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Abstract
In this study, it was aimed to determine the characterization properties of Nickel Oxide nanoparticles (NiO NPs) obtained 
by green synthesis method using gum Kenger along with their antimicrobial, antibiofilm and anticancer potentials. The 
morphological and crystalline properties related to the characterization of the obtained NiO NPs were determined by X-ray 
diffraction (XRD), field emission scanning electron microscope (FE-SEM), UV-visible spectroscopy (UV-vis), Fourier 
transform infrared spectroscopy (FT-IR) methods. Thermal properties of the NPs were analyzed by Thermogravimetric 
analysis (TGA, Differential thermal analysis) (DTA) and Derivative Thermogravimetry (DTG). Antimicrobial, antibiofilm 
tests were performed to evaluate the biological activities of NiO NPs. The anticancer activity of NPs was determined 
in human neuroblastoma cell line (SH-SY5Y) by cell viability (MTT assay), caspase-3 (Caspase-3/CPP32 Fluoromet-
ric Assay), apoptosis/necrosis and cell cycle (Flow cytometry assay) analyses. The crystal structure of the synthesized 
nanoparticles was confirmed in XRD analysis. FE-SEM analysis revealed that the particle size distribution of NiO NPs 
predominantly ranged from 20 to 50  nm.When evaluated in terms of biological activities, the obtained NiO NPs were 
found to be effective against multidrug-resistant bacteria, which have increased in recent years. It exhibited strong antimi-
crobial activity especially against clinically important strains such as E. coli, P. aeruginosa, A. baumannii and S. aureus. 
In cytotoxicity assays carried out on SH-SY5Y neuroblastoma cell line, NiO NPs decreased cell viability dose-dependently 
and the IC50 value was calculated as 23.26 ± 0.59 µg/mL. Cell cycle assays showed that NiO NPs arrested cells in G0/G1 
phase and accordingly suppressed cell proliferation. No significant change was detected in caspase-3 activity, which is an 
apoptosis marker. However, in apoptosis/necrosis assay, a dose-dependent increase was observed, especially in the rate of 
necrotic cells. These findings indicate that green synthesized NiO NPs, with their structural properties, may be among the 
biological agents with strong antimicrobial, antibiofilm and anticancer potential.

Keywords  Nanoparticles · Green synthesis · Antimicrobial · Anticancer · Apoptosis/necrosis

Received: 21 November 2025 / Accepted: 7 April 2026 / Published online: 20 April 2026
© The Author(s) 2026

Green Synthesis and Characterization of NiO Nanoparticles using 
Kenger Gum: Evaluation of Antimicrobial, Antibiofilm and Anticancer 
Properties

Zehra Çiçek1  · Güney Gürsoy2  · Esen Çakmak3  · Saniye Tekerek4  · Esin Kiray5  · Ayça Tanriverdi4

1 3



Z. Çiçek et al.

Introduction

Traditionally, Nickel Oxide nanoparticles (NiO NPs) 
have been synthesized using various chemical, physi-
cal, and biological methods. Chemical precipitation, sol-
gel, hydrothermal, and microwave-assisted methods are 
among the most commonly employed conventional tech-
niques for synthesizing metal oxide nanoparticles [1]. 
These methods often require the use of toxic chemicals, 
high temperatures, and extensive energy consumption, 
which raises environmental concerns.In contrast, green 
synthesis techniques have emerged as a sustainable alter-
native to traditional nanoparticle production methods. 
Natural products, as sustainable and environmentally 
friendly sources of biologically active compounds, have 
constituted an important area in nanotechnology and bio-
medical research in recent years.Green synthesis utilizes 
environmentally friendly materials, such as plant extracts, 
bacteria, fungi, and other natural agents, to reduce metal 
ions and stabilize nanoparticles [2]. The advantages of 
green synthesis includecost-effectiveness, simplicity, and 
the use of non-toxic and biodegradable materials, making 
it a more eco-friendly alternative to conventional method 
[3]. Plant-based synthesis, in particular, has become 
increasingly popular due to its numerous advantages, such 
as the wide availability of plant resources, low toxicity, 
and ease of handling [4].

Kenger gum, a natural resin obtained from the Gundelia 
tournefortii L. plant, has been traditionally used for food 
and medicinal purposes in the Eastern Anatolia Region of 
Turkey.G. tournefortii L. is a species that spreads in the 
temperate climate zone of Western Asia and grows natu-
rally in countries such as Turkey, Cyprus, Turkmenistan, 
Egypt and Israel [5–7].Different parts of the G. tourne-
fortii plant, including the stem, leaves, flowers, and gum 
obtained from its latex, are used in traditional medicine to 
treat a wide range of ailments, from gastrointestinal dis-
orders and diabetes to bronchitis, inflammation, and pain. 
Research indicates that G. Tournefortii is rich in biologi-
cally active compounds, including phenolic acids, flavo-
noids, terpenoids, sterols, fatty acids, and minerals [8–11].
The presence of particularly high phenolic and flavonoid 
content underlies the plant’s strong antioxidant capac-
ity, contributing to its wide range of biological activity, 
including antioxidant, anti-inflammatory, hepatoprotec-
tive, antidiabetic, antimicrobial, and anticancer effects 
[12–15].These biological activities are associated with 
the plant’s rich phenolic content and secondary metabo-
lites, supporting the evaluation of G. tournefortii as a 
remarkable and promising resource for nanotechnological 
applications carried out on the basis of environmentally 
friendly approaches.

