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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• The green synthesis of Eu2Sn2O7 nano-
particles using pseudo-stem extract of 
Musa paradisiaca.

• The formation of Eu2Sn2O7 nano-
particles was confirmed by XRD, SEM, 
TEM and XPS spectral techniques.

• The Eu2Sn2O7 nanoparticles exhibited 
cytotoxic to A549 and HepG2 cell lines 
and safety towards normal WI-38 cells.

• The groove binding mode was observed 
during the interaction of Eu2Sn2O7 
nanoparticles with ct-DNA using exper-
imental approach.

• The Eu2Sn2O7 nanoparticles bind with 
ct-DNA in good extend and it is sup-
ported by molecular docking with 1BNA 
protein.
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A B S T R A C T

The attention that green synthesized nanoparticles are receiving is owing to their unique biological benefits as 
well as the physiologically active plant secondary metabolites that support green synthesis. This work reports on 
the facile, ecofriendly and reliable synthesis of europium stannate (Eu2Sn2O7) nanoparticles utilizing pseudo- 
stem aqueous extract of Musa paradisiaca. Pharmacokinetics and pharmacodynamics are greatly impacted by 
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DNA binding
Molecular docking

the interactions between drug molecules and DNA as DNA is the primary target of many pharmacological 
medicines. Therefore, we have investigated the cytotoxic activity and ct-DNA binding of Eu2Sn2O7 nanoparticles. 
Using the MTT test, the cytotoxic potential of Eu2Sn2O7 nanoparticles was assessed against A549 and HepG2 
cancer cell lines. The results of the cytotoxicity study indicate that the Eu2Sn2O7 nanoparticles exhibits improved 
safety toward normal WI-38 cells and has potential anti-cancer activity, with IC50 values of 24.19 and 30.47 μg/ 
mL against the A549 and HepG2 cell lines, respectively. Using circular dichroism, cyclic voltammetry, UV–vis, 
fluorescence emission spectroscopy, viscosity, and circular dichroism, we have examined the molecular inter-
action between Eu2Sn2O7 nanoparticles and ct-DNA under physiological conditions. This is the first time that a 
Eu2Sn2O7 nanoparticles has been demonstrated to binding with ct-DNA, as far as we are aware. These studies 
showed that a groove manner of binding between the Eu2Sn2O7 nanoparticles and ct-DNA existed. Furthermore, 
utilizing molecular docking simulations, the binding ability of Eu2Sn2O7 nanoparticles with ct-DNA was exam-
ined. The outcomes are consistent with the experimental evidence, which shows that hydrogen bonding in-
teractions bind the Eu2Sn2O7 nanoparticles to the ct-DNA groove. In a nutshell this information can be utilized to 
enhance the comprehension of the pharmacological impacts of Eu2Sn2O7 nanoparticles in the future.

1. Introduction

Since the beginning of the twentieth century, it has been understood 
that the sustainability of life and the capacity of a live cell to operate 
depend greatly on the binding of a drugs to a DNA molecule. The genetic 
material found in DNA is in charge of several biological functions, 
including transcription and translation, which are crucial to an organ-
ism’s ability to grow and develop [1,2]. One crucial area of targeted 
medicine research is the creation of therapies that specifically target 
genetic materials like DNA [3]. Because of its potential uses in cyto-
toxicity and molecular biology research, investigations on the in-
teractions between molecules and DNA have attracted a lot of attention 
recently [4]. As DNA is the principal target of the majority of anticancer 
medications, understanding how these drugs interact with DNA may be 
acquired from studying the binding interactions between DNA and drug 
molecules. The drug molecules can bind to the sugar phosphate of DNA 
molecules electrostatically or groove binding, and by intercalation be-
tween DNA base pairs [5]. Certain bioactive compounds possessing 
anticancer characteristics interact through the groove binding mecha-
nism, causing a small disruption in DNA conformations without causing 
structural distortions [6,7]. Because metal-based chemotherapeutic 
medicines bind to DNA and block DNA replication, their cytotoxicity is 
well documented. Therefore, the creation of anticancer metallodrugs 
depends on the interaction between DNA and nanoparticles, which 
prompts new studies in pharmacological activities [8,9]. The molecular 
interaction with ct-DNA is significant in this setting and has been at the 
centre of cytotoxic activity research.

