
Chemical Physics Impact 8 (2024) 100424

Available online 10 December 2023
2667-0224/© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Full Length Article 

Synthesis, characterization and biological evaluation of novel ruthenium 
(II)-polypyridine mixed ligand complexes bearing 1,2,4- 
triazole-thiol moiety 

Santhiya S a, Arul Mary S b, Sheeba Daniel c,* 

a Department of Science and Humanities, Narayanaguru College of Engineering, Manjalumoodu, Tamil Nadu, India 
b Department of Basic Engineering, Government Polytechnic College, Nagercoil, Tamil Nadu, India 
c Department of Chemistry, Holy Cross College (Autonomous), Nagercoil, Tamil Nadu, India   

A R T I C L E  I N F O   

Keywords: 
Ru(II)-mixed ligand complexes 
Antimicrobial activity 
α-glucosidase inhibitory activity 
SK-MEL-28 cell line 
Apoptotic effect 

A B S T R A C T   

The novel mixed ligand complexes [Ru(bpy)2(pytrzSH)2](PF6)2 (complex A) and [Ru(phen)2(pytrzSH)2](PF6)2 
(complex B) (bpy = 2,2′-bipyridine, phen = 1,10-phenanthroline and pytrzSH = 5-(3-pyridyl)-4H-1,2,4-triazole- 
3-thiol) has been synthesized and characterized by elemental analysis, UV, FTIR, 1H NMR, 13C NMR and MALDI- 
TOF mass spectral techniques. The spectral data confirms the formation of octahedral complexes. The lipophilic 
nature of the complex is determined from the partition coefficient (log P) values and it is found to be 1.20 ±
0.004 for complex A and 1.86 ± 0.004 for complex B. The synthesised complexes show slight antimicrobial 
activities on S. aureus, P. aeruginosa, E. coli, A. niger and C. albicans. The α-glucosidase inhibitory activity of the 
synthesised complexes A and B against the positive control acarbose display IC50 value at 490.32 and 223.01 µg/ 
mL. In vitro antiproliferative and cytotoxic effects of complexes A and B are analysed on SK-MEL-28 and non- 
tumoral L6 cell lines by microscopic and MTT assay methods. The IC50 for complexes A and B on SK-MEL-28 
cancerous cell line are found to be 27.444 and 40.721 µg/mL and for non-tumoral L6 cells are 25.869 and 
38.425 µg/mL respectively. The apoptotic study suggests that the synthesized complexes show late apoptotic 
effect on SK-MEL-28 cancerous cells and early apoptotic effect on non-tumoral L6 cells. Hence the obtained 
results suggest that the biological activities of the synthesised complexes depend on the nature of the ligands 
present in the complexes.   

1. Introduction 

The research on metallodrug and the success of platinum-derived 
anticancer drugs has been stimulated by the progress of medicinal 
inorganic chemistry [1–2]. The study of transition metal complexes 
bearing a bioactive drug is gaining more interest because of the syner
getic effect of drugs on coordination with a metal [3]. This leads to the 
development and design of metal-based drugs with promising pharma
cological applications and unique therapeutic opportunities [4–6]. The 
healthy human body mainly depends on the presence of metal ions for 
biological functions and their absence or scarcity may lead to diseases. 
[7,8]. Platinum complexes are considered as one of the main pillars in 
the chemotherapy treatment of some cancers including breast, uterine, 
testicular, and ovarian cancers [9]. However, administration of these 
compounds leads to severe problems such as neurotoxicity, 

nephrotoxicity, and activity against a restricted spectrum of tumors 
[10]. Therefore, a need for alternative metal compounds, which are 
presently being evaluated in clinical trials. Among the transition metal 
complexes, ruthenium, gallium, iron, titanium and gold complexes, 
ruthenium complexes are one which is regarded as promising alterna
tives to platinum complexes [11.12]. The Ru(II) complexes have 
attracted the chemists due to the combination of excellent photophysical 
and electrochemical properties. Ruthenium complexes are suited to 
rationalize anticancer drug design as that of platinum due to the high 
coordination number, the additional coordination sites provide the 
metal to fine-tune the properties of the complexes [13]. 

Ruthenium complexes selectively target the negatively charged 
components of phospholipids in the bacterial membrane and cell wall 
[14]. The Ru(II)-polypyridyl complexes ([Ru(NN)3]2+) with polypyridyl 
ligands have been found for developing synthetic therapeutics for 
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diabetes that exhibit hypoglycemic effects in animals and humans [15]. 
The development of type 2 diabetics mellitus (T2 DM) is mainly asso
ciated with the aggregation of the human islet amyloid polypeptide 
(hIAPP) and this phenomenon causes impaired insulin production which 
leads to pancreatic β-cell apoptosis. This distinctive inhibitory action of 
the [Ru(NN)3]2+ complexes is initiated by their covalent attachment to 
intracellular bodies of the pancreatic β-cells, which in turn modulates 
insulin production, therefore maintaining blood sugar levels [16]. 

The [Ru(NN)3]2+complexes having intercalating ligands are well 
known for their high relevance as drug candidates due to its unique 
properties such as chemical stability, variable oxidation states, struc
tural diversity, low toxicity, and ability to mimic iron binding in the 
biological system. Some Ru complexes, NAMI-A, KP1019, and KP1339 
have been evaluated in preclinical and phase I or II clinical trials and 
represent as a novel class of less toxic antineoplastic chemotherapeutic 
agents [17–19]. Lipophilicity and the charge of the ruthenium com
plexes are also observed to influence their biological effects [20]. The 
[Ru(NN)3]2+ complexes are potential chemotherapeutic drugs that can 
bind to various nucleic acid sequences in different modes, such as 
insertion and groove cross-binding. Thus, the complexes can be used as 
specific inhibitors for telomerase, DNA topoisomerase, protein kinase 
and so on, to regulate cell pathways and induce tumor cell apoptosis 
[21–23]. 

