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Abstract 

In order to obtain the Schiff base (1-(4-hydroxy-6-methylpyrimidino)-3-phenylthiocarbamide) ligand yields, guanidine 

and acetoacetic ester interacted. The ligand and its metal complexes are described using thermodynamic investigations 

(TG and DTA), 1H-NMR, 13C-NMR, UV, and FTIR. The IR spectra show that the ligand binds to the metal ions and 

behaves neutrally. The thermal behavior of these chelates shows that the anions and ligand molecules disintegrate in the 

second step after the hydrated complexes lose their water molecules of hydration in the first. The produced metal 

complexes were then put to the test against Salmonella typhi, Escherichia coli, Staphylococcus aureus, Pseudomonas 

aeruginosa, Listeria monocytogen, and Listeria candida for their antibacterial, antioxidant, and antidiabetic properties. 

The activity data indicates that the metal complexes are more effective against one or more bacterial species as 

antioxidants, antidiabetic agents, and antibacterial agents. 
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Introduction 

The ligand manufacturing procedure was arguably the most important step in the development of metal complexes with 

unique properties and novel reactivity. Since different investigations may take into account the ligand's electron donor 

and acceptor properties, structural functional groups, placement within the coordination sphere, and reactivity of 

coordination compounds (1). Transition metal schiff base complexes are of special interest to inorganic chemists due to 

their unique spectroscopic, chemical, and structural properties, which are often greatly influenced by the ligand structure. 

Because of their diverse structural and physical features, coordination complexes containing substituted ketones have 

been seen to exhibit a wide range of stereochemistry and bonding interactions. The synthesis of unsymmetrical 

coordination complexes by the interaction of transition metal ions with tetradentate (2) has garnered increasing attention 

in the last few years. This understanding includes a deeper understanding of metal–ligand complexation, metal binding 

site placement, and molecular self-assembly. Acquiring knowledge in these fields will make it possible to use coordination 

complexes to develop novel, improved systems related to bioengineering, catalysis, and supramolecular chemistry (3-5). 

The synthesis and characterisation of symmetrical tetradentate Schiff base complexes have been extensively studied, but 

the unsymmetrical Schiff base complexes derived from acetophenone appear to have received less attention (6). There is 

no literature on the transition metal complexes of the unsymmetrical Schiff base made from acetophenones and 

carbohydrazide (7). Thus, continuing our interest in Schiff base ligands and their metal chelates, this work addresses the 

synthesis and characterization of Schiff base ligand and its complexes (8–10). The coordination behavior of the ligand 

with transition metal ions (Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(II), Cd(II), Zn(II), UO2(II), and Th(IV)) is 

investigated before by means of infrared, molar conductance, magnetic moment, solid reflectance, and thermal analysis. 

 

Experimental 

Materials and reagents 

All chemicals used were of the analytical reagent grade (AR), and of highest purity available. They included 2,6- 

pyridinedicarboxaldehyde (Sigma), 2-aminopyridine (Sigma), Th(IV) chloride tetrahydrate (Sigma) and Cd(II) and Cu(II) 

chloride (Sigma) and acetate dihydrate (Prolabo); Cr(III), Co(II) and Ni(II) chloride hexahydrates (BDH); uranyl acetate 

hexahydrate (Sigma) and ferric chloride hexahydrate (Prolabo). Zinc oxide, disodium salt of ethylenediaminetetraacetic 

acid (EDTA), (Analar), ammonia solution (33% v/v) and ammonium chloride (El-Nasr pharm. Chem. Co., Egypt). 

Organic solvents used included absolute ethyl alcohol, diethylether, and dimethylformamide (DMF). 2, 2'-Diphenyl-1-

picryl hydrazyl  (DPPH)  (Sigma),  2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic  acid  (ABTS), Nitrophenyl-α-D-
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glucopyranoside  (SRL  Pvt.,  Ltd),  Tris  buffer  (Merck),  α-amylase  ex  porcine pancreas  (SRL  Pvt.,  Ltd),  Dimethyl  

superoxide  (DMSO)  (Merck),  3,5-dinitrosalicylic  acid  (DNSA)  (SRL  Pvt.,  Ltd),  α-glucosidase  for  biochemistry  

ex  microorganism  (SRL  Pvt  Ltd),  Sodium  carbonate  (CDH)  and  Acarbose  (Bayer  India  Limited),  Sodium  

diclofenac,  Benzophenone,  Ascorbic  acid,    Antibacterial  standards  erythromycin  (Sigma–Aldrich)  were  purchased. 

