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Highlights 

TPA presents antitumor activity against MG-63 and Saos-2 osteosarcoma cells. 

DNA-interacting studies by cyclic voltammetry were performed. 

Molecular docking studies were conducted for DNA and other biological targets. 

Good pharmacokinetic and toxicological profile obtained via ADMET in silico 

analysis. 

 

Abstract 

Osteosarcoma (OS) is a malignant bone tumor and its occurrence is associated 

with high levels of microRNAs (miRNAs) and critical protein sinvolved on 

intracellular signaling pathways. Cisplatin and Doxorubicin are employed on 

chemotherapy, but their use cause side effects and contributes to multidrug 

resistance. Since several tripodal amines have been studied as anticancer 

agents, tris(2-pyridylmethyl)amine (TPA) was investigated against 

osteosarcoma cells. Here we show that TPA exhibits activity against MG-63 and 

Saos-2 cells. Cyclic voltammetry results indicate an interaction between TPA 

and dsDNA, denoted by blocking of the proton-assisted reduction of the 2-

pyridylmethyl moiety in the presence of the biomolecule. Molecular docking 

studies indicate binding modes between TPA and DNA, as well as other crucial 

biological targets related to OS pathology. In addition, ADMET in silico 

prediction results suggest a good pharmacokinetic and toxicity profile for TPA. 
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1. Introduction  

Osteosarcoma (OS) is an aggressive malignant bone tumor that occurs in 

children and young adults [1,2,3]. Currently, therapies involve surgical resection 

and combinational chemotherapy, in which cisplatin and doxorubicin can be 

used with or without methotrexate [4]. The response to this strategy is the 

strongest indicator of OS patients overall survival [5 ]. Several randomized 

studies have shown that combination of chemotherapy and surgery significantly 

improved the 5-year survival rates to 75% in patients with nonmetastatic OS 

and 25% in patients with metastatic disease [6,7,8,9]. Whereas cisplatin acts via 

covalent binding on the DNA, forming DNA-platinum adducts, doxorubicin acts 

via intercalation with base pairs of double helix 10 , 11 ]. Nonetheless, 

doxorubicin is efficiently exported out of cells, mediated via P glycoprotein 

(Pgp), which levels are increased in OS, contributing to the development of 

multidrug resistance [12]. 

In contrast to healthy tissues, OS is associated to increased amounts of 

microRNAs (miRNAs) [13,14] and proteins [15,16,17] involved on different 

signaling pathways. This condition plays an important role in the carcinogenesis 

process, also favoring the tumor survival and resistance. Therefore, these 

agents seem to be attractive targets to development of new anticancer drugs.  

Several tripodal amines have been investigated as anticancer agents, 

alone or bounded to metal centers [18,19,20,21,22,23,24,25,26,27,28,29]. The 

family of tetradentate tripodal amines have a general structure consisting of a 

central donor atom of nitrogen attached to three independent arms, each one 

also containing at least one methylene group and a donor atom. These 

compounds can be synthesized using different methodologies, with the route of 



choice generally guided by the nature of the donor atoms on the three arms 

[30]. Since survival of patients with OS is still low, the development of more 

active and safe anti-OS drugs is extremely needed. In this context, we report 

the anticancer activity of a tripodal amine named tris-(2-pyridylmethyl)amine 

(TPA) against MG-63 and Saos-2 osteosarcoma cells. DNA-interacting 

experiments by cyclic voltammetry, quantum chemical calculations, molecular 

docking and ADMET in silico studies were also performed. 

 

2. Experimental 

2.1. Chemistry 

TPA was obtained via procedure previously described [22],and characterized by 

IR and 1H NMR techniques (See Supplementary data, Figs. 1S and 2S). 

