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ABSTRACT: Nanotechnology is an interdisciplinary field of science that
refers to the research and technology development at atomic, molecular, and
macromolecular scales, which leads to the controlled manipulation and study
of structures and devices with length scales that range from 1nm to 100 nm.
During the past few decades, a surfeit of nanomaterials (NMs) and
nanoparticles (NPs) has evolved and been evaluated for their potential to
improve the clinical treatment and diagnosis of a patient as diagnostic and
therapeutic agents. Real exposure has been generated around the probable
effects of the NMs and NPs for novel therapeutic approaches against several
diseases, including cancer, to cope with the threats of the malignant tumour.
Few nanoparticles also exhibit strong antimicrobial activity against Gram-
positive and Gram-negative bacteria and act as antibacterial agents for
treating different bacterial infections. A wide variety of nanomaterials, both
carbon nanomaterials (CNMs) such as graphene, fullerenes, carbon
nanotubes, and metal nanoparticles (MNPs), including gold, silver, and zinc
oxide with distinctive physicochemical properties, provides opportunities to
be explored in the emerging field of nanomedicine. These NMs and NPs
have attracted great interest in biomolecular imaging for diagnosis and
theranostic approach to cancer. This review article addresses a great deal of
potential application of novel NMs and NPs with their approach toward
improved therapeutic interventions such as antibacterial, anti-inflammatory,
and anticancer.

INTRODUCTION: NMs and NPs are promising
tools that have been examined for the advancement
over characteristics of drugs or agents such as
solubility, blood pool retention times, controlled
release  over short or long durations,
environmentally triggered controlled release, and
highly specific site-targeted delivery 2.
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NM and NP-based anticancer methodologies can
surpass conventional cancer treatments with their
evolving applications in cancer theranostics > *.
NMs and NPs exhibit specific properties, including
smaller size, large surface area, higher reactivity,
and optical properties, which can be tailored to
increase their efficacy as a therapeutic tool > 7.

In addition, their large surface area makes them a
significant candidate for nano-drug delivery
systems (DDS) for loading and delivering
chemotherapeutic agents to the specific site ®. To
properly understand the diversity of NMs and NPs,
some form of classification is required based on
their physical and chemical properties.
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Among these, carbon NMs and metal NPs are of
particular interest to the scientific community due
to their unique morphology, dimensionality,
uniformity, surface structure and charge, chemical
composition, aggregation and/or agglomeration,
solubility, and great ability to influence their
interactions with biomolecules and cells ® %
Carbon-based nanomaterials (CBNs) are becoming
a highly attractive class of nanomaterials due to the
inimitable features exhibited by the carbon
allotropes such as graphene, fullerene and carbon
nanotubes, carbon quantum dots, nanodiamonds **.
Their unique chemical properties and their diversity
in nanostructures make them highly relatable to
commercial and medical uses owing to the
variations in sp, sp2, and sp3 hybridizations * *.
Among the recent gains, CBNs have been
differently applied to biological and biomedical
applications ranging from biosensing and tissue
engineering to anticancer drug delivery, cancer
therapy and diagnostic, stem cell transplantation,
and their translation to the clinic **** % CBNs also
showed potential therapeutic roles in delivering
pharmacologic and diagnostic imaging agents for
detecting and treating cancer > *°,

Metal NPs are made of metal precursors commonly
regarded as nano-gold, silver, and zinc-oxide '
Among the different nanoparticles employed in
biomedical research, metallic NPs are the most
convenient and suitable for possessing unique
optoelectrical properties due to their well-known
localized surface plasmon resonance (LSPR)
characteristics " **. This is why it is commonly
focused on the biomedical and pharmaceutical
industries. Metal NPs find applications in many
research areas for their facet, size, and shape, a
controlled synthesis important in present-day
cutting-edge materials 23 .

