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Abstract: Irrespective of the complex underlying principles of carcinogenesis and tumor metastases,
as well as the drawbacks commonly associated with already-used cancer treatment options, successful
cancer therapy remains a key concern for current medical research. Nanotechnology has been employed
in cancer therapy and has huge potential for cancer treatment. Using knowledge of current
breakthroughs in cancer hallmarks, we could comprehensively assess the pharmacological effects and
examine the interactions between nanomaterials, thereby presenting prospects for developing
nanomedicine-based mechanisms to treat malignancies in humans through targeted drug delivery.
Nanomedicine's effective debut has demonstrated significant potential to improve cancer treatment
strategies. Nanoparticles' unique properties, such as their ideal size, shape, effective surface-to-volume
ratio, and surfaces that can be optimally customized, make them highly appealing delivery candidates
for extremely hydrophobic drugs used in chemotherapy. Furthermore, their natural ability to
encapsulate these medications and improve their solubility profiles provides them with unique benefits
over traditional therapies. Surface enhancement with targeted ligands, enhanced intracellular uptake,
and a longer in vivo circulation profile demonstrate their overall efficacy compared with alternative
treatment methods. This article provides a biologist with an overview of hanotechnology and examines
the benefits of several nanomedicines for targeted drug delivery in cancer treatment. The information
presented in this review may be valuable for future research on developing effective nanomedicines for
cancer treatment.
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1. Introduction

There are some problems with the development and progress of effective diagnostics
and treatments in medicinal chemistry, such as nonspecific drug accumulation, poor drug
bioavailability, drug degradation during absorption and distribution, cytotoxicity, and the lack
of early disease detection [1]. Some issues in effective cancer treatment include developing a
multi-functional platform with specialized cancer cell targeting, high drug loading capacity,
and adaptive drug release at the site of infection [2]. Polymer-based nanomaterials attract
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significant attention across a broad range of applications, including the development of drug
delivery systems [3]. A variety of biopolymers have been reported for the development of
polymer-based nanocomposites with metal oxide nanoparticles. e.g. poly(lactic acid) (PLA),
chitosan, poly(g-caprolactone) (PCL), poly(hydroxyvalerate) (PHV), Poly(hydroxybutyrate)
(PHB) and poly (D,L-lactic-co-glycolic acids) (PLGA) [4]. Glucose oxidase (GOx) was
immobilized in Alg-MS in addition to tris(4,7-diphenyl-1,10-phenanthroline ruthenium (I1)
dichloride) (Rudpp) as an oxygen-sensitive dye utilized for glucose sensing, diclofenac sodium
(Diclo) for anti-inflammatory activity, and citrate-coated magnetic nanoparticles made of
Fe304 as an MRI agent [1]. A disk-shaped MCM-41 mesoporous material (pore size of 1.8 to
2.5 nm) was found to be a new, convenient reservoir for controlled drug delivery systems of
ibuprofen, an extensively employed analgesic and anti-inflammatory drug [5]. The total drug
loading capacity of MCM-41 is 30% by weight, and the drug-releasing behavior is dependent
on the method of loading the drug, not on the use of surfactant for preparation. The maximum
amount of the drug can be released into the solution/fluid after 3 days. There are two types of
magnetic drug carrier nanomaterial/nanocomposites: (a) magnetic nanoparticles/composites
incorporated with the active drug on the surface of the structure, (b) porous hollow magnetic
capsules filled with active drugs and then sealed with lipids or other polymeric material to
avoid the leakage of the drug in the bloodstream [6]. In terms of drug-loading capacity and
drug-release efficacy, the latter approach was found to be preferable to the former. Because
most active medications are hydrophobic, they can be simply encapsulated in a capsule, but
nanoparticles require surface modification to absorb water-soluble drugs.

