International Journal of

INTELLIGENT SYSTEMS AND APPLICATIONS IN
ENGINEERING

Www.ijisae.org

1JISAE

ISSN:2147-6799 Original Research Paper

Optimizing Treatment of Tumors Using Nanoparticle-Based Medication
Delivery Systems

1Jagdish Kumar Arun, 2Dr. Jayashree Balasubramanian, *Awakash Mishra, *Danish Kundra,
°M. S. Nidhya
Submitted: 07/01/2024 Revised: 13/02/2024  Accepted: 21/02/2024

Abstract: Recent years have seen a substantial increase in interest in using nanoparticles in treating tumors because of their potential to
maximize therapeutic results while minimizing adverse effects. Targeted treatment is made possible by the ability of nanoparticles to
deliver medications directly to tumor locations. They may specifically attach to tumor cells by functionalizing the nanoparticle's surface
with targeting ligands, boosting drug accumulation in the tumor, and minimizing exposure to healthy tissues. Nanoparticles may also
make anticancer medications more stable and soluble, facilitating their efficient distribution. Nanoparticle-based therapy, commonly
referred to as nanomedicine or nanoparticle-based therapy, is a young area with great promise. When therapeutic drugs are delivered
selectively to tumour areas using nanoparticle technology, therapy effectiveness is increased and adverse effects are reduced.
Applications for nanoparticle delivery systems in the medical management of different illnesses, particularly cancer therapy, seem
promising. Drug distribution is controlled through the characteristics of nanoparticles. The structure of nanoparticles has become the
topic of several research in the last few decades, and significant progress has been achieved in this area. To offer conceptual advice
regarding subsequent drug delivery of nanoparticles, the article supplied optimization strategies for nanoparticles in three perspectives:
improving biocompatibility, targeting effectiveness, and expanding drug loading rate.
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. nanocantilevers, and inorganic vectors are examples of
1. Introduction L .

common nanomedicine techniques.
Nanomedicine has become a potential subject for
enhancing tumor therapy in recentyears. Given their
distinctive qualities and programmable traits, nanoparticles
provide fascinating possibilities for improving cancer

treatment. Particles with a typical size range of 1 to 100

Particular focus should be given to the creation of NPs
with increased tumor penetration capabilities with the aim
to enhance the therapeutic effects of nanomedicines and
their  clinical translation.Through the interstitial
tumor space, NPs mostly depend on delayed diffuse rather

nanometers are known as nanoparticles. They may be
created using a variety of substances, each with unique
characteristics and functions, including polymers, lipids,
metals, and inorganic chemicals [1]. Tumor-specific
administration methods may be created by carefully
adjusting the composition, shape, surface chemistry, size,
and drug-loading capacity of nanoparticles. Targeting and
accumulating at tumor locations is one of the main benefits
of utilizing nanoparticles in treating tumor [2]. Liposomes,
polymeric NPs, polymer-drug conjugates, dendrimers,
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than rapid circulation [3].

Identification of effective therapeutic approaches that
attack several tumor cell-specific survival routes is crucial
for improving the degree of tumor cell death and perhaps
lowering overall drug exposure during therapy. Most drug
screening initiatives have concentrated on carefully
choosing pharmacological combinations based on the
biology of the tumor or the response to certain agents[ 4].
Nanoparticles are colloidal material systems typically 200
nm in size or less and comprise organic (like lipids or
polymers) or inorganic (like silica, iron, or gold)
components. By encapsulating and shielding the treatments
from oxidation or decomposition, these frameworks are
often utilized as wvectors for regulated drug
delivery. Applying this method, we created a single
nanoparticle construct that serves as a timed sequence store
for both a (EGFR) inhibitor and a DNA-damaging
chemical [5].

MSN has received greater focus and quickly developed in
several areas, including medicine delivery. Over the last
several decades, MSN-based drug delivery systems have

