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ABSTRACT 

Zinc oxide nanoparticles (ZnONPs) were synthesized using Coleus amboinicus leaf extract 
(CALE) via a green synthesis approach. UV-Visspectroscopy confirmed ZnONPs formation, 
showing a broad peak at 335 nm. FTIR analysis identified phytochemicals involved in the 
formation and capping of ZnO NPs, enhancing stability. SEM imaging revealed irregular 
shapedZnO NPs with size ranging in 20 nm -50 nm, and EDAX confirmed the elemental 
compositions. ZnO NPs synthesized using CALE exhibited potent antioxidant activity in DPPH, 
H2O2, FRAP, ABTS, and NO assays. The high activity, dose-dependent inhibition, and synergistic 
effects of ZnO NPs and phytochemicals highlight their potential for use in biomedical and cosmetic 
applications to mitigate oxidative stress and inflammation.ZnO NPs synthesized from C. 
amboinicus exhibited minimal cytotoxicity at 20 µg/mL concentrations in brine shrimp. In 
osteosarcoma cells, ZnO NPsexerted a dose-dependent cytotoxic effect with an IC50of 89.98 
µg/mL.Morphological changes and apoptosis ofosteosarcoma cells confirm ZnO NPs potential as 
an anticancer agent. 
Keywords: Zinc oxide; nanoparticles;antioxidant activity; toxicology study; anticancer activity. 

 

1. INTRODUCTION 

Nanotechnology and biotechnology are two 
distinct but linked fields of study that strive to 
improve people's quality of life by improving the 
materials' optical, electrical, magnetic, and catalytic 
properties. This is accomplished by reducing the 
size of the bulk materials to nano regime. As a 
result of the convergence of nanotechnology and 
biotechnology, particularly nanoscalebiofabrication, 
a new category of materials has been developed 
that has the potential to be utilized in a wide variety 
of research disciplines [1]. Because of their unique 
properties and high surface area-to-volume ratio, 
nanoparticles (NPs), which may be prepared in a 
variety of different methods, are really fascinating. 
They are effective methods for preventing the 
growth of germs and reducing pollution [2] due to 
the properties that they possess. Plants and 
bacteria are examples of living organisms that can 
produceNPs.  
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The metal ions in a metal salt solution is 
reduced through the process of plant-mediated 
synthesis by making use of natural reducing agents 
that are found in plant extracts. After then, atoms 
congregate into smaller clusters, which eventually 
develop into NPs over the course of time [3]. Zinc 
oxide NPs (ZnO NPs), gained the attention of 
researchers due to its remarkable ability to 
eliminate microorganisms[4]. The researchers 
believe that these particles might have applications 
in the fields of agriculture and medicine. As a result 
of its unique properties, such as being antibacterial, 
antioxidant, photocatalytic, and photooxidation 
active, ZnONPs are known to be safe for human 
usage and are utilized in a wide variety of 
applications. Despite their diminutive size, they 
possess a distinctive band gap and a high excitonic 
binding energy, both of which contribute to their 
increased utility. Because of these characteristics, 
ZnONPs are currently a subject of interest in the 
field of research. This is especially true due to the 
fact that they are capable of combating a large 
number of harmful bacteria [5,6]. 

Coleus amboinicusleaves, often known as 
Indian borealis, is a medicinal plant with a delicate 
fleshy perennial that contains different phyto-
chemicals, such as patchoulane, flavonoids, mono-
terpenoid (carvacrol), and bicyclic sesquiterpene 
(caryophyllene), and has several medical uses. It is 
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used to treat fever, renal, hepatopathy, cough, 
asthma, bronchitis, cough, colic, convulsions, and 
vesical calculi. Metals (silver, gold NPs, etc.) and 
metal oxide NPs (copper oxide, cadmium oxide, 
etc.) were synthesized using C. amboinicusextract 
as reducing agent [7–12].Antioxidants are 
extremely important for protecting cells and 
biological macromolecules against degenerative 
processes caused by free radicals and reactive 
oxygen species [13].Recent investigations have 
demonstrated that inorganic NPs prepared through 
green synthesis successfully scavenge oxygen-
based free radicals [14]. The biosynthesized ZnO 
NPs demonstrated considerable antioxidant 
activity. Higher ZnONPs concentrations boosted 
the free radical scavenging activity [15].  

Fundamental toxicological evaluation states 
that the dosage determines whether a chemical 
contains high toxicity or not [16]. Brine shrimp 
lethality test is a useful approach for detecting 
cytotoxic chemicals. This approach is frequently 
used for pre-screening active chemicals because it 
is inexpensive, quick, simple, and dependable [17]. 
A study found that using silver NPs in commercial 
formulations at concentrations exceeding 12 nM 
might induce significant DNA damage inbrine 
shrimp due to toxicological effects [18]. A study 
shows that ZnO NPs suspensions were less 
harmful to brine shrimp than their metallic 
counterparts under similar conditions. Further, the 
findings indicated that ZnO NPsexhibit 
considerable anticancer activityin vitro[19]. ZnO 
NPsdemonstrated in vitro anticancer activity 

against the HeLa cell line, with an IC50 value of 
38.60 μg/mL, compared with the reference 
standard cisplatin. This study revealed that ZnO 
NPsfrom shilajit extract have a strong cytotoxic 
impact on human cervical cancer cell types [20]. 

