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ABSTRACT

This review provides characteristics, and uses of nanoparticles (NPs), which come in a variety of forms.
Nanoparticles (NPs) are materials with a size range of 1 to 100 nm. Based on their characteristics, forms, or sizes,
they can be divided into several classes. Fullerenes, metal NPs, ceramic NPs, and polymeric NPs are among the
various groups. NPs' large surface area and nanoscale give them distinct physical and chemical characteristics.
Cancer is one of the significant public health problems globally and is the second leading cause of death.
According to the American Cancer Society, the number of new cases is anticipated to be 2.0 million by the end of
the year 2023. Nevertheless, obstacles like cytotoxicity, lack of selectivity, and multidrug resistance provide a
significant obstacle to effective cancer treatment. The field of cancer diagnosis and treatment has undergone a
radical change with the development of nanotechnology. Because of their unique benefits, which include
improved permeability and retention impact, less toxicity, more good stability, and accurate targeting,
nanoparticles (sizes ranging from 1 to 100 nm) can be utilised to treat cancer. The unique nanoparticle drug
delivery technique makes use of the properties of the tumour and its surroundings. Nanoparticles overcome
multidrug resistance in addition to the drawbacks of traditional cancer treatment. New avenues for the therapy of
cancer have been opened up by the therapeutic implications of nanoformulations. Nevertheless, the majority of
research is restricted to in vivo and in vitro investigations, and the quantity of authorised nanodrugs has not
increased significantly over time.

KEYWORDS: Nanoparticles, Cancer, chemotherapy, carbon nanotubes, drug delivery.

INTRODUCTION

The prefix “nano” has found in last decade an ever-
increasing application to different fields of the
knowledge. Pharmaceutical nanoparticles are defined as
solid, submicron-sized (less than 100 nm in diameter)
drug carrier that may or may not be biodegradable.
Nanoparticles (NPs) usually refer to particles 1 to 100
nm in size and the catalytic and adsorptive properties are
very good for nanoparticles of certain materials.
Nanomaterials are also known as “zero-dimensional”
NPs. This definition is based on the fact that all of their
dimensions are in the nanoscale, as opposed to one-
dimensional nanomaterials (NMs) (such as nanowires
and nanotubes), which have one dimension larger than
the nanoscale, and two-dimensional NMs, which have
two dimensions larger than the nanoscale (such as self-
assembled monolayer films). They are categorized into
numerous classes based on their properties, shapes, and
sizes. Fullerenes, metal NPs, ceramic NPs, and
polymeric NPs are among the different groups. Because
of their large surface area and nanoscale size, NPs have
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distinct chemical and physical properties. Their optical
properties are said to be size-dependent, imparting
distinct colors due to absorption in the visible area. Many
features that are unique to nanoparticles are directly
related to particle size.

The word Nano was derived from Latin word, which
implies dwarf. Variation of size technology in Nano
dosage forms to1000 millionths of a selected unit.
Nanotechnology belongs to the category of science
which gives information about the processes that happen
at cellular level. Engineering science was that includes
between 10-9 and 10-7 of a meter.™™ This forms associate
degree freelance branch of nanostructures, referred as
Nano drugs that are specifically used for medicines. The
main goal of Nano dosage forms was to treat the various
types of cancers with a targeted tissue delivery without
producing any adverse effects. The advantages of Nano
dosage forms are reduces the drug resistance, Lowers the
toxicity, Enhance oral bioavailability, Increases the rate
of dissolution, Increased solubility Enhances the
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stability formulations and Drugs, Increases a drug
targeting ability, Increase patient compliance, Enhances
surface area. Nanotechnology was economical in rising
absorption of the medicine, protects therapeutically
active agents from physiological targets, alters the event
of newer categories of biologically active
macromolecules.*!

CLASSIFICATION OF NANO SIZED PARTICLES
Nanoparticles are basically classified in to three
classest

A. 1-dimensional Nanoparticles

These have been used from past 10 years. Unattractively
thin films (size range one-hundred nanometer) or one
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layer was presently using in the field provides different
applications, in sensitizing chemical and biological
agents.

B. 2-dimensional Nanoparticles

Carbon nanotubes

C. 3-dimensional Nanoparticles

Dendrimers, Quantum Dots, Fullerenes
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Figure 1: Diagrammatical representation of various types of pharmaceutical nanosystems.

PREPARATION OF NANOPARTICLES
Nanoparticles preparation depends on the physical and
chemical nature of the polymers used and incorporation
of the drug and is by prepared by using different
materials which includes synthetic polymers liproteins
and polysaccharides. Thematrix materials selection
depends on various factors. Nanoparticles can be
produced by different ways.

Evaporation of the solvent

This technique is widely used for the production of
nanoparticles. (first is emulsification of
the compound answer into associate degree binary
compound part and second is evaporation of polymer
solvent, causing compound precipitation as  Nano-
spheres). Mixture obtained was emulsified erectile
dysfunction in an solution.

The watery solution is filled with wetting agent or to
form oil in water (o/w) emulsion.®! Ultrasonication or
high-speed blend was typically utilized so as to
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supply little particle size.5*® Polymers utilized by the
technique are PLGAM? cellulose esterphthalate™,
Ethyl Cellulose™, Poly (B -hydroxybutyrate)™®, PCL.1®]

Emulsification and diffusion of solvent technique

This techniqgue was most efficiently used for the
preparation of nanoparticles. The polymer is
encapsulated and dissolved in water miscible solvent and
then saturated with water for the thermodynamic
equilibrium of both the liquids. Water polymer saturation
solvent was then emulsified in water with a suitable
stabilizer which causes solvent diffusion and formation
of nanospheres and finally solvent was evaporated.™”

Evaporation and double emulsion method

This method has the poor entrapment for the hydrophilic
drugs and to overcome this problem emulsification was
done twicely, which involves to te organic polymer
solution. Aqueous solution was added for the formation
of water in oil phase and formed phase is added to the
another aqueous phase for the formation of w/o/w
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emulsion The formed emulsion was subjected to
evaporation for the removal of solvent and the formed
nanoparticles are separated by the process of high
centrifugation.!*8*!

