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parameters and the binding constants were calcu-
lated through absorption measurements. The fluores-
cence data showed that a static quenching mechanism 
occurred for both complexes with a binding constant 
and binding affinity towards DNA (Kb ≈ 3500  M−1 
and kq ≈ 2.1 × 1011  M−1  s−1). The thermodynamic 
parameters indicated electrostatic approaching and 
groove binding were more feasible than intercalation 
mode between Pt(II) complexes and DNA. CD spec-
tra indicated the increasing intensity of the positive 
band and the negative band decreasing. Density func-
tional theory calculations confirmed the experimental 
data and determined the quantum chemical descrip-
tors including total energy, hardness, chemical poten-
tial, electrophilicity, electronegativity, etc. Accord-
ing to this, the binding tendency of these compounds 
with DNA could be predicted. Further, molecular 
docking studies were also performed. Docking stud-
ies revealed that the desolvation, hydrogen, and elec-
trostatic binding were effective for the interaction 
between complexes and DNA with binding energy 
(− 10.44 and − 9.57 kcal/mol) for complexes 1 and 2, 
respectively, which is mainly of partially electrostatic 
and groove binding type. The cytotoxic activity of Pt 
complexes was examined against human colon can-
cer cell line which indicated good activity with IC50 
values of (41.66 and 47.30  μM) for both complexes 
after 72 h, respectively. Also, they demonstrated more 
inhibitory effects compared to carboplatin.

Abstract  Small molecules have potential usage in 
cancer therapy due to their remarkable potency of 
disarranging the natural structure of nucleic acids. 
In this study, two complexes [Pt(NH3)2(IBgly)]NO3 
(1) and [Pt(bipy)(IBgly)]NO3 (2) based on Pt(II), 
N-isobutylglycine (IBgly), 2,2′-bipyridine, and 
ammonia were prepared and characterized by spec-
troscopic methods. Pharmacokinetic ADME data, 
absorption, distribution, metabolism, excretion, and 
bioavailability radar showed two complexes can be 
introduced for Pt-based anti-cancer drugs. Mecha-
nism of tumor inhibition and DNA interaction of 
these compounds was studied by UV–Vis, fluores-
cence, and CD spectroscopies. Also, thermodynamic 
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Graphical abstract 

PGP	� P-glycoprotein
PDB	� Protein data bank
Tris-buffer	� Tris(hydroxymethyl)aminomethane 

hydrochloride

Introduction

International Agency for Research on Cancer (IARC) 
has reported about eighteen million new cancer 
instances which about ten million cancer deaths have 
occurred worldwide in 2018 (Bray et al. 2018). There 
are several ways available for cancer therapy includ-
ing surgery, chemotherapy, immunotherapy, radiation 
therapy, hormone, and gene therapy, as well as stem 
cell transplantation. Among them, the most common 
method is chemotherapy, especially if cancer has pro-
gressed or is malignant (Zhao et al. 2018; Fan et al. 
2017). Cisplatin, the first FDA-approved chemother-
apy drug based on metal complexes, impairs tran-
scription and synthesis of DNA. It is mostly used 
in the inhibition of ovarian, testicular, cervical, and 
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other cancers (Zhao et al. 2018; Hoffman et al. 2016; 
Rozencweig et al. 1977; Raudenska et al. 2019; Wilt-
shaw 1979). Nevertheless, side effects such as vom-
iting, nephrotoxicity, ototoxicity, and gastrointestinal 
toxicity have prompted pharmacologists and bioinor-
ganic chemists to design and synthesize new metal-
based therapeutics (Oun et al. 2018; Liu et al. 2019). 
Modification of chloride ligands of cisplatin, as leav-
ing groups, protects and prohibits biodegradation of 
cisplatin compound before it reaches the target cells. 
This strategy can probably mitigate the side effects 
and disadvantages (Wilson and Lippard 2014). Select-
ing simple biomolecules would be a proper solution 
due to biological compatibility with the human body, 
easier drug transfer, and less toxic effects after drug 
decomposition. Amino acids such as glycine with 
both carboxyl (–COOH) and amino (–NH2) groups 
and the general formula (NH2CHRCOOH) are good 
candidates that can coordinate with platinum forming 
a stable five-membered chelate ring through N- and 
O-bidentate chelating mode (Iakovidis and Hadjiladis 
1994; Mansouri-Torshizi et  al. 2019; Imaz et  al. 
2011). Following the previous works of our research 
team, we attached an aliphatic branch (N-isobutyl) 
to glycine and synthesized its Pt(II) complexes is 
according to above mentioned, several Pt and Pd 
complexes based on derivatives of amino acid glycine 
have been synthesized and their anticancer proper-
ties have been investigated (Farhangian et  al. 2017; 
Eslami Moghadam et  al. 2016; Ghalandari et  al. 
2019). For this purpose, an aliphatic derivative of gly-
cine (N-isobutylglycine) and two platinum complexes, 
[Pt(NH3)2(IBgly)]NO3 (1) and [Pt(bipy)(IBgly)]NO3 
(2), were chosen to investigate lipophilicity, solubil-
ity and anticancer activities (Ramezani et  al. 2021a, 
b; Safa Shams Abyaneh et al. 2018) and synthesized 
and characterized by some physicochemical analyses. 
Several physicochemical and pharmacokinetic prop-
erties of these candidates’ anticancer Pt-drugs were 
predicted and investigated by ADME. The theoretical 
studies (density functional theory (DFT) and molec-
ular docking) of Pt(II) complexes were performed. 
The interaction of these compounds with CT-DNA 
was performed by electronic absorption spectroscopy 
(UV–Vis), fluorescence, and circular dichroism spec-
troscopies. The cytotoxic effects of these compounds 
were explored for in  vitro cytotoxic activity against 
human colon cancer cell line HCT116 cell lines and 
compared with cisplatin using an MTT assay.

Experimental

Materials and methods

All chemicals, solvents, and highly polymerized calf 
thymus DNA were prepared from Merck (Germany), 
Riedel, and Sigma-Aldrich. Solvent purification was 
done before using them. The cis-[Pt(NH3)2I2] and 
[Pt(bipy)Cl2] were prepared and purified according 
to the literature procedures (Drew et al. 1932; Cohen 
and Lippard 2001; Liang et  al. 2015; Miskowski 
et  al. 1993). Infrared spectra (4000–400  cm−1) were 
recorded in KBr disks on a JASCO-460 plus FT-IR 
spectrophotometer. The mass spectrum was scanned 
on an MS model CH7A Varian (EI, 70  eV). On a 
Shimadzu LCMS-2010 A, liquid chromatography-
mass spectrometry (LC–MS) studies and a Netzsch-
TGA 209 F1, thermal gravimetry analysis were per-
formed. 1H NMR, 13C NMR, 195Pt NMR spectra were 
recorded by Brucker BRX-250 Avance spectrometer 
at 300, 75, and 64  MHz, respectively with DMSO-
d6 as a solvent. The conductivity of two complexes 
was carried out on a Systronics Conductivity Bridge, 
model 305, with a cell constant of 0.59 using water as 
the solvent. Melting points were recorded by, a Buchi 
B-545. SPEKOL 2000 UV 6800 recording spectro-
photometer was used for absorbance reported. The 
fluorescence emissions were determined by a Hitachi 
MPF-4 spectrofluorimeter. Finally, circular dichroism 
was measured using a Jasco J-1500 CD spectrometer. 
Abbreviation of multiplicities are shows: s = singlet, 
d = doublet, t = triplet, br = broad, m = multiplet.

