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ABSTRACT
Three solvent extracts of ginger were examined for their antioxidant and antimicrobial activities. The free radical scavenging
antioxidant activity of ginger extracts was determined by DPPH (2, 2-Diphenyl-1-picrylhydrazyl) method. The antioxidant
activity of methanolic extract of ginger was 80%, ethanolic extract 68% and with chloroform extract (67%). Antioxidant
activity of ginger with methanolic extract was found higher than ethanolic and chloroform extracts. Phytochemicals i.e.,
flavonoids, phenolic acid and tannins were determined from methanolic ethanolic and chloroform ginger extracts. Total
phenolic content in methanolic extract was 70.5±0.02 mg/g, ethanolic extract 53±0.03 mg/g and from chloroform extract was
33±0.08 mg/g. Total phenolic content in methanolic extract was higher as compared to ethanolic and chloroform extracts.
Antimicrobial activity with Methanolic ginger extract showed the highest antimicrobial effect against Staphylococcus aureus,
Escherichia coli, and Pseudomonas aeruginosa followed by ethanolic and chloroform extracts. Results indicated that ginger
extract have remarkable benefits in medical field and can be used in the treatment of many bacterial and fungal diseases as well
as a naturally food additives, preservatives and pharmaceutical industries.
Keywords: Ginger, antioxidant activity, Phytochemicals, antimicrobial activity.

1. INTRODUCTION
Spices are the most importance part for the human diet and have been used for thousands of years to improve the color, aroma
and flavor of food. These are also known for their antioxidant, antimicrobial and other various therapeutic uses1.
The antioxidant and antimicrobial properties of various extracts from medicinal plants are of great concern because of
their potential use for the oxidation prevention, controlling toxin-producing microorganisms and various pathogens in the
foods2. These antioxidants are polyphenol compounds, which are found in almost all parts of the plants 3. Due to unstable nature
and possible unfavorable side effects of synthetic antioxidants, the demand for natural antioxidant sources has been greatly
increased4,5. Ginger has been found to inhibit lipid peroxidation and successfully scavenge superoxide anions 6. It has been
reported that the prominent sources of antibacterial activities of extracts are the total phenolic contents 7.
Ginger (Zingiber officinale) belongs to the family Zingiberaceae. The plant is extensively cultivated in India, Africa,
China, Mexico, Hawaii and Jamaica for thousands of years as a spice and for medicinal purposes8. It has been found effective
in the treatment of cataract, heart disease, migraines, struck amenorrhea, athletes foot, bursitis, chronic fatigue, cold, flu,
coughs, depression, dizziness, fever, kidney stones. Powdered derived ginger roots are used to make capsules and sold in
pharmacies for medicinal uses9.
Ginger was found to have more than 70% antioxidant activity10. The obtained extracts of ginger roots are rich source of
polyphenol compounds (6-gingerol and its derivatives), which have a high antioxidant and antimicrobial activity 11.
Objective of the present study was to examine the antioxidant and antimicrobial activities of three solvent extracts
(extracted in ethanol, methanol, chloroform) of Ginger.