Technique of Salting out effect

This technique was based on the principle that separating
a water miscible solvent from water phase by salting out
effect. Primarily drug candidate and polymer was
solubulised in solvent & then subjected to emulsification
into water gel which should contain an electrolyte along
with one stabilizer. The formed o/w emulsion was added
with water for the enhancement of diffusion of solvent
into water phase which leads to formation of
nanoparticles.[*’!

Advantages: They do not need an raise of temperature
and useful when heat sensitive substances have to be
processed. !

Disadvantages: Application was limited to lipophilic
drug and the extensive nanoparticles washing step.

CHARACTERIZATION
NANOPARTICLES
Nanoparticles Characterization was determined by
charge present on the surface, their size and
morphological features. The modern techniques like
AFM, SEM and TEM are widely used methods.
Morphology of surface size and shape was determined
by electron microscopic methods.

TECHNIQUES OF

Dynamic Light scattering technique (DLS)

The most popular and fast methods like dynamic light
scattering (DLS) or photon-correlation
spectroscopy(PCS), Dynamic lightweight scattering
(DLS) technique for correct methodology for estimation
of the particle size and size distribution.*”

Electron Scanning Microscopy (SEM)

Electronic microscopic technique determines the surface
morphology proper visualization of nanoparticles and
has various advantages in analysis of size and
morphology and provides less information about
distribution of size and true average population. During
SEM characterization process, nanoparticles containing
solution was converted into dry powder and it is mounted
on sample holder followed by coating was done with a
conductive metal.**

Surface Charge

Intensity and charge of surface nanoparticles determines
environmental and biological interaction. Zeta p potential
is an indirect live of the surface charge and obtained by
evaluating the potential between the outer physiologist
plane and surface of shear. Thus letter potential
of mixture dispersion assists indirect analysis of its
storage stability to realize stability and to avoid
aggregation letter potential (high letter potential values,
either positive or negative) values were measured and
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these values will be utilised in evaluating the character of
fabric encapsulated among the Nano-capsules or coated
onto the surface.?”

APPLICATIONS OF NANOPARTICLES

The numerous applications of NPs and nanomaterials
(NMs) in materials ranging from adsorbent and water
treatment to biomedical applications include polymers,
food packaging, flame retardants, batteries and super
capacitors, nanoceramics, light control, and medicine.
These nanoparticles are being studied for a variety of
applications, including potent antimicrobial agents,
electrochemical sensors and biosensors, medicine and
healthcare, agriculture, crop biotechnology, pests,
nutrients, and plant hormones, as well as their in vitro
anticancer efficiency.

A) Applications of Nanoparticles in Medicine

Silver Nanoparticles

First, it has unusual bactericidal and antiviral activity.
Humans have long known the antimicrobial properties
inherent in silver ions. It is widely used in medical and
everyday textiles and health care products; Nano Silver
powder can replace precious metal powder to make an
electronic paste with better performance.”>?? This
technology can promote further optimization of
microelectronics processes. Experiments have shown
that the density of NPs Kills all known microorganisms
(including the AIDS virus) without destroying them.
Furthermore,  unlike  antibiotics, = which  have
compromised activity against harmful viruses and
infected cells, the action of the NPs is highly selective:
they act only on the viruses and do not damage the
cell1 %8l

Nano Zinc Oxide

ZnO NPs have many unique properties (including
bactericidal properties, cytocompatibility, and high
safety profile toward human skin)?*, which have the
potential to absorb a wide range of electromagnetic
radiation, including ultraviolet, infrared, microwave, and
radio frequencies.*’! High-purity ZnO NPs are designed
for use in electronics, catalysts, medical products, and
personal care products.!

Nano Silica

Silicon dioxide (SiO2) NPs have a fantastic property: if
applied to any material, they attach to its molecules,
allowing surfaces to expel dirt and water.®**4 Dendritic
fibrous nano-silica (DFNS) has also been reported to
have biological applications such as cell therapy, gene
therapy, immunological therapy, drug delivery, imaging,
photothermal therapy, bioanalysis, biocatalysis, and
tissue engineering.®*"!

B) Nanotechnology in  Pharmaceuticals and

Medicine

The targeted design industry for new drugs or drug
design is directly related to NT because reactive
substances such as drugs and targets represent molecular

ISO 9001:2015 Certified Journal | 238



Payal et al.

substances.!*®! The basic concepts used in drug design are
target and drug. Target is a macromolecular biological
structure that is associated with a specific function, the
violation of which leads to disease and requires a
particular influence. The most common targets are
receptors and enzymes. Super molecular structures are
undoubtedly a suitable object for further study of
nanocrystals. A system of proteins up to UM) that
provides a ligand-biojet complex (subscript—receptor or
host-guest type), a super molecular structure (super
molecular component) of all known components
(system).*] The development of targeted drugs falls
under the definition of NT given above, as their mode of
action is based on the targeted interaction with the
disease-causing bio target.*®

Development of Nanomedicine (NM)

The potential for using NT in medicine is ultimately the
need to change the cell structure at the molecular level
using nanorobots or other NT.¥ In recent years, NM has
been developing extraordinarily and has attracted public
attention for its natural benefits and social contribution.
The term (which also reflects perspective) means NT in
diagnosing, monitoring, and treating diseases. The
development of NM has been associated with
revolutionary advances in genomics and proteomics,
which have allowed scientists to come closer to
understanding the molecular basis of diseases. NM is
developing at the nanometric level by creating materials
with new properties that combine genetics and
proteomics data with capabilities. There are five main
areas for applying NT in medicine: supply of active
drugs, new methods, and therapies at the nanometer
level, in vivo diagnostics, in vitro diagnostics, and
medical implants. Figure 6 shows the dimensions of NM.
Nanobiotechnology and for
Personalized Medicine

Personalized medicine refers to specialized treatments
and medications most suited to an individual.*”! Current
efforts utilizing pharmacogenomics and
pharmacogenetics include matching existing treatments
to the proper people for optimal efficacy and safety. In
addition to aiding the integration of diagnostics and
therapies, NB promises to facilitate the identification of
tailored medicines.