In the present study, ZnO NPs were prepared 
using green synthesis route with C. 
amboinicusextract. The prepared ZnO NPs were 
characterized using UV-Vis and Fourier transform 
infrared (FTIR) spectroscopy where UV-Vis 
spectrophotometry was used to investigate the 
absorption spectrum of the reaction suspension 
containing the synthesized ZnO NPs and the 
functional characteristics of the NPs were 
determined by FTIRspectrum. Morphologies, 
elemental contents, and particle sizes were studied 
using SEM equipped with an EDAX. Antioxidant 
activity of ZnO NPs iselucidated through DPPH, 
H2O2, FRAP, ABTS, and NO assays.Cytotoxicity 
activity of ZnO NPs isdetermined using brine 
shrimp model. Further, MTT assay was conducted 
to analyse the anticancer activity against 
osteosarcoma cells. 

2. MATERIALS AND METHODS 

2.1. Synthesis of ZnO NPs 

ZnO NPs are synthesized using CALEand 

characterized using various techniques [21]. Figure 

1 displays theschematic illustration for the green 

synthesis of ZnO NPs. C. amboinicusleaves were 

collected from Chennai, Tamilnadu, India.  

 

Figure 1. Graphical abstract of Zinc nanoparticle synthesis and its characterization. 
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The samples were verified by the Center for 
Advanced Studies in Botany, University of Madras, 
Chennai, India. C. amboinicusleaves were chopped 
into small pieces, washed 3 times with distilled 
water, and air-dried in a shaded area for three 
days. Once the C. amboinicusleaves had fully 
dried, they were ground into a fine powder and 
stored for future use. Subsequently, 25 g of C. 
amboinicusleaf powder was transferred into a 300 
mL of double-distilled H2O at 60°C for 20 min. 
Afterwards, the extract was filtered using a muslin 
cloth and further refined using Whatman filter paper 
with a diameter of 125 mm. The filtered solution 
was stored at 4° C for further use. 

A 5mMzinc nitrate (Zn (NO3)2) solution was 
prepared by dissolving it in 300 mL of distilled 
water.To synthesize ZnO NPs, 10 mL of CALEwas 
combined with 90 mL of a ZnCl2 solution (5 mM) 
and agitated at 35°C. The acidity of the reaction 
mixture was consistently checked and recorded. 
Subsequently, the reaction mixtures were 
incubated in a dark room on a rotating shaker at 
40°C and 300 rpm for 3 h. Visual evaluation of the 
reaction mixture color was followed by incubation 
at room temperature for 72 h. After the incubation 
period, a total color change was detected in the 
reaction mixture, indicating the successful 
synthesis of theNPs. Conversely, the control 
containing only Zn (NO3)2 exhibited no color 
change.  

2.2. Characterization of ZnO NPs 

The ZnO NPs were characterized using UV- vis 

spectroscopy, FTIR spectroscopy, and SEM with 

EDAX. Synthesized ZnO NPs was first detected 

using UV-visible spectrophotometry in the 200-800 

nm range. The FTIR analysis, at 4000-400 cm-1, 

successfully identified the specific functional 

groups present on the ZnO NPs. Morphology and 

material confirmation were evaluated using 

SEMandEDAX.  

2.3. Antioxidant activity 

2.3.1. DPPH radical scavenging assay 

A 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 

scavenging assay was performed based on the 

literature procedure [22]. Different concentrations 

(10µg/mL -50 µg/mL) of the CALEmediatedZnO 

NPs were added to 200 µL of the DPPH working 

solution. The plate was incubated in the dark for 10 

min at room temperature. The absorbance of the 

samples wasrecorded, and the percentage of 

DPPH scavenging activity was calculated using the 

formula, 

%𝑅𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝐴𝑐− 𝐴𝑡

𝐴𝑐
 (1) 

Where, 𝐴𝑐 is the absorbance of the control and 

𝐴𝑡is the absorbance of the test 

2.3.2. Hydrogen peroxide radical scavenging assay 

Hydrogen peroxide radical scavenging assay 
was examined based on the literature procedure 
[23]. A solution of the test sample (ZnO NPs) and a 
standard sample of ascorbic acid at varying 
concentrations (10µg/mL -50 µg/mL) were 
individually added to 0.6 mL of H2O2 solution. After 
10 min of incubation in the dark, the absorbance of 
the reaction solution was observed 
spectrophotometrically at 230 nm. The percentage 
of H2O2scavenging activity was calculated using 
the eqn. (1). 

