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Introduction

Over the past two decades, nanotechnology has utterly revo-
lutionized how medicine is delivered by providing new tools to
improve localization and accuracy for therapeutic applications.
In particular, self-destructing nanoparticles represent a clever
twist around controlled release systems and targeted medicine
delivery. The current tools suffer from various limitations that
include non-specific distribution, rapid clearance from the body
and systemic toxicity. For the treatment of challenging diseases
such as cancer, for example with limited therapeutic windows or
a high likelihood that off-target effects could result in substan-
tial side-effects these adverse outcomes become worrisome
[1,2]. Self-eliminating nanoparticles address these issues by en-
abling drugs to be delivered precisely where they are needed
while providing triggerable functions that enhance therapeutic
efficacy and limit collateral damage. Despite its simplicity, self-
destructing nanoparticles have an exceptional kill rate. These
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Abstract

This review is provided a detailed information about the
introduction, mechanisms of self- destructive nanoparticles,
benefits of nanoparticles, future perspectives and differ-
ent types of applications of self-destructive nanoparticles.
Nanoparticles are tiny materials having size ranges from 1 to
100 nm. They can be classified into different classes based
on their properties, shapes or sizes. Nanoparticles possess
unique physical and chemical properties due to their high
surface area and nanoscale size. Their optical properties are
reported to be dependent on the size, which imparts differ-
ent colours due to absorption in the visible region. Their re-
activity, toughness and other properties are also dependent
on their unique size, shape and structure. Due to these char-
acteristics, they are suitable candidates for various com-
mercial and domestic applications, which include catalysis,
imaging, medical applications, energy-based research, and
environmental applications. However, nanoparticles also
bring with them unique environmental and societal chal-
lenges, particularly in regard to toxicity.

nanoparticles are engineered to degrade or unbind by encoun-
tering particular biological, (degradable) or environmental
stimuli. These are triggered by physiological cues such as pH,
temperature, redox potential or enzyme activity that can dif-
fer markedly between healthy and diseased tissues [3-5]. This
response is necessary to protect the therapeutic cargo from re-
leasing or being degraded in circulation, thus maintaining the
stability of nanoparticles during systemic travel. Preceded with
passing step of addressing that followed by the ability to com-
municate, targeted drug delivery systems are designed so they
transport nanoparticles intact only before reaching specific tis-
sue where acidity, or enzyme expression differences from nor-
mal tissues and then start degradation [6-8].

For example, tumours in cancer therapy often contain an
acidic environment and abnormally high levels of specific en-
zymes (Matrix Metallo Proteinases [MMPs]) Nanoparticles that
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respond to these stimuli by disintegrating can be designed so
they will only release into the tumour, thereby minimizing sys-
temic toxicity and improving therapeutic outcomes for patients
[9-10]. In addition, redox-sensitive nanoparticles take advan-
tage of the presence of high levels of Reactive Oxygen Species
(ROS) in cancer cells, promoting breakdown and drug release
from these polymeric carriers under [11] or inside [12] oxidiz-
ing environments. By creating such nanoparticles, you not only
enhance precision in drug delivery but also a new era of per-
sonalized & adaptive therapeutic strategies wherein treatments
can be customised based on the unique biochemistry of each
patient. Beyond cancer, self-destructing nanoparticles have
great potential for many other uses including inflammatory dis-
orders, infectious diseases, and cardiovascular ailments. From
small Molecule to Pharmaceutical biological including proteins,
peptides, and nucleic acids [13-15], their adaptability makes
them perfect for delivering a great range of therapeutic agents.
Moreover, self-destructive nanocarriers are being investigation
for *thoracoscopic* uses, in which case they may integrate di-
agnostic and therapeutic purposes into one platform. This pro-
vides a dynamic and complete method of therapy as it allows
real-time monitoring of medication release and illness develop-
ment [16,17].