A poly(-caprolactone) (PCL) microspheres-magnetic nanoparticles made of FezO4 and
anti-cancer medication doxorubicin hydrochloride (DOX) were synthesized and characterized
using a modified solvent-evaporation approach [7]. Magnetic resonance imaging and a
regulated medication delivery mechanism are two essential properties of these magnetic
microsphere composites. Different aspects of drug-loaded nanocomposite microspheres were
examined, including drug loading capacity, drug release at different pH levels, and in vitro
cytotoxicity against HeLa cell lines. Microcomposites had drug-loading and encapsulation
efficiencies of 36.7% and 25.8%, respectively. The pH-dependent drug-releasing capability
and magnetic response of the drug-loaded microspheres are intriguing. DOX releases slowly
at neutral conditions (pH 7.4), around 62% of the total loaded medication in 30 days, but DOX
releases almost 86% in the comparable period at acidic conditions (pH 4.0). MTT assay against
HelLa cells suggests that the drug-loaded microspheres are a potential DDS for drug storage
and that delivering them to a specific site causes cell death in cancer cells. Further, a graphene
oxide hybrid (GO-G3) microsphere compound was created by placing a core (G3, third-
generation dendrimer made from citric acid as well as 1,3,5-benzene tricarbonyl trichloride)
over a modified graphene oxide surface and testing its cytotoxicity against T47D cells [8]. In
an acidic medium (pH 4), the graphene oxide hybrid (GO-G3) emitted green fluorescence at
471 nm, making it a viable drug carrier for cancer treatment. The graphene oxide hybrid (GO-
G3) drug encapsulation capability for the anti-cancer medication doxorubicin (DOX) was
159.48%, while the drug release mechanism of this composite was pH dependent, releasing the
drug more selectively in an acidic medium. Graphene oxide hybrid (GO-G3)-DOX composite
cytotoxicity against T-47D cells (human breast cancer cells) has been shown by ICso values of
12.02 pg/ml. Figure 1 shows the chemical structure of the alginate matrix, including monomers
and polymer chains.
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Flgure 1. Chemical structure of the alginate matrix: monomers and polymer chain.

The graphene-poly(vinylpyrrolidone) nanoparticle combination was synthesized by the
exfoliation of sheets of graphene utilizing poly(vinylpyrrolidone) nanoparticles of a mean size
of 42 nm and assessed their anti-cancer efficacy (against HeLa, SCC-9, HCT-116, NIH-3T3,
along with HEK-293 cell lines) and pH-sensitive drug delivery role for the anti-cancer drug
doxorubicin [9]. The supramolecular collision was used to load DOX into the nanosheets.
DOX's maximal release was observed at low pH and in an atmosphere with low oxygen
content. These composites have dual functionalities and are being investigated for the cytotoxic
process that drives cancer cell killing.

By combining FezO4 nanorods with Cuz(BTC)2 nanocrystals, a novel magnetic porous
metal-organic-framework  (MOF)-based  nanocomposites  called  Fe304/Cus3(BTC):
nanocomposite were created. Nimesulide, an anti-cancer drug that works as a specific
cyclooxygenase-2 (COX-2) inhibitor, was then added [10]. Targeted drug administration,
magnetic separation, and magnetic resonance imaging were all accomplished using these
nanocomposites. The entire drug release in physiological saline at 37°C required about 11 days
for this composite to absorb 0.2 g of nimesulide (NIM), a chemotherapy drug used to treat
pancreatic cancer.