These solvents came from BDH and were spectroscopic pure. We utilized nitric and hydrochloric acids (Merck). 

Generally, every preparation involved the use of de-ionized water that was collected from all glass equipment. 

 

Instruments 

Using an FT-IR type 1650 spectrophotometer, infrared spectra in the wave number range of 4000–200 cm−1 were 

recorded. The spectra were identified as KBr pellets. The solid reflectance spectra were measured with a Shimadzu 3101 

PC spectrophotometer. The 1H NMR spectra were recorded using Bruker 500 MHz FT-NMR apparatus. The deuterated 

solvent used was dimethylsulphoxide (DMSO), and the spectra were between 0 and 15 ppm. The thermal studies (TG and 

DTA) were carried out in a dynamic nitrogen atmosphere (20 mLmin−1) at a heating rate of 10 ◦Cmin−1 using Shimadzu 

TG-60 H and DTA-60 H thermal analyzers. 

Synthesis of metal complexes 

The metal complexes of the Schiff base, L were formed by adding hot solution (60 ◦C) of the appropriate metal chloride 

or acetate (1 mmol) in an ethanol–water mixture (1:1, 25 mL) to the hot solution (60 ◦C) of the Schiff bases (0.30 g/L, 1 

mmol) in the same solvent (25 mL). After refluxing the mixture for an hour and stirring it, the complexes precipitated. 

They were collected by filtration, and then cleaned many times using a 1:1 ethanol–water mixture and diethyl ether (11, 

12, 41-45). 

Determination of the metal content of the chelates 

The metal contents were determined complexometrically by titration against standard EDTA solution at a suitable pH 

value using the suitable indicator. 

 

Thermal analyses 

Thermal study was done by using TGA and DTA analysis. 

 

Biological activities 

ABTS.+  scavenging  assay  

The ABTS radical cation scavenging assay is the method used by Shukla et al. (13), to quantify total antioxidant activity.  

The ABTS radical cation was prepared by adding 2.4 mM potassium persulfate to an ABTS (stable radical) aqueous 

solution, and allowing it to sit in the dark for 12–16 hours.  Before the experiment, the ABTS solution was diluted in 

ethanol (1:89 v/v), which produced an absorbance of 0.700± 0.02 at 734 nm. Three replicates of 10 µL samples (1 mg/mL 

of the relevant organic solvents) and ascorbic acid (concentration 0–15 µM) were combined with 1 mL of diluted ABTS 

solution.  After precisely 30 minutes at 30ºC, the reaction mixture's absorbance was measured at 734 nm in comparison 

to the blank, which was ethanol. 

 

Radical  scavenging  activity  using  DPPH  method  

The E. acuminata extracts were found to have basically the same radical scavenging action as reported by Shukla et al. 

(14), but with a few slight alterations.  Ascorbic acid (25, 50, 100, 150, and 200 µg) and extracts at different concentrations 

(25, 50, 100, 150, and 200 µL) were placed into test tubes.  To bring the volume up to 100 µL, MeOH was added.  Three 

milliliters of a 0.1 mM DPPH methanol solution were placed inside these tubes, and they were shaken briskly.  The tubes 

were permitted to stand at 27 oC for thirty minutes.   The absorbance fluctuations of the generated samples were measured 

at 512 nm.  The inhibition percentage, which was utilized to calculate the radical scavenging activity, was calculated 

using the following formula: 

Measurement  of  radical  scavenging  activity % =( OD  of  blank -  OD  of  sample/ OD  of  blank) × 100. 

 

Antidiabetic  activity 

Different  extract  obtained  from  fruit  were  allowed  to  screen  for  antidiabetic  activity  by  α-Amylase  and  α-

Glucosidase  assay. 

 

Inhibition  assay  of  α-amylase   

With minor adjustments, the α-amylase enzyme inhibition procedure adhered to Shukla et al.'s methodology (15).  

Acarbose (AC) was the standard drug for α-amylase.  For all enzymes with the exception of α-amylase, the percentage 

(%) of inhibition was expressed using the half maximum inhibitory concentration (IC50).  

