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Manganese dioxide (MnO₂) nanoparticles were synthesized using 
two different methods: an environmentally friendly green synthesis 
using flaxseed extract as a natural reducing and stabilizing agent, and a 
conventional chemical precipitation method employing sodium thiosulfate 
(Na₂S₂O₃·5H₂O). Spectroscopic and structural characterization techniques 
(UV-Vis DRS, XRD, TEM, FESEM, EDX, and FTIR) revealed that the 
synthesis method significantly influenced the optical and structural 
properties of the nanoparticles. MnO₂ nanoparticles obtained via green 
synthesis exhibited the β-MnO₂ phase and had a band gap energy of 1.57 
eV, whereas those produced by the chemical method exhibited the α-MnO₂ 
phase with a higher band gap of 2.06 eV. To assess their biological activity, 
cytotoxicity was evaluated against pancreatic cancer cells using the MTT 
assay. The results showed that both nanoparticle types caused a significant 
reduction in cell viability at high concentrations (500 µg/mL), while no 
significant cytotoxic effects were observed at lower concentrations (≤ 31.25 
µg/mL). The IC₅₀ values indicated that the biosynthesized nanoparticles 
had greater cytotoxic potential (39.6 µg/mL) compared to the chemically 
synthesized ones (73.5 µg/mL), highlighting the influence of synthesis 
method on biological performance.

INTRODUCTION
Nanotechnology has brought major 

advancements to material science by allowing 
scientists to design materials with enhanced 
physical, chemical, and biological properties at 
the nanoscale [1]. One of the most promising 
nanomaterials in this field is manganese 
dioxide (MnO2), which has gained significant 
attention due to its unique crystalline structure 
[2, 3], redox behavior, and ability to respond 
to surface modifications. These features make 

MnO2 nanoparticles useful in a wide range of 
applications, such as electrochemical cells,[4], 
gas sensors [5], biosensors [6], energy storage 
[7], catalysts [8], and environmental purification 
[9, 10] due to their ability to exchange electrons, 
multiple valence states, and flexible structure. 
More recently, their potential in medical 
applications especially in cancer treatment 
[11, 12] has become a growing area of interest. 
Cancer creates a unique microenvironment in 
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the body that includes low oxygen levels [13], 

acidity, and high levels of certain chemicals 
like hydrogen peroxide [14]. These conditions 
offer an opportunity to use nanomaterials that 
respond specifically to the tumor environment. 
MnO2 nanoparticles are particularly effective in 
this regard. In acidic and low-oxygen conditions, 
they can release oxygen and manganese ions, 
which helps reduce tumor hypoxia and improve 
the effectiveness of treatments like radiotherapy 
[15]. In addition, MnO2 can produce reactive 
oxygen species (ROS)[16] that damage cancer 
cells by increasing oxidative stress, leading 
to programmed cell death through processes 
such as apoptosis and autophagy [17]. These 
nanoparticles can deliver chemotherapy drugs 
directly to the tumor site, where they are released 
in response to the tumor’s internal conditions. 
This helps limit the damage to healthy cells and 
increases the drug’s effectiveness. The way MnO2 
is synthesized plays a key role in its performance. 
Chemical methods like precipitation [18, 19], sol-
gel [20], and hydrothermal [21] techniques are 
commonly used, but they can involve harmful 
substances and create toxic waste. As a safer 
alternative, green synthesis methods using plant 
extracts, microorganisms, or natural polymers are 
being explored. These environmentally friendly 
approaches often produce more biocompatible 
nanoparticles with larger surface areas and better 
functionality [22,23]. In cancer research, MnO2 
nanomaterials have shown promise not only in 
delivering drugs but also in improving imaging 
and boosting treatment responses by supplying 
oxygen to tumors. Their ability to combine 
diagnosis and therapy in a single platform 
makes them ideal candidates for modern cancer 
treatment approaches [24]. In this study, we 
investigate how different concentrations of MnO2 
nanoparticles affect the proliferation of pancreatic 
cancer cells. This will help to understand how 
these materials can be used as a treatment and 
how their effectiveness depends on the dose used 
on pancreatic cell.