For the development of new drug delivery systems (DDS) for anti-cancer drugs and the
creation of efficient cancer therapies, certain receptors on the surface of cancer cells, as well
as unusual behavior and physicochemical conditions in the cancer/tumor environment (acidic
pH, redox conditions, and elevated temperature), are key considerations. The DDS loaded with
an anti-cancer medication is an efficient treatment that addresses several issues with anti-cancer
medications, including nonspecific distribution, high levels of toxicity, poor solubility, and
unstable solubility. For cancer therapy, a variety of DDSs can be used, including synthetic
polymers such as poly (vinyl alcohol), poly(ethylene glycol), and poly(2-hydroxyethyl
methacrylate), as well as natural polymers such as fibrin, collagen, alginate, agarose, and
hyaluronan [11]. Natural polymers can be used as carriers because they offer many
physicochemical benefits, including good biocompatibility, facile cellular uptake,
biodegradability, greater hydrophilicity, and easy modification via basic chemical processes.
They are also highly tunable within their cores, making them ideal for chemically conjugating
or physically encapsulating drugs [12]. Despite its minimal toxicity, excellent biocompatibility,
significant loading capacity, adaptability to environmental variables, and active functional
groups for chemical changes, one of the natural polymers, chitosan (natural polysaccharide
polymer), and its analogs, have attracted the most consideration as DDS for targeted
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administration of various anti-cancer drugs to the tumor cells [13]. To enhance the CS polymer
skeleton's characteristics related to the anti-cancer drug delivery process, several organic
modifications were made to the CS skeleton using covalent bonds, including hydrophobic and
hydrophilic groups, stimuli-responsive (pH, redox, and thermo) intended systems, and targeted
ligands (peptides, protein/antibodies, tiny molecules, aptamers, and hyaluronic acid (HA))
[14]. These CS derivatives have been encapsulated or adsorbed via their nucleophilic free
amine or hydroxyl groups, making them suitable for a variety of ligands, including pH-
responsive bonds/groups/polymers, hydrophilic groups, hydrophobic groups, redox-responsive
bonds, and other cell-targeting ligands. The hydrophobicity and biocompatibility of the CSs
are improved by N-acylation and alkylation [15]. CS was subjected to an N-acylation utilizing
acetic, butyric, or heptanoic anhydride. To ensure the compound's therapeutic efficacy, several
acylated derivatives were prepared by selecting the acylating group while considering the
degree of substitution and drug loading efficiency [16]. When combined with CS, 3,6-O, O'-
dimyristoyl chitosan (DMCS) composite improves paclitaxel's (PTX) water solubility and cell
permeability. This combination was risk-free, very minimally toxic to Caco-2 cells, and had
excellent drug accessibility [17]. Some other hydrophobic materials including fatty acids like
stearic acid (SA) [18], linoleic acid [19], palmitic acid [20], Caproic acid [21] and arachidic
acid [22]; some hydrophobic amino acids like L-alanine, L-proline and L-tryptophan [23],
arginine [24], N-acetyl-L-cysteine [25]; polycaprolactone micelles (for the delivery of PTX
[26], 5-fluorouracil [27], SIRNA and Curcumin [28]; quercetin (QCT) [29]; CS-pentyl
trimethylammonium bromide [30]; N, N-diethyl ethylamine [31]; mPEG [32]; N-(2-hydroxy)-
propyl-3- trimethylammonium chloride [33] were grafter over native CS by EDC and NHS
method for the selective drug delivery. Table 1 presents modified CS/chitosan oligosaccharide
(CSO) derivatives for drug delivery, including anti-cancer drugs. Figure 2 illustrates the
structures of modified CS/chitosan oligosaccharides (CSO) derivatives used for delivering
drugs.

Table 1. Modified CS/chitosan oligosaccharides (CSO) derivatives for the delivery of drugs and anti-cancer.

drugs.
Chitosan . .
Sr oligosaccharide Actlve Active Cell line Results Reference
No R ligand agent
derivatives
Improved PTX permeability with DMCS
, 6-0, O'- dimyristoyl - | 3,6-0,0'- micelles, improved water solubility, and less
. chitosan (DMCS) dimyristoyl PTX caco-2 cells toxicity to Caco-2 cells, and it is used to give [17]
PTX orally.
In comparison to commercial doxorubicin-
Breast cancer HCI injection, DOX-CSO-SA micelles
) NH-fatty acids-CS: Stearic DOX cells, multidrug showed pH-dependent DOX release [18]
(DOX-CSO-SA) (SA) acid resistant (MCF- behavior, efficiently and evenly suppressed
7/Adr) cells tumor growth, and reduced animal body
toxicity.
The in vitro dispersion of the drug from the
DOX-loaded CSO-LA micelles decreased by
Linoleic acid (LA)- increasing the graft ratio of CSO-LA, which
3 grafted chitosan Linoleic Doxorubicin ) was used as a medium for hydrophobic [19]
oligosaccharide (DOX- acid (DOX) medicines to improve their delivery. Drug
loaded CSO-LA micelles) encapsulation efficiencies (EE) of DOX-
loaded CSO-LA particles were as high as
nearly 75%.
4 Fatty acid-g-CS/DNA Palmitic Genetic i Amphiphilic fatty acid-g-CS polymers can be [20]
polyplex acid material employed as possible nonviral delivery
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Sr.
No

oligosaccharide
derivatives

Chitosan

Active
ligand

Active
agent

Cell line

Results

systems for gene vectors in gene therapy

Reference

positive charge, demonstrate great hemo- and

because they form nano-CM with a small

cytocompatibility, and have surfaces

modified with ligands for selective targeting,
improved cell binding, and internalization.