%  𝒐𝒇  𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏  =   
𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆  𝒐𝒇  𝒄𝒐𝒏𝒕𝒓𝒐𝒍  –   (  𝒂𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆  𝒐𝒇  𝒆𝒙𝒕𝒓𝒂𝒄𝒕)

𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆  𝒐𝒇  𝒄𝒐𝒏𝒕𝒓𝒐𝒍
× 𝟏𝟎𝟎 

 

Inhibition  assay  of  α-glucosidase 

A slightly modified version of the method used by Kaur et al. [16] was used to carry out the α-glucosidase enzyme 

inhibition process. Acarbose (AC) served as the reference drug in the α-glucosidase inhibition experiment. The 

absorbance of the released p-nitrophenol was measured at 410 nm.  Every experiment was conducted in triplicate, with 
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the control being a parallel setup devoid of the test medication.  For all the enzymes except α-glucosidase, the half 

maximal inhibitory concentration (IC50) was calculated using the formula above and reflected the percentage (%) of 

inhibition. 

 

Antimicrobial  activity 

The disc-diffusion method was used to measure the antibacterial activity.  Many bacteria were extracted from the 

Microbial Type Culture Collection (MTCC) and stored at -80 ºC.  Before being used in the bioassay, microorganisms 

were inoculated on nutrient agar (Microxpress Ltd.) in petri plates to evaluate their purity.  Dimethylsulfoxide (DMSO) 

was used to make standard medications and stock solutions of plant extracts.  A 20 ml sample-saturated sterile disk was 

placed on top of each 70 mm inoculation plate.  The separate bacterial strains were spread out over nutrient agar plates, 

impregnated with different test samples (20 ml/disc), and the agar plate surface was then seeded. This process produced 

the agar plates.  Following that, the plates were placed in a bacteriological incubator and incubated for a day at 37°C.  

Millimeters (mm) were used to measure the zones of inhibition in order to assess the antibacterial capabilities.  It was 

believed that inhibitory zones between 12 and 18 mm had significant antibacterial activity, while those less than 12 mm 

were assumed to have little.  (2015) Singh and associates [17].   

 

Statistical  analysis 

Each experiment was run in triplicate, and the results were reported as Mean± SD.  The data were statistically analyzed 

using One-way ANOVA, and Duncan's test was then run.  Mean values were considered statistically significant when 

p>0.05. 

 

Results and discussion 

Interpretation of Cu complex 

All the newly created compounds were stable at room temperature, non-hygroscopic, and had a light color. These 

substances are surprisingly soluble in solvents like DMSO and DMF, yet insoluble in water and a number of common 

organic solvents. According to the analytical results, the complexes showed stoichiometry of types ZnLCl2.2H2O and 

ML2Cl2 [M = Cu (II)], where L = Schiff base ligand. The compounds' solutions are not electrolytic since their molar 

conductance values are lower than those predicted for an electrolyte (18). 

The IR spectrum of the free ligand was compared with the spectra of metal complexes, which revealed distinctive 

frequencies of the expected functional groups, in order to investigate the binding mode of the Schiff base to the metal in 

the complexes. The m(NH) stretch of the CONH group is responsible for the large medium band seen in the IR spectra 

of the free Schiff's base ligand at 3419 cm-1 (19). Each compound exhibits a minor shift in this band to the side with a 

higher wave number, suggesting that bonding is not taking place at the CONH group's 'N' location. The carbonyl group 

m(CO) produces a discernible band in the free ligand at a wavelength of 1634 cm1. In every compound, this band shifted 

to the side with a lower wave number, suggesting that the carbonyl oxygen participated in the bonding with the metal ions 

(20). It was discovered that the m(CN) stretch of the azomethine group was the source of a moderate to strong intensity 

band at 1593 cm_1 in the free ligand (21). It is anticipated that a decrease in the m(CN) absorption frequency and an 

electron density decrease in the azomethine link will result from the coordination of Schiff's base to the metal ions through 

the nitrogen atom. The azomethine nitrogen was coordinating with metal ions when this band migrated to the side with a 

lower wave number in each combination.  The m (N-C) stretching vibration of the hydrazine residue is responsible for 

the medium intensity band at 974 cm-1 (22). This band in the complexes' minor shift to the side with a higher wave 

number indicates that one nitrogen atom in -N-C-N-is involved in bonding with the metal ions. The 

[Cu(C24H22O2N8S2)Cl2] complex has a coordinated water molecule, as shown by thermal analysis, which also shows 

the appearance of a broad band at 3444 cm-1 due to O-H stretching vibration. There have been numerous reports of the 

furan ring's m(C-O-C) stretching vibrations in the 1020–1250 cm-1 range (23). The oxygen atom in the furan ring is not 

involved in the bonding process with metal ions, according to the current study's m(C-O-C) stretch, which is shown at 

