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Anthropogenic activities may directly or indirectly influence global temperature and climatic patterns,
leading to an increase in susceptibility to various diseases and disorders. Modern infrastructure and
technology in the field of medicine have provided great relief in the treatment of diseases, but a lack
of innovation in vaccines and drug resistance makes us vulnerable in to putting up a fight against
pathogens and diseases. Under such circumstances, nanotechnology becomes a boon to our lives. In
this regard, metallic nanoparticles emerge as a potential agent in the biomedical field. Their preferred
structures, synthesis procedures, and vast applications make them a fascinating exploration zone for
scientists. Metallic nanoparticles offer numerous applications in drug delivery and treatment of many
lethal and chronic diseases like cancer and diabetes due to their unique properties, like high surface
area and high specificity. They also exhibit antimicrobial properties, making them reliable for
combating multidrug-resistant bacterial diseases. This article aims to give a general overview of some
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important metallic nanoparticles along with their properties and applications in the biomedical field.
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INTRODUCTION

Nanotechnology is a special branch of modern science. The
term nanotechnology stands for producing nano-sized particles
and making them functional for multiple purposes. Nano-sized
particles range from <1 to 100 nm. These nanoparticles possess
unique physiochemical properties like their nanoscale size,
high surface-to-volume ratio, size or surface modification, and
so on. Their unique properties made them potent candidates in
various fields like medicine, biotechnology, molecular biology,
chemistry, and physics. Especially in biomedical fields,
nanoparticles can be used as carriers to deliver drugs or other
therapeutic agents (1). Additionally, nanoparticles offer
prospective advantages over traditional pharmaceutical agents
in the case of drug delivery systems (2). If we particularly
focus on one of the most progressive areas of nanotechnology,
the metallic nanoparticles (MNPs) come first. MNPs pose
significant efficacy on drug delivery and imaging (3, 4). These
nanoparticles are composed of pure forms of metal as core
components (e.g., silver, copper, titanium, gold, copper, iron,
platinum, and zinc) or oxide forms of metal such as silver
oxide. These metallic nanoparticles are enticing research
interest with their optical and photothermal characteristics (5).
MNPs also display an exclusive property, resonance electron

oscillation, called surface plasmon resonance (6). Their
exceptionally small size makes it easy for them to cross any
membrane partitions and get absorbed into the bloodstream
smoothly (7). MNPs offer diverse applications in various fields
(Fig_1). Metallic nanoparticles are well-known for their target-
specific drug delivery, which is achieved by conjugation of
nanoparticles with specific ligands, drugs, proteins, antibodies,
and enzymes (8). Apart from their prominent role in drug
delivery systems, metallic nanoparticles also exhibit
antimicrobial effects against bacteria, parasites, and viruses.
These noble MNPs are generally synthesized by the methods
of chemical reduction, biological processes, and physical
methods (9). Yet, these expensive chemical processes pose
several risks to the ecosystems (10). The green approach can
be a safer alternative for synthesizing metallic nanoparticles to
enhance their effectiveness, biodegradability, or compatibility
or to reduce their toxicity, making them an eco-friendlier
option (11). Furthermore, biosynthesis of MNPs can also be
mediated through microbes (e.g., bacteria, viruses, fungi) or
plants, which become advantageous replacements over
conventional methods (12). Apart from these, MNPs play a
critical role in the targeted delivery of anticancer agents to the
malignant tumor cells (13). The main purpose of this review is
to portray the exclusive properties of metal-based
nanoparticles. This review also explores the major metallic
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nanoparticles and their roles in drug delivery systems as well
as therapeutic agents.

Fig. 1. Numerous applications of metallic nanoparticles in the
biomedical field
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Fig. 2. Different unique properties of metallic nanoparticles
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Fig. 3. Schematic diagram representing an overview on synthesis
methods of metallic nanoparticles

Properties: Metallic nanoparticles (MNPs) are mainly metal
oxides or metal monomers. These solid nanoparticles are
composed of pure metals or their compounds produced by
chemical or mechanical processes (14). The processes include
chemical  reduction,  photochemical reduction and
electrochemical changes. The selection procedures of
manufacturing nanoparticles are crucial, as they can influence
the size, structure, and other physiochemical properties. MNPs
display distinct features that make them gain attention from
scientists and researchers (Fig. 2). These features include high
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Fig. 4. Pictorial representation of antibacterial activity of silver
nanoparticles

Table 1. Antiparasitic activity of some potent metallic

nanoparticles
Metal nanoparticles Targeted parasite References
Zinc oxide nanoparticles Leishmania tropica (52)
(ZnONPs)
Silver nanoparticles Leishmania amazniensis (53)
(AgNPs) (amastigotes)
Both AuNPs and AgNPs Trypanosoma brucei (53)