Synthesis of ligand and metal complexes

Synthesis of N‑isobutylglycine

N-isobutylglycine (IBgly) was synthesized by modi-
fying the method reported in the literature (Fugger 
et al. 1955). Generally, a solution of ethyl bromoac-
etate (10.6  mmol, 1.20  mL) in toluene (2  mL) was 
added dropwise with constant stirring to a solution 
of Isobuthylamine (21.2  mmol, 2.16  mL) in toluene 
(8  mL) in an ice bath and stirred for 30  min. After 
refluxing for 4 h and cooling, the Isobutylamine hyd-
robromide was filtered off, washed with toluene, and 
dried. The filtrate was concentrated until the entire 
toluene as a solvent was removed by a rotary evap-
orator under reduced pressure. Sodium hydroxide 
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(10.6  mmol, 0.42  g) dissolved in 1.6  mL distilled 
water was added to the above-concentrated solution 
and refluxed for 30 min and then cooled. The solution 
and diethyl ether (10  mL) was poured into a sepa-
ratory funnel with the mixture extracted three times 
with (10 mL) diethyl ether to remove primary organic 
materials and solvent. The aqueous solution was 
acidified with HCl (3 mL, 4 M) until the pH reached 
2.0. Finally, a yellow precipitate was obtained with 
slow evaporation at 35  °C. This ligand was purified 
through recrystallization from a minimum amount of 
HCl 0.1 M (see Scheme 1).

IBgly‧HCl (N-isobutylglycine‧HCl): Yield: 65% 
with a melting point of 212–215 ℃. Analytical cal-
culated for C6H14ClNO2 (167.07 g mol−1): C, 42.99; 
H, 8.42; N, 8.36. Analytical found: C, 42.54; H, 8.01; 
N, 7.98%; IR bands (KBr pellet, cm−1): 3500(br), 
2955(br), 2592(w), 2385(m), 1761(s), 1468(m), 
1418(s), 1218(s), 905–799(m). 1H NMR (300  MHz, 
DMSO-d6, 323 K, TMS): δ 0.92 (d, 3JH–H = 6.69 Hz, 
6H), 2.00 (m, 3JH–H = 6.77  Hz, 1H), 2.75 (d, 

3JH–H = 7.05  Hz, 2H), 3.79 (s, 2H), 9.14 (sb, NH), 
13.15 (sb, OH). 13C{1H} NMR (75 MHz, DMSO-d6, 
333  K, TMS): δ 20.08 (s, 2C), 25.29 (s, 1C), 47.26 
(s, 1C), 53.96 (s, 1C), 167.87 (s, 1C=O). MS (70 eV, 
EI): m/z (%) = 131 (5) [M]+, 130 (25) [M-H]+, 87 
(87.5) [M-COOH]+, 59 (82) [M-C4H11N]+, 56 (63) 
[C4H8]+, 45 (35) [COOH]+, 41 (100) [C2H3N]+, 30 
(83) [CH2NH2]+. The MS, 1H NMR, and 13C NMR 
spectra of IBgly are given in Figures S1-S3 in supple-
mentary information.

Synthesis of Pt(II) complexes

Synthesis of [Pt(NH3)2(IBgly)]NO3 (1)

AgNO3 (0.11 g, 0.63 mmol) was dissolved in double-
distilled water (43  mL) and then cis-[Pt(NH3)2I2] 
(0.15 g, 0.31 mmol) was added slowly while stirring. 
The suspension was heated while stirring at 40 °C for 
24 h under darkness and Argon gas atmosphere. After 
the reaction was completed, the mixture was filtered 

Scheme 1   Preparation routes of IBgly

Scheme 2   Preparation route of complex 1 
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through Whatman 42 filter paper to remove the 
AgI precipitate. In a separate beaker, IBgly (0.08  g, 
0.38 mmol) and NaHCO3 (0.06 g, 0.69 mmol) were 
dissolved in double-distilled water (20 mL) at 45 °C 
with constant stirring and added dropwise to filtrate 
under darkness and concentrated at 35 ℃. The yellow 
precipitate of 1 was obtained and washed with some 
water and acetone. Then, it was kept in a vacuum 
desiccator to dry. Due to purification, complex 1 was 
recrystallized with a minimum amount of double dis-
tilled water twice (see Scheme 2).

[Pt(NH3)2(IBgly)]NO3: The yield of the reac-
tion was 71% with a decomposing temperature of 
208  °C. Analytical calculated for C6H18N4O5Pt 
compound (421.32 g  mol−1) is C, 17.10; H, 4.31; 
N, 13.30%. Analytical found: C, 17.45; H, 4.77; 
N, 12.89%; IR bands (KBr pellet, cm−1): 3440(br), 
3197(br), 2869(m), 1644(s), 1383(s), 1170(w), 
1049(w), 834(m), 701(w), 541(w), 461 (w); UV 
Band λmax (nm) ɛmM (Lmmol−1  cm−1): 209 (68.26); 
Molar conductance, ɅM (10−4  M, H2O) = 132 
Ω−1 cm2  mol−1; 1H NMR (300  MHz, DMSO-d6, 
323  K, TMS): δ 0.90 (m, 6H), 1.94 (m, 1H), 2.07, 
2.56 (s, m 3JH–H = 188.44  Hz, 2H), 2.63, 3.12 (d, s, 
3JH–H = 144.49  Hz, 2H), 3.41 (m, NH3), 4.44 (m, 
NH3), 6.24 (s, NH); 13C{1H} NMR (125  MHz, 
DMSO-d6, 298  K, TMS): δ 20.54 (s, 2C), 27.09 (s, 
1C), 52.05 (s, 1C), 56.22 (s, 1C), 174.37 (s, 1C = O). 
195Pt-{1H} (64  MHz, DMSO-d6, 300  K, TMS): δ 

− 2966.21  ppm. [M]+–NO3: 358.90; The 1H NMR, 
13C{1H} NMR, 195Pt-{1H} NMR, and LC-Mass 
spectra of complex 1 are given in Figs. S4–S7 in sup-
plementary information.

Synthesis of [Pt(bipy)Cl2]

[Pt(bipy)Cl2] was prepared and purified according to 
the literature procedure (Liang et al. 2015; Miskowski 
et al. 1993).

[Pt(bipy)Cl2]: Yield: 95%. 1H NMR (300  MHz, 
DMSO-d6, 323  K, TMS): δ 8.15 (dd, 3JH–H = 5.49, 
13.69 Hz, 2H), 8.27 (s, 2H), 9.02 (d, 3JH–H = 8.21 Hz, 
2H), 9.67 (d, 3JH–H = 5.29  Hz, 2H). The 1H NMR 
spectrum of [Pt(bipy)Cl2] is given in Figure S8. in 
supplementary information.

Synthesis of [Pt(bipy)(IBgly)]NO3 (2)

A suspension of [Pt(bipy)Cl2] (0.14  g, 0.33  mmol) 
and AgNO3 (0.11  g, 0.66  mmol) was placed in a 
round-bottom flask in double-distilled water–acetone 
(1:3; 178 mL) under Argon gas atmosphere and dark 
conditions at 45  °C untile the green precipitate of 
AgCl appeared. The precipitate was eliminated by 
filtering through Whatman 42 filter paper. A solution 
of IBgly (0.08 g, 0.40 mmol) and NaHCO3 (0.06 g, 
0.73  mmol) in 30  mL double distilled water was 
added dropwise to clear yellow filtrate under darkness 

Scheme 3   Preparation 
route of complex 2 
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at 45 °C. The yellow product of 2 was obtained and 
washed with double distilled water plus acetone 
through evaporation of solution at 35 °C. Complex 2 
was recrystallized with double distilled water twice 
(see Scheme 3).