Also, it can typically be engineered or modified by
changing the relative influence of interfacial and
bulk  properties through the characteristic
dimensions of the components. In recent years,
metallic NPs and their alloys have been studied
extensively for their significant applications in a
wide spectrum of biomedical utilities such as
sensor technology, imaging, optical devices, gene
targeting, catalysis, biological labelling, drug
glelivery systems, and treatment of some cancers *
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Carbon-Based Nanomaterials:

Graphene: Graphene, a single carbon layer of the
graphite structure, is extensively studied and
explored for its uses. Graphene derivates,
commonly called graphene-family nanomaterials
(GFNs), have been synthesized and categorized
based on their chemical modifications into
graphene oxide (GO), reduced graphene oxide
(rGO), and graphene quantum dots (GQDs) .
Being the world’s stiffest, thinnest and strongest
materials, graphene-based nanomaterials (GFNSs)
gained popularity for extraordinary
physicochemical properties, including large planar
surface area (2630 m2 g—1), unparallel thermal
conductivity (5000 W m—1 K-1) high intrinsic
mobility, =n—m stacking with electrostatic
interactions which made it possible to facilitate
drug loading of partially soluble drugs with high
efficiency and potency '|. GFNs are carrier
molecules for Therapeutics used in biomedical
applications to improve dru% delivery, gene
therapy, and anticancer therapy > %°.

Due to the colloidal stability and free surface =n
electrons, GO functionalized better with other

biomolecules such as proteins, small organic
molecules, peptides, etc to improve unique
physicochemical properties, allowing larger

payloads of drugs for its delivery to the tumor site
for therapy '® 2! It can squeeze itself into the
tumour microenvironment (TME) and modify itself
based on payloads and functionalization *’. For
example, GO can functionalize as a cancer-
targeting molecule along with folic acid (FA) and
doxorubicin (DOX), and camptothecin can be
loaded onto the large surface area of GO via n—=
stacking®" %

The lateral size of graphene has the immune-
stimulatory capability that activates macrophages
and dendritic cells (CD40, CD83, and CD86) and
enhances immunity, attacking cancer cells. Due to
the immunological properties of graphene, it is
utilized in DC-based immunotherapy by triggering
anti-glioma effects in the T98G cell line when
treated with GO-antigen peptide " . GO can
exclusively target cancer stem cells (CSCs) without
harming normal cells by the technique known as
differentiation-based nano-therapy. The formation
of CSCs is inhibited by small GO (0.2-2 pm) and
bigger ones (5-20 pm) *’.
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Recent studies have shown the implementation of
graphene quantum dots (GQDs) in bioimaging
applications, including photodynamic therapy
(PDT) #. The limitation of conventional agents
with low singlet O, quantum yields was overcome
by GQDs, which produced high singlet O, quantum
yield, attained only in the region of visible light 2*
°2_ But then can only treat near-skin tumours, not
deeply buried ones. GO can also conjugate with
labeled molecular beacon (MB) through n—=n
stacking interactions for imaging and detecting
miRNA by efficiently inducing fluorescence
quenching of dyes on MB. GO with noble metals
such as gold (Au) promote Raman sensitivity and
intensity by serving as a flexible Raman probe for
E)sioimaging applications through Raman mapping

Fullerenes: Fullerenes, soccer-ball-shaped
molecules composed of carbon atoms, are a distinct
allotrope of carbon family nanomaterials 2. Its
properties, such as its unique cage-like hollow
sphere structure and its electron-deficient nature
made it a promising nanomaterial in biomedical
uses 2. It is modified both endohedral and
exohedral with attractive physiochemical and
optoelectronic properties 2 2°. Metallofullerenes
(metal atom incorporated inside fullerene) is highly
used in magnetic resonance imaging due to the
transfer of intra-fullerene electrons from the
encaged metal atom to the fullerene cage.
Gadolinium-metallofullerenols can serve as
specific CSC inhibitors and can be exploited for the
effective arrest of malignancy, thus playing an
important role in various modalities of cancer
therapy. By suitable functionalization, the
photosensitivity of fullerenes can be improved, that
are known to increase their relaxivity.

