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1. Introduction 
 
      Microorganisms present vital roles in the cycling of 
nutrients, animal, plant, and human health, and global 
concerns for agricultural and food points of views. As 
exclusive kinds of life in deep subsurface and extreme 
environments, microorganisms can be found in various 
ecosystems which macroscopic organisms have 
occupied them [1]. Although they have many benefits 
but they have been recognized various diseases due to 
the presence of bacteria, fungal, and even yeasts [2] 
including their effects on inflammatory bowel disease 
(IBD) such as Crohn's disease (CD) [3], climate changes 

[1], oncohematological diseases [4], infections on 
mouth, throat, and esophagus [5]. Herein, the smoothly 
treatment of above mentioned failures are a noticeable 
demanding. Among varies biological [6] and chemical 
treatments [7] of such microorganisms, using the Schiff 
bases are precisely a big deal that have attracted 
outstanding attentions leading to investigate their 
biological and chemical capabilities including herbicidal 
[8,9], antibacterial [10], antioxidant [11], antitumor [12], 
antimicrobial [13], antifungal [11,14], anti-inflammatory 
[15], antidiabetic [16], antiviral [17], antitubercular [18], 
electrochemical sensors [19, 20], and catalytic activities 
[21]. Chelating ligands based on Schiff base structures 
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In this paper, a new aprotic N2O2-tetradentate Schiff base ligand and its mercury 
complexes were synthesized with a general formula of HgLX2 (X is Cl−, Br−, I−, N3

−, 

NO3
− and SCN−) and characterized by physical and spectral techniques such as IR, UV-

Visible, 1H NMR, 13C NMR, ESI/MASS, molar conductivity, thermal analysis and 
melting point. Moreover, nanostructured HgLI2 and HgLBr2 complexes were also 
synthesized and confirmed using SEM, EDX and XRD techniques. Thermal analysis of 
the ligand and complexes showed that these compounds decompose in 2-3 steps. 
Moreover, some thermo-kinetics activation parameters of the compounds were calculated 
at all the thermal decomposition steps. The biological properties of synthesized 
compounds were tested against two gram-positive and two Gram-negative bacteria. In 
addition, Aspergillus oryzae and Candida albicans were selected for antifungal screening 
of the compounds. Further, the bactericidal effects of the compounds were depicted by 
SEM images of treated bacteria by the ligand and some mercury complexes. The ability 
of DNA cleavage of N2O2-tetradentate Schiff base ligand and its complexes was 
investigated by the agarose gel electrophoresis method. The results showed that Schiff 

base mercury complexes had higher antibacterial/antifungal activity as compared with the 
free ligand. HgLX2 compounds also showed a greater ability for cleavage of DNA than 
free ligand. In continue, the cytotoxicity properties of the ligand and  some HgLX2

(X=Cl−, Br− and I−) complexes were evaluated against the PC3 cancer cells line by using 

MTT bioassay and nitric oxide level measurement as compared with cisplatin. Finally, the 
antioxidant activities of the titled compounds were measured by DPPH and FRAP 
methods.  
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have special dignity in coordination chemistry [14]. 
They can easily attach to the diverse metal ions to form 
significantly stable complexes that are applicable in 
industrial, biochemical, environmental, analytical, and 
pharmaceutical usages [11, 22-25]. Moreover, it has 
been approved that the metal complexes bearing Schiff 
base ligand can be especially applied for the production 
of anticancer drugs [26]. A huge library of biological 
active Schiff base complexes containing transition metal 
ions such as Cu(II) [14], V(II) [27], Fe(III) [28], Mn(II) 
[10], Ni(II) [12], Co(II) [29], Zn [30], Sn(IV) [31], 
Ru(II) [32], Au(III) [33], Cr(III) [34], Cd(II) [35], and 
Hg(II) [36] ions have been reported. Among all, 
mercury(II) is a point because it dedicates diverse 
concepts to biology, chemistry, and engineering 
communities over the recent years [37]. Having diverse 
applications in paper, fluorescent lamps, paints, 
cosmetics, sensors and batteries industries [38] and 
ultimately worthy amalgams are highly interested [39]. 
According to literature survey and in continuation of our 
previous works [19, 20], in the current report, the 
biological properties of some mercury complexes of a 
new N2O2-Schiff bases (Scheme 1) have been 
investigated against two fungi of Aspergillus oryzae and 

Candida albicans and four bacteria entitled Escherichia 

coli and Pseudomonas (as gram negative bacteria) and 
Staphylococcus aureus and Bacillus subtilis (as gram 
positive bacteria). Also, DNA cleavage ability was 
investigated for all compounds.  
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Scheme 1. The suggested structure of the free ligand (a) and 

HgLX2(X=Cl, Br, I, SCN, N3, NO3) (b). The letters and 

numbers are used for the NMR assignment. 

 
Eventually, the antioxidant activity (by FRAP and 
DPPH methods) and anticancer properties of the 
compounds against prostate cancer cells(PC3) were 
studied by MTT method and nitric oxide concentration 
measuring as compared with cisplatin as standard drug. 

2. Experimental 
2.1. Materials and Methods 

      Starting chemicals and solvents including of 3-(4-
Methoxyphenyl)-2-propeneal, 1, 8-Diamino-3,6-
dioxaoctane, KSCN, NaN3 salts, mercury nitrate salt, 
HgX2 salts (X contains chloride, bromide and iodide 
anions), methanol, ethanol, dichloromethane and 
dimethylformamide (DMF) were provided by the Merck 
and Aldrich companies and applied without further 
purification. The culture medium used for biological 
tests were Nutrient agar, Mueller Hinton agar (as a solid 
medium), and Mueller Hinton broth (as liquid culture 
media). Escherichia coli (ATCC 25922), Pseudomonas 

aeruginosa (ATCC 9027), Staphylococcus aureus 

(ATCC 6538), and Bacillus subtilis (ATCC 6633) were 
selected for antibacterial screening and Candida 

albicans and Aspergillus oryzae were used for 
antifungal tests. Infra-red (IR) spectra were recorded by 
FT/IR spectrometer (JASCO-680 model) in the range of 
4000–400 cm-1 using a KBr disk. The 1H NMR and 13C 
NMR spectra were recorded using a Bruker DPX FT-
NMR-300 spectrometer in DMSO-d6 as solvent and 
tetramethylsilane (TMS) as internal standard at ambient 
temperature. The electronic spectra were obtained from 
DMF solution (2×10−5M) of the compounds by 
JASCO‐V730 spectrophotometer using a 1 cm quartz 
cell, in the range of 200 to 600 nm. The 
melting/decomposition points of the compounds were 
recorded by a Kruss Optronik melting point device. The 
molar conductivities of all compounds were measured 
by a Metrohm 712 conductometer in DMF solvent. 
Thermo-gravimetric analyses of the compounds were 
performed by a TGA device (STA; PerkinElmer 
STA6000, USA) under N2 atmosphere with a heating 
rate of 20˚C/min and at temperature range of 25–
1000°C. The mass spectra of the ligand and its 
complexes were recorded using the ESI/mass, 320ab 
sciex device. 

2.2. Synthesis of N, N'-((ethane-1,2-diybis(oxy)) 

bis(ethan-2,1-diyl))bis(3-(4-methoxyphenyl)prop-2-en-

1-imine) as N2O2 Schiff base ligand (L) 

1 mmol of 1,8-Diamino-3,6-dioxaoctane was dissolved 
in 5 ml of ethanol and added drop wise to 2 mmol of 3-
(4-Methoxyphenyl)-2-propeneal dissolved in 5ml of 
ethanol and then the mixture was stirred vigorously for 
3h at room temperature. After 3 h, a yellow solution was 
obtained and then the ligand precipitated from the 
reaction mixture overnight. The resulting yellowish 
cream-colored precipitate was separated, washed with 
ethanol and dried at room temperature. Yield: 54.1%. 
M.p.: 108–112 °C. 