Unique Properties
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Risk and Toxicities

Including *biodegradable* components guarantee that,
after their delivery of their payload, self-destructing nanopar-
ticles safely breakdown and are cleared from the body. This
lowers the possibility of long-term toxicity or accumulation in
tissues, therefore addressing a possible problem with non-bio-
degradable nanoparticles [18,19]. Commonly employed materi-
als in the building of these nanoparticles include poly (lactic-
co-glycolic acid) (PLGA), Polyethylene Glycol (PEG), and other
biopolymers, therefore providing biocompatibility and adjust-
able degradation profiles fit for particular therapeutic demands
[20-22].

All things considered, self-destructing nanoparticles mark a
major breakthrough in drug delivery technologies as they allow
highly focused, regulated, safe therapeutic systems. By utilizing
the particular properties of sick tissues and combining biode-
gradable elements, these nanoparticles provide a potent plat-
form for boosting therapy effectiveness while reducing adverse
effects. As research continues, the future of self-destructing
nanoparticles has immense promise, not just in cancer treat-
ment but also across a broad spectrum of medicinal uses.

Mechanism of action

Self-destructing nanoparticles are created to disintegrate or
deconstruct in reaction to particular physiological processes,
enabling precise medicine delivery. The degradation may be
produced by several sources, including pH fluctuations, enzy-
matic activity, oxidative stress, or temperature shifts. These
triggers provide controlled release of drugs at the target area,
reducing harm to healthy tissues.

pH-responsive degradation

Many malignancies and inflammatory tissues have an acidic
microenvironment. pH-responsive nanoparticles are created
to disintegrate when exposed to the reduced pH in these ar-
eas. Materials such as poly (lactic-co-glycolic acid) (PLGA) and
poly (B-amino esters) degrade quickly under acidic circum-
stances, releasing their therapeutic payloads specifically in the
targeted location [1,2]. For example, pH-sensitive nanocarriers
breakdown in acidic tumour microenvironments, triggering the
release of encapsulated medications directly into cancer cells
[3,4].

Enzyme-triggered disassembly

Enzymes that are over expressed in particular illnesses may
function as effective triggers for nanoparticles disintegration.
For instance, Matrix Metallo Proteinases (MMPs), which are fre-
quent in tumours, may shatter peptide bonds within nanopar-
ticles, leading to the release of their contents. This enzymatic
breakdown allows the Nanoparticles to respond selectively to
diseased cells while keeping stable in healthy surrounds [5,6].

Redox-Responsive Mechanisms

Oxidative stress, characterized by high levels of Reactive
Oxygen Species (ROS), is a feature of many disorders, includ-
ing cancer and cardiovascular difficulties. Redox-responsive
nanoparticles are engineered to disintegrate in the presence of
high ROS levels, releasing their therapeutic contents selectively
in the sick areas. These nanoparticles often have disulfide con-
nections that are disrupted in a reducing environment, leading
to disintegration and drug release [7,8].

Thermo-responsive disassembly

Temperature-sensitive nanoparticles are designed to de-
grade or modify their structural form in response to tempera-
ture differences. This is notably useful in hyperthermia therapy,
where localized heating of tumour tissues may promote the
release of medications from the nanoparticles. Thermo-respon-
sive materials such as poly (N-isopropyl acrylamide) (PNIPAM)
are widely employed to produce nanoparticles that respond to
changes in temperature [9,10].

Benefits

Self-destructing nanoparticles give considerable benefits in
targeted drug administration, giving increased therapeutic ac-
curacy and decreased adverse effects. Some of the primary ad-
vantages include:

Targeted and controlled drug release

Self-destructing nanoparticles are intended to release their
therapeutic payload in response to certain biological stimuli like
pH, enzymes, or redox conditions, guaranteeing the medicine is
delivered exactly at the place of interest. This precision target-
ing considerably lowers off-target effects and boosts the effi-
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ciency of therapy, notably in cancer where surrounding healthy
tissues are commonly destroyed by traditional medicines [1-3].

Minimized toxicity and side effects

These nanoparticles may release medications in a regulated
way at the illness site, decreasing systemic exposure and mini-
mizing adverse effects. For example, pH-responsive nanopar-
ticles might release chemotherapeutic medicines in the acidic
environment of a tumour, sparing healthy tissues and lowering
toxicity [4,6].