Similar to cisplatin, Ru(III) complexes of 1,2,4-triazole ligands act as 
a potential drugs for anticancer treatment and it is further treated as an 
alternative to the approved platinum-based anticancer drugs. The 
commercially available drugs of 1,2,4-triazoles such as rizatriptan which 
are agents for the acute treatment of migraine headaches are still 
considered as a topic of intensive research [24,25]. The biological 
properties of 1,2,4-triazole derivatives receive considerable attention 
due to its low toxicity, high oral bioavailability and a broad spectrum of 
activity. It acts as an anti-anxiety, anti-inflammatory, antimicrobial, 
antimycobacterial, antiviral, anticancer, antitubercular, antimycotic, 
analgesic, anticonvulsants, anti-nociceptive, anti-urease, antioxidant, 
anti-migraine, CNS stimulants and antidepressant agents [26,27]. The 
compound 1,2,4-triazole possesses more advantages and make them 
potential chemotherapeutic agents. The 1,2,4-triazole rings have not 
only diverse pharmacological activities but also have herbicidal, insec
ticidal, plant growth regulatory and antifungal activities [28,29]. 
Among these heterocycles, biological activities of the thiol- and thione- 
substituted 1,2,4-triazole systems have been reported. In addition to 
these important biological applications, they are also of great utility in 
preparative organic chemistry. Therefore 1,2,4-triazole derivatives have 
the chance with a good result for the research. 

Metallodrugs continue as an anticancer agent in the areas of phar
maceutical research, a new way for the researchers to go for new metal- 
based chemotherapeutical complexes. Researchers synthesized 
numerous ruthenium containing complexes and tested for potential 
anticancer activity. An increasing number of chemo-preventive agents 
have been shown to stimulate apoptosis in pre-malignant and malignant 
cells in vitro or in vivo [30–33]. 

Based on the literature survey, the present work concentrates syn
thesis, characterization, and biological evaluation of two novel [Ru 
(bpy)2(pytrzSH)2](PF6)2 (complex A) and [Ru(phen)2(pytrzSH)2](PF6)2 
(complex B) (bpy = 2,2′-bipyridine, phen = 1,10-phenanthroline and 
pytrzSH = 5-(3-pyridyl)− 4H-1,2,4-triazole-3-thiol). 

2. Experimental methods 

RuCl3⋅3H2O, bpy, phen and pytrzSH were procured from Sigma- 
Aldrich. All the solvents and NH4PF6 were procured from Merck. 
HPLC grade solvents and double distilled deionised water were used for 
the synthesis and biological studies of the complexes. 

2.1. Synthesis of [Ru(bpy)2(pytrzSH)2](PF6)2 (Complex A) 

[Ru(bpy)2Cl2] (0.5 mM) and pytrzSH (1 mM) were dissolved in 20 
mL of methanol and refluxed for 4 h under nitrogen atmosphere. The 
solution was then allowed to cool at room temperature and filtered to 
remove any insoluble impurities. A saturated solution of NH4PF6 was 
then added dropwise into the filtrate until a brown precipitate was 
formed. The product was filtered, washed with cold water and diethyl 
ether and further dried in a vacuum desiccator. Further the synthesised 
complex A was purified by column chromatography using silica gel as 
the adsorbent and a mixture of methanol and dichloromethane in the 
ratio of 2:8 as the eluent and on subsequent evaporation to recover the 
complex. The yield obtained for complex A was found to be 0.4321 g. 
Elemental analysis: C = 57.79%, H = 6.57%, N = 17.97% and S =
6.86%. The absorption maximum (λmax) of complex A in acetonitrile was 
476 nm. FTIR (KBr pellet): 3455, 2941, 2876, 2729, 1653, 1456, 1411, 
1301, 1290, 1033, 1031, 842, 761, 729, 676, 559 and 435 cm− 1. 1H 
NMR (DMSO‑d6, δ ppm): [bpy: 8.71 (1H, d), 8.65 (1H, d), 7.64 (1H, 
t),7.55 (1H, t); pytrzSH: 10.03 (1H, s), 9.21 (1H, d), 9.09 (1H, d), 8.29 
(1H, d), 7.58 (2H, t), 6.5 (1H, s)]. 13C NMR (DMSO‑d6, δ ppm): [bpy: 
123-149 ppm; pytrzSH: 121-170 ppm]. MALDI-TOF-MS (m/z): complex 
A m/z is found to be 1059.703 (M+), 914.825 (M+− PF6

‾) and 769.991 
(M+− 2PF6

‾ ). 

2.2. Synthesis of [Ru(phen)2(pytrzSH)2](PF6)2 (Complex B) 

[Ru(phen)2Cl2] (0.5 mM) and pytrzSH (1 mM) were dissolved in 20 
mL of methanol and refluxed for 4 h under nitrogen atmosphere. Similar 
procedure was carried out for the complex B synthesis as mentioned 
above in complex A. The yield obtained for complex B was found to be 
0.4472 g. Elemental analysis: C = 60.16%, H = 6.46%, N = 16.4% and S 
= 6.42%. The absorption maximum (λmax) of complex B in acetonitrile 
was 464 nm. FTIR (KBr pellet): 3453, 2933, 2825, 2733, 1606, 1473, 
1421, 1301, 1290, 837, 745, 715, 558 and 435 cm− 1. 1H NMR 
(DMSO‑d6, δ ppm): [phen: 7.596 - 8.865 ppm; pytrzSH: 9.994 (1H, s), 
9.139 (1H, d), 9.134 (1H, d), 8.45 (1H, d), 7.57 (2H, t), 6.995 (1H, s). 
13C NMR (DMSO‑d6, δ ppm): [phen: 121-150 ppm; pytrzSH: 121-170 
ppm]. MALDI-TOF-MS (m/z): complex B m/z is found to be 1107.885 
(M+), 963.089 (M+− PF6

‾) and 817.696 (M+− 2PF6
‾ ). 

