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A B S T R A C T   

Numerous methods have been implemented to prepare nickel oxide nanoparticles many of which involve 
harmful chemicals that can be avoided by using plant or fruit extracts. In the present work, we have prepared 
nickel oxide nanoparticles using extract of Averrhoa bilimbi fruit. The bioactive compounds like tannins, flavo
noids, and phenols present in the fruits act as a reducing and capping agent to convert nickel nitrate to nickel 
oxide nanoparticles. The prepared nanoparticles are subjected to structural, optical, and morphological analysis 
by Powder X-ray Diffraction pattern (P-XRD), Fourier Transform-Infrared Spectroscopy (FTIR), UV–visible 
analysis (UV–vis), Scanning Electron Microscopic technique (SEM), and EDAX analysis. The magnetic property of 
the prepared nanoparticles is examined by Vibrating Sample Magnetometer (VSM). Nickel Oxide nanoparticles 
exhibit potent antibacterial activity against E.coli and S.auerus with a higher region of zone of inhibition at 150 
µgmL− 1. The antidiabetic effect of the prepared sample is investigated and found to exhibit their inhibitory effect 
on α-amylase enzyme with IC50 value 311.26 µgmL− 1(p < 0.005). Finally, the cytotoxic effects of nickel oxide 
nanoparticles are studied in cultured human colorectal cancer cells (HCT-116), which have exhibited significant 
anticancer activity with 55 µgmL− 1 at 50 % inhibition concentration (IC50). From the results, nickel oxide 
nanoparticles may offer a safe potential for diabetes and cancer management and can be applied to different 
medical and industrial applications.   

1. Introduction 

The most frequent Healthcare Associated Infections (HAIs) are 
caused by gram-positive and gram-negative bacteria, which can lead to 
major problems such as renal disease, dysentery, and wound infections, 
among other things. Bacteria can also cause severe life-threatening 
complications. Similarly, ‘Diabetics’ and ‘Cancer’ are the two more 
non-communicable diseases that endanger life of humans. According to 
the World Health Organization (WHO), 10 million people died from 
cancer in 2020, accounting for 10% of all fatalities. Cancer is treatable if 
detected in early stage. Chemotherapy, radiation and surgery can be 
used to treat it have side effects and are more expensive. As a result, 
researchers around the world are working on their way in designing new 
tools or advanced inexpensive techniques and multifunctional ther
apetic drugs to save human lives with negligible side effects. 

Nanoparticle-based drug administration is more efficient than tradi
tional drug delivery because of its biocompatibility, better stability, and 
permeability, as well as precise in targeting bacterial infections and 
cancer cells. 

Three mechanism involved in drug delivery resistance such as over 
expression of drug efflux tranporters, defective apoptotic pathways and 
hypoxic environement. Due to extensive and intriguing thermal, elec
trical, optical, magnetic, and medicinal capabilities not exhibited by 
bulk counterparts, nanoparticles focused on these mechanisms to in
crease its performance and be the solution to the above-mentioned 
problem [1–3]. However, these properties depend on the size, struc
ture, morphology and mechanisms of the particles synthesized. When 
using chemical processes to make nanoparticles, notable challenges 
include health and environmental concerns. Furthermore, it necessitates 
expensive specialised equipments, strict protocol, and the production of 
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harmful gases during the reaction. Meanwhile, using fungi, yeast, 
different parts of plants or fruits extract will overcome all the afore
mentioned issues and the presence of polyphenols, flavonoids, tannins, 
and other enzymes which varies for plants will act as a reducing and 
capping agent to prepare nanoparticles without harming nature and 
humans [4–5]. 