MATERIALS AND METHOD
Materials

Flaxseeds were obtained from a local supplier. 
Manganese sulfate (MnSO4·H2O, 99%) and sodium 
hydroxide were acquired from QualiKems Fine 
Chem and CDH, respectively. Sodium thiosulfate 
was supplied by Alpha Chemika. Deionized water 

served as the medium for the reactions.

Green synthesis
Preparation of Flaxseed Extract

After washing the flaxseeds with deionized 
water, they were allowed to dry at room 
temperature and then ground into a fine powder. 
Ten grams of flaxseed powder were mixed with 
200 mL of deionized water and heated at 70 °C for 
10 minutes with continuous stirring. The resulting 
mixture was then filtered using a porous cloth 
to separate the extract. The filtrate was used as 
a natural chelating agent for the preparation of 
manganese oxide nanoparticles.

Synthesis of Manganese Dioxide Nanoparticles
Manganese dioxide nanoparticles (Flax-

MnO2) were prepared using a green synthesis 
approach. A 0.01 M manganese sulfate solution 
was prepared by dissolving 0.0845 g of MnSO4.
H2O in 50 mL of deionized water under continuous 
magnetic stirring at room temperature for 10 
minutes. Sodium hydroxide solution was then 
gradually added to the mixture while stirring until 
the pH reached 11. After pH adjustment, 5 mL 
of the previously prepared flaxseed extract was 
added, and the mixture was heated at 70 °C for 
2 hours under continuous stirring. The resulting 
precipitate was rinsed three times with deionized 
water to remove residual impurities, particularly 
sulfate ions. The solid product was separated by 
centrifugation at 4000 rpm for approximately 15 
minutes. After centrifugation, the sample was 
washed again with deionized water and dried in a 
ceramic crucible at 100 °C for 1 hour using a drying 
oven. Finally, the dried material was finely ground 
using a mortar and calcined in a furnace at 400 °C 
for 2–3 hours.

Chemical precipitation method
Preparation of Manganese Dioxide Nanoparticles

Manganese dioxide nanoparticles (Thio-MnO2) 
were synthesized through a chemical precipitation 
method, involving manganese sulfate and sodium 
thiosulfate as precursors. Initially, a solution of 
MnSO4.H2O (0.02 M) was prepared in deionized 
water under continuous magnetic stirring. A 
freshly prepared sodium thiosulfate solution (0.01 
M) was then added gradually to the manganese 
sulfate solution while maintaining constant stirring 
at ambient or slightly elevated temperatures 
(around 70–80 °C). Sodium thiosulfate functioned 
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both as a reducing and stabilizing agent, promoting 
the formation of MnO2 nanoparticles. The 
appearance of a dark brown or black precipitate 
indicated successful synthesis. The resulting solid 
was separated by centrifugation, thoroughly 
washed with deionized water to eliminate residual 
impurities, and then dried at 80–100 °C for 60 
minutes. For enhanced crystallinity, the dried 
material was optionally calcined at 400 °C for 
three hours.

Detection viability pancreatic cancer cells with 
MnO2
Tissue culture

PANC-1 cells represent a model of human 
pancreatic ductal adenocarcinom. These cells were 
cultured in RPMI-1640 medium supplemented 
with 10% fetal bovine serum (FBS), 100 units/mL 
penicillin, and 100 µg/mL streptomycin. The cells 
were passaged at 80% confluence using Trypsin-
EDTA solution, and passaging was performed 
twice weekly at 37°C.