 

2.2. Anticancer Activity  

2.2.1. Cell Lines  

Osteosarcoma cell lines, MG-63 and Saos-2, were purchased from the Cell 

Bank of Rio de Janeiro (BCRJ/UFRJ), and maintained at 37 oC / 5% CO2 with 

culture medium DMEM (Dulbecco's Modified Eagle Medium) (Gibco), 

supplemented with 10% Fetal Bovine Serum (FBS, Gibco) and 1% 

antibiotic/antimycotic (0.5 mg/mL, Sigma-Aldrich). 

 

2.2.2. MTT cytotoxicity assays  

Osteosarcoma cells were cultured with DMEM-F12 medium supplemented with 

10% FBS and 1% antibiotic/antimycotic (Sigma-Aldrich) in 96-well flat bottom 

plates for 24 h. Cells were then treated with 50, 100, 250 or 500 µM TPA or with 

the vehicle DMSO (Dimethyl Sulfoxide, Amresco) for 24 h. Viable cells were 
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quantified by the MTT cytotoxicity assay [ 31 ], and the cell viability was 

measured in a spectrophotometer (Glomax Multi Detection System, Promega, 

Madison, WI, USA) at each concentration as the ratio of absorbance at 560 nm, 

relative to vehicle-treated cells. Statistical analyses were accessed by 

comparison between compound versus vehicle for each concentration utilizing 

Unpaired T test and Kruskal-Wallis test followed by Dunn's multiple 

comparisons post-test. Results were expressed as average ± standard error for 

the three independent experiments. 

2.3. Electrochemical Experiments 

Eukaryotic double stranded deoxyribonucleic acid from Rhagovelia plumbea 

(dsDNA) was kindly donated by the laboratoire YSYEB from University of 

Antilles (Guadeloupe, France). Electrochemical experiments were performed at 

298 ± 1K in a thermostated cell with CH I660 equipment. A typical three-

electrode arrangement was used: a BAS MF2012 glassy carbon working 

electrode (GCE) (geometrical area 0.071 cm2), a platinum wire auxiliary 

electrode and an Ag/AgCl (3 M NaCl) reference electrode. Experiments in 

aqueous media were performed in 0.10 M potassium phosphate buffer saline at 

pH 7.4 with and without DNA. The electrochemical analysis was performed on 

TPA films, deposited in the surface of the glassy carbon electrode using the 

methodology previously described [32,33]. An ethanol solution of TPA (10 µL, 1 

mg/mL), previously ultrasonicated by 5 min, was added to the surface of 

electrode and the solvent was allowed to evaporate in air, resulting in a uniform 

fine coating of the TPA (L) adhered to the electrode. Paraffin-impregnated 

graphite electrodes (PIGEs) were also used for complementary experiments. 



The lower end of the graphite electrode was gently rubbed over that spot of 

sample and cleaned with a tissue paper. Controlled potential cyclic voltametry 

experiments were performed at L-modified electrodes by applying constant 

potentials between –1.5 and +1.5 V and a 10 mV/s scan rate. 

 

2.4. Molecular modeling and in silico ADMET studies 

2.4.1. Quantum chemical calculations 

Quantum chemical calculations were carried out using SPARTAN'10 program 

(Wavefunction Inc., Irvine, CA, 2000). In order to select the lowest energy 

conformation, TPA was subjected to conformational analysis using molecular 

mechanics calculations using water as a solvent (MMFFaq). Then, the best 

conformer was submitted to a geometry optimization using PM6 method. 

Finally, the structural and electronic properties as Highest Occupied Molecular 

Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) energies 

and coefficient of distribution, and molecular electrostatic potential (MEPs) 

maps were calculated with DFT B3LYP/6-31G* basis set. The three-

dimensional isosurfaces of MEPs at the van der Waals contact surface 

represent electrostatic potentials superimposed onto a surface of constant 

electron density (0.002 e/au³) and generated at a range of –200 to +100 

kcal/mol. These color-coded isosurface values provide an indication of the 

overall molecular size and location of negative (red) or positive (blue) 

electrostatic potentials. 