Biodegradability and Reduced Accumulation

Nanoparticles are commonly produced from biodegradable
materials like PLGA, which break down into non-toxic metabo-
lites that the body can reject naturally. This helps avoid long-
term build-up in organs such as the liver or kidneys, which is
a typical concern with non-biodegradable nanoparticles [7,8].

Enhanced Patient Compliance

By managing the release of therapeutic substances, self-de-
structing nanoparticles may lower the frequency of medication
delivery. This is especially important for patients with chronic
conditions, because frequent dosage may lead to poor patient
compliance. Sustained medication release from these nanopar-
ticles promotes convenience and quality of life for patients [5,9].

Stimuli-Responsive Precision

These nanoparticles are activated by certain physiological
situations such pH shifts, enzyme over expression, or redox en-
vironments observed in sick tissues. This guarantees that the
medicine is delivered just where and when it is required, boost-
ing therapeutic accuracy [10,11].

jcative Diseases
o ovascular, diabetes

Multifunctionality and co-delivery of therapeutics

Self-destructing nanoparticles may be created to deliver
numerous medications concurrently or to mix therapeutic and
diagnostic substances (theragnostic). This multifunctionality is
especially helpful for individualized medicine and enables for
more complete treatment options [12,13].

Improved bioavailability

Nanoparticles may boost the bioavailability of poorly soluble
medicines, enhancing their therapeutic effectiveness. Encap-
sulating these medications in nanoparticles provides greater
absorption and larger concentrations at the target location, in-
creasing therapeutic results [14,15].

Future perspectives

However, there are also several challenges and potential
future directions for developing and using nanoparticles. One
major challenge is synthesizing and processing nanoparticles
with precise size and shape control [23]. Many methods for
synthesizing nanoparticles involve high temperatures and harsh
chemical conditions, which can be challenging to scale up for
large-scale production. In addition, the size and shape of the
nanoparticles can significantly impact their properties and po-
tential applications, so it is essential to synthesize nanoparticles
with precise size and shape control. Another challenge is the
environmental impact of nanoparticles.

In terms of future directions, one promising area is the use
of different types of nanoparticles for energy storage, conver-
sion, and protection of the environment. For example, metal
nanoparticles could be used to improve batteries’ performance
or develop more efficient solar cells [23]. There is also ongoing
research on nanoparticles in medicine, including drug delivery
and cancer therapy.

Currently, huge numbers of theoretical and experimental
literature studies of nanomaterials and nanotechnology have
been witnessed. Future technologies depend upon how effec-
tively materials can be manipulated on the nanoscale for vari-
ous applications. However, at the same time, the development
and effective utilization of nanomaterials involve many chal-
lenges. Some of the critical challenges are mentioned below:

(a) The presence of defects in nanomaterials can affect their
performance and their inherent characteristics can be compro-
mised. For instance, carbon nanotubes are one of the strongest
materials that are known. However, impurities, discontinuous
tube lengths, defects, and random orientations can substantial-
ly impair the tensile strength of carbon nanotubes.

(b) Nanomaterials utilization in industry is being increased,
and there is also demand for nanoscale material production at
higher rates. The extent to which nanoparticles-based materi-
als can contribute to cellular toxicity is unclear. A proper and
systematic understanding of the interaction of nanomaterials
with cells, tissues, and proteins is critical for the safe design and
commercialization of nanotechnology.

The future of advanced technology is linked with advance-
ments in the field of nanotechnology. The dream of clean en-
ergy production is becoming possible with the advancement of
nanomaterials-based engineering strategies. These materials
have shown promising results, leading to new generations of
hydrogen fuel cells and solar cells, acting as efficient catalysts
for water splitting, and showing excellent capacity for hydrogen
storage. Nanomaterials have a great future in the field of nano-
medicine. Nanocarriers can be used for the delivery of thera-
peutic molecules.

Although nanoparticles and nano-drug delivery systems
are widely understood, their actual impact on the healthcare
system- including in the treatment and diagnosis of cancer-re-
mains quite restricted. In the end, the use of nanoparticles will
develop along with our growing understanding of diseases at
the cellular scale or that reflect a nanomaterials- sub cellular
scale equivalent biomarker identification to open up new path-
ways for diagnosis and treatment.