Although NiO NPs obtained using different plant 
extracts via green synthesis methods have been widely 
reported in the literature, these studies mainly rely on 
aqueous leaf and flower extracts as reducing agents. In 
contrast, Kenger gum is a latex-derived plant secretion 
with a unique biochemical composition, particularly rich 
in polysaccharides and phenolic compounds. These com-
ponents may enable Kenger gum to function not only as 
a reducing agent but also as an effective stabilization and 
coating material during nanoparticle formation. To our 
knowledge, the use of Kenger gum in the green synthesis 
of NiO NPs has not been previously reported.

In this study, NiO NPs were obtained by green syn-
thesis method using Kenger gum; these NPs were ana-
lyzed by various characterization techniques and their 
antimicrobial, antibiofilm and anticancer activities were 
evaluated in detail. The aim of the study is to synthe-
size biocompatible NPs with an environmentally friendly 
method and to reveal the biological potential of Kenger 
gum with nanotechnological applications.

Experimental Method

Materials

The chemicals used in the experimental studies were ana-
lytical grade and distilled water was used to prepare all 
solutions. The salt of nickel (II) chloride (NiCl2.6H2O) 
was purchased from Sigma. Kenger gum was purchased 
commercially.

Green Synthesis of NiO NPs

In this study, NiO NPs were synthesized via a green 
synthesis approach using Kenger gum as a natural bio-
polymer source. Initially, 3 g of Kenger gum were dis-
persed in 100 mL of distilled water to prepare a stock 
solution, which was magnetically stirred at 40 °C for 2 
h to ensure homogeneous extraction of bioactive com-
ponents. The pH of the resulting Kenger gum extract 
was measured and found to be 6.7. Subsequently, 1.6 g 
of nickel(II) chloride hexahydrate (NiCl₂·6 H₂O) was 
added directly to the prepared stock solution, and the 
reaction mixture was incubated at 75 °C for an additional 
24 h under continuous stirring to facilitate complexation 
and nanoparticle formation. Following the addition of 
NiCl₂, the pH of the reaction mixture slightly decreased 
and was recorded as 6.4.No external pH adjustment was 
applied during the synthesis, and the reaction proceeded 
under the natural pH conditions of the gum extract.After 
completion of the reaction, the formed precipitate was 
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separated by centrifugation at 4000 rpm for 10 min [16].
The collected solid was washed three times with distilled 
water to remove unreacted species and residual impuri-
ties, followed by drying at room temperature. Finally, the 
dried precursor powder was calcined at anannealing tem-
perature of 450 °C for 2 h, which was selected to ensure 
complete thermal decomposition of organic constituents 
and to achieve the formation of crystalline NiO without 
inducing particle agglomeration, in accordance with pre-
viously reported literatüre [17].

Characterization

The NPs were structurally characterized by recording 
the X-ray diffraction patterns using a Rigaku SmartLab 
advanced X-ray diffraction (XRD) system with CuKα 
(0.154 nm) radiation.Surface morphology of NP was 
investigated by Zeiss Supra 55 field emission scanning 
electron microscopy (FE-SEM). The absorption spectra 
of the NPs were obtained with a UV-Vis spectropho-
tometer (Shimadzu UV-2600). The chemical composi-
tion and functional groups of the NPs were examined 
using the PerkinElmer/MID-Spectrum Two/UATR FTIR 
instrument.

Antimicrobial Activity

Agar well diffusion method was used to determine the 
antimicrobial activity of newly synthesized NiONPs. 
Both strains isolated from clinical samples and standard 
strains were used in the antimicrobial activity study. 
Escherichia coliATCC 25,922, Pseudomonas aerugino-
saATCC 27,853, Staphylococcus aureus ATCC 25,923, 
Acinetobacter baumanniiATCC 17,978, Enterococcus 
faecalis ATCC 29,212, Enterobacter aerogenes ATCC 
13,048, Listeria monocytogenes ATCC 19,115, Shigella 
dysentery ATCC 13,313 and Bacillus cereus ATCC 14,579 
were used as standard strains in the study, while Klebsi-
ella pneumoniae and Vancomycin-resistant Enterococcus 
faecium (VRE) were used as clinical isolates. Cultures 
grown in Tryptic Soy Broth (TSB) at 37 ° C for 18 h were 
transferred to Tryptic Soy Agar (TSA) medium as 100 µL 
(0.5 Mc Farland) and inoculation was performed without 
leaving any gaps on the medium. 100 µL of 100 mg/mL 
concentration of NiONPs was added to the wells (6 mm) 
opened on the medium. Cultures were incubated at 37 ° C 
for 24 h to determine the zone diameters formed around 
the wells. The negative control was sterile water that had 
been distilled. By measuring the width of the inhibitory 
zone in millimeters, antimicrobial activity was measured. 
For the purpose of calculating antimicrobial activity, the 
average of three separate investigations was used [18].

Determination of Minimum Inhibitory 
Concentration (MIC)

The Clinical and Laboratory Standards Institute broth 
microdilution technique was adapted to measure the mini-
mum inhibitory concentration (MIC). In 96-well plates 
using TSB medium, all antimicrobial effectiveness study 
isolates’ MICs were determined. Cultures were diluted to 
1 × 106 CFU/mL and 50 µL of bacteria were added to each 
well after overnight incubation at 37 °C. We incubated 
freshly synthesized NiONPs in a 96-well plate at 37 °C for 
18 h at concentrations ranging from 256 to 0.5 µg/mL in 50 
µL. Minimum concentration at which no observable bacte-
rial growth occurred was MIC. Positive control: Gentamicin 
(Sigma Aldrich, USA) [19].

