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Abstract
Magnesium sulfide nanoparticles (MgS NPs) is a nanomaterial that has an important place in diagnosis, treatment, diagno-
sis, and drug delivery systems. Neuroblastoma, a type of brain cancer, is an extremely difficult cancer to treat with today’s 
treatment options. This study was carried out to determine the cytotoxic, oxidant, and antioxidant effects on the neuroblas-
toma cancer line (SH-SY5Y cell line) along with the green synthesis and characterization of MgS NPs structures. MgS NPs 
were synthesized by green synthesis using  Na2S and Punica granatum, a cleaner method for toxic effects, and characterized 
using Scanning Electron Microscopy, Fourier Transform Infrared spectroscopy, X-Ray diffraction methods. In cell culture, 
SH-SY5Y cells were grown in a suitable nutrient medium under favorable conditions. Five different doses of MgS NPs (10, 
25, 50, 75, and 100 µg/mL) were applied to the cell line for 24 h. The analysis of the MgS NPs applications was performed 
with MTT cytotoxicity test and total oxidant and total antioxidant tests. According to the data obtained, 75 μg/mL MgS NPs 
application decreased cancer cell viability up to 48.54%. MgS NPs exhibited a dose-dependent effect on the SH-SY5Y cell 
line. Also, it was determined that MgS NPs increased oxidant activity in neuroblastoma cells, which was compatible with 
the cytotoxicity test. As a result, MgS NPs exhibited an effective activity on the neuroblastoma cell line. It was clearly seen 
that NPs obtained by green synthesis prevented the related cancer line from proliferating.
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Introduction

Located in metallic nanoparticles, MgS has a wide range of 
applications in biomedicine [1]. Compared to Bulk form, 
the uniqueness of the physicochemical properties of MgS 

NPs such as the presence of high-energy atoms in the sur-
face area of the particles, high surface area volume ratio is 
one of the main reasons for being preferred in applications 
[2, 3]. It is seen that these nanoparticles have been tested 
in many published studies in areas such as diagnosis, drug 
transportation, anti-cancer activity, anti-microbial activity, 
anti-inflammatory activity, and disease treatment [4, 5].

Many metallic nanoparticles are effective in reducing 
the proliferation of cancer cells. It is known that anticancer 
effects occur with many different mechanisms. It has been 
determined that the anticancer effect of AgNPs on colon 
cancer cells occurs by activation of p53-mediated apoptotic 
changes [6]. The antiproliferative effects of most metal nano-
particles are due to cytotoxicity caused by high levels of 
reactive oxygen species [5, 7–9].

Drug binding to metallic nanoparticles is carried out in 
two ways; drug binding at the molecular level or binding 
of the drug to the surface. Molecular drug binding meth-
ods include processes such as physical complexing, den-
drimer complexing, chemical bonding with polymer-based 
prodrugs. The process of binding the drug to the surface 
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is based on two factors, basically the surface-volume ratio 
and the physicochemical properties of the surface [10].

Neuroblastoma, which is frequently involved in scien-
tific studies, is seen as an extra-cranial solid tumor, which 
is encountered in childhood. It has an annual incidence 
of 10.54 per million in children under 15 years of age, 
one in every 7000 live births [11]. Its treatment is car-
ried out with alkylating agents such as cisplatin. However, 
since the common cytotoxic effect of drugs such as cispl-
atin causes severe side effects, there is a need to develop 
new approaches in the treatment of neuroblastoma [12]. 
It is stated that even smarting agents encapsulated with 
nanoformulations exhibit more effective and safer devel-
opments compared to cisplatin alone. It is observed that 
neuroblastoma cancer does not recur in most of the in vitro 
and in vivo studies performed in this direction. [13, 14] 
For this reason, nanomedicine is the answer to the need for 
less toxic and more effective treatment options.

It is known that MgO NPs have anticancer activity on 
the K562 cancer line. It performs this activity without 
harming human serum albumin (HSA) and PBMC cells 
[15]. However, the anticancer efficacy of MgS NPs for 
each cancer line has not been investigated. With this study, 
green synthesis of MgS NPs was performed and charac-
terization of nanoparticles was performed. Subsequently, 
this study investigating the effectiveness of MgS NPs on 
the neuroblastoma cancer line is a first in terms of provid-
ing new data to the literature.