 

2.4.2. Molecular Docking 
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In order to obtain better insights about the TPA activity, a molecular docking 

study was performed using two DNA targets (called DNA-1 and DNA-2, 

respectively), one miRNA (pre-miR21) and three proteins: Bcl2-associated at 

hanogene 3 (BAG-3), B-cell lymphoma extra-large (Bcl-XL) and caspase-3. After 

removing all bound water molecules, the PDB2PQR server [34,35] was used to 

construct the all-atom model of the molecular targets employing AMBER force 

field [36]. The preparation for molecular docking simulations of both ligand and 

receptors were performed using AutoDockTools4 [37]. Gasteiger partial charges 

[38,39] were added for describing the charge distribution of all molecules and 

the Lamarckian Genetic Algorithm (LGA) [40]was employed for all docking 

calculations. Docking parameters were set to 0.35 Å as grid space and different 

points for all six targets (DNA-1, 90x90x82; DNA-2, 67x84x90; pre-miR21, 

100x130x130; BAG-3, 125x160x125; BcL-XL, 120x140x100; caspase-3, 

250x231x248). A total of 100 LGA runs were performed for each ligand/receptor 

system. All docking calculations were carried out using Autdock 4.26 software 

package. The results of the most favorable free energy binding were selected. 

The exploration of the ligand interactions with the proposed targets was 

performed using LigPlot+ software [41,42]. 

2.4.3. ADMET in silico evaluation 

Pharmacokinetic and toxicology prediction for TPA and doxorubicin were 

performed using ADMET Predictor 9.5™ (Simulations Plus Inc., Lancaster, 

CA, USA), an approach based on the degree of concordance among the 

individual QSAR networks in an ensemble model. The compounds were 

submitted to analysis using ADMET Risk. Additionally, specific toxicity 



parameters such as mutagenicity, hepatotoxicity and reproductive toxicity were 

evaluated. Mutagenicity was predicted based on Ames Test. The elevation of 

important biomarkers as Alkaline Phosphatase (ALP), Serum Aspartate 

Transaminase (AST), Serum Alanine Transaminae (ALT), Gamma-

Glutamyltransferase (GGT) and Lactate Dehydrogenase (LDH) enzymes were 

investigated on hepatotoxicity prediction. 

 

3. Results  

The tripodal amine TPA was synthesized in two steps (Scheme 1). First, 

the reaction between the amine and aldehyde moieties produced the imine 

compound, which was reduced by catalytic hydrogenation. Thus, the tripodal 

amine compound was obtained via nucleophilic substitution between the 

secondary amine and 2-(chloromethyl)pyridine (35% yield). TPA was 

characterized by spectroscopic techniques. Infrared spectra shows 

characteristic bands at 1586–1433 cm–1 typical of C=C and C=N bonds. Thus, 

bands around 3010 cm–1 were assigned to C–H group. 1H NMR spectrum of 1 

measured in DMSO-d6 confirms the molecular structure of 1. The pyridine Hα 

was observed at 8.74 (d) ppm (3 H). Additional aromatic hydrogens were found 

at 8.15 (t), 7.74 (d) and 7.64 (t) ppm (9 H). Finally, the aliphatic hydrogens were 

found at 4.35 (s) ppm (6 H) (Figs. 1S and 2S). 
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Scheme 1. Synthesis of tris-(2-pyridylmethyl)amine (TPA). 

MTT assays were performed to determine the effect of TPA on well 

characterized human osteosarcoma cells[43] [44].The results showed that TPA 

decreased the viability ofMG-63 and Saos-2 cell lines, exhibiting IC50 values of 

50 and 91 µM, respectively (Fig. 1). 

Fig. 1. The effects of TPA in (A) MG-63 and (B) Saos-2 cells treated with 50, 100, 250 or 500 
µM TPA diluted in DMSO (vehicle) for 24 h. Points represent the average of three individual 
experiments. Kruskal-Wallis and Dunn's multiple comparisons test.**p<0.001; *p<0.05. 

