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Abstract: Herein we report the synthesis of Schiff base, 2-((E)-(2-(benzo[d]thiazol-2-

yl)phenylimino)methyl)-5-fluorophenol (BTF) and its complexes A1 [Co(BTF)2Cl], A2 

[Co(BTF)PhCl]Cl, A3 [Ni(BTF)2] and A4 [Ni(BTF)Ph]Cl. The synthesized compounds were 

structurally characterized by elemental analysis, NMR (1H and 13C), UV-Visible, FT-IR, ESI-MS, 

TGA-DTA, magnetic data measurement, and molar conductivity studies. The prepared complexes were 

subjected to CT-DNA interaction and monitored using UV absorption, fluorescence emission probe, 

and viscosity measurements. The DNA binding properties were quantified by Kb and Ksv data, 

indicating that A2 and A4 showed promising DNA binding propensity index, mainly suggesting the 

groove mode of intercalation. The DNA incision property of the complex A2 and A4 was carried out 

by gel electrophoresis method, effectively confirming circular form conversion into nicked form. 

Further, the biological profile assay was also extended to antimicrobial studies against E.coli, B.subtilis, 

S.aureus, P.aeruginosa, C.albicans, and A. niger. The microbial inhibition property showed profound 

activity for A2 complex with an increase in hydrophobic nature. In addition, all the complexes were 

also screened for their antioxidant activity. 
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1. Introduction 

Schiff base is a widely studied moieties in medicinal inorganic chemistry with a broad 

spectrum of pharmacological activities [1]. Because of flexibility in synthetic method, chemical 

stability, and effective chelating affinity with metal ions, they have emerged as a versatile donor 

site in the field of coordination chemistry [2]. Clinical studies of most chemotherapeutics 

display much toxicity due to poor uptake of malignant cells. Synchronization of 

chemotherapeutic action was found for several Schiff base fused metal ions, including target 

site specification [3]. Modification and modulation in the N-heterocycle containing imine base 

transition metal complexes is the hard-core center to study chemotherapeutic activities. 

Interaction of transition metal complexes with small biomolecules, including DNA and 

proteins, gives prominent information regarding their binding mode, binding efficiency, and 
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mechanistic interaction pathways [4]. The facts obtained from the interaction helps greatly in 

drug designing and tailoring of new anticancer compounds. The toxic efficiency of the 

anticancer compound greatly falls if it shows the antioxidant activity as it scavenges free 

radicals. 

Benzothiazole is one of the most privileged N-heterocycle, which offers many 

physiological actions when it becomes an integral part of imine and its transition metal 

complex. Benzothiazole incorporated imine base finds immense biological application includes 

antibacterial [5], antifungal [6], antiviral [7], anti-oxidant [8], anti-inflammatory [9], anti-

tuberculosis [10] and anticancer activities [11]. Co(III) complexes are best suited for 

pharmacological action as it lows systematic toxicity with broad biochemistry. 

The present approach involves synthetic, spectral, thermal studies of 2-((E)-(2-

(benzo[d]thiazol-2-yl)phenylimino)methyl)-5-fluorophenol (BTF) and its Co(III) and Ni(II) 

complexes. We have mainly focused on the primary investigation of DNA binding behavior, 

which can be elucidated with the help of spectrophotometric titration, emission fluorescence, 

and viscosity measurement. Further, all the test complexes implemented for DNA cleavage 

assay were monitored by gel electrophoresis technique. All the investigated complexes were 

thoroughly scrutinized for antioxidant and microbial growth inhibition studies. 

2. Materials and Methods 

2-(benzo[d]thiazol-2-yl)benzenamine, 4-fluorosalicylaldehyde, tris-HCl buffer, 

Ethidium bromide, CoCl2.6H2O, NiCl2.6H2O were obtained from Avra synthesis private 

limited, Bangalore, India. All the procured chemicals are used directly without purification. 

CT-DNA and pBR322 were purchased from Merck, Hyderabad, India, and stored at 4℃. All 

the solutions and buffers were made using triple distilled water necessitated to study DNA 

binding and DNA cleavage and used within 24hrs. 

Euro EA CHNS elemental analyzer is used to determine the elemental composition of 

said imine base and its complexes (A1-A4). The coordination bonds and coordinated water 

molecules were confirmed by scanning FT-IR in the range of 400cm-1 to 4000cm-1 in KBr disc 

using Unicammatson 1000 FT-IR. Molar conductivity measurements of mM solution in DMSO 

were taken at room temperature using Jenway 4010 conductivity meter. A magnetic moment 

in BM was measured at 298K by implementing Hg[Co(SCN)4] as a calibrant using Sherwood 

Scientific balance. The thermal response of the investigated complexes can be taken by using 

Shimadzu DT-50 thermal analyzer with a heating rate of 10℃/min in an atmosphere saturated 

with nitrogen. The differential absorption of the imine base and its complex under the UV-

visible region is scanned using a UV-visible spectrophotometer. The magnetic resonance of the 

1H and 13C nucleus was taken using a Bruker 400MHz NMR spectrometer. The quenching 

fluorescence assay was monitored at room temperature using Jenway 6270 fluorimeter. 

2.2. Chemical synthesis. 

2.2.1. Synthesis of 2-((E)-(2-(benzo[d]thiazol-2-yl)phenylimino)methyl)-5-fluorophenol  

(BTF) ligand. 