The diversity of caproic acid substitution

Cap

> chitosan (CGC)

roic acid grafted

Caproic
acid

Genetic
material

affects the effectiveness of gene transfection.
A promising nonviral delivery system for
gene vectors is the CGC-15 graft polymer.
When utilized to create self-assembled

[21]

DOX-Chitosan

6 oligosaccharide—arachidic
acid (CSOAA)

Arachidic
acid

DOX

FaDu cells,
FaDu tumor

nanomaterials for anti-cancer drug delivery,
DOX-loaded CSOAA-based nanomaterials
demonstrated a pH-dependent drug release,
little cytotoxicity in FaDu, human head, and

neck cancer cells, and improved cellular
absorption of DOX.
ACNs encircled by LTZ exhibit various

[22]

NH-amino acids-CS

L-alanine,
L-proline,
L-
tryptophan

letrozole
(LTZ)

loading capacities, regulated drug release
patterns, and encapsulation effectiveness,
making them ideal drug delivery vectors.
Due to improved cellular uptake, DOX-

[23]

N-Arginine CS (Arg-CS)

N-acetyl
histidine

DOX

Breast tumor
cell (MCF-7)

encapsulated NPs demonstrated pH-sensitive
behavior and effectively killed the tumor cell
line in a dose- and time-dependent manner.
Oct-Arg-CS is a matrix for GA

[24]

9 Arg-CS

Octyl (oct)

Gambogic
acid (GA)

Liver cancer cell
(HepG2)

administration to increase anti-cancer action
and extend half-life. Hepatic cancer is treated
with oct-Arg-CS.
In addition to improving QCT's solubility in

[24]

10 N-acetyl-L-cysteine CS

DA

QCT A549

water and biocompatibility, QCT-loaded

self-assembled amphiphilic CS nano-
micelles additionally demonstrated greater
inhibition rates than unloaded QCT.

[25]

Chitosan-grafted-

1 polycaprolactone (CS-g-

PCL micelles]

PCL) [PTX-loaded CS-g-

Polycaprola
ctone

CaCo-2 and
HT29-MTX
intestinal
epithelial cells

PTX

PTX permeability was greater in the Caco-
2/HT29-MTX co-culture model compared to
the CaCo-2 monolayer, acting as a platform
for dispensing PTX at the sites of absorption
as well as a possible drug carrier for the
intestinal administration of hydrophobic

medicines (anti-cancer therapies).
Association efficiency is as high as 82%.

[26]

& g-PCL

5-fluorouracil loaded-CS-

Polycaprola
ctone fl

5_
uorouracil

A549 cells

Self-assembled into micelles as DDS, the
drug gets released in a controlled manner,
and discharge half-time could reach up to
54.46 h, which is considerably shorter than
that of free 5-Fu. Additionally, the drug has
good biocompatibility as measured by
cellular apoptosis and cytotoxicity
evaluation.

[27]

Chitosan-BSA-TPP

13 -
nanoparticles

Polyanion
tripolyphos
phate
(TPP)

BSA --

Protein is released and transferred by bursts
that are produced as a result of surface
protein desorption and migration from

sublayers, independent of particle size and
shape.

The cellular internalization and penetration

[28]

14 QCT-CS

Quercetin
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monolayer cells

of DOX in Caco-2 monolayer cells are

[29]

improved by the high drug encapsulation
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Chitosan . .
ST oligosaccharide Actlve Active Cell line Results Reference
No L ligand agent
derivatives
efficiency (about 89%) and prolonged release
pattern in GSF (pH 1.2/pH 7.4).
Biocompatible NPs carrying QCT displayed
CS-pentyl trimethyl- Dodecy| H-sensitive behavior, accumulated on cell
15 pent Y aldehyde QCT MCF-7 P enavior, e [30]
ammonium bromide surfaces, and inhibited MCF-7 similarly to
(DOA)
free QCT.
The QCT-loaded NPs' pH-responsive system
16 N, N-diethyl ethylamine DOA QcT MCF-7 demonstrat_ed a synergistic effect on' the [31]
CS regulation of breast cancer cells
survivability.
Damnac- Human Dam's in vitro release analysis is pH-
17 CS-mPEG DA anthal osteosarcoma dependent, and drug-loaded micelles had [32]
(Dam) cell (U20S) similar cytotoxicity to Dam's solution.
Typical size of 140 nm, a positive surface
charge, excellent drug-loading efficiency,
Campiotheci low Cam release in gastric medium,
18 CS-Mpeg Oleic acid P -- regulated release in intestinal fluids, and drug [32]
n (Cam) . L
protection from hydrolysis in simulated
gastrointestinal fluids (SGF) are all
characteristics of polymeric micelles.
Caco-2 and
N-(2-h - I-3- . .
(_ ydroxy) propy 3 Myristoyl HT29-MTX CUR-loaded and unloaded micelles had less
19 trimethyl-ammonium . CUR . . .. [33]
. chloride intestinal cytotoxicity than free CUR.
chloride/CS L
epithelial cells
Human epidermal growth factor receptor
type-2 (HER-2) was the target, and the drug
20 TPGS-g-CS TrastLtj)zuma DTX Czlrle?;:((iaBan_e;) showed cytotoxicity with improved cellular [34]
uptake, bioavailability, and extended half-
life.
O-succinyl chitosan HER-2 receptor was the target, increasing
21 graftedpluronic® F127 anti-HER2 DOX MCF-7 cell uptake effectiveness with 74% [35]
(OCP) encapsulation efficiency.
Citrus pectin-CS NPs Cetuximab Epidermal growth factor receptor_(EGFR)
22 CUR Caco-2 was the target, and the result was increased [36]
(MCPCNPs) (Cet) - .
cell uptake and an anti-cancer impact.
Targeted CD147 sensors demonstrate better
23 CMC-phenylboronic acid cD147 DOX HepG-2 anti-cancer activity than controls, as well as [37]