2.3. Characterization techniques 

The CHNS Elemental analysis of the synthesized complexes was 
measured using Truspec Micro Analyser. The absorption spectrum of the 
complexes was measured using SHIMADZU UV 1800 double beam 
spectrophotometer. The FTIR spectral analysis was measured using 
SHIMADZU FTIR double beam spectrophotometer. The 1H and 13C NMR 
spectra were measured using BRUCKER spectrometer. The MALDI-TOF- 
MS analysis was carried out to determine the m/z peak using Bruker 
Daltonics Flex-PC microflex analyser. The magnetic moment, molar 
conductance was measured using Guoy’s balance and Systronics digital 
conductivity meter. The lipophillicity of the complexes was measured 
using shake-flask method. 

2.4. Biological studies 

The experimental procedure including the materials required for the 
antimicrobial, antidiabetic, anticancer, cytotoxicity and apoptotic 
studies of the synthesised complexes A and B were discussed here. 

2.4.1. Antimicrobial activity 
The antimicrobial activity of the ligand and the corresponding Ru(II) 

complexes A and B against human pathogens was carried out by agar 
disk diffusion method. The zone of inhibition of the ligands and the 
complexes on S. aureus, E. coli, P. aeruginosa, E. faecalis, C. albicans and 
A. niger were determined by a vernier calliper. 
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2.4.1.1. Antibacterial screening. The inoculated ligands and the com
plexes were evaluated for antibacterial activity against S. aureus, E. coli, 
P. aeruginosa, and E. faecalis. The media along with pipette, petri dishes 
and metallic borer were sterilized in an autoclave at 121 ◦C for 15 min. 
The culture media were finally poured into petri dishes under sterile 
condition. All solvent extracts were dissolved in 100% DMSO in order to 
achieve a concentration of 10 mg/mL. From this 10 µg/mL of complexes 
A and B were loaded separately into the disk and its activity was ana
lysed. Amikacin (10 µg) was used as the positive control and DMSO was 
used as the negative control. All plates were incubated for 24 h at 37 ◦C 

Scheme 1. Synthesis of complex A.  

Scheme 2. Synthesis of complex B.  

Table 1 
MALDI-TOF mass spectral data of complexes A and B.  

Complex M+ (m/z) M+ - PF6ˉ (m/z) M+ - 2PF6ˉ (m/z) 

Complex A 1059.703 914.825 769.991 
Complex B 1107.885 963.089 817.696  

Table 2 
Zone of inhibition of ligand and complexes A and B against bacteria.  

Bacteria Zone of Inhibition (mm) 

Control Ligand Complex A Complex B 

E. faecalis 20 – – – 
S. aureus 30 8 7 – 
P. aeruginosa 25 8 7 – 
E. coli 25 7 7 7  

Fig. 1. Antibacterial activity of ligand and complexes.  

Table 3 
Zone of inhibition of ligand and complexes A and B against fungi.  

Fungi Zone of Inhibition (mm) 

Control Ligand Complex A Complex B 

A. niger 20 7 – 7 
C. albicans 25 – 7 10  

Fig. 2. Antifungal activity of ligand and complexes.  
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and the zone of inhibition was measured. 

2.4.1.2. Antifungal screening. Antifungal activity of the ligands and the 
complexes were screened against C. albicans and A. niger. All samples 
were dissolved in DMSO to achieve a final concentration of 10 µg/mL. 
Nystatin was used as the positive control and DMSO as the negative 
control. All plates were incubated for 72 h at 30 ◦C and the zone of in
hibition was measured in mm. 

2.4.2. Determination of antidiabetic activity 
The antidiabetic activity of the synthesised complexes on α-glycosi

dase enzymes was determined by α-glucosidase inhibitory assay. 200 μL 
of α-glycosidase (0.067 U/mL) was pre-incubated with different con
centrations of the sample for 10 min. The substrate solution p-nitro
phenyl glucopyranoside (pNPG) was prepared in 0.1 M sodium 
phosphate buffer at pH 6.9. 200 μL of 3.0 mM pNPG was then added to 
each of the complexes separately. The reaction mixture was incubated at 
37 ◦C for 20 min and suspended by adding 2 mL of 0.1 M Na2CO3. The 
α-glycosidase activity of the synthesised complexes was determined by 
measuring the absorbance of p-nitrophenol released from pNPG at 400 
nm. The percentage of inhibition activity was calculated from the 
equation: 

Percentageofinhibitoryactivity=(B − T /B − C)×100  

where B = absorbance of blank, T = absorbance of sample solution and 
C = absorbance of control. 

2.4.3. Determination of anticancer and cytotoxic activities 
Anticancer and cytotoxic activities of the complexes were analysed 

on SK-MEL-28 and non-tumoral L6 cell lines. SK-MEL-28 and non- 
tumoral L6 cell lines was initially procured from National center for 
Cell Sciences (NCCS), Pune, India and maintained in Dulbecco’s modi
fied Eagles medium (DMEM, Himedia). The cell line was cultured in 25 
cm2 tissue culture flask with DMEM supplemented with 10% FBS, l- 
glutamine, sodium bicarbonate and antibiotic solution containing 
penicillin (100 U/mL), streptomycin (100 µg/mL) and amphoteracin B 
(2.5 µg/mL). Cultured cell lines were kept at 37 ºC in a humidified 5% 
CO2 incubator (Galaxy® 170 Eppendorf, Germany). The viability of cells 
was evaluated by direct observation of cells by inverted phase contrast 
microscope followed by MTT assay method. 

2.4.3.1. Cell seeding in 96 well plates. Two days old confluent monolayer 
of SK-MEL-28 cancerous and non-tumoral L6 cell lines were trypsinized 
individually and the cells were suspended in 10% growth medium. 100 
µL of cell suspension (5 × 104 cells/well) was seeded in 96 well tissue 
culture plate and incubated at 37 ºC in a humidified 5% CO2 incubator. 