Averrho abilimbi a multipurpose, long-lived tropical plant belongs to 
the family ‘Oxalidaceae’ commonly known as “Bilimbi” or “cucumber 
tree”. Bilimbi is a nutrient-dense, starchy fruit that grows on the trunks 
of tall trees and is related to starfruit, which is widely grown in Asian 
countries. The fruit is high in Vitamin C, and it also contains fibers, 
protein, anthocyanin, tannins, and minerals. Fever, rectum inflamma
tion, diabetes, rheumatism, whooping cough, stomach ache, ulcer, and 
other conditions are treated with Averrhoa bilimbi. A. bilimbi has anti- 
diabetic, anti-microbial, anti-inflammatory, cytotoxic and antioxidant 
activity. Ascorbic acid, the water-soluble antioxidant compound present 
in the fruit may acts as a reducing agent and neutralizes Reactive Oxy
gen Species (ROS) leads to form radical and an electron [6]. Maya S Nair 
et al., reveal the anticancer activity of A. bilimbi leaf and fruit extract on 
MCF-7 human breast cancer and concluded fruit extract showed good 
activity than leaf extract [7]. Surya B Kurup and S Mini [8] reported that 
Averrhoa bilimbi fruit showed potential improvement in controlling the 
level of glucose in the blood, which was further confirmed by testing 
with five groups of rats. 

Among various transition metal oxides (TiO2, ZnO, CuO, V2O5, ZrO), 
a cubic structured p-type semiconductor nickel oxide (NiO) has attracted 
massive attention due to its high chemical stability, wide bandgap (3.6 – 
4.0 eV), large surface area, high catalytic activity and extends its ap
plications towards wastewater treatment, gas sensors, energy storage 
devices, antiferromagnetic layer (Neel temperature), photocatalytic 
degradation of organic dyes, and biomedical applications such as 
anbacterial agent, cancer diagnosis and therapy and so on [3,9]. 
Furthermore, due to the generation of Reactive Oxygen Species (ROS), 
reduction in the size of particles and phytochemicals like alkaloids, 
flavonoids, tannin and saponins present in the plant extract are repon
sible for cell damage. The production of ROS can be affected by different 
parameters mainly over disturbance in intracellular metabolic activities 
and irradiance under ultrviolet light [10–11]. 

Number of reducing and capping agents have been employed by 
researchers to analyze and investigate the antimicrobial properties of 
nickel oxide nanoparticles which includes the usage of Arabic gum [12], 
Spirostachys Africana bark [13], Berberis balochistanica stem [14], Sola
num trilobatum [15], Rhamnus triquetra [16], Phoenix dactylifera [17], 
ginger and garlic [18], neem [19], Monsonia burkeana [20], Aegle 
marmelos [21], Allium cepa [22], Nephelium lappaceum [23], Rhamnus 
virgata [24], Okra plant [25], Moringa oleifera [26], Tamarix serotina 
[27], Azadirachta indica and Psidium guajava [28], Ageratum conyzoides 
[29], etc. The research intends of the present work is to synthesize nickel 
oxide nanoparticles using A. bilimbi as the reducing and capping agent 
and to analyze the structure, morphology, optical and microbial 
properties. 

2. Methodology 

Averrhoa bilimbi fruits were collected from the local agriculture field 
of Kerala, India. The collected fruits were washed thrice with running 
water and with distilled water to remove the dust particles present on 
the surface. The skin of the fruit was peeled off and the flesh was 
collected and added to 120 mL of distilled water. The resultant mixture 
was heated at 60–70 ◦C and filtered using Whatman No. 1 filter paper 
and kept separately. 0.5 M of nickel nitrate was added to 100 mL of 
distilled water and stirred well until it dissolved completely. Later, the 
solution was mixed with fruit extract (1:1 ratio) drop by drop under 
constant stirring in the magnetic stirrer. The mixer was stirred well for 2 
h under 60 ◦C and a slight color change was observed in the solution. 
The color change is caused due to the reaction between the bioactive 
compounds present in the fruit extract (which acts as a reducing agent) 
and nickel nitrate solution. When color change occurs, the mixture 
should be transferred to a hot plate to convert the solution into powder. 
The resultant powder is calcined in a muffle furnace under 600 ◦C for 4 
hrs and utilized for further analysis. Fig. 1 exhibits the flowchart of the 
nanoparticle preparation. 