Silver nanoparticle (AgNPs)
Metal oxide nanoparticles
(Fe304, MgO, ZrO2, A1203
and CeO2)

Plasmodium falciparum (54)
Plasmodium falciparum (55)

Gold nanoparticles (AuNPs) Schistosoma mansoni (56)
Polyaniline-coated silver Helminth 57)
nanoparticles

Gold nanoparticles (AgNPs) Helminth (58)

energy density, high ignition probability, strong catalytic effect,
and low sintering temperature (15). MNPs also exhibit a
unique optical feature, widely known as surface plasmon
resonance (SPR). This unique feature makes them a potential
tool in the biomedical field. MNPs show a large variability in
size. The small size of MNPs brings the advantage of crossing
the cell membranes more easily than impermeable
macromolecules (16, 17). They can also interact with ligands
stably. MNPs can bind with both water-fearing (hydrophobic)
and  water-loving  (hydrophilic)  substances. = These
advantageous qualities of MNPs make them desirable options
in the case of target-specific or controlled delivery for disease
therapy. The outer surface of MNPs can be modified according
to desirable pharmacokinetic properties. Usually, polyethylene
glycol (PEG) is used to coat the surface of MNPs to escape the
one specific phagocytosis activity (11). Using PEG in the
surface modification of MNPs also helps to reduce the
absorption of nonspecific protein onto their membrane (11).
Surface modification of MNPs is a progressive field in the
field of nanotechnology. Surface modification not only
increases the stability, biocompatibility, adhesive properties,
and wettability but also prevents the uptake of toxic substances
and agglomeration (18). Other than PEG, several other groups
such as thiol groups, phosphines, amines, and disulfide ligands
are also used for surface modification of MNPs. Another
important property of metallic nanoparticles possess a large
surface arca. The large surface area leads to an increased
number of reactive sites (19,20). The high surface area also
leads to an increase in the surface energy (21). Having more
surface area and a smaller size, the MNPs can easily overcome
the physiological barriers of the body, interact with proteins or
nucleic acids of cell membranes, and alter the function of any
cell organelles by penetrating their nucleus (22, 23). MNPs can
be synthesized by two different methods—dispersion method
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(top-down approach) and condensation method (bottom-up
approach) (24) (Fig _3). Recently, green chemistry has become
the talk of the town due to its eco-friendly and sustainable
approaches. When green chemistry principles are applied to
the synthesis of MNPs, it increases their biocompatibility and
makes them healthier for our nature (25).

Some potent metallic nanoparticles and their roles in
biomedical field

Silver nanoparticles (AgNPs): Among other metallic
nanoparticles, silver nanoparticles are one of the most
indispensable and engrossing nanomaterials in biomedical
applications. These particular nanoparticles cover a wide range
of areas, including household, industry, orthopaedic, cosmetic
industry, drug delivery, and the food industry (26). In general,
the biological method of synthesizing AgNPs is more cost-
effective and secure than traditional physical and chemical
methods (27). In the last few years, bacterial resistance against
antibiotics has become an omnipresent issue. In such a
scenario, AgNPs appear to be a potent antibacterial agent.
Although the unambiguous action of AgNPs against bacteria is
still unclear. It is believed that the activity of AgNPs shows
three possible outcomes, such as cell wall and membrane
disruption, generating oxidative stress, and intracellular
penetration. During oxidative stress, the production of reactive
oxygen species induces toxicity against bacteria by disrupting
the cell wall and membrane and penetrating the bacterial cell,
which leads to protein denaturation, DNA damage, enzyme
inactivation, and disruption of ATP production (28) (Fig_ 4).
Moreover, the antibacterial activity of AgNPs depends upon
both shape and size (29). In research work to find out the
antimicrobial properties of AgNPs, it was shown that the
growth of yeast and E. coli is completely inhibited at low
concentrations of AgNPs. Whereas AgNPs show a mild effect
against Staphylococcus aureus (30). AgNPs also show an
impact on bacterial cell membranes, generating many pits and
gaps to damage the bacterial membrane (31). Furthermore,
biologically synthesized AgNPs exhibit antifungal activity
against virulent fungi to humans and plants along with indoor
fungal  species like  Cladosporium  cladosporioides,
Stachybotrys chartarum, Chaetomium globosum, Aspergillus
fumigatus, Mortierella alpine, and Penicillium
brevicompactum that are cultured in agar media (32).
Inhibitory antiviral effects of AgNPs are also documented
against HIV and hepatitis B virus (33). Apart from these,
AgNPs can also exhibit potent anti-cancer effects (34).