1077 cm-1 and stays constant in the metal complexes (24).  The new weak non-ligand bands seen in the complexes' 

spectra are identified by the frequencies of the m(M-O) and m(M-N) stretching vibrations, respectively. These bands lie 

in the ranges of 378–410 cm-1 and 468–482 cm-1 (25). The ligand's (Fig. 1) and its Cu (II) complex's 1H NMR spectra 

were captured in DMSO-d6. The signals at d (11.82) (s, 1H) and d (8.50) (s, 1H) in the free ligand are ascribed to the 

protons of the (-CONH-) and (-CHN) groups, respectively. The signals of the Cu (II) complex traveled downfield in the 

regions of d (8.60) (s, 1H) and d (11.93) (s, 1H), demonstrating how the azomethine nitrogen and oxygen atom coordinated 

their bonding with the metal ions. The aromatic protons of the compound moved downfield at d (7.56-8.48) (m, 7H). The 

protons of three -CH3 groups are responsible for the signals at d (2.490) (s, 3H, -CH3), d (2.494) (s, 3H, -CH3), and d 

(2.480) (s, 3H, -CH3). 
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Fig. 1 Cu metal complex of Schiff Base Ligand 

 

Interpretation Ni metal Complex 

The newly synthesized materials were stable at room temperature, non-hygroscopic, and light in color. Complexes have 

remarkable solubility in solvents such as DMSO and DMF, but they remain insoluble in water and a range of common 

organic solvents. 

 

The IR spectra of the free ligand and the spectra of metal complexes were compared in order to examine the binding 

mechanism of the Schiff base to the metal in the complexes. This revealed distinctive frequencies of the anticipated 

functional groups (16). The m(NH) stretch of the CONH group is responsible for the big medium band seen in the IR 

spectra of the unbound Schiff's base ligand at 3427 cm-1. Each compound exhibits a minor shift in this band to the side 

with a higher wave number, suggesting that bonding is not taking place at the CONH group's 'N' location. A prominent 

band in the free ligand is ascribed to the carbonyl group m(CO) at a wavelength of 1647 cm-1. In every compound, this 

band shifted to the side with a lower wave number, suggesting that the carbonyl oxygen participated in the bonding with 

the metal ions (27). The m(CN) stretch of the azomethine group was discovered to be the source of a moderate to strong 

intensity band that was seen at 1538 cm_1 in the free ligand.  It is anticipated that a decrease in the m(CN) absorption 

frequency and an electron density decrease in the azomethine link will occur from the coordination of Schiff's base to the 

metal ions via the nitrogen atom (28). The azomethine nitrogen was coordinating with metal ions when this band migrated 

to the side with a lower wave number in each combination. The medium intensity band at 975 cm-1 is caused by the 

hydrazine residue's m (N-C) stretching vibration.  This band in the complexes shifting slightly to the side with a higher 

wave number (29) confirms that one of the nitrogen atoms in the N-C-N is involved in bonding with the metal ions. 

Additionally, the thermal analysis verifies that the presence of a coordinated water molecule is indicated by a broad band 

at 3427 cm-1, which is produced by the O-H stretching vibration of the [Ni(C24H22O2N8S2)Cl2] complex. There have 

been several reports of the m(C-O-C) stretching vibrations of the furan ring in the range of 1008–1253 cm-1. The oxygen 

atom in the furan ring is not involved in the bonding with metal ions, according to the current study's m(C-O-C) stretch, 

which is visible at 1089 cm-1 and is constant throughout the metal complexes (30). The new weak non-ligand bands seen 

in the complexes' spectra are identified by the frequencies of the m(M-O) and m(M-N) stretching vibrations, respectively. 