2.3.3. FRAP assay  

FRAP assay was conducted using the literature 
technique [24]. FRAP reagent (2.3 mL) was mixed 
with 0.7 mL of CALEat different concentrations (10 
µg/mL -50 µg/mL). The mixture was then incubated 
at 37ºC for 30 min in the dark. The absorbance 
was measured at 593 nm using a 
spectrophotometer. 

2.3.4. ABTS 

The ABTS radical cation (ABTS+) was 
examined using the procedure mentioned in the 
literature [24]. This reagent was stored under 
refrigeration conditions for at least 24 h. The 
reagent was diluted with 50% ethanol until an 
absorbance of 1.0 at 734 nm. 250 µL ABTS+ and 
20 µL of sample (10 µg/mL -50 µg/mL dissolved in 
distilled water) were added. The radical scavenging 
activity was calculated. 

2.3.5. Nitric oxide radical inhibition assay 

Nitric oxide radical inhibition was estimated 
using the previous literature procedure[24]. The 
reaction mixture (3mL) was incubated at 25°C for 
150 min. After incubation, 0.5mL of the reaction 
mixture was mixed with 1 mL of sulfanilic acid 
reagent (0.33 % in 20 % glacial acetic acid) and 
allowed to stand for 5 min for complete 
diazotization. Then, 1 mL of naphthyl ethylene 
diaminedihydrochloride was added, mixed, and 
allowed to stand for 30 min at 25°C. A pink 
chromophore is formed under diffused light. The 
absorbance of these solutions was measured at 
540nm. 

2.4. Toxicology on brine shrimp 

The brine shrimp lethality assay (BSLA) was 
used to evaluate the cytotoxicity of ZnO NPs 
synthesized using CALEat different concentrations 
(5µg/mL, 10µg/mL, 20µg/mL, 40µg/mL, and 80 
µg/mL).  

2.5.Cell viability in the MTT assay 

Fibroblasts were cultured individually in 96-well 
plates at a density of 5×10^3 cells per well in 
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DMEM supplemented with 10% FBS and 1X 
antibiotic solution. The cells were then placed in a 
CO2 incubator at 37°C with a CO2 concentration of 
5%. The cells were rinsed with 100 μL of 1XPBS 
and then exposed to ZnO NPs. Subsequently, the 
cells were incubated at 37°C with 5% CO2 for 24 h. 
Following the treatment, the liquid in the container 
was removed, and the cells were exposed to MTT 
(0.5 mg/mL in 1XPBS) at a temperature of 37°C for 
4 h. After the incubation period, the media 
containing MTT was removed, the cells were rinsed 
with 100 μL of PBS, and the crystals formed were 
dissolved in 100 μL of DMSO. The absorbance of 
the generated purple-blue formazan dye was 
quantified at 570 nm using a microplate reader.  

To examine the impact of ZnO NPs on cell 

morphology, 2,00,000 normal fibroblast cells were 

evenly distributed in six-well plates and subjected 

to either ZnO NPs treatment or no treatment for 24 

h. After treatment, cells were rinsed with PBS and 

examined using an inverted phase-contrast 

microscope. 

3. RESULTS  

3.1. UV spectrophotometer 

Figure 2a shows the UV-visible spectrum of 
ZnO NPs synthesized using CALE, whichprovides 

crucial insights into the optical properties and 
formation mechanism of the NPs. In this spectrum, 
a prominent peak appeared at ~335 nm is 
observedwhich is the characteristic peak for 
semiconductor ZnO NPs. Here, the peak position 
was slightly higher than the typical ZnONPs peak 
(~330 nm), which could imply a marginal increase 
in particle size or slight aggregation owing to the 
change in the synthesis procedure.The broad 
nature of the absorbance peak can also imply a 
range of particle sizes, indicating polydispersity. 
The phytochemicals present in CALEplay a crucial 
role in reducing Zn ions to NPs, and stabilizing 
them, and preventing excessive growth and 
agglomeration. The exact mechanism involves the 
reduction of Zn2+ ions to ZnO by the bioactive 
compounds present in the extract, followed by 
capping the NPs by these biomolecules. This 
capping is essential because it provides stability 
and agglomeration and ensures that, the NPs 
remain dispersed in the medium.Thus, this green 
synthesis approach using the inherent reducing 
and capping agents ofC.amboinicus provides, a 
renewable and environmentally friendly method of 
synthesizing ZnO NPs that can be used in 
medicine, agriculture, and environmental 
conservation [25]. 