Gold Nanoparticles (AuNPs): Gold—this precious metal has
been studied and applied in various fields for several thousand
years. Gold-based nanoparticles are used vigorously in modern
medicine due to their unique physiochemical properties.
AuNPs become a robust agent in bioimaging and visualization.
For example, to detect microbial cells or their metabolites,
AuNPs are applied in dark field microscopy (35). AuNPs can
also act as efficacious radiosensitizers in cancer therapy or
drug delivery (36). Gold nanoparticles are usually conjugated
with other antibiotics or antibacterial agents for the treatment
of bacterial infections. For example, gold nanoparticles exhibit
high efficacy against several enteropathogens such as
Enterococcus faecalis, Escherichia coli, and Enterococcus
faecium when colloidal gold and vancomycin form a stable
complex (37). In cancer therapy, gold nanoparticles act as a
novel factor by reducing the chance of side effects and damage
to healthy cells (38). Recent studies have demonstrated that

AuNPs can prevent degradation of nucleic acids from
nucleases (39). To transfer various drugs prominently, AuNPs
can be modified or conjugated with other drugs. The modified
AuNPs reduced the risk of cancer developing drug resistance
and systemic drug toxicity (40).

Iron oxide nanoparticles (IONPs): Oxides of iron possess
some unique properties, such as biocompatibility, ultrafine
size, and superparamagnetic iron oxide nanoparticles (SPION),
which make them promising candidates in the field of
medicine. Behera et al. developed iron oxide nanoparticles that
exhibit efficacy against both Gram-positive and Gram-negative
bacteria (41). Iron oxide nanoparticles show antibacterial
activity through oxidative stress, generating ROS that leads to
the damage of DNA and proteins of bacteria (42).

Copper nanoparticles (CuNPs): Copper nanoparticles have
been utilized as antifungal and antibacterial agents for several
decades. Their cost-effective price and availability as
compared to gold and silver make them useful in a wide range
of applications. As compared to silver, copper is a weaker
antibacterial agent, but it has a wide range of activity,
specifically against fungi (43). Kamble et al. have
demonstrated a comparative study between native curcumin
and curcumin-capped copper nanoparticles in which curcumin-
capped CuNPs show possible inhibitory effects against breast
cancer cells and angiogenesis in humans (44).

Platinum nanoparticles (PtNPs): Platinum nanoparticles
exhibit some distinct properties, like hydrogenation and
dehydrogenation of several important molecules and catalyzing
partial oxidation, making them appealing candidates in various
industrial applications (45). PtNPs also show promising results
in treating cancer. The effects of PtNPs were investigated on
several cancer cell lines, and their cytotoxic effects on HepG-2
and MCF-7 cell lines were also studied through MTT assay
(46). Several studies were also reported about the role of
PtNPs in bone allografts. It was revealed that PtNPs can
protect cells from oxidation-induced inflammation, leading to
inhibition of pulmonary inflammation and induced bone loss
by reducing osteoclastogenesis (47). Reactive oxygen species,
or ROS, are small molecules of free radicals, peroxide, or
oxide ions that are produced during normal body functions.
Excessive production of ROS is associated with several body
disorders like asthma, aging, neurodegenerative disorders,
diabetes, and arthritis (48). PtNPs exhibit promising
antioxidant effects. PtNPs can give protection against bone
loss by modulating oxidative stress (49). However, it was
reported that PtNPs can exhibit toxicity on normal living cell
lines. Therefore, preparation of biocompatible PtNPs for
cancer therapy is a challenging task (50). Apart from the
toxicity, platinum group metals show promising potential to
treat parasitic diseases in the future (51). Table 1 summarizes
some metallic nanoparticles and their actions against specific
parasites.

Titanium nanoparticles (TiO,NPs): Titanium (Ti) is the ninth
most plentiful element found in the crust of Earth. The oxide
form of titanium metal is well known as TiO, or titania.
Titanium dioxide nanoparticles (TiO, NPs) show some distinct
properties like a high refractive index, strong oxidation
properties, cost-effectiveness, formidable oxidation properties,
and chemical stability, making them ideal for various
applications (59). TiO, NPs exhibit a synergistic effect on
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breast cancer cell lines when they are conjugated with e
doxorubicin (60). The TiO, NPs also serve as a photoactive
carrier for various drug deliveries because of their low cost,
availability, high surface area, and surface modification (61).
Recently, TiO, NPs have also utilized as an anticoagulant in
the medicinal field (62). TiO,-based biosensors are also used to
detect protein, DNA, RNA, lipid, and metabolite biomarkers
(63). At present, the usage of multi-layered TiO, NPs has been
introduced in dental implants (64).

