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Abstract

Nanoparticles have emerged as a transformative advancement in modern research, having many uses in medicine, engineering, and
environmental science. This review explores their historical developments, structural composition, synthesis techniques, and pharmacological
potential. The conceptual roots of nanotechnology trace back to Richard Feynman’s 1959 lecture and were later formalized by Norio Taniguchi
in 1974. However, evidence of ancient nanotechnology exists on Roman dichroic glass, medieval stained-glass windows, and Ayurvedic medicine.
Structurally, nanoparticles comprise of a core, shell, and surface layers, each influencing their physicochemical behavior. Various synthesis
approaches encompassing physical, chemical, and biological enable their fabrication, each with specific advantages. Biologically synthesized
nanoparticles, in particular, offer eco-friendly and biocompatible options. Pharmacologically, nanoparticles exhibit antimicrobial, antioxidant,
anticance, and anti-inflammatory activities, with silver and iron nanoparticles showing significant promise due to their size, shape-depended
properties, and high reactivity. Their potential in drug delivery, targeted therapies, and infection control highlights the transformative power of
nanotechnology across disciplines. As research in this field advances, nanoparticles are poised to play an increasingly vital role in science and
industry.
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Introduction

with a narrow size range and morphology. Still, these methods
are quite costly, require potentially hazardous chemicals and are
additionally accountable for various biological risks [2]. In con-

Nanoparticles comprise organic matter, carbon, metal ox-
ide or metal and have particle sizes ranging from 1 to 100 nm.
They exhibit unique chemical, physical, and biological charac-
teristics compared with larger-scale particles. This results from
increased reactivity or stability in a chemical process, large sur-
face-area-to-volume ratio, and increased mechanical strength.
These unique properties have allowed nanoparticles to be possi-
ble candidates in various applications such as cancer treatments,
antimicrobials, antioxidants, and anti-inflammatory agents [1].
These exceptional applications of nanoparticles have encouraged ~ History and Timeline of Nanotechnology
scientists to apply various chemical, physical, and biological meth-
ods to synthesize functional nanoparticles. Physical and chemical

trast, the green synthesis methods are economical, environmen-
tally friendly, prevent waste production and pollution, efficient,
and save time and energy [2]. This article reviews the synthesis
of nanoparticles and their pharmacological application as antimi-
crobial, anticancer, antioxidant, and anti-inflammatory agents in
therapeutics.

The 1965 physics Nobel Prize Laureate, Richard Feynman is
the originator of modern nanotechnology and is known as the fa-

methods of synthesizing nanoparticles can produce nanoparticles W ’
ther of modern nanotechnology. “There’s Plenty of Room at the
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Bottom” was the title of a lecture he presented at Caltech in the
American Physical Society meeting in 1959, where he proposed
the idea of manipulating matter at the atomic size [3]. This inno-
vative concept triggered new thoughts, which led Feynman’s hy-
pothesis to be later proven to be correct [3]. In 1974, a Japanese
scientist, Norio Taniguchi, defined the term “nanotechnology”
as” nanotechnology mainly comprises the processing of separa-
tion, consolidation, and deformation of materials by one atom or
one molecule” [4]. Following the discovery made by Feynman of
nanotechnology, numerous researchers became interested in this
new field, which led to the development of two approaches for
synthesising nanomaterials. These are bottom-up and top-down
approaches that vary in speed, quality, and cost [4].