 

Figure 2. (a) UV-Vis spectrum, (b) FTIR, (c) SEM image, and (d) EDAX spectrum of the ZnO NPs 
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3.2. FTIR 

The FTIRspectrum (4000-400 cm-1range) of 
ZnO NPs synthesized from CALErevealed 
significant information about the functional groups 
present on the NPs surface and their interaction 
with the biomolecules in the plant extract [Figure 
2b]. In the FTIR spectroscopic analysis, the 
responsible chemical groups (minor/major) 
involved in the formation and capping of ZnO 
NPsin the leaf extract were not masked.TheFTIR 
spectrum of ZnO NPs show, several distinct peaks, 
each corresponding to specific vibrational modes of 
the chemical bonds present. The peaks were 
observed at 3368.8cm-1, 1586.2 cm-1, 1394.1 cm-1, 
1358.7cm-1, and 1069.9 cm-1, and in the 620cm-1-
400 cm-1range. The broad peak at 3368.8 cm-1is 
characteristic of O-H stretching vibrations, which 
are commonly associated with hydroxyl groups 
(OH) found in alcohols and phenols. The peaks at 
1586.2cm-1indicate C=C stretching vibrations ofthe 
aromatic rings, indicating the presence of aromatic 
compounds in the plant extract. The peak in the 
range of 1394.1 cm-1can be attributed to the 
symmetric stretching vibrations of carboxylate 

anions (COO⁻). The peak at 1358.7cm-1 
corresponds to the bending vibrations of C-H 
bonds in alkanes. The presence of this peak 
indicates the presence of aliphatic hydrocarbons or 
aliphatic chains from organic compounds in the 
plant extract on the surface of the ZnO NPs. The 
peak at 1069.9 cm-1 is characteristic of C-O 
stretching vibrations, which can be associated with 
alcohols, ethers, or esters. The multiple peaks 
observed in the 620-400 cm-1 range are typically 
associated with the stretching vibrations of Zn-O 
bonds and the lattice vibrations of ZnO NPs. These 
peaks confirm the formation of ZnO NPs, indicating 
that the Zn ions were successfully reduced and 
oxidized to form ZnOstructures.  

The presence of these peaks provides direct 
evidence of the Zn-O bonding and the crystalline 
nature of the ZnO NPs.These functional groups not 
only confirm the successful synthesis of ZnO NPs 
but also highlight the role of natural compounds 
from C.amboinicus in providing biocompatible and 
stable NPs formulations. The presence of hydroxyl 
groups from plant extracts or water molecules are 
involved in the capping and stabilization of ZnO 
NPs. These hydroxyl groups may be derived from 
phenolic compounds present in CALE, which play a 
significant role in stabilizing NPs.Aromatic 
compounds, such as flavonoids and other 
polyphenols, are also known to participate in the 
capping of NPs, providing stability through π-π 
interactions and other bonding mechanisms. The 
presence of carboxylate-containing compounds, 
possibly procured from organic acids in plant 

extracts, interact with the surface of the ZnO NPs, 
providing stability, and preventing aggregation.The 
aliphatic groups contributed to the hydrophobic 
stabilization of the NPs.The alcohol and ether from 
plant extractsprovide steric hindrance, preventing 
NPs from aggregating.Furthermore, the interaction 
of these functional groups with the NPs surface can 
influence the biological activity of ZnO NPs. The 
presence of hydroxyl, carbonyl, and other 
functional groups can enhance the biocompatibility 
and reactivity of NPs, making them suitable for 
various applications, including antimicrobial, 
antioxidant, and catalytic activities.Theuse of the 
plant extracts for green and sustainable NPs 
synthesisnot only reduces the environmental 
impact associated with traditional chemical 
synthesis but also leverages the natural properties 
of plant extracts to produce NPs with enhanced 
functionality[26]. 

3.3. SEM 

The SEMimage ofZnO NPs synthesized from 
CALEis shown in Figure 2candoffers a detailed 
view of the NPs morphology, size distribution, and 
surface characteristics. The NPs exhibit a range of 
shapes, predominantly some irregular forms. The 
average particle size observed in the SEM images 
rangedfrom 20 nm to 50 nm. The size and shape of 
the NPs are critical parameters that influence their 
biological activity, solubility, and interaction with 
cells and tissues.Some degree of agglomeration 
was observed in SEM image, which is common in 
NPs synthesis, especially when using natural 
extracts. Agglomeration occurs when NPs cluster 
together due tovan der Waals forces or hydrogen 
bonding. While NPs agglomeration is inevitable, 
the overall dispersion of the NPsindicates that the 
phytochemicals in the leaf extract effectively 
stabilizeZnO NPs and reduce excessive 
aggregation[26]. 

3.4. EDAX 

The EDAXspectrum of ZnO NPs synthesized 
from CALEprovides comprehensive elemental 
analysis and confirms the presence of various 
elements in the synthesized NPs.The EDAX 
spectrum of ZnO NPsin Figure 2dshows distinct 
peaks corresponding to zinc (Zn), oxygen (O), 
carbon (C), and chlorine (Cl). The presence of Zn 
was confirmed by the prominentpeaks at around 1 
and 8.6 keV, which are characteristic of Zn. This 
result confirms the successful synthesis of ZnO 
NPsbecause, zinc is the primary component of the 
NPs. The presence of O and C peaks indicates the 
involvement of phytochemicals from CALEin the 
synthesis process, likely acting as capping 
agents.The quantitative analysis provided in the 
table shows the weight and atomic percentage of 
each element present in the sample. For instance, 
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Zn constitutes around 19.30 wt.%, which is 
substantial and confirmed the successful synthesis 
of ZnO NPs. The relatively high O and C contents 
(30.26 wt.% and 46.40 wt.%, respectively) further 
support the role of plant extract components in 
stabilizing NPs. The quantitative analysis of these 
elements highlights the role of organic molecules in 
the capping and stabilizing NPs, thus ensuring their 
stability and functionality[27]. The presence of 
these elements indicates that organic molecules 
from the plant extract are adsorbed onto the NPs 
surface, providing stability and preventing 
agglomeration. 