2.3. Synthesis of Hg(II) complexes 

To prepare the mercury complexes, an ethanolic solution 
of the freshly prepared N2O2 tetradentate ligand was 
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added drop by drop to the ethanolic solution of the 
halid/pseudohalide salts of Hg(II), and the reaction 
mixture was stirred vigorously for 4 to 5 h at ambient 
temperature. The prepared complexes were filtered and 
washed with cold ethanol and then dried under air at 150 

º C. Important physical and spectral data (Infrared (IR) 
spectra, UV-visible, 1H, and 13C NMR) have been 
collected in Tables 1- 4 based on the suggested 
structures in Scheme 1. 

Table 1. Analytical and physical data of the N2O2-Schiff base ligand (L) and its mercury compounds after drying at 150 º C. 

Compounds Color Melting 
(decomposition) 

points/C 

Yield, % Elemental analysis, Experimental 
(Calculated)%  

Λ M/Ω−1 
cm2 mol−1 

C% N% H% 

Ligand Cream 108-112 54.12 72.1(71.53) 6.6(6.42) 7.5(7.39) 0.74 

Hg LCl2 Orange 133-135 68.27 43.9(44.10) 4.1(3.96) 4.6(4.56) 1.62 

Hg LBr2 Cream 150-153 92.21 40.1(39.18) 3.3(3.52) 4.1(4.05) 0.83 

Hg LI2 Cream 148-152 62.335 35.3(35.05) 3.3(3.14) 3.7(3.62) 1.33 

HgL(N3)2 Cream 108-113 87.91 43.1(43.30) 15.7(15.54) 4.6(4.47) 1.83 

HgL(SCN)2 Cream 188-192 30.85 44.5(44.64) 7.3(7.44) 4.4(4.28) 7.35 

HgL(NO3)2 Yellow 154-157 28.62 41.2(41.03) 7.5(7.36) 4.4(4.24) 25.7 

 

Table 2. Infra-red spectra (cm-1) of the N2O2-Schiff base ligand (L) and its mercury complexes after drying at 150 º C. 
Compounds νC-H 

alkene 
νC-H 
aliph. 

νC-H 
imine 

ν(SCN/N3/ 
NO3) 

ν (C=N) ν(C=C) ν(C-N) ν(M-O) ν(M-N) λ(nm) 

Ligand 3080 2955 2853 - 1633 1459 
1443 

1162 - - 296 

HgLCl2 3004 2914 2869 - 1626 1441 
1386 

1168 571 535 314 

HgLBr2 3034 2927 2860 - 1625 1441 
1426 

1169 576 534 313 

HgLI2 3037 2922 2856 - 1624 1439 
1424 

1168 574 528 312 

HgL(N3)2 3034 2906 2855 2042 1633 1458 
1439 

1163 553 534 298 

HgL(SCN)2 3031 2904 2866 2110, 
2056 

1635 1457 
1439 

1174 561 532 275, 318 

HgL(NO3)2 3066 2929 2869 1383 
1510 

1624 1459 
1439 

1169 608 528 313 

 

Table 3. 1H NMR spectral data of the N2O2-Schiff base ligand (L) and Hg(II) complexes in DMSO-d6. 

Compound 1H NMR data (δ, ppm) 

Ligand 7.99 (d, 2Hdd' , J = 8.7Hz), 7.52(d, 4Hgg', J=8.7Hz), 6.99(d, 2Hff', J=15.7 Hz), 6.95(d, 2Hhh', J =8.7 Hz), 6.76 (dd, 
2Hee', J1 = 16.0Hz , J2 = 8.7Hz), 3.77 ( s, 6Hiiꞌ), 3.60 (m, 4Hbb'), 3.57 (m, 4Hcc'), 3.52 (s, 4Haa') 

Hg LCl2 8.26 (d, 2Hdd', J = 8.3Hz), 7.60(d, 4Hgg', J=8.3Hz), 7.30(d, 2Hff', J=15.4 Hz), 7.29 (dd, 2Hee', J1 = 15.8Hz , J2 = 
7.4Hz), 6.98(d, 4Hhh', J =8.5 Hz), 3.80 ( s, 6Hii'), 3.72 (m, 8Hbb'cc'), 3.60 (bs, 4Haa') 

Hg LBr2 8.23 (d, 2Hdd' , J = 8.7Hz), 7.59(d, 4Hgg', J=8.7Hz), 7.21(m, 2Hff'), 7.02 (dd, 2Hee', J1 = 16.6Hz , J2 = 8.4Hz), 
6.97(d, 2Hhh'), 3.80 ( s, 6Hii'), 3.69 (bs, 8Hbb'cc'), 3.52 (s, 4Haa') 

Hg LI2 8.21 (d, 2Hdd', J = 8.1Hz), 7.58(d, 4Hgg', J=8.6Hz), 7.18(m, 4Hff'ee'), 6.97(d, 4Hhh', J=8.5Hz ), 3.79 ( s, 6Hii'), 3.67 

(bs, 8Hbb'cc'), 3.53 (bs, 4Haa') 
HgL(N3)2 8.02 (d, 2Hdd', J = 8.7Hz), 7.54(d, 4Hgg', J=8.7Hz), 7.02(d, 2Hff', J=16.2 Hz), 6.96(d, 4Hhh', J =8.7 Hz), 6.78 (dd, 

2Hee', J1 = 16.0Hz , J2 = 8.7Hz), 3.79 ( s, 6Hii'), 3.60 (bs, 8Hbb'cc'), 3.52 (s, 4Haa') 

HgL(SCN)2 8.24 (d, 2Hdd' , J = 8.7Hz), 7.66(d, 4Hgg', J=7.3Hz), 6.99(m,8Hhh',ff',ee'), 3.79 ( s, 6Hii'), 3.68 (bs, 8Hbb'cc'), 3.63 (s, 

4Haa') 

HgL(NO3)2 8.26 (d, 2Hdd' , J = 8.1Hz), 7.89(d, 4Hgg', J=8.9Hz), 7.15(d, 4Hhh', J =8.7 Hz), 7.05 (d, 2Hff', J=15.8 Hz), 6.75 (dd, 
2Hee', J1 = 15.8Hz , J2 = 7.8Hz), 3.84 ( s, 6Hii'), 3.70 (s, 8Hbb'cc'), 3.64 (s, 4Haa') 

 

Table 4. 13C NMR spectral data of the Schiff base ligand (L) and mercury complexes in DMSO-d6. 

Compound 13C NMR data (δ, ppm) 

Ligand 164.31(C4,4'), 160.53(C10,10'), 141.55(C6,6'), 129.23 (C7,7'), 128.63(C8,8'), 126.28 (C9,9'), 114.75 (C5,5'), 70.74 (C2,2'), 
70.14 (C1,1'), 60.72 (C11,11'), 55.66 (C3,3')  

Hg LCl2 168.64(C4,4'), 161.33(C10,10'), 145.89(C6,6'), 129.96 (C7,7'), 128.20(C8,8'), 124.21 (C9,9'), 114.97 (C5,5'), 70.29 (C2,2'), 

69.82 (C1,1'), 60.32 (C11,11'), 55.82 (C3,3') 

Hg LBr2 167.83(C4,4'), 161.22(C10,10'), 145.21(C6,6'), 129.84 (C7,7'), 128.27(C8,8'), 124.49 (C9,9'), 114.95 (C5,5'), 70.27 (C2,2'), 
70.07 (C1,1'), 60.38 (C11,11'), 55.80 (C3,3') 

Hg LI2 167.16(C4,4'), 161.10(C10,10'), 144.51(C6,6'), 129.72 (C7,7'), 128.75(C8,8'), 124.83 (C9,9'), 114.92 (C5,5'), 70.22 (C2,2'), 

70.17 (C1,1'), 60.25 (C11,11'), 55.83 (C3,3') 