Viability assay (MTT)
The cytotoxicity of manganese dioxide 

nanoparticles was evaluated using an MTT assay 
to assess proliferation cancer cells. Cells were 
cultured in 96-well plates at a concentration of 1 × 

104 cells per well. After 24 hours, a homogeneous 
monolayer was formed, and the cells were treated 
with medium containing different concentrations 
of prepared MnO2 NPs for testing (500, 250, 125, 
62.5, 31.25, and 15.62 µg/mL). The test was 
conducted with the same concentrations for both 
types of MnO2 NPs: one prepared by the green 
method using flaxseed extract as a reducing agent, 
and the other by the precipitation method using 
Na2S2O3 as a chemical reducing agent.

Next, 28 µL of 2 mg/mL MTT solution was 
added, and the cells were incubated for 2.5 hours. 
Cell viability was assessed 72 hours after treatment 
at 37°C. After removing the MTT solution, 130 µL 
of 1% DMSO was added to dissolve the formazan 
crystals, and the plates were incubated for 15 
minutes at 37°C with gentle shaking. Absorbance 
was measured at 492 nm using a microplate 
reader, and the test was performed in triplicate 
for confirmation. Cytotoxicity was calculated using 
the following equation:

% Cytotoxicity = 𝐴𝐴−𝐵𝐵
𝐴𝐴  x 100 

  
                                  (1)

Characterization
A range of characterization techniques was 

employed to examine the physicochemical 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. X-ray diffraction (XRD) patterns of manganese dioxide (MnO2) nanostructures 
synthesized using.
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properties of the synthesized MnO2 
nanostructures. The optical behavior of the 
manganese dioxide was analyzed using a UV-
1800 Shimadzu spectrophotometer (Japan). To 
identify the functional groups present in the 
flaxseed extract and to confirm the formation of 
MnO2, Fourier Transform Infrared Spectroscopy 
(FT-IR, SHIMADZU) was utilized. Additionally, X-ray 
diffraction (XRD) patterns were obtained using 
CuKα radiation (λ = 0.154056 nm) over a scanning 
range of 20° to 70°, to investigate the crystalline 
structure of the samples. Electron microscopies 
(TEM and FESEM) were used to study the 
structural properties of the prepared particles. 
Energy-Dispersive X-ray Spectroscopy (EDX) was 
utilized to examine the elemental composition 
of MnO2 nanoparticles synthesized through both 
green (plant extract) and conventional chemical 
precipitation methods.

RESULTS AND DISCUSSION
 XRD analysis offers essential information on 

the crystal structure and phase purity of the 
produced MnO2 nanoparticles. In this study, the 
XRD results verified that the nanoparticles exhibit 
a distinct crystalline lattice, with diffraction peaks 
corresponding to the characteristic MnO2 planes 
as indexed in the Joint Committee on Powder 
Diffraction Standards (JCPDS) database. As seen in 
Fig. 1a, the XRD analysis of MnO2 sample prepared 
by chemical precipitation method showed distinct, 
sharp diffraction peaks at 2θ values of 29.1°, 32.6°, 
36.2°, 44.5°, 51.1°, 60.2°, and 64.7°, corresponding 
to the (310), (102), (110), (101), (411), (521) and 
(002) crystallographic planes, respectively. These 
reflections match JCPDS card No. (044-0141), 
confirming the formation of the α- MnO2 phase 

with a tetragonal lattice [25]. The crystallite size 
for the (110) plane was estimated by the Debye–
Scherrer equation [26], yielding an average value 
of ~9.12 nm. 

For the MnO2 synthesized via the green method, 
the XRD pattern in Fig. 1b revealed diffraction 
peaks indicative of a tetragonal lattice with beta 
phase. However, a notable shift in peak positions 
was observed compared to the Thio-MnO2 pattern. 
This variation in peak position and intensity 
underscores the influence of plant-derived 
bioactive compounds on MnO2 crystallization and 
nanoparticle growth. These findings are consistent 
with earlier literature. The average crystallite size 
was estimated to be approximately 14.63 nm 
using the Debye–Scherrer equation. 

