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Abstract: Nanoscience is now used in many clinical and medical
domains, including the treatment of cancer. On the other hand,
many people have cancer and its variants, which have been
rumoured to be inclusive. In actuality, despite the therapeutic
impact, patients have uncomfortable side effects from modern
treatment procedures like chemotherapy, radiation, etc. To address
this severe sickness, researchers and scientists are also trying to
develop and improve treatment alternatives and approaches. These
days, nanotechnology and nanoscience are widely used. Their
various fields, such as nanoparticles, are frequently employed for
a variety of purposes, particularly in imaging, drug delivery, and
diagnostic devices. The release of cancer is significantly impacted
by release mechanisms centered on nanotechnology [1]. The
precision medicine era has led to bottlenecks in traditional
medications, including decreased solubility, reduced absorption,
and particularly ineffective targeting of specific organs or cells. To
address the flaws above, it is critically necessary to find and
implement new techniques or tactics to alter existing medications
or develop new ones. Although there are still numerous
shortcomings, the solubility, absorption, and targeting of
conventional medicines have been significantly enhanced with the
use of nanotechnology through the modification and fabrication
of different kinds of nanoparticles [2].
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I. INTRODUCTION
A. Background

The European Science Foundation’s Forward Look

Nanomedicine defines nanomedicine as “the use of nano-
sized tools for disease diagnosis, prevention, and treatment,
as well as to understand the intricate underlying patho-
physiology of disease better.” Enhancing quality of life is the
ultimate objective [3]. The word nano means “dwarf” in
Greek, while the SI prefix stands for 10— 9 or 0.000000001
[4]. To increase life expectancy by transforming medication
delivery methods, drug development and delivery have
moved from the micro to the nano level over the past few
decades (Figure 1). The concept of nanotechnology was
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First presented by physicist Feynman in his 1959 lecture
“There’s Plenty of Room at the Bottom.” This idea sparked
significant advancements in the field of nanotechnology [5].
This was how the idea of contemporary technology was born.
He is therefore frequently regarded as the founder of modern
nanotechnology. It’s possible that Norio Taniguchi coined the
word “nanotechnology” in 1974 [6]. Humans have utilized
nanomaterials for a long time. The earliest known account of
nanomaterials’ existence was found in 5000-year-old
Ayurvedic literature. The development of different bhasmas,
or ashes, such as Suvarna Bhasma, Rajat Bhasma, Tamra
Bhasma, etc., is thoroughly explained in Ayurveda. Dr.
Samuel Hahnemann developed homoeopathy, a novel
medical treatment [7]. Since the 1990s, the number of FDA-
approved products and nanotechnology-based clinical trials
has increased dramatically [8]. There is great potential for
enhanced illness detection and therapy specificity with
engineered nanomaterials. The limits of traditional delivery
methods, ranging from large-scale problems like
biodistribution to smaller-scale obstacles like intracellular
trafficking, may be addressed by nanotechnology through
methods like cell-specific targeting and molecular transport
to specific organelles [9]. The ability to target tumours by
functionalizing their surface with ligands unique to tumours
(such as transferrin, aptamer, peptides, antibodies, etc.) is
another example of smart nanoparticles [10].
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[Fig.1: Illustration of how Traditional Medications were
Administered without the use of C ERS and Harm was
Done to Healthy Organs or Cells. In Contrast, Modern
Procedures use Nar to Transport Medications to Specific
Parts of the Body [11]]

B. Advanges

1. Precision medicine: One of nanomedicine’s most
significant benefits is its capacity to deliver medications
and other therapeutic agents straight to the illness site. By
using precision medicine, the therapeutic impact of the
medication is maximized

. en
while the danger of R ensiiad
adverse effects is
decreased.
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2. Early diagnosis: Imaging methods based on
nanotechnology, such as computed tomography (CT)
scans and magnetic resonance imaging (MRI), enable
earlier and more precise treatment of illnesses like cancer.

