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Abstract  

Amino acid based Schiff bases are excellent biological agents. During the coordination 

with the metal ions the activity gets enhanced.  The current study focuses on the synthesis and 

characterization of L-Leucine based Schiff base metal complexes containing TMPDA (N, N, 

N', N'-tetramethyl-1, 3-propanedimaine) as a co-ligand. Various physicochemical and 

spectroscopic techniques like UV-Vis., FTIR and EPR were used to study the coordination 

nature of the metal complexes. FTIR studies confirmed that the Schiff base ligand acted as an 

ONO donor. In order to evaluate the biological properties of the synthesized complexes 

antimicrobial, antioxidant and larvicidal activities were investigated.  

 

 

Among the synthesized compounds, the copper complex effectively inhibits the growth 

of microorganisms and both copper and cobalt complexes exhibit significant radical 

scavenging activities. The results of antioxidant activities, assessed using four different 

methods (DPPH, H2O2, FRAP, CUPRAC) demonstrated that cobalt (II) and copper (II) Schiff 

base complexes possess notable antioxidant properties. Schiff base cobalt (II) and copper (II) 

complexes were subjected to in vivo wound healing studies on Sprague Dawley rats. The 

results revealed that the wound healing process was faster in animals treated with the 

synthesized complexes than the control. 
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1. Introduction 

In coordination chemistry, Schiff bases are often used as ligands to form metal 

complexes. The versatility of Schiff base metal complexes makes them valuable in many 

scientific and technological areas and ongoing research continues to explore new applications 

for these compounds. It has to be noted that the compounds produced from Schiff base amino 

acids efficiently coordinate with a variety of metal ions and enhance the pharmacological 

activities [1]. The chemistry of Schiff bases is diverse and their properties can vary based on 

the nature of the constituents involved in their formation. Schiff bases derived from amino 

acids have widespread applications in various fields, including organic chemistry, biochemistry 

and coordination chemistry. They can serve as intermediates in the synthesis of a variety of 

compounds, including pharmaceuticals. Therefore, many researchers are interested in the 

discovery of novel synthesized Schiff base complexes with medicinal efficacy. 

Resistance to therapeutics is a major problem in medical treatment since most 

pathogenic organisms periodically improve their capacity to breakdown drugs. Researchers 

have been developing novel drug materials as a result of realizing the threat that multidrug 

resistance poses. Interestingly, the medicinal properties of Schiff base derivatives and their 

metal complexes have been thought to be the most efficient way to treat many of these problems 

[2]. 

 Research on the wound healing properties using Schiff base complexes is an area of 

interest in the field of medicinal chemistry and biochemistry. Wound healing is a complex and 

dynamic process involving interactions between cells, growth factors, extracellular matrix 

components, and other factors. However, there could be significant challenges with wound 

healing, resulting in significant therapy costs and it is therefore vital to develop more effective 

approaches to disclose the problem of treating wounds [3-5]. 

Therefore, this issue stresses on implying the available requirement of preparing new 

compounds which possess the therapeutic efficacy towards the wound healing properties along 

with the antioxidant and biological activities [6, 7]. In order to explore the biological properties 

of Schiff base metal complexes obtained from amino acids, an attempt was made to examine 

the antioxidant, antimicrobial, larvicidal and wound healing properties of Schiff base metal 

complexes derived from L-Leucine. 

 

 

2. Materials and Methods 

All chemicals and reagents were provided by Sigma Aldrich and were used without 

further purification. Using a digital conductivity meter, the molar conductivities of the 

synthesized Schiff base metal complexes were measured at room temperature in a freshly 

prepared  DMSO solution (1.0 × 10−3 M). Using a SYSTRONICS 2201 spectrophotometer and 

a sample concentration of  

10-5 M in DMSO UV-Vis., spectra were plotted at room temperature. A Perkin - Elmer FTIR 

spectrometer model 1600 was used to record FTIR spectra in the 4000-400 cm-1 range on KBr 

discs. The EPR spectra were recorded in solid state at room temperature using Bruker 

EMX -10/2.7 spectrometer using DPPH as g marker. 
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2.1 Synthesis of Schiff base ligand (L1) and metal (II) complexes 

  Schiff base was synthesized by taking L-leucine (2 mmol), KOH (2 mmol) and o-

vanillin (2 mmol) in 25 mL of ethanol. It was stirred in a magnetic stirrer at 60o C for two hours. 

To the yellow colored Schiff base, hydrated metal (II) acetate (1 mmol) was added to a hot 

ethanolic solution. Stirring was continued for two hours by maintaining the same temperature. 

Finally, TMPDA (1 mmol) was added, and the mixture was stirred for two more hours. Then 

the solution was evaporated at room temperature. The resultant product was washed with 

ethanol and dried. 