The creation of nanorobots and nanodevices that work in
tissue diagnostic and repair mechanisms with full external
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methods of control has generated a significant amount of at-
tention. But just as with their advantages, nanomedicine’s pos-
sible drawbacks must also be thoroughly investigated, both for
humans and the ecosystem as a whole. Therefore, a thorough
examination of the potential acute or long- term harmful con-
sequences of novel nanomaterials on people and the environ-
ment is necessary. The accessibility of nanomedicine’s would be
another topic of study that requires more study input as they
become more and more Widespread.

Research is ongoing to optimize the design and functional-
ity of these nanoparticles, addressing challenges like stability,
biocompatibility, and production scalability. As the technology
advances, it holds the potential for significant impacts across
multiple industries.

Toxicities in self-destructive nanoparticles

Beside many industrial and medical applications, there are
certain toxicities which are associated with nanoparticles and
other nanomaterials and basic knowledge is required for these
toxic effects to encounter them properly. However, the appli-
cation of Nanoparticles for environmental treatment deliber-
ately injects or dumps engineered. The advantages of magnetic
nanoparticles such as their small size, high reactivity and great
capacity, could become potential lethal factors by inducing ad-
verse cellular toxic and harmful effects, unusual in micron-sized
counter parts. Although some studies have also addressed the
toxicological effects of nanoparticles on animal cells and plant
cells the toxicological studies with magnetic nanoparticles on
plants to date are still limited [24].

The respiratory system represents a unique target for the po-
tential toxicity of nano particles due to the fact that in addition
to being the portal of entry for inhaled particles, it also receives
the entire cardiac output [24].

Due to this binding, some particles generate adverse biologi-
cal outcomes through protein unfolding, fibrillation, thiol cross
linking, and loss of enzymatic activity. Another paradigm is the
release of toxic ions when the thermodynamic properties of
materials favour particles dissolution in a suspending medium
or biological environment.

Nanoparticles tend to aggregate in hard water and seawater
and are greatly influenced by the specific type of organic matter
or other natural particles (colloids) present in fresh water. The
state of dispersion will alter the ecotoxicity, but many a biotic
factors that influence this, such as pH, salinity, and the presence
of organic matters remain to be systematically investigated as
part of eco toxicological studies [23,24].

Toxicity of polymeric and liposomal nanoparticles

This category of nanoparticles is probably the least problem-
atic with respect to toxicity because the particles are very often
typically either made from or covered with natural or highly
biocompatible polymers (such as PEG). In drug delivery applica-
tions, these particles often carry drugs that are cytotoxic by de-
sign (to kill cancer cells) but they are prevented from attacking
other regions of the body by the selective targeting described
earlier in this review.

The incorporation of natural polymers such as chitosan or
natural lipids in the assembly of polymer- or liposome-based
nanoparticles is beneficial because these polymers are not rec-
ognized as being foreign by the body and are readily metabo-
lized nanoparticles made from synthetic polymers can vary

widely in the rate of clearance from the blood stream and ac-
cumulation in Mononuclear Phagocytic System (MPS) organs
(MPS) organs (such as the liver and spleen) depending on poly-
mer type and composition. The incorporation of PEG in the
nanoparticle structure can delay the removal of nanoparticles
from the blood stream, as discussed earlier. PEG-coated par-
ticles are therefore considered to be less toxic than uncoated
particles because they are less likely to saturate the mononu-
clear phagocytic system.

Toxic effects of nanoparticles on health

With the discovery of CNTs, studies on the toxicity of nano
particles to human health began in the 2000s. Since then, re-
searchers have conducted studies to assess the potential ad-
verse effects of nanoparticles exposure on various organs, in-
cluding the lungs, liver, kidneys, and brain. Studies have shown
that nanoparticles can enter the human body through inhala-
tion, ingestion, and skin contact, causing damage to cells, tis-
sues, and organs.