The crystalline complex materials known as pyrochlores, with the 
general formula A2B2O7, have abundant oxygen sites, variable oxidation 
states, and versatile structures. Larger rare earth cations, such as Sm, Eu, 
La, and Ce, often occupy A of the material, whereas smaller transition 
metals, such as Sn, Ti, and Zr, typically occupy B [10,11]. One such 
pyrochlore is Eu2Sn2O7, which has excellent thermal, optical, and 
photochemical qualities. As a result, it finds use in optoelectronic de-
vices, batteries, sensors, and photocatalysis applications [12,13]. Due to 
its variable oxidation state and the continual filling of the 4f orbitals, 
Eu3+ (4f7 6s2) exhibits electrical properties that result in a new band 
structure. Although Eu2Sn2O7 has good optical and luminous properties, 
its biological uses are yet unknown. Thus, the goal of the current study’s 
authors was to synthesis europium stannate nanoparticles using an 
environmental benign approach. In India, M. paradisiaca, is widely 
grown and its fruits, peels, and leaves are utilized in a variety of 
chemical processes [14–16]. It is also frequently known as banana. No 
pyrochlore-based substance has been synthesized using M. paradisiaca’s 
pseudo-stem as a media. Due to its low cost, less usage of hazardous 
solvents, good resource efficiency and less toxicity, the green synthesis 
of Eu2Sn2O7 nanoparticles is in great demand.

This work intends to utilize an environmentally friendly method for 
the synthesis of Eu2Sn2O7 nanoparticles as an alternative to traditional 
techniques, taking into account the great potentiality of plants as 

sources. To the best of our knowledge, no research on the cytotoxic ef-
fects, DNA binding, or green synthesis of Eu2Sn2O7 nanoparticles have 
been reported. Given the above information and keeping with our long- 
standing interest in creating novel therapeutic agents [17–25], the focus 
of the current study is on synthesis of Eu2Sn2O7 nanoparticles using a 
pseudo-stem extract from M. paradisiaca as reducing agent with their 
cytotoxic properties’ evaluation. Utilizing various spectroscopic 
methods, the ct-DNA binding experiments of the Eu2Sn2O7 pyrochlore 
have been carried out. In addition, the docking score and hydrogen 
bonding sites were ascertained utilizing the outcomes of molecular 
docking.

2. Experimental

2.1. Materials

Precursor materials were obtained from Merck India Pvt, Ltd, 
Mumbai, India, for the synthesis of nanomaterials. Tris-HCl, EB, and calf 
thymus DNA (ct-DNA) were acquired from Sigma Aldrich. Without 
further purification, all of the analytical grade reagents were employed. 
For studies and reagents preparation, deionized water was utilized.

2.2. Preparation of pseudo-stem extract of M. paradisiaca

We bought the pseudo-stems of M. paradisiaca from a local market in 
Bengaluru. The pseudo-stems were thoroughly washed with running 
water and allowed to air dry for a day. They were subsequently divided 
into smaller pieces and extracted using Soxhlet with distilled water for 8 
h. The plant extract obtained from the soxhlet extraction process was 
collected, filtered, and dried for further use.

2.3. Synthesis of europium stannate

A simple and environmentally friendly technique was used to 
manufacture Eu2Sn2O7 nanoparticles utilizing phytochemical extract as 
a reducing agent. Typically, a 100 mL aqueous solution of tin(IV) 
chloride pentahydrate and europium(III) nitrate hexahydrate was dis-
solved in a 1:1 M ratio and agitated continuously for 10 min. About 50 
mL of M. paradisiaca pseudo-stem extract was gradually added to the 
solution and sonicated for 10 min. The resultant slurry was transferred 
to a Teflon-lined autoclave and hydrothermally treated at 120 ◦C for 4 h. 
The plant extracts rich in antioxidants, such as flavonoids and poly-
phenols, to facilitate the reduction of metal ions. This initiated nucle-
ation and subsequent growth of Eu2Sn2O7 nanoparticles, with 
biomolecules from the extract serving to cap and stabilize the nano-
particles, preventing agglomeration [26]. After cooling to ambient 
temperature, the mixture was filtered and washed three times with 
ethanol and water. The final product was oven-dried overnight at 80 ◦C. 
After drying, the powders were pulverized and kept in airtight con-
tainers for later use. The hydrothermal method further enhanced the 
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crystallinity and uniformity of the particles. This combined approach 
not only minimizes toxic by-products but also improves sustainability 
and biocompatibility [27].