 

2.2 Antioxidant activity  

 Antioxidant activities of the Schiff base complexes were investigated by four different 

methods using a standard procedure. Without the synthesized complexes a blank was also run 

for each case.  α-tocopherol was employed as a positive control for DPPH and H2O2 methods. 

Similarly, butylated hydroxyl anisole was employed as a positive control for the FRAP and 

CUPRAC methods. 

 Following equation was used to determine the scavenging activity. 

Percentage of radical scavenging activity = 
( absorbance of Control  −  absorbance of Sample) 

Control absorbance
  x 100 

In hydrogen peroxide scavenging method, to the Schiff base complex (2 mg/2 mL in 

DMSO), phosphate buffer (50 mM, pH 7.4) was added during the preparation of Hydrogen 

peroxide solution (40 mM) and the concentration of H2O2 was calculated by using a UV-Vis., 

spectrophotometer based on adsorption at 230 nm after 10 minutes of adding hydrogen 

peroxide [8].  

In DPPH scavenging method, 2 mg/2mL of the synthesized compounds in DMSO were 

added to 2 mL of a DPPH 0.05 M methanol solution and it was incubated for 30 minutes, at 

room temperature in the dark. The decrease in DPPH absorbance at 517 nm was measured [9-

12]. 

 In CUPRAC method, 30 mL of the synthesized complex (2 mg/2 mL in ethanol) was 

mixed with a solution containing 40 μL of copper chloride (10 mM), 40 μL of neocuproine in 

ethanol (7.5 mM), and 50 μL of ammonium acetate buffer (1 M, pH 7) solution. After 45 min 

of incubation the absorbance was measured at 450 nm [13, 14]. 

Finally, in FRAP method, 2mg/2mL of ethanolic solution of the complexes 0.5 mL of 

1% potassium ferricyanide and 1 mL of phosphate buffer (0.2 M, pH 6.6) and 1 mL of a 10% 

trichloroacetic acid solution was added. After 30 minutes of incubation at 50° C absorbance 

was measured at 700 nm [15-17]. 

 

2.3 Antimicrobial activity 

Antimicrobial studies were executed based on the guidelines of NCCLS [18, 19]. Using 

in vitro method, antibacterial activity was performed against Gram-positive bacteria such as 

Staphylococcus aureus and Streptococcus faecalis and Gram-negative bacteria such as 

Salmonella typhimurium and Escherichia coli using the Disc Diffusion method and 

Ciprofloxacin was used as the positive control.  

Antifungal activity was performed against the fungal strain like Candida albicans, 
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Aspergillus niger, Aspergillus flavus, and Penicillium sps., with a reference drug 

(Ketoconazole). 10-6 M concentration of synthesized compounds in DMSO were used for 

antimicrobial studies. The value of the zone of inhibition was measured in millimeters [20].  

 

 

2.4 Larvicidal bioassay  

The larvae of Culex quinquefasciatus eggs and egg rafts obtained from the Zonal 

Entomological Unit in Vellore, Tamil Nadu. The larvicidal activity of all the synthesized 

complexes were studied by following a standard procedure suggested by WHO [21].  

 

 

2.5 In vivo studies for Schiff base copper and cobalt complexes  

2.5.1 Animals, housing, diet, and water  

The Sprague Dawley rats (weighing 150-250 g) were procured from the DKM College 

for Women (Autonomous) in Vellore, Tamil Nadu, following approval from the Institutional 

Animal Ethics Committee. The rats were accustomed to conventional cages containing sawdust 

bedding and were subjected to a lighting regimen approximating a 12 hour cycle of light and 

dark. The temperature was maintained at 23±2˚C and the rats had unrestricted access to a 

standardized feed and drinking water. The experiments were conducted in compliance with the 

guidelines outlined by the OECD [22].  

 

 

2.5.2 Evaluation of Wound-Healing activity  

The study (DKM/IAEC/VI/19/2022) involved 21 male Sprague Dawley rats, which 

were divided into seven groups of three each. They were anaesthetised with an open mask and 

10% of their hair was shaved prior to wounding. A surgical blade was used to create a dorsal 

excisional wound of 1±0.06 cm along the rat’s midline, reaching the deep fascia. The wound 

was left bare and exposed to the environment for regular observation of wound healing. The 

animals were assigned to three groups and received 250 mg/kg, 500 mg/kg or 1000 mg/kg body 

weight of the sample, respectively. The animals that did not receive any treatment acted as 

controls. The wound-healing experiment lasted for 15 days, starting from the day of wounding. 

A small amount of drugs was applied to the entire wound using a metal spatula every day. 