2.1. Characterization 

The crystalline nature and purity of the prepared nickel oxide can be 

Fig. 1. Synthesis of NiO nanoparticles.  
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verified by Powder X-ray diffraction pattern (XRD) using X’Pert PRO 
diffractometer equipped with CuKα radiation (λ = 0.1540 nm) with a 
step size of 0.0500◦ in the range of 10 to 80◦. The nature of the chemical 
bond and the existed functional groups present in the prepared samples 
are analyzed using Fourier Transform-Infrared Spectrum. The optical 
properties of the prepared nanoparticles were examined via Shimadzu- 
2450 UV–vis Spectrometer. Perkin Elmer-LS 45 spectrometer used to 
determine the PL spectrum of the prepared nanomaterial. The particle 
size and its distribution have been analyzed by NanoPlus Dynamic Light 
Scattering (DLS). The shape, size, and surface morphology of the 
nanoparticles formed were examined by Scanning Electron Microscopy 
(ZEISS) and the elemental composition by EDAX spectrum. Vibrating 
Sample Magnetometer (Cryogenic) was used to examine the nickel oxide 
nanoparticles’ magnetic characteristics at room temperature with the 
magnetic field of 2kOe. 

2.2. Antibacterial assay 

Gram-negative bacteria, Escherichia coli (MTCC 732) and Gram- 
positive bacteria, Staphylococcus aureus (MTCC 3160), were used to 
investigate the antibacterial activity of the produced NPs. The antibac
terial activity of NiO NPs was investigated using the disc diffusion 
method. 30 mL of nutritional agar medium was used to make the petri 
plates. To obtain the bacteria’s strain, it was dispersed across nutrient 
agar. In order to investigate the bacterial strain, the sterile filter paper 
containing samples of 50 L (50μgmL− 1), 100 L (100μgmL− 1), and 150 L 
(150 μg mL− 1) was distributed on the surface of the infected agar plate 
and incubated for 24 h at 37 ◦C (±2). Chloramphenicol was used as a 
reference. The assay was carried out three times. In millimetres, the 
inhibitory zone that grew around the disc was measured. 

2.3. α-Amylase enzyme assay (AAEA) 

To determine the α-Amylase activity, predominantly, the pancreatic 
α-amylase (class, α-1,4-gluconohydrolases) is considered as one of the 
key enzymes for diabetes management. Naturally occurring α-amylase 
enzyme inhibitors from ethnobotanicals have proven themselves as very 
effective in managing postprandial blood glucose levels [30]. To 
experiment, 1 mL of buffer (phosphate-buffered saline) was taken in a 
glass tube and mixed with 0.5 mL sample aliquots of varying concen
trations (100, 200, 300, 400, and 500 µg mL− 1) or with the standard 
solution. To the reacting mixture, 200 µL of 0.5 mg ml− 1of α-amylase 
was added and followed by 200 µL of5 mg mL− 1 starch solution (0.1 % 
w/v). The mixture was left to react at 25 ◦C for 10 min. By drop wise 
addition of 400 µL of normal saline (dextrose normal saline) followed by 
heating (100 ◦C, 5 min) and cooling, the reaction was finally stopped. 
Starch with amylase and without α –amylase is considered as control. 
The reaction without Averrhoa bilimbi unripe fruit extract was used as a 
control and Metformin HCl was used as a standard. The enzyme activity 
was recorded as per the formula given below: 

Inhibition of α − Amylase activity (%)

= (Sample)Abs − (Control)Abs/(Sample)Abs × 100  

2.4. MTT cytotoxic assay 

The cytotoxic activities against HCT116 cancer cell lines were esti
mated using the MTT assay (3-[4,5-dimethyl-2- thiazolyl)-2,5-diphenyl- 
2H-tetrazolium bromide), which was based on the reduction of the 
tetrazolium salt by mitochondrial dehydrogenase in viable cells [30]. 
Cell culture of HCT116 (human colorectal carcinoma) cell lines were 
maintained in Dulbecco’s Modified Eagle Medium (DMEM) which was 
supplemented with 10 % heat-inactivated fetal bovine serum (FBS), and 
100 U/ml penicillin. In brief, experimental cells were seeded in a 96- 
well sterile microplate at a density of 1 × 104 cells/well and incu
bated (37 ◦C with humidified 5 % CO2 atmosphere) with a series of 

different concentrations of each trial formulation or cisplatin (positive 
control) in DMSO for 48 h in a serum-free medium before the MTT assay. 
After incubation, the culture media was cautiously removed without 
disturbing the crystal formed, and 40 µL aliquot of MTT was added to 
each well and then again incubated for 4 hrs. A purple formazan dye 
crystals were solubilized by the addition of 200 µL of DMSO in a gyratory 
shaker. The absorbance was measured at 570 nm using a multi-mode 
microplate reader. For the result analysis, the relative cell viability 
was expressed as the mean percentage of viable cells compared to the 
untreated control cells. 