Drug Discovery

Nanoparticles in Drug Delivery

Depending on the physicochemical features of the
medication, it can be physically trapped within the
hydrophobic cores of micelles, similarly confined in the
aqueous space, or intercalated into the lipid bilayer of
liposomes. The drug of interest is dissolved, entrapped,
attached, or encapsulated throughout or within a
polymeric matrix in nanospheres. Antigen-loaded
nanospheres have the potential to be used in vaccine
delivery. NPs can be used to deliver drugs across the
BBB. Anti-cancer medications, DNA, and vaccinations
can be given via natural polymers such as chitosan. As
gene carriers, chitosan-DNA NPs can be employed.
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Because of their bioavailability in deep lung tissue and
ease of distribution, NP aerosols are appealing for drug
delivery. SWCNTSs can carry drugs, antigens, and genes,
and functionalized SWCNTs with DNA attached can
boost uptake and expression more than free DNA.[*Y

Nanoparticles in Medical Imaging

Traditional biological imaging of cells and tissues
employing fluorescence microscopy and current
magnetic resonance imaging (MRI) of various body
locations can benefit significantly from NPs. NPs
utilized in these two processes differ in chemical
composition. Magnetic  resonance, tissue  repair,
detoxification of biological fluids, drug delivery,
imaging contrast enhancement, and hypothermia
treatment are all in vivo applications for super
paramagnetic iron oxide NPs. Semiconducting QDs have
several advantages over organic fluorophores for
following cells in vivo at high resolutions.

ROLE OF NANOPARTICLES IN CANCER DRUG
DELIVERY

NPs have significantly impacted cancer treatment, as
indicated by the clinical trials of several NP-based
medicines and delivery methods.>**! Recent reviews
have provided examples of various liposome and
polymer-based drugs and therapeutic agents. Paclitaxel is
a well-known anti-cancer drug used to treat ovarian,
cutaneous, esophageal, and lung cancers. This
medication inhibits cancer cell activity by stabilizing
microtubules, eventually leading to apoptosis. This
water-insoluble  medicine is  most commonly
administered as an ethanol solution combined with a
polyoxyethylated castor oil (Cremophor EL) solvent. The
side effects of Cremophor, including hypersensitivity
reactions, necessitated the use of steroids and
antihistamines as pre-medications, which was a
fundamental flaw in this method. Abraxane, a distinct
type of paclitaxel, was licensed for clinical usage in early
2005. In a high-pressure emulsification method,
paclitaxel is loaded into albumin NPs, a natural polymer.
This soluble version of paclitaxel has been found to
eliminate the harmful effects of Cremophor but also to
provide some additional advantages. Compared to Taxol,
the albumin carrier improves drug delivery from the
bloodstream to the tumor site and allows for larger drug
doses.

ISO 9001:2015 Certified Journal | 239



Payal et al. European Journal of Biomedical and Pharmaceutical Sciences

Delivery Platforms: Delivery Mechanism:

Active Targeting of CSCs Stimuli-Responsive Drug Release

@ Gold nanospheres

S e 53,4

H
H
H
:
ol\' «n, :
2 i !
© :
i External Stimuli Internal Stimuli
Gold nanorods 2 : g ( xrs
Generic \ = ' (( [ac] @'@@
o Nanoparticle ', ! Heat Ultrasound PH Redox
@ A :
>—n An— Cancer Stem Y\ ' -:
S A Cell (CSC) * ' L] M
[e) O \, | chemotherapedtic ! Ught Magnetic Enzyme
glﬂetcrglc:lted A ' field activity
umor Ce!
© Carbon nanotubes @ Nanogels @ Polymeric @ Polymeric @ Liposomes
nanoparticles micelles

Y "

,/' :
I1 i i
Figure 1: Nanoparticle-mediated targeted drug delivery to cancer cells.

ROLE OF NANOPARTICLES IN VARIOUS development of nanotechnology. Because of their unique
TYPES OF CANCERS benefits, which include improved permeability and
Cancer is one of the significant public health problems retention impact, less toxicity, more good stability, and
globally and is the second leading cause of death. accurate targeting, nanoparticles (sizes ranging from 1 to
According to the American Cancer Society, the number 100 nm) can be utilised to treat cancer. The unique
of new cases is anticipated to be 2.0 million by the end of nanoparticle drug delivery technique makes use of the
the year 2023. With its intricate pathophysiology, cancer properties of the tumour and its surroundings.
is one of the most common causes of mortality and Nanoparticles overcome multidrug resistance in addition
morbidity. Chemotherapy, radiation therapy, targeted to the drawbacks of traditional cancer treatment. New
therapy, and immunotherapy are examples of avenues for the therapy of cancer have been opened up
conventional cancer treatments. Nevertheless, obstacles by the therapeutic implications of nanoformulations.
like cytotoxicity, lack of selectivity, and multidrug Nevertheless, the majority of research is restricted to in
resistance provide a significant obstacle to effective vivo and in vitro investigations, and the quantity of
cancer treatment. The field of cancer diagnosis and authorised nanodrugs has not increased significantly over
treatment has undergone a radical change with the time.
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Figure 2: Diagrammatical representation of nanoparticles for cancer therapy.
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Mohammad Zaki Ahmad et al., 2022 revealed that, the
development of nanoscience makes it possible to target
cancer cells in a precise and selective manner.
Hydrophilic and lipophilic chemotherapeutic agents,
proteins/peptides, and other genetic elements can all be
enclosed by chitosan nanoparticles. By regulating the
release rates and the method of targeted distribution,
chitosan nanoparticles can enhance the pharmacokinetic
profile as well as the therapeutic effectiveness of
encapsulated medicines. Through passive or active
targeting processes, these nanoparticles distribute the
medications they contain just to the desired areas,
reducing any negative side effects. To accomplish
selective targeting, the surface of chitosan nanoparticles
can be altered with a variety of ligands, including
antibodies, proteins, peptides, polysaccharides, and
nucleic acids. With regard to recent advancements in
chitosan-nanoparticles  for intelligent  anti-cancer
therapeutic delivery, this review will offer a state-of-the-
art perspective.[*!