Since DNA is an important target related to cancer cells, the interaction 

between TPA and dsDNA was studied by cyclic voltammetry. A TPA-modified 

electrode was used in contact with dsDNA solutions, in phosphate buffer at 

biological pH value, following the voltammetry of immobilized particles 

[45,46,47,48]. This methodology was previously employed in monitoring the 



performance of drugs with antimalarial properties and screening of DNA [32,49]. 

The cyclic voltammogram results recorded at a TPA-modified GCE in contact 

with air-saturated 0.10 M potassium phosphate buffer saline at pH 7.4are 

presented in Fig. 2. Voltammogram shows cathodic waves at –1.1 (C1) and –

1.5 V (C2), preceded by a weak signal at -0.6 V, and a prominent anodic signal 

at the extreme of tested positive potentials ca. 1.5 V (A1). The weak cathodic 

shoulder at –0.6 V can be assigned to the reduction of dissolved oxygen as 

judged by blank experiments at unmodified GCE. Under the same conditions, 

dsDNA solutions remain electrochemically silent at unmodified GCE. The large 

anodic current A1 at 1.5 V can be attributed to the oxidative degradation of TPA 

starting from the formation of radicals on the aromatic rings whereas the 

cathodic wave at –1.5 V (process C2) can be assigned to the catalytic proton 

reduction preceded by protonation of the central nitrogen. In turn, the cathodic 

peak C1 at –1.1 V can be attributed to the solid state reduction of TPA mediated 

by proton insertion. This process can be described as below:  

{TPA}solid + 2H+
aq + 2e-  {TPAH2}solid     (1) 

 

Cyclic voltammogram of a saturated dsDNA solution in air-saturated 0.10 

M potassium phosphate buffer saline at pH 7.4 recorded at a TPA-modified 

GCE are show in Fig. 3. Remarkably, the cathodic signal C1 vanishes whereas 

the wave C2 remains essentially unchanged and the intensity of the anodic 

current A1 diminishes. The vanishement of signal C1 can unambiguously be 

attributed to the coordination between TPA and dsDNA which blocks the 

proton-assisted reduction of the 2-pyridylmethyl moiety. Electrochemical data at 

TPA-modified electrodes indicate the existence of a significant interaction 
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between TPA and dsDNA as denoted by the blocking of the proton-assisted 

reduction of the 2-pyridylmethyl units in the presence of dsDNA. This 

information is confirmed by the docking study of interaction between TPA and 

DNA. 

Fig. 2. Cyclic voltammogram of a TPA-modified GCE in contact with air-saturated solution in 
0.10 M potassium phosphate buffer saline at pH 7.4. Potential scan rate 20 mV s-1 

Fig. 3. Cyclic voltammogram of a TPA-modified GCE in contact with air-saturated saturated 
dsDNA solution in 0.10 M potassium phosphate buffer saline at pH 7.4. Potential scan rate 20 
mV s-1. 



Quantum chemical calculations for TPA were also performed to gain better 

insight of its electronic properties. In this direction, some molecular descriptors 

were obtained, such as HOMO (Highest Occupied Molecular Orbital) and 

LUMO (Lowest Unoccupied Molecular Orbital) energy values and orbital 

coefficient and molecular electrostatic potential (MEPs) maps.These descriptors 

are employed in SAR/SPR studies and can be used to obtain a correlation with 

biological activities or properties exhibited by different compounds [50,51,52]. In 

TPA molecule, the HOMO is concentrated on tertiary nitrogen atom, whereas 

LUMO show a π density localized over the pyridine rings (Fig. 4).Higher EHOMO 

values are observed for compounds with greater tendency to donate electrons, 

whereas the tendency to accept electrons are related to lower ELUMO values. 

Since that TPA have lower EHOMO (–6.02 eV) and ELUMO (–0.71 eV), our results 

suggest its interaction with electron rich bases of DNA. Moreover, it’s suggested 

a lower reactivity for TPA due to higher HOMO-LUMO gap (∆E = 5.31 eV).  