Chem Rev Lett 6 (2023) 166-182 
 

169 
 

HgL(N3)2 164.34(C4,4'), 160.54(C10,10'), 141.60(C6,6'), 129.26 (C7,7'), 128.71(C8,8'), 126.31 (C9,9'), 114.77 (C5,5'), 70.75 (C2,2'), 
70.15 (C1,1'), 60.75 (C11,11'), 55.69 (C3,3') 

HgL(SCN)2 164.82(C4,4'), 161.61(C10,10'), 144.84(C6,6'), 129.93(C7,7'), 129.26(C8,8'), 126.60 (C9,9'), 114.46 (C5,5'), 70.72 (C2,2'), 
70.06 (C1,1'), 60.59 (C11,11'), 56.53 (C3,3') 

HgL(NO3)2 164.71(C4,4'), 162.26(C10,10'), 153.76(C6,6'), 132.30(C7,7'), 131.21(C8,8'), 130.13 (C9,9'), 115.0 (C5,5'), 70.11 (C2,2'), 
70.04 (C1,1'), 60.10 (C11,11'), 56.17 (C3,3') 

2.4. Biological study (In vitro) 

The biological activities of the synthesized compounds 
were evaluated by the well diffusion method. For this 
purpose, bacterial strains including Escherichia coli and 

Pseudomonas aeruginosa (as Gram-negative bacteria); 
Staphylococcus and Bacillus Subtilis (as Gram-positive 
bacteria) and two fungal species such as Aspergillus 

oryzae and Candida albicans were studied. To evaluate 
the antibacterial properties, initially, three different 
concentrations of the test compounds were made in 
DMSO solvent. The selected bacteria were added to the 
tubes containing Müller Hilton Broth liquid culture 
medium and then the test tubes were kept in an 
incubator for 24 h at 37°C to prepare an enriched 
culture. Then, the Müller-Hinton agar medium was 
prepared according to the manufacturer's instructions, 
and 100μL of the Müller-Hinton broth culture medium 
containing the selected bacteria was poured onto the 
agar medium using a micropipette and spread evenly 
with a sterile swab. The test samples including ligand 
and complexes with concentrations of 10, 20 and 40 
mg/ml (dissolved in DMSO as a solvent) were prepared 
and then 50μl of the trial test samples were poured into 
wells made on prepared plates with a diameter of 6 mm 
and then incubated for 24h at 37°C. After incubation 
time, the diameter of the inhibited bacterial/fungal 
growth zone around each well was measured as 
antimicrobial activity of the test samples. 

2.5. Investigation of minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration (MBC) 

The minimum concentration required to prevent the 
growth of bacteria after 24 hours of incubation at 37°C is 
defined as MIC and was measured based on the serial 
dilution method. The minimum concentration that 
microorganisms do not grow in the fresh culture 
medium is named as the MBC and was performed by 
seeding a complete loop (0.001 ml) of culture medium 
containing the test sample prepared on the plates 
containing culture medium of Müller Hilton agar, and 
then it was kept in an incubator for 24 hours at 37°C. 

2.6. DNA cleavage potential  

The DNA cleavage ability of the synthesized 
compounds was investigated by using the DNA of 
Escherichia coli by agarose gel electrophoresis 
technique. The extraction of DNA was performed 
according to our previous report [40]. Samples were 
prepared at the concentration of 5 mg/ml in DMSO as 

solvent. In separate micro-tubes, 4 μl of the prepared 
samples were added to the 4μl of extracted DNA and 
then incubated for 2h at 37°C. Also, extracted pure 
DNA and DNA treated with 30% H2O2 were used as the 
negative and positive controls, respectively. Then the 
sample containing DNA was mixed with bromophenol 
blue dye. Finally, the mixture of DNA and test 
compound along with the positive control, negative 
control and the ladder were loaded into the wells, and 
electrophoresis was performed at 100 volts constant for 
30 min. The obtained bands due to DNA cleavage were 
observed by UV light and then photographed. 

2.7. Cell culture of the PC3 (prostate cancer) cell lines 

Cells in a complete culture medium containing 90% 
DMEM/F12, 10% fetal bovine serum (FBS), and 1% 
antibiotic (penicillin / Streptomycin) were cultured in a 
flask (25 mL) and then were kept in an incubator at 90% 
humidity and 5% CO2 atmosphere for 24 h and 37°C. 
When the cells reached the desired morphology, they 
were used to perform the designed tests. 

2.8. Cytotoxicity test 

2.8.1. 3-(4,5-dimethylthiazol-2-yl) -2,5- diphenyl 

tetrazolium (MTT) method 

Cytotoxicity of the compounds was evaluated by MTT 
method. MTT test is a color evaluation method based on 
the enzymatic reduction of yellow solution of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) and the formation of water-insoluble purple 
crystals, formazan (scheme 2) [41]. PC3 cells at a 
density of 104 cells per well were seeded in 96-well 
plates at 37°C, 5% CO2 and after 24 h of incubation 
were treated with concentrations of 10, 20, 30, 40 and 
50µg/ml of the test compounds for 24 h. At the end of 
24 h of treatment, 10μl of MTT solution (5mg/ml) was 
added to each well and the 96-well plates were kept in 
an incubator at 37°C for 4 h. Finally, the absorption of 
the formed formazan was recorded at 570 nm by an 
ELISA reader device (800TS. Microplate reader).  
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Scheme 2. Reduction of MTT to MTT formazan. 

 

2.8.2. Evaluation of nitric oxide level 

Nitric oxide, which is produced by the activity of the 
enzyme nitric oxide synthase, is an unstable compound 
and is rapidly converted to nitrate and nitrite. Therefore, 
nitrate/nitrite concentration is an indicator of nitric oxide 
production, measured by the Griess method [42]. In this 
method, Griess reagent (1% sulfanilamide, 0.1% N-(1-
naphthyl)ethylene diamine dihydrochloride in 2.5% 
phosphoric acid) is added to the test sample to measure 
nitrate concentration. Therefore, PC3 cells were 
removed from the incubator after 24 h of treatment with 
effective drug concentrations, and the supernatant of the 
culture medium was transferred from the culture plates 
to vials (1.5 ml). After centrifugation for 7 min., 100μl 
of each test sample was transferred to the well of 96-
well plates. Then about 100 μl of Griess reagent was 
added to each well and placed in the dark for 10 min. at 
ambient temperature. Finally, the absorbances were read 
by the ELISA reader at 570 nm. 

 

2.10. Investigation of antioxidant activity 

The antioxidant activities of the compounds were 
investigated by 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) 
and Ferric Reducing Antioxidant Power (FRAP) assays. 
DPPH assay is a standard and rapid technique for 
studies of antioxidant activity and also for the 
assessment of the free radical scavenging effects of the 
compounds [43] and the FRAP method is based on 
reducing the colorless Fe3+-TPTZ complex into the Fe2+-
TPTZ (intense blue) complex when interacting with an 
antioxidant [44].  

2.10.1. DPPH assay 

In the DPPH assay, the antioxidant activities of the 
ligand and Hg(II) complexes were measured by the 
degree of decolonization of the DPPH solution. For this 
purpose, different concentrations (25 to 400 µg/mL) of 
the test compounds were prepared. 100 µl of the 
prepared concentrations of the test samples was added to 
1 ml of the methanolic solution of DPPH (1 mM), and 
then the reaction mixture was shaken and placed in the 

dark for 15min. and the absorbance was measured at 517 
nm by the spectrophotometer. To compare the 
antioxidant activity of the test compounds, ascorbic acid 
was used as a standard antioxidant. The inhibition 
abilities of the free radicals were obtained using the 
following equation (Eq.1) and the results have been 
reported as IC50.  