Zinc oxide nanoparticles (ZnO NPs): Due to their low
toxicity and biocompatibility, Zinc oxide nanoparticles (ZnO
NPs) have gained popularity over the last 20 years. ZnO NPs
have been employed in several biomedical applications,
including wound healing, tissue engineering, bio-imaging, and
the formation of anti-cancer drugs (64). ZnO NPs also show
influence to control foodborne pathogens (66). In addition,
zinc oxide nanoparticles can be used to treat diabetes due to
their biocompatibility and physicochemical properties (67).
Additionally, ZnO nanoparticles also exhibit substantial
toxicity to cancer cells in vitro as well as activated T cells (68).
Furthermore, ZnO NPs may induce ROS that specifically
cause damage to harmful bacterial cells (69).

CONCLUSION

In this review, we have given insights about metallic
nanoparticles, their unique properties, and their vital role in
biomedical fields. The rapid development of MNPs and their
diversified roles gives a glimmer of hope for a better quality of
life. Their robust roles as nanocarriers for drug delivery
establish them as new pharmaceutical tools, especially in the
case of cancer, inflammatory diseases, diabetes, and microbial
diseases. Although there are some reports about the toxic
effects of MNPs on their surroundings or living systems. Apart
from their multidimensional role, it becomes a hindrance to
improving their efficacy by reducing their toxic effects.
Moreover, nanotechnology is continuously working to find out
efficient metal-based nanoparticles with improved formulas
through modifying their size, shape, and surface coating to
reduce the toxicity of MNPs. It is also well established that
metallic nanoparticles have huge applications in different
biomedical fields, but keeping in mind their toxicity and
effectiveness, modern-day nanoscientists are trying to
synthesize MNPs from different green sources to increase their
effectiveness and diminish their toxicity. However, in recent
times, the application of nanoparticles in the biomedical field
is still in its early phase. Their infallible utilization in
medicine, especially in drug delivery systems, requires in-
depth research and further exploration.
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Key Points

Metallic nanoparticles such as AgNPs, AuNPs,ZnNPs exhibit
some unique physicochemical properties which make them
functionalized in various aspects of biomedicinal fields.
Metallic nanoparticles are used for multifarious applications,
including antimicrobial agents, bioimaging, drug delivery, and
therapeutics.

The multidimensional role, efficiency and target specific
properties of metallic nanoparticles make them a potent agent
in a specific drug delivery system for many diseases.

ACKNOWLEDGEMENT

The authors are grateful to the Department of Zoology,
Diamond Harbour Women’s University, for granting
permission to carry out this review work.

Statements and Declarations: The authors have no conflicts
of interest to declare that are relevant to the content of this
article.

Author’s Contributions: All the authors have equally
contributed to the successful writing of this review. The
manuscript has been read and approved by all authors.

REFERENCES

1. Kim BY, Rutka JT, Chan WC (2010) Nanomedicine. N
Engl J Med 363(25):2434-2443. https://doi.org/10. 1056/
NEJ Mra 0912273

2. Mody VV, Nounou MI, Bikram M (2009) Novel
nanomedicine-based MRI contrast agents for gynecological
malignancies. Adv Drug Deliv Rev 61(10):795-807.
https://doi.org/10.1016/j.addr.2009.04.020

3. Shi J, Votruba AR, Farokhzad OC, Langer R (2010)
Nanotechnology in drug delivery and tissue engineering:
from discovery to applications. Nano Lett 10(9):3223-30.
https://doi.org/10.1021/n1102184c

4. Qadri S, Abdulrehman T, Azzi J, Mansour S (2019) Haik Y.
AgCuB nanoparticle eradicates intracellular S. aureus
infection in bone cells: in vitro. Emerg Maters 2(2):219-31.
https://doi.org/10.1007/s42247-019-00035-7

5. Yaqoob AA, Umar K, Ibrahim MN (2020) Silver
nanoparticles: various methods of synthesis, size affecting
factors and their potential applications—a review.
ApplINanosci 10(5):1369-78.
https://doi.org/10.1007/s13204-020-01318-w

6. Ibrahim Khan KS, Khan I (2019) Nanoparticles: Properties,
applications and toxicities. Arab J Chem 12(7):908-31.
https://doi.org/10.1016/j.arabjc.2017.05.011

7. Singh M, Manikandan S, Kumaraguru AK (2011)
Nanoparticles: a new technology with wide applications. R
J Nanosci Nanotechnol 1(1): 1-1.
https://doi.org/10.3923/rjnn.2011.1.11

8. Mody VV, Siwale R, Singh A, Mody HR (2010)
Introduction to metallic nanoparticles. J Pharm Bioallied
Sci 2(4):282-9. https://doi.org/10.4103/0975-7406.72127

9. Arvizo RR, Bhattacharyya S, Kudgus RA, Giri K,
Bhattacharya R, Mukherjee P (2012) Intrinsic therapeutic
applications of noble metal nanoparticles: past, present and
future. ChemSoc Rev 41(7):2943-70.
https://doi.org/10.1039/c2cs15355f