The BTF ligand is prepared as depicted in Scheme 1. 2-(benzo[d]thiazol-2-

yl)benzenamine (0.2 mmol), 4-fluorosalicylaldehyde (0.2 mmol) was dissolved in 10 ml of 

methanol separately, mixed and refluxed on water bath for 24 h. The clear yellow solution was 

concentrated to it half volume and allowed to stand at room temperature to evaporate solvent 
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completely. The dried yellow solid was removed and used for further spectral assay. The BTF 

ligand is soluble in hot methanol and polar solvents (DMF, DMSO). Physico-chemical 

characterisation data; elemental composition (C20H13FN2OS): Found (%) C, 68.35; H, 3.76, 

N, 8.04; O, 4.59; F, 5.45; S, 9.20.] PMR (DMSO-d6, 400 MHz, ppm) δ = 8.92 (s, 1H, CH=N), 

8.43 (s, 1H, Ar-OH), 8.05-8.11 (q, 2H, Ar-H), 7.73-7.77 (dd, 1H, Ar-H), 7.60-7.63(dd, 1H, Ar-

H), 7.3 – 7.54 (m, 6H, Ar-H), 7.0 -7.03 (dd, 1H, Ar-H); CMR, δ, ppm; 169.01 ([Ar]C-F, 165.59 

(benzothiazole -N=C), 162.06 ([Ar]C-OH), 161.28 (benzothiazole -C=N), 159.72( CH=N), 

157.52 ([Ar]C-N), 154.19 ([Ar]C-S), 141.82-120.65( aromatic peaks) Mass spectral data(ESI) 

m/z value; Cal (Found) 135.54(136.99), 348.39(349.06) M+, 349.12(350.07) M+1, 

350.43(351.06) M+2. 
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Scheme 1. Synthesis of Schiff base ligand (BTF). 

2.2.2. Synthesis of complexes (A1 and A3). 

A 1:2 molar methanolic solution of metal chlorides (CoCl2.6H2O, NiCl2.6H2O) and 

imine base BTF was refluxed in a water bath for 24 h. The precipitate obtained was filtered, 

washed with ethanol, and dried in a vacuum. Recrystallization was done using hot methanol. 

2.2.3. Synthesis of complex (A2 and A4).  

An equimolar (0.01 mmol) solution of metal chlorides (CoCl2.6H2O, NiCl2.6H2O) 

and imine base BTF and an axillary ligand 1,10-phenanthroline (0.01 mmol) was added to the 

reaction mixture and refluxed for 12h. The precipitate obtained was filtered, washed with 

ethanol, and dried in a vacuum. Recrystallization was done using hot methanol. The tentative 

structures of the prepared complexes are depicted in Figure 1. 
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Figure 1. Proposed structure of synthesized metal complexes(A1-A4). 

2.3. Biological assay.  

2.3.1. Antimicrobial studies. 

In vitro microbial inhibition assay of imine base, BTF, and its complexes (A1-A4) were 

scanned against a panel of gram-positive and gram-negative microbes such as E.coli, B.subtilis, 

S. aureus, P.aeruginosa, and C.albicans respectively. The arrest of microbes was monitored 

well by the disc diffusion method in a nutrient agar medium. All the test solutions used were 

dissolved in 1% DMSO. Before inoculation, the mixture was kept at 120 ℃ for 15min, then 

transferred into a sterilized petri dish and allowed to solidify. A liquid nutrient agar medium 

was used for the culture and activation of microbes [12]. The surface of the agar plate was 

carefully implemented with 100 μl of activated strain using a micropipette which spread all 

over the surface, and then two well were introduced dug in media with 10 mm of diameter. To 

this, 100 μl of test solution were poured and allowed for 48 h incubation at 37℃. Zone showing 

inhibition in mm is taken as microbial inhibition activity, and the whole assay was carried out 

in triplicate.  

2.3.2. Antioxidant assay.  

Free radicals can combine with DPPH, which can be monitored stoichiometrically by 

measuring the decreased absorbance at 517nm following several electrons. This observation 

can be used to quantify the ability of complexes to quench free radicals. Thus, DPPH 

(0.0001mol) can be employed as a substrate to examine the antioxidant property of other 

antioxidants in terms of hydrogen donating ability. All the test solutions (1mg/mL) for 

antioxidant assay were prepared using 1% DMSO as described earlier. The stock solution (10-

100μL) was made into different concentrations using 3mL of methanol. To this solution, 0.1M 

sodium acetate buffer and 1mL of DPPH solution were added and shaken well before 

incubation for 30min. The absorbance of the resulting solution was measured at 517nm, and 

the data were expressed in terms of mean ± standard deviation (SD) comparison with positive 

control ascorbic acid [13]. The scavenging efficiency was calculated using equation 1 

I % = Ac  −  As
Ac⁄                     1 

where absorbance with control and absorbance of sample regarded as Ac and As 

 

https://doi.org/10.33263/LIANBS123.076
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS123.076  

 https://nanobioletters.com/ 5 of 15 

 

2.3.3. DNA binding studies. 

All experimental assays incorporating CT-DNA were carried out using Tris-HCl buffer 

(pH=7.2, using triple distilled water) used within 78 h. The absorbance of DNA checked at 260 

nm and 280 nm, the ratio of A260/A280 was reached 2.0, indicating that protein is completely 

free from protein moiety. The binding interaction can be understood by running three different 

probes; the first method accompanies determining the concentration of CT-DNA through 

absorption titration against the fixed concentration of the metal complex. The second method 

quantifies the quenching efficiency of fluorescence by the metal complex against a fixed CT-

DNA concentration, and the third method involves the change in viscosity as it binds with CT-

DNA that can be monitored by measuring the viscosity of the test solution. All the investigated 

complexes were dissolved in 1% DMSO required for the experimental setup, and proper 

dilution was done using Tris-HCl buffer. The final test solution did not exceed 0.1% DMSO 

concentration used for the DNA binding studies, ensuring no effect on DNA conformation, 

2.3.3.1. Absorption probe for DNA binding study. 

Absorption spectra were recorded by using an incremental concentration of CT-DNA 

(12.5-125μM) against to fixed concentration of metal complexes (A1-A4). The absorption data 

is measured for each successive addition of CT-DNA, and intrinsic binding constants were 

determined by using the following equation 2 

1 (Єa − Єf)⁄  =   1 (Єb − Єf)⁄   + 1 Kb(Єb − Єf)[DNA]⁄                     2 

Where Єa is the extinction coefficient at a given concentration of DNA, Єb and Єf is the 

extinction coefficient of a completely bound and free form of complex when in solution, [DNA] 

indicates the concentration of CT-DNA. A plot of  1 (Єa − Єf)⁄  vs 1 [DNA]⁄  gives slope S =  

1
Kb(Єb − Єf)⁄  and intercept Y = 1 (Єb − Єf)⁄ , from the value of intercept and by using slope, 

the intrinsic binding constant can be calculated. 