 

Eq. 1: 

DPPH scavenging percent (%)= [(A0− As)/A0]× 10  

A0 is absorbance of the control and As is absorbance of 
the test compound. Furthermore, ascorbic acid 
equivalent antioxidant capacities (AEAC) for the ligand 
and mercury complexes were calculated by equation 2 
(Eq. 2). 

 

Eq. 2: 

AEAC (mg AA/ g dry weight (test sample))= (IC50 
ascorbic acid/IC50 Sample)× 100 

2.10.2. FRAP Assay  

FRAP reagents included FeCl3 (2 mM) in acetate buffer 
(300 mM, pH=3.6) and TPTZ (2, 4, 6-tripyridyl-s- 
triazine)(10 mM) in HCl (40 mM). The working FRAP 
reagent was prepared using a mixture of 50 ml of acetate 
buffer, 5ml of FeCl3, and 5ml of TPTZ in a ratio of 
10:1:1. Also FeSO4.7H2O (2 mM) in methanol was used 
as standard. To FRAP assay, 5 mg of each test sample 
was dissolved in 100 µl of DMSO and 900 µl of water 
was added to it. Then, 1000 µl of working FRAP 
reagent was added to 50 μl of each test sample and 
stirred for a few minutes. After 15 min. the adsorption 
was read at 595 nm. 

 

3. Results and discussion 

3.1. Physical and analytical data 

The ligand and its mercury complexes were obtained as 
colored powders that were stable at room temperature. 
The mercury complexes were obtained by addition of 
the tetradentate N2O2 ligand to an ethanolic solution of 
mercury salts (HgX2; X=Cl−, Br−, I−, N3

−, NO3
− and 

SCN−). For mercury complexes, the general formula 
HgLX2 is suggested, which indicates a 1:1 ratio between 
the ligand and the mercury salt. The synthesized 
compounds are insoluble in water and alcohols such as 
ethanol and methanol but are soluble in some organic 
solvents such as DMF and DMSO. The melting point of 
the ligand is in the range of 108-112°C meanwhile the 
mercury complexes are decomposed at about 108-192 
°C. These coordination compounds are stable solid at 
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ambient temperature but are decomposed at high 
temperatures. 

 The molar conductivities of the ligand and its Hg(II) 
complexes were measured in DMF solution (2 ×10-5M) 
that were found in the range of 0.74- 25.70 cm2 
Ω

−1mol−1 at ambient temperature so it can be concluded 
that halide/pseudohalide ions and N2O2-tetradentate 
Schiff base ligand have been bound to the metal center 
meaning the mercury complexes are non-electrolyte at 
room temperature [45-49]. According to the 
conductivity values of the complexes, it was found that 
the HgL(NO3)2 complex is the most unstable compound 
with the highest ionic dissolution in solution and the 
HgLBr2 complex has the highest stability in solution 
with the lowest dissolution in the solvent. 

3.2. FT/IR spectra 

The IR spectra of the synthesized compounds were 
recorded as KBr disks in the range of 4000–400 cm-1. In 
the IR spectrum of the ligand, the strong peak appeared 
at 1633cm−1 belongs to the iminic (C=N) group and the 
absence of adsorption bands at 1685 cm−1 related to the 
4-methoxycinnamaldehyde (C=O group) and at 3260-
3380 cm−1 related to the NH2 group of 1,8-diamino-3,6-
dioxaoctane confirm the formation of the Schiff base 
ligand [50, 51]. 

 Aromatic and aliphatic C-H stretching vibrations 
appeared at 2955 cm−1 and 3080 cm−1, respectively. A 
peak at 2853 cm−1 region is related to iminic C-H that 
changes after coordination. The IR spectra of the 
synthesized complexes are similar to the IR spectrum of 
the free ligand but the position or intensity of the 
absorption bands may change as compared with the free 
ligand. In the mercury complexes, the absorption band at 
1624-1635 cm−1 belongs to the iminic (C=N) group 
shifting about 2 to 9 cm−1 to the lower or higher 
frequencies with respect to the ligand spectrum proving 
the coordination of the ligand to the mercury(II) center 
[52-54]. 

 The main reason for these shifts may be related to the 

π‐back bonding of d10-orbital of metal to π* of 
azomethine bond of ligand [55]. The presence of weak 
absorption peaks in the range of 500-570 and 600-640 
cm−1 confirm the formation of M-O and M-N bonds 
respectively. In the IR spectrum of HgL(SCN)2, two 
peaks appearing at 2110 and 2055 cm−1 belongs to the 
coordinated SCN-. In the IR spectrum of HgL(N3)2, a 

stretching vibration appeared at 2042 cm−1 indicates the 
presence of the coordinated azide group. For instance, 
Fig. 1 illustrates the FT/IR spectra of the ligand and 
mercury complexes. 

The UV-visible electronic spectrum of the free ligand 
displays an absorption band at 296 nm assigned to 
�→�∗ electronic transition of aromatic and azomethine 

�-systems shifts to longer wavelengths in the range of 
298-318 nm in the synthesized complexes that confirms 
coordination of the ligand [52, 54, 56]. The UV-visible 
spectra of all compounds are illustrated in Fig. 2. 

3.4. 
1
H and 

13
C NMR spectra 

For more confirmation of synthesis of the compounds, 
1H and 13C NMR spectra of the ligand and its mercury 
complexes were recorded and the chemical shift data (δ, 
ppm) as well as full assignments of them based on the 
suggested structure (scheme 1) have been collected in  

 

Fig. 1. FT/IR spectra: (a) ligand, (b) HgL(SCN)2, and (c) 

HgLCl2 complexes (after drying at 150 º C). 

 

 

Fig. 2. UV-visible spectra of the free ligand and its Hg(II) 
complexes. 
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tables of 3 and 4. Also as typical spectra, the 1H NMR 
spectra of the ligand and its mercury azide complex 
have been presented in Fig. 3. 

In the ligand spectrum, signals at 7.99 ppm, (7.52 and 
6.99 ppm), (6.95 and 6.76 ppm), (6.99 and 6.76) and 
3.77-3.52 ppm with related coupling constant as found 
in Table 3 are assigned to azomethin(iminic), aromatic, 
olefinic and aliphatic hydrogens respectively that are 
well in agreement with the suggested structure. 

 After coordination of the ligand to mercury (II) ion, 
these signals are up or downfielded to new chemical 
shifts into the ranges of (8.02-8.26 ppm), (7.54-7.89, 
6.96-7.15ppm), (7.02-7.30, 6.75-7.29 ppm) and (3.84-
3.52 ppm) respectively confirming the successful 
synthesis of mercury(II) complexes. Furthermore, the 
carbon NMR signals at 164.31 ppm, (160.53 and 126.28 
ppm), (141.55 and 114.75 ppm) and (70.74-55.66 ppm) 
are attributed to iminic, aromatic, olefinic and aliphatic 
carbons of the free ligand. The iminic carbon signal as 
characteristic one is downfielded to 168.84-164.3 ppm 
after complex formation confirming binding of the 
ligand to mercury center via imine nitrogen well.  

 

 

Fig. 3. The 1H NMR of the ligand (a) and HgL(N3)2 (b). 

Other assigned carbon signals as collected in Table 4 are as 
another spectral evidences for the suggested structure of the 
mercury complexes as shown in scheme 1. 

3.5. ESI/Mass spectra 

The mass spectra of the complexes were recorded by 
ESI/Mass technique applying ionization method. As 
typically, Fig. 4 depicts mass spectra of the ligand and 
HgLBr2 complexes. According to the mass spectral data, 
the presence of a peak at m/z value of 437 confirms 
suggested structure of the ligand with molecular weight 
of 436 g/mol. The m/z peak values in the mass spectra at 
799 and 797 well confirm formation of the HgLBr2 
complex. Also, appearance of the peaks at m/z values of 
708, 891, and 753 in related mass spectra indicate 
successfully synthesis of the HgLCl2, HgLI2 and 
HgL(SCN)2 complexes, respectively (Fig.4). 
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Fig.4.The mass spectra of a) Ligand, b) HgLBr2. 