2.4.3.2. Preparation of complexes. About 1 mg of complexes A and B 
were individually prepared by adding 1 mL of DMEM and dissolved 
completely by cyclomixer. The extract solution was then filtered 
through 0.22 µM millipore syringe filter to ensure the sterility. After 24 h 
the growth medium was removed, freshly prepared samples in 5% 
DMEM were five times serially diluted by two-fold dilution (6.25, 12.5, 
25, 50 and 100 µg in 1 mL of 5% DMEM) and each complex concen
tration of 1 mL were added in triplicates to the respective wells and 
incubated at 37 ºC in a humidified 5% CO2 incubator. 

2.4.3.3. Antiproliferative effect by direct microscopic observation. The 96 
well tissue culture plates along with the complexes at different con
centrations were observed at different time interval from 24 to 72 h in an 
inverted phase contrast tissue culture microscope. The detectable 
changes in the morphology of the cells such as rounding or shrinking of 
cells, granulation and vacuolization in the cytoplasm of the cells were 
recorded as images under microscopic observation. 

2.4.3.4. Antiproliferative effect by MTT assay method. 15 mg of MTT was 
reconstituted in 3 mL of phosphate-buffered saline (PBS) until 
completely dissolved and sterilized by filter sterilization. After 24 h of 
incubation period, the sample content in the wells were removed and 30 
µL of reconstituted MTT solution was added to test and cell control wells, 
the plate was gently shaken well, then incubated at 37 ºC in a humidified 
5% CO2 incubator for 4 h After the incubation period, the supernatant 
solution was removed and 100 µL of MTT solubilisation solution and 
DMSO was added and the wells were mixed gently by pipetting up and 
down in order to solubilise the formazan crystals. The absorbance values 
were measured by using micro plate reader at a wavelength of 570 nm. 
The percentage of viability and growth inhibition were calculated using 
the equations: 

%viability=(MeanODSamples /MeanODofcontrol)x100  

%growthInhibition= 100 − (TreatedODsamples /Non − treatedOD)x100)

2.4.4. Apoptosis by double staining method 
The morphological changes in the SK-MEL-28 and non-tumoral L6 

cell lines by the addition of the synthesised complexes A and B were 
individually examined with DNA binding dyes acridine orange (AO) and 

Fig. 3. Plot of percentage inhibition of α-glucosidase vs concentration of 
the complexes. 

Table 4 
IC50 value of the control and the complexes.  

Complex IC50 (µg/mL) 

Acarbose 231.55 
Complex A 490.32 
Complex B 223.01  

Table 5 
Absorbance and the percentage inhibition of complexes A and B at various concentrations.  

Complex Absorbance at 25–200 (μg/mL) % of Inhibition at 25–200 (μg/mL) 

25 50 100 200 25 50 100 200 

Complex A 0.501 0.400 0.366 0.230 38.9 54.6 59.9 81.0 
Complex B 0.527 0.546 0.602 0.716 34.9 31.9 23.3 5.59  

S. S et al.                                                                                                                                                                                                                                         



Chemical Physics Impact 8 (2024) 100424

5

ethidium bromide (EB) by double staining method. The cancerous SK- 
MEL-28 and non-tumoral L6 cell lines were treated with IC50 concen
tration of the complexes. After 24 h incubation at CO2 incubator, cells 
were washed by cold PBS and then stained with a mixture of AO (100 
μg/mL) and EB (100 μg/mL) at room temperature for 10 min. The 
stained cells were washed twice with 1X PBS and observed by a fluo
rescence microscope. 

3. Results and discussion 

3.1. Synthesis and characterization of complexes A and B 

The synthesized complexes A and B involves the coordination of Ru 
(II) atom individually with two bidentate bpy, phen and two mono 
dentate pytrzSH ligands via nitrogen atoms of pyridine moiety, forming 
an octahedral complex as shown in Schemes 1 and 2. The synthesized 
complexes A and B are stable solids soluble in water, acetonitrile, 
acetone, DMSO and DMF. 

3.1.1. Elemental analysis 
The percentage of C, H, N and S is determined by elemental analysis. 

The experimental and theoretical values for the elemental analysis of 
complexes A and B are in good agreement with the proposed molecular 
formulas C34H28N12S2Ru.2PF6 and C38H28N12S2Ru.2PF6 (Table S1). 

3.1.2. Absorption spectral analysis 
The absorption spectra of the synthesised complexes A and B display 

two spin allowed π-π* transitions at 245 and 295 nm for complex A and 
227.5 and 266 nm for complex B, this is due to the presence of bpy, phen 
and pytrzSH ligands present in the complexes. The weak absorption 
bands obtained at 365.5 nm for both the complexes corresponds to the 
metal centered (MC) transitions. The absorptions in the region 476 nm 
for complex A and 464 nm for complex B are assigned due to dπ (Ru)→L 
metal to ligand charge transfer (MLCT) transitions. (Fig. S1). 

3.1.3. FTIR spectral analysis 
The absorption bands occur at 3455 cm− 1 for complex A and 3453 

cm− 1 for complex B indicate the N–H stretching vibration of pytrzSH 
ligand. The existence of free –SH group in both the complexes are 
confirmed by the formation of weak bands at 2729 and 2733 cm− 1. The 
absorption bands obtained for complex A at 1653, 1456, 1411, 1301 and 
761 cm− 1 correspond to the bpy ligands. The complex B shows ab
sorption peaks at 1606, 1473 and 1421 cm− 1 represent the presence of 
phen ligands in the synthesised complex. The peaks occur at 2941 and 
2876 cm− 1 for complex A and 2933 and 2825 cm− 1 for complex B de
notes the aromatic C − H stretching vibrations of bpy, phen and pytrzSH 
ligands. The in-plane bending vibrations of pyridyl rings are obtained as 
a weak band at 1290 and 1031 cm− 1 for complex A and 1290 cm− 1 for 
complex B. Bands obtained at 1033 cm− 1 for complex A and 1346 cm− 1 

for complex B correspond to the N–N stretching vibration of 1,2,4- 
triazole ring present in the pytrzSH ligand. The C-S stretching band for 

Fig. 4. Morphological changes of complex A on SK-MEL-28 cell line at various concentrations.  
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pytrzSH ligand is obtained at 678 cm− 1 for complex A and 715 cm− 1 for 
complex B. The bands obtained at 729, 559 and 435 cm− 1 for complex A 
and 745, 558 and 435 cm− 1 for complex B confirm the coordination of 
nitrogen atoms of bpy, phen and pytrzSH ligands to the central Ru metal. 
The weak absorption band obtained at 839–845 cm− 1 for both the 
complexes A and B confirm the presence of hexafluorophosphate 
counter ion. Thus, the FTIR data validates the formation of complexes A 
and B complexes with PF6

‾ counter ions (Fig. S2). 