Sharifi-Rad J et al.,, 2021 has studied on popular
anticancer drug called paclitaxel is made from yew tree
bark. Against several tumors, it has demonstrated
antitumor efficacy. Due to its toxicity, low solubility, and
propensity for recrystallization, its use is problematic.
The use of nanotechnology and nanoparticles has
benefits such as improved medicine distribution, less
toxicity, and longer drug half-lives. Nanodrugs can
reduce toxicity in normal tissues while increasing
permeability, retention, and anticancer effects.!*!
Sharifi-Rad J et al., 2021 has examines the use of
chitosan-based nanoparticles in medical applications. It
emphasizes their significance in drug development,
biomedical engineering, and nanomedicine. Improved
bioavailability, enhanced selectivity, and decreased
pharmacological toxicity are all results of recent
investigations. The study emphasizes the potential of
nanoparticles made of chitosan for anticancer medication
delivery systems./®! Tagde P et al., 2021 Breast cancer
is a common condition that frequently results in
mutations of the estrogen/progesterone receptor. Due to
worries about low bioavailability, resistance, and
toxicities, traditional treatments including surgery,
radiation, and chemotherapy are ineffective. A viable
alternative for enhancing therapeutic efficacy and
minimising negative effects is nanomedicine-based
methodology. This research examines current methods
and difficulties in suggested nano-enabled medicinal
techniques.”? Liu S et al., 2021 Chemotherapy's
therapeutic impact is restricted by multidrug resistance
(MDR), a problem that persists in the cancer community.
The use of multifunctional nanoparticles, which remain
stable in blood circulation and accumulate specifically in
the tumor microenvironment, may be a potential strategy
for reversing MDR. The synergistic effects of
chemotherapy and ABC transporter inhibitors, the use of
nanoparticles to evade efflux transporters and target
organelles associated with resistance, and the
combination of several treatment modalities are the three
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basic approaches. Drug resistance has been demonstrated
to be closely related to cancer stem-like cells (CSCs).[*®!
Castilho ML et al., 2021 has studied, in order to cure
triple-negative breast cancer, the study investigates the
use of bifunctional theranostic nanoprobes (BN). It was
discovered that the BN, functionalized with Chlorine and
Epidermal Growth Factor, was extremely cytotoxic to
cancer cells, inducing apoptosis and necrosis and
efficiently causing targeted cell death.”) Damasco JA et
al., 2021 Nanomaterials are used in nanomedicine to
diagnose, cure, and prevent diseases like cancer.
However, inorganic materials provide difficulties due to
safety worries and inherent toxicity. The stability,
circulation time, bioavailability, and safety profile are
key factors in clinical translation success. The focus of
this study is on the rational design of non-toxic/safe
nanoparticle structures while it includes preclinical and
clinical nanomaterials utilized for cancer imaging and
therapies.™™ Li YJ et al., 2020 has investigated the
highly metastatic pancreatic cancer has a dismal
prognosis and rising fatality rates. Through the use of
nanomedicine, it is possible to stop the spread of cancer
by targeting cancer stem cells, the tumor
microenvironment, circulating tumor cells, and tumor
exosomes. In order to improve treatment results in the
future, research on metastasis prevention is essential.*!
Vander Meel R, et al., 2019 revealed the treatment of
cancer makes substantial use of nanomedicines. Here, we
suggest four strategic strategies to enhance the
translation and application of nanomedicine. (1) Patient
stratification is now a standard procedure in the
development of cancer drugs. In order to find people
who are qualified for inclusion in clinical trials, cancer
nanomedicine urgently needs probes and methods for
patient stratification. (2) Effective clinical and
commercial medication selection is essential. (3) The
cornerstone of clinical cancer treatment is combination
therapy. Nanomedicines work in conjunction with
pharmacological and physical co-therapies, hence they
should be included in multimodal combination therapy
plans more frequently. (4) Immunotherapy is
transforming how cancer is treated. Nanomedicines can
alter the behaviour of myeloid and lymphoid cells,
enhancing anticancer immunity and the effectiveness of
immunotherapy.® Chen WH et al., 2019 has developed
the development of a functionalized AuNP-based
therapeutic system that can uniquely respond to the
tumour microenvironment has been reported as a novel
approach. In the therapeutic approach, doxorubicin was
attached to AuNPs via a thiol-Au link by using the
protease's particular peptide substrate, CPLGLAGG. In
vivo research demonstrates that the overexpression of
MMP-2 protease in tumour tissue and intracellular GSH
can cause the rapid release of the anti-tumor drug
(doxorubicin) from the functionalized AuNPs to
simultaneously inhibit tumour growth and enable
fluorescent imaging. The tumor-triggered medication
release feature of the functionalized AuNPs can further
increase efficacy and drastically reduce negative
effects.®*) Wolfram J et al., 2019 has studied about the
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cancer therapies using nanotechnology have increased
effectiveness and safety. Due to their enormous size and
high surface area to volume ratios, nanoparticles can be
employed therapeutically. These particles have unique
transport, biological, optical, magnetic, electronic, and
thermal characteristics. In addition to imaging, targeting,
and triggered activation, they can support a variety of
therapeutic tasks such as immunoevasion and tissue

penetration. The body processes nanoparticles
differently, which improves medication delivery.
Companion diagnostics, modifying the

microenvironment, and using extracellular vesicles for

European Journal of Biomedical and Pharmaceutical Sciences

medication administration are some of the future
objectives in nanomedicine.

ROLE OF NANOPARTICLES
IMMUNOTHERAPY

The T cells become activated and transform to CTLs.
The CTLs can attack tumor cells via direct killing or
IFN-y dependent pathways. (1) NPs modified with
antigens and adjuvants specifically deliver antigens to
DCs, (2) and promote DCs maturation and CTL
activation by antigen presentation or the assistance of
adjuvants.
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Figure 3: Diagrammatical representation of nanoparticles for immunotherapy.