Recent studies have focused on understanding the mecha-
nisms of nanoparticles toxicity and identifying factors that
contribute to their adverse effects. One of the main findings is
that the size, shape, surface area, and chemical composition of
nanoparticles are key determinants of their toxicity. In addition,
the interactions of nanoparticles with biological systems such as
proteins, enzymes, and DNA can affect their toxicity. The next
step in nanoparticles toxicity research is to develop strategies to
mitigate the risks associated with nanoparticles exposure.

This includes developing safe and efficient methods for
nanoparticles synthesis, identifying biomarkers of nanopar-
ticles toxicity, and developing protective measures for workers
in industries that use nanoparticles. In addition, more research
is needed to understand the long-term effects of nanoparticles
exposure on human health and the environment. In conclusion,
nanoparticles are a double-edged sword, as they have the po-
tential to revolutionize fields, but at the same time, they pose
significant health risks. Therefore, it is critical to continue to
study the toxic effects of nanoparticles on human health and to
develop strategies to mitigate these risks.

This part discusses the influence of nanoparticles exposure
on the respiratory system, nervous system, endocrine system,
immune system, and reproductive system, as well as the rela-
tionship with the occurrence and development of tumours. A
multifaceted review of the effects of nanoparticles exposure on
human health has been conducted.

Applications

Some of the important applications are given below by con-
sidering the unique properties of the nanoparticles:

Applications in drugs and medications

Nano-sized inorganic particles of either simple or complex
nature, display unique, physical and chemical properties and
represent an increasingly important material in the develop-
ment of novel nanodevices which can be used in numerous
physical, biological, biomedical and pharmaceutical applica-
tions.

Iron oxide particles such as magnetite (Fe304) or its oxidized
form maghemite (Fe203) are the most commonly employed for
biomedical applications.
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Super paramagnetic iron oxide nanoparticles with appropri-
ate surface chemistry can be used for numerous in vivo appli-
cations such as MRI contrast enhancement, tissue repair, and
immunoassay, detoxification of biological fluids hyperthermia,
drugs delivery and cell separation.

All of these biomedical applications require that the nanopar-
ticles have high magnetization value, a size smaller than 100 nm
and a narrow particle size distribution.

Various polymers have been used in drug delivery research
as they can effectively deliver the drugs to the target site thus
increases the therapeutic benefit, while minimizing side effects.

Targeted drug delivery is also an important potential appli-
cation of nanoparticles. ZnO and nanoparticles were efficiently
used for targeted drug delivery and selective destruction of
tumour cells. Moreover, nanoparticles have been successfully
used in different medical applications such as cellular imaging,
or in biosensors for DNA, carbohydrates, proteins, and heavy
metal ions determination of blood glucose levels, and for medi-
cal diagnostics to detect bacteria and viruses [25].

Applications in manufacturing and materials

Among the nanotechnology consumer products to date,
health fitness products from the largest category, followed by
the electronic and computer category as well as home and
garden category. Nanotechnology has been touted as the next
revolution in many industries including food processing and
packing [25]. The resonance wavelength strong depends on size
and shape of nanoparticles the inter particle distance, and the
dielectric property of the surrounding medium.

Applications in the environment: The increasing area of en-
gineered nanoparticles in industrial and household applications
leads to the release of such materials into the environment
[24,25].

The interaction of contaminants with nanoparticles is depen-
dent on the nanoparticles characteristics, such as size, compo-
sition, morphology, porosity, aggregation/disaggregation and
aggregate structure.

The removal of heavy metals such as mercury, lead, thal-
lium, cadmium and arsenic from natural water has attracted
considerable attention because of their adverse effects on en-
vironmental and human health. Super paramagnetic iron oxide
nanoparticles are an effective sorbent material for this toxic
soft material. Due to their tiny size and distinctive physical and
chemical characteristics, nanoparticles appeal to various envi-
ronmental applications. The properties of nanoparticles and
their advantages are illustrated. The following are some pos-
sible nanoparticles uses in the environment.