Further, the molecular electrostatic potential (MEP) map was obtained in 

attempt to investigate alterations on charge distribution over TPA. As expected, 

TPA presents deficient electronic areas due to the presence of pyridine moieties 

(Fig. 4). Moreover, negative electrostatic potentials are over the pyridine 

nitrogen atoms, whereas the positive and neutral electrostatic potentials are 

over the nitrogen amine atom and delocalized over the aromatic rings. Since 

this approach can be used to investigate the possibility of interaction between 

TPA and biological targets via charge complementarity, our results reinforce its 

electron-accepting property, which is related to its high electrophilic character. 
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Fig. 4. Distribution coefficient of (a) Higher Occupied Molecular Orbital, (b) Lowest Unoccupied 
Molecular Orbital, and (c) Molecular Electrostatic Potential Map (MEP) for TPA. The color-
coded isosurface values provide an indication of the overall molecular size and location of 
negative (red) or positive (blue) electrostatic potentials(range –200 to +100 kcal/mol). 

 

 

Thus, a molecular docking approach was applied to obtain better insights 

about anti-osteosarcoma activity of TPA. These studies were performed of TPA 

with DNAs (PDB: 1BNA and 1ZEW) [53,54],a miRNA (pre-miR21,PDB: 5UZT) 

[55] and three proteins, BAG-3(PDB: 1UK5) [56], Bcl-XL (PDB: 1R2D) [57] and 

caspase-3 (PDB: 3DEI) [58], since these proteins present key roles on OS 

pathology [13,14,15,16,17]. Molecular docking was carried out using Autodock 

4.26 software. After the preparation of ligand and receptors, the parameters 

were set and 100 LGA runs were performed. The most favorable free energy 

binding with all six targets studied were obtained in the range –6.02 to –7.80 

kcal/mol. These values are very similar and the differences negligible since they 

are in the range of Autodock’s score function standard error [59]. 

The complexes formed between TPA and these targets were investigated 

(Fig. 5).The results showed that the DNA-binding of TPA takes place via minor 

groove interactions where the compound mostly interacts with adenine and 

thymine basis of this region via hydrophobic contacts. Moreover, a hydrogen 

bond was observed between TPA and cytosine with distance of 3.03 Å. 

Although most DNA-cleavage mechanisms are related to the presence of metal 

ions, these results suggest that the DNA-binding properties of TPA might 



interfere with its interaction with proteins or expression factors disrupting the 

cellular cycle or other process essential to cell survival. 

Besides DNA, miRNAs also play an important function on cancer process. 

It has been suggested that this agents can be employed on clinical applications, 

helping on early diagnostics of OS [14]. TPA molecule interacts with both 5’ and 

3’ strands of miRNA molecule through van der Walls interactions; hydrogen 

bonds were also observed between TPA and guanine and cytosine, with 

distance of 2.80 and 3.21 Å, respectively. In this case, TPA binding to pre-

microRNA-21 occurs at the apical portion of the stem-loop which is suggested 

to have an inhibitory effect [55]. This would interfere with the biogenesis of 

miRNAs reducing mature miRNA levels in cancer cells where they are over-

expressed.  

OS cells express high levels of proteins that are crucial for different 

biological processes. Moreover, these compounds play essential functions 

related to cell death, and mediate the regulation of different pathways on OS 

therapy, being key targets on drug discovery and development [15,16,17]. The 

interaction between TPA and BAG3 occurs with the first of the three -helices 

of protein, which is also reported to mediate BAG3 association with serine-

threonine kinase Raf-1 [60]. Molecules with anti-proliferative activity across 

cancer cells had been reported as inhibitors of BAG3 protein-protein interaction 

with the Heat shock protein 70 (Hsp70) [61]. It should be noticed that this 

BAG3-Hsp70 interaction occurs through 2- and 3-helices and in consequence 

TPA binding to BAG3 at 1-helix should not affect the binding of those proteins 

unless it induced some conformational changes in BAG3 molecule. Regarding 

to Bcl-XL, the TPA interaction did not occur directly in the binding pocket 
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reported for its inhibitors [62], and hydrogen bonds are observed between the 

nitrogen atoms of pyridine and Lys20. Nevertheless, as it is interacting with the 