3. Targeted therapy: It is possible to design nanoparticles to
specifically target body tissues or cells, which is
especially helpful in cancer treatment. This method of
focused therapy lowers the possibility of harming healthy
tissues and cells.

4. Better drug delivery: By making drugs more soluble,
bioavailable, and stable, nanoparticles can help improve
drug delivery. This lowers the risk of toxicity and adverse
effects by enabling the use of lower dosages of
medications.

5. Regenerative medicine: Growth factors and other
regenerative medicines can be delivered to injured tissues
using nanoparticles, facilitating tissue regeneration and
repair.

Enhance drug

bioavailability
. Boost

stability

Increase
shelf life

Ease in Easy

adsorption encapsulation

Targeted
therapy

Targeted
DDS

Reduce

Increase .
immune

solubility

Reduce recognition

medicine
degradation

[Fig.2: Aids of using Nanomedicine Platform for
Delivering Drugs to the Tumour Complex [11]]

C. Disadvanges

1. Toxicity: The long-term toxicity of nanoparticles remains
poorly understood, and their application in medicine is
still in its early stages. Specific nanoparticles can build up
in the body and harm tissues and organs, according to
studies.

2. Cost: The creation and manufacturing of nanoparticles
can be costly, which may restrict their accessibility and
affordability.

3. Regulatory obstacles: The development and use of novel
treatments may be hindered by the stringent regulatory
approval requirements for the use of nanomedicine in
humans.

4. Ethical concern: The use of nanomedicine also raises
ethical questions, particularly in fields such as genetic
editing and enhancement.

5. Limited understanding: How nanoparticles and the human
body interact is still mostly unknown. The possible
advantages and hazards of nanomedicine require further
investigation [12].
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D. Size

The body’s cells “see” nanoparticles differently depending
on their size and shape, which determines their distribution,
toxicity, and ability to target [13]. As previously mentioned,
nanoparticles are tiny particles with a high surface area to
volume ratio that range in size from 1 nm to 100 nm. Some
ordinarily inert particles, like gold, become reactive in the
nanoscale range due to this characteristic, which gives
nanoparticles a higher surface area of contact per mass unit
than more bulky particles [14]. Despite all the progress made
thus far, nothing is known about the molecular level of
interactions between cells and nanostructures of specific sizes
[15]. Pits covered with clathrin were implicated in the
internalization of microspheres smaller than 200 nm in
diameter. As particles grew larger, a mechanism based on
internalization mediated by caveolac became evident, and
this became the main entry point for particles with a size of
500 nm [16].

II. SURFACE CHEMISTRY

Nanoparticles’ surface chemistry, including charge or
attached chemical groups, plays a significant role in
determining their reactivity and, eventually, their ability to
influence function [17]. To serve specific functions, the
surface chemistry of several nanoparticles has been altered.
Since DNA and rod-shaped gold nanoparticles (AuNPs) are
charged, they are difficult to penetrate or enter cells [18]. To
increase uptake, the surfaces of both AuNP and DNA have
been coated with lipid layers. Additionally, DNA has been
electrostatically coupled to cationic liposomes to aid in their
transport into the cell [19].

A. Shape

Compared to both spherical and short-rod nanoparticles,
long-rod nanoparticles have a longer bioavailability in
addition to being able to incorporate more particles. Although
there are other shapes, such nanoflowers and nanoprisms,
these could not be as active as nanorods and nanospheres
because of their distinct geometries [20].
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[Fig.3: Physicochemical Properties of Nanoparticles [14]]
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B. Design & Development
i. Material use in Synthesis of NPs
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[Fig.4: Material use in Nanoparticles Synthesis [21]]
ii. Synthesis Technique of Nanoparticles

= Biological Synthesis: The simplest, most sustainable,
nontoxic, and environmentally benign method of creating
nanoparticles of the required quality is biological
synthesis. Plants, bacteria, yeast, and fungi are used in this
method to make nanoparticles. Nanoparticles can be
synthesised both intracellularly and extracellularly using
unicellular and multicellular methods.