2.3.3.2. DNA binding with fluorescence quenching probe. 

To promote further evidence on the binding interaction of CT-DNA with Co(III) and 

Ni(II) complexes, and ethidium bromide displacement assay has been carried out. Ethidium 

bromide is a classical intercalator into a double helix and induces fluorescence on binding with 

CT-DNA; as complexes displace the bound ethidium bromide, fluorescence intensity falls. The 

fluorescence spectra give valuable information regarding their binding mode and mechanistic 

pathways of interaction. A constant level of CT-DNA (10μM) was maintained through the 

experiment and titrated against to gradually increasing amount of metal complex solution 

(12.5-125μM) after adding 40μM ethidium bromide solution. The emission quenching 

mechanism can be determined with fluorescent data by using the Stern-Volmer equation  

𝐸
𝐸𝑜⁄  = 1 + Sq [CoIII or NiII complex]                    3 

Where E and Eo are the emission intensity with and without the complex, respectively. The 

plots of  𝐸 𝐸𝑜⁄  versus [CoIII or NiII complex] found to be linear and Sq is the Stern-Volmer 

constant depending on temperature. 
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2.3.3.3. DNA binding as a function of viscosity assay. 

Ostwald’s capillary viscometer is used to read out viscosity changes in the presence and 

absence of complex along with CT-DNA. The whole apparatus is evacuated on a water bath 

maintained at a temperature of 25 ± ∓ 1℃. Before measuring the flow time, incremental 

concentrations of the metal complex (0.0 – 10 μM) were prepared and delivered successively 

into CT-DNA (0.3mM) solution. The flow time was measured three times with the help of a 

digital stopwatch; average flow time is noted. The data were displayed by plotting (
𝜂

𝜂𝑜⁄ )1/3 

versus 
[complex]

[𝐷𝑁𝐴]⁄  , Where 𝜂 and 𝜂𝑜 are the viscosity of CT-DNA with or without 

complexity, respectively, which can be calculated from the following equation. 

𝜂 = 
𝑓

𝑓 − 𝑓𝑜⁄  

Where f and fo are the flow time with and without DNA in solution, from the relation (
𝜂

𝜂𝑜⁄ )1/3 

relative viscosities of DNA solution can be calculated. 

2.3.4. pBR322 plasmid DNA incision assay. 

The DNA incision properties of the complexes can be studied by following standard 

protocol [14]. To ascertain the bio incision of the resultant complex (A2), an electrophoretic 

method has been carried out in the presence of reductant supercoiled pBR322 plasmid DNA as 

a cellular target. The aqueous buffer solution (50 mM Tris-HCl/50 mM NaCl, pH = 7.2) 

containing the complexes with pBR322 DNA has been electrophoresed after incubating for 5h 

at 32℃. The electrophoretic pattern was imaged under UV light. 

3. Results and Discussion 

All the investigated complexes are air-stable and insoluble in water but readily soluble 

in DMSO and DMF solvents. Molar conductivity data reveals the uni-univalent electrolytic 

nature of the cobalt complex and the non-electrolytic nature of the nickel complex. Spectral 

assay of all the complexes indicates trident nature of the imine base and octahedral skeleton 

were bound to metal ions. Elemental and analytical data of the complexes (A1-A4) are 

displayed in Table 1.  

Table 1. Elemental analysis data of BTF ligand and its complexes (A1-A4). 

Compound C H N O S Cl F Metal ions 

BTF 68.95 3.76 8.04 4.59 9.20 - 5.45 - 

A1 60.88 3.07 7.10 4.05 8.13 4.49 4.81 7.47 

A2 59.03 3.30 8.34 2.38 4.78 10.56 2.83 8.78 

A3 63.76 3.21 7.44 4.25 8.51 - 5.04 7.79 

A4 62.34 3.49 8.81 2.52 5.04 5.58 2.99 9.23 

3.1. Molar conductivity measurement and magnetic susceptibility.  

A millimolar solution of complexes was prepared by dissolving it with DMSO and used 

directly for conductivity measurement at room temperature. Conductivity of cobalt complexes 

A1 [Co(BTF)2Cl] and A2 [Co(BTF)PhCl]Cl shows in the range 70-90 ohm−1mol−1·cm−1 

indicating the existence of electrolytic nature (1:1) and for nickel complexes A3 [Ni(BTF)2] 

and A4 [Ni(BTF)Ph]Cl falls in the range of 11.5-15.6 ohm−1mol−1·cm−1 confirms non-

electrolytic nature [18]. The effective magnetic moment of the investigated complex reveals 
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the number of unpaired electrons and ligand symmetry around the metal center. The 

experimental magnetic moment for the nickel complex found to be 2.95 (A3) and 2.87 BM 

(A4) supports octahedral ligand skeleton, and cobalt complexes are diamagnetic, inferring 3d6 

4S0 configuration. The data obtained are displayed in Table 2. 

Table 2. Molar conductivity, magnetic susceptibility measurement, and spectral absorption data. 