[Pt(bipy)(IBgly)]NO3: The yield of the reaction 
was 71% with a decomposing temperature of 293 °C. 
Analytical calculated for C16H20N4O5Pt compound 
(543.44 gmol−1) is C, 35.36; H, 3.71; N, 10.31%; 
Analytical found: C, 35.63; H, 3.78; N, 10.27%; 
IR bands (KBr pellet, cm−1): 3439(br), 3089(m), 
2889(m), 1686(s), 1384(s), 1204(w), 1040(m), 
816(m), 732(w), 519(w), 465 (w); UV Band max-
ima in nm (ɛmM in Lmmol−1  cm−1): 246 (21.36), 
294(6.068), 305(10.97), 317(15.98), 342(2.37); 
Molar conductance, ɅM (10−4  M, H2O) = 129 Ω−1 
cm2  mol−1; 1H NMR (300  MHz, DMSO-d6, 323  K, 
TMS): δ 1.04 (d, d, 3JH–H = 6.66  Hz, 6H), 2.13 (m, 
1H), 2.93 (m, 2H), 3.57(d, 3JH–H = 16.54 Hz,1H), 3.92 
(d, 3JH–H = 15.00  Hz,1H), 7.46 (s, NH), Aromatic 
protons: 7.91(q, 3JH–H = 6.08  Hz, 2H), 8.48(m, 2H), 
8.66(m, 3H), 8.75(d, 3JH–H = 6.00  Hz,1H); 13C{1H} 
NMR (75 MHz, DMSO-d6, 300.0 K, TMS): δ 20.29 
(s, 1C), 20.79 (s, 1C), 25.40 (s, 1C), 54.28 (s, 1C), 
63.06 (s, 1C), 124.31 (s, 1C), 124.67 (s, 1C), 128.15 
(s, 1C), 128.40 (s, 1C), 141.37 (s, 1C), 141.94 (s, 1C), 
148.59 (s, 1C), 150.39(s, 1C), 155.60 (s, 1C), 156.50 
(s, 1C), 180.50 (s, 1C); 195Pt-{1H} (64 MHz, DMSO-
d6, 300  K, TMS): δ-2970.86  ppm. [M]+–NO3: 
480.75; The 1H NMR, 13C NMR, 195Pt-{1H} NMR, 
and LC-Mass spectra of complex 2 are given in Fig-
ures S9-S12 in supplementary information.

ADME prediction

One of the most essential parts of drug discovery 
and drug molecule development is the prediction 
of ADME parameters before experimental research 
(http://​www.​swiss​adme.​ch). ADME studies have 
always been crucial in assisting the optimization of 
new medication pharmacokinetic features, hence 
boosting their success rate. Lipinski’s rule of five 
analysis was used to determine whether a chemical 
compound might be used as an orally active medicine 
in humans (Daina et al. 2017; Ramya et al. 2018).

Theoretical calculation

All geometric optimizations and energy calcula-
tions of IBgly, as well as complexes 1 and 2, were 
carried out using density functional theory (DFT) 
at the UB3LYP and 6-311G basis set for H, C, N, 
and O atoms and (LANL2DZ) were utilized for Pt 
metal atom using Gaussian 09 program. The input 
file of IBgly and Pt-derivatives was obtained using 
GausView 6.0 program (Frisch et  al. 2009; Den-
nington et  al. 2016). Also, the electrostatic poten-
tial (ESP) charges were determined to obtain the 
molecular electrostatic potential (MEP) maps for 
electron delocalization determining in the molecu-
lar surface. Further, some quantum chemical param-
eters were computed in the aqueous phase (Pearson 
1986; Imram et  al. 2019). They are the energy of 
the lowest unoccupied molecular orbital (ELUMO), 
the energy of the highest occupied molecular orbital 
(EHOMO), the energy gap between LUMO and 
HOMO (EGAP = ELUMO – EHOMO), ionization energy 
(I =  − EHOMO), electron affinity (A =  − ELUMO), abso-
lute hardness [η =  − 1/2(ELUMO − EHOMO)], abso-
lute softness (σ = 1/η), absolute electronegativity 
(χ =  − 1/2(ELUMO + EHOMO)), chemical potential 
(CP =  − χ), global softness (S = 1/2η), electrophilicity 
index (ω = CP2/2η), nucleophilicity index [N = (1/ω)], 
and additional electronic charges [ΔNmax =  − (CP/η)].

Docking simulation study

The receptor structure [1BNA: 5′‐D(*CP*GP*CP*
GP*AP*AP*TP*TP*CP*GP*CP*G)‐3′] was down-
loaded from the Protein Data Bank (http://​www.​rcsb.​
org/​pdb). Docking simulation of Pt complexes-DNA 
interaction was studied using AutoDockTools 1.5.6 
with AutoGrid 4.2.5 and AutoDock 4.2 [AutoDock 
4.2 Release 4.2.5.1(c) 1989–2012] (Morris et  al. 
2019). The structure of the complexes was optimized 
using Gauss View 6.0 program and optimized by 
the theoretical level of UB3LYP with 6–311 G basis 
set for (H, C, N, and O) atoms, along with LAN-
L2DZ basis set for platinum metal with the Gauss-
ian 09 program. All water molecules as solvent were 
removed before docking after which the charges, 
Gasteiger partial charges, and hydrogen atoms were 
added to the receptor. The grid dimensions were kept 
84 × 104 × 126 and 86 × 112 × 122 Å points in x, y, z 
directions for complexes 1 and 2, respectively, and 

http://www.swissadme.ch
http://www.rcsb.org/pdb
http://www.rcsb.org/pdb
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a grid-point spacing of 0.375 Å. The search for best 
conformers was done using the Lamarckian Genetic 
Algorithm (LGA). Finally, the molecular docking fig-
ures were obtained using the AutoDock program.

Experimental DNA interaction with Pt‑complex

The spectroscopic isothermal titration, 50  μL of 
1  mM solution of Pt(II) complexes 1 and 2, (stock 
solution: 1 and 0.5 mM, respectively) were separately 
titrated in 1.8 ml of Tris–HCl buffer (10 mM sodium 
chloride, pH 7.4) and CT-DNA solution (0.08 mM). 
Buffer solution without CT-DNA and Pt complex 
was used as reference. An equal amount of the metal 
complex solution was added to the reference solu-
tion to eliminate the absorbance of each complex. 
After 1 min., the absorbance was recorded at 258 and 
640  nm. Absorbance at 640  nm was used to elimi-
nate the interference of solutions turbidity. Upon no 
changes were observed in absorbance, titration was 
stopped and absorbances were plotted against dif-
ferent concentrations of each complex. This experi-
ment was separately performed at 27 and 37 °C (Xu 
et al. 2008). To state the denaturation mechanism, the 
thermodynamic and binding parameters were mainly 
obtained via the PACE method (Greene and Pace 
1974).

The thermal denaturation was carried out in phos-
phate buffer through continuous heating from 25 to 
99 °C each 2 °C/min. The electronic absorbance vari-
ations were monitored at 258 nm. The temperature at 
the midpoint of the transition denaturation of DNA 
is the melting point (Tm) and is distinguished as the 
temperature at which half of the DNA double helix 
changes into a single strand (Lehninger et  al. 2005; 
Hosseinzadeh et al. 2020).

Fluorescence emission of ethidium bromide was 
applied in water because it shows feeble fluorescent 
as a fluorescent probe to double-stranded via inter-
calation between base pairs of DNA (Wani et  al. 
2020; Lakowicz 2006; Albani 2007). The fluores-
cence emission spectra were considered at 471  nm 
and registered from 540 to 700  nm (slit width was 
10 nm) representing fluorescence maxima at 580 nm. 
Recorded fluorescence emission of Pt complexes was 
according to baseline during monitoring. The solu-
tion of 12 × 10−2 mM DNA and 2 × 10−3 mM EB was 
titrated by 0–0.31 and 0–0.20 mM of 1 and 2, respec-
tively, at room temperature.