2. MATERIALS AND METHODS
2.1 Sample collection and preparation of extract
Ginger sample was collected from the local market. All samples were shadow dried, powdered and saved for further extraction.
Three different solvent i.e. methanol, ethanol and chloroform were used for extraction. Ginger powder was weighed amount
(90mg), dissolved in three different solvents separately and put on shaker for overnight. Solvent free extracts were then stored
at room temperature for further analysis.
2.2 Determination of antioxidant activity
Antioxidant activity (Radical scavenging activity) of sample was determined by DPPH (2, 2-Diphenyl-1picrylhydrazyl) method
12
. 4.0 mg of ginger sample was dissolved in 1.0 ml of their respective solvents. Same procedure was repeated with all samples.
Ascorbic acid was used as standard. 4.0 mg/g stock solution of ascorbic acid was prepared with different concentrations
(50,100,150,200 and 250 µg/ml) of both standard and extract stock solution. 2.4 mg of DPPH was dissolved in 100 ml of
*Corresponding Author
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methanol. Then add 2 µl of each extract and 2 ml DPPH, kept in darkness for 35 min. Absorbance was taken at 517 nm. Same
procedure was repeated for standard ascorbic acid. This assay was performed in triplicate.
Antioxidant activity in percentage = Ac- As/Ac × 100
Where Ac is absorbance of control and As is absorbance of sample.
2.3 Phytochemical analysis
2.3.1 Phenolic compounds determination
Phenolic in ginger samples was determined by using the FC (Folin-Ciocalteau) reagent13. 1.0 mg of extract and 4.0 mg of
Gallic acid was dissolved in solvent to make the stock solution. Then different concentrations were prepared. 1.0 ml of FC
reagent was diluted with 10.0 ml of water. Then 2 ml of sodium carbonate, 1.0 ml of FC reagent and 100 µl of extract was
added in test tube and kept for 45 min in dark. Absorbance was taken at 765 nm. Results are expressed as mg/g.
2.3.2 Flavonoids determination
Photometric assay was used to determine the flavonoids in ginger given by Hanafi and Amrani 14 with small modification. 1.0 g
of sample was dissolved in their respective solvents. 4.0 mg/ml solution was prepared by dissolving quercetin in 1ml of
dimethyl sulfoxide. Then 1ml of 10% aluminum chloride was added in each test tube and kept for 20 min. Absorbance was
taken at 430 nm. Different concentrations of quercetin (25µg-250µg) were also used to draw the standard curve. Assay was
performed in triplicate.
2. 4 Screening for antimicrobial activity
2.4.1 Extract preparation
Ginger extracts were prepared in different solvents (chloroform, ethanol and methanol). 1.0 g of ginger sample was mixed with
1 ml of solvent. The same procedure was repeated with all the solvents.
2.4.2 Antibacterial assay
In vitro antibacterial activities of ginger extract were analyzed against Escherichia coli, Staphylococcus aureus and
Pseudomonas aeruginosa. Agar well diffusion method 15 was used to determine this assay. Lauria-Bertini media (4.25 gm agar,
6.25 gm nutrient broth and distilled water) was used to prepare inoculums of all microbes. Autoclaved Lauria-Bertini media
was poured into Petri plates under sterilized conditions. Standardized inoculums were introduced onto the surface of sterile agar
plate, and evenly distributed in zigzag manner by using a sterile spreader. Each well was poured by extract of about 75 µl. At
37ºC, plates were incubated for overnight. Zone of inhibition was measured in mm.
2.4.3 Minimum Inhibitory Concentration (MIC)
Inhibitory effect of each ginger extract in mm was used to determine their minimum inhibitory concentration (MIC) according
to Wilson et al (2005) 16. An antibiotic penicillin was taken as standard.
2.5 Statistical Analysis
The data obtained were expressedas means ± standard deviation (SD) after triplicate analysis.

3. RESULTS AND DISCUSSIONS
3.1 Antioxidant activity determination
Oxidation of biological molecules induces different pathological diseases such as atherosclerosis or cancer. These damages are
caused by due to the presence of free radicals. For that reason, the concepts of pharmacological supplements to defend against
free radicals with antioxidants17. It is reported that [6]-gingerol, [6]-shogaol have displayed strong antioxidant activity in vitro.
It is also known that the antioxidant activity of plant extracts containing polyphenol components are due to their capacity to be
donors of hydrogen atoms or electrons to capture the free radicals18. DPPH analysis is one of the tests used to prove the ability
of the components of the ginger extract to act as donors of hydrogen atoms19.
Ginger possesses several therapeutic assets like anti-inflammatory, anticancer, antibacterial and antioxidant effects20.
Observed value in antioxidant activity of methanolic extract was in the range of 23 to 80%, ethanolic extract was 20 to 68% and
chloroform extract was in the range of 18 to 67% in the concentrations of 25 to 250 µg/ml. Methanolic extract of ginger showed
highest antioxidant potential as compared to ethanolic and chloroform extracts as shown in Table. 1.
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Table.1: DPPH Free Radical Scavenging Activity of different Ginger Extracts
Extract conc.
Methanolic extract
Ethanolic extract
Chloroform extract
µg/ml
(%)
(%)
(%)
25
23
20
18
50
38
26
29
100
47
37
36
150
58
48
45
200
69
59
55
250
80
68
67
3.2 Phytochemical Analysis of Ginger Extracts
Phytochemicals from ginger extracts (methanolic, ethanolic and chloroform) were analyzed for total phenolic, total flavonoids
and tannins as shown in Table 2. Total phenolic content in methanolic extract was 70.5±0.02 mg/g, ethanolic extract 53±0.03
mg/g and with chloroform extract was 33±0.08 mg/g. When the polarity of solvent decreases, the concentration of total
phenolic is also decreased. More polar is the solvent, more it is efficient to grab the bioactive components.
Results indicated that ginger could serve as an excellent source of phenolic, tannins and flavonoids. These bioactive
secondary plant metabolites are not only useful in food industry but also in pharmaceutical industries.