Nanotechnology has existed since ancient times and is not as
modern as it appears today. Among the most compelling instances

of nanotechnology from ancient times is the Lycurgus Cup, a Ro-
man glass artefact dating back to the 5th century, crafted from a
dichroic glass that exhibits colour-shifting properties upon expo-
sure to light [5]. Another great example is the stained-glass win-
dows that were found in several churches during medieval times
and comprised a combination of glass of metal particles that are
nano sized. Chinese porcelain is a Chinese art known as a family
rose is also nanotechnology as it is composed of gold nanoparti-
cles of sizes between 20 and 60 nm [6]. The Ayurvedic medicine
Bhasmas, popularly known in the Indian subcontinent since the
7't century AD was extensively used to treat many illnesses. Bhas-
mas are nanoparticles produced biologically and recommended
for use with several other Ayurvedic medicines. Based on such
evidence, it can be deduced that even though nanotechnology was
not yet known as nanotechnology, it still existed in ancient times
[6] (Figure 1).
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Figure 1: Historical timeline of nanoparticle development and applications [7]. The timeline illustrates major milestones in the field of
nanotechnology from 1943 to 2020. Key events include the proposal of nanoscience in the 1960s, Richard Feynman’s foundational 1959
lecture “Plenty of room at the bottom,” and the preparation of various nanoparticles such as gold (AuNPs, 1963), iron oxide (IONs, 1984),
and quantum dots (QD, 1993).
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Nanoparticle Structure and Synthesis: Techniques and
Applications

Structure of nanoparicles

The dimensionality of nanoparticles, categorized by their
shape, encompasses zero-dimensional, one-dimensional, two-di-
mensional, and three-dimensional classifications [8]. Scientists
discovered that the physio-chemical characteristics of materials
can be affected by size, which made them realize the importance
of these nanoparticles [5]. Nanoparticles comprise three layers,
namely the core, shell layer, and surface layer, and are complex
molecules. The core is labelled as a nanoparticle itself, and pro-
vides functional properties like antimicrobial or magnetic activity,
while a shell enhances stability and biocompatibility, and a sur-
face can be chemically modified for targeted delivery [9] (Figure
2).

Synthesis of nanoparticles

Nanoparticles can be synthesized using different chemical,
physical, and biological methods. The most suitable method can
be chosen based on the type of properties desired for the final
product, the chemical nature of the nanoparticles, and the eco-
nomic viability of the fabrication steps [11]. Nanoparticles have
two basic approaches to their synthesis. The top-down approach
breaks down large materials into smaller components and turns
them into nanoparticles [12]. Nanoparticles fabricated using this
approach are produced within a limited time. The bottom-up
method involves the collection of the smallest atoms to form larg-
er molecules that eventually form nanoparticles [13]. This ap-
proach can produce particles that are homogenous with well-de-
fined crystallographic and surface structures based on molecular
recognition and molecular self-assembly concepts [14] (Figure 3).

Physical synthesis technique of nanoparticles

The physical methods used in synthesizing nanoparticles are
primarily a “top-down” approach in which the materials are con-
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densed down using a variety of physical techniques [15]. These
methods involve the application of high-energy radiation, me-
chanical pressure, and electrical or thermal energy to cause ma-
terial corrosion, condensation, evaporation or melting to produce
nanoparticles [16]. Metal atoms are first vaporized during the
physical synthesis process, after which they condense on various

supports and undergo reorganization, and assemble to form min-
iature clusters of metallic nanoparticles [17]. Physical methods
can produce nanoparticles with high purity and a distinct shape
[17]. However, this approach frequently calls for highly advanced
equipment, which is costly, high pressure and temperature, and
the machines consume a lot of space [18].

e N
surface functional groups
Core
Interfacial shell
Figure 2: The figure depicts a cross-sectional diagram of a nanoparticle structure [10]. The diagram iilustrates the general architecture of
a nanoparticle, typically comprising of three major components: the core, which forms the central part and determines the primary physica;
and chemical properties; the interfacial shell, which surrounds the core and acts as a stabilizing layer, and the surface functional groups,
which are bound to the shell and facilitate interations with the biological environment.
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Figure 3: Schematic demonstrating the preparation methods of nanoparticles categorized into top-down and bottom-up. [5].
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Silver nanoparticles are synthesized using the laser ablation
method in the study by [19], where silver plates with dimensions
of 25 mm x 25 mm x 2 mm and purity of 99.9% are sterilized us-
ing ethanol and autoclaved in deionized water. The sterile plates
are then placed in a glass vessel containing 20 mL of deionized
water each, with a 2 mm level higher than the silver samples. A
Nd: YV04 laser operated in picosecond pulses with a wavelength

of 1064 nm is used for ablation at a high scanning speed v = 250
mm/s with a pulse repetition of 200 kHz and an average power of
9.12 W. However, the laser-ablation-generated silver nanoparticle
size has an unknown effect on antibacterial activity and toxicities
to human cells; therefore, a sucrose gradient was used to separate
the silver nanoparticles into different size fractions.
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Chemical synthesis technique of nanoparticles