The optical properties of MnO2 nanostructures 
were investigated using Diffuse Reflectance 
Spectroscopy (DRS). It is clear from Fig. 2 that 
the UV-DRS spectra of both samples showed 
significant absorption in the visible light region, 
suggesting their effectiveness in capturing a wide 
portion of the solar spectrum. The reflectance 
values were transformed using the Kubelka–Munk 
function: 

(F(R)hʋ)n =k (hʋ-Eg) …  

 
                                           (2)

Where F(R) represents the Kubelka–Munk 
function associated with absorbance, n denotes 
the type of electronic transition (indirect allowed 
transitions) [27], h is Planck’s constant, k is a 
proportionality constant, and ʋ is the frequency 
of the incident light. By plotting (F(R)hʋ)1/2 against 
photon energy, the band gap energy (Eg) can be 
estimated by extrapolating the linear portion of 
the curve to intersect the photon energy (x-axis). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. UV-DRS spectra of Flax-MnO2 and Thio-MnO2 nanoparticles (a), along with the corresponding estimated band gap 
energies for Flax-MnO2 (b) and Thio-MnO2 (c).
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Based on the analysis using the Kubelka–Munk 
function, the estimated optical band gap energies 
of Flax-MnO2 and Thio-MnO2 were approximately 
1.57 eV and 2.06 eV, respectively. It is important 
to note that the optical band gap is strongly 
influenced by the crystalline structure of the 
synthesized semiconductors. According to the XRD 
results, the MnO2 nanostructures synthesized in 
the presence of flaxseeds could exhibit a β-phase 
structure. The estimated band gap value of 1.57 
eV falls within or slightly above the commonly 
reported range for β-MnO2 (~0.25–1.3 eV) [28], 
which is attributed to its compact crystalline 
structure that promotes enhanced orbital overlap 
and consequently reduces the band gap energy.

 MnO2 nanoparticles synthesized in the presence 
of sodium thiosulfate exhibited a band gap energy 
of approximately 2.06 eV, which aligns well with 
values reported in the literature (typically ranging 
from 1.7 to 2.6 eV), suggesting alpha phase [28, 
29]. The α-MnO2 particles are characterized by 
a tunnel-type crystal structure, formed by the 
connection of MnO2 octahedra into large 2×2 
and 1×1 tunnels [29-31]. This open framework 
can host various cations and significantly affects 
the material’s electronic structure. Consequently, 
α-MnO2 generally displays a wider band gap 
compared to its more compact polymorphs.

To compare the surface morphology of MnO2 
nanoparticles synthesized via the plant extract 
method and chemical precipitation, field-emission 
scanning electron microscopy (FESEM) was used. 
As can be seen from the images in Fig. 3a and b 
that both prepared nanoparticles are spherical 
and quasi-spherical shapes, with some degree 

of agglomeration observed in localized clusters 
especially with chemical route. The EDX spectra 
of both samples prominently displayed peaks 
corresponding to manganese (Mn) and oxygen (O), 
confirming the successful formation of manganese 
dioxide. In both techniques, the synthesized MnO₂ 
exhibited a clean EDX spectrum with minimal 
impurities, indicating relatively high material 
purity (see Fig. 3c). Distinct signals for gold (Au) 
were also observed in both spectra, likely due to 
the thin gold coating applied to the sample surface 
to enhance electrical conductivity during Field 
Emission Scanning Electron Microscopy (FESEM) 
imaging [32, 33].