2.5. Statistical analysis 

Statistical analysis was performed by one-way analysis of variance 
(ANOVA) followed by Duncan’s post hoc test of significance using SPSS 
(version 16.0). 

3. Result and discussion 

Fig. 2a exhibits the typical XRD pattern of the nickel oxide powder. 
All the diffracted peaks show a sharp well defined crystalline nature 
with a face-centered cubic structure without any impurity. The obtained 
peak attributes to Fmm space group and matches with JCPDS card no. 

Fig. 2. (a) XRD pattern of NiO (b) W-H plot of NiO nanoparticles.  
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04–0835 [22]. The 2θ values are observed at 37.2◦, 43.3◦, 62.9◦, 75.4◦

and 79.4◦ corresponds to (111), (200), (220), (311), and (222) planes 
respectively. For cubic structured material, eq. (1) can be utilized to 
calculate the lattice paprameter. 

1/d2 = (h2 + k2 + l2)/a2 (1)  

where h, k, l represents the miller indices of corresponding angle, a in
dicates the lattice parameter and d represents inter-planar spacing. The 
lattice parameter and cell volume of the prepared nickel oxide are 
calculated as 4.17 Å and 72.7 Å3 matched with earlier reports [22]. The 
broadening of Bragg’s peak at bases also indicates the formation of 
small-sized nanoparticles [31]. The average crystallite size (28 nm) was 
estimated using the Debye- Scherrer formula which is lesser as examined 
by V Helan et al., at three different temperatures and may also result in 
good antibacterial results [19]. Williamson-Hall analysis was carried by 
plot between 4 sinθ and β cosθ as shown in Fig. 2b. Using the linear 
fitting method, the slope and intercept were calculated and the material 
exhibits a positive slope indicating tensile strain [32–33]. 

FT-IR is an interesting tool to study the molecules/ compound 
involved in the chemical reaction. In the synthesis of nanoparticles via 
the green route, FTIR helps to identify the bioactive compounds 
involved in the reaction and act as a reducing or capping agent. Fig. 3 
exhibits the FT-IR spectrum of prepared NiO nanoparticles. The strong 

Fig. 3. FT-IR spectrum of NiO nanoparticles.  

Fig. 4. (a) UV–vis spectrum (b) Bandgap of NiO nanoparticles.  

Fig. 5. (a) PL emission (wavelength: 350–550 nm) and (b) DLS spectra of NiO nanoparticles.  
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broad peak observed at 3435 cm− 1 attributed to the stretching vibra
tions of hydroxyl groups of phenols and carboxylic acids. The charac
teristic peak at 2926 cm− 1 tends to C–H group. The stretching tertiary 
vibration of C––O notified at 1638 cm− 1. The characteristic peak at 
1580, 1417 and 1273 cm− 1 attributes to stretching vibrations of C––C, 
–C–O of aromatic groups respectively. The weak aromatic amine 
group of C–N and C–OH of primary alcohol present in fruit extract 
observed at 1108 and 1038 cm− 1. Metal-Oxygen vibrational peak 
observed from 780 to 480 cm− 1 indicates the formation of nanoparticles 
due to the presence of bioactive compounds such as amines and alcohols 
present in the fruit extracts which convert nitrates into oxides [34]. 

Fig. 4a shows the UV–vis spectrum of NiO nanoparticles in the range 
of 200 to 800 nm. The maximum absorption peak is notified at 340 nm 
which confirms the formation of nanoparticles which is in agreement 
with earlier reports [35]. The transit of electrons from the valence band 
to the conduction band of NiO (O(2p)) to Ni(3d) is linked to a significant 
absorbance peak [36]. Due to the outcome of ligand to metal charge 
transfer an absorption peak may be observed. The bandgap of NiO 
nanoparticles can be calculated using the Tauc plot equation: (µhυ)n = A 
(hυ-Eg), where µhυ, Eg, and n take its conventional meaning. The energy 
bandgap of the material is calculated as 2.97 eV when the sample is 
calcined at 600 ◦C and comparable with an earlier report [36] and 
shown in Fig. 4 (b). 