In circular dichroism as an optical technique, the 
intercalation bond enhances the absorption of the 
first band in the CD spectrum due to the π–π* inter-
action. Base stacking (275  nm) yields the positive 
band, whereas right-handed helicity causes the neg-
ative band (245  nm) (Rehman et  al. 2015a, b). The 
ellipticities of DNA changed conformational struc-
ture at 0.12 mM in the range of 200–320 nm at 25 °C 
by adding each complex of 1 and 2 in the range of 
(0.2–0.43 and 0.05–0.13 mM) for complexes 1 and 2, 
respectively.

In vitro Cytotoxicity data

Human colorectal cancer cell line HCT116 was pro-
cured from the NCBI Pasteur Institute of Iran. To 
grow the cells, the DMEM medium (Sigma) was sup-
plemented with 2  mM l-glutamine, 5  µg/mL strep-
tomycin, penicillin, and 10% heat-inactivated fetal 
calf serum under 5%:95% CO2: air atmosphere at 
37  °C. For assays of the cell proliferation, the solu-
ble yellowish MTT was broken and transformed into 
the insoluble purple formazan which is activated by 
mitochondrial dehydrogenase of living cells. Accord-
ing to the MTT assay, the cell viability assay from the 
cytotoxicity effects of complexes 1 and 2 was stud-
ied in a 96-well plate (1 × 104 cell/mL) and overnight 
adherence. Next, HCT116 cell lines were incubated 
with different concentrations of Pt(II) complexes to 
0–100 µM and incubated for 48 and 72 h. Four hours 
before completing the incubation, 25 µL of the MTT 
solution (5 mg/mL in PBS) was appended to the cul-
tured media, after which the insoluble formazan was 
made. Later, optical density (OD) of the dissolved 
insoluble formazan produced was read in 10% SDS 
and 50% DMF solution (left for 2 h at 37 °C in dark-
ness) and optical density (OD) at 570  nm against 
reagent blank via a multi-well scanning spectrom-
eter (ELISA reader, Model Expert 96, Asys Hitech, 
Austria).

Results and discussion

Ligand coordination and complex formation

TGA/DTG analysis of two Pt-complexes was detected 
with a 10 ℃ min–1 heating rate under N2 atmosphere 
and weight loss were measured from ambient temp. 
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to 800 ℃. The mass change for 1: 52.7 and 2: 39.8% 
displays PtO and Pt/PtO residue is in ashe at 800 ℃ 
and presence of ligands is proved by mass change 
percent determined for two compounds (Fig. S13 in 
the supplementary information). These numbers of 
percent are according to mass recorded at mass spec-
tra in Figs. S7 and S12 in the supplementary section. 
Similar to the KBr pellet IR spectrum of other amino 
acids, the IBgly is also broad exclusively within the 
range of 2000–3500  cm−1. The FT-IR spectra of 
IBgly as free amino acid and its Pt complexes are dis-
played in Fig. 1. The broad bands arising due to OH 

stretching vibration can be assigned to the carboxylate 
group of the IBgly and complexes at 3439–3494 cm−1 
(Fischer et  al. 2005; Nakamoto 2009; Rosado et  al. 
1998). Assignment of the NH and CH stretch-
ing vibrations in the free IBgly and both complexes 
appeared in the region of 3335–2723, 3197–2869, 
and 3089–2889  cm−1, respectively. The strong 
bands around 1761 and 1418  cm−1 are attributed to 
νas(COO−) and νs(COO−) in IBgly. The redshift of the 
asymmetric and symmetric stretching vibrations of 
the carboxylate group in complexes 1 and 2 within the 
range 1644–1686 and 1383–1384 cm−1, respectively, 
indicates the fact that the IBgly has been coordinated 
to the platinum center by the oxygen atom of the car-
boxylate group. The identification between unidentate 
or bidentate coordination mode of glycine to platinum 
is detected by infrared spectra. If the bidentate (che-
lated) glycino group was absorbed at 1643 cm−1, the 
ionized or the un-ionized unidentate group would be 
absorbed at 1610 and 1708 cm−1, respectively. In both 
complexes, the glycino group appeared at 1644 and 
1686  cm−1 which can be considered as a bidentate 
(chelating) group (Nakamoto 2009; Latha et al. 2017; 
Kieft and Nakamoto 1967). The bands at 1218, 1170, 
and 1204  cm−1 would be attributed to C–N stretch-
ing vibrations of IBgly and complexes, respectively. 
Also, it can be considered respectively for 1 and 2 
the weak bands at 1049, 834, and 701 and 1040, 816, 
and 732 cm−1 for the nitrate ion (Castro and Jagodz-
inski 1991). Ultimately, the ν(Pt–N) and ν(Pt–O) are 
ascribed at 569–519 and 461–465  cm−1 for com-
plexes 1 and 2, respectively (Nakamoto 2009).

DT-DFT and Freq-DFT computational studies can 
be used for the validation of all proposed structures. 
The geometry of each complex has been optimized by 
the UB3LYP/6311G(d,p)(LANL2DZ) method using 
the Gaussian 09 AML64-G09 Revision-D.01 pro-
gram packages (Frisch et  al. 2009) and GaussView 
6.0.16 (Dennington et  al. 2016). Frequency calcula-
tions were done to validate vibrational spectra IR by 
the Opt-Freq keyword (Ramezani et al 2021a, b). The 
optimized structures, as shown, accurately describe 
the experimental wavenumbers for free IBgly and its 
Pt(II) complexes and they are well fitted (Fig. 1 and 
Table S1 in the supplementary information). Based on 
these findings, we found that the stretching bands of 
the asymmetric and symmetric carboxylate groups, as 
well as the stretching frequencies of the NH and CH 
groups, are in good agreement with the experimental 

Fig. 1   Experimental IR and FREQ-DFT computational IR 
spectra of a IBgly, b and c complexes [Pt(NH3)2(IBgly)]NO3 
(1) and [Pt(bipy)(IBgly)]NO3 (2), respectively. The computa-
tional and experimental IR spectra are shown as blue and black 
lines, respectively
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spectra in the theoretical spectra obtained from DFT 
calculations. This provides additional evidence, that 
perhaps the optimized structures properly represent 
the examined molecules and could be used for further 
theoretical research.

ADME prediction and drug‑likeness analysis

The ADME properties of synthesized IBgly ligand 
and complexes 1 and 2 were predicted using compu-
tational research. To determine the brain or gastric 
absorption of drug, BOILED-EGG presentation can 
be useful in Swiss ADME well tool (Fig. S14). Fig-
ure S14 in supplementary shows ligand; complex 1 
and oxaliplatin are in the white section that displays 
them to be well-absorbed by gastrointestinal organs; 
while complex 2 and carboplatin are blood–brain 
barrier (BBB) passively in the yellow part and cis-
platin is totally outside the egg. Among them, ligand 
and carboplatin and complex 1 are red dots and they 
were read non-substrate and are not actively effluxed 
by P-glycoprotein− (PGP−) and other compounds 
are PGP+ and blue dot. Therefore, we can predict 
[Pt(NH3)2IBgly]NO3 can be a candidate as an oral 
Pt-drug. The results of the ADME property predic-
tion are shown in Table 1. Qikprop v3.5 (Schrödinger 
LLC) was used to predict the absorption, distribu-
tion, metabolism, and excretion (ADME) properties 
of all substances. The molecular weight (Mw), pre-
dicted octanol–water partition coefficient (log Po/w), 

number of hydrogen bond acceptors (n-ON), number 
of hydrogen bond donors (n-OHNH), and topologi-
cal polar surface area were computed in this study 
(TPSA). The properties listed above help in determin-
ing the ADME qualities of any medication or manu-
factured molecule. In addition, all compounds dem-
onstrated molecular weight Mw (130–480), ClogP 
(− 0.3 to 1.08), and TPSA (44 to 55) in the acceptable 
ranges. Interestingly, all synthesized compounds pass 
the drug-like rules namely Lipinski’s rule and Veber’s 
rule (Daina et al. 2017), have desirable drug-likeness 
criteria. There should be no more than one violation 
of the following four criteria in a molecule that is 
likely to be developed as an orally active drug can-
didate: log Po/w (octanol–water partition coefficient) 
5, molecular weight 500, number of hydrogen bond 
acceptors 10, and number of hydrogen bond donors 5 
(Clark and Pickett 2000).