In the chemical synthesis method, organic and inorganic sol-
vents such as ascorbate, sodium citrate, element hydrogen, tollen
reagent, polyol process, sodium borohydride, and N.N-dimeth-
ylformamide (DMF) are used as chemical reducing agents. This
method is usually performed at room temperature [20]. Chemical
methods include sol-gel, electrochemical, and chemical reduction
of nanoparticles. These methods are commonly used for the syn-
thesis of silver nanoparticles, and they obtain nanoparticles at low

cost and are non-toxic [21]. The synthesis of silver nanoparticles
was described using agents such as sodium borohydride as reduc-
ing agents at room temperature and polyvinylpyrrolidone (PVP)
and silver nitrate as stabilizing agents. The results showed that
PVP with concentrations less than 1.0% and greater than 5.0%
had very broad peaks compared to PVP with concentrations rang-
ing from 1.0% to 5.0% and had a strong plasmon resonance band
between 402 and 440 nm [22]. Iron oxide doped with nickel was
synthesized using the co-precipitation method, where sodium do-
decyl sulfate (SDS) was used as a capping agent [23]. (Figure 4)

Figure 4: Overview of chemical synthesis techniques for nanoparticles. Three major chemical synthesis routes: sol-gel, chemical reduction,
and electrochemical methods are highlighted. Each route employs specific precursors, reducing agents (e.g. sodium borohydride, ascorbate,
and stabilizers (e.g. PVP, SDS) to yeild nanoparticles with controlled size and morphology.
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Biological synthesis technique of nanoparticles

Green nanotechnology enhances the idea of using antimicro-
bial effects in nanomedicine, as this is achieved through the use of
biological nanoparticles synthesized from the plant extract, which
are non-toxic, thus green nanotechnology is a promising solution
for application in medicine and agriculture [24]. The biological
synthesis of nanoparticles uses bacteria, fungi, algae, and plants,
which is a green technology that ensures clean, safe, non-toxic,
and environmentally friendly nanoparticles [25]. The plant ex-
tracts used in the synthesis of nanoparticles as capping and sta-
bilizing agents, rendering them non-toxic, simple, cost-efficient,
biocompatible, and can inactivate bacteria through the cellular
membrane [24]. Plant-derived nanoparticles have biomolecules
such as proteins, glycoproteins, fatty acids, lipids, flavonoids, phe-
nolics, and sugars that have significant control over the formation
of free radicals [26]. Biologically synthesized silver nanoparticles
have shown high yield, solubility, and stability. Nevertheless, the
utilization of biological reagents makes the synthesis procedure
more complex. However, biological preparation of nanoparticles
is one of the most promising procedures because it is low-cost
and non-toxic [21]. Silver nanoparticles were synthesized using

Eucalyptus camaldulensis and Terminalia arjuna plant extracts
as a capping and reducing agent [27]. Silver nanoparticles were
synthesized from the cell-free extract of polysiphonia algae as a
reducing agent [28] (Figure 5).

Pharmacological Activities of Nanoparticles

Compared to larger materials, nanoparticles possess excep-
tional chemical, physical, biological, thermal, and mechanical
characteristics [29]. The fields of biology and research use some
of these properties, such as anti-microbial, antioxidant, anti-in-
flammatory, and anti-cancer [30].