Anti-biofilm Activity

The anti-biofilm activity of the produced NiONPs was 
assessed using strains of P. aeruginosa ATCC 27,853 and E. 
coli ATCC 25,922, which produce biofilms. Following serial 
dilutions, 100 mL of bacterial culture (OD 600 = 0.132) acti-
vated in TSB medium at 37 °C and 100 mL of test compounds 
(1.25–20 mg/mL) were transferred to 96-well polystyrene 
microtiter plates. Following a 24-hour incubation period at 
37 °C, the cells that had adhered to the wells were delicately 
washed with distilled water and then left to air dry. Staining 
was carried out with 0.4% (w/v) crystal violet in an asep-
tic environment and then rinsed with distilled water again. 
200 mL of ethanol was used to dissolve the crystal violet. 
TSB medium (100 mL) was used as a negative control, and 
bacterial cultures without compounds were used as a posi-
tive control. The measurement of the wells was carried out 
at 595 nm (BioTekEpoch 2 Microplate Spectrophotometer). 
Anti-biofilm activity (%) was determined by the following 
formula. The study was repeated three times [20].

Anti − biofilm activity (%) = (1 − OD sample/OD control) × 100

Cell Culture and Treatment with NiONPs

SH-SY5Y human neuroblastoma cells were obtained from 
Gülhane Stem Cell Research Center, Health Sciences Uni-
versity. Cells were cultured in DMEM (Biowest, L0102-500, 
Nuaillé, France) containing 10% fetal bovine serum (Capri-
corn scientific, FBS-11 A, Germany), 1% L-glutamine and 
1%penicillin/streptomycin (PSA, Gibco, 15140-122,USA) 
in 25 cm2 flasks. Cells were incubated in 5% CO2, 37 °C 
and appropriate humidity (PHcbi, PHC Corporation, Japan) 
and passaged every 2 to 3 days. When cells reached a suffi-
cient number of cells, cell suspensions at a density of 1 × 104 
cells/100 µL were seeded into 6 and 96 well plates for 
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USA) was used for apoptosis/necrosis analysis of samples. 
After incubation, cells were trypsinized and transferred into 
a falcon tube. The falcon tube was centrifuged for 5 min at 
300 g and the supernatant was aspirated from the medium. 
The pelleted cells were washed twice in cold phosphate 
buffered saline (Dulbecco’s PBS, Capricorn, Germany) and 
centrifuged again. Then, the supernatant was aspirated again 
and the cells were resuspended in 1Xannexin binding buffer. 
Then, 5 µL of annexin V and 2 µL of PI were added to each 
100 µL of cell suspension to stain the cells and incubated 
for another 15 min in the dark. After the incubation period, 
400 µL of 1Xannexin binding buffer was added and mixed 
gently. The stained cells were analyzed by flow cytometry 
device (BD Accuri C6 Plus). Cell cycle analysis of the sam-
ples after 24 h of treatment with 4 different concentrations 
of NiONPs was performed using the CellCyclePI/RNAse 
kit (ABP Bioscienses, Catalog number: A056, USA) by fol-
lowing the steps specified in the kit. Briefly, after incubation, 
the cells were trypsinized (Biowest, Trypsin 0.25%-EDTA, 
Nuaillé, France) and placed in a falcon tube and centrifuged. 
Then, the supernatant was removed and washed twice with 
PBS and centrifuged again. Then, the resulting cell pellet 
was fixed in 100µL of 99% methanol kept at −20 °C for 15 
min. At the end of the period, 1 mL of PBS was added and 
washed by centrifuging at 300 g for 3 min. Then, 0.5 mL of 
PI/RNAse staining solution was added to the cells and incu-
bated at 37˚C in the dark for 30 min, and the cells were ana-
lyzed with a flow cytometry device (BD Accuri C6 Plus).

Statistical Analysis

Statistical analyses were performed using GraphPad Prism 
9 software and the Social Sciences Statistics Package for 
Windows (SPSS) (Version 23.0; SPSS, Inc., Chicago, 
IL). All experiments were replicated triplicately, and the 
obtained data were reported as mean ± standard deviation 
(mean ± SD). Comparison of data with the control group 
was performed using a one-way ANOVA test; the Tukey test 
was used post-hoc in this analysis. Statistical significance 
was determined as *p < 0.05, **p < 0.01 and ***p < 0.001.

Results

Characterization of NiONPs

XRD Analysis

The X-ray diffraction (XRD) pattern of the synthesized 
nanoparticles is presented in Fig. 1. The diffraction peaks 
observed at 2θ values of approximately 36.34°, 43.22°, 
62.87°, and 75.37° can be indexed to the (111), (200), (220), 

experiments. After 24 h of incubation, the cells were treated 
with NiONPs at the concentrations determined for the study 
and left to incubate for 24 h. Cells not treated with NiONPs 
were used as control group. After incubation, kit procedures 
were performed according to the parameters to be analyzed.

Cell Viability Test with MTT

MTT (3-(4,5-dimethylthiazol-2-yl)−2,5-
diphenyltetrazolium bromide) test was used to evaluate cell 
viability. Cells were seeded in 96-well plates at a density of 
approximately 1 × 104 cells/100 µL and incubated for 24 h 
to ensure that they adhere to the bottom. Then, 6.25, 9.375, 
12.5, 18.75, 37.5 and 75 µg/mL NiONPs concentrations 
were applied to the cells and incubated for 24 h. At the end 
of the incubation period, 5 mg/mL MTT (Cayman Chemi-
cal, 21795, USA) solution was added to each well and the 
cells were incubated for another 2–4 hours at 37 °C. At the 
end of this period, the wells were emptied without remov-
ing the cells at the bottom. To dissolve the formed formazan 
crystals, 100 µL of DMSO (Emplura, Merck116743, Ger-
many) was added to each well and shaken for 3 min, and 
then absorbance values ​​at 570 nm wavelength were mea-
sured with a microplate reader (Molecular Devices Filter 
Max F5 ELISA Reader). Cell viability was expressed as a 
percentage compared to the control group.