Compound Molar conductivity 

(ohm−1mol−1·cm−1
) 

μeff (BM) Absorption bands (nm) 

d-d transition n- π* π -π* LMCT 

BTF - - - 278 298 - 

A1 76 - 406, 501 245 351 685 

A2 80 - 408, 512 247 345 678 

A3 11.5 2.95 410, 520 257 360 690 

A4 15.6 2.87 413, 514 251 347 650 

 

Absorption spectra were scanned in DMSO solution. The absorption band in the region 

of 350 nm is attributed to π – π* transition of aromatic moiety and 245-278 nm corresponding 

to n - π* transition. The cobalt and nickel complexes (A1-A4) show a band in the range 245-

370 nm assigned to π – π* transition of the benzothiazole core, while absorption bands at 650-

685 nm have been attributed to charge transfer transition [15]. The hyperchromic shift of 

existing absorption bands in the ligand infers a coordination bond with the metal atom, as 

evident from Figure 4. On the other hand, imine base BTF shows a unique band at 468 nm, 

disappearing after coordination with metal ions [16].  

3.2. IR spectral studies. 

In the line of getting structural information regarding the coordinate site, coordination 

bond and subsequent involvement of azomethine and hydroxyl group for ligation can be 

confirmed by subjecting all the complexes to IR spectral studies. The presence of broadband 

in the region 3457cm-1 is described as a phenolic -OH group and goes missing immediately 

after ligation with metal, pointing out the O-donor site. An additional band has also been seen 

in the region of 3400cm-1 inferring the existence of water molecules, as shown in Figure 5. An 

absorption band at 1620cm-1 attributed to the azomethine group (-C=N) is experiencing a lower 

shift to 1580-1572cm-1, indicating the coordination through azomethine N. Benzothiazole 

moiety also exhibits a band at 1546cm-1 due to ring (-C=N). The intense band at 1260cm-1 in 

the imine base is assigned to phenolic (C-O) and experiences a 20-40 cm-1 higher shift, inferring 

the coordination involvement of phenolic oxygen and suggesting the existence of an M-O bond. 

The band that falls in the region 496-462 cm-1 and 580-558 cm-1 es the vibration frequency of 

the M-N and M-O bond [17]. 

3.3. Thermal scanning assay. 

Thermal scanning (TGA/DTA) of the investigated complexes was conducted in the 

temperature range of 20-900 ℃ under an atmosphere saturated with argon. The thermograph 

of complex A1 is similar to the complex A3, and the complex A2 is almost found to be similar 

to complex A4, as evident from Figure 2.  

All the investigated complexes from A1 to A4 have been subjected to thermal studies 

ranging from 27 to 800 °C under an atmosphere saturated with inert gas with a heating rate 10 

°C/min. The thermal degradation of the chemical substance in the A2 complex is found in two 

stages [18]. The initial weight loss s to the elimination of lattice water molecule with a net 

weight loss of 3.18% (calc. 3.012%) at a temperature range of 210-340 °C. A well-observed 
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weight loss in the preceding stage indicates the departure of two benzothiazole imine base 

ligand molecules with a weight loss of 85.34 % (calc. 84.12%) between 400 and 530°C. Finally, 

the stable metal oxide left out beyond 650 °C infers the completion of the thermogram. The 

thermal behavior of the octahedral complexes A1 follows a similar thermal pattern with two-

stage decomposition mechanisms [19]. In the beginning, the weight loss pattern was attributed 

to lattice water, about 4.39% (calc. 4.27%), and the temperature region from 270 to 380°C. 

Then, more significant weight loss refers to the decomposition of coordinated chloride and 

ligand (BTF) at 410-570 °C, about a mass loss of 83.19% (calc. 79.21%). 
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Figure 2. TGA-DTA curve of A1 (left) and A2 (right). 

3.4. Mass spectral studies.  

All the afresh complexes (A1-A4) were subjected to mass spectral studies to obtain 

molecular weight corresponding to the M+ peak. A1 complex registered molecular ion peak at 

m/z = 789.03 whereas complex A3 shows M+ peak at m/z = 753.46. The mass spectral data 

agrees with 1:2 (M: L) ratio. The complex A2 and A4 display molecular ion peaks at m/z 

670.02 and 634.76, indicating 1:1:1 (M: L: Ph) ratio. 

3.5. Biology.  

3.5.1. Microbial growth inhibition assay. 

Antimicrobial action of the investigated complexes has been carried out against two-

gram negative bacterial strains E.coli and B.subtilis and two-gram positive bacterial strains 

such as S.aureus and P.aeruginosa. The activity also extended against two fungal strains, 

including A. niger and C.albicans. The antimicrobial activity is quite impressive towards newly 

identified highly resistant bacterial strains, and the data are displayed in Tables 3 and 4. 

Antimicrobial activity of free ligand (BTF) and its complexes (A1-A4) shows moderate to 

prominent activity against bacterial and fungal strains. Once the imines base rapes, metal ions 

make more susceptible to inhibiting the bacterial growth of highly resistant bacterial strains 

because of their enhanced hydrophobic nature [20]. The complex A2 and A4 show better 

antifungal and antibacterial activity due to auxiliary ligand 1,10-phenanthroline, which 

enhances electron density on the metal center, which hikes hydrophobic nature as it reduces 

charge density of the complex. This fact suggests that as the complex gains hydrophobic nature, 

it will easily diffuse through the cell wall and arrest the growth of microbes [21].  
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Figure 3. Biocidal activity of A1 and A2. 

Table 3. Antimicrobial screening data (Zone inhibition) of BTF and its complexes (A1-A4). 
 

 

Compound 

Zone inhibition (%) in μg/mL concentration 

Gram-negative bacteria Gram-positive bacteria Fungi 

E. Coli P.aeruginosa B.Subtilis S. aureus C. albicans A. niger 

BTF 12.2 15.7 12.4 9.6 10.2 4.7 

A1 23.8 34.8 32.2 24.7 19.6 14.8 

A2 45.6 53.7 49.8 58.4 36.7 28.3 

A3 31.7 29.6 34.9 42.1 26.7 19.5 

A4 53.7 51.8 49.6 64.8 32.9 32.7 

Ciprofloxacin 92.1 87.5 96.4 86.3 - - 

Fluconazole - -   82.4 76.3 

Negative Control 100 100 100 100 100 100 

 
Table 4. MIC values of BTF and its complexes (A1-A4). 