3.1.4. 1H and 13C NMR spectral analysis 
The 1H NMR spectrum of complex A shows the proton signals of bpy 

and pytrzSH ligands coordinated through the nitrogen atoms of pyridine 
rings to the Ru atom. The chemical shift of bpy ligand ranges from 7.553 
- 8.712 ppm to the Ru metal core. The pyridine ring attached to the 5th 
position of 1,2,4-triazole ring present in the ancillary ligand pytrzSH 
shows proton signals at 9.21 ppm for H2 proton, 8.29 ppm for H4, 7.58 
ppm for H5 and 9.09 ppm for H6 proton. The free –SH group present in 
the 3rd position and the proton attached to the nitrogen atom at 4th 
position of 1,2,4-triazole unit shows signals at 10.035 and 6.5 ppm 
respectively. 

The complex B containing phen units exhibit the chemical shift 
ranges from 7.596 - 8.865 ppm. The pyridine ring attached to the 5th 
position of 1,2,4-triazole ring present in the pytrzSH ligand show signals 
at 9.134 ppm for H2, 8.45 ppm for H4, 7.57 ppm for H5 and 9.139 ppm 
for H6 protons. The –SH group present in the 3rd position and the proton 
attached to the nitrogen atom at 4th position of 1,2,4-triazole ring shows 
signals at 9.994 and 6.995 ppm respectively. The 1H NMR spectral data 
confirms the formation of complexes A and B (Fig. S3). 

The 13C NMR spectrum of complex A exhibits the carbon signals for 
bpy ligands is in the range 123-149 ppm. The carbon signals of phen 
ligands for complex B occur in the region 121-150 ppm. The 13C NMR 
signals of pytrzSH ligand containing pyridine and 1,2,4-triazole rings 

occur in the region 121-170 ppm. In pytrzSH ligand, the C3 atom of the 
pyridine ring is attached to the C5 atom of the triazole ring. The C3 atom 
of pyridine ring exhibits the carbon signal at 132.9 ppm for both the 
complexes. Similarly, the C5 atom of the triazole ring displays the carbon 
signal at 158.6 and 156.1 ppm for complexes A and B. The C3 atom 
attached to the –SH group of triazole ring shows a chemical shift at 
164.6 and 169.5 ppm for complexes A and B. 

3.1.5. Mass spectral analysis 
The MALDI-TOF mass spectra of the synthesised complexes depict 

that the molecular ion, M+ and the fragmentation peaks corresponds to 
the ruthenium metal coordinated with bpy, phen and pytrzSH ligands 
along with (PF6)2 counter ions. The molecular ion peak with loss of one 
and two PF6ˉ counter ions shows an m/z value corresponding to M+−

PF6ˉ and M+− 2PF6ˉ respectively. The m/z values of molecular and 
fragmentation ions obtained from the mass spectral data of complexes A 
and B are in good agreement with the theoretical values calculated from 
the molecular formula of the corresponding complexes (Table 1). Thus, 
the MALDI-TOF mass spectral data validate the assigned structure of the 
complexes A and B (Fig. S4). 

3.2. Magnetic susceptibility, molar conductance and lipophilicity of 
complexes A and B 

The synthesised complexes A and B coordinated with strong field 
ligands such as bpy, phen, and pytrzSH form low spin Ru2+ complexes of 
+2 oxidation state. The μeff value for the both the complexes obtained 
from the magnetic susceptibility measurements are less than 0 BM, 
hence, it is evident that the complexes A and B are said to be diamag
netic in nature. The molar conductance value of the synthesised com
plexes exhibits 180 and 190 Ω− 1 cm2 mol− 1 for complexes A and B which 
clearly indicate the substitution of two monodentate ligands by the 

Fig. 5. Morphological changes of complex B on SK-MEL-28 cell line at various concentrations.  
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replacement of two chloride ions from the precursor complexes and it 
also point out the presence of two PF6ˉ counter ions in the ratio 1:2. This 
also confirms the octahedral geometry of the synthesised complexes. 
The molar conductivity results reveal that both the synthesised com
plexes are non-electrolytic and suitable for biological studies. The 
pharmacokinetic properties and their interaction with the macromo
lecular target of the synthesised complexes are determined by the lip
ophilicity measurement. The lipophilicity of complexes A and B are 
quantified by the measurement of the partition coefficient, log P in 
octanol/water mixture and the values obtained is found to be 1.20 ±
0.00 for complex A and 1.86 ± 0.002 for complex B. The lipophilicity 
values also suggest that the synthesized complexes are appropriate for 
biological studies. 

3.3. Biological evaluation of complexes A and B 

3.3.1. Antimicrobial activity 
Antibacterial activity of the PytrzSH ligand and the complexes A and 

B at 10 µg/mL are performed against E. faecalis, S. aureus, P. aeruginosa 
and E. coli and the zone of inhibition for the ligand and the complexes 

are tabulated in Table 2. 
The pytrzSH ligand and the synthesised complexes shows no anti

bacterial activity against E. faecalis. On the other hand, the ligand and 
the complex A exhibit slight activity on S. aureus, P. aeruginosa. The 
ligand and the synthesised complexes display slight activity against the 
E. coli. The antibacterial activity of the intercalating ligands pytrzSH 
decreases on complexation with Ru(II) metal. Yang et al., 2018 have 
reported that the gram-negative species show antimicrobial activity due 
to the inherent resistance to Ru(II) complexes containing polypyridine 
ligands [21]. Therefore, it is clear and evident that both the complexes A 
and B shows slight antibacterial activity on E. coli (Fig. 1). The anti
bacterial activity results indicate that the surfaces of the ligands and the 
complexes interact directly with the outer membrane of the human 
pathogens, causing the membrane to rupture and thus it kills the 
microbes. 