As shown in Fig. 5 (a), the PL spectrum of NiO NPs was stimulated 
using 325 nm wavelength. For the NiO NPs, the PL emission peaks were 
found at 393 nm, 421 nm, 437 nm, 450 nm, 479 nm, 496 nm, 513 nm, 
and 521 nm. During the NBE transition, excitonic recombination of 
electrons in the conduction band (CB) and holes in the valence band 
(VB) causes UV emission peaks at 393 nm [37]. The energy transfer of 
trapped electrons at Ni interstitial (Nii) to the valence band corresponds 

to the violet emission peaks at 421 nm [38]. The radiative recombina
tion of electrons from the doubly ionized Ni vacancy (V2−

Ni ) to the hole in 
the VB is represented by blue emission peaks at 437 nm, 450 nm, 479 
nm, and 496 nm, respectively [39]. They say the green emission peak 
seen at 513 nm and 521 nm is caused by surface defects that formed 
inside the NiO matrix. These defects include interstitial oxygen trapping 
and Ni vacancies created when the charge is transferred between Ni2+
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and Ni3+ [39]. The Dynamic Light Scattering (DLS) technique investi
gated the particle size distribution in an aqueous solution. According to 
the DLS study results, the average size distribution by percentage for 
NiO NPs was observed at 170 nm (Fig. 5b). 

The morphology of the bilimbi assisted nickel oxide nanoparticles is 
examined by using Scanning Electron Microscope. Fig. 6 (a-b) shows the 
morphology of the nanoparticles. The images predict the formation of 
spherical-shaped particles with uniform size distribution without any 
agglomeration. Fig. 6c indicates the particle size histogram and 
maximum number of particles are observed in the range of 110 to 120 
nm. Fig. 6d implicit the EDX analysis, which consists of 66.63 % of Ni 
and 33.37 % of O elements only. It strongly infers that the prepared 
sample consists solely of Ni and O without any impurity and supports the 
results obtained from XRD pattern. 

The M-H curve of the produced NiO nanoparticles at room temper
ature is shown in Fig. 7. When NiO particles are sized in the nano range, 
the magnetic behaviour of the material exhibits aberrant behavior, 
which may be caused by finite size, surface effects, anisotropic nature, or 
spin rate [40,41]. The weak ferromagnetic nature of the material at 
room temperature was depicted from the plot. The possibility of asper
omagnetism or spin-glass behavior of NiO NPs is identified by the 
absence of a magnetization curve or saturation level due to reduction in 
size of the particles obtained [32]. Additionally, the super
paramagnetism interaction is visible at ambient temperature without 
coercivity or retentivity [12,41,42], which is also necessity for better 
biological applications. 

The antibacterial analysis of A.bilimbi assisted NiO NPs was studied 
via disc diffusion method by testing the NPs against E.coli and S.aureus 
(Fig. 8). Both the plates do not exhibit any zone of inhibition for control, 
in the meanwhile, the zone of inhibition observed against E.coli and S. 
aureus infers that the prepared nanoparticles have good antibacterial 
properties. The diameter of the inhibited zone ranges from 2.70 mm to 
7.00 mm and 2.20 mm to 6.10 mm for E.coli and S.aureus respectively. 
The zone of inhibition increases with an increase in concentration and 
the higher region is observed at 150 µg mL− 1. Compared to the gram- 
positive bacteria, the prepared nanoparticles have a good antibacterial 
properties to penetrate the complex cell membrane of gram-negative 
bacteria for all three concentrations as shown in Fig. 8 (a-c). In gen
eral, changes in the particle size, concentration of the precursors, pH of 
the solution prepared and surface defects present on the synthesized 
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Fig. 8. Antibacterial property of NiO NPs against (a) E. coli and (b) S.aureus and (c) Zone of inhibition region.  

Table 1 
Zone of inhibition of NiO NPs against bacterial strain.  