Lakshmanan VK et al., 2022 reviewed the rapid
advancement of cancer nanomedicine has propelled
immunotherapy's results to the next level in the current
era of medical research. This review focuses on key
findings regarding the efficacy of nanomedicine-based
cancer immunotherapies and their applications, including
immune checkpoint inhibitors and nanomedicine,
CRISPR-Cas nanoparticles in cancer immunotherapy,
core-shell nanoparticles in combination with cancer
immunotherapy,  biomimetic  NPs  for  cancer
immunotherapy, and CAR-T cells and cancer
nanoimmunotherapy. Different facets of the proposed
nano-enabled therapeutic techniques have been examined
in this review by analysing the state-of-the-art
technologies and taking the challenges involved into
consideration.®™ Zhang P et al., 2019 Even after
thorough treatment, metastatic disease is the main cause
of death from cancer. Due to its capacity to modify the
immune system, immunotherapy has demonstrated
promise in the treatment of cancer. In order to prevent
tumour metastasis and increase animal longevity,
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nanomedicine efforts have been centred on using
immune cells that are engaged in the metastatic In this
expanding subject, recent tactics and nanomaterials are
emphasised.®® Irvine DJ et al., 2020 has studied the
chimeric antigen receptor T cell therapy and checkpoint
blockade antibodies have both proven effective in the
treatment of cancer. However, the limited effectiveness
and toxicity of novel immunotherapy drugs and therapies
present difficulties. Nanomedicines are highly suited for
immunotherapy because they can target
Immunomodulators to tumors and lymphoid organs,
increasing treatment absorption and decreasing off-target
damage.”? Rosenberg SA et al., 2008 has investigated
the tumor microenvironment (TME) is a sophisticated
ecology that includes immune cells, fibroblasts, blood
vessels, and tumor extracellular matrix. The biggest
immune cells in the TME, tumor-associated
macrophages (TAMs), have an impact on tumor
development, invasion, metastasis, angiogenesis, and
immunosuppression. Drugs that target this control can be
created using TAM polarization, possibly improving the

ISO 9001:2015 Certified Journal | 242



Payal et al.

effectiveness of tumor treatment. Recent developments
in nanomedicines specifically target TAMSs, preventing
macrophage recruitment and repolarizing them to
improve the effectiveness of cancer treatment.®®
Soetaert F et al., 2020 has demonstrated Cancer
nanomedicine promise in terms of enhancing cancer
therapy, however there is a view that the quantity of
licensed products and clinical effectiveness are limited.
With a lengthy history in medicine, iron oxide
nanoparticles have been used for iron deficient anemia
treatment, hyperthermia therapy, and cancer diagnostics.
Clinical experience with IDA parenteral treatment with
liposomal drug delivery demonstrates safety and
adaptability. Cancer treatment employing magnetic
hysteresis heating, magnetic fluid hyperthermia, finds it
difficult to gain clinical traction. Recent studies have
revealed the potential of immune modulation, stressing
the need for new paradigms and interdisciplinary
strategies in the development and application of
nanomedicines in clinical cancer treatment.® Irvine DJ
et al., 2020 Chimeric antigen receptor T cell therapy and
checkpoint blockade antibodies have both proven
effective in the treatment of cancer. However, the limited
effectiveness and toxicity of novel immunotherapy drugs
and therapies present difficulties. Nanomedicines are
highly suited for immunotherapy because they can target
Immunomodulators to tumors and lymphoid organs,
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increasing treatment absorption and decreasing off-target
damage.’® He YC et al., 2023 has studied through the
cancer immunity cycle, drug delivery systems (DDS)
have improved cancer immunotherapy, revolutionizing
medicine. Therapeutic payloads can be delivered into the
body via genome editing technology. To improve cancer
therapy methods, an MITO-Porter focuses on delivering
macromolecules directly to the mitochondria of cancer
cells. There is additional discussion of the effects of
regulated intracellular trafficking.® Melero I et al.,
2014 has studied the traditional chemotherapeutic
medications are ineffective at treating colon cancer
because they don't target the disease specifically and
have harmful side effects. Nanomedicines with
multimodal  therapeutic ~ approaches, such as
chemotherapy, radiation, phototherapy, chemodynamic
therapy, gas therapy, and immunotherapy, have the
potential to cure colon cancer.[®?

ROLE OF HERBAL NANOPARTICLES CANCER
THERAPY

Polylysine dendrimers have the potential to be
biodegradable carriers and deliver cytotoxic drugs to
solid tumors. Drug resistance, toxicity, and the
mechanics of drug release in capsules can all be
overcome using dendrimers, which make them ideal
systems as smart nanoparticles for cancer therapy.

Plant Phytoconstituents

Phyto-constituents loaded ~ Herbal loaded nanoparticles

Figure 4: Diagrammatical representation of herbal nanoparticles cancer therapy.

Bonifacio BV et al., 2014 has studied the chemotherapy,
hormone therapy, and gene therapy are just a few of the
cancer therapies that might be significantly improved by
herbal chemicals. They can influence signal transduction
pathways, lessen side effects, and prevent medication
efflux, and they are safer and less toxic than synthetic
versions.™ Lacouture M et al., 2018 has investigated,
throughout human history, natural items have been
employed as herbal remedies, and they currently play a
big role in healthcare. They may be used as therapeutic

www.ejbps.com | Vol 10, Issue 12, 2023.

agents to treat conditions including Alzheimer's, cancer,
and inflammation. Due to limited bioavailability, their
clinical trials have had less success. Natural products
may be better absorbed and delivered to target areas
when they are in nanoformulations. Particles can be
manipulated by nanotechnology to target certain
locations and regulate medication release. Future
advancements in biomedicine, notably in the area of
cancer treatments, may be driven by this discipline. This
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article summarizes recent developments in nanoparticle
delivery technologies for biomedical purposes.®*