Materials and methods

Chemicals

The supply of Cisplatin from Kocak Pharma Ltd (Tekirdag, 
Turkey) was provided. Amlodipine, fetal calf serum (FCS), 
Dulbecco Modified Eagles Medium (DMEM), phosphate 
buffer solution (PBS), l-glutamine, trypsin–EDTA, and 
antibiotic antimitotic solution (×100) were acquired from 
Sigma Aldrich (St. Louis, USA) MO, United States.

Preparation of plant extract

Punica granatum fruits were purchased from local markets 
in Erzurum, Turkey, and it was identified with the help-
ing of taxonomists. After pomegranate seeds were picked, 
25 g pomegranate seeds were crushed in 100 ml of pure 
water with the help of a grinder. It was first filtered by fil-
ter paper, then centrifuged at 5000×g for 10 min, and the 
supernatant was used for green synthesis.

Green synthesis and characterization of MgS NPs

MgS NPs were firstly synthesized using Punica granatum 
fruit extract and determination of surface topography MgS 
NPs was performed by Scanning Electron Microscope 
(SEM) (Zeiss Sigma 300 microscope, Carl Zeiss AG, Jena, 
Germany). The surface morphologies of the MgS-NPs were 
examined using a Metek, Apollo prime, active area 10 mm2, 
Microscope inspect S50. Then, X-ray diffraction (XRD) 
analysis was determined in the determination of the crystal-
linity of MgS NPs by PANalytical EMPYREAN XRD (Mal-
vern Panalytical Inc., Westborough, MA, USA). X-ray dif-
fraction patterns were performed on Panalytical empyrean 
equipped with Ni-filtered Cu Kα radiation (λ = 0.1542 nm) 
in the range of 10–80° at a scanning rate of 4°  min−1. FT-IR 
analysis of MgS NPs was recorded using Vertex 80 Model 
FT-IR Frontier spectrophotometer (Bruker Ltd., Karlsruhe, 
Germany) with attenuated total reflection (ATR) technique 
in the 4000–400 cm−1 region [16–18].

Cell culture

Neuroblastoma cell lines from the Ataturk University 
Medical Pharmacology department (Erzurum, Turkey) 
were obtained. The growth and development of cells were 
accomplished with Dulbecco’s Modified Eagle Medium sup-
plemented with F12 medium (Euroclone, Milano, Italy) con-
taining 10% Fetal Bovine Serum (Euroclone, Milano, Italy) 
and 0.1% Penicillin/Streptomycin. The cells were developed 
by keeping them at 37 °C in an environment containing 5% 
 CO2. Nanoparticle application was performed after the cells 
reached to 85% confluency level. MgS NPs were admin-
istered in five different doses (10, 25, 50, 75 and 100 µg/
mL) in four replicates, in a positive and negative controlled 
manner.

Morphological imaging

Morphological changes occurring in the cells were visu-
alized with an inverted microscope (Leica Microsystems, 
Wetzlar, Germany). The images obtained were recorded with 
×200 magnification of the microscope.

MTT assay

After 24 h on cells treated with nanoparticles, the administra-
tion was terminated, and the MTT cytotoxicity test was per-
formed. The plates containing the applications were kept for 
4 h in an environment containing 5%  CO2 at 37 °C with MTT 
solution. To dissolve the formazan crystals formed as a result 
of MTT, 100 µL DMSO was added to each well. To determine 
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the density of formazan crystals, data were obtained by reading 
plates with Multiskan ™ GO Microplate Spectrophotometer 
reader at a wavelength of 570 nm [19].

Total oxidant status (TOS) and total antioxidant 
capacity (TAC) analysis

Since oxidant and antioxidant effects are collectible, the effects 
of these molecules are measured collectively due to the diffi-
culty of individual measurement of different oxidant and anti-
oxidant substances [20]. Total Antioxidant Capacity (TAC) 
and Total Oxidant Status (TOS) analyzes were performed with 
cell culture fluids obtained after application. In this respect, 
utilizing commercially available kits may be data that was 
obtained (Rel Assay Diagnostics, Bursa, Turkey).

