - 6: Anti-fungi activity of the synthesized Isatin-hydrazone ligands and their metal complexes.
Diameter of inhibition zone in mm, Minimum Inhibition Concentration (MIC) and Activity Index (%) for Some fungi
Compound
Conc Candida albicans Geotrichum Trichophyton Fusarium Scopulariopsis Aspergillus flavus
i candidum rubrum oxysporum brevicaulis
(ppm)
mm  MIC % mm  MIC % mm  MIC % Mm  MIC % mm  MIC % mm  MIC %
cish 100 6 40 42.8 6 55 30 10 40 333 8 30 44.4 11 40 45.8 12 45 40
apish 100 5 50 35.7 5 45 25 9 30 30 7 35 389 9 50 37.5 9 55 30
bpish 100 5 55 35.7 7 50 35 9 35 30 5 40 27.8 7 45 29.2 8 40 26.
7
Ni- 100 11 30 78.6 13 25 65 20 20 66.7 15 30 83.3 18 20 75 19 30 63.3
cpish
Ni- 100 10 25 71.4 13 30 65 19 20 63.3 16 25 88.9 19 20 79.2 20 20 66.
apish 7
Ni- 100 11 25 78.6 14 25 70 21 25 70 14 20 77.8 18 25 75 22 15 73.3
bpish
Clotrimazole 14 100 20 100 30 100 18 100 24 100 30 100

as antifungal
standard

1.

mm; Diameter of inhibition zone in mm, MIC; Minimum Inhibition Concentration(ppm), %; Activity Index.
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