S.no
1
2
3

Table: 2. Phytochemical Analysis of Ginger Extracts.
Methanolic extract
Ethanolic extract
(mg/g)
(mg/g)
70.5±0.02
53±0.03
7.97±0.01
4.48±0.02
124±0.01
106±0.02

Phytochemicals
Phenolic
Flavonoids
Tannins

Chlorofor m extract
(mg/g)
33±0.08
1.93±0.01
74±0.02

3.3 Antimicrobial activity measurement
Ginger extracts exhibited different degrees of antibacterial activity. The strongest antibacterial effect on the methanol extract
was observed against Escherichia coli followed by Pseudomonas aeruginosa and Staphylococcus aureus. Conversely, ethanol
exerted the most effect on Escherichia coli followed by Pseudomonas aeruginosa and Staphylococcus aureus, while the
antibacterial effect on the chloroform against Escherichia coli was strongest then followed by Pseudomonas aeruginosa and
Staphylococcus aureus. The minimum inhibitory concentrations (MIC) in millimeter of all the extracts were in the range of
Gentamycin values.

Extracts
Chloroform
Ethanol
Methanol
Gentamycin

Table 3: Antibacterial Activity of Different Extracts of Ginger
E. coli
S. aureus

P. aeruginosa

(MIC = mm)*

(MIC = mm)*

(MIC = mm)*

15
17
21
17

10
18
18
16

14
19
23
22

* minimum inhibitory concentrations in millimeter

4. CONCLUSION
Methanolic extract of ginger showed highest antioxidant potential as compared to ethanolic and chloroform extracts. Results
indicated that ginger could serve as an excellent source of phenolic, tannins and flavonoids. These bioactive secondary plant
metabolites are not only useful in food industry but also in pharmaceutical industries. Apart from this, the presence of phenolic
signifies that it could be an important source for antimicrobial substance which might help against multi-drug resistant bacteria.
It can be concluded that ginger extracts, mostly methanolic extract could be a promising alternative antioxidant activity. Since,
they have exhibited moderate to significant antimicrobial properties, hence, they can be used in the treatment of many bacterial
and fungal diseases as well as naturally food additives and preservatives.

REFERENCES
1.
2.
3.

Souza, E. L., Stamford, T. L., Lima, E. O., Trajano, V. N., Filho, J. M., Antimicrobial effectiveness of spices: an approach
for use in food conservation systems. Braz Arch Biol Tech, (2005) 48(4): 549- 558.
Kratchanova, M., Denev, P., Ciz M., Lojek, A., Mihailov, A., Evaluation of antioxidant activity of medicinal plants
containing polyphenol compounds. Comparison of two extraction systems. Acta Biochim Pol, (2010) 57(2): 229-234.
Yen, G., Chang, Y., Su, S., Antioxidant activity and active compounds of rice koji fermented with Aspergillus candidus.
Food Chem, (2003) 83: 49–54.
40

Wattoo et, al., 2016
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.

17.
18.
19.
20.