10. Nath D, Banerjee P (2013) Green nanotechnology — a new
hope for medical biology. Environ Toxicol Pharmacol
36(3):997-1014. 10.10. https://doi.org/10. 1016/j. etap.
2013.09.002

11. Chandrakala V, Aruna V, Angajala G (2022) Review on
metal nanoparticles as nanocarriers: current challenges and
perspectives in drug delivery systems. Emergent Mater



33804

International Journal of Current Research, Vol. 17, Issue, 07, pp.33800-33806, July, 2025

5(6):1593-1615.
00335-x

12.Singh P, Kim YJ, Zhang D, Yang DC (2016) Biological
Synthesis  of  Nanoparticles  from  Plants and
Microorganisms. Trends Biotechnol 34(7):588-599. https://
doi.org/ 10.1016/j.tibtech.2016.02.006

13.Neha Desai, Momin M, Khan T, Gharat S, Ningthoujam
RS, Omri A (2021) Metallic nanoparticles as drug delivery
system for the treatment of cancer. Expert Opin Drug Deliv
18(9):1261-1290.
https://doi.org/10.1080/17425247.2021.1912008

14.Zhou J, Vijayavenkataraman S (2021) 3D-printable
conductive materials for tissue engineering and biomedical
applications. Bioprinting 24: e00166. https://doi.org/
10.1016/j.bprint.2021.e00166

15.Jin C, Wei J (2023) The combined effect of water and
nanoparticles on diesel engine powered by biodiesel and its
blends with diesel: A review. Fuel. 343:127940.
https://doi.org/10.1016/j.fuel.2023.127940

16.Parveen S, Misra R, Sahoo SK (2012) Nanoparticles: a
boon to drug delivery, therapeutics, diagnostics and
imaging. Nanomedicine 8(2):147-66.
https://doi.org/10.1016/j.nan0.2011.05.016

17.Noruzi M, Zare D, Khoshnevisan K, Davoodi D (2011)
Rapid green synthesis of gold nanoparticles using Rosa
hybrida petal extract at room temperature. Spectrochim
Acta A Mol Biomol Spectrosc  79(5):1461-5.
https://doi.org/ 10.1016/j.saa.2011.05.001

18. Vert M, Doi Y, Hellwich KH, Hess M, Hodge P, Kubisa P,
Rinaudo M, Schu¢ F (2012) Terminology for biorelated
polymers and applications (IUPAC Recommendations
2012). Pure Appl Chem.84(2):377-410. http://dx.doi.org/
10.1351/ PAC-REC-10-12-04

19.Jain PK, Huang X, El-Sayed IH, El-Sayed MA (2008)
Noble metals on the nanoscale: optical and photothermal
properties and some applications in imaging, sensing,
biology, and medicine. AccChem Res. 41(12):1578-86.
https://doi.org/10.1021/ar7002804

20.Lee KS, El-Sayed MA (2006) Gold and silver nanoparticles
in sensing and imaging: sensitivity of plasmon response to
size, shape, and metal composition. J PhysChem B
110(39):19220-5. https://doi.org/10.1021/jp062536y

21.Sau TK, Rogach AL, Jackel F, Klar TA, Feldmann J (2010)
Properties and applications of colloidal nonspherical noble
metal nanoparticles. Adv  Mater 22(16):1805-25.
https://doi.org/10.1002/adma.200902557

22 Ritter SK (2015) EPA analysis suggests green success.
Chem. Eng. News 93(5):32-3. https://doi.org/10.1021/cen-
09305-scitechl

23.Nasrollahzadeh, M., Issaabadi, Z., &Sajadi, S. M (2018)
Green synthesis of a Cu/MgOnanocomposite by
Cassythafiliformis L. extract and investigation of its
catalytic activity in the reduction of methylene blue, congo
red and nitro compounds in aqueous media. RSC advances
8(7), 3723-3735. https://doi.org/10.1039/c7ral3491f

24 Isaacoff BP, Brown KA (2017) Progress in Top-Down
Control of Bottom-Up Assembly. Nano Lett 17(11):6508-
6510. https://doi.org/10.1021/acs.nanolett.7b04479

25.Mohanpuria P, Rana NK, Yadav SK (2008) Biosynthesis of
nanoparticles:  technological concepts and future
applications. J Nanoparticle Res 10:507-17.
https://doi.org/10.1007/s11051-007-9275-x