Caspase-3 Activity Assay

Cells were seeded in 6-well plates at 1 × 106 cells/well and 
incubated for 24 h. After incubation, cells were treated 
with 4 different concentrations of NiONPs (12.5, 18.75, 
37.5 and 75 µg/mL) and incubated again for 24 h. Samples 
were then prepared for Caspase-3 activity analysis using the 
Caspase-3/CPP32 Fluorometric assay kit (BioVision, Cata-
lognumber: #K105-25, USA) following the manufacturer’s 
analysis procedures. The prepared samples were transferred 
to a 96-well black plate and fluorescence values were deter-
mined in a plate reader (Molecular Devices FilterMax F5 
ELISA Reader) at 360 nm excitation and 535 nm emission 
values. Caspase-3 activity was expressed as a percentage 
compared to the control group.

Analysis of Apoptosis/necrosis and Cell Cycle by 
Flow Cytometry

Cells were seeded in 6-well plates at 1 × 106 cells/well and 
incubated for 24 h. After incubation, cells were treated with 
4 different concentrations of NiONPs (12.5, 18.75, 37.5 
and 75 µg/mL) and incubated again for 24 h at 37 °C in a 
humidified, 5% CO2 incubator atmosphere. Annexin V and 
PI Apoptosis kit (ABP Bioscienses, Catalog number: A027, 
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Bragg diffraction angle. As expected, lower FWHM val-
ues correspond to larger crystallite sizes. For example, the 
reflection at 2θ = 30.10° (FWHM = 0.088°) yielded a crystal-
lite size of approximately 93 nm, whereas the broader peak 
at 2θ = 20.08° (FWHM = 0.22°) corresponded to a smaller 
crystallite size of approximately 37 nm (Table 1).

The diffraction peaks selected for the calculation were 
intense and well-resolved to minimize peak overlap and 
improve the reliability of the estimation. The calculated 
crystallite sizes ranged between 37 and 93 nm, indicat-
ing structural heterogeneity within the synthesized NiO 
nanoparticles. The calculated values correspond to the size 
of coherently diffracting crystalline domains rather than the 
actual particle size. The variation in crystallite size can be 
attributed to differences in crystalline domain growth during 
synthesis. Such size distributions are commonly observed 
in chemically synthesized metal oxide nanoparticles due to 
non-uniform nucleation and growth kinetics [23, 24]. The 
obtained diffraction pattern is consistent with crystalline 
NiO, in agreement with previous reports [25].

UV–visible Analysis

The UV–Vis absorption spectrum of the NiO NPs synthe-
sized using Kenger gum reveals a maximum absorbance of 
0.961 at 400 nm, indicating strong light absorption in the 
UV region (Fig. 2a).This high absorbance at shorter wave-
lengths suggests efficient electronic transitions from the 
valence band to the conduction band, which is typical of 
semiconducting metal oxides with relatively wide optical 
band gaps.As the wavelength increases from 400 to 450 nm, 
the absorbance gradually decreases to 0.243, followed by 
a slower decline across the visible region.Between 670 nm 
and 700 nm, the absorbance stabilizes around 0.375, indi-
cating comparatively weaker light–matter interaction in the 
green to red regions of the spectrum.

The transmittance spectra further support this wavelength-
dependent optical behavior (Fig. 2b). The NiO NPs exhibit 

and (311) planes of face-centered cubic (FCC) NiO, respec-
tively, in good agreement with the standard JCPDS card 
No. 47–1049 and previous literature reports [21, 22]. These 
reflections confirm the formation of crystalline cubic NiO as 
the dominant phase.

Additional peaks detected at 37.25°, 47.63°, 52.59°, and 
55.16° correspond to minor reflections that can be assigned 
to secondary nickel oxide-related phases, consistent with 
JCPDS card No. 14–0481 (Ni₂O₃) [21, 22]. The presence 
of these lower-intensity reflections indicates a small contri-
bution from secondary nickel oxide phases within the pre-
dominantly NiO structure.

The Full Width at Half Maximum (FWHM) of the dif-
fraction peaks provides information related to crystallite 
size. In this study, the crystallite size of the NiO nanopar-
ticles was estimated using the Debye–Scherrer equation: 
D = Kλ/(β cosθ), where K is the shape factor (taken as 0.9), 
λ is the X-ray wavelength (Cu Kα, λ = 1.5406 Å), β is the 
FWHM of the diffraction peak (in radians), and θ is the 

Table 1  Structural parameters of NiO NPs
2θ(°) FWHM(°) β (radian) Strain(ε) Dislocation Density (ρ, nm²) d (Å) (hkl) Lattice Parameter (a, Å)
20.08 0.22 0.00384 0.0394 6.7 × 10− 6 4.4 (200) 9.2
30.10 0.09 0.00153 0.0376 1.0 × 10− 6 2.9 (001) 9.6
36.34 0.13 0.00229 0.0246 2.6 × 10− 6 2.5 (311) 9.5
37.25 0.13 0.00222 0.0234 2.1 × 10− 6 2.4 (111) 9.4
43.22 0.10 0.00180 0.0189 1.3 × 10− 6 2.1 (200) 9.7
47.63 0.14 0.00244 0.0306 2.4 × 10− 6 1.9 (222) 9.9
51.94 0.15 0.00267 0.0351 2.8 × 10− 6 1.8 (200) 9.8
52.59 0.11 0.00187 0.0285 1.3 × 10− 6 1.7 (400) 9.7
55.16 0.12 0.00202 0.0325 2.4 × 10− 6 1.6 (411) 9.8
62.87 0.14 0.00243 0.0334 2.1 × 10− 6 1.5 (220) 9.9
65.63 0.13 0.00227 0.0315 1.8 × 10− 6 1.4 (521) 9.8
75.37 0.15 0.00262 0.0394 2.2 × 10− 6 1.3 (311) 10.1

Fig. 1  XRD pattern of NiO NPs
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with the characteristics of wide-bandgap semiconductors 
and explains the relatively low absorbance and high trans-
parency observed in the visible region. The moderate band 
gap indicates that the synthesized NiO NPs possess suitable 
optical properties for applications requiring controlled light 
absorption and transmission, including optoelectronic and 
biomedical-related technologies.