Nanoparticles as antimicrobial agents

The significant morbidity and mortality associated with viral
and bacterial diseases globally have emerged as a major medi-
cal concern. Approximately 50% of the population in developing
countries get bacterial infections with over 3 million deaths re-
corded yearly [31]. Bacteria are ubiquitous and adhere to surfac-
es, ultimately resulting in the formation of biofilms making cur-
ing infectious diseases difficult because they possess antibiotic
resistance [32]. Mechanical blockage in fluid systems occurs as

How to cite this article: Nokwanda Promise Myeni, Nolwazi Lady-Peace Hlabisa, Dipika Dwarka, Tonderai Matambo and Freedom Tshabuse. Scientific
Exploration of Nanoparticles: Structure, Synthesis, and Applications. Adv Biotech & Micro. 2025; 19(1): 556002. DOI: 10.19080/AIBM.2025.19.556002


http://dx.doi.org/10.19080/AIBM.2025.17.556002

Advances in Biotechnology & Microbiology

biofilms promote corrosion on metallic surfaces [33,34]. Medical
equipment and operating rooms are also susceptible to bacterial
colonization, which can cause nosocomial infections. In contrast,
viruses enter and multiply within the host cell, in which the met-

abolic pathways in the host cell then become affected by the vi-
rus-evolving genome and consequently cause infection. Thus, the
development of methods that are effective against infectious ill-
nesses, such as antimicrobial agents is imperative, [35].

e N
Bacteria
Figure 5: Overview of green synthesis of silver nanoparticles. The process involves the use of various sources including plants, bacteria,
algae and fungi, which are rich in bioactive compounds like phenolics, flavonoilds and sugars. These phytochemicals act as natural
reducing, capping, and stabilizing agents that facilitate the reduction of metal ions (e.g. Ag+) into stable metal nanoparticles (e.g. AQNPs).
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Infections can be tackled using several antimicrobial agents;
however, these agents have limitations. Conventional antimicro-
bial drugs have low water solubility, poor oral bioavailability and
stability, low transportation rate across cellular membranes, sys-
temic adverse effects, and lack of targeting thus affecting their
efficiency. Insufficient and improper administration of traditional
antimicrobial agents has resulted in pathogens becoming drug-re-
sistant and the generation of biofilms, which are well-organized
microbial communities [11]. Pathogenic microorganisms are
antimicrobial-resistant when they can survive even after being
exposed to drugs that are typically designed to destroy them.
Therefore, nanoparticles were introduced to counter multi-

drug-resistance mutants and microbial resistance [36]. The sur-
face morphology, size, crystal structure, charge, and zeta potential
are some of the physicochemical properties of nanoparticles that
allow them to have antimicrobial activity [37]. Their small size
allows them to easily penetrate the bacterial cell wall to demon-
strate antimicrobial activity [32]. Bacterial membrane damage
can occur after the nanoparticles have attached and bound elec-
trostatically to the bacterial cell wall, resulting in a modification of
the membrane potential and depolarization. Impaired respiration,
interruption of energy transfer, ion imbalance inside the bacteria,
and ultimately cellular lysis occur as the bacterial cell becomes
damaged [38] (Figure 6).
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Figure 6: Proposed mechanisms of antibacterial action of silver nanoparticles (AgNPs) [39]. Upon interaction with the bacterial envelope,
AgNPs disrupt the peptidoglycan layer and cell membrane, compromising cell integrity. Once inside the cytoplasm. AgNPs cause DNA
disruption, ribosome disassembly, and enzyme inactivation, interfering with replication, protein synthesis, and metabolic pathways.
Additionally, AgQNPs induce protein denaturation and generation of reactive oxygen species (ROS), resulting in oxidative stress. AQNPs
also impair the electron transport chain (ETC), inhibiting ATP sysnthesis. These multifaceted interactions cumulatively lead to bacterial cell
\__death, underscoring the broad-spectrum antimicrobial efficacy of silver nanoparticles. )
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Iron nanoparticles can be used in drug delivery, magnetic hy-
pothermia, MRI contrast agents, neurodegenerative diseases, and
personalized medicine. Silver nanoparticles have antibacterial
activity against Staphylococcus aureus and Bacillus subtilis., which
are microorganisms used in the study [40]. The detrimental an-
timicrobial activity to the survival of bacterial cells is led by the
release of ions by green nanoparticles. The silver nanoparticles
stabilized with Moringa oleifera showed inhibition of Gram-nega-
tive bacteria (Klebsiella pneumonia and Pseudomonas aeruginosa)
and Gram-positive bacteria (Staphylococcus aureus) ata 25ug mL?
concentration and Escherichia coli and Enterococcus faecalis were
inhibited at 12.5 pg mL* in the study by Moodley et al., 2018.