= Biological synthesis of nanoparticles using bacteria
= Biological Synthesis of nanoparticles using yeast
= Biological Synthesis of nanoparticles using fungi.

= Chemical Synthesis: In chemical synthesis, the capping
and stabilizing agent determines the size and
characteristics of the nanoparticles. Three methods are
employed for the chemical production of the
nanoparticles:

= Dispersion of preformed polymers

= Polymerization of monomers

= Jonic chelation or coacervation of hydrophilic polymers
[22]

= Physical Synthesis: The two physical methods that are
most crucial are evaporation-condensation and laser
ablation. Physical synthesis techniques have two
advantages over chemical processes: the produced thin

films are free of solvent contamination, and the
distribution of NPs is uniform [23].
III. APPLICATION

= Nanoparticles have special mechanical, magnetic,

thermal, and optical qualities in addition to their other
physical and chemical characteristics. Due to its
distinctiveness, it has been applied in several fields. The
following section discusses some of the noteworthy uses
of NPs [24]:

A. Nanoparticles in Medicine

Clinical medicine has significantly benefited from the use
of nanoparticles in the fields of drug delivery, gene delivery,
and medical imaging. Most frequently used in biomedical
applications are iron oxide particles like magnetite (Fe304)
or their oxidised counterpart, hematite (Fe203). Because of
their antibacterial properties, Ag NPs are being utilized more
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and more in catheters, wound dressings, and other home
products.

B. Nanoparticles in Food

Food packaging has increasingly incorporated
nanoparticles to regulate the surrounding air and maintain the
freshness and microbiological integrity of food (Bhardwaj M.
& Saxena D.C., 2017). Since inorganic and metal
nanoparticles (NPs) can directly incorporate antimicrobial
compounds onto the coated film surface, they are now widely
used as alternatives to petroleum plastics in the food
packaging business.

C. Electronics

One-dimensional semiconductors and metals are the
essential building blocks for a new generation of electronic,
sensor, and photonic materials due to their distinct structural,
optical, and electrical characteristics.

D. Environmental Remediation

Since nanoparticles can be applied both in situ and ex-situ
in aquatic environments, they are frequently utilised for
environmental cleanup. Because of their antiviral, antifungal,
and antibacterial properties, silver nanoparticles (AgNPs)
have found widespread usage as water disinfectants (Zhang,
C.,Hu, Z., Li, P, & Gajaraj, S., 2016) [24].

E. Targeted Drug Delivery

Selective NP therapies have demonstrated a high tendency
for treating cancer because to their increased efficacy and
reduced adverse effects (Chatelut et al., 2003). There are two
possible approaches to NP medication distribution: active and
passive. NP transfer by passive diffusion or convection
through leaky tumour capillary fenestrations into the
interstitial tumour and cells is referred to as passive delivery
(Carroll et al., 2011). Selective accumulation of NP and
medication is then produced by the previously mentioned
features of the tumor microenvironment [25].

F. Nanoparticles in Cancer Treatment

The second most common cause of mortality globally is
still cancer. Cancer is diverse, and in part, this complexity
makes it extremely difficult to design effective cancer
treatments. Targeted chemotherapy has been created to treat
patients who express particular biomarkers, and precision
medicine has emerged as a potential strategy [25].

G. Nanoparticles for Genome Editing

Engineering the genome for broad application in gene
therapy, drug development and discovery, and biomedical
research is becoming easier thanks to recent developments in
CRISPR, transcription activator-like effector nuclease
(TALEN), and zinc-finger nuclease (ZFN) technologies [25].
= A list of some of the applications of nanomaterials to
biology or medicine is given below:

=  Fluorescent biological labels [26]

= Drug and gene delivery [27].