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(19s), 748-757 | 748



been employed to treat tumors by combining MSN with
anticancer medications due to the huge specific surface
area, customizable pore shape, and great biocompatibility
of MSN. It has been suggested as a potential medication
delivery method in recent years because of its strong drug-
encapsulating capacity and favorable biocompatibility. The
MSN-based medication ~ transport  system  for
tumor treatment has evolved in front of our eyes [6]. In the
beginning stages, cancer appears as a single tumor; if
untreated, this tumor spreads to the whole body. Due
to several separate events, the creation of gene
changes proceeds for a while.Thus, a number of processes
contribute to the development of cancer in the body, and a
number of perceptive investigators have described the
development of cancer as a macroevolutionary activity [7].
By increasing the permeability and absorption impacts
(EPR) of photosensitizers or by adding targeting ligands to
their surface, nanoparticles improve the tumor selectivity
of such substances [8]. The article [9] mentioned the
immunostimulatory substance that can be activated by UV
light and an upconversion nanoparticle that serves as a
transducer to move the device's sensitivity to light to the
NIR window. By generating an efficient immune response
inside the tumor but not disrupting immunity elsewhere in
the body, the regulated regulation of immunity
maintains anticancer effectiveness while reducing systemic
poisoning. The current study demonstrates the remote-
controlled immunodevice's ability to initiate
immunoactivity at the correct place and time.The study
[10] mentioned cancer treatment as a game theoretic
contest between the physician’s therapy and the cancer
cells’ resistance strategies. The article implemented more
dynamic treatment procedures that incorporate eco-
evolutionary processes and adapt therapy appropriately;
doctors may make use of the advantages posed by the
asymmetries in the cancer treatment game and probably
enhance results. The study [11] suggested a brand-new
brain tumor segmentation technique based on fully
connected conditional random fields (CRFs) and multi-
cascaded convolutional neural network (MCCNN). The
segmentation procedure mostly consists of the next two
phases. The study [12] provided DOX@E-PSiNPs a
significant in vivo enrichment in total tumor cells as well
as side populations of cells that exhibit CSC
characteristics, leading to anticancer action and a decrease
in CSCs in subcutaneous, orthotopic, and metastatic tumor
models.

The study [13] examined the fuzzy brain-storm
optimization method, which combines fuzzy and brain-
storm optimization approaches and is used in this study for
the segmentation and classification of medical pictures.
Brain-storm optimization prioritizes the group of centers
and focuses on these; like similar swarm algorithms, it may
fall into local optima. The study [14] analyzed the brain

surface extraction (BSE) approach originally used to
remove the skull. Particle swarm optimization (PSO) is
then used to the picture with the head eliminated to
improve the classification. The following phase involves
extracting local binary patterns (LBP) and deep features
from split photographs and using a GA, or genetic
algorithm, to choose the most suitable parts. Lastly, an
artificial neural network (ANN) and additional classifiers
are used to categorize the tumor grades. The study
[15] created brain tumor classification using a deep
automated encoder and Bayesian fuzzy clustered-based
segmentation method. The non-local mean filter is initially
used during the pre-processing stage for blurring purposes.
Brain tumors are then divided using the BFC (Bayesian
fuzzy clustering) approach. Relational components are
derived after categorization using information-theoretic
measurements, scattering transform (ST), and wavelet
packet Tsallis entropy (WPTE) approaches. The article
[16] used the One-pass Multi-task Network (OM-Net), a
lightweight deep model, to segment brain tumors with a
single pass while outperforming MC at resolving class
imbalance. In this paper about an optimizing treatment of
tumor using nanoparticles based on medication delivery
system.

2. Improving Biocompatibility
2.1. Liposomal Formulations

Liposomes are synthetic membranes that resemble
biological membranes in their bilayer form. Amphoteric
molecules like phospholipids and sphingolipids disperse in
water when their hydrophilic heads come close to it and
document closed vesicles with monolayer structures. At
the same time, their hydrophobic tails prefer to be packed
together to get out of the stages of water. In addition to
lipophilic compounds, liposomes can contain water-soluble
and amphoteric molecules. Liposomes are also generally
biodegradable, non-toxic, and immunogenic, which makes
them very friendly. Liposomes are appropriate carriers for
a variety of therapeutic applications due to both of those
factors. The Food and Drug Administration (FDA) of the
United States has approved liposomes holding arsenic
hydrochloride, siRNA medication Onpattro, and mRNA
for use in medical centers. As a carrier, the reactivity of
serum molecules like opsonin or high-density lipoprotein
determines the destiny of liposomes in the body. The
mononuclear phagocyte system (MPS) recognizes and
consumes them, after which they disintegrate within the
cell to allow for the payload. Usually, MPS has to stay
clear of liposomes to address the area of damage better. As
a consequence, we will discuss liposome properties and
applications from the angles of MPS targeting and MPS
escape. Liposomes may be employed for immunotherapy,
which stands for anti-tumor, tissue regeneration, and
various other macrophage-related diseases, as a component
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of the MPS addressing approach. Liposomes
could immediately attack diseased cells through the MPS
escape technique. Both macrophages and monocytes may
be targeted by liposomes or permitted to get away by
altering the chemical composition of the liposomes. MPS
may produce cytokines to display antigens, inhibit
irritation, and regulate tissue development. Targeting MPS

is a significant method for particularly targeting sick cells
since it helps to extend liposome circulation in vivo and
inhibit MPS's fast removal. The molecular makeup of
liposomes can be enhanced for treatment, imaging, or
diagnosis by the addition of agonists like peptides,
antibodies, and other biological molecules in (Table 1).