Real‑time cell cytotoxicity assay

xCELLigence ™ Real-Time Cell Analysis (RTCA) (ACEA 
Bioscience, San Diego, CA, USA) is a test system applied to 
monitor conditions such as cell adhesion, cell spread, prolif-
eration, cytotoxicity states, cell signaling in real-time. In this 
system, a noninvasive electrical signal is used for this purpose. 
Cells are developed on gold electrodes located on the plate 
floor. Accordingly, a cell index (CI) value is determined in 
parallel with the impedance changes in the electrodes. These 
values are transferred to the computer environment, and total 
impedance graphics are obtained with the help of values [21].

SH-SY5Y cells are grown on 96 well plates at 37 °C with 
5%  CO2 using the xCELLigence RTCA instrument. To deter-
mine the cytotoxicity in the cells, 7.2 × 103 cells are sown in 
each plate well. Impedance graphs are obtained by realizing 
the relevant nanoparticle applications and recording CI values 
for 48 h in real-time.

Statistical analysis

SPSS (version 13.0, SPSS, Chicago, IL, USA) software was 
used to perform statistical analysis. Accordingly, Duncan’s test 
was used. The purpose of this use is to determine whether the 
practices performed show significantly different characteristics 
from the control groups or from each other. Statistical data 
were determined according to a 0.05 significance level.

Results

Characterization of the synthesized MgS NPs

Surface characterization of MgS NPs

Chemical and mineralogical compositions of synthesized 
green MgS NPs were determined by scanning electron 

microscopy (SEM) and Transmission Electron Microscopy 
(TEM). For SEM analysis, images of MgS NPs were magni-
fied ×10,000 by Zeiss, Active area 10 mm2 (Fig. 1a).

Scanning electron microscopy (SEM) Fig. 1 depicted the 
SEM image of the MgS NPs. The shape of the MgS NPs was 
a nearly spherical arrangement on the smooth surface which 
bound parallel together as a small layer formation with the 
diameter in the range of 25–40 ± 2.2 nm and having an aver-
age diameter of 60 ± 2.5 nm. The present vegetable green 
synthetic approach afforded the use of a simpler reducing 
agent, which was non-hazardous, low-cost for the formation 
of single-phase MgS NPs.

XRD of MgS NPs

MgS NPs’ XRD, which was produced in its peroxidase 
enzyme catalyst, and its crystallographic analysis was given 
in Fig. 2. Characteristic peaks that belong to the XRD spec-
trum in it’s at 2θ = 45.45o could be indexed at (220).

Fourier transform infrared spectroscopy (FTIR) analysis

Fourier transform infrared spectroscopy (FTIR) was 
used to identify possible biomolecules responsible for 
the reduction of MgS NPs by green synthesis. Figure 3 
showed the FTIR spectrum of MgS NPs synthesized using 
Punica granatum plant extract and  Na2S (Table 1). Spec-
tra showed bands at 3363.5, 1658, 1552, 1440, 1099 and 
601 cm−1. The sharp band at 1658 cm−1 represented the 
C=O vibrations typical of the structure of flavonoids that 
could be found in Punica granatum. The absorption band 
at 1398 cm−1 relateed to the –C–H bending vibrations in 
the aromatic amine groups in the flavonoid structure. The 
peak observed around 1099 cm−1 indicates the presence 

Fig. 1  Scanning electron microscopy and transmission electron 
microscopy images of MgS NPs
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of MgS NPs and characteristic peaks of the C–S bond 
structure. The observed peak at 601.7 cm−1 belonged to 
the –CH2 group in the aliphatic chain structure. The FTIR 
spectrum confirmed the presence of bioactive compounds 
contained in the Punica granatum plant [22]. 

Results of antitumor effects of CSP + MgS NPs 
bio‑conjugate

In this study, the antitumor effect of CSP + MgS NPs bio-
conjugate systems were evaluated. For this purpose, Cispl-
atin (5 mg/mL) was kept constant and conjugated with dif-
ferent concentrations of MgS NPs and the related reactions 
were given in the equation below (I). As can be seen, thanks 
to the nucleophilic reaction with the –Cl groups in the Cis-
platin structure, it is attached to Pt in the Cisplatin structure 
as a challenge. In addition, it is thought that the non-bonded 
electrons in the MgS structure would interact with the  NH3 
groups in the Cisplatin structure and that the MgS NPs are 
connected not only covalently to the Cisplatin structure with 
weak Wander roller bonds (I).