CONCLUSION AND FUTURE PERSPECTIVE

Through the delivery of tiny molecules for cancer
detection, diagnosis, and therapy, nanotechnology has
demonstrated a promising new era in cancer treatment.
Numerous cancer types are being treated extensively in
clinical settings using cancer therapies based on the
unique characteristics of NPs. NPs offer a great
foundation for combination therapy, which aids in the
treatment of multidrug resistance. Numerous NP forms,
including metallic, hybrid, and polymeric NPs, have
demonstrated increased drug delivery efficacy as a result
of increased study. There are some restrictions,
nevertheless, including the lack of in vitro models that
accurately represent the in vivo stage, immunotoxicity,
long-term toxicity, and neurotoxicity. The clinical
efficacy of "nanovaccines" and "artificial APCs" remains
subpar, despite their demonstrated superior efficacy over
traditional immunotherapy. It is necessary to examine

these novel modalities' tolerance and safety.
Furthermore, creating "immunomodulatory factor-loaded
NPs"  could improve vaccine efficacy for

immunotherapy. More work needs to be put into
"understanding toxicity, cellular and physiological
factors that regulate NP-based drug delivery, EPR, and
PC mechanism™ in the human body in order to develop
nanotechnology rationally. We assume that the
development of nanotechnology and cancer therapy will
bring about a revolution in the clinical translation of NP-
based cancer therapy, based on the findings mentioned
above.

REFERENCES

1. Martin CR. Welcome to
Nanomedicine, 2006; 1(1): 5-8.

2. Cai W, Chen X. Nanoplatforms for targeted
molecular imaging in living subjects. Small matters,
2007; 3: 1840-54.

3. Davis ME, Chen Z. Shin DM Nanoparticle
therapeutics: an emerging treatment modality for
cancer. Nat Rev Drug Discov., 2008; 7(9): 771-82.

4. Hett A. Nanotechnology: small matters, many
unknown. 2004.

5. Kwon HY, Lee JY, Choi SW, Jang Y, Kim JH.
Preparation of PLGA nanoparticles containing
estrogen by emulsification-diffusion  method.
Colloids Surf A Physicochem Eng Aspects, 2001;
182: 123-30.

6. Zambaux M, Bonneaux F, Gref R, Maincent P,
Dellacherie E, Alonso M, Labrude P, Vigneron C.
Influence of experimental parameters on the
characteristics of poly(lactic acid) nanoparticles
prepared by double emulsion method. J Control
Release, 1998; 50: 31-40.

7. Song CX, Labhasetwar V, Murphy H, Qu X,
Humphrey WR, Shebuski RJ, Levy RJ. Formulation
and characterization of biodegradables nanoparticles

nanomedicine.

www.ejbps.com | Vol 10, Issue 12, 2023.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

European Journal of Biomedical and Pharmaceutical Sciences

for intravascular local drug delivery. J Control
Release, 1997; 43: 197-212.

Jaiswal J, Gupta SK, Kreuter J. Preparation of
biodegradable cyclosporine nanoparticles by high-
pressure emulsification solvent evaporation process.
J Control Release, 2004; 96: 169-78.

Soppinath KS, Aminabhavi TM, Kulkurni AR,
Rudzinski WE. Biodegradable polymeric
nanoparticles as drug delivery devices. J Control
Release, 2001; 70: 1-20.

Tice TR, Gilley RM. Preparation of injectable
controlled release microcapsules by solvent
evaporation process. J Control Release, 1985; 2:
343-52.

Tabata J, Ikada Y. Protein pre-coating of polylactide
microspheres containing a
lipophilicimmunopotentiator for enhancement of
macrophage phagocytosis and activation. Pharm
Res., 1989; 6: 296-301.

Ueda H, Kreuter J. Optimization of the preparation
of loperamide- loaded poly (I-lactide) nanoparticles
by high pressure emulsification solvent evaporation.
J Microencapsul, 1997; 14: 593-605.

Allemann E, Gurny R, Doekler E. Drug-loaded
nanoparticles preparation methods and drug
targeting issues. Eur J Pharm Biopharm, 1993; 39:
173-91.

Bodmeier R, Chen H. Indomethacin polymeric
nanosuspensions prepared by micro- fluidization. J
Control Release, 1990; 12: 223-33.

Koosha F, Muller RH, Davis SS, Davies MC. The
surface  chemical  structure of poly (-
hydroxybutyrate) microparticles produced by
solvent evaporation process. J Control Release,
1989; 9: 149-57.

Lemarchand C, Gref R, Passirani C, Garcion E, Petri
B, Muller R. Influence of polysaccharide coating on
the interactions of nanoparticles with biological
systems. Biomaterials, 2006; 27: 108-18.

Niwa T, Takeuchi H, Hino T, Kunou N, Kawashima
Y. Preparation of biodegradable nanoparticles of

water-soluble and insoluble drugs with D,
Llactide/glycolide  copolymer by a  novel
spontaneous  emulsification  solvent  diffusion

method, and the drug release behavior. J Control
Release, 1993; 25: 89-98.

Vandervoort J, Ludwig A. Biodegradable stabilizers
in the preparation of PLGA nano particles: a
factorial design study. Int J Pharm., 2002; 238:
77-92.

Ubrich N, Bouillot P, Pellerin C, Hoffman M,
Maincent P. Preparation and characterization of
propanolol  hydrochloride nano particles: a
comparative study. J Control Release, 2004; 19:
291-300.

Couvreur P, Dubernet C, Puisieux F. Controlled

drug delivery with Nano particles: current
possibilities and future trends. Eur J Pharm
Biopharm, 1995; 41: 2-13.

1SO 9001:2015 Certified Journal | 244



Payal et al.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

www.ejbps.com |

Allemann E, Gurny R, Doekler E. Drug-loaded
nanoparticles preparation methods and drug
targeting issues. Eur J Pharm Biopharm, 1993; 39:
173-91.