2.4. Cytotoxicity assay

The cell lines were used in the methylthiazolyl tetrazolium (MTT) 
test to examine the inhibitory effects of nanoparticles on cell viability. 
This study uses the human cancer cell lines A549 (lung) and HepG2 
(liver), as well as the normal lung fibroblast (WI-38). The assay was 
carried out following the procedure given in our earlier reported work 
[28–30]. Nanoparticles concentrations that inhibit cell growth by 50 % 
(IC50) were estimated using curves produced by plotting cell viability vs 
nanoparticles concentration.

2.5. Electronic absorption spectra

The absorption spectra were acquired using a Shimadzu UV-2600 
spectrophotometer, Japan. In brief, the electronic absorption titration 
of the Eu2Sn2O7 nanoparticles in the aqueous buffer solution (pH 7.4) 
were done at a constant Eu2Sn2O7 nanoparticles concentration (5 μM) 
and progressively increasing the concentration of ct-DNA (5–30 μM). 
The baseline was adjusted with Tris-HCl buffer. The intrinsic binding 
constant (Kb) for Eu2Sn2O7 nanoparticles interaction with ct-DNA was 
estimated by graphing [DNA]/(εa-εf) vs [DNA] using absorption spec-
tral titration data. Kb is calculated using the slope to intercept ratio in 
this plot.

2.6. Fluorescence spectra

Fluorescence emission tests were performed using a Shimadzu 
spectrophotometer at room temperature. The fluorescence titration was 
done by incrementally adding the Eu2Sn2O7 nanoparticles (5–25 μM) to 
the ethidium bromide (EB) pre-treated ct-DNA (10 μM) in Tris-HCl 
buffer (pH = 7.4) at 25 ◦C. The fluorescence spectra were obtained at 
wavelengths ranging from 520 to 750 nm, with an excitation wave-
length of 468. The change in fluorescence intensity at 598 nm was 
recorded, and all measurements were recorded at ambient temperature.

2.7. Circular dichroism studies

CD measurements were made with a rectangular cuvette that had a 
path length of 1 cm on a Chirascan CD spectropolarimeter. At 25 ◦C, the 
CD spectra of ct-DNA (10 μM) were obtained both with (5 and 10 μМ) 
and without Eu2Sn2O7 nanoparticles. A 0.5 s time interval and a 1 nm 
bandwidth were used to record the spectra. After removing the buffer 
background and averaging four scans, the CD spectrum was obtained.

2.8. Cyclic voltammetry

Using a three-electrode electrochemical setup, the cyclic voltam-
metric measurements were carried out in the presence and absence of ct- 
DNA in Tris-HCl buffer (pH 7.4). Ag/AgCl electrode, glassy carbon 
electrode, and pt-wire serve as the reference, working and auxiliary 
electrodes in the electrochemical system, respectively. To polish the 
electrode surface, a Nylon buffer pad containing 0.3 mm of alumina 
powder was utilized. Prior to the studies, the solution was purged for 1 
min with pure nitrogen gas to de-aerate it. A nitrogen stream was then 
run over the solution to conduct measurements.

2.9. Viscosity measurements

An Ostwald viscometer, kept immersed in a water bath at a consis-
tent 25 ◦C, was used for the viscosity studies. Viscosities of a 10 μM ct- 
DNA solution were evaluated both with and without increasing con-
centrations of the Eu2Sn2O7 nanoparticles solution (5–30 μM). Plotting a 
graph between the relative viscosity and the concentration ratio of 
Eu2Sn2O7 nanoparticles to ct-DNA allowed for the analysis of the data. 
The sample’s viscosity was assessed using the mean of three replicate 
measurements.