 

 

 

2.5.3 Visual examination of wound-healing activity 

On days 1, 5, 10, and 15 the signs of inflammation and wound healing were visually 

assessed, and images of the wounds were taken. On the first, fifth, tenth, and fifteenth days, the 

wound size was measured with Vernier callipers. 

The size reduction rate (mm/day) is given by the following equation.  

Size reduction rate (mm/day) =  
𝐿𝑎−𝐿𝑡

𝑇
 

where, La represents wound length (mm) on day one, Lt represents wound length (mm) at the 

defined time (days) and T represents time (days). 
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2.6 Results and discussion 

At room temperature, all the synthesized complexes are readily soluble in common 

solvents such as DMSO, DMF and ethanol. Table 1 shows the analytical results for the 

synthesized compounds. All of the Schiff base complexes are stable at room temperature. The 

complexes possess higher melting temperatures than the Schiff base ligand, suggesting their 

stability compared with the Schiff base ligand. The molar conductivity measurements of the 

prepared Schiff base complexes (10−3 M) in DMSO indicated the non-electrolytic nature [23].  

 

Table 1: Analytical data of the synthesized compounds 

Compound 

 

Molecular Formula 

 

Molecular 

Weight 

 

Decomposition 

Point 

 

Molar 

conductance 

(Ω−1 cm2 

mol−1) 

L1 C21H36O4N3 394 >240 0C - 

[CoL1L2 ] C21H36O4N3Co 452 >300 0C 28 

[NiL1L2 ] C21H36O4N3 Ni 452 >300 0C 18 

[CuL1L2] C21H36O4N3Cu 457 >300 0C 15 

[ZnL1L2 ] C21H36O4N3Zn 459 >300 0C 20 

L1 - Schiff base ligand derived from L-leucine and o-vanillin                           

L2   - N, N, N’, N’-tetramethyl-1, 3-diaminopropane 

 

2.6.1 Electronic Absorption Spectra 

The absorption maxima (Table 2) at 278 nm in the Schiff base ligand is caused by π → 

π* non-bonding electron transitions on the nitrogen of the azomethine group. All of the metal 

complexes produced π→π* and n →π* transitions around 275 nm and 376 nm respectively. 

The metal complexes showed a board band ranging from 638 nm to 712 nm, which corresponds 

to a d-d transition. Due to lack of unpaired electrons d-d transition was not observed in the case 

of Schiff base zinc (II) complex. 

 

Table 2: UV-Visible spectral data of the synthesized compounds 

Compound 

 

Absorption (λ max nm) 

π-π* n-π* d-d 

L1 278 410 - 

[CoL1L2 ]  279 379 638 

[NiL1L2 ]  274 405 712 

[CuL1L2]  279 410 638 

[ZnL1L2 ]  277 376 - 
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Figure 1: UV-Vis spectra for Schiff base ligand and its metal complexes 

 

 

2.6.2 FTIR Spectra 

 

 

Table 3: FT-Infrared absorption frequencies (cm-1) of compounds 

Compound υ(OH) cm-

1 

υ(C=N) 

cm-1 

COO- 

cm-1 

Δ=[as -

s] cm-1 

M-N 

cm-1 

M-O 

cm-1 

υas υs 

L1 3335 1541 1431 1217 214 - - 

[CoL1L2] 3645 1664 1415 1211 204 524 443 

[NiL1L2] 3635 1641 1431 1217 210 524 416 

[CuL1L2] 3429 1637 1452 1228 224 590 408 

[ZnL1L2] 3182 1631 1446 1217 229 542 430 

 

Figure 2: FTIR spectrum of (a) Schiff Base ligand [L1]; (b) [CoL1L2] complex; (c) 

[NiL1L2] complex; (d) [CuL1L2] complex; (e) [ZnL1L2] complex  
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Figure 2: FTIR spectrum of (a) Schiff Base ligand [L1]; (b) [CoL1L2] complex; (c) 

[NiL1L2] complex; (d) [CuL1L2] complex; (e) [ZnL1L2] complex 
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Medium to strong peaks obtained around 1200 cm-1 are related to the coordination of 

phenolate oxygen atoms to metal ions. A strong peak observed at 1541-1631 cm-1 in all the 

complexes are due to the conjugated C=N stretching of the Schiff base moiety [24]. The Schiff 

base ligand and its metal complexes exhibited asymmetric stretching (as COO-) of carboxylate 

group at 1430 cm-1. The symmetric stretching of the carboxylate group of Schiff base ligand 

and its complexes (s COO-) appeared around 1200 cm-1 respectively. It became apparent that 

the asymmetric and symmetric stretching frequency difference (Δ = [as COO- - s COO-]) is 

larger than the comparable free carboxylate anion. Hence proved the monodentate coordination 

of the carboxylate anion of the Schiff base ligand. However, new bands with medium to weak 

intensities developed in the complexes in the ranges of 408–443 cm-1 and 590–525 cm-1, which 

are assigned to M-O and M-N (metal-ligand) modes, respectively. The Schiff base ligand 

functions as a tridentate ligand and is coordinated through the phenolic oxygen, azomethine 

nitrogen and oxygen atom of the carboxylate anion.  