Table 1. Examples of liposome uses using various ligands.

Ligand Application
TD peptide Meleanoma treatment
Arginine-glycine-aspartic acid(RGD) Brain delivery
Anti-HER2 monoclonal antibody Therapy for breast cancer
Ac-KGFGGGLK peptide Detection for Auterosclerotic
CGP 31362 Tumor destruction
Peptide Human epidermal growth factor(hEGF) Skin treatment
Muramy!l dipeptide Immunomodulating
Muramy!l tripeptide(MTP) Therapy for Melanoma
P18-4(WXEAAYQrFL) Therapy for Breast cancer
Intergrinf6 monoclonal antibody Therapy for Colon carcinoma
N fopr:; ﬁ;gﬁ: :ilr?g(lgiﬂfg)c ne Therapy for Leishmaniasis
Frizzled 10 antibody Colorectal cancer
CD123/CD33 dual-antibody Decrease in antigen-negative escaping
Fibroblast growth factor ligands Addressing bladder cancer
Deoxyribonucleic acid Gens' carriers in tests for transfection
Programmed death Ligand-1 monocolnal
. Melanoma
antibody
CD44 antibody hepatocellular cancer by imaging Treatment
Natural STAT3 inhibitors Tumor immuno-therapy
Antibody CRISPR/CSA9 Gens silencing efficiency enhancement
AP-targetting ligands Therapy for Alzheimer
CD123 antibody Concentrating on cells with acute myeloid
leukaemia
Itraconazole Enhanced gene delivary of pDNA and siRNA
STING Agonoists Cancer immuno-therapy

2.2. Cubosomes

To create a stereoscopic structure having no mean interface
curvature, amphiphilic lipid molecules self-assemble a
layer of lipids into cubosomes, which spin, cycle, and
organize in space in a cubic lattice. It underwent extensive
investigation in drug delivery (Figure 1). Cubosomes have
a larger hydrophobic capacity than liposomes do. This
feature improves the cube's ability to load drugs efficiently,
particularly for drugs with poor water solubility
cumbersome could efficiently load adriamycin and only
release it when the environment is sufficiently acidic to kill

tumor cells. Adriamycin's ability to destroy tumor cells is
increased thanks to this technique, which also lessens the
drug's negative effects on healthy cells. It has been shown
that cubosomes encourage CD8+ and CD4+ T cells to
grow and secrete interferon and Ova-specific antibodies.
As a result, cubes may be used to distribute vaccinations
slowly and effectively.

2.3. Interface of Cell Membrane

One approach to mimicking dust production is the use of
nanotechnology ~ with  membrane-based  coverings.
Extracellular vesicles and membranes are examples of
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natural cell derivatives that may acquire many of the
characteristics of their original cells. As a result, these
derivatives may be used to coat nanoparticles, giving them
functionalities comparable to those of their parent cells and
natural biocompatibility. Therefore, this top-down
engineering method may create novel treatment
approaches. Red blood cells, cells from the immune

system, platelets, stem cells, macrophages, and tumor cells
are just a few of the barriers that may be used to contain
nanomaterials, depending on research. It has been reported
that membrane-interfacing nanomaterials are wused in
several  sectors, including  targeted  medicine,
immunization, viral recognition, and others (Table 2).

Table 2. Examples of uses for nanomaterials that have cell membrane coatings.