26.Chernousova S, Epple M (2013) Silver as antibacterial
agent: ion, nanoparticle, and metal. AngewChemInt Ed

https://doi.org/10.1007/s42247-021-

Engl.52(6):1636-53.
https://doi.org/10.1002/anie.201205923

27.Gurunathan, S., Park, J. H., Han, J. W., & Kim, J. H (2015)
Comparative assessment of the apoptotic potential of silver
nanoparticles synthesized by Bacillus tequilensis and
Calocybeindica in MDA-MB-231 human breast cancer
cells: targeting p53 for anticancer therapy International
journal of nanomedicine, 4203-4223.
https://doi.org/10.2147/IJN.S83953

28. Vanlalveni C, Ralte V, Zohmingliana H, Das S, Anal JMH,
Lallianrawna S, Rokhum SL (2024) A review of microbes
mediated biosynthesis of silver nanoparticles and their
enhanced antimicrobial activities. Heliyon 10(11): €32333
https://doi.org/10.1016/j.heliyon.2024.e32333

29.Morones JR, Elechiguerra JL, Camacho A, Holt K, Kouri
JB, Ramirez JT, Yacaman MJ (2005) The bactericidal effect
of silver nanoparticles. Nanotechnology 16(10):2346-53.
https://doi.org/10.1088/0957-4484/16/10/059

30.Kim JS, Kuk E, Yu KN, Kim JH, Park SJ, Lee HJ, Kim SH,
Park YK, Park YH, Hwang CY, Kim YK, Lee YS, Jeong
DH, Cho MH (2007) Antimicrobial effects of silver
nanoparticles. Nanomedicine 3(1):95-101. https:// doi.org/
10. 1016/j.nan0.2006.12.001

31.Li WR, Xie XB, Shi QS, Zeng HY, Ou-Yang YS, Chen YB
(2010) Antibacterial activity and mechanism of silver
nanoparticles on Escherichia coli. Appl Microbiol
Biotechnol ~ 85(4):1115-22. https://doi.org/10.
1007/s00253-009-2159-5

32.Ogar A, Tylko G, Turnau K (2015) Antifungal properties of
silver nanoparticles against indoor mould growth. Sci Total
Environ  521-522:305-14. https://doi.org/10.1016/
j.scitotenv. 2015.03.101

33. Xiang DX, Chen Q, Pang L, Zheng CL (2011) Inhibitory
effects of silver nanoparticles on HIN1 influenza A virus in
vitro. J Virol Methods 178(1-2):137-42. https://doi.org/
10.1016/ j.jviromet.2011.09.003

34.Balmain A, Gray J, Ponder B (2003) The genetics and
genomics of cancer. Nature Genetics 33 Suppl:238-44.
https://doi.org/10.1038/ng1107

35.York J, Spetzler D, Hornung T, Ishmukhametov R, Martin
J, Frasch WD (2007) Abundance of Escherichia coli F1-
ATPase molecules observed to rotate via single-molecule
microscopy  with  gold  nanorod  probes. J
BioenergBiomembr 39(5-6):435-
9.https://doi.org/10.1007/s10863-007-9114-x

36.Jain S, Hirst DG, O’Sullivan JM (2012) Gold nanoparticles
as novel agents for cancer therapy. Br J Radiol
85(1010):101-13. https://doi.org/10.1259/bjr/59448833 .

37.Gu H, Ho PL, Tong E, Wang L, Xu B (2003) Presenting
vancomycin on nanoparticles to enhance antimicrobial
activities. Nano Lett 3(9):1261-1263.
https://doi.org/10.1021/n1034396z

38.Tiloke C, Phulukdaree A, Anand K, Gengan RM,
Chuturgoon AA  (2016)  Moringaoleifera ~ Gold
Nanoparticles Modulate Oncogenes, Tumor Suppressor
Genes, and Caspase-9 Splice Variants in A549 Cells. J Cell
Biochem 117(10):2302-14.
https://doi.org/10.1002/jcb.25528

39.Klgbowski B, Depciuch J, Parlinska-Wojtan M, Baran J
(2018) Applications of Noble Metal-Based Nanoparticles in
Medicine. Int J MolSci 19(12):4031.
https://doi.org/10.3390/ijms 19124031

40. Yokoyama M (2014) Polymeric micelles as drug carriers:
their lights and shadows. J Drug Target.22(7):576-83.
https://doi.org/10.3109/1061186X.2014.934688



33805

Lisa Basu et al. Biomedical roles of some potent metallic nanoparticles: a review

41.Ismail RA, Sulaiman GM, Abdulrahman SA, Marzoog TR
(2015) Antibacterial activity of magnetic iron oxide
nanoparticles synthesized by laser ablation in liquid. Mater
SciEng C Mater BiolAppl 53:286-97. https://doi.org/
10.1016/j.msec.2015.04.047