 

 
Figure 3: Proposed structure of the metal complexes 

Where, M is Cobalt (II), Nickel (II) Copper (II) and Zinc (II) metal ions 

 

2.6.3 EPR Spectrum 

ESR spectrum (Fig. 4) of the Schiff base copper (II) complex showed an isotropic peak 

with a giso value of 2.01 and confirmed the paramagnetic character of the Schiff base Cu(II) 

complex. This shows axial symmetry or principal axes are parallel to one another i.e gxx = gyy 

= gzz.  Such an isotropic peak would be observed with the symmetrical systems such as square 

planar, square pyramidal and octahedral. 
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Figure 4:  EPR spectrum for [CuL1L2] complex 

 

 

2.6.4 Antioxidant activity 

 

The antioxidants scavenging properties are potent in DPPH and H2O2 which has a 

capacity to donate the hydrogen atoms readily [25]. Free radical activities are crucial for 

preventing various harmful diseases. The Schiff base ligand and their complexes show higher 

scavenging activity than the control. Copper (II) complexes have the highest scavenging ability 

than the other prepared Schiff base metal complexes.  

 

Compared to the Schiff base ligand, the other Schiff base metal complexes (figures 5 

and 6) exhibit greater scavenging activity for all methods. When compared to all other methods 

in DPPH and H2O2 method, the prepared Schiff base metal complex of copper have been 

revealed to exhibit significant free radical scavenging activity. According to the Gur’eva A. et 

al., the chelation of ligands to the copper (II) ion increases further due to the radical scavenging 

activity [26]. This may occur due to the imine moiety contains a nitrogen atom, which could 

contribute an electron to create a stable free radical. The results of the investigation showed 

that prepared substances had the ability to give up an electron or a hydrogen atom, which can 

then react with free radicals or stop chain reactions in a dosage-dependent way [27].  
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Figure 5: Antioxidant scavenging activity of DPPH and H2O2 
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Figure 6: Antioxidant scavenging activity of FRAP and CUPRAC 
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2.6.5 Antibacterial Activity 

 This study reports the antibacterial activity of the synthesized metal complexes (Figure 

7) against gram-positive and gram-negative organisms. Table 4 shows the zone of inhibition 

(in mm) of the metal complexes against the tested bacteria. All of the metal complexes had 

extremely strong antibacterial action against Salmonella typhimurium and Escherichia coli. 

The complexes’ antibacterial activity was greater than the corresponding Schiff base ligand 

(L1). The Schiff base Cu(II) complex, one of the synthetic compounds, had remarkable 

antibacterial activity against the research bacterial strain. Staphylococcus aureus was resistant 

to all synthetic compounds, similar to Tabrizi et al [28]. The main reason for the high 

antibacterial activity of the compounds is the release of metal ions into the bacterial cells. When 

the metal ions enter the cell, they exchange with the enzyme’s prosthetic groups. The copper 

(II) complexes showed higher activity than other Schiff base metal complexes. This may be 

due to the copper compound’s chelating action to the ligand and the change in the compounds’ 

nature due to the change in polarity of the metal ions. This leads to the formation of a zone due 

to the death of microorganisms.  

 
 

Table 4: In vitro data of antibacterial activity of the prepared compounds 

 

Microorganism Zone of inhibition in mm 

L1 [CuL1L2] [ZnL1L2] [NiL1L2] [CoL1L2] Ciprofloxacin 

Staphylococcus aureus 07 23 22 28 20 20 

Streptococcus faecalis 05 22 18 15 17 21 

Escherichia coli 15 24 18 15 16 10 

Salmonella 

typhimurium 

09 23 10 09 12 28 
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Figure 7: Zone of inhibition for antibacterial activities for the prepared compounds 

 

 

2.6.6 Antifungal Activity 

The investigation into the antifungal properties of the synthesized metal complexes 

against Candida albicans revealed remarkable findings. The maximum observed zone of 

inhibition for C. albicans antifungal strains was 29 mm for Schiff base Cu(II) complex 

compared to the other complexes (Table 5). The antifungal efficacy of the Schiff base metal 

complexes was particularly significant than the reference drug, Ketoconazole. The complexes 

of Co(II), Ni(II), and Zn(II) also demonstrated effective inhibition of Candida albicans, each 

exhibiting zones of inhibition exceeding 20 mm. Beyond Candida albicans, the antifungal 

activity of the synthesized complexes was further explored against Aspergillus Niger, 

Aspergillus flavus, and Penicillium sps. The results indicated a spectrum of antifungal activity 

ranging from mild to high, underscoring the versatility of the synthesized metal complexes 

(figure 8) against a variety of fungal strains. This comprehensive assessment provides valuable 

insights into the potential applications of these complexes as effective antifungal agents, paving 

the way for further exploration in the field of antimicrobial research. 