Conclusion

Among the numerous limitations of current drug delivery
methods are non-specific distribution, quick clearance from the
body, and systemic toxicity. These nanoparticles are engineered
to break down or disassemble in response to particular biologi-
cal or environmental stimuli. The versatility of these nanoparti-
cles makes them great for delivering a wide array of therapeutic
agents, from small-molecule medications to biologics such as
proteins, peptides, and nucleic acids.

Here we have discussed many of the mechanisms like pH,
patient compliance, biodegradability, bioavailability, minimized
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toxicities and side effects.

Due to their tiny size, nanoparticles have large surface area,
which make them suitable candidate for various applications
[24]. Beside this, the optical properties are also dominant at
that size, which further increase the importance of these ma-
terials in photo catalytic applications. Synthetic techniques can
be useful to control the specific morphology, size and magnetic
properties of nanoparticles. Though nanoparticles are useful
for many applications, but still there are some health hazard
concerns due to their uncontrollable use and discharge to natu-
ral environment, which should be consider for make the use of
nanoparticles more convenient and environment friendly.

Acknowledgment: The author thanks to Dr. T Rama Rao sir,
Principal, Cmr College of Pharmacy, Kandlakoya (V), Medchal
road, Hyderabad, 501401, Telangana for providing the facilities
and guiding us in doing the work.

References

1. Park JH, et al. Biodegradable polymers for modern drug delivery.
J Control Release. 2010; 146(2): 144-148.

2. Mura S, et al. Stimuli-responsive nanocarriers for drug delivery.
Nat Mater. 2013; 12(11): 991-1003.

3. Lee ES, et al. pH-sensitive polymers for tumour-targeted drug
delivery. Adv Drug Deliv Rev. 2013; 65(1): 54-67.

4. Alibolandi M, et al. Enzyme-responsive nanoparticles for target-
ed drug delivery. J Control Release. 2019; 305: 138-154.

5. Danhier F, et al. Tumour microenvironment-responsive nanopar-
ticles. Biomaterials. 2017; 123: 231-248.

6. Zhou Y, et al. pH-responsive nanoparticles for targeted drug de-
livery. Nano Lett. 2020; 20(5): 3752-3760.

7. Zhang S, et al. Biodegradable nanoparticles for cancer therapy.
Adv Mater. 2019; 31(1): 1804504.

8. Sokolova V, et al. Biodegradable nanoparticles for drug delivery.
Biomaterials. 2021; 271: 120687.

9. Chen Y, et al. Sustained release nanoparticles in chronic disease
therapy. ACS Nano. 2020;14(1):411-428.

10.  Kwon IK, et al. Redox-responsive nanoparticles for cancer thera-
py. Biomaterials. 2019; 223: 119484.

Journal of Nanomedicine



MedDocs Publishers

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Patel NR, et al. Multifunctional nanoparticles in theragnostic.
Theragnostic. 2019; 9(7): 1712-1738.

De Jong WH, et al. Drug delivery and diagnostics combined:
Theragnostic. J Control Release. 2015; 211: 85-95.

Liu Z, et al. Enhancing drug solubility and bioavailability with
nanotechnology. Molecular Pharmaceutics. 2016; 13(5): 1599-
1607.

Rosi NL, et al. Nanoparticles in drug delivery. Nat Rev Drug Dis-
cov. 2005; 4(4): 345-361.

Zhang Z, et al. Nanoparticle-based drug delivery systems. J Con-
trol Release. 2020; 328: 814-830.

Lammers T, et al. Theragnostic nanoparticles in personalized
medicine. Adv Drug Deliv Rev. 2010; 62(3): 259-271.

Ghosh SK, et al. Multifunctional nanoparticles for diagnostics
and therapeutic delivery. Biomacromolecules. 2011; 12(2): 347-
364.

Ulbrich K, et al. Targeted drug delivery with polymeric nanopar-
ticles. Adv Drug Deliv Rev. 2016; 101: 34-57.

Duncan R, et al. Biodegradable nanoparticles in drug delivery. J
Control Release. 2010; 148(1): 32-42.

Kamaly N, et al. Degradable nanoparticles for cancer therapy.
Chem Soc Rev. 2012; 41(7): 2971-3010.