2.10. Molecular docking

The target DNA and Eu2Sn2O7 nanoparticles interactions were 
investigated using AutoDock 4.2 software. The target B-DNA dodecamer 
protein’s crystal structure (PDB ID: 1BNA) was obtained from the Pro-
tein Data Bank. The Eu2Sn2O7 nanoparticles geometry optimization 
output file was transformed into a pdb file and used in the docking 
procedure. After eliminating all ions, water molecules, and any small 
molecules, polar hydrogen and Gasteiger charges were introduced to the 
target biomolecule. To fit in to the whole DNA, a grid box of 63 × 63 ×
120 with a grid spacing of 0.375 Å was designed. The docking possess 
was visualized using the Discovery Studio software.

3. Results and discussion

3.1. Structural analysis

To investigate the crystalline structure and phase identification of 
Eu2Sn2O7 nanoparticles, XRD analysis was performed. The resultant 
Eu2Sn2O7 nanoparticles diffraction patterns are shown in Fig. 1a, indi-
cating the successful formation of a high-purity cubic pyrochlore phase 
with a space group of Fd-3m type. Using the JCPDS: 880457, a brief 
search showed that all of the diffraction peaks were from the pure crystal 
phase of Eu2Sn2O7 nanoparticles. The diffraction peaks at 29.21◦, 
34.65◦, 36.2◦, 49.47◦, 51.19◦, 58.21◦, 62.31◦, and 71.02◦, respectively 
match the (222), (400), (331), (440), (531), (622), (444), and (800) hkl 

Fig. 1. (a) XRD and (b) crystal structure of Eu2Sn2O7.

M.S. Raghu et al.                                                                                                                                                                                                                               Materials Chemistry and Physics 333 (2025) 130327 

3 



planes of the cubic lattice [31]. Considering there are no peaks or signs 
of the development of Eu or Sn hydroxides, this investigation demon-
strates the effectiveness of the pseudo-stem extract of M. paradisiaca as 
an effective reducing agent and the obtained particles are in high purity. 
The intricate crystal structure is seen in Fig. 1b, where the bond between 
Eu3+ and eight O2− atoms acquires a distorted cubic shape centred on 
the body.

Surface morphology and textural characteristics of Eu2Sn2O7 nano-
particles were investigated using TEM and SEM microanalysis. The high- 
resolution scanning electron micrographs of the unaltered Eu2Sn2O7 
nanoparticles are shown in Fig. 2a–c. Agglomeration took place during 
synthesis, as shown in Fig. 2a–c, resulting in the development of a cluster 
of very small Eu2Sn2O7 nanoparticles. However, particles that are be-
tween and larger than 100 nm in size show an uneven distribution of 
their diameters and can form non-homogeneous microstructures. The 
existence of Eu, Sn, and O in the composites is further confirmed by EDS 
mapping, and no indications of impurities are seen (Fig. 2d–g). The 
structure and texture of the Eu2Sn2O7 nanoparticles were examined by 
TEM analysis. The TEM’s micrographs (Fig. 3a–c) show the growth of 
distinct Eu2Sn2O7 nanoparticles that range in size from a few nano-
metres. These little particles form a network of nanoparticles rather than 
clumping together since they are all interconnected.

The green synthesized Eu2Sn2O7 nanoparticles X-ray photoelectron 
spectroscopy (XPS) investigations are displayed in Fig. 4. The elements 
Eu 3d, Sn 3d, and O 1s are present in the survey spectrum displayed in 

Fig. 4a and the other impurities are absent. The two peaks in Fig. 4b, 
which correspond to the Eu 3d5/2 and Eu 3d3/2 subshells, respectively, at 
1138.85 and 1166.23 eV, show that europium is in the +3 oxidation 
state. Sn 3d5/2 and Sn 3d3/2 peaks at 490.11 and 499.24 eV, respectively, 
are assigned to the +4 oxidation state of Sn in the high magnification 
spectra of Sn 3d shown in Fig. 4c. The presence of lattice oxygen in 
pyrochlores in Fig. 4d shows two peaks at 531.74 and 533.87 eV, sug-
gesting a better coordination bond between metal and oxygen. These 
results suggest the synthesis of Eu2Sn2O7 nanoparticles of the pyrochlore 
type.