Cell Membrane Nanopatrticle Application
Silican nanocapsules Tumor therapy for 4T1 subcutaneous
Au nanoshells Tumor therapy for 4T1 subcutaneous
Na YF4:YB,Er@NAYF4 Tumor therapy for 4T1 subcutaneous
) . A breast cancer allograft tumor
sulphide nanoparticles of copper
treatment
Emtansive Liposomes Lung cancer therapy for4T1
metastasis
Macropage ROS-responsive nanoparticles Therapy for Cardiovascular Disorders
ROS-sensitive B-Cyclodextrin Therapy for Ulcerativev colitis
Polymeric cores Therapy for Acute pancreatitis
MPEG5K-b-PLGAL1K@mIiR199a-3p Therapy for Myocardial infarction
Polymeric nanoparticles Biomimetic delivery platform
. Reducing reticuloendothelial system
Fe;0,nanoparticles
uptake
Gold nanocages Photothermal treatment
All-in one holloe Defending Against Focal Bacterial
nanoworms(A_ FE/AuAg@PDA) Infection
Black Phosphorus Immunotherapy for cancer with light
Chitosan,heparin and Au Thrombus
. . Phtodynamic/photothermal
Erythrocyte Zinc Phthalocyanine an ICG theranostics
. Targeted delivery of anticancer
Porous nanoparticles o
medication
Polymeric nanoparticles Thrombus reversal in mouse models
PLGA and Fe;0, nanoparticles Dual targeted thrombolytic treatment
y Fe; 0, nanopartoicles Therapy for Ischemic stoke
Malaria protein VAR2CSA Specific therapy fo_r both primary and
metastatic cancer
Platelets . Targeted treatment of
Liposomes ;
autherosclerosis
Photodynamic nanoparticle Photodynamic treatment
Nanogles Tumor targeted drug delivary
Fe; 0, nanoparticles Cartilage regenertion
B-NaYF4:YB3+,Er3+ Photodynmic treatment
Isotretinoin Therapy for Acne
Stem cell Glucose oxidase(GOx) and porphrin metal- phothynamlc therapy and
. malnutrition-targeted therapy for
organic Framework(MOF)
cancer
. . Imaging of breast cancer and triple-
Upconversion nanoparticles S
negative disease
. . Eliciting multiantigenic antitumor
Immunostimulatory adjuvant : .
immunity
Cancer cell Treatment with combined
MnO, nanoreactor . .
photodynamic starvation
Mesoporous silica nanoparticle Regulating drug relaese
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2.4. Nature Cell

It is useful to use autologous cells as a transport method
since they are highly biocompatible and have a built-in
system for moving across regions and traveling a great
distance inside the human body. The pace at which the
cells load pharmaceuticals must be controlled to prevent
harm to the carrier cells from the packed medications. To
address this issue, researchers encapsulate drugs in
nanoparticles and transport them to the location of the
damage either through adhering the endocytosis process
or the cell exterior. The laden drugs might be discharged.
when either endogenous or external stimuli are present.
Leukocytes, red blood cells, T cells, stem cells, and other
species are used as carriers for nanomaterials.

Examples include near-infrared radiation (NIR), magnetic
fields, ultrasound, and other foreign stimulation.
Erythrocytes exhibit a high rate of drug encapsulation and
prolonged stable release when utilized as carriers of drugs.
These also tend to chemoattract to the sick site to prevent
the spread of infection, inflammation, and tumors. They
may be able to deliver medications to areas of the body
that are problematic or inaccessible using conventional
ways to deliver drugs owing to this special property.

2.5. Biomacromolecule

Micro-nano robotics that can flex and perform various
functions in response to internal or external stimuli are
used in conjunction with biomacromolecules to detect and
cure disease. The microenvironment of the intended spot,
which differs from normal tissues, triggers the micro-nano
robot once it unites a live organism there (often the injured
area), after which it expands and completes the subsequent
duty. For example, precursors have become frequently
encountered in pharmaceuticals for the nervous system,
cancer therapies, and antiviral medications. When those
precursor medications enter a person's body, the target
micro-environment may cause them to begin acting as a
therapeutic agent even if they remain inactive in vitro.
Exogenous stimulation refers to a robot that becomes
malformed due to external input. To boost the
effectiveness of photothermal therapy for treating tumors,
for instance, gold nanoparticles, After being exposed to
UV light, could polymerize form particles of gold with a
large particle size that have photo cross-linking agents on
their surface. These deformable biocompatible materials
might be made of artificial peptides, DNA, or monomers.

Based on their chemistry. A group of gels made of
polymers known as environmentally conscious hydrogels
may detect minute alterations or stimuliin their
surrounding environment (for example, variations in
temperature, pH, light, electricity, pressure, etc.) and then
react by changing or even mutating their chemical and
physical features. It has excellent application potential in

healthcare because microbes may break it down. Due to
the various reactions to the outside world, ecologically
sensitive hydrogels may be classified as sensitive to
temperature,  pH-sensitive,  electrically  responsive,
photosensitive, magnetic-sensitive, etc. hydrogels. The
bulk of flexible particles of enzymes used in therapeutic
settings is pliable peptides; these could be broken down
into cell membrane-penetrating phrases and ecologically
friendly deformed sequences. The four thrombin molecules
that comprise this nano-robot are put onto a flat,
rectangular DNA origami board. The thrombin particles
are encased within hollow tubes made from DNA origami,
which are then sealed with AS1411 aptamers. Thrombin
molecules are released when Arterial tissue cells highly
release nuclides with AS1411 aptamers attached to them.
This causes a local coagulation response in the tumor,
leading to tumor necrosis due to coagulation and cancer
therapy. DNA also carries a gold nanoparticle to create a
controllable nanomechanical arm. Simply walking on the
cell membrane will cause the DNA-based rover to promote
cell movement. A payload might likewise be divided and
delivered to the appropriate location.
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Fig.1. Cubosomes for therapeutic agent delivery delivery;
(A) Typical cubosome schematic. (B) Cubosomes were
used to transport small molecule drugs to cancer tissue. (C)
Cubosomes were used to delivery
biologicalmacromolecular drugs for immunotherapy.