Moreover, the free radical scavenging ability
exhibited by fullerenes acts as antioxidants that can
be applied to various cancer therapy modalities *"
18 Over the years, intrinsic toxicity and poor water
solubility of fullerenes remain of a high challenge;
for cancer therapy, the development of injectable
fullerene formulations was unsuccessful *" ?*. To
make them water-soluble, various concoctions of
fullerenes are functionalized with water-soluble
biopolymers for tuning their tumour homing
capability " %. According to earlier studies,
fullerenes proved to be good as MRI contrast
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agents, radiotracers with their potential application
in cancer theranostics and photothermal tumour
therapy that are investigated with promising results
18 Fullerenes act as a strong antineoplastic agent,
making cancer cells more sensitive to
chemotherapy. Among these, a high antineoplastic
efficiency (=60%) has been shown by
gadofullerene in mice. Therefore, gadofullerene
being an effective therapeutic tool, serves as an
antiangiogenesis agent with no side effects and less
toxicity compared to anticancer drugs *".

Water-soluble fullerene (C60) shows promising
aspects in anti-human immunodeficiency virus
(HIV) activity. It inhibits HIV protease activity by
binding to its active site because of its
hydrophobicity and unique properties molecular
structure. Since then, various C60 derivatives have
been developed, displaying anti-HIV activity that
can target important HIV enzymes, such as reverse
transcriptase. This depicts C60 derivatives as a
potent group of AIDS therapeutics in the future 2,

Carbon Nanotubes (CNTs): CNTs, nano-sized
hollow and cylindrical forms of carbon, have
shown excellent results in fields of science and
technology 2°. Several studies demonstrated the
strong antimicrobial activity of SWCNTs on E.
coli, causing membrane damage and cell death and
antibacterial activity depending upon its size % %'
The graphene sheets can be rolled in many
arrangements that can be structured as single-
layered (single-walled  carbon nanotubes
SWCNTSs), two-layered (double-walled carbon
nanotubes, DWCNTSs), as well as triple-walled
carbon nanotubes (TWCNTSs) or multiple layers
(multi-walled nanotubes MWCNTSs) 242,

SWCNTs and MWCNTs, when investigated,
promising results have been shown by SWCNTSs
over MWCNTSs. When tested for their antibacterial
effect against E. coli, SWCNTSs were more toxic to
bacteria than MWCNTs . Due to the smaller
nanotube diameter of SWCNTs, they could
penetrate better than MWCNTS, into the cell wall.
SWCNTSs initiate better cell surface interaction due
to their superior surface area. Also, SWCNTSs with
surface groups of -OH and -COOH exhibit
significant antimicrobial activity to gram-positive
and gram-negative  bacteria compared to
MWCNTSs, which show no antimicrobial effect.
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Furthermore, SWCNTs indicate  improved
aggregation with bacterial cells, thus having
stronger antimicrobial activity " ?®. The natural
morphology of CNTs allows non-invasive
penetration across the biological membranes
(including bacteria, yeast, and mammalian cells),
making CNTs a highly competent vehicle for
transporting varieties of drug molecules into living
cells Generally, drug molecules are
functionalized by attaching them to the sidewalls of
CNT via non-covalent or covalent bonds. But both
kind of attachment plays different roles. Drug-
loaded CNTs are made stable by the covalent bond
in  both  intracellular ~ and  extracellular
compartments, therefore lacking the sustained
release of the drug inside the cellular
microenvironment of cancer cells. In contrast, the
controlled release of the drug is facilitated by non-
covalent interaction in an acidic condition of
tumour site but lacks stability in extracellular pH "
22 Hence inner hollow cavity of CNTs, utilized for
drug loading, demonstrate ideal drug isolation from
the physiological environment. Therefore, CNTs
are proven to be a promising nanocarrier for
therapeutic agent delivery by entrapping them
inside CNT 2,

CNTs have been considered new-generation
nanoprobes, exceedingly fitting for biosensing
applications due to their exceptional mechanical,
structural, electronic, and optical properties. CNTs-
based biosensors enhance the recognition and
signal transduction process by immobilizing
biomolecules on their surface *. CNTs act as
mediators for photodynamic and photothermal
therapies and destroy cancer cells directly. But due
to their poor interactions with their surroundings,
SWNTs have not yet been regarded as competent
theranostic agents, leading to inefficient instability
and loading ratio *. Therefore, research has been
going on for SWNTs functionalization in
bioimaging, including imaging-guided chemo-
photothermal therapy.