The bioavailability Radar provides drug-likeness 
of each compound with some factor showing (pink 
areas) such as lipophilicity (− 0.7 to + 5.0), size 
(150 ≤ Mw ≤ 500), polarity (20–130  Å), insolubil-
ity (S ≤ 6), in saturation (amount of sp3 hybridization 
of carbon ≥ 0.25), and flexibility (≤ 9) (Daina et  al. 
2017). Physicochemical aspects of these compounds 
are displayed in Fig. 2, and it shows all ligand and Pt 
complexes can be considered as drug candidates like 
cisplatin, carboplatin, and oxaliplatin. These com-
pounds are acceptably soluble in water. Therefore, 

Table 1   Molecular Properties of platinum complexes

a Molecular weight of the molecule
b Predicted octanol–water partition coefficient (logP o/w) (–2.0 to 6.5)
c Topological polar surface area (PSA) (7.0–200.0)
d Number of hydrogen bond acceptors < 10
e Number of hydrogen bonds donors < 5

Compounds Mwa (g/mol) 
(150–500)

Consensus 
LogPo/w

b (-2 to 
6.5)

TPSAc (Å2) (20 
to 130)

No. of ONd 
(< 10)

No. of OHNHe 
(< 5)

Violations of 
number of rule of 
5 (< 5)

IBgly 131.18 − 0.3 49.33 3 2 0
Complex 1 359.31 − 1.22 55.81 5 3 0
Complex 2 481.43 1.08 44.81 5 1 0
Cisplatin 300.05 6.48 2 6 1
Oxaliplatin 397.29 − 0.63 104.64 4 2 0
Carboplatin 371.25 − 0.63 59.08 4 2 0
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it is good for any designing or formulations as men-
tioned oral Pt-drug.

DFT investigation

Density functional theory for IBgly and complexes 1 
and 2 was applied in the closed-shell singlet ground 
state to optimize geometries. MEP maps are pre-
sented in Fig. 3. The lookout of MEP maps for these 
compounds demonstrated the O atoms of carboxy-
late group and N atoms of amino and pyridyl ring 
can act as donor and acceptor electrons in hydrogen 
bond and other interactions with DNA. In each mol-
ecule, the frontier molecular orbitals are the most sig-
nificant. Their Egen values and their energy distance 
(Egap) between LUMO–HOMO indicate their biologi-
cal activities and the trends in DNA binding affinity 
(Yadav et al. 2015). The contour plots of HOMO and 
LUMO for IBgly as a ligand and complexes 1 and 
2 as well as their energies are presented in Fig.  4. 

Negative and positive regions are shown in green and 
red colors, respectively. HOMO and LUMO calcula-
tion of IBgly determine that the surface of HOMO is 
involved in all orbitals of ligand, and the electron den-
sity of LUMO is localized on the amino acid part of 
IBgly and minimum on the aliphatic branch without 
considerable contributions. The electron density of 
HOMO and LUMO for complex 1 is localized mostly 
on IBgly as well as a metal ion. However, the charge 
density of HOMO for complex 2 is localized on the 
chelating ring of IBgly and metal ion, while LUMO 
is localized on the pyridyl ring of the bipy ligand of 
the complex. Also, the diagrams of molecular orbitals 
and energy levels for HOMOs and LUMOs for IBgly 
and both Pt(II) complexes are presented in Fig. S15 
and Table S2 in the supplementary information. For 
complex 2, LUMO + n (n = 1–2) was centered on the 
pyridyl ring of bipy ligand, and HOMO − n (n = 1–2) 
was populated on carboxylate plus amino groups 
along with coordinated Pt(II) metal ion. Additionally, 

Fig. 2   The bioavailability radar as drug-likeness for a IBgly, b and c complexes 1 and 2, d-f) cisplatin, oxaliplatin, and carboplatin, 
respectively
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the calculated quantum chemical parameters of the 
above-mentioned compounds are calculated and 
listed in Table  2. Furthermore, many of the theo-
retical studies have reported that interaction between 
biomolecules such as DNA or protein and the small 
molecule can be strong when the EHOMO of the bio-
molecule is high, while ELUMO of a small molecule 
is low (Kurita and Kobayashim 2000). The research 
on the HOMO and HOMO + 1 of DNA has demon-
strated that these orbitals are often concentrated on π 
orbital of base pairs while HOMO + n (n = 2–3) are 
populated on phosphate backbone (Yadav et al. 2015; 
Kurita and Kobayashi 2000). In agreement with the 
above consideration, the intercalation mode is more 
probably for complex 2, as the LUMO of complex 2 
is localized on the pyridyl ring of bipy. Also, due to 
HOMO–LUMO orientation of the DNA skeleton and 
complex 2, transfer of electronic charge from phos-
phate groups on DNA to the LUMO of the complex 
2 can occur (see Fig. 3). Next, the calculation of the 
quantum chemical descriptors (QCDs) is an effec-
tive technique in determining the activity of mol-
ecules. Calculated quantum chemical parameters at 
the level of theory are listed in Table 2. Among the 

compounds, the structure of complex 1 has the low-
est total Energy (Etotal) than complex 2 and IBgly. By 
comparing the Egap between the LUMO and HOMO 
orbitals of two complexes, we found that the low 
energy gap of complex 1 can lead to a higher reactiv-
ity for this complex with appropriate donors (Yadav 
et al. 2019). Also, 1 with high values of (σ), is con-
sidered as a soft species and more reactive, while for 
complex 2 is vice versa. On the other hand, complex 
2, with its higher nucleophilicity (N) and chemical 
potential (CP), will be able to easily deliver its elec-
trons to electrophilic compounds, where electrons can 
spread throughout the structure.

Natural bond order (NBO) analysis

The atomic charge distributions via natural popu-
lation analysis (NPA), with UB3LYP/LANL2DZ 
model, were computed for IBgly and complexes 1 
and 2. For all compounds, the most negative charges 
of the atomic group were ascribed to nitrogen and 
oxygen atoms with more electronegativity (Table 3). 
Specifically, The N8 and O3(IBgly), O10(1), O4(2) 
atoms from the chelating ring of amino acid group, 

-6.138 × 10−2                             6.138 × 10−2 -0.148 0.148 

IBgly                                                     1                                                                   2   

-0.220 0.220  

Fig. 3   Optimized structures and MEP maps of IBgly and its Pt(II) complexes 1 and 2 
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and the nitrogen atoms of amino groups and bipyri-
dyl rings of bipy for complexes 1 and 2, respectively, 
were susceptible to the electrophilic attack.