Bacterial 
strain 

Zone of inhibition 
(mm) 

Extract Reference 

S. aureus 10 Okra plant [19] 
E. coli Not appearing 
P. aeruginosa Not appearing 
S. aureus 5 Gymnema 

sylvestere 
[35] 

E. coli 3 
S. aureus 6.1 @ 150 μL Averrhoa bilimbi Present work 
E. coli 7 @ 150 μL  
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particles have great influence on antibacterial performance. Further
more, reactive oxygen species (ROS) molecules react with the cyto
plasmic membrane, peptidoglycan layer, DNA, lipids, proteins, and 
other physiological processes when they are produced. The reaction 

between positively charged nickel molecules and negatively charged 
microbial cell membrane causes protein and other intercellular con
stituents to flow out, eventually destroying the cell [43]. By increasing 
the concentration, the zone of inhibition increases and the prepared NPs 
shown highest activity than earlier reports as shown in Table 1. 

Prepared NPs were compared with Metformin HCl (Standard) to 
investigate the antidiabetic potential based on α-amylase inhibitory 
effectiveness (Fig. 9). The α-amylase inhibitory effectiveness of prepared 
NPs was compared based on their resulting IC50 values. Moreover, hy
perglycemia is treated with certain phytopharmaceuticals of medicinal 
importance to regulate diabetes. The therapy improves glucose con
sumption by the body cells or by decreasing the absorption of the car
bohydrates eventually by the inhibition of the α-amylase enzyme. 
During the experiment, standard metformin showed inhibitory effects 
on the α-amylase activity with an IC50 value of 307.14 µg mL− 1. How
ever, the prepared NiO NPs from A.bilimbi fruit exhibited α-amylase 
inhibitory activity with an IC50 value of 311.26 µg mL− 1

. Compared to 
NiO NPs prepared using Areca catechu [44], IC50 obtained from the 
present work is greater. Even though % of inhibition is lesser at 20 and 
40 μg/ml, it increases gradually and good results are achieved for 100 
μg/ml as given in Table 2 [28]. As a result, NPS showed dose-dependent 
antidiabetic activity as compared to Metformin (p < 0.005). It was 
concluded from our In vitro experiments that, NPs constrain good 
α-amylase activity. 

The cytotoxic evaluation of biosynthesized NiO NPs against HCT116 
cell-line cancer cells and L929 fibroblast was carried out using an MTT 
assay and shown in Fig. 10. The size of the produced nanoparticles, their 
shape, and the surface to volume ratio all significantly influence the 
cytotoxicity of the material [45]. Possibly, the metal oxide NP’s entered 
inside the cell and may induce intracellular oxidative stress by exas
perating the steadiness between oxidants and antioxidants [46]. Sec
ondly, the reactive oxygen species formed on the surface of NPs in the 
presence of light may exacerbate oxidative stress to the microbial cell, 
leading to cell death. After treating the HCT116 cell line with eco- 
friendly biosynthesized NiO NPs, dead cells appeared with a change in 
morphology. Eventually, the generated NPs can infiltrate into the cell 
membrane and destroy microbes [30]. About cell death, a minimum 
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Fig. 9. Inhibitory potential of NiO NPs on α-amylase enzyme activity.  

Table 2 
Comparative study of % of inhibition.  

Concentration (μg/ml) % Inhibition –NiO NPs 

Present work [44] 

20 3  3.35 
40 5  5.39 
60 14  7.45 
80 18  11.44 
100 22  19.77  

Fig. 10. Cell Viability of NiO NPs against HCT116 and L929 (10–100 μg/ml).  
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concentration for optimized NPs is sufficiently well to induce it. Inter
estingly, the microorganism carries a negative charge; however, the 
metal oxide possesses a positive charge, ultimately which causes an 
electromagnetic attraction between them. After treatment with different 
concentrations (20–100 µg mL− 1), the plating efficiency of HCT116 cells 
declines, as proved by the reduction in the number of cancer cells 
formed. The minimum inhibition was observed at 20 µgmL− 1 and 
maximum at 100 µg mL− 1 respectively, compared to regular cisplatin 
taken as 100 % and the cell viability % was given in Table 3 for HCT 116 
and L929. The cell population was decreased in HCT116 cancer cells 
with IC50 density was found to be 55 µgmL− 1. It’s obvious that more 
Ni2+ ions interact with the cell membrane, the higher injury is caused to 
the cancer cell membrane, and however, a comprehensive understand
ing of the biochemical mechanism in this A. bilimbi mediated NiO 
nanoparticles biosynthesis is a prerequisite and also similar to the report 
obtained by Niloufar Abbaszadeh et al., [47], Maryam Hosseinkhah 
et al., [48] against breast cancer cells. Fig. 10 showed cytotoxic effects 
on a cell line from a human breast cancer. When compared to malignant 
cells, produced nanoparticles were less hazardous to healthy cells 
(fibroblast L929). 