Metal-Based Nanoparticles:

Gold Nanoparticles (Au NPs): Au NPs are among
the important NPs among various inorganic and
organic NPs, possessing distinctive chemical,
physical and optical properties such as stability
against oxidation and degradation in-vivo, ease of
conjugation to biomolecules and low cytotoxicity
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and biocompatibility ** '. Therefore, it provides
significant benefits in the field of nanomedicine.
The optical property of Au NPs offers its utilization
in imaging-based therapeutic techniques and
ultrasensitive detection for treating lethal diseases
like cancer. The NP-based drug delivery approach
for cancer cells helps overcome the limitations of
conventional treatment methodologies. More
research is needed to explore gold nanoparticle-
based nanocarrier development, including their
potential application in cancer biology *2.

Microorganisms can absorb and accumulate Au
NPs by secreting enzymes involved in the
enzymatic reduction of gold ions. This shows their
potential to use as a tool for PDT, PTT,
photoimmunotherapy (PIT), photoimaging,
biosensors, and targeted drug delivery *. Various
Au NPs, nanostars, nanorods, nanospheres,
nanocubes, and nanocages, act as effective tools
against human cancer. Their favourable physical
and optical properties allow cancer diagnostics and
therapeutic development, providing a potential
platform for developing cancer theranostic ** %, Au
NPs are a good candidate for light-based therapies
(PDT, PTT, and PIT) that irradiates photosensitive
materials by utilizing the application of light and
are directly responsible for destroying tumour cells
and desired therapeutic effect 3 3.

Au NPs tend to scale biological responses with
surface area, and so their surface functionalization
evinced considerable interest. Au NPs can
conjugate with various biologically active moieties,
thiol, and amine groups, providing a significant
biological application in target-specific drug
delivery, imaging, diagnostic, etc. *2. Their broad
range of core sizes (1 to 150 nm) makes their
dispersion easier and controllable. Au NPs can be
easily modified due to a negative charge on their
surface, making their functionalization easy by
adding biomolecules such as drugs. Recent studies
have shown that when methotrexate (MTX), a drug
used for treating cancer, is conjugated with Au
NPs, it results in higher cytotoxicity towards many
tumour cell lines as opposed to free MTX and
accumulating into them at a much faster rate 3> .
Au NPs showed anti-microbial activity against
human bacterial pathogens Escherichia coli,
Staphylococcus aureus, Klebsiella pneumonia, and
Bacillus subtilis. The peptidoglycan layer of Gram-
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positive bacteria is 50% higher than Gram-negative
bacteria; thus, larger doses of gold nanoparticles
are required for Gram-positive bacteria to show
antimicrobial action. The Au NPs bind to thiol
groups of enzymes such as NADPH dehydrogenase
and disrupt their respiratory chains with the release
of oxygen species, due to which significant damage
occurs in the cell structures and finally leads to cell
death 36, 37, 38.

Reactive Oxygen Species (ROS) have a strong
oxidizing property and are produced by NADPH
oxidases present in phagocytes and as by-products
of the Electron Transport Chain(ETC). They
oxidize lipids and proteins in the cell and cause
DNA damage. They also oxidize cellular signalling
proteins, i.e., tyrosine phosphates, which promote
endothelial dysfunction and cause membrane
damage. Superoxide anion (O2") combines with NO
to form Reactive Nitrogen Species (RNS), which
promotes ROS production in phagocytes in a dose-
dependent manner, thereby acting as an anti-
inflammatory agent *.