Further, the negative charges around Pt atom of 
N and O atoms were suggestive of electron donation 

by Pt atom (Table 3). Remarkably, the charges on the 
N8 (− 0.939 and − 0.773e) of the amino group of the 
chelating ring were more negative than the O atom 
(− 0.609 and − 0.583e) of the carboxyl group for both 
complexes, respectively. This suggests that the amino 

∆E = 9.333                                ∆E = 0.704                                     ∆E = 3.634                

LUMO   

HOMO 

IBgly                                             1                                                         2

Fig. 4   Contour plots of frontier molecular orbitals with their energy gap (eV) of IBgly and complexes 1 and 2 

Table 2   Calculated quantum chemical parameters of related molecules at the same level of theory

a In eV, b in eV−1, and cin Hartree
* These data come from Cohen and Lippard (2001) directly in this column for comparison

Compound EHOMO
a ELUMO

a ΔEgap
a ηa σb χa

IBgly − 5.98 3.35 9.33 4.66 0.21 1.31
1 − 12.09 − 11.39 0.70 0.35 2.84 11.75
2 − 9.77 − 6.14 3.63 1.82 0.55 7.96
Cisplatin* − 6.618 − 1.97 4.47 2.32 0.43 4.29

Compound CPa ωa Na ΔNmax Sb Etotal
c

IBgly − 1.31 0.18 5.40 0.28 0.11 − 441.67
1 − 11.75 196.01 0.01 33.37 1.42 − 2337.22
2 − 7.96 17.41 0.06 4.38 0.27 − 1055.47
Cisplatin − 4.29 3.97 0.25 1.85 0.21 –
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group is more likely to draw the electron density from 
the Pt center than the carboxyl group. Based on com-
paring atomic charges in these compounds, it can be 
stated that the negative charge is accumulated on the 
N atom the most due to the tendency of the N atom to 
electrophilic attack and free electron pair on N atoms 
with negative charges. This is in agreement with the 
predicted positive charge around the Pt atom (+ 1.071 
and + 0.952e) for two complexes, respectively. Also, 
the positive charges of carbon atoms (C11 and C2) of 
complexes are attributed to the charge donation to the 

electronegativity oxygen atom from the carboxylate 
group.

Quantum chemical calculations unmistakably 
confirmed a square planar geometry for both Pt(II) 
complexes with appropriate low energy. According 
to Table 4, O and N atoms of amino acid group coor-
dinated to Pt atom and formed the Pt–N and Pt–O 
bonds, which causes weakening of the optimized 
C1–O3 and C5–N8 bond lengths from the free IBgly. 
These bonds were extended due to coordination with 
Pt(II) by about 0.1 and 0.02  Å for two complexes, 

Table 3   Atomic optimized 
NBO charges of compounds 
at UB3LYP/LANL2DZ 
level

Compound IBgly 1 2
Atom NBO charges (e) NBO charges(e) NBO charges(e)

Pt1(1), Pt26(2)  + 1.071  + 0.952
O3(IBgly),O10(1), O4(2)  − 0.571  − 0.609  − 0.583
N8  − 0.538  − 0.939  − 0.773
N2(1), N27(2)  − 0.995  − 0.863
N5(1), N28(2)  − 1.027  − 0.823
O2(IBgly),O10(1), O4(2)  − 0.450  − 0.464  − 0.349
C1(IBgly),C11(1), C2(2)  + 0.584  + 0.400  + 0.569
H9  + 0.302  + 0.424  + 0.379
H4(IBgly)  + 0.409

Table 4   Bond specification 
of IBgly compared to its 
metal complexes from DFT 
calculations in water

IBgly 1 2

Bond lengths (Å)
C1–O3 1.360 C11–O10 1.434 C2–O4 1.354
C5–N8 1.449 C12–N8 1.511 C5–N8 1.516
C1–O2 1.208 C11–O15 1.258 C2–O3 1.227
C1–C5 1.523 C11–C12 1.603 C2–C5 1.521
N8–H9 1.015 N8–H9 1.000 N8–H9 1.022

Pt1–O10 1.877 Pt26–O4 2.015
Pt1–N8 1.974 Pt26–N8 2.145
Pt1–N2 1.990 Pt26–N27 2.0261
Pt1–N5 1.990 Pt26–N28 2.081

Bond Angles (°)
O3–C1–O2 122.60 O10–C11–O15 115.94 O4–C2–O3 123.79
O3–C1–C5 110.06 O10–C11–C12 128.13 O4–C2–C5 113.45
C5–N8–C10 116.81 C12–N8–C18 108.33 C5–N8–C1 112.40

O10–Pt1–N8 82.85 O4–Pt26–N8 79.49
O10–Pt1–N2 94.49 O4–Pt26–N27 90.72
N2–Pt1–N5 89.39 N27–Pt26–N28 79.19
N5–Pt1–N8 93.28 N28–Pt26–N8 110.61
N2–Pt1–N8 176.59 N27–Pt26–N8 170.06
N5–Pt1–O10 176.13 N28–Pt26–O4 169.90
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Table 5   Docking results of complexes with 1BNA

Energies are given in kcal/mol
a Final Intermolecular Energy
b Vdw + ‏Hbond + ‏desolve ‏Energy
c Electrostatic energy
d Final total internal energy
e Torsional free energy
f Unbound system’s energy

Complex Rank Run ΔG° Einter-mol
a EVHD

b Eelec
c Etotal

d Etortional
e RMSDf (A)

IBgly 1 123 − 3.69 − 5.18 − 4.93 − 0.25 − 1.43 1.49 27.90
1 1 45  − 10.44  − 11.63  − 4.01  − 7.62 2.25 1.19 30.31
2 1 62  − 9.57  − 10.17  − 6.71  − 3.46  − 0.37 0.6 27.68

Fig. 5   Computational docking models illustrating the interactions of a IBgly and b and c Pt(II) compounds 1 and 2, respectively, 
with 1BNA
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respectively. This confirms that the coordination 
occurs via the N8 and O3 atoms of the amino acid 
group.

Pt‑complex‑DNA docking simulation

To understand the interaction of drug-biomolecular, 
computational molecular docking is an interesting 
tool while considering structural molecular biology 
and binding sites on DNA as a target or receptor. This 
study could be applied to determine the binding and 
free energies during the investigation of stability and 
binding mode of drug-receptor complex (Sirajud-
din et  al. 2013). To this aim, two complexes were 
docked on B-DNA, which was selected from PDBID: 
1BNA. At the beginning of 2000 docking solution 
was determined for only the lowest relative bind-
ing energy in structures docked. Respecting docked 
structures, two complexes can be well placed into the 
proper groove of DNA and G–C sites which are sta-
bilized by van der Waals and hydrogen bonding. Spe-
cifically, the desolvation, hydrogen bond, and electro-
static energy are effective for approaching complexes 
to DNA, especially for complex 1 with ammine 
ligands (− 7.62  kcal/mol) + and partially hydropho-
bic and groove binding type (see Table 5). An opti-
mized docked structure and the hydrogen bonds as 
(N8–H9⋯O2(T7); 2.073  Å), (N5–H7⋯OP2(G22); 

2.17  Å and N2–H4⋯OP2(C21); 1.812  Å), and 
(A18–H3⋯O4; 2.106 Å) for IBgly, complexes 1 and 
2, respectively, are shown in Fig. 5. The relative bind-
ing energy of the docked structures of IBgly and com-
plexes was obtained − 3.69 (IBgly), − 11.63 (1), and 
− 9.57 (2) kcal/mol. The other parameters as both 
complexes folding energies are presented in Table 5 
and Table S3 in the supplementary information.