3.5. Antioxidant Activity 

3.5.1. DPPH Assay 

The ability of ZnO NPs to scavenge DPPH free 
radicals was measured using a DPPH assay in 
which doses of 10µg/mL -50 µg/mL. The efficiency 
of ZnO NPswas determined in comparison with 
standard (ascorbic acid) based on their ability to 
reduce DPPH radicals. An increase in the ZnO 
NPsconcentration provided better radical 

scavenging activity in terms of inhibiting the 
formation of DPPH radicals.This indicates that the 
presence of bioactive chemicals in the extract 
influences this process. The scavenging capacity of 
ZnO NPs (10µg/mL -50 µg/mL)against DPPH was 
determined, and the values were noted.The free 
radical scavenging trait of ZnO NPssynthesized 
from CALEwas executed using a standard assay 
protocol, and the acquired data are illustrated in 
Figure3a. The report provided that with an increase 
in ZnO NPs concentrations, an impressive increase 
in antiradical activity was achieved in thetest.The 
bar graph shows the percentage inhibition of DPPH 
radicals at various concentrations for 
bothstandardand ZnO NPs.At all tested 
concentrations, ZnO NPs exhibited substantial 
DPPH radical scavenging activity comparable to 
the standard. The percentage of inhibition 
increases with concentration, indicating a dose-
dependent antioxidant effect. At the highest 
concentration (50 μg/mL), ZnO NPs exhibited 
approximately 80% inhibition, which is close to the 
inhibition exhibited by the standard. 

 

Figure 3. (a) DPPH assay, (b)H2O2 assay, (c) ferric-reducing antioxidant powerassay, (d) ABTS assay, 
and (e) nitric oxide assay of the ZnO NPs 

 

3.5.2. Hydrogenperoxideassay 

Hydrogen peroxide is relatively stable but can 
generate highly reactive hydroxyl radicals through 
Fenton reactions, contributing to oxidative 
stress.The H2O2assay evaluates the ability of a 
compound to scavenge hydrogen peroxide. The 
inhibitory effects on hydroxyl radials by the formed 
ZnO NPs were perceived varying amounts, and the 

results are presented in Figure 3b. Vitamin C was 
used as the comparative reference standard.The 
graphical data for the H2O2 assay of ZnO NPs 
synthesized from CALEreveal their effective 
hydrogen peroxide scavenging activity. The bar 
graph depicts the percentage of H2O2 inhibition at 
different concentrations (10µg/mL -50 µg/mL) for 
both standard and ZnO NPs.At all tested 
concentrations, the ZnO NPs exhibited notable 
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H2O2scavenging activity, which increased with 
concentration. At the highest concentration (50 
μg/mL), ZnO NPs achievednearly 80% inhibition, 
closely matching the activity of the standard. These 
results indicate that ZnO NPs can effectively 
neutralize hydrogen peroxide, potentially reducing 
oxidative damage. 

3.5.3. Ferric-reducing antioxidant powerassay 

Figure 3c, graphical data for the FRAP assay of 
ZnO NPs synthesized from CALE illustrates the 
significant ferric-reducing anti-oxidant power. 
Thegraph shows the percentage reduction at 
various concentrations (10µg/mL -50 µg/mL) for 
both the standard (ascorbic acid) and the ZnO 
NPs.At all tested concentrations, ZnO NPs exhibit 
strong reducing power comparable to that of the 
standard. The percentage reduction increased with 
concentration, indicating a dose-dependent 
antioxidant effect. At the highest concentration (50 
μg/mL), ZnO NPsreduced by nearly 90%, which is 
similar to the reduction exhibited by the standard. 

3.5.4. ABTS Assay 

The graphical data for the ABTS assay of ZnO 
NPs synthesized from CALEindicated their 
significant antioxidant activity. The bar graph 
[Figure 3d]presents the percentage of ABTS radical 
cation inhibition at various concentrations (10µg/mL 
-50 µg/mL) for both standard andZnO NPs. At all 
tested concentrations, ZnO NPs exhibited notable 
ABTS radical scavenging activity, which increased 
with concentration. At the highest ZnO NPs 
concentration (50 μg/mL), nearly 90% inhibition 
was achieved, closely matching the activity of the 
standard. This result indicates that ZnO NPs can 
effectively neutralize ABTS radicals and exhibit 
potent antioxidant activity. Chemically provoked 
ABTS free radicals for scavenging isa specific and 
highly sensitive test. Our results concur with 
currently available reports.  