42.Rafi MM, Ahmed KS, Nazeer KP, Siva Kumar D,
Thamilselvan M (2015) Synthesis, characterization and
magnetic properties of hematite (a-Fe203) nanoparticles
on polysaccharide templates and their antibacterial activity.
ApplNanosci 5(4):515-20. https://doi.org/10.1007/s13204-
014-0344-z

43.Cioffi N, Torsi L, Ditaranto N, Tantillo G, Ghibelli L,
Sabbatini L, Bleve-Zacheo T, D’Alessio M, Zambonin PG,
Traversa E  (2005) Copper nanoparticle/polymer
composites with antifungal and bacteriostatic properties.
Chem Mater 17(21):5255-5262. https://doi.org/ 10.1021/
cm0505244

44.Kamble S, Utage B, Mogle P, Kamble R, Hese S, Dawane
B, Gacche R (2016) Evaluation of Curcumin Capped
Copper Nanoparticles as Possible Inhibitors of Human
Breast Cancer Cells and Angiogenesis: A Comparative
Study with Native Curcumin. AAPS PharmSciTech.
17(5):1030-41. https://doi.org/10.1208/s12249-015-0435-5

45.Gopal J, Hasan N, Manikandan M, Wu HF (2013) Bacterial
toxicity/compatibility of  platinum nanospheres,
nanocuboids and nanoflowers. Sci Rep 3:1260.
https://doi.org/10.1038/srep01260

46. Mohammadi H, Abedi A, Akbarzadeh A, Mokhtari MJ,
Shahmabadi HE, Mehrabi MR, Javadian S, Chiani M
(2013) Evaluation of synthesized platinum nanoparticles on
the MCF-7 and HepG-2 cancer cell lines. Intnanolett 3:1-5.
https://doi.org/10.1186/2228-5326-3-28

47.Moreira AJ, Lopera S, Ordonez N, Mansano RD (2012)
Platinum nanoparticle deposition on polymeric membranes
for fuel cell applications. J Phys: ConfSer (Vol. 370, No. 1,
p- 012030). IOP Publishing. https://doi.org/10.1088/1742-
6596/370/1/012030

48.Hikosaka, K., Kim, J., Kajita, M., Kanayama, A., &
Miyamoto, Y (2008) Platinum nanoparticles have an
activity similar to mitochondrial NADH: ubiquinone
oxidoreductase. Colloids and Surfaces B: Biointerfaces
66(2), 195-200.
https://doi.org/10.1016/j.colsurfb.2008.06.008

49.0breja L, Pricop D, Foca N, Melnig V (2010) Platinum
nanoparticles synthesis by sonoelectrochemical methods.
Mater Plast 47:42-7. ( Google Scholar)

50.Wang Z, Chen L, Huang C, Huang Y, Jia N (2017)
Albumin-mediated platinum nanocrystals for in vivo
enhanced computed tomography imaging. J Mater Chem B
5(19):3498-3510. https://doi.org/10.1039/c7tb00561j

51. Mendez-Arriaga JM (2025) Platinum Group Metals against
Parasites: State of the Art and Future Perspectives. Med
Chem 21(1):2-10. https://doi.org/10.2174/01 15734064324
855240 806 052735

52.Ali A, Ambreen S, Javed R, Tabassum S, UlHaq I, Zia M
(2017) ZnO nanostructure fabrication in different solvents

transforms physio-chemical, biological and
photodegradable properties. Mater SciEng C Mater
BiolAppl 74:137-145.

https://doi.org/10.1016/j.msec.2017.01.004

53.Krél G, Fortunka K, Majchrzak M, Piktel E, Paproska A,
Lesiak A, Karasinski M, Strzelecka A, Durna$ B, Bucki R
(2023 Metallic Nanoparticles and Core-Shell Nanosystems
in the Treatment, Diagnosis, and Prevention of Parasitic

Diseases. Pathogens
https://doi.org/10.3390/pathogens 12060838
54. Aderibigbe BA (2017) Metal-Based Nanoparticles for the
Treatment of Infectious Diseases. Molecules 22(8):1370.
https://doi.org/10.3390/molecules22081370.
55.Jacob Inbaneson S, Ravikumar S (2013) In vitro
antiplasmodial activity of PDDS-coated metal oxide

12(6):838.

nanoparticles against Plasmodium falciparum.
ApplNanosci 3:197-201. https://doi.org/10.1007/s13204-
012-0130-8

56.Dkhil MA, Khalil MF, Diab MSM, Bauomy AA, Al-
Quraishy S (2017) Effect of gold nanoparticles on mice
splenomegaly induced by Schistosomiasismansoni. Saudi J
BiolSci 24(6):1418-1423.
https://doi.org/10.1016/j.sjbs.2016.12.017