In the study by [19], silver nanoparticles synthesized from
laser-ablation and cut into different fragments by sucrose gra-

dient centrifugation were tested for their antimicrobial activity
against Escherichia coli and Pseudomonas aeruginosa and the re-
sults showed that the smallest nanoparticles (15 to 50 nm) had
the inhibition size of 8 mm for P. aeruginosa and 1.5 mm for E.
coli. In contrast, the largest nanoparticles (30 to 200 nm) showed
the weakest inhibitory activity, with 0.8 mm for P. aeruginosa and
0.7 mm for E. coli. Other researchers have evaluated the antibac-
terial effectiveness of differently sized laser-generated nanoparti-
cles against E. coli. In this case, the reverse relationship between
nanoparticle size and antibacterial activity was also studied. The
19 nm nanoparticle showed the most potent antibacterial activity.
This is due to smaller silver nanoparticles can induce a greater
number of reactive oxygen species (ROS), thus enhancing their ef-
fectiveness against E. coli. (Figure 7) (Table 1).
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Figure 7: Antimicrobial activity of different-sized laser-generated silver nanoparticles against Gram-positive and Gram-negative bacteria
[19]. The agar plate in panel A displays clear zones around wells containing different Ag NP fractions, indicating bacterial inhibition, with
Pre-F (pre-fractionated sample) showing the largets inhibition zone. Panel B quantifies these inhibition zones, showing that fractions F2 and
F3 have the highest activity among the tested fractions, while F6 has the lowest, with statistically significant differences marked by asterisks.
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Table 1: Antimicrobial activity of silver and iron nanoparticles against Gram-positive and Gram-negative bacteria.

Nanoparticles Microorganism inhibited Reference
AeNPs from Carva illinoinensis Bacteria (Listeria monocytogenes, Staphylococcus aureus, Pseudomonas aerugino- [41]
& Y sa and Escherichia coli).

. . . Escherichia coli (MTCC 118), Staphylococcus aureus (MTCC 7443), Bacillus

AgNP;IEZIZSSyE;};;;Z;j dl;ssln(,)grz};;‘f;slngus subtilis (MTCC 441), Staphylococcus epidermis (MTCC 435) and a yeast pathogen, [42]
P p Candida albicans (MTCC 183).

Silver nanovarticles biosvnthesized Bacterial pathogens (Escherichia coli, Salmonella, Pseudomonas aeruginosa,

uspin Bacillus sy Staphylococcus aureus, and Streptococcus pyogenes and yeast pathogen (Candida [43]
§ P albicans).
. . . Staphylococcus aureus, Staphylococcus epidermis, Bacillus subtilis, Streptococcus
Silver n%z%zagftﬁscfg;lg; i?cl(ZJEd from pneumonia, Escherichia coli, Salmonella typhi, Pseudomonas aeruginosa, and [44]
Klebsiella pneumonia.

bacterial strains (Escherichia coli, Pseudomonas aeruginosa, Staphylococcus

Silver nanoparticles aureus and Bacillus subtilis), unicellular (Candida albicans), multicellular fungi [45]
P (Aspergillus niger, A. terreus, A. flavus and A. fumigatus), and viral strains (Herpes
simplex virus, Adenovirus and Coxsackie B virus).
Iron oxide nanoparticles from Eucalyp- | Bacteria (Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus and [46]
tus robusta leaf extract Bacillus subtilis).