The anticancer mechanism of ROS (shown in Fig. 11) is primarily 
formed by the mitochondrial electron transport chain under oxidative 
stress. Free radicals can be converted to less toxic molecules via enzymes 
to reduce the damage caused by ROS. For example, superoxide dis
mutase (SOD) converts superoxide anion to hydrogen peroxide, and 
hydrogen peroxide can be turned to water using catalyze or glutathion 
peroxidase enzymes [49]. These reactions caused an imbalance between 

the biological systems of the cells, which quickly detoxify the reactive 
intermediates, and the formation of ROS, which in turn caused the 
cancer cells to be damaged. The comparative anticancer study of NiO 
NPs made with various plant extracts is provided in Table 4, which 
clarifies that NiO NPs made with Averrhoa bilimbi have better anticancer 
activity than earlier reports. 

4. Conclusion 

The results of the current study conclude that A. bilimbi has a potent 
antidiabetic and cytotoxic effect, which was further enhanced by the 
nano-incorporation of nickel oxide. The powder XRD patterns confirm 
the formation of high crystalline cubic structured fmm space group 
nickel oxide. The functional groups and metal–oxygen bond were 
identified by FTIR spectroscopy. The bandgap was calculated as 3.2eV 
using Tauc’s equation and the absorption peak at 340 nm elucidates the 
formation of NiO nanoparticles. Spherical nanoparticles in the size range 
of 100–120 nm were confirmed by SEM analysis. The super
paramagetism property of the NiO NPs were exhibited by the absence of 
magnetic saturation, coercivity and retentivity from M-H curve. The 
antibacterial property was tested against E.coli and S.aureus for three 
different concentrations (50 µg mL− 1, 100 µg mL− 1, and 150 µg mL− 1). 
Averrhoa bilimbi assisted nickel oxide nanoparticles exhibit potent anti
diabetic activity on α-amylase inhibitory effectiveness with IC50 of 
311.26 µg mL− 1 (p < 0.005) and also with earlier reports. Finally, the 
cytotoxic effects of nickel oxide nanoparticles was studied in cultured 
human colorectal cancer cells (HCT-116), which exhibited significant 
anticancer activity with 55 µg mL− 1 at 50 % inhibition concentration 
(IC50). Due to the results obtained from the antibacterial, antidiabetic, 
and anticancer activities of biosynthesized NiO nanoparticles and their 

Table 3 
Cytotoxicity of NPs against HCT 119 and L929.  

Concentration (µg/mL) Cell viability (%) 

HCT 119 
cancer cell 

L929 fibroblast 

Control 100 ± 5 100 ± 5 
10 85.204 ± 4.260 97.860 ± 4.893 
20 76.020 ± 3.801 95.187 ± 4.759 
40 65.306 ± 3.265 92.513 ± 4.625 
60 44.897 ± 2.244 88.235 ± 4.411 
80 28.061 ± 1.403 86.096 ± 4.304 
100 16.836 ± 0.841 82.352 ± 4.117  

Fig. 11. A schematic image of NiO NPs with ROS.  

Table 4 
Anticancer properties of NiO NPs using different plant extracts.  

Reducing agent Type of cell IC50value Ref. No. 

Solanum trilobatum A549 92 [9] 
Areca catechu A549 93.349 [44] 
As-purchased HTB-37 351.6 [50] 
Chemical A549 148 [51] 
Curcuma longa HepG2 129.44 [52] 
Averrhoa bilimbi HCT 116 55 Present work  
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proper physical and chemical properties, they might be suitable to 
pharmaceutical applications. 
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