-helix with a key role in the binding between Bcl-XL and pro-apoptotic 

members of Bcl-2 family it could cause conformational changes preventing the 

anti-apoptotic function of this protein. In the case of caspase-3, the interaction 

with TPA did not take place in the reported binding site of the inhibitors of this 

protein [58], and hydrogen bonds are also observed between TPA and Glu248 

and Phe250. As mentioned, the majority of these TPA-protein complexes 

interactions has a hydrophobic nature and takes place between the aromatic 

carbons of TPA and the different aminoacids in the binding sites. Since docking 

results suggest several possible targets for TPA and differences between 

experimental and computational results are expected, further studies are 

necessary to confirm their interaction, improving our findings reported here. 

 



 
Fig. 5.Docking views of of TPA with (a) DNA-1, (b) DNA-2, (c) pre-miR21, (d) Bcl2-associated 
at hanogene 3 (BAG3), (e) Bcl-XL, and (f) caspase-3.Hydrogen atoms are omitted for clarity. 
Hydrophobic interactions are shown as yellow lines around the nucleotide or residue name. H-
bonds show the nucleotide or residue structure and a green dashed line linking interacting 
atoms. 

 

Finally, we evaluated pharmacokinetic and toxicity properties of TPA using 

ADMET Predictor 9.5™ (Simulations Plus Inc., Lancaster, CA, USA). Our 

ADMET in silico prediction showed that TPA presented good bioavailability 

based on the Lipinski’s Rule of 5 (Table 1) [63]. In addition, pharmacokinetics 

(Absorption, Distribution, Metabolism, and Excretion) and Toxicity parameters of 

TPA were compiled in the ADMET Risk, which showed a value of 1.93. ADMET 

risk provides a range between 0-24. These values indicate the number of 

potential ADMET risk factors that a compound might possess. It is interesting to 
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highlight that ADMET risk obtained for TPA is 3.6-fold lower than doxorubicin, 

which also violates parameters of the Lipinski’s rule, except for lipophilicity 

(Table 1). Specific toxicological parameters such as mutagenicity, hepatotoxicity 

and reproductive toxicity were also predicted. Since that toxicity is a serious 

effect observed from doxorubicin administration, the analysis suggests that TPA 

would present lower toxicity problems than this antitumor drug [11]. 

 

Table 1. Parameters of oral bioavailability evaluated according Lipinski’s Rule of 5, ADMET risk 
and specific toxicological parameters predicted for TPA and doxorubicin.  

 TPA Doxorubicin 

MW (g/mol) 290.37 543.53 

LogP 1.84 0.49 

HBD 0 6 

HBA 4 12 

ADMET Risk 1.93 7.00 

Hepatotoxicity NO NO 

Mutagenicity  NO YES 

Reproductive toxicity  YES YES 

 

 

Conclusions  

Experimental and in silico studies were performed to investigate the role of TPA 

as an anti-tumor agent against osteosarcoma. TPA reduced the viability of MG-

63 and Saos-2 OS cells, suggesting its promising antitumor profile. Cyclic 

voltammogram recorded of a TPA-modified electrodes in presence of dsDNA 

indicates a significant interaction between these species. Quantum chemical 

investigation reveals a lower ELUMO and reinforce the electrophilic character for 

TPA. Molecular docking studies indicate that interactions in all studied 

TPA/Target systems are composed by van der Walls and hydrophobic contacts, 

as well important hydrogen bonds with different nucleotides. Finally, 



pharmacokinetic and toxicology predictions suggest that this compound might 

have oral administration. All data results pointed out TPA as a good skeleton for 

the design of antitumor drugs. Since all the biological targets studied can be 

considered, further investigations are necessary to confirm their interaction and 

the anti-osteosarcoma profile of TPA. 
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