 

3.6. Investigation of thermal behavior 

The thermal stabilities of the ligand and its mercury 
complexes were investigated in the temperature range of 
25 to 1000°C at a heating rate of 20 ˚C/min. under 
nitrogen atmosphere. For example, the thermal plots 
(TG/DTG/DTA) of the free ligand and mercury chloride 
complex are given in Fig. 5 meanwhile the rest of the 
thermal plots of the others are found in supplementary 
file as fig. 1S. Thermal analysis data such as thermal 
decomposition steps, reduced mass percentage in each 
step (mass loss experimentally and theoretically), the 
proposed departed fragments, the final residual 
component and thermo-kinetic activation parameters 
have been reported in tables of 5 and 6. Thermal 
decomposition of the ligand occurs in the temperature 
range of 25 to 800˚C via three steps.  

 

 

Fig.5. TG/DTG/DTA plots of (a) Schiff base ligand, (b) 
HgLCl2 complex. 

The reduced mass equal to 7.3 % at first step at 
temperatures below 200˚C is related to 
crystalline/hydrated water (1.87 H2O) in the ligand 
structure. The reduced weight at the second step in the 
temperature range of 195-580˚C suggests the departure 
of the C24H26N2O2 fragment. The thermal decomposition 
of the ligand at the third step (580-790˚C) accompanied 
with a mass loss of about 12.58 % (Calculated, 13.18 
%), which may be attributed to the elimination of the 
C2H6O2 segment. The thermal decomposition diagrams 
of the HgL(SCN)2 and HgL(N3)2 complexes (Fig. 1S) 
show mass loss percentages (about 3.4 and 5.8 % 
respectively) under 200˚C confirming the presence of 
crystalline or hydrated water molecules (equal to 1.47 
and 2.46 H2O respectively) in their structures. In 
addition to the water elimination step, three steps of 
thermal decomposition have been observed for the 
HgL(SCN)2 complex and two steps for the HgL(N3)2 
complex respectively with suggested segments in the 
table 5. HgLCl2, HgLI2, HgLBr2 and HgL(NO3)2 
complexes are decomposed via two consecutive steps 
while in the thermal decomposition diagrams of these 
complexes, no weight loss was observed in the 
temperature range of 25 to 200 ˚C indicating absence of 
crystalline or hydrated water in their structure. At the 
end, HgLX2 (X= I− and NO3

−) complexes left out some 
amounts of unknown mercury salt as residual. 
Moreover, thermo-kinetic activation parameters of the 
ligand and all mercury complexes for all decomposition 
steps including activation energy (∆E*), enthalpy of 
activation (∆H*), entropy Change (∆S*), Gibbs free 
energy change (∆G*), and Arrhenius constant (A) at 
each step, were evaluated using the Coats – Redfern 
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equation [58]. The lowest value of activation energy 
(17.721 kJ/mol) is related to the first step of HgL(N3)2 
thermal decomposition, while the highest value of 
activation energy is found for the first step of 
HgL(SCN)2 thermal decomposition (76.458 kJ/mol). 
Positive values of ΔH* (12.943 to 72.032 kJ/mol) 
indicate that all thermal decomposition steps are 
endothermic. Negative ΔS* values show that the reaction 
rate of these compounds is slower than normal 
decomposition reactions and on the other hand more 
ordered activated complex than the reactants are formed 
during the decomposition processes [59]. Finally, the 
positive values of ∆G* in the range of (1.88 to 4.22) 
×102 kJ/mol, reflect non-spontaneous nature of all 
thermal decomposition steps [60]. 

3.7. Antimicrobial activity (In vitro) 

The biological activities of the synthesized compounds 
were evaluated against four types of bacteria including 
S. aureus and B. subtilis as Gram-positive bacteria and 
Escherichia coli and Pseudomonas aeruginosa as Gram-
negative bacteria by well diffusion method. The 
antibacterial data from the study of antimicrobial 
screening as the zone diameter of inhibition from the 
growth (mm) have been summarized in Table 7. A 
comparative evaluation of the obtained results revealed 
that the coordination of the ligand to mercury ion 
increases the antibacterial activity with respect to the 
free ligand. According to the results in Table 7, HgLI2 
complex shows the highest inhibitory against P. 
aeruginosa with an inhibition zone diameter of 46.9 
mm, S. aureus (40.64 mm), and B. subtilis (35 mm). 

The highest effect against E. coli is related to the 
HgLBr2 complex whereas the ligand shows the weakest 
bactericidal against all the above mentioned bacteria. It 
should be noted that the comparison of the obtained 
results with standard drugs (amoxicillin, penicillin, and 

cephalexin) [61] showed the acceptable activities for the 
synthesized compounds against all the selected bacteria. 
For more clearance, Fig. 6 shows antibacterial activity 
of the ligand and its mercury complexes in terms of zone 
diameter of inhibition from the growth (mm) as bar 
graphs. In addition to the above studies, MIC and MBC 
tests were performed for all mercury complexes using 
the serial dilution method and the data have been 
tabulated as Table 8. In MIC and MBC tests, lower 
values indicate better antimicrobial activity. Against B. 
subtilis, the HgLI2 and HgL(SCN)2 complexes have been 
shown the best growth inhibitory effects as compared to 
other compounds and the least inhibitory effect was 
related to a ligand. About the S. aureus, HgLI2, HgLCl2 
and HgL(N3)2 complexes had the lowest MIC(39.06 
μg/mL) and the highest MIC(1250μg/mL) for this 
bacterium was belonged to the ligand and HgL(NO3)2. 
Among the tested compounds, HgLI2 and HgLCl2 with 
the same MIC value of 19.53μg/mL, demonstrated the 
same activity against P. aureus meanwhile the lowest 
antibacterial activity was observed for the ligand. 
Finally, HgL(NO3)2 complex showed the lowest amount 
of MIC(156.25μg/mL)  

 

 

 

Table 5. Thermal analysis data for the Schiff base ligand and its mercury complexes (dried at room temperature) including 
temperature range, mass loss%, differential thermal gravimetric (DTG) peak, proposed segments and final residuals. 

Compound Temperature 
range/˚C 

Mass loss [found 
(calculated)]/ % 

DTG 
peak/˚C 

Proposed 
segment 

Final 
residue 

Ligand. 1.87 H2O 25-110 7.30 100.5 1.87 H2O - 

195-580 78.85 (79.46) 349.59 C24H26N2O2 

580-790 12.58 (13.18) 729.5 C2H6O2 

Hg LCl2 120-496 70.54 (71.246) 303.07 C26H32Cl2N2O4 - 

496-745 11.43 (10.817) 686.38 Hg0.96 

Hg LBr2 177-484 65.74 (65.363) 321.44 C26H32BrN2O4 - 

484-703 33.68 (33.138) 635.52 Hg0.98Br 

Hg LI2 120-440 54.64 (48.998) 331.62 C26H32N2O4 Unknown 
mercury salt 440-600 20.40 (21.38) 458.68 I1.5 

HgL(N3)2. 2.46 H2O 25-120 5.8 100.4 2.46 H2O - 
106-421 62.70 (63.23) 259.5 C26H32N5O4 
421-709 31.53(32.053) 541.86 HgN3 

HgL(SCN)2. 1.47 H2O 25-120 3.4 100.2 1.47 H2O - 
184-362 39.28 (38.09) 259.2 C20H22O2 
362-540 18.73 (18.01) 377.94 C6H10N2O2 
540-885 38.63 (38.39) 824.93 C2N2S1.5Hg0.97 

HgL(NO3)2 200-360 44.05 (43.67) 266.9 C21H22N2O2 Unknown 

mercury salt 360-640 39.46 (40.329) 485.86 C4H10N2O7Hg0.4 

Table 6. Thermo-kinetic activation parameters of the thermal decomposition steps of the Schiff base and mercury complexes. 