Au NPs inhibit the production of some pro-
inflammatory cytokines IL-17, IL-1beta, and TNF-
alpha, down-regulating the proliferation of
epithelial cells induced by IL-1beta. It also reduces
the release of IL-17 and TNF-alpha triggered by
LPS “® * Au NPs modulate various signalling
pathways like MAPK (Mitogen-Activated Protein
Kinase) pathway and PI3K (Phosphatidyl Inositol
3-Kinase)pathway, thereby negatively regulating
the production of pro-inflammatory cytokines in
Kupffer cells and hepatic stellate cells affecting
their oxidative stress and cytokine profile 2.

Silver Nanoparticles (AgNPs): AgNPs have been
an area of great interest and have been extensively
investigated for their superior biological, physical,
and chemical characteristics as well as their unique
electrical, optical and magnetic properties
depending upon their size, composition,
crystallinity, and shapes “. Numerous studies have
been made to explore its attractive properties for its
practical application that can be incorporated
biosensor materials, anticancer, anti-inflammatory
and anti-bacterial Therapeutics, diagnostics and
enabled their use in fields of biomedical
engineering, nanomedicine, biosensing, and
pharmacy industry *. But the instability, such as
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oxidation in fluid containing oxygen, of AgNPs has
made their use limited. AgNPs have proven their
potential as antibacterial agents by exhibiting
toxicity to many microorganisms. AgNPs, when
oxidized, result in Ag+ ion flow, which causes
electrostatic attraction between negatively charged
microbial cells and positively charged silver
nanoparticles that are deadly to bacteria *°.

In addition, AgNPs demonstrate a strong affinity
towards sulphur, due to which Ag"* ions adhere to
the cytoplasm, disrupting the bacterial casings. The
free Ag" ions are uptake by the cells; the
respiratory enzymes get deactivated (ROS), leading
to cellular disruption and alternation in the DNA.
When DNA comprises soft bases like phosphorus
and sulphur interacts with Ag+, which is also soft,
it leads to DNA replication and cell propagation
and ultimately causes cell death. The Ag" ions
denature cytoplasmic components by hindering
protein synthesis.

The Ag" ions also interact with disulphide bonds of
protein clusters, leading to the alternation of the 3D
structure of the protein. It seems a workable
alternative to antibiotics due to its overcoming
bacterial resistance against antibiotics. It has also
been demonstrated that treating E. coli cells with
AgNPs resulted in an accumulation of AgNPs in
the cell wall, forming “pits” bacterial walls,
ultimately causing their death “.

Studies have also revealed that the silver
nanoparticles could easily penetrate Gram-negative
bacteria compared to Gram-positive bacteria. This
is because of the thin single peptidoglycan coat
present in Gram-negative bacteria. Gram-positive
bacteria contain thick and several peptidoglycan
layers, which hinders the permeation of Ag ™ ions
4148 AgNPs have also been revealed for their
aspect in anti-viral therapy. AgNPs exhibited
efficient inhibitory activities against hepatitis B
(HBV) and human immunodeficiency virus (HIV).
Much research has been done on creating
nanomaterials as an alternative tool for developing
formulations targeting tumor cells. Scientists
investigated the molecular mechanism of AgNPs
and observed that AgNPs sensitize cancer cells by
inducing apoptosis. Cancer cells, when analyzed
morphologically, it suggested significant cell death
that biologically synthesized AgNPs can induce.
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It has been observed that AgNPs combined with
1% aqueous extract of carotenoid phytopigment
‘Lycopene’ extracted in benzene showed anticancer
activity against Hella, COLO320DM, H29 cancer
cell lines respectively *® *°. Another study exhibited
that AgNPs induced autophagy of cancer by
activating the ptdIns3K pathway. The inhibition of
autophagy was also observed by autophagic
inhibitors like wortmannin which enhanced cancer
cell killing in mouse melanoma cell model (B16
cell lines) .