The N2 adsorption and desorption isotherms for the Eu2Sn2O7 cata-
lysts are depicted in Fig. 5, illustrating the textural characteristics of 
these materials. The isotherms exhibit type IV behavior, which is typi-
cally associated with mesoporous structures. The presence of a pro-
nounced hysteresis loop further confirms this classification, suggesting 
that the catalysts possess an interconnected network of mesopores with 
irregular, staggered formations. This structural arrangement facilitates 
the diffusion of gases through the material, enhancing its adsorption 
capacity. The specific surface area of Eu2Sn2O7 was found to be 68 m2g-1 

that increases the cytotoxicity efficiency.

3.2. Cytotoxic activity

The A549 and HepG2 cancer cell lines were used to evaluate the in 
vitro cytotoxicity effects of the Eu2Sn2O7 nanoparticles. The MTT test 

Fig. 2. (a–c) SEM monographs and (d–g) EDS mapping of Eu2Sn2O7.

Fig. 3. TEM monographs of Eu2Sn2O7.
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was used to assess the viability of the cells. The A549 and HepG2 cells’ 
viability was able to be reduced by the Eu2Sn2O7 nanoparticles in a dose- 
dependent way. Fig. 6 displays the Eu2Sn2O7 nanoparticles MTT test 
results on A549 and HepG2 cell lines. After 24 h of incubation with 5–25 
μg/mL of Eu2Sn2O7 nanoparticles, we found that the growth of cancer 
cells was supressed by the Eu2Sn2O7 nanoparticles, with growth 

inhibition ranging from 9.36 to 53.28 % in A549 cells and 7.19–41.18 % 
in HepG2 cells. As compared to the control, the A549 and HepG2 cell 
lines’ cell viability was significantly reduced by the Eu2Sn2O7 nano-
particles at a concentration of 25 μg/mL, according to the data displayed 
in Fig. 6. It is evident that the A549 cell line is more susceptible to the 
effects of Eu2Sn2O7 nanoparticles than the HepG2 cell line. Using non- 

Fig. 4. XPS studies: (a) Survey spectrum, (b) Eu 3d, (c) Sn 3d and (d) O 1s.

Fig. 5. N2 adsorption/desorption studies. Fig. 6. Cytotoxic effect of Eu2Sn2O7 nanoparticles on viability of A549 and 
HepG2 cell lines.
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linear regression curves, compound doses that result in 50 % cell growth 
inhibition (IC50) were determined. For the A549 and HepG2 cell lines, 
the corresponding r2 values were 0.9911 and 0.9871. The results showed 
that the Eu2Sn2O7 nanoparticles had IC50 values of 24.19 and 30.47 μg/ 
mL against the A549 and HepG2 cell lines, respectively. To ascertain the 
safety profile of the Eu2Sn2O7 nanoparticles, their cytotoxicity impact 
was assessed against the normal healthy fibroblast cell line, WI-38. The 
findings demonstrated that the tested Eu2Sn2O7 nanoparticles exhibited 
excellent selectivity profile over tumour cell lines and was non-toxic 
even at concentrations of 30 μg/mL.

3.3. Electronic spectroscopy

For the evaluation of the interaction between ct-DNA and nano-
particles, electronic absorption spectroscopy is one of the most effective, 
simplest and straightforward method. Generally, when a molecule in-
teracts with ct-DNA and causes a structural modification in the ct-DNA, 
changes in absorbance such as hyperchromism and hypochromism are 
seen. The concentration of ct-DNA is altered in this absorption titration 
investigation, while the concentration of Eu2Sn2O7 nanoparticles is 
maintained constant. The absorbance titration technique used to track 
the interaction between a 5 μM Eu2Sn2O7 nanoparticles and a 5–30 μM 
ct-DNA concentration is depicted in Fig. 7a. Absorbance declines 
without a wavelength red shift when the concentration of ct-DNA in the 
nanoparticles increases. The observed changes clearly shows that the 
Eu2Sn2O7 nanoparticles is interacted with ct-DNA. On the other hand, no 
evidence of a wavelength shifts in the direction of longer wavelengths 
indicated that the Eu2Sn2O7 nanoparticles bind to the ct-DNA via groove 
binding. This shows that the Eu2Sn2O7 nanoparticles has great potential 
for application in developing novel therapeutic agents, as it binds to ct- 
DNA.