Athukorala, Y., Lee K. W., Shahidi, F., Heu, M. S., Kim, H. T., Lee, J. S, Jeon, Y. J., Antioxidant efficacy of extracts of an
edible red alga, (Grateloupiafilicina) in linoleic acid and fish oil, J Food Lipids, (2003) 10: 313-327
Aligiannis, N., Mitaku, S., Tsitsa-tsardis, E., Harvala, E., tsaknis, I Haroutounian, S., Methanolic extract of
Verbascummacrurum as a source of natural preservative against oxidative rancidity, J Agric Food Chem, (2003) 51: 73087312.
Krishnakantha, T. P., Lokesh, B. R., Scavenging of superoxide anions by spice principles. Indian J. Biochem. Biophys,
(1993) 30: 133-134.
Shan, B., Cai, Y. Z. Brooks, J D, Corke, H., The in vitro antibacterial activity of dietary spice and medicinal herb extracts.
Int J Food Microbial, (2007) 117(1): 112-119.
Ali, B. H., Blunden, G., Tanira, M. O., Nemmar, A., Some phytochemical, pharmacological and toxicological properties of
ginger. Food Chem. Toxicol, (2008) 46(2): 409-420.
Herrmann, K., Antioxidant effects of important substances-plant phenols and carotenoids in spices. Gordian, (1994) 94:
113–117.
Wang, H.M, Chen, C.Y, Chen, H.A, Huang, W.C, Lin, W.R, Chen, T.C, Lin, C.Y, Chien, H.S, Lu, P.L, Lin, C.M, Chen,
Y.H., Zingiber officinale (ginger) compounds with tetracycline have synergistic effects against clinical extensively-drug
resistant Acinetobacter baumannii. Phytother, (2010) 24: 1825–1830.
Tanabe, R.,Yoshida, , H.,Tomita, M., Comparison of the antioxidant activities of commonly used culinary herbs and spices
on the lipid oxidation of pork meat. Anim. Sci. J, (2002) 73: 389-393.
Khan, M.R, Omoloso, A.D, Barewai, Y., Antimicrobial activity of the alkaloidal constituents of root bark of Eupomatia
laurina. Pharmaceut. Biol, (2006) 41: 277-280.
Kim, D., Jeond, S., Lee, C., Antioxidant capacity of phenolic phytochemicals from various cultivars of plums. Food Chem,
(2003) 81: 321–326.
Hanafi, H., Amrani, S., Spectrophotometric methods for the determination of plant polyphenols content and their
antioxidant activity assessment. Pharmacognosy Rev, (2008) 2: 20-22.
Saksena, N. K., Saksena, S., Enhancement in the antifungal activity of some essential oils in combination against some
dermatophytes. India.Perfumer, (2002) 28: 42-45.
Wilson, B., Abraham, G. Manju, V. S., Mathew, M., Vimala, B, Sundaresan, S., Nambisan, S., Ethnopharmacological
communication antimicrobial activity of Curcuma zedoaria and Curcuma malabarica tubers. J Ethnopharmacol, (2005)
99:147–151.
Gounder, D.K, Lingmallu, J., Comparison of chemical composition and antioxidant potential of volatile oil from fresh,
dried and cured turmeric (curcuma longa) rhizomes. Ind Crop Prod, (2012) 38: 124-131.
Atashak, S., Peeri, M., Azarbayajani, M.A, Stannard, S.R., Effects of ginger (Zingiber officinale Roscoe) supplementation
and resistance training on some blood oxidative stress markers in obese men. J Exerc Sci Fit, (2014) 12: 26-30.
Stoilova, I, Krastanov, A., Stoyanova, A., Antioxidant activity of ginger extract (Zingiber officinale). Food Chem, (2007)
102: 764-770.
Akoachere, J.F., Ndip, R. N., Chenwi, E. B., Ndip, L. M, Njock, T.E., Anong, D. N., Antibacterial effect of Zingiber
officinale and Garcinia kola on respiratory tract pathogens. East Afr Med J, (2002) 79 (11):588-92.

39

Pak. J. Chem. 6(3-4): 42-47, 2016
ISSN (Print): 2220-2625
ISSN (Online): 2222-307X

Full Paper
DOI: 10.15228/2016.v06.i03-4.p02

Transition Metal Complexes of 2-methoxybenzaldehyde-N-(5-chloro-2-oxo-1, 2dihydro-3H-indol-3-ylidene) hydrazone as New Tyrosinase Inhibitors: Design,
Structural Description & In-Vitro Assessment
*1

Muhammad Asad Tanoli, 1Zahid Khan, 1Zahida T. Maqsood, 2Lubna Iqbal, 2Mehreen Latif, 1Tuba Kamal
1
Department of Chemistry, Faculty of Science, University of Karachi, Pakistan.
2
Pakistan Council of Scientific and Industrial Research Laboratories Complex Karachi, Pakistan.
*
Corresponding Author: lion.chemistry@gmail.com , asad.tanoli@uok.edu.pk