= Bio detection of pathogens [28]

= Detection of proteins [29]

= Probing of DNA structure [30]

= Tissue engineering [31]

= Tumour destruction via
heating (hyperthermia)
[32]
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= Separation and purification of biological molecules and
Cells [33]

=  MRII contrast enhancement [34]

= Phagokinetic studies [35]

IV. FUTURE PERSPECTIVES

Nanotechnology, often referred to as the “technology of the
future,” can address many issues. Some even mention a
revolution in nanotechnology. Nanotechnology undoubtedly
has a lot to offer in terms of prospective profits and
advantages, but everyone should be aware that even the
newest technologies have risks and that this area is still
relatively unexplored [36]. It is anticipated that
nanotechnology, an emerging field of science, will continue
to advance rapidly and significantly in the future. Over the
next few decades, it is expected to play a significant role in
the EU’s economic expansion and job creation [37]. This
review has covered a wide range of nanoparticle designs
tailored for therapeutic delivery, designed to overcome the
biological barriers that vary among patient demographics and
illnesses. Unique physiologies, different stages of disease
progression, and patient comorbidities all aggravate these
delivery hurdles. Using nanoparticles tailored for various
patient populations, diseases, or a combination of the two,
this wide range of requirements can be met.

V. CONCLUSION

Nanoparticle-based drug delivery systems have emerged as
a promising approach for improving the efficacy and reducing
the toxicity of various therapeutic agents. The development
of these systems involves designing and engineering
nanoparticles with specific properties, such as size, shape,
and surface chemistry, to optimise their interactions with cells
and tissues.

This review highlights recent advances in the development
of nanoparticle-based drug delivery systems, including the
use of various materials such as lipids, polymers, and metals,
as well as the application of different fabrication techniques,
including solvent evaporation, emulsion, and 3D printing.

In conclusion, nanoparticle-based drug delivery systems
have the potential to revolutionise the field of pharmacology
and improve patient outcomes. Further research and
development are needed to fully realise the promise of these
systems.

ACKNOWLEDGEMENT

The authors are deeply grateful to Professor Tuwar Sir,
whose mentorship and guidance played a pivotal role in
shaping this review article. His vast knowledge and expertise
in the field of [Pharmaceutical Chemistry] were invaluable in
helping us navigate the complexities of the subject matter.

We would also like to extend our sincere appreciation to
our Principal, Dr. Megha Salve ma’am, for fostering a
research-friendly environment and providing us with the
necessary resources to pursue our academic interests.

DECLARATION STATEMENT

After aggregating input from all authors, I must verify the
accuracy of the following information as the article's author.

Retrieval Number: 100.1/ijapsr.A406505011224
DOI: 10.54105/ijapsr.A4065.05020225
Journal Website: www.ijapsr.latticescipub.com

= Conlflicts of Interest/ Competing Interests: Based on my
understanding, this article has no conflicts of interest.

= Funding Support: This article has not been sponsored or
funded by any organization or agency. The independence
of this research is a crucial factor in affirming its
impartiality, as it was conducted without any external
influence.

= Ethical Approval and Consent to Participate: The data
provided in this article is exempt from the requirement for
ethical approval or participant consent.

= Data Access Statement and Material Availability: The
adequate resources of this article are publicly accessible.

= Author's Contributions: The authorship of this article is
contributed equally to all participating individuals.

REFERENCE

1. De Jong WH, Borm PJ. Drug delivery and nanoparticles: applications
and hazards. Int J Nanomedicine. 2008;3(2):133-49. PMID: 18686775;
PMCID: PMC2527668. DOI: https://doi.org/10.2147/1IN.S596

2. Yang J, Jia C, Yang J. Designing Nanoparticle-based Drug Delivery
Systems for Precision Medicine. Int J Med Sci. 2021 Jun 5;18(13):2943-
2949.  PMID:  34220321; PMCID: PMC8241788. DOI:
https://doi.org/10.7150/ijms.60874

3. Didier Astruc, Introduction to Nanomedicine. Received: 15 December
2015 ; Accepted: 15 December 2015 ; Published: 22 December 2015
Academic Editor: Derek J. McPhee .Molecules 2016, 21, 4; DOI:
https://doi.org/10.3390/molecules21010004