 

 

Vehicle code 

Minimum inhibitory concentration (μg/mL) 

Gram-negative bacteria Gram-positive bacteria Fungi 

E. Coli P.aeruginosa B. Subtilis S. aureus C. albicans A. niger 

BTF 13 12 15 11 8 6 

A1 23 21 26 22 15 17 

A2 42 45 43 48 27 29 

A3 24 31 29 22 18 19 

A4 32 39 43 51 31 27 

Ciprofloxacin 92 87 93 88 - - 

Fluconazole - - - - 67 72 

3.5.2. Antioxidant assay. 

As the investigated complexes show prominent DNA binding properties, it is essential 

to scrutinize the antioxidant behavior of the complexes. Free radicals are generated in the 

various metabolism process as it crosses the threshold level, causing cellular damage, which 

stimulates aging [22]. So, antioxidant plays a significant role in bringing the free radicals to 

the required level and should be taken through diet. Flavonoids are known for their strong 

antioxidant properties. The current work zones scale the antioxidant efficiency of the 

investigated complex compared with reference ascorbic acid. The antioxidant results show that 

the coordinated imine base (A2 and A4) has high scavenging potential (54– 70%) compared to 
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uncoordinated analogous (15-38%) at all concentrations. The prominent activity reflected for 

the complex A2 and A4 may be attributed to the presence of an axillary ligand 1,10 

phenanthroline, which increases conjugation. Further coordination of imine base through N of 

azomethine group and phenolic O promotes quenching of free radicals, as displayed in Figure 

4. These findings can also be supported because the discoloration of the purple solution of 

DPPH radical into yellow solution indicates complete nullifying radicals [23]. 

 
Figure 4. Free radical inhibition activity of BTF and its complexes (A2 and A4). 

3.5.3. DNA binding efficiency test.  

In designing and discovering versatile tumorigenic or pathogenic drugs, DNA 

interaction studies with small molecule or metal complex are crucial as it carries genetic code. 

Various mode of interaction has been reported in the case DNA double-stranded with the metal 

complex. The present work emphasizes on DNA binding affinity of the investigated complex 

via UV-Visible electronic spectral probe, emission quenching assay, and viscosity methods. 

3.5.3.1. Spectral absorption measurement. 

The specific mode of interaction can be easily ascertained with the help of absorption 

titration. The coordinated ligand skeleton contains heteroaromatic moiety; then, the complex 

binds with DNA through intercalation mode [24]. This mode accompanies overlapping of π* 

orbital of imine base with π orbital of DNA base pair, results in a bathochromic shift of 

absorption band as it falls π – π* transition energy if the said π -orbital is half-filled by electron, 

experience a hypochromic shift as it increases energy by decreasing transition probability. If 

the interaction mode involves H-bonding indicates minor groove binding and experiences a 

hyperchromic shift with neither blue nor redshift. Upon binding with CT-DNA, the afresh BTF 

metal complexes(A1-A4) show a negative shift in the absorption intensity at 290 nm 

accompanied by less prominent bathochromic and at 354-390nm experience hypochromic 

along with redshift [25]. This observation indicates the intercalation mode of binding. The 

DNA binding affinity of all the complexes has been quantified in terms of binding constant 

(Kb) for A1, A2, A3, and A2 are 1.25 × 104 M–1, 9.25 × 105 M–1
, 

 7.42 × 104 M–1 and 4.75 × 

105 M–1 respectively, with decreasing order as follows A2 > A4 > A3 > A1. The data 

corresponding to the binding constant for A2 and A4 reflects the significance of an auxiliary 
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ligand which will enhance the electron density around the metal center and promotes firm 

interaction with DNA base pairs.  
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Figure 5. The electronic absorption spectra of metal complexes M1 and M4 in the presence and absence of CT-

DNA in tris/NaCl buffer (pH= 7.3). The plot shows [DNA]/εa-εf versus [DNA]. 

3.5.3.2. Emission quenching assay. 

A fluorescence quenching assay has been carried out to investigate further the said 

mode of interaction between the complexes (A1-A4) and CT-DNA. Upon binding with CT-

DNA, neither ligand nor complexes produce luminescence, so a competitive binding assay was 

performed using ethidium bromide (EB), a standard intercalator that produces strong, intense 

fluorescence with CT-DNA. The fluorescence intensity decreases as the complexes displace 

bound ethidium bromide in the DNA-EB complex through intercalation mode can be used as 

a spectral probe to instigate the binding affinity of the said complexes [26].  
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Figure 6. Quenching spectra of EtBr-DNA in the presence of metal complexes A1 and A4 at the concentration 

0-25µM in tris/NaCl buffer (pH=7.3). The plot indicates the fit of fluorescence intensity versus [complex]. 

The fluorescence quenching was noticed at 560nm (350nm excitation) when an 

incremental concentration (12.5μM- 125μM) of the metal complexes was added to ethidium 

bromide treated DNA solution. The magnitude of reduction in emission intensity was used to 

quantify the relative binding efficacy of the said complexes following the Stern-Volmer 

equation. The Ksv constant of the complexes A1, A2, A3, and A4 was found to be 1.05 × 103 

M–1, 2.25 × 104 M–1, 0.98 × 103 M–1, and 1.96 × 104 M–1, respectively. 

3.5.3.3. Viscosity probe for DNA binding studies. 

The viscosity method has been adopted to squeeze further information regarding the 

affinity of metal complex towards DNA base pairs and mode of interaction. Viscosity 

measurement is simple, flexible, reproducible, less ambiguous, and sensitive to length, giving 

valid information regarding the binding mode in the absence of X-ray structural data [27]. 

Viscosity data can be taken using complex treated and untreated DNA solution dissolved tris-

HCl buffer. The viscosity of the DNA solution is greatly affected by different mode interactions 

by the complex as it changes the length of DNA.  