Iron oxide nanoparticles Fungal strains- Candida albicans, Candida krusei, Candida glabrata, Candida trop- [47]

p icalis, Candida parapsilosis, and Cryptococcus neoformans (NCCPF 250316).
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Nanoparticles as antioxidant agent

Antioxidants are substances that are synthetic or natural and
can hinder or avert cell damage caused by oxidants (free radicals,
reactive oxygen species, reactive nitrogen species, and other un-
stable molecules) [48]. They are important for the prevention of
harmful effects of oxidation, damaging living organisms such as
brain damage, atherosclerosis, and cancer [49]. The ability of en-
zymatic and non-enzymatic antioxidants to remove harmful sub-
stances is valuable for the control of a range of chronicillnesses, in-
cluding diabetes, cancer, nephritis, AIDS, metabolic disorders, and
neurodegenerative conditions [26]. The oxidative activity is influ-
enced by the antimicrobial activity and the release of nanoparti-
cles into the biological environment [50]. Antioxidant properties
are exhibited by various metal and metal oxide nanoparticles, car-
bon nanotubes, and polymer-loaded antioxidant nanoparticles.
For instance, green synthesized silver nanoparticles from Achillea
millefolium L. were reported by [51] to have superior antioxidant
activity compared to the conventional antioxidant, ascorbic acid.

Silver nanoparticles synthesized from Catharanthus roseus
leaf extract also showed strong in vitro antioxidants using a DPPH
scavenging assay [52]. Iron nanoparticles synthesized using Eu-
calyptus robusta leaf extract produced an antioxidant effect by
inhibiting DPPH radicals [46]. In another report, total antioxidant
activity (TAC) and DPPH were inhibited by green synthetic Fe,0,
and Fe,0,-NPs [53]. In the study by [54], the antioxidant activi-
ty was determined using a free radical scavenging assay where-
by the change in colour of DPPH (2,2-diphenyl-1-picrylhydrazyl)
solution containing silver nanoparticles synthesized from Brachy-
chitosa populneus leaf extract. The observed colour change from
violet to light yellow indicated the antioxidant activity of the syn-
thesized silver nanoparticles. The antioxidant activity was quan-
tified using a spectrophotometer and silver nanoparticles showed
an inhibition of 23% to 95% compared to ascorbic acid with inhi-
bition of 13% to 79% in the same concentration ranging from 10
to 70 pg/mL (Figure 8).
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Figure 8: Antioxidant activity of silver nanoparticles stabilized with B. populneus leaf extract with ascorbic acids as a positive control [54].
The % inhibition increases with concentration for both samples, with AgNPs showing higher scavenging activity than ascorbic acid, as
indicated by the steeper slope of its regression line (y= 1.0584x + 14.163, R2 = 0.9781). The higher R2 values (close to 1) indicate a strong
correlation between concentration and inhibition, confirming the dose-dependent antioxidant potential of both compounds.
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Nanoparticles s anticancer agents

Due to the progression, variable disease presentation, and
recurrence of cancer, it has become one of the most challenging
diseases clinically [55]. The development of unorthodox, effi-
cient, and straightforward cancer treatment therapies is essential.
Chemotherapy is an important part of cancer therapy, however,
this chemical therapy has many side effects. Efficiency, zero side
effects, and simplicity have been showed by nanoparticles [56].
Chemotherapy employs cytotoxic substances to inhibit abnormal
cell growth. The side effects of such treatment include toxicity, ex-
treme allergic reactions, neuronal disintegration, and severe pain
[57]. There is also a high chance of cancer recurrence after tumour
removal when surgical therapy is used [56]. Cancer treatments
presently use the unique biochemical properties of nanoparti-
cles. The increased reactive surface area of nano-scale molecules
improved optical properties, and ease of synthesis improve their
therapeutic efficiency compared to drugs and pharmaceuticals of

small molecules [58,55].