Compound Decompositionstep(˚C) E*(kJmol−1) Α*(s−1) ΔS*(kJmol−1K−1) ΔH*(kJmol−1) ΔG*(kJmol−1) 
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Ligand 195-580 41.51 4.22×10-1 -3.22×102 36.33 2.37×102 

580-790 38.82 1.27×10-2 -3.55×102 30.48 3.86×102 

Hg LCl2 120-496 56.63 7.87×101 -2.78×102 51.84 2.12×102 

496-745 25.61 2.47×10-3 -3.68×102 17.63 3.71×102 

Hg LBr2 177-484 51.77 2.99×101 -2.86×102 46.83 2.17×102 

484-703 37.77 1.61×10-2 -3.52×102 30.24 3.49×102 

Hg LI2 120-440 47.99 4.39 -3.02×102 42.96 2.26×102 

440-600 19.25 1.29×10-3 -3.71×102 12.94 2.95×102 

HgL(N3)2 106-421 17.72 2.60×10-3 -3.63×102 13.29 2.06×102 

421-709 35.33 2.21×10-2 -3.48×102 28.56 3.13×102 

HgL(SCN)2 184-362 76.46 9.33×104 -2.18×102 72.03 1.88×102 

362-540 22.73 4.97×10-3 -3.59×102 17.31 2.51×102 

540-885 52.87 4.54×10-2 -3.45×102 43.74 4.22×102 

HgL(NO3)2 200-360 74.05 4.23×104 -2.25×102 69.56 1.91×102 

360-540 50.58 5.21 -2.39×102 44.29 2.25×102 

 

against E. coli. The various mechanisms may be 
effective on the bactericidal activity of the 
compounds. Therefore suggestion an accurate 
mechanism for the bactericidal function is not 
possible. Two important pathways are destruction of 
the cell membrane via diffusion through it and 
destructive effects on the DNA of the bacteria after 
diffusion into the microbe cells. Both two agents can 
effectively lead to death of the bacteria. Regarding the 
results on DNA cleavage potency of the compounds, it 
is suggested that the less polar complexes can diffuse 
into cells better than more polar complexes and 
therefore may lead to bactericidal by DNA cleavage 
after effective diffusion. On the other hand more polar 
complexes involve the coordination with the donor 
atoms of membrane cell structures leading to rupture 
of membrane, evacuating the cytoplasm and finally 
death of microorganism. In current study, it is 
suggested that the mercury iodide, bromide, chloride 
and thiocyanate complexes are less polar with respect 

to mercury azide and nitrate as more polar complexes 
and may act as bactericidal compounds based on 
previous explanation. In the next section, about the 
DNA cleavage potential of the compounds will be 
discussed but herein about the cell membrane 
destruction by some typical compounds as compared 
with parent ligand is briefly pointed out. Accordingly, 
scanning electron microscopic images (SEM) were 
used to confirm the destructive effect of ligand and 
mercury complexes against selected bacteria. For 
example, the destructive effect of HgLCl2 complex 
and free ligand against B. subtilis and the destructive 
effect of HgLI2 complex and ligand against E. coli 
were depicted in fig. 7. According to the above 
mentioned results, HgLCl2 and HgLI2 showed more 
destructive (antimicrobial) effect than free ligand so 
that the SEM images show more cellular degradation 
of E. coli and B. subtilis by the complexes than free 
ligand respectively.  

Fig. 6. Antibacterial activities of ligand and its mercury complexes as zone of inhibition from the growth(mm) for the compound 
concentration of 40 mg/mL. 

In fact, the effect of both compounds on these bacteria 
is observed to be compaction, elongation of cell 

length, blistering, hole formation in the cell wall and 
eventually, rupture of the cytoplasmic membrane and 



Chem Rev Lett 6 (2023) 166-182 
 

180 
 

leak of cell membrane contents. However, in the case 
of ligand, these changes were less observable against 

both bacteria.  

 

Fig. 7. The SEM images after treatment of B. subtilis by (a) HgLCl2 and (b) ligand, E. coli  by (c) HgLI2 and (d) ligand. 

 

Table 7. Antibacterial activities of the free ligand and mercury (II) Compounds as diameter of the growth inhibition zone (mm) 

around constructed wells against bacteria. 

 

Compound 

Gram-positive Gram-negative 

S. aureus  B. subtilis P. aeruginosa E. coli 

 10 20 40 10 20 40 10 20 40 10 20 40 

Ligand - 6 8 - 8.4 10.4 6.0 8.2 11.0 - 6.4 11.2 

HgLCl2 25.7 31.9 35.1 19.5 23.2 29 17.9 29.7 30 23.5 25.0 27.5 

HgLBr2 21.6 30.1 34.6 23.0 27.0 29 21.2 27.2 29.5 24.6 30.7 40.6 

HgLI2 35.4 40.4 40.6 26.5 28.0 35 38.4 39.5 46.9 24.3 26.8 31.3 

HgL(N3)2 12.5 15.5 20.0 19.5 23.2 26 16.2 17.6 19.0 17.5 22.4 25.0 

HgL(SCN)2 10.7 15.5 17.9 16.6 19.0 20.3 16.2 16.8 17.0 15.3 18.7 20.8 

HgL(NO3)2 23.6 28.1 28.4 17.5 24.0 29 18.0 23.6 28.0 24.8 26.8 30.4 

DMSO - - - - - - - - - - - - 

 

Table 8. The values of the MIC and MBC data for the N2O2-Schiff base ligand and Hg(II) complexes for growth inhibition effect 

(μg/mL). 

Compound S. aureus  B. subtilis P. aeruginosa E.coli 

MIC MBC MIC MBC MIC MBC MIC MBC 

Ligand 1250.0 2500.0 - - 1250.0 5000.0 - - 



 
HgLCl2 39.0 78.125 

HgLBr2 156.2 312.5 

HgLI2 39.0 78.125 

HgL(N3)2 39.0 78.125 

HgL(SCN)2 78.125 156.25 

HgL(NO3)2 1250 2500 

 

3.8. Antifungal activity 

A. oryzae and C. albicans were selected for antifungal 
activity test by the well diffusion method. The results 
have been reported based on the diameter of the 
inhibition zone from the growth (in mm) in Table 9. 
According to the results, in the case of A. 

highest inhibition effect was related to HgLBr
lowest effectiveness was found for HgL(N
proposed the HgLBr2 with relative lower polarity than 
others effectively diffuses into the microorganism cell 
and bind with DNA causing its cleavage and 
fungicidal activity. Also, against C. 

HgL(SCN)2 showed the best antifungal activity 
whereas ligand showed the lowest inhibitory effect. It 
is proposed that the HgLBr2 and HgL(SCN)
moderate polarity with respect to others effectively 
diffuses into the microorganism cell and bind with 
DNA causing its cleavage and fungicidal activity. It is 
obvious that the coordination capacity of the metal 
complexes for binding to cell membrane or DNA 
structure leading to cleavage is the main reason for 
superior activity of them with respect to free ligand.

Table 9. Antifungal activities of the ligand and its mercury 

complexes as diameter of inhibition zone (mm) around the 
well (filled with 40, 20, and 10 mg/mL) against two fungi

Compound C. Albicans A. oryzae 

10 20 40 10 20 

Ligand 6.2 8.5 10.6 - - 

Hg LCl2 17.1 20.2 23.6 11.9 13.6

Hg LBr2 14.4 18.8 19.1 21.3 22.2

Hg LI2 18.0 18.4 19.3 21.2 22.0

HgL(N3)2 7.6 9.4 16.5 - - 
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312.5 625.0 19.53 39.06 312.5

312.5 625.0 39.06 78.125 312.5

156.25 312.5 19.53 39.06 312.5

312.5 625 156.25 312.5 2500

156.25 312.5 156.25 312.5 5000

312.5 625 78.125 156.25 156.25

were selected for antifungal 
activity test by the well diffusion method. The results 
have been reported based on the diameter of the 
inhibition zone from the growth (in mm) in Table 9. 
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well (filled with 40, 20, and 10 mg/mL) against two fungi. 