DNA as a target for complexes

To study the stability of two complexes, at first 
UV–Vis absorption spectra of complexes 1 and 2 
were recorded in double-distilled water solutions 
(1 mM) at λmax of each complex (Fig. S16), and mon-
itoring was done over time to see any changes (see 
Fig. S17 in supporting information). DNA is the main 
target for clinical Pt-drugs in chemotherapy, and elec-
tronic absorption monitoring is the most common 
method to understand the binding and interaction of 
small drugs with DNA. The sigmoidal isothermal 
diagrams of DNA denaturation with complexes 1 and 
2 represented in Fig. 6 demonstrates increased DNA 
absorption by titrating each complex. The results of 
the enhancement in absorption illustrate that the 
purine and pyrimidine bases have been exposed to 
ultraviolet light, so platinum complexes are probably 
able to unzip the two primary strands of DNA 

Fig. 6   The DNA denatura-
tion (0.07 mM) by complex 
titration (0–0.5 mM) of a 
complex 1 and (0–0.1) of b 
complex 2 at 27 (●) and 37 
℃ (●) in Tris–HCl buffer 
(10 mM sodium chloride, 
pH 7.4)
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Table 6   The 
thermodynamic values 
of DNA-Pt complex 
interactions

Complex T (℃) L1/2 (mM) m (kJ mol−1) 
(mM−1)

ΔG
◦

(H2
O) 

(kJ mol−1)
ΔH

◦

(H2
O) 

(kJ mol−1)
ΔS

◦

(H2
O) 

(kJ mol−1 K−1)

1 27
37

0.38
0.37

58.6
40.9

23.9
16.9

231.6 0.69

2 27
37

0.04
0.05

375.8
284.1

16.0
12.8

112.4 0.32
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(Greene and Pace 1974). The midpoint concentration 
of the metal complex during the titration curve 
([L]1/2) was estimated at 0.379 and 0.368  mM for 1 
and 0.038 and 0.055  mM for 2 at 27 and 37  °C, 
respectively (see Table  6). The low value of [L]1/2, 
especially for complex 2 is ten times smaller than for 
1; thus if being applied as a drug, low doses will be 
required to interact with this biomacromolecule. The 
amounts of [L]1/2 are approximately the same with 
values of compounds such as [Pt(bipy)(But-gly)]NO3 
and [Pt(bipy)(Hex-gly)]NO3 (Eslami Moghadam  et 
al. 2016) and [Pt(NH3)2(amylgly)]NO3 (Safa Shams 
Abyaneh et al. 2018) with CT-DNA. Next, thermody-
namic parameters were obtained as summarized in 
Table 1 using the PACE method and CT-DNA dena-
turation diagrams (Fig.  6) (Greene and Pace 1974). 
The values of K and ∆G° as equilibrium constant and 
Gibbs free energy of unfolding denaturation, respec-
tively, were computed by Equations 

(

K =
AN−AObs

AObs−AD

)

 
and (∆G° = − RTLnK) for both complexes at 27 and 
37 °C (Table 6). The plots of ∆G° have been drawn vs 
diverse concentrations of complexes 1 and 2 in the 
transition region at both temperatures (see Fig. S18 in 
supplementary information). ∆G° diminished by 
increasing concentrations for each complex, which is 
the reason why the interaction process is a spontane-
ous reaction. A direct line with Equation 
(

ΔG
◦

= ΔG
◦

(H2O)
−m

[

complex
]

)

 is obtained from a 

diagram of ∆G° versus the concentrations of com-
plexes. The ability of denaturant agent (m), and 
ΔG

◦

(H2O)
 the stability energy of DNA without any 

denaturant agent is Tabulated in Table 6. According 
to Table 6, the greater value of m for 2 shows that the 
denaturation ability of this complex is higher than for 
1. Also, note that the role of temperature as a factor in 
the denaturation process should be investigated. It can 
be stated that temperature is one of the influential fac-
tors in DNA denaturation because with temperature 
elevation from 27 to 37 °C, the values of ΔG◦

(H2O)
 for 

synthesized complexes has been reduced. The next 
parameter, molar enthalpy of unfolding denaturation 
by denaturant Pt(II) complexes, within the range of 
27–37  °C was computed using Gibbs–Helmholtz 
equation (Levine 2009). When the values of ∆ H◦ 
were schemed versus the concentrations of the com-
plexes, descending straight lines were obtained. The 
molar enthalpy of DNA denaturation in the absence 

of metal complexes ΔH◦

(H2O)
 was obtained from the 

interpolation of these lines (see Fig. S19 in supple-
mentary information and Table  1). Ultimately, 
ΔS

◦

(H2O)
 as a molar entropy of DNA unfolding dena-

turation without any complexes was calculated using 
Equation 

(

ΔG
◦

(H2O)
= ΔH

◦

(H2O)
− TΔS

◦

(H2O)

)

 . The 

values of ΔS◦

(H2O)
 were positive for DNA denaturation 

processes by complexes 1 and 2 (Table 6). Data may 
suggest that the interactions between complexes and 
DNA contributed to DNA impairment. Indeed, these 
results show the stability of DNA diminished with 
complex titration due to a spontaneous and exother-
mic process. According to a previous report (He et al. 
2019), ΔH° > 0 and ΔS° > 0 meant that the hydropho-
bic interaction is the main force, and ΔH° < 0 and 
ΔS° < 0 implied that hydrogen bonding and van der 
Waals forces played the primary role, while ΔH° < 0 
and ΔS° > 0 suggested that electrostatic forces were 
driving the binding. It could be concluded that the 
complexes with IBgly were maintained by hydropho-
bic interaction.

In the thermal stability of DNA–complex system, 
small molecules increase the Tm with binding inter-
calation mode by about 5–8 °C and increase the Tm 
slightly with groove binding or electrostatic inter-
actions. Figure  7 displays the curves of absorption 
changes against temperature rise within the range of 
25–99 °C in the absence and presence of complexes 
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Fig. 7     The diagram of the melting point of free DNA 
(0.08 mM) and after complexes 1 and 2 addition (0.025 mM) 
in phosphate buffer
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Fig. 8   Change emission of DNA (0.120 mM) and EtBr (0.002 mM) and also complex of a 1 (0–0.310 mM) and b 2 (0–0.200 mM) 
titrating at room temperature. Inset figure: Stern–Volmer plot of Pt complexes in interaction with DNA
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1 and 2. The Tm of DNA in phosphate buffer was 
reported to be 85 °C in the absence of any additional 
complexes (Fig.  7). The existence of complexes 1 
and 2 changed the Tm values under identical circum-
stances to 82 and 90  °C, respectively. The findings 
illustrate why these complexes bonded with CT-DNA 
as Tm values changed. Complex 2’s larger variation in 
Tm value suggested that it interacted with DNA more, 
possibly stabilizing the double-strand helix structure 
than complex 1 via partially groove binding.

The fluorescence emission spectra of EB-DNA 
as well as after titration by two complexes at 25  °C 
are presented in Fig.  8. Orderly, fluorescence 

quenching intensities were reduced without any 
alteration of maximum emission, which can illus-
trate the complexes that bind to DNA. According to 
the Stern–Volmer, Equation (F0/F = 1 + Ksv[Q] = 
1 + kqτ0[Q]), the quenching mechanism of fluores-
cence was deliberated (Lakowicz 2006). Where, F0 
and F parameters show the fluorescence intensity of 
EB-DNA and also after complex titrating 1 and 2 as 
a quencher, respectively. [Q] denotes the concentra-
tion of quencher (Pt(II) complexes). kq (kq = Ksv/τ0) 
shows the biomolecular quenching constant, τ0 rep-
resents the unquenched lifetime of the fluorophore 
which is around 10−8 s, and Ksv is the Stern–Volmer 

Table 7   Calculated fluorescence parameters of synthesized complexes at room temperature

R is the correlation coefficient

Complex Ksv (M−1) kq (M−1 s−1) R2 Kb (M−1) n R2

1 1.66 × 103 1.66 × 1011 0.99 3.31 × 103 1.09 0.99
2 2.54 × 103 2.54 × 1011 0.99 3.77 × 103 1.05 0.99