3.5.5. Nitric oxide assay 

The NO assay evaluates the ability of a 
compound to scavenge nitric oxide, a reactive 
nitrogen species that plays a significant role in 
various pathologicaland physiological activities. 
The graphical data for the NO assay of ZnO 
NPsshown in Figure 3eillustrate the effective nitric 
oxide scavenging activity. The bar graph depicts 
the percentage of NO inhibition at different 
concentrations (10-50μg/mL) for both standard and 
ZnO NPs. At all tested concentrations, ZnO NPs 
exhibited substantial NO scavenging activity, which 
increased with concentration. At the highest 
concentration (50 μg/mL), ZnO NPsexhibited nearly 
80% inhibition, similar to the activity of the 
standard. The biogenically formed ZnO NPs 
directly competed with oxygen and inhibited the 

concentration of reactive radical species, thereby 
bearing a trait of counteracting deleterious nitric 
oxide formation.Thus, it was concluded that they 
may possess activity to hinder the ill effects of in 
vivo-generated nitric oxide. 

The high anti-oxidant activity of ZnO NPs can 
be attributed to the bioactive compounds present in 
CALE. These phytochemicals, including flavonoids, 
phenolic acids and terpenoids, possess strong 
reducing properties. During the synthesis of ZnO 
NPs, these compounds not only form NPs but also 
cap and stabilize the NPs, enhancing their 
antioxidant capabilities.The nanoscale size of ZnO 
NPs also contributes to their high anti-oxidant 
activity. The large surface-area-to-volume ratio of 
the NPs allows for more efficient electron-transfer 
reactions, improving overall antioxidant activity of 
ZnO NPs. 

3.6. Brine shrimp lethality assay for ZnO NPs 

The BSLA graph in Figure 4apresents valuable 
data on the cytotoxicity ofZnO NPs synthesized 
from C.amboinicus. This assay, which is commonly 
used to evaluate substances toxicity, measures the 
survival rate of brine shrimp nauplii over a given 
period. The x-axis of the graph indicates the 
concentration of ZnO NPs in μg/mL, ranging from 
5μg/mL to 80 μg/mL, including the control group 
with no NPs. The y-axis reflects the percentage of 
live nauplii, indicating the survival rate atDay 1 and 
Day 2.The control group, which served as the 
baseline, hada high percentage of live nauplii 
(close to 100%) on both days. The high survival 
rate indicates that in the absence of ZnO NPs, 
brine shrimp do not experience significant mortality, 
establishing a benchmark for assessing the impact 
of NPs.  

At the lowest concentrations tested (5μg/mL, 
10 μg/mL, and 20 μg/mL), the survival rate of 
nauplii remained high and comparable to that of the 
control group. On Day 1, the survival rate was 
nearly 100%, and by Day 2, there was a slight 
decrease, but it remained very close to the initial 
%. This indicates that at these low concentrations, 
ZnO NPs exhibit minimal cytotoxic effects. 
However, as the concentration increased further to 
40μg/mL and 80 μg/mL, a noticeable decline in the 
survival rate of naupliiwas observed. At 40 μg/mL, 
the survival rate on day 1 was slightly lower than 
that at the lower concentrations, and by Day 2, 
there was further reduction, indicating moderate 
cytotoxicity. At 80 μg/mL, the decrease in the 
survival rate was more pronounced on day 1, and 
further declined by day 2. This significant reduction 
at the highestZnO NPsconcentration indicates a 
higher level of cytotoxicity, indicating that ZnO NPs 
become increasingly toxic as their concentration 
increases.The time-dependent effect of the NPs is 
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also evident in the graph. Across all 
concentrations, including the control, there was a 
slight decline in the survival rate from Day 1 to Day 
2. This decline could indicate a natural decrease in 
brine shrimp viability over time or a cumulative 
effect of NPs exposure. The slight decrease 
observed in the control group indicates that some 
of the decline could be attributed to natural factors, 
whereas the more significant decreases at higher 
concentrations likely reflect the toxic impact of the 
NPs. 

From the data presented in the BSLA graph, 
several conclusions can be drawn. First, ZnO NPs 
synthesized fromC.amboinicus start to show 
cytotoxic effects at concentrations beyond 20 
μg/mL, with noticeable effects at 40 μg/mLand 80 
μg/mL. This indicates a threshold concentration at 
which NPs become harmful to brine shrimp. 
Second, the time-dependent decline in survival 
indicates the presence of cumulative toxic effects 
or that prolonged exposure to NPsintensifies their 
cytotoxicity. Lastly, concentrations of ZnO NPsat or 
below 20 μg/mL appear to be relatively safe for 
brine shrimp because, they exhibit minimal 
cytotoxic effects, indicating a potential safe range 
for these NPs.This information can be used to 
develop conditions and precautions for the 

appropriate use and disposal ofZnO NPsso that 
they can be of benefit without negatively affecting 
the environment.These findings highlight the 
importance of careful consideration of NPs 
concentration and exposure duration in their 
applications, as well as the need for further 
research to fully understand their toxicological 
profiles and mechanisms of action [28]. 