Antifungal activity of the pytrzSH ligand and the synthesised com
plexes A and B are performed against two fungi A. niger and C. albicans. 
The results reveal that the synthesised complexes A and B show slight 
antifungal activity towards the selected fungi (Table 3). The complex A 
shows no antifungal activity towards A. niger whereas complex B 

Fig. 6. Morphological changes of complex A on non-tumoral L6 cell line at various concentrations.  
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complex shows slight antifungal activity towards both A. niger and 
C. albicans. On complexation of the pytrzSH ligand with [Ru(bpy)2Cl2] 
and [Ru(phen)2Cl2] precursors the antifungal activity may be the same 
or slightly increase, this change in activity depends on the nature of the 
coordinated ligands (Fig. 2). 

The chelating ligands act as antimicrobial agent and thus inhibit the 
growth of microorganism. Upon complexation of this chelating ligands 
with the Ru(II) precursors, the lipophilic character increases and favours 
the penetration through the layer of microorganism membrane. The 
obtained results suggest that the synthesised complexes A and B possess 

Fig. 7. Morphological changes of complex B on non-tumoral L6 cell line at various concentrations.  

Fig. 8. Fluorescent microscopic images of control and complex A on SK-MEL-28 cell line.  

Fig. 9. Fluorescent microscopic images of control and complex B on SK-MEL-28 cell line.  
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slight antimicrobial activity against the selected microorganisms. The 
changes in the antimicrobial strength of the complexes towards micro
organism depend either on the impermeability of the cells of the 
microorganism or the difference in ribosome of microbial cells [34]. 

The synthesised complexes A and B show slight activity against 
bacteria and fungi taken in the present investigation this is due to the 
chelating property of the synthesised complexes. Chelation diminishes 
the polarity of the Ru(II) metal ions and thus it enhances the lipophilic 

Fig. 10. Fluorescent microscopic images of control and complex A on non-tumoral L6 cell line.  

Fig. 11. Fluorescent microscopic images of control and complex B on non-tumoral L6 cell line.  

Table 6 
MTT assay of complex A on SK-MEL-28 cell line.  

Complex A 
(µg/mL) 

Response 1 Response 
2 

Response 3 Average % cellular 
Viability 

% growth 
Inhibition 

0 (Control) 0.912 0.890 0.840 0.880 100 0 
6.25 0.711 0.721 0.744 0.725 82.95 17.05 
12.5 0.611 0.613 0.712 0.645 73.86 26.14 
25 0.526 0.502 0.482 0.503 56.81 43.19 
50 0.351 0.306 0.349 0.335 38.63 61.37 
100 0.198 0.280 0.241 0.239 27.27 72.73  

Table 7 
MTT assay of complex B on SK-MEL-28 cell line.  

Complex B 
(µg/mL) 

Response 
1 

Response 
2 

Response 
3 

Average % cellular 
Viability 

% growth 
Inhibition 

0 (Control) 0.812 0.837 0.851 0.833 100 0 
6.25 0.736 0.771 0.740 0.749 90.36 9.64 
12.5 0.713 .0715 0.682 0.703 84.33 15.67 
25 0.517 0.565 0.543 0.541 65.06 34.94 
50 0.328 0.355 0.372 0.351 42.16 57.84 
100 0.200 0.161 0.160 0.173 20.48 79.52  

Table 8 
MTT assay of complex A on non-tumoral L6 cell line.  

Complex A 
(µg/mL) 

Response 
1 

Response 
2 

Response 
3 

Average % cellular 
viability 

% growth 
Inhibition 

0 (Control) 0.718 0.731 0.712 0.72033 100 0 
6.25 0.728 0.659 0.681 0.68933 95.83 4.17 
12.5 0.629 0.635 0.551 0.605 84.72 15.28 
25 0.421 0.491 0.419 0.44366 61.11 38.99 
50 0.26 0.24 0.236 0.24533 34.72 65.28 
100 0.129 0.159 0.208 0.16533 23.61 76.39  
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nature of the complexes. Hence, the synthesised complexes diffuse 
through the cell membrane of the microorganisms and inhibit the 
growth of the organisms. This result is in accordance with the Tweedy’s 
chelation theory [35]. 

3.3.2. Antidiabetic activity 
The α-glucosidase inhibitory activity of the synthesised complexes A 

and B is determined at four different concentrations (25, 50, 100 and 
200 µg/mL) at pH 6.9 against the positive control acarbose by measuring 
the absorbance of p-nitrophenol at 400 nm (Fig. 3). The IC50 value of the 
positive control acarbose is 231.55 µg/mL and this value is compared 
with the IC50 value of the synthesized complexes (Table 4). 

The complex A shows higher IC50 value compared to the positive 
control acarbose and is not considered as an antidiabetic drug since its 
percentage of inhibition decreases from higher level to lower level as the 
complex concentrations increases. The π-π stacking interactions between 
the phen ligand and the electron rich substituted 1,2,4-triazole rings 
present in the complex B plays a vital role in the α-glucosidase inhibition 
leading to lower IC50 value. The absorbance value of complex B de
creases as the concentration increases from 25 to 200 µg/mL, thus 
showing strong inhibition on α-glucosidase and is therefore considered 
as an antidiabetic drug. 

The synthesised complexes show an appreciable α-glucosidase 
inhibitory effect in a concentration-dependent manner. The inhibition 
depends on the concentration of the substrate, enzyme and the duration 
of the incubation with the enzyme [36]. The absorbance and the per
centage inhibition of α-glucosidase inhibitory assay for the complexes 
are tabulated in Table 5. The absorbance value for blank and control at 
400 nm is 0.710 and 0.015. 