Fig. 9   The ellipticity 
conformational struc-
ture change of free DNA 
(0.12 mM) at pH 7.4 and 
27 ℃ for: a and b 1 (0.2, 
0.33 and 0.43 mM) and 2 
(0.05, 0.09 and 0.13 mM) 
complexes, respectively at 
room temperature
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quenching constant acquired from linear F0/F vs [Q] 
plot (inset in Fig. 8). The KSV values were calculated 
to 1.66 × 103 and 2.54 × 103 M−1 for 1 and 2, respec-
tively. The value of KSV for 2 has shown a potential 
quenching capability, but 1 revealed fewer affinities 
to DNA binding. It can be evaluated by kq for detect-
ing the mechanism of quenching containing dynamic 
or static. The values of kq for synthesized complexes 
were greater than those of maximal dynamic quench-
ing constant (2 × 1010  M−1  s−1); thus the quench-
ing mechanisms were probably a static quenching 
for both (Aminzadeh et al. 2020) (see Table 7). The 
binding data in static quenching system of com-
plexes-DNA at 298 K can be obtained from Equation 
(log(F0 − F∕F) = logKb + nlog[Q]) (Rehman et  al. 
2015a, b). As shown in logF0/F versus log[Q], the 
values of Kb and n are defined from the intercept and 
slope of the line (Fig. S20 in supplementary informa-
tion and Table 7). The values of Kb for 1 and 2 sys-
tems were 3.31–3.77 × 103  M−1, respectively, which 
are lower than the value of Kb for classical interca-
lators. This is more possible because of approaching 
via electrostatic force and binding on groove sites via 
hydrophobic interaction for complexes (Akbay et  al. 
2009; Husain et al. 2017; Liu and Sadler 2011).

Circular dichroism (CD) of DNA-Pt complexes 
were shown in Fig. 9, which decreasing negative band 
intensity originate due to groove binding and other 
hydrophobic interactions for 1 and 2 (Ramezani et al. 
2021a, b; Rehman et al. 2015a, b). Furthermore, the 
intensity change followed the order 2 > 1, which was 
consistent with other spectroscopic methods.

Cytotoxicity data

The anti-proliferative and growth inhibitory activ-
ity of two Pt(II) complexes was determined against 
human model colon cancer cell line HCT116, after 
48 and 72  h of incubation. HCT116 cell lines were 
incubated at 0 to 100 µM of Pt(II) complexes at 37 °C 
(Fig.  10 and Table 8). The IC50 values (50% inhibi-
tory dosage) of each compound were obtained based 
on the result of Figs.  10 and 11 as well as Table  8. 
Furthermore, comparison and evaluation of cyto-
toxicity effects of complexes were investigated with 
routine chemotherapeutic drugs (cisplatin, carbopl-
atin, and oxaliplatin), which are lower than the IC50 
amounts of two compounds (see Table  8). Further, 
based on Fig.  11, for the suppression ability of two 
compounds, cytotoxic data of each compound were 

Fig. 10   Inhibition property of Pt-compounds 1, 2, (0 to 100 µM) and references drugs against HCT116 cell line incubated after a 
48 h and b 72 h with standard deviation (SD) from at least 3 separate experiments

Table 8   IC50  values of 
Pt-complexes and Pt-drugs 
against the HCT116 cancer 
cell line

Complex IC50 (μM) (after 48 h) IC50 (μM) (after 72 h)

[Pt(NH3)2IBgly]NO3 (1) 58.38 ± 11 41.66 ± 10
[Pt(bipy)IBgly]NO3 (2) 64.44 ± 2 47.30 ± 13
Cisplatin 16.56 ± 6 9.72 ± 3
Carboplatin 68.46 ± 1 51.94 ± 1
Oxaliplatin 20.69 ± 2 14.56 ± 2
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tabulated and can be compared with each other. On 
the HCT116 cell line, both complexes showed the 
IC50 values of 58.38 and 64.44 μM in 48 h and 41.66 
and 47.30 μM in 72 h incubation times, respectively. 
Complexes 1 and 2 with the lower IC50 values have 
been more effective on inhibition of colorectal cancer 
cell line than carboplatin. It was clear that aliphatic 
glycine as a ligand can play a significant role in cyto-
toxic property against colorectal cancer cells.

Conclusion

Overall, two complexes [Pt(NH3)2(IBgly)](NO3) (1), 
[Pt(bipy)(IBgly)](NO3) (2), and IBgly as a ligand 
were synthesized and characterized. Due to good 
physical properties such as high solubility and stabil-
ity of these cationic complexes, these compounds 
could help improve anticancer activity by the 

presence of leaving group and progressing solubility 
of them. The IBgly acts as a bidentate ligand via N 
and O atoms of the amino acid group and forms a 
5-membered chelate ring with Pt(II) metal ion. 
Experimentally, the binding mode of these com-
pounds to DNA was researched using UV–Vis and 
fluorescence spectroscopy. Thermodynamic and bind-
ing parameters for two complexes 

(

ΔH
◦

(H2O)

)

 = 231.6 

and 112.4  kJ  mol−1 and 
(

ΔS
◦

(H2O)

)

 = 0.69 and 0.32 

kJ  mol−1  K−1, respectively) indicated that the dena-
turation of DNA by both complexes occurred as exo-
thermic and spontaneously, but complex 1 had higher 
potency in DNA denaturation compared with 2. 
Moreover, 2 can denature DNA at fewer concentra-
tions than 1. In the fluorescence study, the quenching 
mechanism was probably a static quenching for both 
complexes. Concerning the lower values of Kb for 
complexes than classical intercalators, it can be 
expressed these complexes did not bind to DNA from 
intercalation mode. Spectroscopic studies illustrated 
that approaching via electrostatic force and groove 
binding are more possible interactions for both com-
plexes. Aqueous phase theoretical calculations were 
performed at the UB3LYP level in conjunction with 
the 6-311G and LANL2DZ basis sets to examine the 
influence of metal coordination. Also, the DFT stud-
ies were used for computing the activity of molecules 
(QCDs). It was found that complex 1 was more reac-
tive than 2. Amine derivatives can be considered as 
an anticancer candidate drug. Further, based on MEP 
and FMOs, the O atom of the carboxylate group and 
N atoms of amino and pyridyl ring could act as donor 
and acceptor electrons in a hydrogen bond. The 
results of the above were confirmed by DFT and 
molecular docking studies. Finally, cytotoxic data 
revealed that both complexes had significant toxicities 
against the HCT116 cell line after 48 and 72  h of 
incubation times. In addition, given the values of IC50 
for both Pt(II) complexes (41.66 and 47.30  μM, 
respectively), two complexes seemed to have a greater 
inhibitory effect compared to carboplatin as a com-
mercial drug, in both incubation times 48 and 72 h.

According to ADMET data, complex 1 is projected 
to be well absorbed by the gastrointestinal tract, but 
not by the brain or P-gp substrate. However, complex 
2 can flow through the BBB and be pumped out of 
the brain passively. Both Pt complexes are completely 
pink on the Bioavailability Radar, indicating that 

0

20

40

60

80

100

120

control 20 40 60 80 100

%
 V

ia
bi

lit
y 

Concentration (µM)

complex 1

48 h

72 h

a

0

20

40

60

80

100

120

control 20 40 60 80 100

%
 V

ia
bi

lit
y 

Concentration (µM)

complex 2

48 h

72 h

b

Fig. 11   Bar chart of cell viability percentage of a and b: com-
plexes 1 and 2 (0 to 100 µM), respectively, on HCT116 cancer 
cell line after 48- and 72-h incubation. The results are shown 
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they are drug-like. Positive lipophilicity refers to the 
fact that complexes 1 and 2 are oral drugs, whereas 
oxaliplatin, carboplatin, and cisplatin are hydrophilic 
and injectable. Because all of the complexes were 
water-soluble, they might be used in the design and 
formulation of chemotherapeutic drugs. Furthermore, 
increased bioavailability of the researched complexes 
was expected when compared to cisplatin, which 
could indicate that oral formulations of the presented 
complexes are possible.
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