FT-IR Analysis

The FT-IR spectrum of the NiO NPs is shown in Fig. 3.The 
vibrational band for the metal-oxygen bond usually appears 
at 400 to 700 cm− 1 in the FT-IR spectra of metal oxides 
[26]. Absorption bands for NiO are in the range 400–1100 
cm− 1.The bending vibration of NiO is responsible for the 

a high transmittance of 78% at 549 nm, demonstrating good 
transparency in the green region of visible light. In contrast, 
significantly lower transmittance values are observed at 656 
nm (41%) and 667 nm (42%), suggesting increased absorption 
or scattering effects in the red region. This complementary 
relationship between absorbance and transmittance confirms 
the selective optical response of the synthesized NiO NPs.

Based on the Tauc plot analysis (Fig. 2c), the optical 
band gap of the NiO NPs was calculated to be 2.91 eV. The 
Tauc equation, (αhν)ⁿ = A(hν − Eg), was used to determine 
the band gap, where α is the absorption coefficient, hν is 
the photon energy, A is a constant, Eg is the optical band 
gap, and n = 2 for a direct allowed transition. In the revised 
figure, the linear fitting region used to extract the band gap 
is clearly indicated on the Tauc plot.This value is consistent 

Fig. 2  a The UV–visible absorbance spectrum, b transmittance spectra and c bandgap values of NiO NPs
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illustrated in Fig. 4. The TGA curve reveals a total weight 
loss of approximately 35% over the temperature range of 
30–800 °C. The initial minor weight loss below 150 °C can 
be attributed to the removal of physically adsorbed water 
molecules and moisture content. A second significant 
weight loss observed between 300 and 500 °C corresponds 
to the decomposition of organic residues or unreacted pre-
cursors remaining from the synthesis process. The DTG 
curve exhibits distinct peaks at approximately 150 °C, 320 
°C, and a sharp peak near 700 °C, indicating the tempera-
tures at which the maximum rate of weight loss occurs. 
The first peak confirms the desorption of moisture, while 
the second and third peaks are associated with the ther-
mal degradation of organic compounds and the structural 
decomposition of the oxide, respectively. The DTA curve 
shows endothermic events correlating with the weight loss 
steps in the TGA profile. Notably, a pronounced endother-
mic peak is observed in the range of 680–800 °C, which 
can be ascribed to the release of lattice oxygen from the 
NiO structure. The curve shows that due to the release of 
bound oxygen atoms in the nanoparticles, there is a step-
wise weight loss of NiO NPs at 680–800 ̊C [20].

peaks at 477, 562, 735 and 761 cm− 1.Typically, these bands 
are caused by the stretching, bending, wiggling, and other 
modes of vibration of the Ni-O bond [27]. Broad band at 
3394 cm− 1 assigned to chemically bound hydroxyl group 
and atmospheric water molecules. The band at 1077 cm⁻¹ 
corresponds to C–O stretching vibrations, characteristic of 
polysaccharides and other oxygen-containing functional 
groups present in the gum. Less intense bands observed 
at 1226 cm⁻¹ and 1401 cm⁻¹ are indicative of minor com-
ponents such as phenolic or carboxylate groups naturally 
present in Kenger gum, consistent with previously reported 
studies on mastic resin [28]. The vibration observed at 2912 
cm− 1 is probably due to the C-H stretching, while the band 
at 1606 cm− 1 can be attributed to the H-O-H bending vibra-
tion band [29–31].These functional groups likely contrib-
ute to the reduction and stabilization of Ni²⁺ ions during the 
green synthesis of NiO NPs.

TGA/DTA and DTG Analysis

The thermal behavior of the synthesized NiO NPs was 
investigated using TGA, DTA, and DTG analyses, as 

Fig. 3  FT-IR spectrum of the NiO NPs
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agglomerates [32].Such morphological features, including 
nanoscale particle size and controlled agglomeration, are 
particularly advantageous for enhancing surface-related 
interactions, which are critical for the biological activity 
and functional performance of NiO NPs.The particle size 
distribution of the synthesized nanoparticles was evalu-
ated based on FESEM micrographs, as illustrated in Fig. 
5. The corresponding histogram reveals a relatively narrow 
size distribution, which can be well fitted by a Gaussian 
function. The average particle size was determined to be 
approximately 20 nm with a standard deviation (σ) of about 
5 nm. This narrow distribution indicates a uniform growth 
process and good control over particle nucleation during 
synthesis. Overall, the obtained particle size distribution is 
in good agreement with previously reported FESEM-based 
size analyses for similar nanostructured systems. The par-
ticle size distribution of the synthesized nanoparticles was 
evaluated from FESEM images, and the corresponding 
histogram was constructed by analyzing the micrographs 
using ImageJ software.