 
Figure 7. The incremental effect of complex on the relative viscosity of CT-DNA at 28 °C. 
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It is widely revealed that the classical intercalation mode of binding with DNA 

enhances the viscosity of DNA solution due to bifurcations of DNA base pairs in the vicinity 

of intercalation, which cause lengthening of DNA molecule. On the other hand, groove or non-

covalent mode of binding does not cause any changes in the length of DNA or a slight decrease 

in viscosity due to the bending of the double helix structure [28]. The effect of the investigated 

complex on the viscosity of DNA solution shows a slight increase for the complex A2 and A4, 

indicating a complete intercalative mode of binding, whereas, for the complex A1 and A3, a 

slight decrease in viscosity indicates a slight decrease in viscosity mainly groove mode of 

binding [29]. The effect on viscosity depends on the mode of binding, and the increased order 

was found to be A2 > A4 > A1 > A4. The resultant order fairly agrees with absorption titration 

and emission quenching assay. 

3.5.4. pBR322 plasmid DNA bioassay.  

The solution of supercoiled plasmid pBR322 DNA is dissolved in Tris-HCl buffer has 

been subjected to the electrophoretic gel method in order to monitor the nuclease activity of 

the complex A2 in the presence and absence of H2O2. Based on the resultant photographic 

image of the electrophoretic pattern, it is concluded that the complex effectively brings the 

supercoiled form I into open circular form II. This fact can be confirmed as the migration rate 

is reduced after the complex successfully incised the pBR322 DNA observed for lane 4 and 

lane 5. Whereas for lanes 1, 2, and 3 no differential migration is observed, indicating the 

significance of hydroxyl radical generated by the action of cobalt ion with H2O2 [30]. The 

observed nuclease activity infers cooperative action of both the complex and H2O2, bringing 

changes in the electrophoretic pattern. 

 
Figure 8.  Cleave of pBR 322 DNA by complex A4. Lane 1: DNA + control Plasmid; lane 2: A4 complex 

alone40µM; lane 3: Hydrogen peroxide (1mM) alone; lane 4: DNA + A4 complex (20µM) + Hydrogen 

peroxide (1mM); lane 5: DNA + A4 complex (40µM) + Hydrogen peroxide (1 mM). 

4. Conclusions 

The present investigation emphasizes on preparation, spectral, thermal, and bioassay of 

imine base BTF and its tridentate mononuclear complexes. Structural data of all the metal 

complexes (A1-A4) was obtained from multispectral studies and inferred octahedral geometry. 

The complex A2 and A4 emerged as strong DNA binding intercalators witnessed from 

absorption titration, emission quenching assay, and viscosity measurements. Also, the said 

complexes show better DNA incision behavior in the presence of the oxidative condition. It is 

found that the complex A2 and A4 show prominent antimicrobial properties compared to A1 

and A3 attributed to the involvement of co-ligand. 

Funding 

This research received no external funding. 

https://doi.org/10.33263/LIANBS123.076
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS123.076  

 https://nanobioletters.com/ 14 of 15 

 

Acknowledgments 

We acknowledge our sincere thanks to Director, IOE, Vijnana Bhavan, Mysuru, for providing 

all the facilities for spectral characterization and Cell kraft bioscience, Bangalore, for their 

cooperation in biological work. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Vamsikrishna, N.; Kumar, M.P.; Ramesh, G.; Ganji, N.; Daravath, S.; Shivaraj. DNA interactions and 

biocidal activity of metal complexes of benzothiazole Schiff bases: synthesis, characterization and validation. 

Journal of Chemical Sciences 2017, 129, 609-622, https://doi.org/10.1007/s12039-017-1273-7.  

2. Sharma, B.P.; Pandey, S.K.; Marasini, B.P.; Shrestha, S.; Sharma, M.L. Oxovanadium(IV) Complexes with 

Triazole Based Schiff Base Ligands: Synthesis, Characterization and Antibacterial Study. Journal of Nepal 

Chemical Society 2021, 42, 56-63, https://doi.org/10.3126/jncs.v42i1.35332.  

3. Daravath, S.; Rambabu, A.; Vamsikrishna, N.; Ganji, N.; Raj, S. Synthesis, structural characterization, 

antioxidant, antimicrobial, DNA incision evaluation and binding investigation studies on copper(II) and 

cobalt(II) complexes of benzothiazole cored Schiff bases. Journal of Coordination Chemistry 2019, 72, 1973-

1993, https://doi.org/10.1080/00958972.2019.1634263.   

4. Khan, E.; Hanif, M.; Akhtar, M.S. Schiff bases and their metal complexes with biologically compatible metal 

ions; biological importance, recent trends and future hopes. Reviews in Inorganic Chemistry 2021, 

https://doi.org/10.1515/revic-2021-0034. 

5. Nguyen, Q.T.; Pham Thi, P.N.; Nguyen, V.T. Synthesis, Characterization, and In Vitro Cytotoxicity of 

Unsymmetrical Tetradentate Schiff Base Cu(II) and Fe(III) Complexes. Bioinorganic Chemistry and 

Applications 2021, 2021, 1-10, https://doi.org/10.1155/2021/6696344.  

6. Howsaui, H.B.; Sharfalddin, A.A.; Abdellattif, M.H.; Basaleh, A.S.; Hussien, M.A. Synthesis, Spectroscopic 

Characterization and Biological Studies of Mn(II), Cu(II), Ni(II), Co(II) and Zn(II) Complexes with New 

Schiff Base of 2-((Pyrazine-2-ylimino)methyl)phenol. Applied Sciences 2021, 11,  

https://doi.org/10.3390/app11199067.   

7. López-Gastélum, K.-A.; Velázquez-Contreras, E.F.; García, J.J.; Flores-Alamo, M.; Aguirre, G.; Chávez-

Velasco, D.; Narayanan, J.; Rocha-Alonzo, F. Mononuclear and Tetranuclear Copper(II) Complexes Bearing 

Amino Acid Schiff Base Ligands: Structural Characterization and Catalytic Applications. Molecules 2021, 

26, https://doi.org/10.3390/molecules26237301.  