ABSTRACT
The copper-containing tyrosinase is a trans-membrane glycoprotein responsible for catalyzing the rate limiting steps in
mammalian melanogenesis, resulting in darker skin color and some dermatological disorders, e.g. melasma, age spots and
sites of actinic damage. There are limited studies available on this enzyme in general and limited potent inhibitors are reported in
particular. This led us to search for some new potent inhibitors for this enzyme. In this study a new series of coordination
compounds from Co (II), Ni (II), Cu (II) and Zn (II) have been synthesized using an isatin derived hydrazone ligand i.e. 2methoxybenzaldehyde-N-(5-chloro-2-oxo-1,2-dihydro-3H-indol-3-ylidene)hydrazone. Structural characterization of synthesized
complexes was carried out by means of employing standard methods e.g. elemental analysis, magnetic susceptibility
measurements, molar conductance measurements, IR and UV-Vis. spectroscopy. The characterization suggested that complexes of
Co (II), Ni (II) and Zn (II) acquired octahedral geometry with the bi-dentate ligand, while square plane geometry was deduced for
Cu (II) complex. A comparative study for screening tyrosinase inhibitory potential was done for all compounds and it was
observed that coordination complexes were more effective inhibitors of tyrosinase when compared to the free ligand.
Keywords: tyrosinase, melanogenesis, hydrazone, spectroscopy.

1. INTRODUCTION
Tyrosinase is a copper-containing trans-membrane glycoprotein that is responsible for catalyzing the rate limiting steps in
mammalian melanogenesis and determining their skin and hair color1. Hyper pigmentation in epidermal tissues is reported to
be the cause of many dermatological disorders, for example melasma, age spots and sites of actinic damage 2. Tyrosinase is also
found responsible for negative enzymatic browning in vegetables and fruits during post-harvest treatment, which decreases the
nutritional quality of food products 3. An extensive survey of the literature revealed that the subject tyrosinase inhibition hasn't
been adequately studied4 and there is a great room for new and better tyrosinase inhibitors that can add up to available
therapeutics and it all urged us to search for new potent synthetic inhibitors.
There are several starting organic precursors as candidate compound, we chose to start with one of hydrazone derived
from isatin for its broad spectrum of biological potentials5-9. Hydrazone derivatives form an important class of starting compounds
to be used in various scenarios of biological significance. The presence of donor atoms such as nitrogen, sulfur or oxygen not only
renders them as good prospect inhibitors, but also provides effective coordination capabilities towards complexation10.
In this present work, we aimed to synthesize four complexes of 2-methoxybenzaldehyde-N-(5-chloro-2-oxo-1,2dihydro-3H-indol-3-ylidene)hydrazone with Co(II), Ni(II), Cu(II) and Zn(II). These newly synthesized metal complexes were
fully characterized by standard physical and spectroscopic methods including IR spectroscopy, UV-visible spectroscopy and
elemental analysis. Tyrosinase inhibitory potential of metal complexes along with free ligand were evaluated in-vitro and
compared with the standard i.e. kojic acid.

2. MATERIAL & METHODS
All the reagents were obtained from Sigma-Aldrich and BDH and of analytical grade and used directly. All the solvents were
distilled prior to use.

2.1 Physical measurements
CHN of ligand and its complexes, were measured by Perkin Elmer 2400 series II CHNS/O analyzer. Perkin Elmer Series 200
Atomic Absorption Spectrometer was used to determine the metal contents of the synthesized complexes. Shimadzu IR-prestige21 was used to record the infrared spectrum of all compounds. JENWAY 4701 conductivity meter was used to measure the molar
conductance at room temperature in DMSO. UV/Vis spectra were obtained by Perkin–Elmer Lambda-5 UV/Vis spectrometer
while measurements of magnetic susceptibility were recorded by Sherwood MSB Mk1. Tyrosinase inhibition assay was
performed on Spectramax-340 micro plate reader (Molecular Device USA).
2.2 Synthesis of Hydrazone Ligand
Hydrazone ligand (code BH-5) was prepared by refluxing 10mL solution of 0.5M 5-Chloro isatin with 10mL hydrazine hydrate in
100mL methanol for 2-3 hour at 70οC. Filter off the resulting yellow color crystals of monohydrazone then these crystals were
further reflux with 10mL solution of 0.5M 2-methoxybenzaldehyde; for 3-4 hour in methanol. On cooling, orange colored ppt
were filtered and then washed with CCl4, recrystallization was done by using methanol and dried in vacuum to get the required
hydrazone11.
*Corresponding Author
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2.3 Synthesis of Metal (II) complexes
Metal complexes of the hydrazone were synthesized by refluxing 25mL solution of 0.2M metal chloride and 30mL of 0.4M
solution of BH-5 in methanol for 2-3 hours. The resulting solution was concentrated, filtered and washed with CCl4 and then
recrystallized by slow evaporation from methanol solution12, 13.