FE-SEM Analysis

In addition to the synthesis process and biological applica-
tion potential, morphological characteristics of the NiO NPs 
produced from Kenger gum extract were analyzed using 
field emission scanning electron microscopy (FE-SEM). 
These technique provide critical insights into the size of the 
nanoparticles, which are essential for understanding their 
behavior in biological systems.FE-SEM images of the NiO 
NPs are shown in Fig. 5 and were recorded at a magnifica-
tion of 100.00 kx with a scale bar of 100 nm.The size of the 
nanoparticles is usually in the range of 20–50 nm, and their 
distribution can be either monodisperse (uniform in size) 
or exhibit some degree of agglomeration, depending on 
the synthesis conditions. Agglomeration, where particles 
cluster together due to their surface energy, is commonly 
observed in nanoparticles synthesized by green methods 
and can affect their reactivity and surface area. SEM images 
can also reveal interparticle interactions where particles 
are sometimes connected by small bridges or form larger 

Fig. 4  TGA/DTA and DTG curves of the NiO NPs
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synthesized NP compounds, which were found effective on all 
tested strains, showed strong antimicrobial activity on clini-
cally important and multidrug resistant E. coli, P. aeruginosa 
and S. aureus, which cause serious nosocomial infections. In 
particular, the high inhibitory activity on A. baumannii, which 
has recently become increasingly likely to be seen in hospital 
infections worldwide and has caused outbreaks in intensive care 
units, and has caused serious problems in terms of treatment due 
to increasing drug resistance, is remarkable [33].

Bioactivity of NiO NPs

Antimicrobial Activity

The antibacterial activity of NiO NPs was evaluated against 
both different reference bacterial strains and clinically important 
strains isolated from clinical samples. The results obtained were 
determined to have a particularly strong antimicrobial activity 
as indicated in Table 2; Fig. 6. It is important that these newly 

Fig. 5  FE-SEM images of NiO 
nanoparticles and the corre-
sponding FESEM-based particle 
size distribution histogram with 
Gaussian fitting
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in both biomedical applications and industry due to its 
strong antibacterial and anti-biofilm activity.

Cell Viabilitiy and Caspase-3

The dose-dependent effects of NiO NPs on the viability of 
SH-SY5Y cells are presented in Fig. 8. It was found that at 
a concentration of 6.25 µg/mL NiO NPs, there was a signifi-
cant decrease in cell viability compared to the control group 
(p < 0.05). At a concentration of 12.5 µg/mL, cell viability 
was found to be 69.70%. A dramatic decrease in viability 
occurred with the increase in concentration and cell viabil-
ity was found to be 39.13% at 37.5 µg/mL. It was deter-
mined that at all determined doses of NiO NPs, there was a 
statistically significant decrease in cell viability compared 
to the control group (p < 0.05, p < 0.001). The concentration 
value of NiO NPs that inhibited half of SH-SY5Y cells was 
found to be 23.26 ± 0.59 µg/mL.

The changes in caspase-3 activity for four different 
concentration values ​​of NiO NPs are given in Fig. 9. Par-
tial increases in caspase-3 activity were observed in cells 

In addition to the remarkable results, when the low MIC 
values ​​on the tested standard and clinical strains are com-
pared with gentamicin used as a positive control, it is seen 
that the MIC values ​​are close to each other. These results 
show that the newly synthesized NiONPs has the potential 
to be used as an alternative to antibiotics against important 
clinical strains.

Anti-biofilm Activity

In our study, E. coli ATCC 25922 and P. aeruginosa ATCC 
27853 type strains were used to determine the anti-biofilm 
activity of NiO NPs. As a result of the study, it was observed 
that NiO NPs biofilm inhibition was high on both types of 
strains. It was determined that NiONPs compound showed 
56.14% biofilm inhibition on E. coli ATCC 25922 strain and 
65.23% on P. aeruginosa ATCC 278533 strain at a concen-
tration of 20 mg/ml. It was determined that the antibiofilm 
effect of the test compounds used in the study on P. aeru-
ginosa was higher than on E. coli strain (Fig. 7). NiO NPs 
exhibited activity that can be used as potential alternatives 

Table 2  Antimicrobial zone diameters of NiO NPs on pathogenic type strains
Antimicrobial Zone Diameter
Gram negative Gram pozitive
EC PA AB SD KP SA LM EA EF BC VRE

NiONPs 31.0± 1.2 30.0±0.8 34.0±0.9 32.0±1.3 30.0±0.7 31.0±0.2 30.0±0.8 32.0±0.9 30.0±1.3 31.0±0.4 30.0±0.6
MIC a (µg/mL)
NiONPs 2.0 4.0 0.5 1.0 2.0 2.0 4.0 2.0 1.0 2.0 2.0
CN b 0.5 1.0 0.5 0.5 1.0 0.5 0.5 0.5 0.5 1.0 0.5
EC: E. coli ATCC 25,922, PA: P. aeruginosa ATCC 27,853, AB: (A) baumannii ATCC 17,978, SD: S. dysentery ATCC 13,313, KB: K. pneu-
moniae, SA: S. aureus ATCC 25,923, L. monocytogenes ATCC 19,115, EA: E. aerogenes ATCC 13,048, EF: E. faecalis ATCC 29,212, BC: (B) 
cereus ATCC 14,579, VRE: Vancomycin resistant E. faecium

Fig. 6  Inhibition zone activities 
of NiO NPs on some pathogenic 
strains. N: Negative control
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After treatment with 12.5 and 37.5 µg/mL concentrations, 
34.7% and 43.1% of the cells were determined as necrotic 
cells, respectively. At the 75 µg/mL concentration, the per-
centage of viable cells showed a dramatic decrease and was 
determined as 36.4%, and in this case, 63.6% of the cells 
were found to be necrotic (Fig. 10). On the other hand, the 
effects of treatment of SH-SY5Y cells with increasing doses 
of NiO NPs on the cell cycle were examined (Fig. 11). It 
was determined that 66.4% of the cells in the control group 
were in the G2/M phase. After treatment with NiO NPs, a 
significant decrease was observed in the percentage of cells 
in the G2/M phase. After treatment with a concentration 
of 12.5 µg/mL, the percentage of cells in the G2/M phase 

treated with 37.5 and 75 µg/mL concentrations. However, 
it was determined that these changes were not statistically 
significant compared to the control group (p > 0.05). These 
selected doses of NiO NPs caused significant decreases in 
cell viability, but our results showed that cell death was not 
related to caspase-3 activity.