 

Table 5: In vitro data of Antifungal activity of the prepared compounds 

Microorganism Zone of inhibition in mm 

L1 [CuL1L2] [ZnL1L2] [NiL1L2] [CoL1L2] Ketoconazole 

Candida albicans 06 29 23 25 25 24 

Aspergillus niger 06 20 20 21 19 22 

Aspergillus flavus 05 28 22 20 20 16 

Penicilliumsps 07 26 20 22 24 20 
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Figure 8: A region of inhibition for antifungal activities for prepared compounds 

 

2.6.7 Larvicidal activity  

Tables 6 and 7 provide insights into the larvicidal potential of the synthesized 

compounds against C. quinquefasciatus larvae. Statistical parameters, including Standard 

Deviation (SD), chi-square values (χ2), and toxicity values such as LC50 and LC90, were 

calculated based on average larval mortality data to assess the efficacy of the synthesized metal 

complexes. The minimum lethal concentration of the metal complexes serves as an indicator 

of their toxicity towards the larvae. Observations of C. quinquefasciatus activity in control 

solutions revealed robust and active movements, contrasting with the continuous movements 

observed in the presence of Schiff base metal complexes. Notably, as the duration increased, 

the motion of larvae decreased, indicating a time-dependent impact on their activity. The 

ionization of metals facilitates interaction with the larvae, resulting in denaturation and 

subsequent suppression of cellular functions, ultimately leading to larval mortality. This 

establishes the ability of Schiff base metal complexes to effectively control larval populations. 

A comparative analysis underscores the highest larvicidal activity of copper complexes 

compared to other metal complexes against Culex quinquefasciatus, emphasizing the potential 

of these compounds for effective mosquito larval control measures. 

 

Table 6: A data of larvicidal activity of Schiff base metal complexes 

Complex Concentration / mortality 

4 mg/100 mL 2 mg/100 mL 1 mg/100 mL 0.5 mg/100 mL 

L1 - - - - 

[Co L1L2] 18 15 12 10 

[Ni L1L2] 16 12 09 07 

[CuL1L2] 20 18 14 12 

[ZnL1L2] 16 12 10 09 
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Table 7: Statistical investigation of Larvicidal activity of Schiff base metal complexes 

Complex 

Concentration / %Mortality±SD  

LC50  LC90  χ2  df  4 mg/100 

mL  

2 mg/100 

mL  

1 mg/100 

mL  

0.5 mg/100 

mL  

L1 - - - - - - - 

3  

[Co L1L2] 70 ± 7.16  60 ± 6.11  40 ± 3.89  30 ± 3.87  1.6  3.3  13.76  

[Ni L1L2] 80 ± 7.36  80 ± 6.78  50 ± 5.65  30 ± 2.84  1.1  2.3  23.75  

[CuL1L2] 90 ± 6.26  90 ± 8.12  80 ± 7.28  70 ± 6.51  1.1  2.0  18.17  

[ZnL1L2] 60 ± 7.64  40 ± 6.32  40 ± 3.89  20 ± 1.65  3.0  6.5  21.66  

 

2.6.8 Wound Healing studies 

It has been identified that the generation of reactive oxygen species (ROSs) at the site 

of a wound can hinder the natural healing process, indicating the importance of regulating 

oxidative stress for successful wound healing [29]. Wound healing is a dynamic and intricate 

process involving multiple pathways, including fibroblast collision, collagen formation, 

angiogenesis in granulation tissue, scar development, injury contraction and epithelialization 

at the wounded sites [30]. Recognizing the role of antioxidants, antioxidative enzyme systems 

and free radical scavenging in the body's healing process, past observations have highlighted 

the enhanced effectiveness of Schiff base compounds, particularly when coordinated with 

metal ions such as copper, against various harmful bacteria [31]. Consequently, the 

antimicrobial activity of the copper (II) Schiff base complex was investigated, revealing its 

superior efficacy against a range of microorganisms. This compound was deemed suitable for 

inclusion in a wound healing formulation due to its evident antibacterial action, coupled with 

copper's potent ability to stimulate angiogenesis and collagen deposition [32]. These findings 

align with studies on copper dressing-treated mice, where substantial upregulation (32-fold 

increase) of transforming growth factor-beta (TGF-β) gene expression was observed. Copper, 

either directly or indirectly, influences keratinocyte and fibroblast proliferation, 

epithelialization, collagen synthesis, extracellular matrix remodeling, and angiogenesis, 

collectively expediting the wound healing process [33]. 