Morphologic determination of MgS NPs

Images of SH-SY5Y cell line obtained by inverted micro-
scope are given in Fig. 4. When the images are examined, it 
may be mentioned that there is a deterioration in the visual-
ity of the cells due to increased cell death. In parallel with 
increasing MgS NPs doses, it is thought that mass cell deaths 
increase, and this causes the image to lose its clarity (Fig. 4).

MTT assay results

To investigate the cytotoxic effects of MgS NPs on the neu-
roblastoma cell line, a colorimetric method, MTT assay, was 
performed. Accordingly, all the doses administered after 
24 h of exposure were encountered, with the death of cells 
equivalent to or greater than cisplatin, the positive control. 
A cell death equivalent to cisplatin, a neuroblastoma drug, 
was observed at the lowest dose of 10 µg/mL. It was noted 
that the effectiveness of MgS NPs increased with increasing 
doses, and the cytotoxic effect on the cancer line became 
more pronounced.

The highest anticancer efficacy dose of MgS NPs was 
determined as 75 µg/mL. It is seen that the rate of cancer 
cells in this dose has decreased by up to 48.54%. According 
to the data obtained, it has been determined that all doses 
of MgS NPs are effective, but the most effective results are 
in the range of 50 to 100 µg/mL. According to the results of 
MTT analysis, the lowest effective dose was determined as 
10 µg/mL compared to other doses and control. The closest 
effect of this dose was detected at 25 µg/mL. It has been 
found that these two applications decrease cell viability by 
78.64% to 75.37%, respectively.

Bioconjugated nanoparticles, neuroblastoma SH-SY5Y 
cells have been found to reduce the dose-dependent viabil-
ity of the neuroblastoma SH-SY5Y cells and the inhibition 
concentration results (IC50) are approximately 63.59 μg/mL 
(Fig. 5a).

(220)

0

2000

4000

6000

8000

10000

12000

14000

16000

5 15 25 35 45 55 65 75 85

In
te

ns
ity

 (a
.u

.)

2θ

Fig. 2  X-ray diffraction pattern of MgS NPs

3363.5 1658.6
1552.5

1440.7
1099.30

601.7

0

0.2

0.4

0.6

0.8

1

1.2

40080012001600200024002800320036004000

T%

Wavenumber (cm-1)

Fig. 3  Fourier-transform infrared spectrum of MgS NPs

Table 1  Analysis results of bonds in FTIR analysis

Functional groups and bonds The characteristic 
adsorption signals 
 (cm−1)

–CH2 601.7
S–C 1099.30
C–O 1140.7
C–O–H 1099.30
–C–H 1398.24
–C=O 1658.6
O–H 3363.5
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TOS assay results

The general working principle of the TOS kit is this; the 
oxidant molecules in the sample oxidize the ferrous-ion 
chelating complex to the ferric ion. Ferric ion, which is the 
result of oxidation reaction, forms a colored complex with 
chromogen in a highly acidic environment. Oxidant den-
sity is determined by measuring the color density formed 
spectrophotometrically.

When the total oxidant status test data are examined, it 
can be seen that the total oxidant activity increases, espe-
cially in high doses of applied MgS NPs. Accordingly, TOS 
data at doses of 75 to 100 µg/mL were determined as 5.07 
and 5.62, respectively. Even in Cisplatin applied neuroblas-
toma cells, this rate was recorded as 2.62 (Fig. 5b). It can be 
said that almost all of the TOS data displays dose-dependent 
oxidant activity increase.

TAC assay results

TAC kit was applied on the medium taken from the wells 
24 h after the drug administration. Absorbance was observed 
at 660 nm after the dwell time. Considering the TAC levels 
based on Trolox equiv/mmol/l data, it was observed that the 
antioxidant activity was quite low at doses of 75 and 100 µg/
mL. These data were determined as 1.14 and 1.27 Trolox 
equiv/mmol/L, respectively. It was observed that the antioxi-
dant activity of MgS NPs at lower doses was higher compared 
to higher doses. Compared to control and positive control, it 

was determined that high doses of MgS NPs have very low 
antioxidant activity (Fig. 5c).