The intrinsic effectiveness of the Eu2Sn2O7 nanoparticles with ct- 
DNA is estimated from the acquired absorption titration data. The 
value of the binding constant was calculated by plotting [DNA]/(εa-εf) 
against [DNA] (Fig. 7b). It was observed that the binding constant value 
was 2.63 × 104 M− 1. The value of the binding constant measured here is 
less than that of ethidium bromide, a traditional intercalator, whose 
binding constant has been reported to be in the range of 106-107 M− 1 

[32]. These findings imply a close relationship between the Eu2Sn2O7 
nanoparticles and ct-DNA, and it’s also possible that Eu2Sn2O7 nano-
particles bind to the helix through the groove mode [33]. Furthermore, 
the classical Van’t Hoff’s equation was utilized to compute the Gibbs 
free energy (ΔG) of Eu2Sn2O7 nanoparticles and ct-DNA, based on the 
value of the binding constant. The binding of Eu2Sn2O7 nanoparticles to 
ct-DNA was discovered to have a ΔG value of − 25.21 kJ/mol. The 
spontaneous binding of Eu2Sn2O7 nanoparticles with ct-DNA was sug-
gested by the negative value of ΔG [34]. The binding constant and Gibbs 
free energy values of europium stannate nanoparticle with DNA is su-
perior compared to many reported green synthesized materials as 

depicted in Table 1.

3.4. Fluorescence study

The mechanism of interaction between ct-DNA and Eu2Sn2O7 
nanoparticles ought to be investigated through the use of fluorescence 
spectrum analysis. When performing fluorescence quenching experi-
ments using EB-bound ct-DNA and Eu2Sn2O7 nanoparticles, these in-
vestigations yielded crucial information. By tracking the change in the 
Eu2Sn2O7 nanoparticle’s fluorescence intensity, this technique has been 
frequently utilized to describe the interaction of the nanoparticles with 
ct-DNA. The observed fluorescence emission spectra of Eu2Sn2O7 

Fig. 7. (a) The absorption spectra of Eu2Sn2O7 nanoparticles (5 μM) in absence and presence (5–30 μM) of ct-DNA; (b) Plot of [DNA]/(εa-εf) vs [DNA].

Table 1 
Comparison of binding constant and Gibbs free energy values of present work 
over previously green synthesized nanoparticles with DNA.

SI. No. Nanoparticle Binding constant Gibbs Free energy Reference

1 Ag NP 1.18 × 104 M− 1 − 20.87 kJ/mol [35]
2 Se NP 2.50 × 103 M− 1 − 13.81 kJ/mol [36]
3 Ag NP 6.46 × 103 M− 1 − 22.73 kJ/mol [37]
4 ZnO NP 1.55 × 103 M− 1 not determined [38]
5 NiO NP 2.00 × 104 M− 1 not determined [39]
6 MnO2 NP 1.98 × 104 M− 1 not determined [40]
7 Cu NP 1.02 × 102 M− 1 not determined [41]
8 Eu2Sn2O7 NP 2.63 × 104 M− 1 − 25.21 kJ/mol Present work

Fig. 8. Emission spectra of EB-ct-DNA in the absence and presence Eu2Sn2O7 
nanoparticles.
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nanoparticles ranged from 5 to 25 μM, whereas the concentration of ct- 
DNA remained constant at 10 μM. The EB-DNA fluorescent system’s 
observed decrease in intensity with the gradual addition of Eu2Sn2O7-

nanoparticles at room temperature is depicted in Fig. 7. At 468 nm, the 
EB-ct-DNA complex was excited, resulting in the observation of its 
fluorescence emission at 598 nm. As seen in Fig. 8, the fluorescence 
intensity of the EB-ct-DNA system decreases upon the addition of 
Eu2Sn2O7 nanoparticles to it. The decrease in emission intensity dem-
onstrates that the EB molecules are being quenched as a consequence of 
the relative binding capability of the Eu2Sn2O7 nanoparticles with ct- 
DNA through the groove binding mode.