The biological activity of the prepared Schiff base metal complexes proves to be 

significantly relevant. The antioxidant properties of these synthesized complexes, attributed to 

their hydroxyl scavenging properties, play a crucial role in the mechanism enhancing wound 

healing properties. In light of antioxidant study results, in vivo experiments were conducted on 

healing wounds in Sprague Dawley rats. Wound healing involves the restoration of cellular 

and anatomical tissue formation, encompassing the reduction of wound area due to chemical, 

physical, thermal agents and microbial infections. During the study period, both Schiff base 

copper and cobalt complexes exhibited a preliminary effect on wound healing activity from 

day 1 to day 15. Visual inspections of the wounds assessed signs of inflammation and tracked 

the healing process. Wound length, calculated using the size rate reduction method (mm/day) 

on every fifth day, gradually decreased after the application of copper and cobalt complexes. 

A noticeable difference was observed between the control group and the copper and cobalt 

complex groups. The correlation between wound healing and antioxidant activity was further 

explored in diabetic mice [34, 35]. 
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Figure 9: The gross look of wound healing for cobalt complex 

 

 
Figure 10: Graphical representation of Wound-length reduction rate (mm/day) at 

day 5, 10, and 15 (Where G1, G2, G3 is 250 mg/kg, 500 mg/kg, 1000 mg/kg body weight for 

the complex [Co L1 L2] and G4, G5, G6 is 250 mg/kg, 500 mg/kg, 1000 mg/kg body weight for 

the complex [Cu L1 L2]) 
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Figure 11: The gross look of wound healing for copper complex 

 

 

 

2.7 Conclusions 

 

Four metal complexes were prepared in the current investigation using N, N, N', and 

N'-tetramethyl-1, 3-diaminopropane and tridentate Schiff base. The antimicrobial screening of 

the synthesized compounds showed that the synthesised metal complexes have better activity 

than the Schiff base ligand. The prepared Schiff base metal complexes exhibited good 

antioxidant properties. The larvicidal effects of the prepared Schiff base metal complexes 

against C. quinquefasciatus are similarly quite good. The wound area had reduced scarring, 

according to the histology findings on 15th day after the wound first appeared. Because of the 

good ability to destroy germs, these complexes hence could be used as a promising agent in 

pharmaceutical sector. 

 

 

Acknowledgements 

 

The authors thank Department of Chemistry, the Institutional Animal Ethics Committee 

and the Management, D.K.M College for Women, Vellore for the constant support and also 

thank Zonal Entomological Unit, Velapadi, Vellore, Tamil Nadu, India for providing mosquito 

larvae for the research work. 

 

 

 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 12 (Dec) - 2023

http://ymerdigital.com

Page No:2003



References 

[1]. Dhar DN and Taploo CL, “Schiff-bases and their applications”, J. Sci. Ind. 

Res. 41, (1982), pp. 501-506. 

[2]. Fatma M. Elantabli , Rania G. Mohamed , Samir M. El-Medani , Matti Haukka , Ramadan 

M. Ramadan and Manal A. Afifi , “Structural investigations of new tridentate-

phenylacetohydrazide Schiff base metal chelates: X-ray diffraction, Hirshfeld surface analyses, 

DFT, antibacterial and molecular docking studies”, Journal of Molecular Structure. Vol.1299, 

(2024), 137230. 

[3]. Mani, R.; Romanelli, M. and Shukla, V, “Measurements in Wound Healing”, Science and 

Practice; Springer: London, UK. (2012), pp. 73–78. 

[4]. Frieri, M., Kumar, K. and Boutin, A., “Wounds, burns, trauma and injury”, Wound Med.               

13, (2016), pp. 12–17. 

[5]. Abdul Latif, M. et al., “Alocasia denudata Engler treatment enhance open wound 

healing activities in Wistar rat’s skin”, J Ethnopharmacol. 176, (2015), pp. 258–267. 

[6]. Rouhollahi, E., Moghadamtousi, S.Z., Hajiaghaalipour, F., Zahedifard, M., Tayeby, F and 

Awang, K., “Curcuma purpurascens Bi. Rhizome accelerates rat excisional wound healing: 

involvement of hsp70/Bax proteins, antioxidant defense, and angiogenesis activity”, Drug 

design, development and therapy. 9, (2015), pp. 5805–5813.  