 40 

- 

13.6 15.5 

22.2 27.1 

22.0 24.9 

3.2 

HgL(SCN)2 17.4 18.5 27.7 

HgL(NO3)2 16.8 17.4 22.2 

 

3.9. Investigation of the destructive interaction of the 
compounds with DNA 

The ability of DNA cleavage of the synthesized 
compounds was investigated by agarose gel 
electrophoresis method using DNA extracted from 
coli and the image is shown in Fig.8. In this 
and N bands are related to pure bacterial DNA 
(positive control agent), ladder and a mixture of H
and DNA as negative control test respectively. Lane L 
is attributed to ligand and Lanes A to F are bel
to HgLCl2, HgLBr2, HgLI2, HgL(SCN)
and HgL(N3)2 respectively. Having behavior similar to 
N can indicate the ability of the test compounds to 
cleave DNA meanwhile similar behavior with P 
confirms the lack of cleavage ability for the 
compound. According to fig.8, [HgLI
showed the best destructive interaction with DNA. 
Then [HgLBr2] and [HgL(SCN)2

destructive effects on DNA. Ultimately [HgL(NO
[HgL(N3)2], ligand and [HgLCl
respectively lower destructive effect on DNA 
structure. It seems the more spherical and less polar 
complexes such as mercury halides and thiocyanate 
complexes can better diffuse between two strains of 
DNA causing the cleavage with respect to mercury 
azide and nitrate complexes that can strongly bind to 
outer coordinating donor atoms of DNA strains. 

Fig.8. DNA cleavage potency of free N
ligand and its mercury complexes. Lanes: A: HgLCl
HgLBr2, C: HgLI2, D: HgL(SCN)2
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The ability of DNA cleavage of the synthesized 
compounds was investigated by agarose gel 
electrophoresis method using DNA extracted from E. 

and the image is shown in Fig.8. In this Fig, P, La 
and N bands are related to pure bacterial DNA 
(positive control agent), ladder and a mixture of H2O2 
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is attributed to ligand and Lanes A to F are belonged 
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complexes can better diffuse between two strains of 
DNA causing the cleavage with respect to mercury 

lexes that can strongly bind to 
outer coordinating donor atoms of DNA strains.  

 

DNA cleavage potency of free N2O2-Schiff base 
ligand and its mercury complexes. Lanes: A: HgLCl2, B: 

2, E: HgL(NO3)2 and F: 



 
HgL(N3)2, La, P, N and L lanes including La: ladder, P: 
(Pure DNA), N: (DNA+H2O2), and L: Schiff base ligand

3.10. Cytotoxicity assessment 

Cytotoxicity test for the ligand and its mercury halide 
complexes against the prostate cancer cells (
was performed as compared with cisplatin. The values 
of IC50, an image of the PC3 cell line after treatment 
with the test compounds and the cell viability 
percentage plots of them are reported/ illustrated in 
Table 10 and fig. 9 and fig.2S (in supplementary file), 
respectively. As shown in fig. 9 and as compared with 
the control image(untreated), 24 hours after treatment 
of PC3 cell line with the tested compounds, the 
changes such as enlargement, protrusions on the cell 
surface and membrane contractions of cancer cells are 
observed confirming cytotoxicity of the compounds. 

Table 10: IC50 values (μg/mL) of the ligand and its mercury complexes against 

Compounds Ligand 

IC50 45.83 

Effective drug dose 32.08 

 

Nitric oxide level measurement is another common 
method for cytotoxicity evaluation. Nitric oxide is a 
lipophilic physiological messenger with high diffusion 
capacity and a short half-life that regulates many 
physiological responses such as vasodilation, cellular 
respiration, migration, immunity and apoptosis [62, 
63]. Detection of nitric oxide was performed using the 
Griess method [62]. After 24 hours of treatment of 
PC3 cells with synthesized compounds, the amount of 
NO produced by these cells was measured. According 
to the obtained results, cisplatin not only did not 
inhibit NO production but also increased its 
production with respect to control test (untreated). It is 
to be noted that the titled compounds also increase the 
production of nitric oxide in PC3 cancer cells but the 
production of NO by the test compounds was lower 
than cisplatin (Fig. 10). Though according to Lennon 
et al studies, chemotherapeutic drug compounds such 
as cisplatin increase the amount of NO [64], which is 
consistent with the results obtained. Fortunately, the 
ligand and its mercury complexes have similar 
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P, N and L lanes including La: ladder, P: 
), and L: Schiff base ligand. 

Cytotoxicity test for the ligand and its mercury halide 
complexes against the prostate cancer cells (PC3) line 
was performed as compared with cisplatin. The values 

cell line after treatment 
with the test compounds and the cell viability 
percentage plots of them are reported/ illustrated in 
Table 10 and fig. 9 and fig.2S (in supplementary file), 
respectively. As shown in fig. 9 and as compared with 

untreated), 24 hours after treatment 
cell line with the tested compounds, the 

changes such as enlargement, protrusions on the cell 
surface and membrane contractions of cancer cells are 
observed confirming cytotoxicity of the compounds.  

 

Fig. 9. Image of PC3 cells 24 hours after treatment with 
synthesized compounds; a: Control, b: Ligand, c: HgLCl
d: HgLBr2, e: HgLI2. 

Among the tested compounds, mercury complexes 
were more effective than free ligand and among the 
complexes; mercury iodide complex was the most 
effective one. IC50 is a concentration of the drug that 
inhibits 50% of cell proliferation as compared with 
negative control. Generally, the higher concentrations 
are not used as cytotoxic doses in treatment but in the 
treatment of the disease, drug doses are used that have 
the highest effect with the least amount of damage to 
healthy cells. This dose is used as an 
dose. It is obvious that the values of drug dose vary 
for different cells. In current study, doses less than 
70% of the IC50 were used as a drug doses that have 
been determined according to the behavior of treated 
cells and their morphological characteristics. Based on 
the IC50 and effective drug doses evaluated
regarding the cell vitality percentage plots (Fig.2S in 
supplementary file), cytotoxicity effects of the test 
compounds obey from the trend of 
HgLI2>HgLBr2>HgLCl2>free liga
to know that mercury complexes have acceptable 
toxicity against PC3 as compared with cisplatin. The 
observed trend for these compounds may be proposed 
based on lipophilicity trend of the complexes so that 
the less polarity and therefore more lipophilicity lead 
to more activity as found in our conditions.

g/mL) of the ligand and its mercury complexes against PC3 cell line as compared with cisplatin.

HgLCl2 HgLBr2 HgLI2 

19.53 18.93 11.53 

13.67 13.25 8.07 

Nitric oxide level measurement is another common 
Nitric oxide is a 

lipophilic physiological messenger with high diffusion 
life that regulates many 

physiological responses such as vasodilation, cellular 
respiration, migration, immunity and apoptosis [62, 

oxide was performed using the 
Griess method [62]. After 24 hours of treatment of 

cells with synthesized compounds, the amount of 
NO produced by these cells was measured. According 
to the obtained results, cisplatin not only did not 

n but also increased its 
production with respect to control test (untreated). It is 
to be noted that the titled compounds also increase the 

cancer cells but the 
production of NO by the test compounds was lower 

in (Fig. 10). Though according to Lennon 
et al studies, chemotherapeutic drug compounds such 
as cisplatin increase the amount of NO [64], which is 
consistent with the results obtained. Fortunately, the 
ligand and its mercury complexes have similar 

function with cisplatin as stranded in our conditions. 
Among the compounds, in agreement with previous 
method, mercury iodide complex had more 
cytotoxicity than other compound and, the ligand, 
mercury bromide and mercury chloride complexes are 
at the next order in cytotoxicity point of view under 
current conditions.  