BSLA is a simple, rapid and cost-effective 
bioassay widely used for preliminary toxicity 
screening of nanomaterials, chemicals and natural 
products. In this assay, Artemiasalinanauplii serve 
as a sensitive biological model to assess general 
cytotoxicity and dose-dependent toxic responses. 
Hatched nauplii were exposed to different 
concentrations of ZnO NPs, and mortality was 
monitored over 24 and 48 hr. The percentage 
survival was calculated based on the number of 
live nauplii relative to the initial count. This model is 
considered a reliable indicator of acute toxicity and 
provides an initial assessment of the potential 
biological and environmental safety of synthesized 
NPs before advancing to higher-order in vitro or in 
vivo studies. Previous studies have demonstrated a 
good correlation between BSLA toxicity outcomes 
and cytotoxic effects observed in mammalian cell 
systems, making it a useful first-line screening tool. 

 

Figure 4. (a) Brine shrimp lethality assay, (b) MTTassay, (c) effect of ZnO NPson the morphology of 
human osteosarcoma cells (MG-63), and (d) detection of apoptotic cells in ZnO NPs treated 

osteosarcoma cells by AO/EtBr dual staining 
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3.7. MTT Assay 

The cytotoxic effects of ZnO NPs on 
osteosarcoma cells are shown in Figure 4b. Cells 
were exposed to ZnO NPs (20μg/ml – 120 μg/ml) 
for 24 h, and cell viability was assessedusing the 
MTT assay.The x-axis indicates the concentration 
of ZnO NPs in µg/mL, while the y-axis shows the 
percentage of cell viability compared to the control 
(untreated cells).Data are presented as mean ± SD 
(n = 3). * Denotes statistical significance (p<0.05) 
between the control and drug treatment groups.It 
was observed that the control group exhibited near 
100% viability, indicating normal cell growth in the 
absence of ZnO NPs.A dose-dependent decrease 
in cell viability was observed as the concentration 
of ZnO NPs increased from 20µg/ml-120 µg/ml.The 
IC50 value was approximately 89.98 µg/ml, 
indicating that this concentration is required to 
reduce the viability of osteosarcoma cells by 
50%.ZnO NPsexhibits cytotoxic effects on 
osteosarcoma cells, with increased concentration 
leading to higher cell death. This indicates that ZnO 
NPs could effectively act as an anti-cancer agent 
against osteosarcoma cells. 

Figure 4c illustrates the effect of ZnO NPson 
cell morphology of human osteosarcoma cells 
(MG-63). Cells were incubated with ZnO NPs 
(89.98μg/ml) for 24 h and observed under an 
inverted phase-contrast microscope. There was a 
reduction in the number of cells, cell shrinkage, and 
cytoplasmic membrane blebbingafter ZnO NPs 
treatment.It has been observed that control cells 
exhibit a typical elongated, fibroblast-like 
morphology.Treated cells display significant 
morphological changes, appearing more rounded 
and detached, which are typical features of 
apoptosis and cell death.These morphological 
changes indicate that ZnO NPs induces apoptosis 
and other forms of cell death in osteosarcoma 
cells. The change from elongated to rounded 
shapes indicates loss of cell adhesion, a hallmark 
of apoptosis [29]. 

Detection of apoptotic cells in ZnO NPs 
(89.98µg/ml) treated osteosarcoma cells by 
AO/EtBr dual staining. Human osteosarcoma cells 
were treated with ZnO NPs for 24 h. After 
treatment, cells were incubated with AO/EtBr dual 
staining. An inverted fluorescence microscope was 
used for capturing images. Control cells displayed 
a consistent green color, whereas cells treated with 
ZnO NPs displayed yellow, orange, and red 
signals, as shown in Figure 4d. Staining confirms 
that ZnO NPs treatment leads to cell death, 
primarily via apoptosis. The presence of red and 
orange cells correlated with morphological changes 
and decreased viability observed in the MTT assay 
and morphological analysis.Collectively, 
thesefindings indicate that ZnO NPs from 

C.amboinicus is effective in inducing cytotoxicity 
and apoptosis in human osteosarcoma cells, 
providing potential for further investigation as a 
therapeutic agent. Each analysis provides a 
detailed view of the cellular response to ZnONPs, 
which is aligned with the potential anti-cancer 
properties highlighted in this preliminary 
research[29]. 