57.Rashid MM, Ferdous J, Banik S, Islam MR, Uddin AH,
Robel FN (2016) Anthelmintic activity of silver-extract
nanoparticles synthesized from the combination of silver
nanoparticles and M. charantia fruit extract. BMC
Complement Altern Med 16:242.  https://doi.org/
10.1186/512906-016-1219-5

58.Kar, P. K., Murmu, S., Saha, S., Tandon, V., & Acharya, K.
(2014). Anthelmintic efficacy of gold nanoparticles derived
from a phytopathogenic fungus, Nigrosporaoryzae. PloS
one, 9(1), e84693. https://doi.org/10.1371/ journal.
pone.0084693

59. Aslam M, Abdullah AZ, Rafatullah M (2021) Recent
development in the green synthesis of titanium dioxide

nanoparticles using plant-based biomolecules for
environmental and  antimicrobial applications. J
IndEngChem 98:1-16.

https://doi.org/10.1016/j.jiec.2021.04.010

60. Akram MW, Raziq F, Fakhar-e-Alam M, Aziz MH,
Alimgeer KS, Atif M, Amir M, Hanif A, Farooq WA (2019)
Tailoring of Au-TiO2 nanoparticles conjugated with
doxorubicin  for their synergistic response and
photodynamic  therapy  applications.  Journal  of
Photochemistry and  Photobiology A:  Chemistry
384:112040. https://doi.org/10.10 16/j.
jphotochem.2019.112040

61.Nesi’c, M.D.; Zakula, J.; Kori'canac, L. Stepi'c, M.;
Radoi“ci’c, M.; Popovi'c, L; Saponji'c, Z.V.; Petkovi'c, M
(2017) Light controlled metallo-Drug delivery system
based on the TiO2-nanoparticles and Ru-complex.Journal
of Photochemistry and Photobiology A: Chemistry 347,
55-66. https://doi.org/10.1016/j.jphotochem.2017.06.045

62.Lingaraju K, Basavaraj RB, Jayanna K, Bhavana S,
Devaraja S, Swamy HK, Nagaraju G, Nagabhushana H,
Naika HR (2021) Biocompatible fabrication of TiO2
nanoparticles: Antimicrobial, anticoagulant, antiplatelet,
direct hemolytic and cytotoxicity properties.
InorgChemCommun 127:108505.
https://doi.org/10.1016/j.inoche.2021.108505

63. Atchudan R, Muthuchamy N, Edison TNJI, Perumal S,
Vinodh R, Park KH, Lee YR (2019) An ultrasensitive
photoelectrochemical biosensor for glucose based on bio-
derived nitrogen-doped carbon sheets wrapped titanium
dioxide nanoparticles. BiosensBioelectron 126:160-169.
https://doi.org/10.1016/j.bios.2018.10.049

64.Yang WE, Huang HH (2019) Multiform TiO2 nano-
network enhances biological response to titanium surface
for dental implant applications. Appl Surf Sci 471:1041-52.
https://doi.org/10.1016/J.APSUSC.2018.11.244

65.1gbal J, Abbasi BA, Mahmood T, Kanwal S, Ahmad R,
Ashraf M (2019) Plant-extract mediated green approach for



33806 International Journal of Current Research, Vol. 17, Issue, 07, pp.33800-33806, July, 2025

the synthesis of ZnONPs: Characterization and evaluation 68. PHanley C, Layne J, Punnoose A, Reddy KM, Coombs I,

of cytotoxic, antimicrobial and antioxidant potentials. J Coombs A, Feris K, Wingett D (2008) Preferential killing
MolStruct 1189:315-27. of cancer cells and activated human T cells using ZnO
https://doi.org/10.1016/j.molstruc.2019.04.060 nanoparticles. Nanotechnology 19(29):295103.
66.Zhou XQ, Hayat Z, Zhang DD, Li MY, Hu S, Wu Q, Cao https://doi.org/10.1088/0957-4484/19/29/295103

YF, Yuan Y (2023) Zinc oxide nanoparticles: synthesis,  69.Liu Y, He L, Mustapha A, Li H, Hu ZQ, Lin M (2009)
characterization, modification, and applications in food and Antibacterial activities of zinc oxide nanoparticles against
agriculture. Proc 11(4):1193. https://doi.org/ 10.3390/ prll Escherichia coli O157:H7. J ApplMicrobiol 107(4):1193-
041193 201. https://doi.org/10.1111/.1365-2672.2009.04303.x.

67. Hussein J, Attia MF, El Bana M, El-Daly SM, Mohamed N,
El-Khayat Z, El-Naggar ME (2019) Solid state synthesis of
docosahexaenoic acid-loaded zinc oxide nanoparticles as a
potential antidiabetic agent in rats. Int J BiolMacromol
140:1305-1314. https://doi.org/10. 1016/j. ijbiomac. 2019.
08.201

sk skoskosk kook