Apoptosis/necrosis and Cell Cycle

The apoptosis/necrosis states of cells treated with 12.5, 
18.75, 37.5 and 75 µg/mL concentrations of NiO NPs were 
determined by flow cytometry and are presented in Fig. 10. 
97.3% of the cells in the control group were viable cells. 

Fig. 8  Effects of different concen-
trations of NiO NPs on SH-SY5Y 
cell viability after 24 h incuba-
tion. The statistical significance 
values *** and * denote signifi-
cance at p < 0.001 and p < 0.05

 

Fig. 7  Anti-biofilm activity of 
different concentrations of NiO 
NPs on E. coli ATCC 25922 type 
strain. The statistical significance 
values ***, **, and * denote 
significance at p < 0.001, p < 0.01, 
and p < 0.05 where as ns denotes 
non-significance
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Fig. 10  Evaluation of NiO NPs-induced cell death in SH-SY5Y cells: Flow cytometric profiling of apoptotic and necrotic populations

 

Fig. 9  Evaluation of apoptotic 
response in SH-SY5Y cells 
after 24 h NiO NPs exposure by 
caspase-3 activity. The statisti-
cal significance ns; denotes 
non-significance
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agents during nanoparticle synthesis [34]. In this study, 
NiO nanoparticles (NiO NPs) were successfully synthe-
sized using Kenger gum via a green synthesis method and 
characterized through XRD, UV-Vis spectroscopy, thermal 
analysis (TGA/DTG/DTA), and FESEM imaging. XRD 
patterns confirmed the crystalline NiO structure, with sharp 
diffraction peaks at 2θ angles of 36.34° and 43.22°, corre-
sponding to the (111) and (200) planes, respectively, consis-
tent with the literature [35]. UV-Vis spectra indicated their 
optical properties, with a band gap of 2.91 eV, confirming 
their semiconducting nature suitable for biomedical applica-
tions. Thermal analyses showed that the nanoparticles were 
stable at high temperatures [36], while FESEM revealed 
particle sizes ranging from 20 to 50 nm. The small and 
uniform particle size suggests a high surface area, advan-
tageous for interactions in biomedical applications, includ-
ing antimicrobial and anticancer activity.These findings 
further indicate that Kenger gum does not merely function 
as a passive stabilizing medium, but actively participates in 

decreased, while the percentage of cells in the G0/G1 phase 
was 63.3. After treatment with a concentration of 75 µg/
mL, which was selected as the high concentration, it was 
determined that 71% of the cells were arrested in the G0/
G1 phase, 2.1% were in the S phase, and 22.7% were in the 
G2/M phase. It was observed that NiO NPs arrested the cell 
cycle in G0/G1 in SH-SY5Y cells in proportion to increas-
ing doses.

Discussion

Kenger gum is primarily composed of polysaccharides, 
including arabinose, galactose, xylose, rhamnose, and glu-
cose derivatives, which contribute to its gelling, viscosity, 
and stability properties. Additionally, the gum contains 
phenolic compounds, such as phenolic acids, flavonoids, 
tannins, and lignans, which possess antioxidant activity by 
neutralizing free radicals and act as reducing and stabilizing 

Fig. 11  Cell cycle after exposure to different doses of NiO NPs in SH-SY5Y Cells: Distribution of G0/G1, S and G2/M phases
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The low IC50value obtained in our study indicates the high 
sensitivity of SH-SY5Y cells to nanoparticles and the role of 
the herbal source used in enhancing this effect. In addition, 
other studies have reported that nanoparticles obtained with 
different herbal extracts also exhibit dose-dependent cyto-
toxic effects on SH-SY5Y cells [45].This supports both the 
effectiveness of the biosynthesis approach and the sensitivity 
of the SH-SY5Y cell line to nanoparticles.

According to MTT results, NiO NPs induced a dose-
dependent decrease in cell viability, indicating cytotoxic-
ity associated with membrane damage and oxidative stress. 
Previous studies have reported that NiO NPs exert cytotoxic 
effects mainly through reactive oxygen species (ROS) gen-
eration and metal ion release, posing potential biological risks 
in systemic applications [16, 46, 47]. In our green synthesis-
based study, NiO NPs exhibited higher cytotoxicity in HT-22 
cells than in cancer cells [16]. However, it is emphasized in 
the literature that localized application strategies, such as 
intratumoral or site-specific applications, can significantly 
reduce systemic exposure and associated toxicity [48, 49]. 
Ahmad et al. demonstrated that NiO NPs caused concentra-
tion-dependent cytotoxicity associated with ROS production 
and G0/G1 cell cycle arrest [50]. Another study conducted 
with green synthesis of platinum nanoparticles reported that it 
caused arrest of cells in G0/G1 and G2/M phases [51]. These 
findings are consistent with our flow cytometry results show-
ing G0/G1 accumulation, indicating suppressed cell prolif-
eration. In another study by Tolliver et al., they reported that 
there were differences in the cell cycle according to the type 
of NP applied in their study with different transition metal 
oxide NPs [52]. Notably, no significant change in caspase-3 
levels was observed, suggesting that cell death occurred via 
caspase-independent mechanisms. Although NiO NPs may 
induce apoptosis in some cell lines, this effect is not always 
mediated by caspase-3 [53]. Annexin V/PI analysis revealed 
a dose-dependent increase in necrotic cells, indicating mem-
brane damage–related necrosis. NP-induced cytotoxicity may 
involve necrosis, apoptosis, or autophagy, depending on oxi-
dative stress and cellular damage severity [54, 55]. Similarly, 
studies with NiO NPs have shown that they increase intra-
cellular ROS levels and lipid peroxidation, activate oxida-
tive stress responses, and contribute to cell damage through 
mechanisms that do not require caspase-3 activation [56].