An enhanced anticancer potential was observed
when AgNPs were conjugated with Doxorubin and
Alendronate  compared to  Doxorubin  or
Alendronate used alone. AgNPs synthesized from
Tamarindus indica fruit shell show effectiveness
against the MCF -7 cell lines (human breast cancer)
48 51 AgNPs absorb and scatter particular
wavelengths of visible light, commonly known as
Surface Plasmon Resonance (SPR) which
facilitates the diagnosis of tumour location, size,
stage of cancer, and angiogenic process. There is
various mechanism through which anticancer
properties of AgNPs can be justified. Interaction of
AgNPs with cancer cells showed enhanced
permeation and retention effect (EPR), which
results in the entry of more NPs, leading to the
death of cancer cells *® ®2. AgNPs help in early
apoptosis or checking the rapid pace of division of
tumour cells by activating p53, caspase -3, and p-
Erk1/2 *°3%,

AgNPs as anti-inflammatory agent decreases
Vascular Endothelial Growth Factor (VEGF)
levels. It enhances antigen sensitization, allows
plasma protein leakage into extravascular spaces,
which results in the widening of windpipe wall, and
enhances T2 cell-mediated inflammation >> °% 7,
AgNPs Dblock the Y419 phosphorylation and
inactivate the Src kinase pathway, which stimulates
by VEGF and IL-1lbeta.AgNPs reduce VEGF-
induced cell proliferation by blocking solute flux
induced by VEGF and IL -1B.AgNPsinhibit the
secretion of pro-inflammatory cytokines (TNF -
alpha,IL-6 and IL-1 beta) °"®,

AgNPs decrease the activity of Hypoxia Response
Element (HRE) reporter induced by HIF 1-alpha
protein in human breast cancer cell lines, thus
inhibiting target genes like GLUT1 and VEGF -A
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%9 AgNPs prevent mucin hypersecretion in

mouse models' epithelial goblet cells of the lungs.
It shows a significant decrease in perivascular and
peribronchial inflammation > .

Zinc Oxide Nanoparticles (ZnO NPs): Zn is a
vital element found ubiquitously in all human
tissues. It plays an essential role in cell division and
maintains epithelial cells and metabolic processes.
Over the last few years, ZnONPs have become
popular as a multifunctional and inorganic
compound, showing varied morphologies in many
dimensions. For therapeutic, diagnostic, and
biomedical applications, ZnO is a promising
candidate for bioimaging, biosensing, antimicrobial
effect, and drug delivery .

Besides conventional chemotherapy and radiation
therapy, surgical removal of tumours also has its
drawbacks, as chemotherapeutic agents show
cytotoxicity to both normal and cancerous cells,
and high-energy waves are not target-specific. In
light of these drawbacks, NPs have exceptionally
been studied as carriers for drugs for a novel
therapeutic tool where ZnOs have contributed to
enhancing nanoparticle stability when encapsulated
with the drug. ZnOs are hydrophilic and cationic
with a high surface area to volume ratio, enabling
them to be loaded with a therapeutic agent for
enhancing the imaging of cancer cells for
diagnostic purposes or therapeutic purposes by
inducing cancer cell death ®% .

Following the non-invasive way of cancer therapy,
in photodynamic therapy, ZnO NPs exhibit their
ability to induce pro-inflammatory cytokine
expression for enhancing tumour necrosis factor-
alpha (TNF-a) production, which could eventually
increase the tumour cell killing ability. ZnO NPs
are also believed to improve the antitumoral
efficacy through surgery by inducing apoptosis by
themselves. ZnO has also been widely explored in
immunotherapy to enhance T-cell response by
bounding with the antigen, labelling the dendritic
g4e|ls, and using image-guided antigen delivery ®*

There are many numbers of ways in which ZnO
NPs act against inflammation. It inhibits the
production of thymic stromal lymphotein (TSIP) .
TSLP is released by epithelial cells as a response to
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pathogenic bacteria and increases the production of
Interleukin-13(IL-13), a pro-inflammatory cytokine
that causes mast cell proliferation through p53
protein level regulation. Constant p53 activation is
known to promote pro-tumourgenic inflammation
by causing the release of High Mobility Group
EI;rotein 1(HMG-1), which promotes chemotaxis **

ZnO NPs can significantly reduce the Inducible
Nitric Oxide Synthase (iNOS), which is toxic to
cells as it causes the destruction of local tissues and
thus becomes one of the direct causes of
inflammation. It also reduces the production of NO
by IFN-gamma plus LPS-stimulated macrophages
in a dose-dependent manner .