4. Chenthamara, D., Subramaniam, S., Ramakrishnan, S.G. et al.
Therapeutic efficacy of nanoparticles and routes of administration.
Biomater Res 23, 20 (2019). DOLI: https://doi.org/10.1186/s40824-019-
0166-x

5. Azeez Yusuf ORCID, Awatif Rashed Z. Almotairy, Hanan Henidi,
Ohoud Y. Alshehri and Mohammed S. Aldughaim. Nanoparticles as
Drug Delivery Systems: A Review of the Implication of Nanoparticles’
Physicochemical Properties on Responses in Biological Systems.
Nanomaterials 2022, 12, 4494, DOI:
https://doi.org/10.3390/nano 12244494

6. Nadeem Baig, Irshad Kammakakam, Wail Falath. Materials Advances
Nanomaterials: a review of synthesis methods, properties, recent
progress, and challenges. Issue 6, 2021. DOI:
https://doi.org/10.1039/DOMA00807A

7. Rai Dhirendra Prasad,Naresh Charmode, Om Prakash Shrivastav,
Saurabh R Prasad, Asha Moghe, Anant Samant, Prashant D Sarvalkar,
Neeraj R Prasad. A Review on Concept of Nanotechnology in Veterinary
Medicine. DOI: https://doi.org/10.30919/esfaf481

8. Ravi Varalal, Vijay Kotra, Anil Kumar Kanuri, Mahesh Reddy Burra,
Shaik Nyamathullah3Nano drug delivery-benefits, limitations and future
perspective. Nano and Medical Materials 2023, 3(1), 244. DOL:
https://doi.org/10.59400/nmm.v3il.244

9. Michael J. Mitchell, Margaret M. Billingsley, Rebecca M. Haley,
Marissa E. Wechsler6, Nicholas A. Peppas, and Robert Langer
1Engineering precision nanoparticles For drug delivery. volume 20
February 2021. DOI: https://doi.org/10.1038/s41573-020-0090-8

10. Sun, L., Liu, H., Ye, Y. et al. Smart nanoparticles for cancer therapy. Sig
Transduct Target Ther 8, 418 (2023). DOL:
https://doi.org/10.1038/s41392-023-01642-x

11. Obaid Afzal, Abdulmalik S. A. Altamimi, Muhammad Shahid Nadeem,
Sami I. Alzarea, Waleed Hassan Almalki, Agsa Tariq, Bismillah Mubeen,
Bibi Nazia Murtaza, Saima Iftikhar, Naeem Riaz 8 and Imran Kazmi 2,
Review Nanoparticles in Drug Delivery: From History to Therapeutic
Applications. Nanomaterials 2022, 12, 4494, DOLI:
https://doi.org/10.3390/nano12244494

12. Dr. Shiya Soliman, Soliman S (2023) Nanomedicine: Advantages and
Disadvantages of Nanomedicine. J Nanomed Nanotech. 14: 666.31-
Mar-2023, https://www.walshmedicalmedia.com/open-
access/nanomedicine-advantages-and-disadvantages-of-nanomedicine-
118687.html

13. Rizvi SAA, Saleh AM. Applications of nanoparticle systems in drug
delivery technology. Saudi Pharm J. 2018 Jan;26(1):64-70. Epub 2017
Oct 25. PMID: 29379334; PMCID:

cience,
.\c,a\s Se

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

Exploring Innovation
www.ijapst.latticescipub.com


https://doi.org/10.54105/ijapsr.A4065.05020225
http://www.ijapsr.latticescipub.com/
https://doi.org/10.2147/IJN.S596
https://doi.org/10.7150/ijms.60874
https://doi.org/10.3390/molecules21010004
https://doi.org/10.1186/s40824-019-0166-x
https://doi.org/10.1186/s40824-019-0166-x
https://doi.org/10.3390/nano12244494
https://doi.org/10.1039/D0MA00807A
https://doi.org/10.30919/esfaf481
https://doi.org/10.59400/nmm.v3i1.244
https://doi.org/10.1038/s41573-020-0090-8
https://doi.org/10.1038/s41392-023-01642-x
https://doi.org/10.3390/nano12244494
https://www.walshmedicalmedia.com/open-access/nanomedicine-advantages-and-disadvantages-of-nanomedicine-118687.html
https://www.walshmedicalmedia.com/open-access/nanomedicine-advantages-and-disadvantages-of-nanomedicine-118687.html
https://www.walshmedicalmedia.com/open-access/nanomedicine-advantages-and-disadvantages-of-nanomedicine-118687.html

OPENaACCESS

15.