Nanoparticles, such as silver, gold, and copper have been re-
ported to have anti-cancer properties [58]. Silver nanoparticles
have been assessed in different studies for their anticancer activ-
ity on various cancer cell lines based on studies of the reduction
of cell viability and motility, impairment of MMP-2 and MMP-9
activity resulting in apoptosis and autophagy-induced cell death,
and promotion of ROS [55]. Examples include silver nanoparticles
synthesized using Dendropanax morbifera leaf extract that exhib-
ited impressive anticancer activity against A549 human lung can-
cer cells in vitro by encouraging apoptosis yet demonstrating less
cytotoxicity to Haacht human keratinocytes [59]. Silver nanopar-
ticles from pods of Acacia nilotica exhibited anticancer activity
against two colon cancer cell lines, SW620 and SW480 [44]. Piper
betel leaves extract-mediated iron oxide nanoparticles exert a cy-
totoxic effect on A549 lung cancer cells in a concentration-depen-
dent manner [60]. The anticancer activity of silver nanoparticles
using MTT assay, different concentrations of silver nanoparticles
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were used against MCF-7 cell lines, and the results showed that
the average cell viability of MCF-7 cell decrease with an increase
in the concentration of silver nanoparticles [28].

Nanoparticles as anti-inflammatory agents

The body’s instant response to factors such as invasion by
foreign particles or pathogenic microorganisms, hormonal imbal-
ance, infection, internal injury, or malfunction in the internal or-
gan is known as inflammation. This response can also be triggered
by obesity, contact with environmental toxins, or food sensitivity
[29]. Non-steroidal anti-inflammatory drugs (NSAIDs) are used to
treat inflammation and are commercially accessible but possess
several side effects such as bleeding, stomach ulcers, cardiovascu-
lar strokes, and disruption of the gastric mucosal layer, which re-
stricts their application for the treatment of chronic inflammation
[61]. The low dissolution rate of drugs in blood plasma due to the
poor aqueous solubility of the majority of NSAIDs further limits
drug absorption within biological [62].

As a result of slow absorption, the effects of NSAID’s on the
initiation of anti-inflammation, antipyretic, and analgesic are de-
layed in the case of acute inflammation. Hence, the development
of innovative nanoformulations that demonstrate better anti-in-

flammatory actions while exhibiting lower side effects is import-
ant [61]. For a couple of years, nanoparticles have been explored
for their promising anti-inflammatory activity. Compared to larg-
er particles, nanoparticles have a high surface-area-to-volume ra-
tio, making them efficient at inhibiting enhancers of inflammation
such as cytokines and enzymes that aid in inflammation. Anti-in-
flammatory properties have been found in numerous metal and
metal oxide nanoparticles such as silver, iron oxide, gold, zinc ox-
ide [29].

The anti-inflammatory activity of silver nanoparticles capped
with Belladonna’s mother tincture was reported in the study by
[63] The silver nanoparticles showed effective inhibition of the
denaturation of BSA protein. The increase in concentration of sil-
ver nanoparticles increased an inhibiting level of protein denatur-
ation, therefore, the Belladonna capped silver nanoparticles were
used successfully in the inhibition of BSA protein denaturation.
Silver nanoparticles synthesized using the fruit extract of Prunus
serrulata showed anti-inflammatory activity in RAW264.7 cell
lines by inhibiting pro-inflammatory cytokines and inflammatory
mediators [64]. Silver nanoparticles capped by the phytochemi-
cals of Eichhornia crassipes leaf extract showed significant anti-in-
flammatory effects against protein denaturation [65] (Figure 9).
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Figure 9: Anti-inflammatory mechanisms of nanomaterials [29]. The figure depicts three key immune responses: (a) Netosis, where
neutrophils trap nanoparticles and pathogens using DNA, (b) Endocytosis, where phagocytes engulf nanoparticles, and (c) Macrophage
recognition, where the protein corona acts as a ligand binding to macrophage receptors. Additionally, the lower section highlights how
nanoparticles can induce reactive oxygen species (ROS) production and inflammatory response, potentially leading to membrane damage
and immune activation.
N J