2.4 Procedure for Tyrosinase Inhibition Activity
Tyrosinase inhibitory activity of the hydrazone ligands and its metal complexes was performed as per reported method by Kubo &
Kinst-Hori, 1998 with slight modifications. Testing compounds i.e. ligand and complexes were dissolved in dimethyl sulfoxide
(DMSO) at desired concentrations.
40μL solution (1.5mM) of substrate i.e. L-3,4-dihydroxyphenylalanine (L-DOPA) was dissolved in 40μLof 0.1M
phosphate buffer (pH 6.8).40μLof sample was then added into the buffer-substrate solution and incubate it for 10min at room
temperature. After incubation, 40μLof the aqueous solution of tyrosinase was added in the mixture. Absorbance of the solution
was recorded at 475nm. Triplicate trials were done for each tested sample. Kojic acid was used as standard inhibitor for
tyrosinase14.
IC50 values i.e. inhibitory concentration at which 50% of enzyme activity was inhibited were calculated to assess the
tyrosinase inhibitory potential of the hydrazone ligand and its complexes. The percentage inhibition was estimated by given
equation:
% Inhibitory =

(Ao ─ As)
× 100
Ao

Where, A0 is the absorbance of the control (without samples) and as is the absorbance of the samples.

3. RESULTS & DISCUSSION
3.1 Synthesis of Complexes
The results of elemental analysis of synthesis of complexes have been presented in Table-1, and the corresponding calculated
values of molar conductivity and magnetic moment are listed in Table-2. With the help of the data obtained, we suggest 1:2 metalto-ligand molar ratios between the neutral bidentate hydrazone ligand and metal ions. Moreover, octahedral geometry have been
suggested for Co(II) and Ni(II) complexes while square planner and tetrahedral geometries were proposed for Cu(II) and Zn(II)
complexes12.
Table-1. Elemental Analysis of Metal Complexes of BH-5
COMPOUNDS
[Co(BH-5)2Cl2]
[Ni(BH-5)2Cl2]
754.99
753.99
Formula mass
Orange
Spring green
Color
69
67
% Yield
Found
7.72
7.78
M%
Cal
7.78
7.75
Found
50.66
50.72
C%
Cal
50.75
50.77
Found
3.03
3.14
H%
Cal
3.19
3.2
Found
11.29
10.96
N%
Cal
11.1
11.1
Outer
Found
----Cal
----Cl%

[Cu(BH-5)2]Cl2
758.99
Navy blue
62
8.41
8.34
50.69
50.44
3.04
3.17
10.88
11.03
9.71
9.35

[Zn(BH-5)2]Cl2
759.99
White
49
8.47
8.56
50.22
50.32
3.21
3.17
10.79
11.01
9.84
9.34

Table-2: Magnetic Moment& Conductometric Data of the Metal Complexes of BH-5
µeff
Conductance
Complexes
(BM)
(µs)
[Co(BH-5)2Cl2]
4.76
14
[Ni(BH-5)2Cl2]
3.21
15
[Cu(BH-5)2]Cl2
1.85
154
[Zn(BH-5)2] Cl2
D
152
The fundamental chemical equations for the synthesis of metal complexes can be written as:
MaCl2 + 2BH → [Mb (HL)2 Cl2]
MbCl2 + 2BH → [Ma (HL)2]Cl2
*BH = hydrazone ligand

(Co+2, Ni+2)
(Cu+2, Zn+2)