Fig. 4a shows the TEM image of Flax-MnO2 
nanoparticles, these particles are relatively 
uniform, and quasi-spherical shapes with mild 
agglomeration due to the presence of residual 
organic compounds in the plant extract, which 
may act as capping agents. These biomolecules 
help stabilize the particles but can also cause slight 
particle adhesion [34] Conversely, Thio-MnO₂ 
nanoparticles appeared more dispersed and well-
defined, with sharper edges and a smaller average 
size, as shown in Fig. 4b. This morphological 
difference is attributed to the absence of organic 
stabilizers in the chemical synthesis process, which 
allows for more precise control over nucleation and 
crystal growth. These findings highlight the critical 
role of the synthesis approach in determining the 
structural and morphological properties of MnO2 
nanostructures. The average particle sizes were 
estimated using ImageJ software and they found 
to be approximately 22 ± 2.6 nm for the green-
synthesized MnO2 and 17 ± 3.1 nm for those 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. FESEM image of manganese oxide (MnO2) nanoparticles synthesized by green method using flaxseed extract (a) and 
chemical precipitation method using sodium thiosulfate (b). The scale bars for these images are 200 nm. EDX for Flax-MnO2 

nanoparticles(c).
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prepared via chemical precipitation.
The FTIR spectra of Flax-MnO2 and Thio-MnO2 

were recorded in the range of 500-4000 cm-1 as 
shown in Fig. 5a and b. Two absorption peaks 
appear at 517 and 614 cm-1, are assigned to 
Mn–O stretching vibrations bond [35], indicating 
the formation of MnO2. However, no peak was 
observed in that region in the spectrum of 
flaxseeds (Fig. 5c). Other peaks observed in the 
spectrum of Flax-MnO2 at 1240 cm-1 and 1777 cm-1 
are attributed to C–O and C–H bonds, respectively, 
resulting from the active components in the 
extract (such as flavonoids) [36]. These peaks 
remained apparent despite the sample being 
exposed to a high calcination temperature (400 

°C), indicating that some organic compounds 
remained as a coating on the surface of the 
prepared particles [37]. A broad absorption peak 
was also observed at 3409 cm-1, attributed to 
the -OH group stretching vibrations and H–O–H 
bending of water molecules, likely resulting from 
the sample’s absorption of moisture. In addition, 
a modest absorption peak appeared at 1626 cm-1 
due to the bending of water molecules. A strong 
peak centered at ~1116 cm-1 is assigned to S–O or 
S=O bond stretching, which is possibly related to 
sodium thiosulfate residues used in the reduction 
process.

 Viability of pancreatic cancer cell lines treated 
with MnO₂ nanoparticles synthesized from 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. FTIR of Manganese dioxide nanostructure prepared using flax 
seeds (a),Manganese dioxide nanostructure prepared using sodium 

thiosulfate (b) flax seeds powder (c).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. TEM images of the prepared manganese dioxide nanostructures in the presence of flax seeds extract (a), and in the 
presence of sodium thiosulfate (b).
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Flaxseed. The cytotoxic activity of the synthesized 
MnO₂ nanoparticles against pancreatic cancer cell 
lines was evaluated using the MTT assay at various 
concentrations. The results showed that a high 
concentration (500 µg/mL) significantly reduced 
cell viability, with only 11% viability remaining 
compared to the control group, as illustrated in Fig. 
6. This demonstrates that MnO₂ nanoparticles at 
this concentration exhibit strong cytotoxic effects 
on cancer cells, causing a statistically significant 
decrease in cell proliferation (p < 0.001). 

Similar results were observed in a previous study 
where breast cancer cells (MDA-MB-231) treated 
with nanoparticles showed reduced proliferation 
after 24 hours compared to the control group [38]. 
Conversely, at lower concentrations particularly 
below 31.25 µg/mL the MnO₂ nanoparticles 
exhibited no significant cytotoxic effect on the 
pancreatic cancer cell lines compared to the control 
group. This inverse relationship between MnO₂ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Effect of various concentrations of Flax-MnO2 NPs on the viability 
of pancreatic cancer cells.

concentration and cell viability is noteworthy: as 
the concentration of MnO₂ decreases, the relative 
viability of pancreatic cancer cells increases.

This type of experiment is a standard approach 
for determining the toxicological profile of MnO₂ 
nanoparticles on cancer cells. It plays a crucial 
role in identifying concentration thresholds at 
which MnO₂ becomes toxic or is considered safe, 
potentially without adverse effects.