Between 468 and 482 cm-1 and between 378 and 410 cm-1, these bands are visible (31). The ligand's (Fig. 2) and its 

Ni(II) complex 1H NMR spectra were captured in DMSO-d6.  The protons of the (-CONH-) and (-CHN) groups are 

attributed to the signals at d (10.78) (s, 1H) and d (8.04) (s, 1H) in the free ligand, respectively. The signals from the 

Ni(II) complex traveled downfield in the regions of d (10.11) (s, 1H) and d (8.05) (s, 1H), demonstrating how the 

azomethine nitrogen and oxygen atom coordinated their bonding with the metal ions.  The complex's aromatic protons 

migrated downfield at d (6.19-8.05) (m, 7H). The signals at d (2.49) (s, 3H, -CH3), d (2.50) (s, 3H, -CH3), and d (2.51) 

(s, 3H, -CH3) are caused by the protons of three -CH3 groups. 
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Fig. 2. Ni metal complex of Schiff Base Ligand 
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Interpretation Zn metal complex 

All the newly created compounds were stable at room temperature, non-hygroscopic, and had a light color. These 

substances are surprisingly soluble in solvents like DMSO and DMF, yet insoluble in water and a number of common 

organic solvents. The stoichiometry of the complexes were ZnLCl22H2O and ML2Cl2 [M = Zn(II)], where L = Schiff 

base ligand, respectively. The compounds' solutions are not electrolytic since their molar conductance values are lower 

than those predicted for an electrolyte. 

 

The IR spectra of the metal complexes and the free ligand were compared in order to investigate the binding mechanism 

of the Schiff base to the metal in the complexes. The metal complex spectra, which are provided, displayed unique 

frequencies of the anticipated functional groups (33). The m(NH) stretch of the CONH group is responsible for the large 

middle band at 3410 cm-1 in the infrared spectra of the free Schiff's base ligand. In all the complexes, this band marginally 

changes to the higher wave number side, suggesting that the CONH group's 'N' is not bonding (34). A prominent band in 

the free ligand is ascribed to the carbonyl group m(CO) at a wavelength of 1620 cm-1. In every compound, this band 

shifted to the side with a lower wave number, suggesting that the carbonyl oxygen participated in the bonding with the 

metal ions. The m(CN) stretch of the azomethine group was discovered to be the source of a moderate to strong intensity 

band that was seen at 1583 cm_1 in the free ligand. A decrease in the m(CN) absorption frequency and an increase in the 

electron density in the azomethine link are predicted as a result of Schiff's base coordination to the metal ions through the 

nitrogen atom (35). The azomethine nitrogen was coordinating with metal ions when this band migrated to the side with 

a lower wave number in each combination. Thermal investigation reveals the presence of a coordinated water molecule 

in the [Zn(C24H22O2N8S2)Cl2] combination with the appearance of a broad band at 3444 cm-1 induced by O-H 

stretching vibration. There have been several reports of the m(O-C-N) stretching vibrations of the furan ring in the 1020–

1250 cm-1 range (30). The oxygen atom in the furan ring is not involved in the bonding with metal ions, according to the 

current study's m(N-C-O) stretch, which is shown at 1077 cm-1 and stays constant in the metal complexes. The new weak 

non-ligand bands of the complexes fall into the ranges of 460–492 cm-1 and 370–418 cm-1, respectively, which 

correspond to the frequencies of the m(M-O) and m(M-N) stretching vibrations (31). The 1H NMR spectra of the Zn (II) 

complex and the ligand (Fig. 3) in DMSO-d6 were acquired. The protons of the (-CONH-) and (-CHN) groups are 

attributed to the signals at d (11.82) (s, 1H) and d (8.50) (s, 1H) in the free ligand, respectively. The signals of the Zn (II) 

complex traveled downfield in the regions of d (8.60) (s, 1H) and d (11.93) (s, 1H), demonstrating how the azomethine 

nitrogen and oxygen atom coordinated their bonding with the metal ions.  The aromatic protons of the compound moved 

downfield at d (7.56-8.48) (m, 7H).  The protons of three -CH3 groups are responsible for the signals at d (2.490) (s, 3H, 

-CH3), d (2.494) (s, 3H, -CH3), and d (2.480) (s, 3H, -CH3). 
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Fig. 3. Zn metal complex of Schiff Base Ligand 

 

Thermal analyses 

Two phases of mass losses are visible in the Schiff base complex TG curve across the temperature range of 125 to 600 

◦C. In these phases, mass losses for the first and second stages of breakdown were 100.0% (found 100.0%). It's possible 

that the C12H17ON4S molecule suffered these mass losses as a result of multiple mass losses that happened within the 

specified temperature ranges. The Cu(II)-L chelate exhibits three phases of breakdown between 25 and 850 ◦C. Two water 

molecules are lost during the first two stages of breakdown, which take place between 35 and 430 °C, giving an estimated 

mass loss of 55.26% (58.25%). An exothermic peak at 150 °C and an endothermic peak at 60 °C accompany these steps 

in the DTA curve. The elimination of the ligand's organic portion occurs next, at a temperature of 430–850 ◦C, and is 

expected to result in a mass loss of 20.54% (calculated at 22.15%). At 620 ◦C, the DTA curve displays an endothermic 

peak. The Zn(II) complex thermogram shows three stages of breakdown, with a temperature range of 35 to 720 ◦C. 2CO2 

and C5H9N were lost during the first two phases, resulting in an estimated mass loss of 23.26% (calculated to be 25.48%). 