DeAssis DN, Mosqueira VC, Vilela JM, Andrade
MS, Cardoso VN. Release profiles and
morphological characterization by atomic force
microscopy and photon correlation spectroscopy of
99m Technetium—fluconazole nanocapsules. Int J
Pharm., 2008; 349: 152-60.

Jores K, Mehnert W, Drecusler M, Bunyes H, Johan
C, MAder K. Investigation on the stricter of solid
lipid nanopartuicles and oil-loaded solid
nanoparticles by photon correlation spectroscopy,
field flow fractionasition and transmission electron
microscopy. J Control Release, 2004; 17: 217-27.
Pangi Z, Beletsi A, Evangelatos K. PEG-ylated
nanoparticles for biological and pharmaceutical
application. Adv Drug Del Rev., 2003; 24: 403-19.
Li, Y, Wong, CP. Recent advances of conductive
adhesives as a lead-free alternative in electronic
packaging: Materials, processing, reliability and
applications. Mater. Sci. Eng. R Rep., 2006; 51:
1-35.

Liu, Z.; Qi, X.; Wang, H. Synthesis and
characterization of spherical and mono-disperse
micro-silver powder used for silicon solar cell
electronic paste. Adv. Powder Technol, 2012; 23:
250-255.

Pitchayyapillai, G.; Seenikannan, P.; Balasundar, P.;
Narayanasamy, P. Effect of nano-silver on
microstructure,  mechanical and tribological
properties of cast 6061 aluminum alloy. Trans.
Nonferrous Met. Soc. China, 2017; 27: 2137-2145.
Ansari, M.A.; Asiri, S.M.M.; Alzohairy, M.A.;
Alomary, M.N.; Almatroudi, A.; Khan, F.A.
Biofabricated Fatty Acids-Capped
SilverNanoparticles as Potential Antibacterial,
Antifungal, Antibiofilm and Anticancer Agents.
Pharmaceuticals, 2021; 14: 139.

Hasanin, M.; Swielam, E.M.; Atwa, N.A.; Agwa,
M.M. Novel design of bandages using cotton pads,
doped with chitosan, glycogen and ZnO
nanoparticles, having enhanced antimicrobial and
wounds healing effects. Int. J. Biol. Macromol,
2022; 197: 121-130.

Kulkarni, S.S.; Mahavidyalaya, S.S.; Shirsat, M.D.
Optical and Structural Properties of Zinc Oxide
Nanoparticles. Int. J. Adv. Res. Phys. Sci., 2015; 2:
14-18.

Manna, A.C. Synthesis, Characterization, and
Antimicrobial Activity of Zinc Oxide Nanoparticles.
In Nano-Antimicrobials: Progress and Prospects;
Cioffi, N., Rai, M., Eds.; Springer:
Berlin/Heidelberg, Germany, 2012; pp. 151-180.
ISBN 978-3-642-24428-5.

Kwaambwa, H.M.; Hellsing, M.; Rennie, A.R.
Adsorption of a Water Treatment Protein from
Moringa oleifera Seeds to a Silicon Oxide Surface

Vol 10, Issue 12, 2023.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

European Journal of Biomedical and Pharmaceutical Sciences

Studied by Neutron Reflection. Langmuir, 2010; 26:
3902-3910.

Singh, R.K.; Zhang, Y.-W.; Nguyen, N.-P.-T.; Jeya,
M.; Lee, J.-K. Covalent immobilization of _-1,4-
glucosidase  from  Agaricus  arvensis  onto
functionalized silicon oxide nanoparticles. Appl.
Microbiol. Biotechnol, 2011; 89: 337-344.

Sobolev, K.; Flores, Il.; Hermosillo, R.; Torres-
martinez, L.M. Nanomaterials and Nanotechnology

for Highperformance cement composites. In
Proceedings of the ACI  Session on
“Nanotechnology of Concrete: Recent

Developments and Future Perspectives”, Denver,
CO, USA, 7 November 2006; 91-118.

Shaban, M.; Hasanzadeh, M. Biomedical
applications of dendritic fibrous nanosilica (DFNS):
Recent progress and challenges. RSC Adv., 2020;
10: 37116-37133.

Chapman, J.; Regan, F.; Sullivan, T. Nanoparticles
in Anti-Microbial Materials: Use and
Characterisation; Royal Society of Chemistry:
Cambridge, UK, 2012; ISBN 978-1-84973-159-1.
Cole, J.C.; Lommerse, J.P.M.; Rowland, R.S,;
Taylor, R.; Allen, F.H. Use of the Cambridge
Structural Database to Study Non- Covalent
Interactions: Towards a Knowledge Base of
Intermolecular Interactions. In Structure-Based Drug
Design: Experimental ~and  Computational
Approaches; Codding, P.W., Ed.; NATO ASI
Series; Springer: Dordrecht, The Netherlands, 1998;
113-124. 1ISBN 978-94-015-9028-0.

Debbage, P. Targeted Drugs and Nanomedicine:
Present and Future. Curr. Pharm. Des., 2009; 15:
153-172.

Kanaparthy, R.; Kanaparthy, A. The changing face
of dentistry: Nanotechnology. Int. J. Nanomed,
2011; 6: 2799-2804.
Larry Jameson, J,;
Medicine—Personalized,
Promising. Obstet. Gynecol.
612-614.

Arruebo, M.; Fernandez-Pacheco, R.; Ibarra, M.R;
Santamaria, J. Magnetic nanoparticles for drug
delivery. Nano Today, 2007; 2: 22-32.

Bawa, R. Nanoparticle-Based Therapeutics in
Humans: A Survey. Nanotech. L. Bus., 2008; 5: 135.
Bobo, D.; Robinson, K.J.; Islam, J.; Thurecht, K.J.;
Corrie, S.R. Nanoparticle-Based Medicines: A
Review of FDA-Approved Materials and Clinical
Trials to Date. Pharm. Res., 2016; 33: 2373-2387.
Mohammad Zaki Ahmad, Md. Rizwanullah, Javed
Ahmad, Mohammed, Yahia Alasmary, Md. Akhter,
Basel A, Abdel Wahab, Musarrat Hussain Warsi and
Anjani Haque. Progress in nanomedicine-based drug
delivery in designing of chitosan nanoparticles for
cancer therapy. International Journal of Polymeric
Materials and Polymeric Biomaterials, 2022; 71(8):
602-623.