16.
17.

18.

20.
21.
22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

PMC5783816. DOI: https://doi.org/10.1016/j.jsps.2017.10.012

. Yusuf A, Almotairy ARZ, Henidi H, Alshehri OY, Aldughaim MS.

Nanoparticles as Drug Delivery Systems: A Review of the Implication
0” Nanoparticles’ Physicochemical Properties on Responses in
Biological Systems. Polymers (Basel). 2023 Mar 23;15(7):1596. PMID:
37050210; PMCID: PMC10096782. DOIL:
https://doi.org/10.3390/polym15071596

Jiang, W., Kim, B., Rutka, J. et al. Nanoparticle-mediated cellular
response is size-dependent. Nature Nanotech 3, 145-150 (2008). DOI:
https://doi.org/10.1038/nnano.2008.30

REJMAN, Volker OBERLE, Inge S. ZUHORN, Dick HOEKSTRA;
Size-dependent internalization of particles via the pathways of clathrin-
and caveolae-mediated endocytosis. Biochem J 1 January 2004; 377 (1):
159-169. DOI: https://doi.org/10.1042/bj20031253

Chithrani, D.B.; Dunne, M.; Stewart, J.; Allen, C.; Jaffray, D.A. Cellular
uptake and transport of gold nanoparticles incorporated in a liposomal
carrier. Nanomedicine 2010, 6, 161-169. [CrossRef]. DOI:
https://doi.org/10.1016/j.nan0.2009.04.009

Fillion, P.; Desjardins, A.; Sayasith, K.; Lagace, J. Encapsulation of
DNA in negatively charged liposomes and inhibition of bacterial gene
expression with fluid liposome-encapsulated antisense oligonucleotides.
Biochim. Biophys. Acta 2001, 1515, 44-54. [CrossRef] [PubMed]. DOI:
https://doi.org/10.1016/S0005-2736(01)00392-3

. Ewert, K.K.; Kotamraju, V.R.; Majzoub, R.N.; Steffes, V.M.; Wonder,

E.A.; Teesalu, T.; Ruoslahti, E.; Safinya, C.R. Synthesis of Linear and
cyclic peptide-PEG-lipids for stabilization and targeting of cationic
liposome-DNA complexes. Bioorg. Med. Chem. Lett. 2016, 26, 1618—
1623. DOI: https://doi.org/10.1016/j.bmcl.2016.01.079

Wozniak, A.; Malankowska, A.; Nowaczyk, G.; Grzeskowiak, B.F.;
Tusnio, K.; Slomski, R.; Zaleska-Medynska, A.; Jurga, S. Size and
shape-dependent cytotoxicity profile of gold nanoparticles for
biomedical applications. J. Mater. Sci. Mater. Med. 2017, 28, 92. DOI:
https://doi.org/10.1007/s10856-017-5902-y

Anuja Anuja. (2024). Review of: “Nanomaterials: History, Production,
Properties,  Applications, and  Toxicities”.  Qeios. = DOI:
https://doi.org/10.32388/4L2W2F

Nadia Saleh, Zubaida Yousaf, in, Tools and techniques for the optimized
synthesis, reproducibility and scale up of desired nanoparticles from
plant derived material and their role in pharmaceutical properties. DOI:
https://doi.org/10.1016/B978-0-12-813629-4.00003-6