Real‑time cell cytotoxicity assay

According to the xCELLigence real-time cell viability analysis 
study, the dose of 75 µg/mL from the MgS NPs, bioconjugates 
applied showed the most effective result. It has been deter-
mined that the applications performed show a relatively dose-
dependent effect. Unlike MTT results, it was determined that 
MgS NPs doses produced results close to each other. Accord-
ing to the data obtained, a 75 µg/mL administration dose has 
been shown to reduce cell viability by up to 65.95%. It was 
determined that the dose of 100 µg/mL decreased the cell 
viability to 66.82% and a dose of 50 µg/mL to 67.38% (Fig. 6.).

Cell index the graph was obtained in accordance with 
xCELLigence real-time analysis data. In the graph, cell 
index data in which nanoparticles were applied that varies 
over time between 26th and 72nd h were given. In Fig. 6, it 
was seen that the dose of 75 µg/mL reached the lowest cell 
index data together with 100 µg/mL. It was determined that 
all of the NPs constructed applied ended the experiment with 
lower cell index values than cisplatin.

Discussion

Cisplatin is widely used in the treatment of bladder, lung, 
ovarian, head, neck, and testicular cancers. It is also known 
to have an effect on carcinomas, lymphomas, sarcomas, and 

Fig. 4  Reverse microscope image cisplatin-MgS bioconjugate NPs on cell viability of SH-SY5Y cancer cells
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germ cell tumors, and shows an apoptotic effect on cancer 
cells through mats [23]. The cytotoxic effect caused by cis-
platin is due to its covalent attachment to the purine base in 
the DNA structure.

This DNA damage results in nephrotoxicity, hepatotoxic-
ity, ototoxicity, gastrotoxicity, cardiotoxicity, myelosuppres-
sion, allergic reactions, and toxic effects on some reproduc-
tive functions [24, 25].

The green synthesis of NPs synthesized by the use of 
herbal substances is of great importance in the preparation 

of metal sulfide NPs, due to their non-toxic, non-danger-
ous, cost-effective, and environmentally friendly prop-
erties. In addition, NPs obtained by plant-based green 
synthesis are more biocompatible than chemically syn-
thesized. In green synthesized NPs groups, this property 
is due to the closure of biomolecules with certain metal 
oxide crystals or metals [16, 26]. NPs produced by bioen-
gineering have many useful properties of strong candidates 
for anticancer drugs or drug distributions [27].

Fig. 5  MTT test results (a), 
Total oxidant status (TOS) test 
values read spectrophotometri-
cally at 530 nm in cell culture 
fluid (b), Total antioxidant 
capacity test values read spec-
trophotometrically at 660 nm 
in cell culture fluid (c) for the 
Cisplatin-MgS bioconjugate 
NPs
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The detection of apoptosis or programmed cell death 
is important in detecting many health problems, espe-
cially cancer, and developing disease-related therapy. 
Over the years, a number of methods have been discov-
ered and developed for detecting apoptosis. There are 
several standard techniques such as electron microscopy, 
TUNEL testing, and flow cytometry. In addition, new 
techniques such as microfluidic devices, single-molecule 
spectroscopy, and electrochemical methods are rapidly 
emerging. These assays measure different parameters 
associated with apoptotic progression. The MTT test is 
a colorimetric analysis to evaluate cell metabolic activity 
as living cells with active metabolism convert MTT to a 
purple colored formazan product [28]. According to the 
MTT results obtained, it was determined that MgS NPs at 
75 µg/mL dose showed a cytotoxic effect on the neuroblas-
toma cancer line by reducing 51.46% viability. This rate 
was much more than the effectiveness of cisplatin, a drug 
that is included in the standard treatment of neuroblastoma 
cancer line. MgS NPs exhibited toxicity on neuroblastoma 
cancer cells more effectively than cisplatin. There was no 
study in the literature investigating the effect of MgS NPs 
on neuroblastoma cancer line. However, studies with MgO 
NPs showed that there was a cytotoxic effect on HepG2, BJ 
cell lines, [29] while there was no significant cell toxicity 
on the SH-SY5Y cell line [30].