Recent studies have shown that zinc oxide
nanoparticles show antimicrobial activities against
both Gram-positive and Gram-negative bacteria,
namely E. coli, Salmonella, Listeria
monocytogenes, and Staphylococcus aureus.
However, Zinc oxide nanoparticles also have
shown antimicrobial activity against
Camphylobacter jejuni, a gram-negative bacterium.
The antibacterial mechanism is from the disruption
of cell membrane activity. It has been reported that
ZnO NPs generate high reactive oxygen species
such as OH", H,0, and O,” activated by UV and
visible light to generate. The negatively charged
hydroxyl radicals and superoxides remain on the
cell surface as they cannot penetrate the cell

membrane; however, H,O, can penetrate bacterial
69
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antidiabetic agent by reducing glycogenolysis and
gluconeogenesis, thus enhancing the structural
integrity of insulin. Zn protects against oxidative
stress-mediated complications in diabetes by
regulating glucose in beta cells of the islets in the
pancreas, thereby controlling insulin secretion.
ZnO emerges as a promising agent in medical
applications, but no such studies have yet been
done on humans. Therefore, Zn is required to be
studied more for its safe uses to address the
formulations in medical applications ® "

Zn plays a major role in maintaining the activation
of p53 gene, which leads to apoptosis and
simultaneously activates of caspase -6 enzyme,
responsible for activating caspase -3 and other
enzymes for nuclear membrane dissolution and cell
death. ZnO NPs play an important role in inducing
cytotoxicity towards cancer cells through oxidative
stress via ROS generation ' ™. ZnO NPs exhibit
positive charge under physiological conditions such
as blood or tissue fluid. Cancerous cells usually
have anionic phospholipids on their outer
membrane, leading to an electrostatic attraction
between ZnO NPs and cancerous cells promoting
selective localization, cellular uptake,
phagocytosis, and finally, cytotoxicity. However,
the exact mechanism of selective cytotoxicity of
ZnO NPs towards cancer cells is still unclear ®.

The table below shows the summary of various
antimicrobial, anti-inflammatory, and anticancer
activities of the carbon-based nanomaterials and

cells Zn has potentially been used as an  metal-based nanoparticles mentioned above:
Types of Antimicrobial activity Anti-inflammatory activity Anticancer activity
Nanoparticles
Fullerenes Inhibit energy metabolism, disable  Fullerene C60 is used to control ROS Gadolinium-
respiratory chain, thus inhibiting -dependent inflammation, including  metallofullerenols can serve
bacterial growth " allergic diseases " as specific CSC inhibitors.
Fullerene C60 shifts immune Acts as a strong
responses from Th2 to Thi, restoring  antineoplastic agent, making
the function of the skin barrier, thus cancer cells more sensitive
helping in the treatment of allergic to chemotherapy.
and other inflammatory diseases Gadofullerene being an
effective therapeutic tool,
serves as an
antiangiogenesis agent %
CNTs Physically interacts with cell Act as a carrier of anti-inflamatory Anticancer molecules
membrane: form cell-NTs drugs: Dapsone, Dexamethasone, carrier: DOX, CP, CPT,
aggregates; induce cell membrane Ketoprofen ™ PTX28, PTT; CNTSs absorb
disruption NIR light; transmit heat to
CNTs; kill cancer cells %/,
GO Disruption of cell membrane takes Inhibits IL-1beta release and Functionalised as cancer
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Gold (Au)

Silver(Ag)

Zinc
oxide(ZnO)

place on interation of GO "