Control ligand HgCl2 HgLBr
0

5

10

15

20

NO

NO
 (m

g/ 
ml

)

Fig.10. Evaluation of produced Nitric oxide by 
treated with ligand and mercury complexes

3.11. Antioxidant activity 

3.11.1. DPPH method 

In the DPPH method, the amount of absorbance at 
characteristic wavelength indicates the amount of 

cells 24 hours after treatment with 
synthesized compounds; a: Control, b: Ligand, c: HgLCl2, 

Among the tested compounds, mercury complexes 
were more effective than free ligand and among the 
complexes; mercury iodide complex was the most 

is a concentration of the drug that 
inhibits 50% of cell proliferation as compared with 

tive control. Generally, the higher concentrations 
are not used as cytotoxic doses in treatment but in the 
treatment of the disease, drug doses are used that have 
the highest effect with the least amount of damage to 
healthy cells. This dose is used as an effective drug 
dose. It is obvious that the values of drug dose vary 
for different cells. In current study, doses less than 

were used as a drug doses that have 
been determined according to the behavior of treated 

al characteristics. Based on 
and effective drug doses evaluated (table 10) 

regarding the cell vitality percentage plots (Fig.2S in 
supplementary file), cytotoxicity effects of the test 
compounds obey from the trend of 

>free ligand. It is noteworthy 
to know that mercury complexes have acceptable 

as compared with cisplatin. The 
observed trend for these compounds may be proposed 
based on lipophilicity trend of the complexes so that 

e more lipophilicity lead 
to more activity as found in our conditions. 

cell line as compared with cisplatin. 

Cisplatin 

5.82 

4.07 

with cisplatin as stranded in our conditions. 
Among the compounds, in agreement with previous 
method, mercury iodide complex had more 
cytotoxicity than other compound and, the ligand, 
mercury bromide and mercury chloride complexes are 

cytotoxicity point of view under 

HgLBr2 HgI2 Cisplatin  

. Evaluation of produced Nitric oxide by PC3 cells 
treated with ligand and mercury complexes. 

In the DPPH method, the amount of absorbance at 
characteristic wavelength indicates the amount of 
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present DPPH, so that more absorbance indicates the 
lower activity of antioxidant in the removal of free 
radicals. Accordingly, all the synthesized compounds 
at various concentrations were subjected to this test to 
evaluate their antioxidant potency. The results have 
been illustrated as bar graphs at fig.11 as % inhibition 
of DPPH (DPPH scavenging activity) versus 
compounds at various concentrations (μg/mL). 
Moreover evaluated values of IC50 and AEAC in 
μg/mL have been listed in table 11. As shown in fig. 
11, by increasing the concentration of synthesized 
compounds, DPPH radicals are strongly inhibited 
(Fig.11). Regarding to the DPPH radicals scavenging 
activity, IC50 and AEAC values, the best antioxidant 
effect was related to the HgL(SCN)2 complex (IC50 = 
149.36μg/mL) and the lowest activity related to ligand 
(IC50= 282.12 μg/mL) as compared with ascorbic acid 
as standard. It suggested that the ligand is electron 
source for antioxidant activity of the compounds. 
After coordination of the ligand to mercury center, its 
reduction potency may be affected depending on 
electron density changing on the ligand surface. 
Naturally an increase in electron density on the ligand 
surface increases antioxidant activity of the compound 
and vice versa. Accordingly, it can be said in mercury 
thiocyanate complex, S-coordinated thiocyanate send 
notable electron density on mercury(II) and indirectly 
on the ligand molecular orbitals leading to more 
reduction potency of DPPH or antioxidant activity 
than other tested compounds.  

 

Fig. 11. DPPH scavenging activity (as inhibition %) of the 

Ligand, HgLCl2, HgLBr2, HgLI2, HgL(N3)2, HgL(SCN)2, 
HgL(NO3)2 and Ascorbic acid at 25, 50, 100, 200, 300 and 
400 μg/mL.  

3.11.2. FRAP method 

Antioxidant potential calculated by the FRAP method is 
measured based on the ability of the antioxidant to reduce 

(Fe(III)-TPTZ) complex to the (Fe(II)-TPTZ) with an 
intensive blue color [65]. According to the obtained results 
that have been illustrated as bar graphs as FRAP 
concentration (μg/mL) versus compounds at definite 
concentration (as mentioned in experimental section) in 
fig.12, it was found that all the synthesized compounds 
exhibit antioxidant activity. Among them, the HgL(N3)2 
complex showed the best antioxidant activity meanwhile 

HgLCl2 complex has the lowest activity as compared 
with other compounds.                                             

Table 11: IC50 and AEAC (μg/mL) values of the ligand and its mercury complexes.  

 

In overall view, the antioxidant activity for the ligand 
and its complexes are arranged in the following order: 

HgL(N3)2> HgLBr2> HgLI2 ~ HgL(SCN)2> 
HgL(NO3)2> HgLCl2> Ligand 

Based on the DPPH method, it was expected that the 
mercury halide especially mercury iodide or mercury 
thiocyanate complex would be more antioxidant active 
if the outer sphere redox reaction was the main 
mechanism just similar to interaction between the 
complexes and DPPH but practically HgL(N3)2 was 
found the strongest antioxidant. To explain the 
observed results, inner-sphere redox reaction 
mechanism using the azide anion as bridging ligand 
between the iron(II) complex and mercury azide 
complex may be suggested. Except for this compound, 
the antioxidant activities trend of the other complexes 

may be discussed similarly to that was mentioned in 
the section of DPPH method.  

Fig. 12. FRAP (Ferric reducing-antioxidant power) of the 
Schiff base ligand and its Hg(II) complexes. 

4. Conclusion 

In this study, a new N2O2-Schiff base ligand and its 
new mercury(II) complexes with the general formula 
of HgLX2 (X= Cl−, Br−, I−, NO3

−, N3
−, and SCN−) were 

Compounds Ligand HgLCL2 HgLBr2 HgLI2 HgL(N3)2 HgL(SCN)2 HgL(NO3)2 Ascorbic acid 

IC50 (μg/mL) 282.12 233.31 240.97 210.43 177.90 149.367 218.94 70.98 

AEAC(μg/mL) 251.60 304.23 294.57 337.315 399.01 475.22 324.21 - 
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synthesized and characterized by physical and spectral 
techniques such as NMR, IR, UV, molar conductivity, 
thermal analysis, and melting point. Molecular 
conductivity in the range of 0.70 to 26 cm2Ω−1mol−1 
confirmed the non-electrolyte character for all 
mercury complexes. Thermal decomposition analysis 
showed that the synthesized compounds are 
decomposed via 2-3 steps. Moreover, some thermo-
kinetic activation parameters such as ΔS*, ΔH*, ΔG*, 
E*, and A* were calculated based on Coats-Redfern 
equation. Positive values of enthalpy and Gibbs free 
energy changes of the decomposition processes at all 
steps confirmed the endothermic character for them. 
The antibacterial activities of the mentioned 
compounds revealed that the ligand had the lowest 
antibacterial activity. Evaluation of DNA cleavage 
potency showed that the mercury complexes were 
more efficient than free ligand. Cytotoxicity effects of 
ligand and its mercury complexes against PC3 cell 
line were evaluated by MTT and nitric oxide 
concentration level as compared with cisplatin as a 
positive control. According to the results, the HgLI2 
complex showed higher proliferative inhibitory effect 
than ligand and other mercury complexes. Finally, the 
antioxidant activities of the ligand and mercury 
complexes were investigated by the DPPH and FRAP 
methods. Regarding to both methods, all of the 
synthesized compounds showed good antioxidant 
activity meanwhile the mercury complexes had a 
better antioxidant potency than the free ligand. 
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