Hence it is evident that the lower steric hindrance between the bpy 
substituted complex A and the pytrzSH ligand shows no α-glucosidase 
inhibitory activity, whereas π- π stacking interaction of phen substituted 
complex B shows moderate antidiabetic activity. 

3.3.3. In vitro antiproliferative and cytotoxic effect of complexes A and B 
The in vitro antiproliferative and cytotoxic evaluation of the syn

thesised complexes A and B are carried out by two-fold dilution of 
various concentrations (6.5, 12.5, 25, 50, 100 µg/mL) against the 
cancerous SK-MEL-28 and living non-cancerous L6 cell lines. The 
cellular morphological changes with respect to time and concentrations 
are monitored and recorded for both the cell lines. The absorbance 
values of the complexes on SK-MEL-28 melanoma and non-tumoral L6 
cell lines are measured at 570 nm. 

The percentage cellular viability of the complexes A and B are 
determined from the absorbance values by MTT assay method. The plot 

of percentage cellular viability versus concentration gives a sigmoidal 
response from which the IC50 value of the complexes are calculated. The 
average triplicate response carried out in MTT assay for both in vitro 
antiproliferative and cytotoxic effect of the complexes on SK-MEL-28 
and non-tumoral L6 cell lines against the standard doxorubicin is 
calculated. The IC50 value of doxorubicin on SK-MEL-28 and non- 
tumoral L6 cell lines are determined by MTT assay and are calculated 
as 4.97 µg/mL and 7.943 µg/mL. 

3.3.3.1. In vitro antiproliferative and cytotoxic activity of complexes A and 
B by direct microscopic method. In vitro antiproliferative and cytotoxic 
effects of complexes A and B at various concentrations on cancerous SK- 
MEL-28 and non-tumoral L6 cell lines along with DMEM are evaluated 
by direct microscopic method. The direct microscopic determination of 
complex A on SK-MEL-28 cancerous cells shows numerous morpholog
ical changes at various concentrations (Fig. 4). The treatment of 6.25 µg/ 
mL of complex A on the cultured cancerous SK-MEL-28 cell lines exhibits 
an irregular elongation of the spindle shaped cells and shows reduction 
in the cell density. The increase in concentration of complex A from 6.25 
to 12.5 µg/mL shows cell shrinkage and move towards the center with 
cell rupturing and loss of cellular fluid, where the cellular components 
floats on the surface of the cultured well plate. As the concentration of 
complex A increases from 25 to 100 µg/mL, there arise a maximum 
reduction in the number of cells from the periphery towards the center of 
the cultured well plate results in depletion of numerous cells which leads 
to cellular depletion and formation of vacuoles. The morphological 
changes that take place by the complex A on SK-MEL-28 cell line is due 
to the formation of reactive oxygen species (ROS). The changes in the 
cancerous SK-MEL-28 cell line due to the production of high intracel
lular ROS which normally disrupts the mitochondrial membrane po
tential. The loss of cell components and functions are accompanied by 
the ROS production leads to oxidative stress and ultimately lead to 
apoptosis [37]. This increase in ROS is due to the presence of 1,2,4- 
triazole moiety present in the synthesised complex A. The oxidative 
stress involves the abnormal cell growth in cancerous cells and a 
disruption of redox homeostasis due to either in the elevation in ROS 
production or a decline of ROS-scavenging capacity [38]. 

The complex B (6.25 and 12.5 µg/mL) on SK-MEL-28 cells shows 
initially a cell shrinkage, cluster formation of cells followed by the 
movement of cell clusters towards the periphery of the cell cultured 
plate (Fig. 5). As the concentration increases from 12.5 to 25 µg/mL 
there is a reduction in the size of the spindle shaped SK-MEL-28 cells 
which leads to irregular shaped cells with loss of cellular fluid. On 
further increase of complex B concentration from 50 to 100 µg/mL on 
SK-MEL-28 cells enormous number of cells get reduced and formation of 
cell vacuole leads to cell depletion. The changes in the structural and the 
morphology of the cancerous cells affect their anticancer activity of the 
synthesised complex B by tightly controlling the nature of their activa
tion sites and their affinity towards the cellular target biomolecules thus 
leads to the lower antiproliferative activity. 

3.3.3.2. Cytotoxic effect of complexes A and B on non-tumoral L6 cell 
line. The cytotoxic nature of complex A is determined by the incre
mental addition of various concentrations of complex A on non-tumoral 

Table 9 
MTT assay of complex B on non-tumoral L6 cell line.  

Complex B 
(µg/mL) 

Response 
1 

Response 
2 

Response 
3 

Average % cellular 
viability 

% growth 
Inhibition 

0 (Control) 0.931 0.969 0.955 0.951 100 0 
6.25 0.891 0.871 0.93 0.897 94.73 5.27 
12.5 0.851 0.915 0.691 0.831 87.36 12.64 
25 0.664 0.658 0.688 0.670 70.52 29.48 
50 0.318 0.398 0.461 0.392 41.05 58.95 
100 0.154 0.201 0.222 0.192 20 80  

Table 10 
IC50 values of complexes A and B on SK-MEL-28 and non-tumoral L6 cell lines.  

Complex IC50 on SK-MEL-28 cell line 
(µg/mL) 

IC50 on non-tumoral L6 cell line 
(µg/mL) 

Doxorubicin 4.97 7.943 
Complex A 27.444 25.869 
Complex B 40.721 38.425  
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L6 cells (Fig. 6). The morphology of non-tumoral L6 line varies with 
respect to the concentration of complex A, at 6.25 and 12.5 µg/mL there 
is a decrease in minimum number of cells and the cellular fluid of the 
cells gets decreased in the center and move towards the periphery. Upon 
incremental addition of complex A from 25 to 50 µg/mL, cells get 
elongated and form irregular shape with loss of cell cytoplasm leading to 
vacuole formation and cell clusters. As the concentration of complex A 
further increase from 50 to 100 µg/mL there is an enormous depletion of 
cells with minimum cellular vacuoles present in the periphery of the 
cultured plate. 