3. Increasing the Targeting Efficiency
3.1. Cell Membrane

The barrier of the red blood cell Due to their distinct higher
levels of permeability and retention (EPR), tumors may
selectively absorb macromolecules & nanoparticles. It is
required to prolong the period that nanoparticles spend
circulating in the circulatory system to allow a significant
amount of them to collect at the tumor site. The most
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prevalent kind of cell in our bodies, red blood cells (RBC),
have a 120-day lifespan. Additionally, mature RBCs lack
certain organelles and the cell nucleus, making them easier
to remove and purify. The RBC membranes express CD47,
which is in charge of blocking the immune system. It may
specifically attach to the cell SIRP molecule to prevent
macrophage clearance, extend the flow of blood in the
human body, & increase aggregation at the desired
location.The RBC membrane-coated nanoparticles may
include the special benefits provided by RBC. A number of
studies started looking at the use of RBC membranes for
the therapy of tumors as a result of these qualities. Particles
greatly increased the concentration by indirect stimulation
and the destruction at the cancerous spot, which took
advantage of the RBC membranes' masking role. For in
vivo biomedical research, the red blood cell membrane
hiding method thus offers a potent nanomedicine option.

The membrane of a cell The tiniest blood vessels in
circulation include platelets, fragments created by grown-
up megakaryocytes. Platelets are crucial for hemostasis,
wound closure, irritation, and clotting during vascular
traumas. Platelet membrane protein antigens may aid in
tumor spread by aggregating on the outermost layer of
nanoparticles. The ability to absorb was greatly enhanced
by having iron oxide nanoparticles covered with a platelet
barrier of nanoparticles by MCF-7 in culture, yet
significantly decreased the digestion of macrophages.
Longer nanoparticle circulation times and better tumor
targeting were caused by the body's ability to evade the
immune system and its interaction with cancer cells. In
other illness models, platelet membrane-coated
nanoparticles are also useful. Song et al., for instance,
effectively showed how it might be applied to cure
atherosclerosis using tailored drug delivery platforms.
Utilizing the innate infarct location capability of the
plasma membrane, this research has successfully focused
on the transport of the heart following reperfusion damage
with nanoparticles protected by the outer layer of cells.
The barrier of malignant tumor Cells from cancer has
various advantages over normal blood cells, including
limitless multiplication, immunological evasion, and
homologous targeting. Because they may be readily
acquired through in vitro culture, tumor cells are not
required to be taken from the plasma of patients or
donations.

Malignant tumor development and dissemination are often
brought on by tumor cells evading the body's defenses. To
resist or elude antibody monitoring, cancer cells evolve
sophisticated defense mechanisms. Tumor cell membranes
were combined with CaCO3 to create mesoporous silica
nanoparticles, and research by Liu et al. revealed that this
layer improved the particle's persistence and capacity to
assemble at the tumor site. Homotypic targeting techniques
may deliver nanoparticles to metastatic and main tumors.

Proteins from membranes and attachment molecules
involved in homotypic association and dissemination may
be found on the outer layer of 4T1 cells with breast cancer.
These qualities allow the nanoparticles bound with cancer
cell membranes to fight invasive breast cancer effectively.

Coating on Immune Cells Tumours are a precise aim for
immune system cells. For instance, engaged T cells with
specialized identifying proteins on their outer membranes
may recognize chemicals on tumor surfaces, demonstrating
an intense liking for tumors. T cell walls are a possible
vehicle for specific drugs due to the immunological
recognition abilities of T cells. The dual-targeting
technique retains potential for tumor therapy owing to the
heterogeneity of tumors.

White blood cells, known as macrophages, are able to
move across circulation. Neutrophils that have been
stimulated often cause inflammation-related harm on their
own. Neutrophils' chemotactic behavior may be used to
great effect in the medication administration system. There
exists proof that neutrophils resemble moving tumor cells,
which may target certain microenvironments due to their
innate cell adhesion molecules. Polylactic acid glycolic
acid (PLGA) nanoparticles coated with neutrophil
membranes may successfully catch moving tumor cells and
prevent the formation of lesions that are metastatic. The
macrophage population makes up most of the white blood
cells in tumors. Nanoparticles may penetrate blood channel
obstacles and detect chemicals in tumor cells even when
shielded by cell walls. Tasciotti's scientific team created
the first transparent silica particle encapsulated in a
macrophage membrane. White blood cell membrane-
coated nanoparticles can actively target functional
molecules to inflammatory areas and aggressive cell
exteriors along with expanding blood circulation around
the body, in contrast to nanoparticles wrapped with RBC
walls. However, there are still a few factors to keep in
mind. For instance, white blood cell membranes are less
biocompatible compared to RBC membranes, which are
predominantly  derived from immortalized cells.
Additionally, immunogenicity may result from producing
certain histocompatibility complex molecules (MHC) on
the leukocyte surface.