Cytotoxicity and Safety Assessment of Nanoparticles in
Biomedical Application

Nanoparticles have cytotoxic activity and can act as nanocar-
riers to deliver therapeutic compounds, such as proteins, drugs,

immune agents, and nucleic acids. These applications are applied
in biomedical trials and may support the development of cancer
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therapy [66]. The growing biomedical application of nanoparti-
cles has also raised concerns about their safety and toxicity [67].
Nanoparticles have been documented to exhibit significant cyto-
toxicity to mammalian cells because of their interaction with bio-
molecules that generate reactive oxygen species as part of defence
mechanisms, leading to oxidation damage to lipids, proteins, and
DNA [68]. The cytotoxicity effect of nanoparticles can be influ-
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enced by different factors, including size, surface area, composi-
tion, aggregation, wettability substance type, and dose [67]. The
nanoparticles are applied in biomedical and healthcare, therefore
it is important to determine their cytotoxicity [69]. The potential
risk of silver nanoparticles on their biological system may assist
in the development of safe and effective antimicrobial products in
the future [50]. Exposure of cells to silver nanoparticles may lead
to alterations in cell morphology, decreased cell viability, elevated
lactate dehydrogenase release, and cell necrosis [70]. The concen-
tration of nanoparticles within the cellular compartment should
be maintained at a level that does not exceed a specific threshold
[68].

The effect of iron nanoparticles on the human epithelial cell
MCEF-7 cells was evaluated using an MTT assay to determine the
cell viability of MCF-7 against different concentrations of Fe,0,
nanoparticles. The results showed that the increase in the con-
centration of Fe,0, resulted in a decrease in the cell viability of
MCF-7 cells [71]. The cytotoxicity assay of Belladonna stabilized
silver nanoparticles on PBCM cells was also evaluated and the
results maintained a cell viability of 60% at the highest concen-
tration of 100 uM which shows that there is minor toxicity from
silver nanoparticles, whereas lower concentrations maintained a
cell viability of 75%, which implies that there is no toxicity [63].
The toxicity test was performed by [19] using silver nanoparticles
against HDFc and human lung adenocarcinoma cell line (A459) to
determine the size-dependent nanoparticles toxicity of laser abla-
tion synthesized nanoparticles. Different fraction of laser ablation
was used, and the results showed that the laser silver nanopar-
ticles had no significant toxicity compared to the control (no
nanoparticles added), implying that there was a lack of size-de-
pendent toxicity to the cells used for the study [72-80].

Conclusion

The article delves into the synthesis of nanoparticles and their
multifaceted roles in therapeutics, highlighting their effectiveness
as antimicrobial, anticancer, antioxidant, and anti-inflammatory
agents. Compared to their larger counterparts, nanoparticles ex-
hibit remarkable properties in areas such as chemistry, physics,
biology, thermal behaviour, and mechanical strength. Nanoparti-
cles have garnered significant attention from researchers in re-
cent years because of their unique and versatile physicochemical
properties, exhibiting characteristics such as anticancer, anti-in-
flammatory, antioxidant, and antimicrobial capabilities. The anti-
microbial activity of nanoparticles is influenced by several factors,
including their size, charge, and surface area; the large surface
area of nanoparticles exposes bacteria to a greater surface area,
leading to their inactivation. Nanoparticles, with their antimicro-
bial activity, have found widespread application across industries,
including healthcare and household products. Nanoparticles ex-
hibit cytotoxic activity, making them potential agents for targeting
and destroying diseased cells, and can also function as nanocar-
riers for delivering therapeutic compounds, including proteins,
drugs, immune agents, and nucleic acids, directly to target sites

within the body. The applications of these technologies extend
into the realm of biomedical trials, potentially playing a crucial
role in advancing cancer treatment methodologies. Therefore, it
can be concluded that nanoparticles have the potential to play a
key role in the pharmaceutical industry.
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