Complexes were solid and non-hygroscopic at room temperature and showed no sign of decomposition or volatility. Complexes
were highly soluble in DMSO and DMF and showed low solubility in other organic solvents while insoluble in water. The results
shown in Table-1 is in good agreement with the expected complexes composition. The proposed geometry for the metal
complexes have been given in Fig-1.
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Fig-1. The Proposed Geometry for the Metal Complexes of BH-5 Ligand

3.2 Electronic Spectra and Magnetic Studies
The electronic spectrum of hydrazone ligand show two broad peaks between 280-360nm, which were assigned to n─π* transitions
of the aldimine and ketimine moieties, respectively.
The electronic spectra of Co(II) complex showed three absorption bands with the maximum absorbance at 11601cm-1,
19194cm-1 and 25707cm-1, may assigned to the 4T1g(F) → 4T2g (F), 4T1g(F) → 4A2g (F) and 4T1g (F) → 4T1g (P) transitions
respectively. Magnetic moment for Co (II) complexes were found to be 4.76BM, which along with electronic data, adequately
confirm high spin octahedral Co (II) complexes12.
For Ni(II) complex, UV-Vis, spectrum showed three sharp peaks at 11696cm-1, 15674cm-1 and 25641cm-1 which have
been assigned to the 3A2g → 3T2g; 3A2g → 3T1g (F) and 3A2g → 3T1g (P) transitions respectively. Magnetic moment for Ni (II)
complex were found to be 3.21 that was also consistent with octahedral structure15.
UV-Vis spectrums of Cu (II) complex showed two prominent peaks, one low intensity band at 13908cm-1 and other
broad band at 26247cm-1 correspond to 2B1g → 2A1g and 2B1g → 2E1g transitions, predicting square-planar Cu (II) complex.
Magnetic moment values of 1.85BM, also confirming square planner geometry and the absence of metal-metal interaction in the
complex13.
Zn (II) complex exhibited single absorption maxima at 28490cm-1, arises possibly due to intra-ligand transitions.
Normally, Zn (II) ion forms tetrahedral complexes and its d10 electronic configuration confirm its diamagnetic nature12.
Table-3 presents electronic data of complexes, while UV-visible spectra of complexes have been presented in Fig-2.
Table-3 Electronic Spectroscopic Data of the Metal Complexes of BH-5 Ligand
Bands maxima
Complexes
υ cm-1 (λnm)
[Co(BH-5)2Cl2]
25707 (289), 19194 (521), 11601 (862)
[Ni(BH-5)2Cl2]
25641 (390), 15674 (638), 11696 (855)
[Cu(BH-5)2]Cl2
26247 (381), 13908 (719)
[Zn(BH-5)2]Cl2
28490 (351)

(a)

(b)
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(c)

(d)

Fig-2 UV-visible spectrum of (a) Co(II) complex, (b) Ni(II) complex, (c) Cu(II) complex and (d) Zn(II) complex
with hydrazone ligand i.e. BH-5

3.3 I.R Spectral Studies
Hydrazone ligand showed a strong band at 3273cm-1 that was assigned to indol ring (N─H) while lactonyl carbon (C═O)
exhibited its characteristic band at 1737cm-1. Strong band with a peak at 1608cm-1, corresponding to aldimine group i.e. HC═N
was also observed. Infra-red spectrum of ligand also showed some other strong bands e.g. at 1670cm-1, 1296cm-1, 1024cm-1 and
835cm-1 which were attributed to ketimine (C═N), phenolic (C─O), hydrazinic (N─N) and C─Cl groups.
Infrared spectrums of the synthesized complexes exhibited the band of stretching frequency of aldimine HC═N group in between
1568-1579cm-1. When compared with free hydrazone, these significant decreases in the frequencies i.e. 29-40cm-1 after
complexation, designates the coordination of aldimine nitrogen atom with the metal ions.
IR spectrums of the metal complexes showed another prominent 32-42cm-1 shift in the frequencies of carbonyl group confirming
the binding of metal ions through carbonyl oxygen, present at the indole end in the hydrazone ligand.
The location of bands in the IR spectrum of the metal complexes due to stretching frequency of N─H (indol ring) and C═N
(ketimine) did not show any considerable shift as compared to the frequencies of the ligands, therefor indicated the absence of any
sign of coordination from these groups.
In the spectrum of Co (II) and Ni (II) complexes, some additional bands were also observed in the region of 518-526cm-1, 411458cm-1 and 361-364cm-1, attributed to the stretching frequencies of M─O, M─N and M─Cl bonds respectively. Interestingly,
these bands were absent in the spectrum of Cu (II) and Zn (II) complexes, indicating the absence of inner sphere chloride ion in
their coordination sphere12, 13, 16. The details of the infrared absorption bands of ligand and its metal complexes have been
presented in Table 4.
Table-4: Significant IR Spectral Bands of the BH-5 Hydrazone and its Metal Complexes
Tentative
Assignments
υ (OH)