In conclusion, the findings of this study suggest that the 
antimicrobial and anticancer activities of green synthesized 
NiO NPs likely occur through strong interactions with cell 
membranes, leading to membrane destabilization-depen-
dent cellular damage. The predominance of necrotic and 
caspase-3-independent cell death suggests that mechanisms 
of severe cellular stress involving oxidative instability and 
mitochondrial dysfunction may be more prominent than 
classical apoptotic pathways.

the reduction and nucleation processes through its phenolic 
and polysaccharide components, facilitating the controlled 
formation of NiO nanoparticles. Control experiments per-
formed under identical conditions, in which either the nickel 
precursor or the extract was used alone, did not yield any 
particulate product, further supporting the essential reduc-
ing and structure-directing role of the biogenic matrix.

In a study investigating the antimicrobial activity of NiO 
NPs derived from polyvinyl alcohol (PVA) and aminoben-
zoic acid (P-ABA) derivatives by calcination method, it was 
reported that the nanoparticles showed antimicrobial activ-
ity against S. aureus, S. epidermidis and E. faecalis, E. coli 
and P. aeruginosa strains [37]. In another study investigat-
ing the antibacterial activity of NiO NPs synthesized using 
the green synthesis method using the Tribulus terrestris 
plant, metal ions showed significantly high activity against 
E. faecalis and K. pneumoniae and moderate antibacterial 
activity against P. aeruginosa [38]. The data obtained are 
similar to our study. Gram-positive bacteria possess a thick, 
negatively charged peptidoglycan layer that binds positively 
charged metal ions, while Gram-negative bacteria such as 
E. coli, despite having a thinner peptidoglycan layer, are 
generally considered less susceptible to antibacterial agents 
[39]. In our study, NiO NPs exhibited strong antimicrobial 
activity against multidrug-resistant E. coli, P. aeruginosa, 
A. baumannii and S. aureus. The main mechanism involves 
nanoparticle adhesion, leading to metal ion accumulation on 
the cell surface, disruption of the cell wall, and subsequent 
membrane damage. Studies on the antibiofilm activity of 
NiO NPs are limited; however, NiOx nanoparticles enriched 
with oxygen vacancies demonstrated strong antibacterial 
and antibiofilm effects against S. aureus in both in vitro and 
in vivo models [40]. It is thought that nanoparticles may be 
effective on biofilm formation by binding to the bacterial 
cell wall and preventing bacteria from adhering to surfaces.

In this study, the cytotoxic effects of green-synthesized 
NiO NPs on the SH-SY5Y cell line were evaluated, and the 
IC50 value was determined as 23.26 ± 0.59 µg/mL. This value 
is considerably lower than the IC50 of 229.34 µg/mL reported 
for chemically synthesized NiO NPs [41], indicating that the 
biosynthesis method can significantly enhance nanoparticle 
bioactivity. It has been reported in the literature that NiO 
NPs obtained with different herbal extracts exhibit varying 
levels of cytotoxic effects on various cancer cell lines. For 
example, NiO NPs synthesized with Moringa oleifera extract 
have IC50 = 125 µg/mL in HT-29 cells, while those synthe-
sized with Calendula officinalis leaves have IC50 values ​​in 
the range of 229–380 µg/mL in esophageal cancer cells [42, 
43].In addition, it has been reported that this value can go up 
to 419.6 µg/mL for HeLa cells. [44]. These differences reveal 
that the plant sources and target cell types used in the synthe-
sis play an important role in determining the cytotoxic effect. 
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Conclusion

In this study, the characterization and biological effects 
of NiO NPs synthesized by an environmentally friendly 
method using kenger gum were evaluated. Kenger gum 
served as both a bioreductant and a stabilizer agent in the 
green synthesis process and offered a sustainable alternative 
to traditional chemical synthesis methods. XRD analyses 
showed that the synthesized nanoparticles were in the form 
of NiO crystals with a face-centered cubic (FCC) structure 
in the pure phase. FE-SEM imaging revealed that the sizes 
of these nanoparticles were in the range of 20–50 nm.

NiO NPs obtained by green synthesis are promising in 
combating multidrug-resistant pathogens with their strong 
antimicrobial and antibiofilm activities. In addition, in 
vitro evaluations on the SH-SY5Y human neuroblastoma 
cell line determined that these nanoparticles exhibited sig-
nificant antiproliferative and cytotoxic effects. It has been 
determined that these effects are associated with caspase-3 
independent cellular damage mechanisms and lead to cell 
cycle arrest in the G0/G1 phase. The findings show that the 
biological effects of nanoparticles can vary significantly 
depending not only on their physicochemical properties but 
also on the biological agents used in the synthesis, the target 
cell type and the applied dose. Accordingly, it is thought that 
NiO NPs obtained by green synthesis method can be evalu-
ated as potential biomaterials especially in the treatment 
of cancer types such as neuroblastoma. In future studies, it 
is recommended that the biological safety and therapeutic 
potential of these nanoparticles be investigated comprehen-
sively in different cell lines and in vivo models.
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