Sharifi-Rad J, Quispe C, Patra JK, Singh YD, Panda
MK, Das G, Adetunji CO, Michael OS, Sytar O,

Longo, D.L. Precision
Problematic, and
Surv., 2015; 70:

ISO 9001:2015 Certified Journal | 245



Payal et al.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

www.ejbps.com |

Polito L, Zivkovi¢ J, Cruz-Martins N, Klimek-
Szczykutowicz M, Ekiert H, Choudhary MI,
Ayatollahi SA, Tynybekov B, Kobarfard F, Muntean
AC, Grozea I, Dastan SD, Butnariu M, Szopa A,
Calina D. Paclitaxel: Application in Modern
Oncology and  Nanomedicine-Based  Cancer
Therapy. Oxid Med Cell Longev, 2021 Oct 18;
2021: 3687700.

Sharifi-Rad J, Quispe C, Butnariu M, Rotariu LS,
Sytar O, Sestito S, Rapposelli S, Akram M, Igbal M,
Krishna A, Kumar NVA, Braga SS, Cardoso SM,
Jafernik K, Ekiert H, Cruz-Martins N, Szopa A,
Villagran M, Mardones L, Martorell M, Docea AQ,
Calina D. Chitosan nanoparticles as a promising tool
in nanomedicine with particular emphasis on
oncological treatment. Cancer Cell Int., 2021 Jun 24;
21(1): 318.

Tagde P, Najda A, Nagpal K, Kulkarni GT, Shah M,
Ullah O, Balant S, Rahman MH. Nanomedicine-
Based Delivery Strategies for Breast Cancer
Treatment and Management. Int J Mol Sci., 2022
Mar 5; 23(5): 2856.

Liu S, Khan AR, Yang X, Dong B, Ji J, Zhai G. The
reversal of chemotherapy-induced multidrug
resistance by nanomedicine for cancer therapy. J
Control Release, 2021 Jul 10; 335: 1-20.

Castilho ML, Jesus VPS, Vieira PFA, Hewitt KC,
Raniero L. Chlorin e6-EGF conjugated gold
nanoparticles as a nanomedicine based therapeutic
agent for triple negative breast cancer. Photo
diagnosis Photodyn Ther., 2021 Mar; 33: 102186.
Damasco JA, Ravi S, Perez JD, Hagaman DE,
Melancon MP. Understanding Nanoparticle Toxicity
to Direct a Safe-by-Design Approach in Cancer
Nanomedicine. Nanomaterials (Basel), 2020 Nov 2;
10(11): 2186.

Li YJ, Wu JY, Wang JM, Xiang DX. Emerging
nanomedicine-based strategies for preventing
metastasis of pancreatic cancer. J Control Release,
2020 Apr 10; 320: 105-111.

Vander Meel R, Sulheim, E., Shi, Y.et al. Smart
cancer nanomedicine. Nat. Nanotechnol, 2019; 14:
1007-1017.

Chen WH, Xu XD, Jia HZ, Lei Q, Luo GF, Cheng
SX, Zhuo RX, Zhang XZ. Therapeutic
nanomedicine based on dual-intelligent
functionalized gold nanoparticles for cancer imaging
and therapy invivo. Biomaterials, 2013; 34(34):
8798-807.

Wolfram J, Ferrari M. Clinical Cancer
Nanomedicine. Nano Today, 2019 Apr; 25: 85-98.
Lakshmanan VK., lJindal, S., Packirisamy, G. et
al. Nanomedicine-based cancer immunotherapy:
recent trends and future perspectives. Cancer Gene
Ther., 2021; 28: 911-923.

Zhang P, Zhai Y, Cai Y, Zhao Y, Li Y.
Nanomedicine-Based  Immunotherapy for the
Treatment of Cancer Metastasis. Adv Mater., 2019
Dec; 31(49): e190415.

Vol 10, Issue 12, 2023.

57

58.

59.

60.

61.

62.

63.

64.

. Irvine

European Journal of Biomedical and Pharmaceutical Sciences

cancer
Rev

DJ, Dane EL. Enhancing
immunotherapy with nanomedicine.
Immunol, 2020 May; 20(5): 321-334.
Rosenberg SA, Restifo NP, Yang JC, Morgan RA,
Dudley ME (2008) Adoptive cell transfer: a clinical
path to effective cancer immunotherapy. Nat Rev
Cancer, 8(4): 299-308.

Soetaert F, Korangath P, Serantes D, Fiering S,
Ivkov R. Cancer therapy with iron oxide
nanoparticles: Agents of thermal and immune
therapies. Adv Drug Deliv Rev., 2020; 163-164:
65-83.

Irvine DJ, Dane EL. Enhancing
immunotherapy with nanomedicine.
Immunol, 2020 May; 20(5): 321-334.
Melero I, Rouzaut A, Motz GT, Coukos G (2014) T-
cell and NK-cell infiltration into solid tumors: a key
limiting factor for efficacious cancer
immunotherapy. Cancer Discov, 4(5): 522-526.

He YC, Hao ZN, Li Z, Gao DW. Nanomedicine-
based multimodal therapies: Recent progress and
perspectives in colon cancer. World J Gastroenterol,
2023 Jan 28; 29(4): 670-681.

Bonifacio BV, Silva PB, Ramos MA, Negri KM,
Bauab TM, Chorilli M. Nanotechnology-based drug
delivery systems and herbal medicines: a review. Int
J Nanomedicine, 2014; 9: 1-15.

Lacouture M, Sibaud V (2018) Toxic side effects of
targeted therapies and immunotherapies affecting
the skin, oral mucosa, hair, and nails. Am J Clin
Dermatol, 19(Suppl 1): 31-39.

Nat

cancer

Nat Rev

ISO 9001:2015 Certified Journal | 246