The reason for the preference of the neuroblastoma cell 
line to investigate the anticancer efficacy of cisplatin-con-
jugated MgS NPs was that it was the most common type 
of cancer in infants. Individual chromosome abnormalities 
occurring in the tumor complicated the treatment of neuro-
blastoma. For this reason, there was a need for a compre-
hensive treatment method that would affect all neuroblas-
toma cancers, independent of chromosomal abnormalities. 
In this study, the neuroblastoma cell line was selected for 
this reason [31]. The synthesized nanoparticles achieved 
a rate of 51.46% success in the standard SH-SY5Y series. 
Preliminary data required for the investigation of the 

relevant nanoparticles on cancer lines containing chro-
mosomal abnormalities were obtained.

The highest oxidant activity was found at doses of 75 
and 100 µg/mL, which are the two most effective doses of 
MgS NPs in terms of anticancer activity. It was believed 
that the applied nanoparticle structures stimulate cancer 
cells to produce reactive oxygen species. Behzadi et al. 
[15] was similarly determined that MgS NPs structures 
was showed an effect by increasing oxidative stress com-
pared to control on a different cancer line. It is thought 
that the data obtained in this direction comply with the 
literature, and the resulting oxidant activity may be due to 
the  Mg2+ ion contained in the nanoparticle content. The 
excessive oxidant activity exhibited by the applied MgS 
NPs on the cancer line gives an idea about the mechanism 
of the anticancer activity exhibited by the nanoparticles 
[32, 33].

It is clearly seen that in the applications of MgS NPs 
compared to the control, especially in doses of 75 and 
100 µg/mL, where the anticancer efficacy is greatest, the 
antioxidant effectiveness is decreased. Increased antioxi-
dant activity in neuroblastoma cells treated with cisplatin 
is consistent with the data obtained from the literature 
[34]. It is not known whether nanostructures acting on the 
neuroblastoma cancer line and cisplatin differ in antioxi-
dant activity. However, in studies with different nanopar-
ticles, it has been noted that it does not change the level 
of antioxidant activity TAC in cancer lines [35]. Besides, 
this study underlined that the study has integrity due to the 
increase in the oxidant level and the decrease in the antiox-
idant status in the application groups exhibiting anticancer 
activity. There is no MgS NPs synthesis in the literature. 
It is clear that this study will lead the literature in terms of 
the first synthesis of MgS NPs and the first attempt on SH-
SY5Y cell line by creating a bioconjugate with Cisplatin.

The results obtained showed that; NPs bioconjugates 
applied were relatively more effective than cisplatin on 
SH-SY5Y cell line. By extending the observation period 
of the applications, data similar to MTT data could be 
obtained. Obtaining the results in a relatively dose-
dependent manner indicateed that xCELLigence cor-
relates with MTT data. The data obtained from the cell 
index graph, which expresses the change of the number of 
cells over time, was confirmed. All of the applied nano-
particle structures showed effective results from cisplatin. 
According to cell index data, the most effective doses of 
NPs constructs, which were found to decrease cell viabil-
ity compared to both control and cisplatin, were 75 and 
100 µg/mL. Accordingly, it was determined that 75 µg/
mL bioconjugate dose was acceptable as a new treatment 
approach that could be evaluated in highly aggressive can-
cer type neuroblastoma.
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Conclusions

As a result, it was clear that MgS NPs and MgS NPs bio-
conjugates Cisplatin, synthesized and characterized by the 
green synthesis method, had a greater effect on the neuro-
blastoma cancer line than Cisplatin drug. It was thought that 
this dose-dependent effect could be caused oxidative stress 
by increasing the types of reactive oxygen in the cancer cell. 
In addition, the MTT assay and xCELLigence assay results 
also showed that the anticancer effects of MgS NPs biocon-
jugates Cisplatin were more effective against the SH-SY5Y 
neuroblastoma cell line using a lower total drug dose, while 
drug retention in nanoparticles further reduced systemic 
exposure and toxicity. Although MgS NPs bioconjugates 
tested in a neuroblastoma model by experiments with Cispl-
atin prodrug formulation, it was thought to be effective in the 
treatment of aggressive and malignant tumors. Accordingly, 
it was estimated that future studies could be quite effective 
in determining the mechanism of action of nanoparticles.
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