4. DISCUSSION 

UV-Vis spectroscopy distinguished the SPR 
peak of ZnO NPs at 335 nm and a slight red shift 
hinting at size differences, signifying effective 
dispersion similar to the work done by Jananiet 
al.[25]. The FTIR spectral bands indicate the 
functional groups present in the plant extract, which 
includes the –OH and -COO- groups responsible 
for the formation and capping of the NPs. In 
comparison to Ramesh et al.,[30], ZnO NPs have a 
better distributive profile and stabilization, showing 
marked cytotoxicity and boosting antioxidant 
properties. Morphological analysis usingSEM 
revealed moderate dispersion and heterogeneous 
form and dimensions, whereasEDAX analysis of 
the nanostructures revealed that they contained 
Zn, O, C, and Cl, where phytochemicals were 
evident to provide good stabilization. The 
antioxidant potential of ZnO NPs was determined 
using DPPH, H2O2, FRAP, ABTS, and NO assays, 
which indicated higher antioxidant activitythatZnO 
NPs synthesized from Acacia nilotica and 
Cnidoscolusaconitifolius[25,29]. This high activity is 
due to the phytochemicals in the leaf extract and 
the elevated surface-area-to-volume ratio of the 
nanoparticles; therefore, it could be recommended 
for use in health supplements, pharmaceuticals, 
and skin products. In this study, cytotoxicity tests 
were conducted using BSLA to ascertain the safety 
of ZnO NPs at concentrations up to 20 µg/mL, 
whereas toxicity was increased at 40 and 80 
µg/mL, indicating the need for better precautions 
while using ZnO NPs, especially in aquatic 
systems. ZnO NPs from Tinosporacordifolia 
showed a broader cytotoxic effect, the present 
study has observed considerable extent of 
apoptosis in osteosarcoma cells using ZnO NPs 
from C. amboinicus [31,32]; however, this points 
toward the therapeutic potential of such forms of 
NPs but also the risks involved in their utilization 
and subsequent disposal.  

The MTT assay and morphological studies 
conducted on osteosarcoma cells showed that 
ZnONPs, have notable cytotoxicity with an IC50 of 
nearly 89.98 μg/mL. Using AO/EtBr dual staining, it 
was observed that ZnO NPs could induce 
apoptosis in osteosarcoma cells, which explains its 
toughening impact as an anti-cancer drug[33]. 
Overall, ZnO NPs prepared from C.amboinicus 
possess strong antioxidant activity and promising 
anticancer effects. At higher concentrations, they 
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are toxic to cells; therefore, their use and disposal 
must be well considered. 

5. CONCLUSION 

The green synthesis of ZnO NPs using CALE 

exhibited strong antioxidant and promising 

anticancer properties. UV-visible spectroscopy, 

FTIR, spectroscopy, and SEM with EDAX 

confirmed effective dispersion, functional group 

involvement, and ZnO NPs stabilization. The NPs 

exhibited significant antioxidants in DPPH, H2O2, 

FRAP, ABTS, and NO assays. Cytotoxicity studies 

revealed that ZnO NPsare safe at concentrations 

up to 20 μg/mL.In brine shrimp, showing 

heightened toxicity at 40 and 80 μg/mL. 

Additionally, the MTT assay demonstrated their 

potential to induce apoptosis in osteosarcoma 

cells, with an IC50of around 89.98 μg/mL. While 

ZnO NPs hold potential in healthcare, 

pharmaceutical, and cosmetic applications, caution 

is needed regarding their use and disposal 

because of their high toxicity at high 

concentrations. Future studies will focus on 

optimizing their safe application to harness their 

benefits while minimizing environmental and health 

risks. 
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IZVOD 

BIOGENA SINTEZA NANOČESTICA CINK OKSIDA POMOĆU EKSTRAKTA Coleus 
Amboinicus: NJEGOVA SPEKTRALNA ANALIZA I BIOLOŠKE AKTIVNOSTI 

Nanočestice cink oksida (ZnO NP) su sintetizovane korišćenjem ekstrakta lista Coleus amboinicus 
(CALE) putem zelenog sinteznog pristupa. UV-Vis spektroskopija je potvrdila formiranje ZnO NP, 
pokazujući široki pik na 335 nm. FTIR analiza je identifikovala fitohemikalije uključene u formiranje 
i pokrivanje ZnO NP, povećavajući stabilnost. SEM snimanje je otkrilo ZnO NP nepravilnog oblika 
veličine u rasponu od 20 nm do 50 nm, a EDAX je potvrdio elementarni sastav. ZnO NP 
sintetizovane korišćenjem CALE pokazale su snažnu antioksidativnu aktivnost u DPPH, H2O2, 
FRAP, ABTS i NO testovima. Visoka aktivnost, inhibicija zavisna od doze i sinergijski efekti ZnO 
NP i fitohemikalija ističu njihov potencijal za upotrebu u biomedicinskim i kozmetičkim primenama 
za ublažavanje oksidativnog stresa i upale. ZnO NP sintetizovane iz C. amboinicus pokazale su 
minimalnu citotoksičnost pri koncentracijama od 20 µg/mL u slanim škampima. U ćelijama 
osteosarkoma, ZnO NP su pokazale citotoksični efekat zavisan od doze sa IC50 od 89,98 µg/mL. 
Morfološke promene i apoptoza ćelija osteosarkoma potvrđuju potencijal ZnO NP kao 
antikancerogenog sredstva. 
Ključne reči: Cink oksid; nanočestice; antioksidativna aktivnost; toksikološka studija; 
antikancerogena aktivnost. 
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