Binds to the thiol groups such as
NADPH, disrupt respiratory chains,
release oxygen species, damage cell

membranes and led to cell death

36,37, 38
Denature cytoplasmic components
by hindering the protein synthesis
*Interact with disulphide bonds of
protein clusters which leads to the
alternation of 3D structure
ofprotein46. DNA comprises of soft
bases like phosphorus and sulphur,
interacted with Ag+ which is also
soft, leads to the DNA replication,
cell propagation and cell death &+’
Disruption of cell membrane
activity . Shows antimicrobial
activity against Camphylobacter
jejuni, a gram-negative bacteria

interleukin MRNA expression . By
inhibiting interleukine expression
upon TLR4 stimulation,it shows
inhibitory effect on cytokine
production in macrophages "

Satiate ROS production in a
concentration-dependent manner ¥, It
shows inhibitory effect in some pro-
inflammatory cytokines IL-17,1L-
1beta, and TNF-alpha ***
Decreases VEGF levels >, Blocks
the Y419 phosphorylation and
inactivates the Src kinase pathway56.
Inhibitory effect in pro-inflammatory
cytokines TNF -alpha, IL-6 and IL-1
beta *"' %%,

The activity of Hypoxia Response
Element (HRE) reporter induced by
HIF 1 alpha is decreased *" >

Reduce the inducible Nitric oxide
synthetase (iNOS) %. Inhibits the
production of Thymic Stromal
Lymphotein (TSIP) * Reduces the

targeting molecule when
loaded with FA, DOX ™.
Activates macrophages and
dendritic cells (CD40,
CD83, and CD86) and
enhances immunity thus
attacking cancer cells *’.
Utilized in DC-based
immunotherapy *’
Gold nanoparticles
conjugated with
methotrexate are used to
treat many tusTour cell lines

Effective against the MCF-
7cell lines(human breast
cancer) *®°!. Helps in early
apoptosis or checking the
division of tumour cells by
activating p *°, caspase 3
and pErK1/2 45354

Helps in activating p53 gene
which leads to apoptosis "
71

Induces cytotoxicity via

production of Nitric oxide by IFN

ROS generation
gamma

CONCLUSION: So, far in this review article, it is
concluded that various NMs and NPs still have
both positive and negative effects on human beings
with desired and undesired effects when compared
to drugs. Carbon-based nanomaterials and metal-
based nanoparticles have been known to be
explored for many applications, including catalysis,
sensing, photovoltaic, energy, environment, and
biomedical. But the increasing hazards of NMs and
NPs may also have indirect effects on human
beings. Therefore, increased attention is needed to
direct these NMs as the knowledge of this NP
development is still in its infancy. Extensive
research is needed to be made to fully understand
their synthesis, characterization, and possible
toxicity which is a crucial concern when processing
NMs and NPs for life science applications. NMs
and NPs have equal importance as diagnostic tools
to identify malignant and non-malignant tissues or
the interaction of living cells with the surrounding
environment. Through the technology
nanoceramics, one can assess the fundamental
behaviour of living cells and biomolecules, such as
the mechanical interaction of cells with their
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surrounding structures, as well as with other cells;
measuring nanoscale forces exerted by proteins on
cells can potentially afford new understanding on
various diseases, such as osteoarthritis, cancer, and
malaria due to cells elasticity and adhesion
alterations. Each of these single analyses can
contribute to the biological understanding of
disease initiation and progression, developing
improved diagnostic tools and innovative
therapeutic approaches. Numerous applications of
inorganic nanostructures as biomarkers open new
opportunities and provide powerful tools in the
fields such as genomics, proteomics, molecular
diagnostics, and high throughput screening.
Nanoscale probes can be generated for detailed
monitoring and analysis of biological components.

As it stands now, the applications of NMs and NPs
are commercially geared toward drug delivery. But
despite the potential biological applications of NMs
and NPs, one still needs to have a fundamental
understanding of the interactions of NMs with
intracellular structures and processes. Therefore, it
is important to focus on in-vivo biomedical
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applications of the NMs to develop
nanobiotechnology.
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