An endothermic peak at 55 °C and an exothermic peak at 160 °C were found, which supported this. The C12H17ON4 

molecule is removed during the remaining disintegration phases, which occur between 275 and 650 ◦C. An endothermic 



Synthesis, Structural, Thermal Studies And Biological Activity Of Schiff Base Transition Metal Complexes 

 

1132 

peak occurs at 520 ◦C, and the estimated mass loss is 28.36% (calculated to be 30.47%). However, when the organic 

ligand breaks down and leaves metal oxide as a residue, the Ni(II) complex shows four phases of disintegration with a 

total mass loss of 85.28% (estimated to be 90.85%), between 28 and 865 ◦C. Three endothermic peaks at 45, 185, and 

266 ◦C and one exothermic peak at 505 ◦C support these. Endothermic and exothermic peaks that appear during the entire 

breakdown process serve as evidence for this. 

 

ABTS method 

The total antioxidant activity can be determined using the commonly used ABTS•+ scavenging test.  Of all the metal 

complexes, the Cu complex exhibited the highest ABTS scavenging activity, while the Ni complex displayed the lowest 

ABTS radical cation scavenging activity.  The total antioxidant activity of every sample has been calculated and is shown 

in Graph 1. 

 

DPPH method 

The DPPH radical is a stable organic free radical that has an absorption band at 512 nm.  Its absorbance is lost when it 

takes on an electron or a free radical species, resulting in an apparent visual deterioration from purple to yellow.  It has 

the speed and sensitivity to identify active compounds at low concentrations while handling a large number of samples in 

a short period of time. The samples' concentration-dependent DPPH scavenging activities are shown in Graph 2.  At 

concentrations between 50 mg/mL and 250 mg/mL, the Cu metal complex exhibited the highest DPPH radical scavenging 

activity.  At dosages up to 200 mg/ml, its ability to scavenge DPPH radicals is comparable to that of the Zn complex, 

though not substantially so. 

 

Antidiabetic activity 

Type-II diabetes mellitus, also known as noninsulin-dependent diabetes mellitus, is a common and serious metabolic 

condition characterized by abnormally high blood glucose levels (hyperglycaemia) caused by abnormalities in insulin 

secretion, action, or both (25). Diabetes mellitus (DM) is a chronic and progressive metabolic disorder that affects people 

of all ages worldwide (26). It is typified by insufficient insulin action, secretion, or both, leading to anomalies in the 

metabolism of proteins, lipids, and carbohydrates (27). The inability of the pancreas to properly metabolize carbohydrates 

into energy results in hyperglycemia, or elevated glucose levels in diabetic individuals. This condition causes polyuria, 

polydipsia, and polyphagia (28). Serious side effects from diabetes hyperglycemia include retinopathy, nephropathy, 

neuropathy, and organ malfunction. The World Health Organization (WHO) projects that by 2030, diabetes mellitus (DM) 

would account for the ninth highest cause of mortality among adult patients worldwide, with an estimated 347 million 

individuals living with the disease (29). A study found that 62.4 million Indians have type 2 diabetes (T2DM) and 77 

million have prediabetes (30). 

 

Inhibition assay of α-amylase 

The in vitro amylase inhibitory activity of different metals of Schiff base compared with acarbose graphically illustrates 

the alpha amylase inhibition on varying the concentration of each sample, which helps in the estimation of IC50 values 

for each sample as well as for standard acarbose. The amount of a metal complex or common drug required to block 50% 

of an enzyme in a reaction mixture is known as the IC50 value. Every sample shows that amylase activity is inhibited in 

a dose-dependent manner. A decrease in IC50 levels is associated with increased potency and better therapeutic efficacy. 

The Ni complex exhibits the best inhibitory action against alpha amylase. 