The next step is done by using Thio-MnO2 
nanoparticles to evaluate nanoparticles in cytotoxic 
effect of pancreatic cancer cells: Pancreatic cancer 
cells were treated with different concentrations 
of the nanoparticles between (7.8 to 500 ug/
ml) except control group (untreated cells). The 
results showed that a high Concentration (500 
ug/ml) is significantly low viability of pancreatic 
cell, so it indicated the strong cytotoxic effect on 
cell proliferation. While 125 ug/ml is recorded 
30%. On other hand, lower concentrations (7.8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Effect of various concentrations of Thio-MnO2 NPs on the viability of pancreatic 
cancer cells.
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ug/ml and 15.6 ug/ml), the MTT is nearly similar 
to control group (100%). It noted that toxicity no 
significant effect on cancer cell, as shown in Fig. 
7. The most surprising aspect of the data is that 
the no observed effect concentration (NOEC) is 
between 7.8125 and 15.625 ug/ml, while lowest 
observed effect concentration (LOEC) is recorded 
31.25 ug/ml in contrast to control group.

 This is critical for biological and biomedical 
applications where the material (MnO2) will be 
used directly with cells to design a new products 
of drug [39, 40].

IC50 (Half Maximal Inhibitory Concentration)
 The IC50 value was measured to determine 

the potency of MnO2 nanoparticles in inhibiting 
cancer cell viability, specifically identifying the 
concentration needed to reduce cell viability by 

50%. The findings indicated that the IC50 of MnO2 
nanoparticles was 39.6 µg/mL, meaning that this 
concentration is expected to reduce cell viability 
by 50% relative to the untreated control group, 
take a look at Fig. 8. This information is considered 
fundamental in the fields of drug discovery and 
toxicology, as it provides essential insights into 
the efficacy and safety of potential therapeutic 
compounds [41].

Half Maximal Inhibitory Concentration (IC50) 
was done to detect the MnO2 nanoparticles 
from Na2S2O3.5H2O impact on pancreatic cancer 
cell and the best concentration that required to 
reduce viability these cells . The results showed 
that Interpretation of IC50 was 73.5 ug/ml of the 
MnO2 is expected to cause a 50% reduction in cell 
viability compared to the control group, look at 
Fig. 9.

 Fig. 9. shows the dose-dependent inhibition of cell proliferation, from which the IC50 value 
was calculated using nonlinear regression analysis for Thio-MnO2.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. shows the dose-dependent inhibition of cell proliferation, from which the IC50 value 
was calculated using nonlinear regression analysis for Flax-MnO2.
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CONCLUSION
This study focused on the preparation and 

characterization of manganese dioxide (MnO₂) 
nanoparticles using two different methods: 
a green synthesis method and a chemical 
precipitation method. The results revealed that 
the optical band gap was approximately 1.7 eV for 
the β-MnO₂ phase (green method) and 2.06 eV for 
the α-MnO₂ phase (chemical method), indicating 
that the optical properties are influenced by both 
the crystal phase and the synthesis approach. 
Morphological analyses (FESEM, TEM) showed 
that nanoparticles produced via the green 
method were nearly spherical with some degree 
of agglomeration, whereas those synthesized 
chemically were smaller and more uniform in 
shape.

The cytotoxic activity of the green-synthesized 
nanoparticles against pancreatic cancer cells 
demonstrated a significant inhibitory effect at 
high concentrations (500 µg/mL), while lower 
concentrations had minimal or no effect. The 
IC₅₀ value was determined to be 39.6 µg/mL, 
suggesting that these particles could serve as 
promising candidates for pancreatic cancer 
treatment, provided their concentrations are 
carefully controlled. Similarly, the chemically 
synthesized nanoparticles exhibited cytotoxic 
effects at high concentrations, with an IC₅₀ value 
of 73.5 µg/mL, and showed no significant toxicity 
at lower doses.
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