pinacol ester CMC-BAPE

0]
R = CygHse, CyzHas,

Ci7Ha;
Fatty acid

R—_NH
T

|
\

R = L-proline, L-alanine

L-tryptophan
Amino acids
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Figure 2. Structures of modified CS/chitosan oligosaccharides (CSQO) derivatives for delivery of drugs.

Imatinib, an anti-cancer medicine, was loaded onto a biodegradable and biocompatible
polyurethane (PU) that was created from several amino acids (as chain extenders). The loading
efficiency was 94%. [38]. The hydrolytic degradation (20-38%) and swelling ability (4-13%)
of all PUs were more significant. The pH of a loaded medicine affected how well it released
the substance. Compared to acidic and basic pH, it releases a lower amount of medication at
the physiological pH (7.4). Approximately 82% of the medication has been released at an acidic
pH as opposed to 41% at pH 7.4. Cell viability was over 90% according to the MTT assay,
which is within acceptable limits. Figure 3 displays the chemical structure of various
polyurethanes (PUs).

e v A S
(0] O
NH
()LNW

H

n

R

COOH pu3 COOH

PU2

Figure 3. Chemical structure of different PUs.

Pure mesoporous silica nanoparticles were among the most intriguing delivery systems
for targeting drugs, but their use is limited by their tendency to aggregate in physiological
environments or in the presence of salt, and to bind nonspecifically to serum- or protein-
containing solutions. The weakly water-soluble anti-cancer medication (hydrophobic) has
improved water solubility and bioavailability in nanocomposites such as micelles@MSNs drug
delivery systems [39]. DTAB (dodecyltrimethylammonium bromide), SDBS (sodium
dodecylbenzene sulfonate), P123, F127, Nonidet P-40, and CTAB (cetyltrimethylammonium
bromide) are highly effective anti-cancer agents and chemosensitizers used in MDR cancer
therapies [40]. Doxorubicin, a weakly water-soluble anti-cancer drug, and a surfactant
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chemosensitizer were readily combined with mesoporous silica nanoparticles (MSNs) via a
one-pot co-self-assembly protocol involving the drugs, surfactant micelles, and silicon sources
[41].

The composite's drug-releasing behavior is pH-dependent; it releases the drug in cancer
cells rather than in normal tissues, where the pH is typically 7.2 to 7.5, via ion-exchange
interactions between H+/H30+ and the electrophilic drug@micelles. As a result, the
medication builds up inside cancer cells, causing multidrug combination chemosensitization to
overcome MDR in cancer. Through a synergistic cell cycle arrest/apoptosis-inducing action
between weakly water-soluble DOX and CTAB, the nano-MDDS DOX@CTAB@MSNSs
exhibit the maximum cytotoxicity over both drug-sensitive MCF-7 cells and drug-resistant
MCF-7/ADR cells. These composites demonstrate passive targeting capabilities by utilizing
the aberrant tumors' enhanced permeability and retention (EPR) effect. For the ligand-assisted
selective delivery system and imaging agents, an intriguing PEGylated phospholipid coating
and 13-(chlorodimethylsilyl-methyl)heptacosane (CDSMH)- derivatized MSNs were
developed and described [42]. Figure 4 shows the structure of 13-(chloro-dimethyl-silyl-
methyl)heptacosane (CDSMH). To accomplish ligand-assisted targeted administration, the
medicinal agent folate or the imaging agent fluorescein isothiocyanate can be bound to the
surface of phospholipids. After delivery, phospholipid-capped MSNs sensitized with folate
promote selective cellular uptake by HeLa cells. The mesoporous silica nanoshuttles on HelLa
cells have no discernible harmful effects. This new generation of lipid-capped MSN nano-
shuttles was discovered to be an innovative drug carrier with potential clinical applications.