[7]. Zielins, E.R., Brett, E.A., Luan, A., Hu, M.S., Walmsley, G.G., Paik, K., et al., “Emerging 

drugs for the treatment of wound healing”, Expert opinion on emerging drugs. 20 (2), (2015), 

pp. 235–246. 

 [8]. Rashd. M. El-Ferjani et al., “In vivo Assessment of Antioxidant and wound healing 

Improvement of a new Schiff base Co (II) complexes in rats”, Scientific Reports. 6, (2016), 

38748. 

[9]. Sayed Suliman Shah, Dawood Shah, Ibrahim Khan, Sajjad Ahmad et al.,  Biointerface Res. 

App. Chem. 10 (6), (2020), pp. 6936-6963. 

[10]. Mahadi Hasan Habib Md, Ahsan Prianka Saha and Ali Asraf, Nazmul Islam ABM, 

“Antioxidant, antibacterial and electrochemical activity of (E)-N-(4(dimethylamino) 

benzylidene)-4H-1, 2, 4-triazol-4 amine ligand and its transition metal complexes”, Results in 

Chemistry. 3, (2021), 100115. 

[11]. Mohamed SK, Hussein AJ, Ayoob MM, Hawaiz FE et al., “Synthesis, Spectroscopic 

Investigation, Anti-Bacterial and Antioxidant Activities of some New Azo-Benzofuran 

Derivatives”, Egypt J. Chem. 63, (2020), pp. 2617-2629. 

[12]. H. Keypour, M. Mahmoudabadi, A. Shooshtari, M. Bayat, E. Soltani, K. Karamian 

and S.H.M. Farida, “Synthesis, spectral, theoretical and antioxidant studies of copper (II) and 

cobalt (III) macroacyclic Schiff-base complexes containing homopiperazine moietiy”, Chem. 

Data Collect. 26, (2020), pp. 100354-100365. 

[13]. Apak R, Gu C lu K and O Zyurek, Karademir SE , “Novel total antioxidant capacity index 

for dietary polyphenols and vitamins C and E, using their cupric ion reducing capability in the 

presence of neocuproine: CUPRAC method”,  J. Agri. Food Chem. 52, (2004),  pp. 7970-7981. 

[14]. Benzie FF and Szeto VT, “Total antioxidant capacity of teas by the ferric reducing/ 

antioxidant power assay”, J. Agric Food Chem. 47, (1999), pp. 633-636. 

 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 12 (Dec) - 2023

http://ymerdigital.com

Page No:2004

https://www.sciencedirect.com/journal/journal-of-molecular-structure
https://www.sciencedirect.com/journal/journal-of-molecular-structure/vol/1299/suppl/C


[15]. Jansen EH and Ruskovsk T, “Comparative Analysis of Serum (Anti) oxidative Status 

Parаmeters in Healthy Persons”, Int.J.Mol.Sci. 14, (2013), pp. 6106-6115. 

[16]. Mohieldein A.H., Hasan M., Al-Harbi K.K., Alodailah S.S., Azahrani R.M. and Al-

Mushawwah S.A., “Dyslipidemia and reduced total antioxidant status in young adult Saudis 

with prediabetes”, Diabetes Metab. Syndr. Clin. Res. Rev. 9, (2015), pp. 287-291. 

[17]. Zhong Y and Shahidi F, Handbook of Antioxidants for Food Preservation. Elsevier 

Science Pub lications, (2015), pp. 287-333. 

[18]. Suzan A. Matar , Wamidh H. Talib , Mohammad S. Mustafa , Mohammad S. Mubarak 

and Murad A. Al Damen, “Synthesis, characterization, and antimicrobial activity of Schiff 

bases derived from benzaldehydes and 3,3′-diaminodipropylamine”, Arabian Journal of 

Chemistry. 8(6), (2015), pp.  850-857. 

[19]. National Committee for Clinical Laboratory Standards, Performance Standards for 

Antimicrobial Disk Susceptibility Tested Fifth Edition: Approved Standard M2-A5, Villanova, 

PA, USA. (1993) a. 

[20]. Saranya J and Santha Lakshmi S., “In vitro antioxidant, antimicrobial and larvicidal 

studies of Schiff base transition metal complexes”, J. Chem Pharm Res. 74, (2015), pp. 180-

186. 

[21]. J. Saranya, R. Bharathi Priyadharsini and Sundaramurthy Santha Lakshmi, “Novel Schiff 

base metal (II) complexes with azide as coligands: A study on 

antimicrobial, larvicidal and antioxidant activities”, Journal of Advanced Scientific Research. 

12, (3), (2021), pp. 118-127.  