Iravani, S.1,; Korbekandi, H.2; Mirmohammadi, S.V.3; Zolfaghari, B.1.
Synthesis of silver nanoparticles: chemical, physical and biological
methods. Research in Pharmaceutical Sciences 9(6):p 385-406, Nov—
Dec 2014.
https:/journals.lww.com/rips/fulltext/2014/09060/synthesis_of silver
nanoparticles chemical,.l.aspx

Savita Kumari And Leena Sarkar, A Review on Nanoparticles: Structure,
Classification, Synthesis & Applications. DOI:
https://doi.org/10.37398/JSR.2021.650809

Chou-Yi Hsu a, Ahmed Mahdi Rheima b, Mustafa M. Kadhim ¢, Nada
Nadhim Ahmed b, Srwa Hashim Mohammed d, Fatima Hashim Abbas
e, Zainab Talib Abed f, Zahra Muhammed Mahdi g, Zainab Sabri Abbas
h, Safa K. Hachim I j, Farah K. Ali k, Zaid H Mahmoud 1, Ehsan Kianfar
mno An overview of nanoparticles in drug delivery: Properties and
applications. https://doi.org/10.1016/j.sajce.2023.08.009

Bruchez M, Moronne M, Gin P, Weiss S, Alivisatos AP: Semiconduc-
Tor nanocrystals as fluorescent biological labels. Science
1998,281:2013-2016. DOIL:
https://doi.org/10.1126/science.281.5385.2013

Mah C, Zolotukhin I, Fraites TJ, Dobson J, Batich C, Byre BJ: Micro-
Sphere-mediated delivery of recombinant AAV vectors in Vitro and in
vivo. Mol Therapy 2000, 1:5239.
https://www.researchgate.net/publication/289111459 Microsphere-
mediated delivery_of recombinant AAV_vectors_in_vitro_and in_vi
vo

Edelstein RL, Tamanaha CR, Sheehan PE, Miller MM, Baselt DR, Whit-
Man LJ, Colton RJ: The BARC biosensor applied to the detection of
biological warfare agents. Biosensors Bioelectron 2000,14:805-813.
DOL: https://doi.org/10.1016/S0956-5663(99)00054-8

Nam JM, Thaxton CC, Mirkin CA: Nanoparticles-based bio-bar Codes
for the ultrasensitive detection of proteins. Science 2003, 301:1884-
1886. DOI: https://doi.org/10.1126/science.1088755

Mahtab R, Rogers JP, Murphy CJ: Protein-sized quantum dot
Luminescence can distinguish between “straight”, “bent”, And “kinked”
oligonucleotides. J Am Chem Soc 1995,117:9099-9100. DOI:
https://doi.org/10.1021/ja00140a040

Ma J, Wong H, Kong LB, Peng KW: Biomimetic processing of
Nanocrystallite bioactive apatite coating on titanium. NanoteChnology
2003, 14:619-623. DOI: https://doi.org/10.1088/0957-4484/14/6/310

Retrieval Number: 100.1/ijapsr.A406505011224
DOI: 10.54105/ijapsr.A4065.05020225
Journal Website: www.ijapsr.latticescipub.com

32.

33.

34.

35.

36.

37.

International Journal of Advanced Pharmaceutical Sciences and Research (IJAPSR)
ISSN: 2582-7618 (Online), Volume-5 Issue-2, February 2025

Yoshida J, Kobayashi T: Intracellular hyperthermia for cancer Using
magnetite cationic liposomes. J Magn Magn Mater 1999,194:176-184.
DOI: https://doi.org/10.1111/5.1349-7006.1996.tb03129.x

Molday RS, MacKenzie D: Immunospecific ferromagnetic iron Dextran
reagents for the labeling and magnetic separation of cells. J Immunol
Methods 1982, 52:353-367. DOI: https://doi.org/10.1016/0022-
1759(82)90007-2

Weissleder R, Elizondo G, Wittenburg J, Rabito CA, Bengele HH,
Josephson L: Ultrasmall superparamagnetic iron oxide: characterization
of a new class of contrast agents for MR imaging. Radiology 1990,
175:489-493. https://pubmed.ncbi.nlm.nih.gov/2326474/