Additional Membranes and Combination Membranes
Adding two or more different cell membrane types to the
exterior of a nanoparticle may give it special biological
features. For instance, to increase the effectiveness of
medication administration, the RBC membrane and the
outer layer of a tumor cell are merged. Magnets mix and
alter the platelet and tumor cell membranes to boost the
cancer cells' capacity to attach, which might lessen the
connection of similar white blood cells and make it easier
to separate certain tumor cells. The RBC and platelet
membranes are covered on gold nanowires to do two tasks
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at once. The neutrophil attacks organisms, but the RBC
hunts for and destroys the poisons that the mold produces.
An additional instance demonstrated how heterologous
localization of the tumor cell surface and diminished
elimination caused by the RBC membrane result in
the extremely effective collection in tumor areas for a gold
nanocage mounted with the tumor cell-RBC barrier
mix.Numerous immune characteristics may be found in
bacterial membranes. Multiple genetic models of
pathogens may promote innate and adaptive immunity.
According to studies, bugs have been found in tumor
tissues. By wrapping nanoparticles with bacterial
membranes, the tumor may be targeted successfully.While
there has been a significant advancement in the study of
nanoparticles hidden by cell membranes, there are still
certain problems. Firstly, there are extremely few sources
of membranes in cells, and their extraction and separation
processes could be more laborious and yield better.
Secondly, the cell membrane’s architecture is intricate, and
certain parts may trigger an immunological reaction. The
regulation of cell membrane integrity and efficacy also
presents a challenge. Collaboration across disciplines is
needed to create effective nanoparticles for cell membrane
decorating.

3.2. Cell Robot

Microorganism-Coated Particles Bacterial are ideal as
"small doctors” because of their special capacities to
perceive their surroundings in response to external signals
and to be self-driven (which lets them enter difficult-to-
reach tumor areas). To propel their flagella for fluid
motion, bacteria employ cytochemical power. Such action
cannot be replicated by mechanical spinners at low
Reynolds numbers. Bacteria aggressively migrate towards
advantageous circumstances, demonstrating navigability,
phototaxis, chemotaxis, and thermotaxis. This movement is
influenced by a variety of outside physical as well as
chemical cues, so it is both directional and accelerated.
Drugs may be designed to follow bacteria to a particular
spot within their bodies by using the bacteria's autonomous
properties in reaction to their surroundings. A study used
bacteria-driven, biological hybrid microswimmers for
precise medication distribution. Cells and Nanoparticles
Together Since bacteria don't provide as much driving
power as cells, it is challenging to reach the target location
precisely. Additionally, certain microbes are difficult to

develop in the laboratory and can be more harmful to their
host than others. Drugs may be transported by immune
cells like macrophages or monocytes. They are able to
penetrate the blood-vascular barrier and settle in a tumor as
tumor-associated phagocytes, occupying between 70 and
80 percent of the tumor mass. Because of this property,
they are suitable as vehicles to deliver medicinal medicines
to tumors.

3.3. Drug Release Triggered by Different Conditions

Due to their tiny ability to accumulate in specific locations
with external direction, nanoparticles with magnets have
become appealing options. Yet, the inability of BMNPs to
be internalized by cells continues to limit their
effectiveness. Then they conducted research and developed
a novel technique to produce BMNPs that include PLGA.
They then customized the tiny fragments by coating them
in PLGA, adding the cell-penetrating TAT peptide, and
improving the digestion by the cell. It is uncommon to find
magnetic hyperthermia agents that employ BMNPs. By
exposing BMNPs functionalized with doxorubicin to a
light source that is almost thermal, it is feasible to
effectively combine directed therapy with photothermal
therapies and increase the damage caused to cells. These
pieces show how combining therapies has advanced
anticancer treatment effectiveness.