8. Sedighipoor, M.; Kianfar, A.H.; Kamil Mahmood, W.A.; Azarian, M.H. Synthesis and electronic structure of 

novel Schiff bases Ni/Cu (II) complexes: Evaluation of DNA/serum protein binding by spectroscopic studies. 

Polyhedron 2017, 129, 1-8, https://doi.org/10.1016/j.poly.2017.03.027.  

9. Hussein, M.B.; Mohammed, M.M.; Gobara, A.; Wady, A.F.; Holy, A.S.I. Synthesis, characterization, and 

antimicrobial activity of 4-imidazolecarboxaldehyde thiosemicarbazone and its Pt (II) and Pd (II) complexes. 

European Journal of Chemistry 2021, 12, 56-59, https://doi.org/10.5155/eurjchem.12.1.56-59.2070.  

10. Kargar, H.; Aghaei-Meybodi, F.; Elahifard, M.R.; Tahir, M.N.; Ashfaq, M.; Munawar, K.S. Some new Cu(II) 

complexes containing O,N-donor Schiff base ligands derived from 4-aminoantipyrine: synthesis, 

characterization, crystal structure and substitution effect on antimicrobial activity. Journal of Coordination 

Chemistry 2021, 74, 1534-1549, https://doi.org/10.1080/00958972.2021.1900831. 

11. Saedi, Z.; Hoveizi, E.; Roushani, M.; Massahi, S.; Hadian, M.; Salehi, K. Synthesis, characterization, 

anticancer properties and theoretical study of asymmetrical Cd(II)N2-Schiff base complexes. Journal of 

Molecular Structure 2019, 1176, 207-216, https://doi.org/10.1016/j.molstruc.2018.08.072.  

12. Kumaravel, G.; Ponya Utthra, P.; Raman, N. Exploiting the biological efficacy of benzimidazole based Schiff 

base complexes with l-Histidine as a co-ligand: Combined molecular docking, DNA interaction, 

antimicrobial and cytotoxic studies. Bioorganic Chemistry 2018, 77, 269-279,  

https://doi.org/10.1016/j.bioorg.2018.01.024.  

13. Prakasha, G.; Shiva Prasad, K.; Ibrahim, S.; Revanasiddappa H.D. Novel Benzimidazole Derived Imine-

Based Ligand and its Co (III), Ni(II), Cu(II) and Pt(II) Complexes: Chemical Synthesis, Structure, 

Antimicrobial, DNA Interaction Studies and Nuclease Activity. Letters in Applied Nanobioscience 2020, 9, 

1655–1672, https://doi.org/10.33263/LIANBS94.16551672.  

14. Lari, M.; Martínez-Alonso, M.; Busto, N.; Manzano, B.R.; Rodríguez, A.M.; Acuña, M.I.; Domínguez, F.; 

Albasanz, J.L.; Leal, J.M.; Espino, G.; García, B. Strong Influence of Ancillary Ligands Containing 

Benzothiazole or Benzimidazole Rings on Cytotoxicity and Photoactivation of Ru(II) Arene Complexes. 

Inorganic Chemistry 2018, 57, 14322-14336, https://doi.org/10.1021/acs.inorgchem.8b02299.  

https://doi.org/10.33263/LIANBS123.076
https://nanobioletters.com/
https://doi.org/10.1007/s12039-017-1273-7
https://doi.org/10.3126/jncs.v42i1.35332
https://doi.org/10.1080/00958972.2019.1634263
https://doi.org/10.1515/revic-2021-0034
https://doi.org/10.1155/2021/6696344
https://doi.org/10.3390/app11199067
https://doi.org/10.3390/molecules26237301
https://doi.org/10.1016/j.poly.2017.03.027
https://doi.org/10.5155/eurjchem.12.1.56-59.2070
https://doi.org/10.1080/00958972.2021.1900831
https://doi.org/10.1016/j.molstruc.2018.08.072
https://doi.org/10.1016/j.bioorg.2018.01.024
https://doi.org/10.33263/LIANBS94.16551672
https://doi.org/10.1021/acs.inorgchem.8b02299


https://doi.org/10.33263/LIANBS123.076  

 https://nanobioletters.com/ 15 of 15 

 

15. Purkait, K.; Mukherjee, A. Cytotoxicity and reactivity of a redox active 1,4-quinone-pyrazole compound and 

its Ru(II)-p-cymene complex. Inorganica Chimica Acta 2020, 502,  

https://doi.org/10.1016/j.ica.2019.119361.  

16. Yusuf, T.L.; Oladipo, S.D.; Zamisa, S.; Kumalo, H.M.; Lawal, I.A.; Lawal, M.M.; Mabuba, N. Design of 

New Schiff-Base Copper(II) Complexes: Synthesis, Crystal Structures, DFT Study, and Binding Potency 

toward Cytochrome P450 3A4. ACS Omega 2021, 6, 13704-13718,  

https://doi.org/10.1021/acsomega.1c00906.  

17. Bhovi, V.K.; Bharathi, K.; Melinmath, S.P.; Basavanna, V.; Ningaiah, S. Transition Metal (II) Complexes of 

(E)-N-(4-methylbenzylidene)-2-((Z)-(4-methylbenzylidene) amino) benzamides: Synthesis, Characterization 

and their Biological Evaluation. Biointerface research in applied chemistry 2021, 12, 3607–3617, 

https://doi.org/10.33263/BRIAC123.36073617.  

18. Malojirao, V.H.; Vigneshwaran, V.; Thirusangu, P.; Mahmood, R.; Prabhakar, B.T. The tumor antagonistic 

steroidal alkaloid Solanidine prompts the intrinsic suicidal signal mediated DFF-40 nuclear import and 

nucleosomal disruption. Life sciences 2018, 199, 139-150, https://doi.org/10.1016/j.lfs.2018.03.015.  