Parak WJ, Boudreau R, Gros ML, Gerion D, Zanchet D, Micheel CM,
Williams SC, Alivisatos AP, Larabell CA: Cell motility and meta-Static
potential studies based on quantum dot imaging of Phagokinetic tracks.
Adv Mater 2002, 14:882-885. DOI: https://doi.org/10.1002/1521-
4095(20020618)14:12<882::AID-ADMA882>3.0.CO;2-Y
NANOGRAFI EXPLAINS History, Scope and Future of
Nanotechnology. https:/nanografi.com/blog/history-scope-and-future-
of-nanotechnology/

The future of nanotechnology. https://euon.echa.europa.cu/the-future-

of-nanotechnology

Disclaimer/Publisher’s Note: The statements, opinions and
data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of the Lattice
Science Publication (LSP)/ journal and/ or the editor(s). The
Lattice Science Publication (LSP)/ journal and/or the
editor(s) disclaim responsibility for any injury to people or
property resulting from any ideas, methods, instructions, or
products referred to in the content.

cience,
.\c,a\s Se

Published By:
Lattice Science Publication (LSP)
© Copyright: All rights reserved.

Yo of
"uingp v
Exploring Innovation,

www.ijapst.latticescipub.com


https://doi.org/10.54105/ijapsr.A4065.05020225
http://www.ijapsr.latticescipub.com/
https://doi.org/10.1016/j.jsps.2017.10.012
https://doi.org/10.3390/polym15071596
https://doi.org/10.1038/nnano.2008.30
https://doi.org/10.1042/bj20031253
https://doi.org/10.1016/j.nano.2009.04.009
https://doi.org/10.1016/S0005-2736(01)00392-3
https://doi.org/10.1016/j.bmcl.2016.01.079
https://doi.org/10.1007/s10856-017-5902-y
https://doi.org/10.32388/4L2W2F
https://doi.org/10.1016/B978-0-12-813629-4.00003-6
https://journals.lww.com/rips/fulltext/2014/09060/synthesis_of_silver_nanoparticles__chemical,.1.aspx
https://journals.lww.com/rips/fulltext/2014/09060/synthesis_of_silver_nanoparticles__chemical,.1.aspx
https://doi.org/10.37398/JSR.2021.650809
https://doi.org/10.1016/j.sajce.2023.08.009
https://doi.org/10.1126/science.281.5385.2013
https://www.researchgate.net/publication/289111459_Microsphere-mediated_delivery_of_recombinant_AAV_vectors_in_vitro_and_in_vivo
https://www.researchgate.net/publication/289111459_Microsphere-mediated_delivery_of_recombinant_AAV_vectors_in_vitro_and_in_vivo
https://www.researchgate.net/publication/289111459_Microsphere-mediated_delivery_of_recombinant_AAV_vectors_in_vitro_and_in_vivo
https://doi.org/10.1016/S0956-5663(99)00054-8
https://doi.org/10.1126/science.1088755
https://doi.org/10.1021/ja00140a040
https://doi.org/10.1088/0957-4484/14/6/310
https://doi.org/10.1111/j.1349-7006.1996.tb03129.x
https://doi.org/10.1016/0022-1759(82)90007-2
https://doi.org/10.1016/0022-1759(82)90007-2
https://pubmed.ncbi.nlm.nih.gov/2326474/
https://doi.org/10.1002/1521-4095(20020618)14:12%3C882::AID-ADMA882%3E3.0.CO;2-Y
https://doi.org/10.1002/1521-4095(20020618)14:12%3C882::AID-ADMA882%3E3.0.CO;2-Y
https://nanografi.com/blog/history-scope-and-future-of-nanotechnology/
https://nanografi.com/blog/history-scope-and-future-of-nanotechnology/
https://euon.echa.europa.eu/the-future-of-nanotechnology
https://euon.echa.europa.eu/the-future-of-nanotechnology