The Stern-Volmer equation [42] was used to determine the 
quenching constant at the quantitative level. The linear Stern-Volmer 
equation and the fluorescence quenching curve of the EB-ct-DNA sys-
tem for the Eu2Sn2O7 nanoparticles are in good agreement (Fig. 9). The 
Stern-Volmer quenching constant, which is determined by ratio of the 
slope to intercept, was found to be 5.81 × 104 M− 1. Furthermore, the 
bimolecular quenching constant, 5.81 × 1012 M− 1 S− 1, may be 

computed. The obtained value is greater than the biomolecule’s limiting 
diffusion rate constant (1010 M− 1 S− 1) [43], indicating that the 
quenching process is static rather than dynamic.

3.5. CD spectral studies

A sensitive and extensively used method for identifying any modi-
fication in the DNA backbone during ligand-DNA interactions is CD 
spectroscopy. Because of base stacking and right-hand helicity, the CD 
spectra of ct-DNA show a positive band at 275 nm and a negative band at 
245 nm, respectively. Fig. 10 displays the results of acquiring CD spectra 
for ct-DNA (50 μM) at two different concentrations of Eu2Sn2O7 nano-
particles. Fig. 10 inferred that a slight decrease in the intensity of both 
the positive and negative bands was seen with the addition of Eu2Sn2O7 
nanoparticles. This highlights the possibility of groove binding as a 
means of ct-DNA and Eu2Sn2O7 nanoparticles interaction. The outcome 
of the CD spectrum analysis shows that there was no conformational 
change in the DNA secondary structure as a result of the nanoparticles- 
ct-DNA interaction. Further strong correlations were found between the 
CD spectral results and the results of absorption and fluorescence 
spectral studies.

3.6. Cyclic voltammetry study

In recent times, a lot of research has been done on the interaction 
between molecules and ct-DNA using electrochemical methods, which 
are simple and rapid to accomplish. It is essential to assess the binding 
strength and mechanism of drug-DNA interaction under physiological 
settings using electrochemical techniques like cyclic voltammetry. A 
glassy carbon electrode was used to record a typical cyclic voltammo-
gram of a 10 μM solution of Eu2Sn2O7 nanoparticles without and with ct- 
DNA (10 μM) in a Tris-HCl buffer (pH 7.4). The anodic and cathodic 
peak current intensities of the Eu2Sn2O7 nanoparticles were both 
declined when ct-DNA was introduced to the solution. The decline in 
current might be explained by the Eu2Sn2O7 nanoparticle’s diffusion 
after it is bound to the large and slowly diffusing DNA molecule. When a 
peak potential shifts in a negative direction, it usually means that the 
molecules are interacting with ct-DNA through groove binding. Both the 
anodic and cathodic peak potentials showed a minor negative shift, as 
seen in Fig. 11. These findings imply that groove binding is the mech-
anism by which Eu2Sn2O7 nanoparticles bind with ct-DNA. This cyclic 
voltammogram results are consistent with the findings from absorption, 

Fig. 9. SV plots for ct-DNA against varying concentration of Eu2Sn2O7 
nanoparticles.

Fig. 10. CD spectra of ct-DNA (10 μM) in the absence and presence of Eu2Sn2O7 
nanoparticles.

Fig. 11. Cyclic voltammograms of Eu2Sn2O7 nanoparticles with and without 
ct-DNA.
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fluorescence and CD spectrum investigations mentioned above.

3.7. Viscosity measurements

To back up a binding model, optical photophysical probes give 
enough information. When testing for a binding in a solution, hydro-
dynamic measurements like viscosity, which changes as a function of 
length are considered the most important and least ambiguous. Thus, in 
order to validate the alteration in the relative viscosities of the ct-DNA, a 
relative viscosity investigation of the Eu2Sn2O7 nanoparticle’s ct-DNA 
interaction studies was carried out using a viscometer. As we know 
that, when DNA is intercalated in a traditional fashion, the number of 
base pairs at each site increases, leading to longer DNA and a much 
thicker DNA solution. Meanwhile, DNA viscosity is almost entirely un-
affected by electrostatic and groove binding processes. Fig. 12 displays 
the results of the viscosity measurements. As an intercalating agent, EB 
is utilized. The EB causes intercalation by increasing the relative vis-
cosity of DNA. When Eu2Sn2O7 nanoparticles are added to ct-DNA so-
lutions, there is no discernible change in the viscosity of the DNA, as 
seen in Fig. 12. Instead of intercalation, this provided evidence for a 

groove binding mechanism of Eu2Sn2O7 nanoparticles with ct-DNA. 
Thus, the results of the viscosity measurements corroborate our find-
ings that the Eu2Sn2O7 nanoparticles binds to the ct-DNA via the groove 
binding mechanism, as concluded above by the absorption, fluores-
cence, CD and CV spectrum data.