19. Naureen, B.; Miana, G.A.; Shahid, K.; Asghar, M.; Tanveer, S.; Sarwar, A. Iron (III) and zinc (II) 

monodentate Schiff base metal complexes: Synthesis, characterisation and biological activities. Journal of 

Molecular Structure 2021, 1231, https://doi.org/10.1016/j.molstruc.2021.129946.  

20. Savithri, K.; Kumar, B.C.V.; Vivek, H.K.; Revanasiddappa, H.D. Synthesis and Characterization of 

Cobalt(III) and Copper(II) Complexes of 2-((E)-(6-Fluorobenzo[d]thiazol-2-ylimino) methyl)-4-

chlorophenol: DNA Binding and Nuclease Studies—SOD and Antimicrobial Activities. International 

Journal of Spectroscopy 2018, 2018, 1-15, https://doi.org/10.1155/2018/8759372.  

21. Mahmoud, W.H.; Deghadi, R.G.; Mohamed, G.G. Spectroscopic and thermal characterization of biologically 

and anticancer active novel Schiff base metal complexes. Research on Chemical Intermediates 2016, 42, 

7869-7907, https://doi.org/10.1007/s11164-016-2567-y.  

22. Rao, N.N.; kishan, E.; Gopichand, K.; Nagaraju, R.; Ganai, A.M.; Rao, P.V. Design, synthesis, spectral 

characterization, DNA binding, photo cleavage and antibacterial studies of transition metal complexes of 

benzothiazole Schiff base. Chemical Data Collections 2020, 27, https://doi.org/10.1016/j.cdc.2020.100368.   

23. Vamsikrishna, N.; Daravath, S.; Ganji, N.; Pasha, N.; Shivaraj. Synthesis, structural characterization, DNA 

interaction, antibacterial and cytotoxicity studies of bivalent transition metal complexes of 6-

aminobenzothiazole Schiff base. Inorganic Chemistry Communications 2020, 113,  

https://doi.org/10.1016/j.inoche.2020.107767.  

24. İnan, A.; Sünbül, A.B.; İkiz, M.; Tayhan, S.E.; Bilgin, S.; Elmastaş, M.; Sayın, K.; Ceyhan, G.; Köse, M.; 

İspir, E. Half-sandwich Ruthenium(II) arene complexes bearing the azo-azomethine ligands: 

Electrochemical, computational, antiproliferative and antioxidant properties. Journal of Organometallic 

Chemistry 2018, 870, 76-89, https://doi.org/10.1016/j.jorganchem.2018.06.014.  

25. Ali, S.M.M.; Zakir, H.M.; Shahriar, S.M.S.; Sarkar, M.H.; Dey, A.K.; Nur, H.P.; Jesmin, M. In vivo 

anticancer activities of Ni (II)-Benzoin thiosemicarbazone complex [Ni(BTSC)2] against ehrlich ascites 

carcinoma cells. Journal of Bio-Science 2018, 23, 77-88, https://doi.org/10.3329/jbs.v23i0.37470.  

26. Bradshaw, T.D.; Chua, M.S.; Orr, S.; Matthews, C.S.; Stevens, M.F.G. Mechanisms of acquired resistance to 

2-(4-aminophenyl)benzothiazole (CJM 126, NSC 34445). British Journal of Cancer 2000, 83, 270-277,  

https://doi.org/10.1054/bjoc.2000.1231.  

27. Jawoor, S.S.; Patil, S.A.; Toragalmath, S.S. Synthesis and characterization of heteroleptic Schiff base 

transition metal complexes: a study of anticancer, antimicrobial, DNA cleavage and anti-TB activity. Journal 

of Coordination Chemistry 2018, 71, 271-283, https://doi.org/10.1080/00958972.2017.1421951.  

28. Shekhar, S.; Khan, A.M.; Sharma, S.; Sharma, B.; Sarkar, A. Schiff base metallodrugs in antimicrobial and 

anticancer chemotherapy applications: a comprehensive review. Emergent Materials 2021,  

https://doi.org/10.1007/s42247-021-00234-1.  

29. Wasan Abdul, R.M.; Areej Kamal, A.A.; Muhanned, A.M.; Synthesis and characterization of new 

benzothiazole-derived Schiff basess metal complexes. Baghdad Science journal 2021, 378, 2411-7956, 

http://dx.doi.org/10.21123/bsj.2022.19.2.0378. 

30. Chinna Ayya, S.P.; Anjitha, J.; Swathi, N.;Ragan, N.P.; Siraraman, G.; Novel benzothiazole-based highly 

selective ratiometric fluorescent turn-on sensor for Zn2+, Cu2+ and Ni2+ ions. ACS Omega 2021, 6, 24475-

24483, https://doi.org/10.1021/acsomega.1c02855.   

https://doi.org/10.33263/LIANBS123.076
https://nanobioletters.com/
https://doi.org/10.1016/j.ica.2019.119361
https://doi.org/10.1021/acsomega.1c00906
https://doi.org/10.33263/BRIAC123.36073617
https://doi.org/10.1016/j.lfs.2018.03.015
https://doi.org/10.1016/j.molstruc.2021.129946
https://doi.org/10.1155/2018/8759372
https://doi.org/10.1007/s11164-016-2567-y
https://doi.org/10.1016/j.cdc.2020.100368
https://doi.org/10.1016/j.inoche.2020.107767
https://doi.org/10.1016/j.jorganchem.2018.06.014
https://doi.org/10.3329/jbs.v23i0.37470
https://doi.org/10.1054/bjoc.2000.1231
https://doi.org/10.1080/00958972.2017.1421951
https://doi.org/10.1007/s42247-021-00234-1
http://dx.doi.org/10.21123/bsj.2022.19.2.0378
https://doi.org/10.1021/acsomega.1c02855