Blanco E, et al. Biodegradable polymeric nanoparticles in drug
delivery. Nat Biotechnology. 2015; 33(9): 941-951.

Wang Y, et al. Biocompatibility of nanoparticles in cancer treat-
ment. Adv Mater. 2018; 30(5): 1707630.

Khadijah A Altammar. A review on nanoparticles: Characteris-
tics, synthesis, applications, and challenges. Frontiers in micro-
biology. 2023; 14: 1155622.

Ibrahim khan, Khalidsaeed, Idrees khan. Nanoparticles: Proper-
ties, applications and toxicities, arabian journal of chemistry,
November 2019; 7(12): 908-931.

Nadeem joudeh and dirk Nanoparticle classification, physico-
chemical properties, characterization, applications: A compre-
hensive review for biologists. Journal of nanobiotechnoloy.
2022.

Elizabeth Adjoa Kumah, Raoul Djou Fopa, Saeed Harati, Paul
Boadu, Fatemeh Vida Zohoori et al. Human and environmental
impacts of nanoparticles: A scoping review of the current Litera-
ture. BMC public health. 2023; 23: 059.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Selvakani Prabakaran, Mariappan Rajan. Biosynthesis of
nanoparticles and their roles in numerous areas, comprehensive
analytical chemistry. 2021; 94: 1-47.

Seyed Amirhossein Sadeghi, Ali Akbar Ashkarran, Qianyi Wang,
Guijie Zhu, Morteza Mahmoudi, et al. Mass Spectrometry-Based
Top-Down proteomics in Nanomedicine: Proto form Specific
measurement of protein corona, acs nano. 2024.

Yam Sundar L, Sharma KV. Thermal conductivity enhancement
of Nanoparticles in distilled water. Int J Nanoparticles. 2008;
1(1): 66-77.

Eastman JA, Choi SUS, Li S, Yu W, Thompson LJ. Anomalously
increased Effective thermal conductivities of ethylene glycol-
based nanofluids containing copper nanoparticles. Appl Phys
Lett. 2001; 78(6): 718-20.

Zebarjadi M, Esfarjani K, Shakouri A, Bahk J-H, Bian Z, et al. Effect
of nanoparticle scattering on thermoelectric power factor. Appl
Phys lett. 2009; 94(20): 202105.

Zeng G, Zide JMO, Kim W, Bowers JE, Gossard AC, et al. Cross-
planeSee beck coefficient of Er As: In Ga As/In Ga Al As superlat-
tices. appl Phys. 2007; 101(3): 34502.

Kim W, Singer SL, Majumdar A, Vashaee D, Bian Z, et al. Cross-
plane lattice and electronic thermal conductivities of Er As: In
Gaaqgs/ In Ga Al As superlattices. Appl Phys Lett. 2006; 88(24):
242107.

Likhachev VN, Vinogradov GA, Alymov MI. Anomalous heat ca-
pacity of Nanoparticles. Phys Lett A. 2006; 357(3): 236-9.

Wang L, Tan Z, Meng S, Liang D, Li G. Enhancement of molar heat
capacity of nanostructured AI203. J Nanoparticle Res. 2001;
3(5): 483-7.

Wang L, Tan Z, Meng S, Druzhinina A, Varushchenko RA, et al.
Heat capacity enhancement and thermodynamic properties
of nanostructured amorphous SiO2. J Non Cryst Solids. 2001;
296(1-2): 139-42.

Borel J-P. Thermodynamical size effect and the structure of me-
tallic clusters. Surf Sci. 1981; 106(1-3): 1-9.

Gllseren O, Ercolessi F, Tosatti E. Premelting of thin wires. Phys
Rev B. 1995; 51(11): 7377.

Shim J-H, Lee B-J, Cho YW. Thermal stability of unsupported
gold nanoparticle: A molecular dynamics study. Surf Sci. 2002;
512(3): 262-8.

Naitabdi A, Ono LK, Behafarid F, Cuenya BR. Thermal stability
and Segregation processes in self-assembled size-selected Au x
Fel-x nanoparticles deposited on TiO2 (110): Composition ef-
fects. J Phys Chem C.

Journal of Nanomedicine