3.8. Molecular docking

Molecular docking simulation has surpassed all other methods in 
computational drug design for estimating ligand-receptor binding af-
finities [44,45]. The preceding experimental studies demonstrated that 
Eu2Sn2O7 nanoparticles bind to DNA via the groove binding mechanism. 
We have utilized the molecular docking method to determine the 
Eu2Sn2O7 nanoparticle’s interaction with DNA using Autodock software, 
which supports the experimental findings. DNA is a key therapeutic 
target for a variety of diseases, including cancer, and it is involved in a 
wide variety of physiological and biological processes. Anticancer 
medications have made extensive use of DNA binders in particular. For 
this reason, DNA is a very attractive target for the creation of medicinal 
agents [46]. The crystal structure of the protein receptors of the B-DNA 
dodecamer (PDB ID: 1BNA) was used in this work to perform the mo-
lecular docking interaction of Eu2Sn2O7 nanoparticles since the crystal 
structure of ct-DNA was not available in the Protein Data Bank. Fig. 13
displays the Eu2Sn2O7 nanoparticle’s docking interaction with the target 
1BNA protein. According to the docking data, the Eu2Sn2O7 nano-
particles fits into a minor groove in DNA that involves contacts without 
causing any damage to the double helix structure of DNA. With DG10 of 
the A chain and DA18 of the B chain of DNA, Eu2Sn2O7 nanoparticles 
generate hydrogen bonding interactions with bond distances of 2.43 and 
2.39 Å, respectively. The Eu2Sn2O7 nanoparticles binding affinity of 
− 7.18 kcal/mol with the 1BNA system suggests that the binding process 
is spontaneous. We may therefore draw the conclusion that spectro-
scopic methods and the molecular docked model mutually complement 
one other, supporting our spectroscopic findings and providing more 
proof of the groove binding mode.

4. Conclusion

In conclusion, we have successfully employed a hydrothermal tech-
nique to green synthesis of Eu2Sn2O7 nanoparticles using pseudo-stem 
extract of M. paradisiaca. Using several analytical and physical charac-
terisation techniques, the synthesized Eu2Sn2O7 nanoparticles was 
characterized. Eu2Sn2O7 nanoparticles were shown to be more effective 
against the A549 cell line than the HepG2 cell line in cytotoxicity assays, 

Fig. 12. Effects of increasing amount of EB and Eu2Sn2O7 nanoparticles on the 
relative viscosity of ct-DNA.

Fig. 13. 3D Docking interaction and surface view of Eu2Sn2O7 nanoparticles with target 1BNA protein.
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where they inhibited the proliferation of both cell lines in a dose- 
dependent way. The normal healthy cell line WI-38 is not cytotoxi-
cally affected by the Eu2Sn2O7 nanoparticles. Various spectral tech-
niques, including electronic absorption, fluorescence, circular 
dichroism, cyclic voltammetry, and viscometry, were used to investigate 
the binding efficacy of Eu2Sn2O7 nanoparticles with ct-DNT. The results 
indicate that the binding and Stern-Volmer quenching constants of 2.63 
× 104 M− 1 and 5.81 × 104 M− 1, respectively, which suggest a groove 
mode of binding interactions between the ct-DNA and the Eu2Sn2O7 
nanoparticles. The spontaneous nature of the binding contact is shown 
by the Gibbs energy change of − 25.21 kJ/mol. Additionally, a molecular 
docking analysis was carried out to forecast the Eu2Sn2O7 nanoparticles 
binding effectiveness with DNA cavities. The molecular docking studies 
supported our experimental findings by showing that the minor groove 
of DNA is bound by the Eu2Sn2O7 nanoparticles. Overall, the data show 
that Eu2Sn2O7 nanoparticles have a great deal of promise for use as 
future agents in DNA binding and chemotherapeutic applications.
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