 

Inhibition assay of α-glucosidase 

The graphical representation of glucosidase inhibition in response to varying sample concentrations in Graph 4 facilitates 

the computation of the IC50 value for each sample in addition to standard acarbose. The in vitro glucosidase inhibitory 

activity of Schiff base metal complexes in comparison to acarbose is shown in Graph 4. Once more, the combination of 

Ni and metals exhibited the strongest -glucosidase inhibitory activity. The extremely high potency of Ni complex is 

demonstrated by the fact that its IC50 value is relatively close to that of acarbose. It has previously been demonstrated 

that schiff base complexes are potent -glucosidase inhibitors. 

 

Antimicrobial activity 

A number of Schiff base metal complexes were tested for their antibacterial activity against two Gram positive (S. aureus, 

L. monocytogens) and two Gram negative (E. coli, P. aeruginosa) food poisoning bacteria using the disc diffusion method. 

Results of antibacterial activity of schiff base metal complexes is shown in Table 1. The antibacterial activity of both 

samples was compared, and the results showed that the Cu complex had the strongest antimicrobial activity against the 

microorganisms that cause food poisoning. 

 

Conclusion 

We used a neutral bidentate Schiff base including donor atoms from carbonyl and azomethine in an experiment. It has 

been established by numerous spectrum measurements and analytical data that the ligand is bonded to the metal ions. 

Because of their crucial roles in main group and transition-metal coordination chemistry, as well as the diversity of their 

structural composition, schiff bases and their metal complexes have been the subject of much research (32). They are 
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created when primary amines and active carbonyl react with the right solvent. These metal complexes are created by 

adding the Schiff-base ligand in the proper ratio to a metal precursor under well watched experimental conditions.  They 

have been used by researchers as illuminating chemicals, chelating ligands in coordination chemistry, dyes, initiators of 

polymerization, and catalysts. Their antibacterial and antifungal effects have been shown in biological tests (33, 34). 

According to research, there are several ways that copper (Cu) complexes might destroy cancer cells, such as through 

inducing ROS, damaging DNA, and inhibiting the proteasome (35). However, in recent inorganic synthesis investigations, 

where researchers have synthesized Cu complexes for a range of medical purposes, Cu-based complexes have come to 

the forefront. Cu (II) indomethacin complexes, for instance, are used as anti-inflammatory drugs in veterinary medicine 

(35). Copper is making a comeback since it is found in a lot of naturally occurring biological processes that may regulate 

copper levels and greatly metabolize it (36). 

 

Schiff-bases are an essential group of substances. In addition to having a high redox potential and being recognized as 

nano-precursors, a number of metal complexes containing a Schiff-base have been reported, each with a distinct 

mechanism for stimulating small molecules. A review is conducted on their properties (thermal, magnetic, and electrical) 

and possible uses in many fields (biology, catalysis, corrosion inhibition, and optical use). Systems of bioinorganic redox 

enzymes rely heavily on nickel complexes (37–40). 

 

Exothermic and endothermic peaks were confirmed by thermal analysis during the whole breakdown process. In addition 

to their biological activity, schiff bases and their complexes have a variety of structural characteristics that make them 

intriguing. Because solvent or water molecules tend to coordinate with zinc ions, it is difficult to form a complex of four 

coordinated zinc Schiff bases.  

This work aims to investigate several Schiff-base compounds based on copper, nickel, and zinc, as these have applications 

in biology, luminescence, and catalysis. 

 

Table 1- Zone of inhibition (in mm) of bacterial species in Cu, Ni & Zn Complex. 

Bacterial species Cu Complex Ni Complex Zn Complex 

5µg/ml 5µg/ml 5µg/ml 

Escherichia coli 22±0.01 19±0.02 8±0.05 

Staphylococcus aureus 13±0.10 15±0.10 11±0.01 

Pseudomonas aeruginosa 10±0.06 13±0.06 11±0.02 

Listeria monocytogen 22±0.00 20±0.00 8±0.20 

Salmonella typhi 19±0.01 21±0.01 11±0.12 

Listeria candida 15±0.02 19±0.02 12±0.05 

 

Graph 1- ABTS scavenging activity of isolated compounds of Schiff base metal complexes 
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Graph 2- DPPH  scavenging  activity  of isolated compounds of  Schiff base metal complexes 

 

 

Graph 3- α-Amylase antidiabetic activity of isolated compounds of Schiff base metal complexes. 

 

 

Graph 4- α-Glucosidase antidiabetic activity of isolated compounds of Schiff base metal complexes 
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