The complex B on non-tumoral L6 cells shows enormous changes in 
the cellular morphology and is mainly based on dose-dependent con
centration (Fig. 7). The treatment of complex B with 6.25 µg/mL shows 
no marked changes. The reduction in the cellular fluid takes place at 
12.5 µg/mL and therefore leads to change in the cellular size. The 
concentration at 25 µg/mL exhibit blebbing in the cells with minimum 
reduction of cells. As the concentration of complex B increases from 25 
to 100 µg/mL on the non-tumoral L6 cell line numerous cellular lesions 
occurs and maximum number of cells gets reduced. 

The same two-fold dilution concentration of the synthesised com
plexes A and B taken for direct microscopic method are further analyzed 
for MTT assay method on SK-MEL-28 and non-tumoral L6 cell lines in 
order to determine the IC50 value of the novel complexes A and B. 

3.3.3.3. Antiproliferative and cytotoxic evaluation of complexes A and B 
using MTT assay method. Antiproliferative effect and cytotoxicity of 
complexes A and B are evaluated on SK-MEL-28 and non-tumoral L6 cell 
lines by MTT assay method and the results are tabulated in Tables 6 - 9. 
The percentage cellular viability decreases and the percentage growth 
inhibition increases with increases in concentration of the complexes in 
both the cell lines. The IC50 values obtained for complexes A and B on 
SK-MEL-28 cancerous cell line are found to be 27.444 and 40.721 µg/mL 
and for non-tumoral L6 cells are 25.869 and 38.425 µg/mL respectively 
(Table 10). 

The results reveal that the complexes A and B show anticancer ac
tivity due to the presence of Ru(II)-bpy/phen moiety, which can lower 
the steric hindrance during their interaction with their biological targets 
and this may contribute to higher anticancer activities. This obtained 
result is in accordance with the anticancer activity of Ru(II)-polypyridyl 
complexes having (2-(4-(diethoxymethyl)− 1H-imidazo[4,5-f]-[1,10]- 
phenanthroline) intercalating ligand performed on HeLa cell line and 
the IC50 values for the complexes are 39 ± 4.6 mM, 44.3 ± 6.3 mM and 
49 ± 8 mM respectively [39]. The bpy and phen ligands present in the 
complexes A and B play an important role in the anticancer activity on 
SK-MEL-28 cell line. Zhang et al., reported that Ru(II)-polypyridine 
complexes having ancillary bpy/phen ligand plays a major role in the 
anticancer activity of various cell lines [40]. The anticancer activity of 
the complexes A and B is also due to the presence of the intercalating 
pytrzSH ligand. The thiol group present in the triazole moiety produces 
thiyl radicals which are readily formed by the homolytic cleavage of S-H 
bond at 87 kcalmol− 1 [41]. The thiyl radicals formed from the thiol 
groups of the complexes A and B act as a chain transfer agent and 
maintain an intracellular homeostasis because of its high reactivity and 
low bond dissociation energy of S-H bond [42]. The triazole ring is 
linked at the 3rd position of the pyridine moiety and –SH group is 
substituted in the 3rd position of triazole nucleus suggesting the com
plexes A and B displaying higher cytotoxic activities. 

3.3.3.4. Apoptotic effect of complexes A and B on SK-MEL-28 and non- 
tumoral L6 cell line. The PCD at 27.444 µg/mL of complex A and 
40.721 µg/mL of complex B on SK-MEL-28 cell line show late apoptotic 
effect (Figs. 8 and 9). This late apoptotic effect on complexes A and B are 
indicated by the bright orange-stained nuclei. This late apoptotic nature 
of the complexes is mainly based on the IC50 concentration. The pyridyl 
ring substituted in the 1,2,4-triazole ring makes the mitochondrial 

membrane potential disruption leads to the release of cytochrome C into 
the cytoplasm leading to late apoptotic effect [43]. 

The apoptotic nature of the complexes A and B are analyzed on non- 
tumoral L6 cell line at IC50 values and the results clearly depict that 
these complexes show early apoptotic effect by bright green-stained 
nuclei with chromatin condensation. The fluorescent microscopic im
ages display early apoptotic nature in both the complexes (Figs. 10 and 
11) 

The synthesised complexes A and B containing pyridine substitution 
in the 3rd position of 1,2,4-triazole ring leads to the apoptotic cell death. 
Therefore, it is evident and clear that N,N chelating ligands in complexes 
A and B shows mitochondrial dysfunction and trigger intrinsic apoptotic 
pathways in non-tumoral L6 cell line through extended cytoplasm and 
nuclear condensation [44]. The IC50 concentrations of complexes A and 
B stained with AO/EB shows dead and floating cells exhibiting early 
apoptotic effect on viable cells (Table 6,Table 7,Table 8,Table 9). 

4. Conclusion 

The biological activity viz antimicrobial, antidiabetic and anticancer 
activities of the synthesised complexes against the control are carried 
out by agar disk diffusion, α- glucosidase inhibitory assay and MTT 
methods. The pytrzSH ligand and the synthesised complexes exhibit 
slight antimicrobial activity of selected bacteria and fungi. The antidi
abetic activity of the complexes A and B is determined from the IC50 
values and its if found to be 490.32 and 223.01 µg/mL. The changes in 
the morphology of SK-MEL-28 and non-tumoral L6 cell lines in the 
presence of the complexes A and B are determined by direct microscopic 
method and are purely based on concentration through dose and time- 
dependent manner. The complexes A and B show lower anti
proliferative and higher cytotoxic effect on the selected cell lines. The 
PCD using AO/EB double staining method based on the IC50 values for 
both the complexes A and B shows late apoptotic effect on SK-MEL-28 
cell line and early apoptotic effect on the non-tumoral L6 cell line. 
The obtained results indicate that the antiproliferative and cytotoxic 
activities of the synthesised complexes depend on the concentration of 
the complexes and the nature of the ligands present in the complexes. 
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