OO

Figure 4. Structure of 13-(chloro-dimethyl-silyl-methyl)heptacosane (CDSMH).

A porous and luminescent p-NaYF4:Yb%*, Er¥* @SiO, nanocomposite was created by
electrospinning luminous B-NaYF4:Yb®*, Er®* nanoparticles into unified mesoporous silica
shells. The surface of the composites was then enhanced with cancer-targeting ligand folic acid
(FA) and PEG. A typical UCNPs@mSiO2-PEG/FA nanosphere, measuring roughly 80 nm in
size, has been disseminated in water. The produced multi-functional nanocomposite spheres
can be used for cell imaging and anti-cancer medication delivery. Doxorubicin hydrochloride
(DOX), an anti-cancer medication, can be added to the surface of UCNPs@mSiO2-PEG/FA
nanospheres; the loading efficiency is 67%, and the drug loading percentage is 12%. In a PBS
buffer solution at 37°C, DOX-loaded UCNPs@mSiO2-PEG/FA nanospheres have an in vitro
drug release efficiency that is pH dependent. The medication releases more effectively at lower
pH levels; after 4/48 hours, DOX releases 6% at pH 7.4, 21% at pH 5.5, and 34% at pH 2.0.
The DOX-loaded UCNPs@mSiO,-PEG/FA nanospheres exhibit greater in vitro cell
cytotoxicity when tested on cancer cells than free DOX and DOX-loaded UCNPs@mSiO»-
PEG at the same concentrations, indicating that they may be used as anti-cancer carriers of
drugs for anti-cancer activity. These composites are potential candidates for use as bioimaging
agents since the upconversion luminescence image of UCNPs@mSiO,-PEG/FA taken up by
cells exhibits green emission under 980 nm infrared laser excitation [43].

By employing Y203:Yb*/Er®* as templates, hollow-shaped cubic phase (o) NaYF4
nanospheres with a mean particle size of < 200 nm were created, which offer more drug
delivery possibilities [44]. Mesoporous a-NaYF4:(20%)YDb%*, (2%)Er®* nanoparticles
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(HMNPs) with mesoporous shell and hollow interior structure were synthesized from
Y(OH)CO3:Yb**, Er** nanospheres via a surface-protected “etching” and hydrothermal ion-
exchange process using polyethyleneimine (PEI) ligands, which played a major role in the
creation of the hollow structured a-NaYF4 nanospheres. Folic acid, a substance used to treat
cancer, is attached to a free amino group on the surface of nanoparticles (NPs). As carriers for
anti-cancer medications, hollow NPs modified with FA were employed. When used against
HeLa cells, DOX-loaded a-NaYF4:Yb®", Er¥* NPs exhibit less cytotoxicity than DOX-loaded
FA-modified a-NaYF4:Yb**, Er®* NPs. Under 980-nm infrared laser stimulation, this conjugate
emits a brilliant green light with no background noise. These versatile hollow and mesoporous
nanospheres have the potential to serve as cancer drug delivery systems and cell imaging agents
[45].

An anti-cancer medicine called DOX was loaded into nanoscale Fe-Pt network hollow
capsules (340 nm in size with large pores of 20 nm), which were subsequently coated with
lipids and used as magnetic capsules for anti-cancer research. Without external stimulation, the
aqueous anti-cancer medication was loaded into the hollow interior of the nanosized FePt
capsules and released into cancer cells. Using an NdFeB magnet (0.2 T), the drug-loaded
capsule-covered lipid membrane was effectively directed to cancer cells and killed over 70%
of them (gastric cancer cell line MKN-74 and lung cancer cell line RERF-LC-A1) [46]. The
target-oriented medication delivery system used FePt network capsules, which function as
supermagnets at body temperature. There have also been reports of other nanomaterials, such
as hollow microspheres with an FesO4 shell, used as magnetic capsules [47]. This shell's pore
size was found to be too small for adequate drug filling and release, and it was too thick (>20
nm) to provide internal space for drug loading. As a result, the direct use of FesO4 shells as
DDS is limited.