BH-5

[Co(BH-5)2Cl2]

[Ni(BH-5)2Cl2]

[Cu(BH-5)2]Cl2

[Zn(BH-5)2]Cl2

---

---

---

---

---

υ (NH)

3273

3266

3267

3268

3272

υ (C═O)

1737

1705

1699

1702

1695

υ (C═N)

1670

1661

1665

1664

1666

υ (HC═N)

1608

1573

1572

1579

1568

υ (C─O)

1296

1286

1291

1291

1297

υ (N─N)

1024

1018

1014

1027

1023

υ (C─Cl)

835

822

841

827

832

υ (M─N)

---

458

456

411

442

υ (M─O)

---

519

525

526

518

υ (M─Cl)

---

364

361

---

---

Infrared spectral results provided substantial evidences for the complexation of hydrazone ligands with the metal ions in the bidentate mode from its aldimine nitrogen and carbonyl oxygen. These results also predicted the presence of chloride ion in the
coordination sphere, bounded with the metal ions except in Cu (II) and Zn (II) complexes.

3.4 Tyrosinase Inhibition Activity
It was observed that the parent hydrazone ligand was weak tyrosinase inhibitor. It is generally observed that after complexation
with metal ions, the bioactivity of organic molecules gets altered17, 18. Similar behavior was observed for BH-5 (weak tyrosinase
inhibitor) but its metal complexes were found to be good tyrosinase inhibitors.
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These noticeable increases in the inhibitory activity suggested that the resultant metal complexes irreversibly interact with the
enzyme and limit its efficiency. BH-5 after coordination with metal ion, redistribute the electrostatic charges and resultant
complex have a more stabilized structure, this stability and charge distribution i.e. polarity, are mainly responsible for specific
interaction with the enzyme. During this interaction, enzyme may change its confirmation and loses its efficiency.
Results obtained from the tyrosinase inhibition activity are given in Table-5, and the graphical illustration of %
tyrosinase inhibition has been represented in Fig-3.
Table-5: IC50 values for Tyrosinase Inhibition Activity of BH-5 Ligand and its Metal Complexes
IC50 (µM)
% Inhibition (100μM)
COMPOUNDS
Mean ± SEM
Mean ± SEM
BH-5
> 500
8.5 ± 0.39
[Co(BH-5)2Cl2]
> 200
20.6 ± 0.69
[Ni(BH-5)2Cl2]
NA
NA
[Cu(BH-5)2]Cl2
> 200
33.5 ± 0.15
[Zn(BH-5)2] Cl2
> 200
11.2 ± 0.21
* Kojic acid
43.7 ± 0.04
89.01 ± 0.03
SEM standard error of mean
NA (not active)
*Standard for Tyrosinase Inhibition Activity

Fig-3 Tyrosinase Inhibition activity of Metal Complexes of BH-5 at 100μM

4. CONCLUSION
Four new metal complexes were synthesized from 2-methoxybenzaldehyde-N-(5-chloro-2-oxo-1, 2-dihydro-3H-indol-3ylidene)hydrazone. Complexes were characterized using standard physical and analytical methods. Ligand was found to be bound
to the central atoms in 1:2 metal-to-ligand molar ratios. Octahedral geometry was suggested for Co(II) and Ni(II) complexes while
square planner and tetrahedral geometries were proposed for Cu(II) and Zn(II) complexes. The results of tyrosinase inhibition
activities showed that the complexes were more potent enzyme inhibitors than the parent ligand.
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