[22]. Abou-Hussein, A. A. and Linert, W, “Synthesis, spectroscopic studies and inhibitory 

activity against bacteria and fungi of acyclic and macrocyclic transition metal complexes a 

triamine coumarine Schiff base ligand”, Spectrochim Acta Mol Biomol Spectrosc. 141, (2015), 

pp. 223-232. 

[23]. P. Mahadevi and S. Sumathi, “Schiff base metal complexes: Synthesis, optoelectronic, 

biological studies, fabrication of zinc oxide nanoparticles and its photocatalytic activity”, 

Results in Chemistry.  6, (2023), 101026.  

 [24]. El-Boraey, H. A. and El-Gammal, O. A., “New 15-membered tetraaza (N4) macrocyclic 

ligand and its transition metal complexes: Spectral, magnetic, thermal and anticancer activity”, 

Spectrochim Acta  Mol Biomol Spectrosc.138,  (2015), pp. 553-562. 

[25]. M. Rahman, M. Islam, M. Biswas and A. Khurshid Alam, “In vitro antioxidant and free 

radical scavenging activity of different parts of Tabebuia pallida growing in Bangladesh 

BMC”, Res. Notes. 8, (2015), pp. 1-9. 

[26]. Y.A. Gur'eva, O.A. Zalevskaya, O.G. Shevchenko, P.A. Slepukhin, V.A. Makarov and 

A.V. Kuchin, “Copper (II) complexes with terpene derivatives of ethylenediamine: Synthesis, 

and antibacterial, antifungal and antioxidant activity”, RSC Adv. 12, (2022), pp. 8841-8851.  

[27]. Burcu Bektasoglu, Isil Berker K and Dilek Ozyurt, “Comparative evaluation of various 

total antioxidant capacity assays applied to phenolic compounds with the CUPRAC assay”, 

Molecules. 12, (2007), pp. 1496- 1547.  

[28]. Tabrizi, L., McArdle, P., Erxleben, A. and Chiniforoshan, H.,“Nickel (II) and cobalt (II) 

complexes of lidocaine: Synthesis, structure and comparative in vitro evaluations of biological 

perspectives”, Eur J Med Chem. 103, (2015), pp. 516-529. 

 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 12 (Dec) - 2023

http://ymerdigital.com

Page No:2005

https://www.sciencedirect.com/journal/arabian-journal-of-chemistry
https://www.sciencedirect.com/journal/arabian-journal-of-chemistry
https://www.sciencedirect.com/journal/arabian-journal-of-chemistry/vol/8/issue/6
https://www.sciencedirect.com/journal/results-in-chemistry/vol/6/suppl/C


 [29]. Kurahashi, T and Fujii, J., “Roles of antioxidative enzymes in wound healing”, Journal 

of Developmental Biology. 3 (2), (2015), pp. 57–70. 

[30]. Majtan, J., Bohova, J., Garcia-Villalba, R., Tomas-Barberan, F.A., Madakova, Z., Majtan, 

T., et al., “For honeydew honey flavonoids inhibit TNF-α-induced MMP-9 expression in 

human keratinocytes: a new action of honey in wound healing”, Arch. Dermatol. Res. 305 (7), 

(2013), pp. 619-627.  

 [31]. Nur Amin and Bitu, M. “Anti-pathogenic Activity of Cu(II) Complexes Incorporating 

Schiff Bases: A Short Review”, Am. J. Heterocycl. Chem. 5, (2019), pp. 11-22.  

[32]. Gérard, C.; Bordeleau, L.J.; Barralet, J. and Doillon, C.J., “The stimulation of 

angiogenesis and collagen deposition by copper”, Biomaterials. 31, (2010), pp. 824-831. 

 [33]. Borkow, G.; Gabbay, J.; Dardik, R.; Eidelman, A.I.; Lavie, Y.; Grunfeld, Y.; Ikher, S.; 

Huszar, M.; Zatcoff, R.C. and  Marikovsky, M. “Molecular mechanisms of enhanced wound 

healing by copper oxide-impregnated dressings”, Wound Repair Regen. 18, (2010), pp. 266-

275.  

 [34]. Rimbach, G.,Q.Guo ,T.Akiyama, S.Matsugo,H.Mioni,F.Virgili and L. Packer,”Ferric 

nitricotriacetate induced DNA and protein damage: Inhibitory effect of a fermented papaya 

preparation”, Anticancer Res. 20(5A), (2000), pp. 2907-2914. 

[35]. Fadi G.Saqllah, Wafaa M.Hamed and Wamidh H.Talib, “In vivo Evaluation of 

antirrhinum majus Wound healing activity”, Sci .Pharm. 86(4), (2018), 86040045. 

 

YMER || ISSN : 0044-0477

VOLUME 22 : ISSUE 12 (Dec) - 2023

http://ymerdigital.com

Page No:2006