Cobalt ferrite (CoFe20s) nanocrystals display excellent chemical and thermal
stabilities; therefore, various kinds of nanocomposites such as CoFe0s@TiO2 [48],
CoFe204@Si02 [49], CoFe204@C [50], and CoFe204@MOF [51] were reported for various
applications. Due to their greater magnetic anisotropy than that of Fe304 nanoparticles, certain
inorganic-plated (mesoporous silica-covered) cobalt nanoparticles derived from ferrite were
relevant in medicine, particularly for magnetic-focused drug delivery systems [52]. Using a
self-assembling technique, brand-new dual-functional magnetic nanoparticles made of
CoFe204 with fibrous silica shells were produced. These nanocomposites have a mesoporous
structure, spherical morphology, narrow size distribution, large surface area, excellent
monodispersity, and superparamagnetic properties. The fibrous silica-CoFe204
nanocomposite is coated with the anti-cancer drug doxorubicin hydrochloride. These
bifunctional nanocomposites have outstanding pH-sensitive drug release capabilities in
addition to extremely high drug loading capacity. The DOX release rate from DOX-
CoFe204@FMS nanocomposites [53] increases with decreasing pH. At pH 7.4, only 22.4%
DOX is released after 48 hrs., whereas it is 46.2% at pH 4.0 in the same duration of time. As a
result, it can be used as a potential delivery mechanism for anti-cancer therapy in the HeL a cell
line.

Silver nanoparticles (Ag NPs) have shown excellent antimicrobial activity in the past
few years and are used in different medical products [54]. Green synthesis of silver
nanoparticles (AgNPs, 36.66 + 7.85 nm) was reported using P. annua extract, which contains
desirable levels of flavonoids, phenols, and alkaloids that act as reducing and stabilizing agents
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for AgNPs. These biogenic AgNPs were then coated with starch, operating as a composite drug
delivery system for the anti-cancer medication [55].

To create an efficient targeting agent, small porous iron oxide nanorods (IOPNR) with
pore sizes of 5 to 10 nm were coated with folic acid (FA) utilizing poly(ethylene glycol)-
bis(amine) (NH2-PEG-NH>) as a spacer. These IOPNRs were generated by the hydrothermal
technique and calcination [56]. The nanorods have been coated with poly(ethylene glycol),
which improves the dispersibility of the nanoparticles and prolongs the circulation time of DDS
by reducing plasma protein adsorption [57]. On the surface of FA-PEG-IOPNR, doxorubicin
(DOX) was loaded into the pores. Drug release is accelerated in an acidic environment, for
example, at pH 5.3, compared to neutral pH 7.4. In HeLa cells, a folate receptor (FR)-positive
cell line, the coating of folic acid on the surface of nanorods improves the cellular uptake of
nanorods. In contrast, it was found that the FA ligand on the nanorod surface did not affect
cellular uptake in COS 7 cells, an FR-negative cell line. When tested on HeLa cells, the DOX-
loaded FA-PEG-IOPNR exhibited greater cytotoxicity than the DOX-loaded PEG-IOPNR,
whereas testing on COS 7 cells showed no discernible difference in cytotoxicity between the
two composites. According to these findings, FA-PEG-IOPNR was discovered to be a powerful
DDS for chemotherapeutic research into cancer cell lines [58].