4. Increasing the Drug Loading Rate

Table 3 summarizes the benefits and drawbacks of various
carrier medications. According to the kind of transport
utilized in the system, we divide the drug-carrying weight
of various transport delivery methods into four categories:
Carrier-free  nanomedicine delivery systems, organic
carrier nano-drugs, MOF carrier nano-drugs, and inorganic
transport mechanisms are some examples of methods for
distribution. (Figure 2). Table 3 summarises the elements,
benefits, and drawbacks of several carrier medicines. The
use of carrier medicines increases the flexibility and
flexibility of the medications but has little effect on drug
absorption and may harm the carriers. Two advantages of
carrier-free nanoparticles are significant drug loading and
safety without carriers. However, limitations with
restricted targeting at solvent-like residues and challenges
with altering the outermost layer also limit its clinical
applicability.
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Table 3. Summary of carrier- and carrier-free medication delivery's benefits and drawbacks.

- MSNPs;MCNPs;
carrier nano

Strategy component Advantage disadvantage
Drug delivary MCNCs:MTNPs Potential carrier

system ossible imaging abilities toxicit

Inorganic P o y

Good drug targeting; Low drug loading;

Fig.2. Summary of carrier drugs composed of different
carriers. (A) Inorganic carrier nano drug delivery (B)
Organic carrier nano drug delivery system (C) MOF carrier
nano drug delivery system (D) Carrier-free nanomedicines
delivery system, including pure nanodrugs and drug—drug
conjugates.

4.1. Inorganic Carrier Nano Drug Delivery System

The increase in inorganic transports' ability to transport
drugs is mostly attributed to permeable materials' high
surface area and large pore size. Mesoporous
materials based on silica, carbon, magnetic colloids, TiO2,
and other minerals are among the modern inorganic porous
materials.

Carrier-free Poor drug
nanomediciens Pure nanodrugs Without any carrier toxicity, high targeting;
Delivary Drug-Drug conjugates drug loading Organic solvent
system residue
MOF carrier - .
nano dru Good biocompatibility, imagin Toxicity a possible
) drug HKUST:UiO:ZIF;MIL OCOMPAtIDITLY, IMagIng | o ier with low
Delivery potential, and drug targeting L
drug inhibition
systrm
. Synthetic polymer(PEG,PVP,Pox); . - . A minimal
Organic y polymer( ) Effective medication targeting L.
. Natural . L medication load
carrier nano . . . . Low carcinogenicity . .
. biopolymers(proteins,peptides,nucleic . . . Quick carrier
Drug delivery . Possibilities for imaging; excellent .
system acids) biocompatibility clearing; low
% P stability
A mesoporous silica material that could be employed as a
drug carrier. Up to that point, pharmaceutical and medical
\ applications  utilized mesoporous silica fragments
. MSNPs HKUST-1 . - .
et having nanostructures and morphologies. By definition,
& PEC P sturdy and present on surfaces with modular symmetry,
' % Ui0-66(zr) b POX mesoporous silica nanoparticles (MSNP) might be further
p tailored by chemical functioning. Furthermore, the
*‘ MMCNCs Z|F-90(MZ) . f . . . . . .
- increased size ratio improved surface functionality and
. Protein  Peptide . . .
g o o | B porosity, allowing molecules to be transported while
, MTNPs A - ) . . -
g M0l A interfering with the silica structure. Nanoscale Mesoporous
- DNA origami 4WJ- Carbon Particles Because of their outstanding physical and
chemical characteristics, mesoporous carbon nanoparticles
;-e'zgmgri . are often employed to create nano-therapeutic devices.
; Nanodrug—— e ——— @_ Hollow mesoporous carbon nanospheres (HMCNS) - based
Freedugs—— - pebcibd P s nanocarriers may transport pharmaceuticals more
Nano mulidrug S successfully than conventional silica-based nanocarriers
Pure nanodrug con'gu atesg

due to their ability to repel water. The porous structure of
HMCNSs, stacking with the medication, and non-covalent
electrostatic attraction may be to blame for their large
weight. The effectiveness of medication administration
may be increased by using H202 or near-infrared light
irradiation by promoting HMCN mobility and increasing
the number of HMCNSs adhering to tumor cells' surfaces.
Zhao et al.'s DOX/HMC-AU@PEG system has a 40.6%
DOX loading capacity and can dual-triggered absorption of
drugs caused by redox and NIR. Clusters of Mesoporous
Magnetic Colloidal Nanocrystals Mesoporous magnetic
colloidal nanoclusters (MCNCs) have outstanding
dispersion strength, strong magnetism, enough area for
growth, good biocompatibility, and acid hydrolysis.
MCNCs are thus expected to be employed as vehicles for
tailored medication delivery. Mesoporous TiO2 NPs
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(MTNPs) are employed extensively in the healthcare and
technology industries because of their cheap cost, excellent
biocompatibility, preservation of the environment, and
chemical endurance. Mesoporous TiO2 (mTiO2) was
created as a beneficial carrier for drugs in biomedical
applications. It is a unique member of the TiO2-based
material family with minimal toxicity and a high
mesoporous volume. He and his colleagues developed a
multifunctional nanocomposite to compensate for
drawbacks like restricted capacity and benefit the treatment
of cancers by combining promising photothermal material
polypyrrole (PPY) with mesoporous TiO2 nanoparticles
(mTiO2s).

4.2. Organic Carrier Nano Drug Delivery System

The US Food and Drug Administration has given synthetic
polymer PEG approval for usage in people. The
reticuloendothelial system's non-specific absorption may
be reduced,and the contact with plasma proteins
eliminated by surface-modifying PEG-based nanocarriers,
increasing the duration spent in circulation. Despite
missing blood clearance (ABC), PVP has shown to be a
successful PEG alternative. Because the micelle consists of
an inner and a water-loving coating made by the
accumulation of hydrophilic parts, the hydrophobic
medicine may be successfully packed into the core of the
amphiphilic spherical polymer micelle and distributed into
a fluid medium. Synthetic biopolymers, including proteins,
peptides, and nucleic acids. The lack of inactive carriers
components, reduced costs, fewer safety issues, and
improved biocompatibility are some of its distinct
advantages versus conventional carriers.

Organic Biopolymers Considerations concerning solvent
toxicity and dispersion throughout the chemical synthesis
of synthetic polymers were raised by Chen et al. in their
review. Since most natural polymers are endogenous
molecules that may be metabolized spontaneously via
physiological routes, they are more biocompatible and
non-toxic. Predictors are crucial for sustaining regular
activities, while they are the fundamental macromolecules
that comprise the organism. It has drawn much interest in
drug administration because of its great biocompatibility,
non-antigenicity, power failure, and ease of external
customization.This results in colloidal nanoparticles with
great capacity for loading and durability.

4.3. Nano Drug Delivery System with MOF Carrier

An organic bridge section with a metal core are
coordinated and connected to form the metallic-organic
framework (MOF), a distinctive composite substance. It
heavily uses the union of organic and inorganic elements,
bestowing it several unique advantages. It is a potential
drug delivery technology having considerable drug loading
potential because of its substantial surface area, many large

pore sizes, changeable pore size, simple modification, and
biodegradability. Among the contemporary MOF moldings
are the zeolitic imidazole framework (ZIF), metal-organic
framework Cu-BTC (HKUST), and materials of institute
Lavoisier (MIL) University of Oslo (UiO).

4.4. Carrier-Free Nanomedicines Delivery System

The drug-carrying ability of a transport nanomedicine is
still limited (typically ten wt%), which limits the buildup
of potent medications and their ability to treat patients. The
body may suffer negative effects due to the nanocarrier's
pharmacological  inertness  and extensive  chemical
processing during manufacturing. To reduce these
concerns, carrier-free new nanomedicines were developed,
most of which include active pharmaceutical ingredients in
their nanomaterial matrix. Most of those various
nanomedicines have drug loading levels that are more than
80% by weight. Actual nanopillars As of May 2017, more
than 80 requests for pharmaceutical goods using
nanocrystals have been submitted to the American Food
and Drug Administration (FDA). The advantages of
the nanocrystalline medication include high drug loading,
freedom from encapsulation rate restrictions, and a broad
range of drug dose modifications since it doesn't need a
carrier. Additionally, the medication nano metalization
process aids in increasing the effectiveness of poorly
water-soluble pharmaceuticals' utilization. In addition, it
may be created into different dosage forms, such as
injection-type freeze-dried powders and capsules, that are
practical for industrial manufacturing. Numerous drug
delivery techniques, including oral, intravenous, pulse,
ophthalmic, and cutaneous drug administration, were
developed in response to the medication's enormous
potential. Among these, lung drug transport using
nanocrystals of budesonide, baicalein, and itraconazole has
shown remarkable and beneficial outcomes.

5. Conclusion

Nanomedicine, which uses nanoparticles based on medical
delivery systems, is thought to have promise for treating
several illnesses, especially tumors. From the standpoint of
drug-loading techniques, this study is dedicated to
summarising the most recent developments in nanoparticle
optimization  for  delivering  drugs.  First, the
biocompatibility improvement might stop your immune
system from immediately eliminating it. By improving
aiming efficiency, nanoparticles may encourage favored
aggregation at regions and boost their efficacy. At last, it
discussed the drug-carrying ability to carry various
recipients used in the delivery system, dividing them into
four categories: inorganic recipients used in nano drug
delivery, organic carriers used in nano drug delivery, MOF
carriers used in nano drug delivery, and recipients free of
nano drug delivery. Since the page offers an unlimited
matrix of nanoparticles with various characteristics,
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surface modification, targeted drug administration, and

physiological monitoring are all made possible by
nanomedicine.
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