Some iron oxide particles covered with LDHs replaced the traditional polymer-coated
magnetic drug carrier. Numerous magnetic core-LDH shell nanocomposites have been shown
to have anti-inflammatory properties [59]. Several spherical, submicron-sized doxifluridine-
intercalated Fe304@LDH particles have been prepared [60], which are then incorporated with
anti-cancer agents [61]. Most of the magnesium ferrite and magnetite nanomaterials have the
core iron oxides-LDH shell composition [62]. The superparamagnetic calcium ferrite
nanoparticles were coated with a biohybrid casein coating to increase surface area for drug
encapsulation and for magnetically controlled release. To create casein-GNS-PG and casein-
CFNP-GNS-PG, the NHS ester of PG combined two drug carriers: casein-GNS (GNS-
genistein) and casein-CFNP-GNS. Using the MTT assay, the cytotoxic effect of these
composites was assessed against the ovarian cancer cell line SKOV-3 and the TNBC cell line
MDA-MB-231. Within 4 hours, this composite releases 93.21% of the medication while an
external magnetic field is present. According to in vitro cytotoxicity data, genistein's anti-
cancer potential was 140 times more effective, thanks to the progesterone-conjugated drug
carrier system, which enabled selective and rapid cellular targeting [63]. Different
compositions of ferromagnetic FesO4 nanomaterials were obtained via the treatment of nano-
Fe304 with different surface modification reagents such as tetraethyl orthosilicate (TEOQS), (3-
aminopropyl)trimethoxysilane (APTMS), and alginate (AA), forming corresponding
composites as Fes0s@Si0O2, Fe304@SiO2-NH2, and FesO4@SiO2-NH2-AA nanoparticles,
respectively [64]. These parameters are all met by the mesoporous silica-coated FezOs
nanoparticles, which also have strong biological potential. Silica serves as the protective outer
layer of Fe3Og4 particles, which have been identified as the most promising composites and meet
the requirements for use as drug delivery system (DDS) carriers for specialized
pharmaceuticals at specific sites in the human body [65]. Diagnostic and therapeutic agents can
be readily encapsulated, covalently attached, or absorbed onto nanocomposites [66]. These
composites show maximum adsorption of the alkaloids palmatine and berberine at pH 8. Nearly
22.2% of palmatine was absorbed, while 23.6% of berberine was absorbed at pH 8. However,
the adsorption of both alkaloids was less in the liquid state at pH 7.
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Some Fez0,@nSiO.@mSiO, composite nanoparticles with an average size of 400 nm
were prepared, showing good adsorption and release properties (about 95 % in 85 hours) for
ibuprofen [67]. A few hollow Fe304@SiO> sphere nanocomposites with an average size of 900
nm were created, and they demonstrated increased drug loading (aspirin loading) and sustained
drug-releasing capacity [68]. However, it is unsuitable for targeted drug delivery because
nanoparticles below 300 nm are preferentially used for this application [69]. Variable-thickness
magnetite core and meso-silica shell nanocomposites were prepared via hydrothermal and sol-
gel processes, and their ibuprofen adsorption, retention, and release, as well as cytotoxicity,
were evaluated to assess biocompatibility with human tissue. Fes04@m-SiO2 core-shell pores
had an average size of 2.16 nm. The biocompatibility of these composite materials for drug
delivery applications is 80%. Fe3O4@m-SiO2 nanocomposites exhibit good drug release
behavior up to 81% of the loaded drug and can store as much as 954 mg per gram of sample
[70]. Therefore, Fe304s@m-SiO2 nanocomposite can be used as a DDS (drug delivery system)
for cancer and non-cancer therapy.

Ibuprofen was used as a model drug, and multi-functional Fez0s@mSiO2-AuNCs
composite nanoparticles were created as the DDS. This composite was created by coating
luminous gold nanoclusters with mesoporous silica (mSiO2) and magnetic FesO4 nanoparticles.
The mesoporous silica layer was coated with AuNCs. Ibuprofen (IBU) was used to test the
ability of FesO4@mSiO,-AuNCs composites to load and release drugs. The composites have a
drug loading capacity of 32 mg/g at 40°C after 90 minutes at pH 7.4. At pH 7.4, the maximum
amount of the medication (90%) was released, making this composite an excellent platform for
multi-functional DDS [71].

Some special organic-inorganic hybrid thermo-sensitive composites as drug delivery
systems were reported. Thermo-sensitive PNIPAAm/mesoporous silica nanocomposites were
prepared by impregnation of NIPAAm monomers into the channels of SBA-15 and then
underwent in-situ radical polymerization in mesopores. Ibuprofen, the model drug, was loaded
onto the composite; the loading effectiveness of IBU depended on the amount of polymer in
the composite. The loaded IBU content depended on the loading solution and temperature, i.e.,
on the interaction between polymers and IBU and on the trap effect of polymer chains. The
release of IBU around the LCST was thermally controlled. By adjusting the corresponding
dimensions of drug molecules and mesoporous routes, the amount of polymer in composites,
the density of the polymer network, and the interactions between the drug and the polymer, it
was possible to control both the efficiency and quantity of drug release. These novel drug
carriers control drug release and have other applications [72]. Figure 5 depicts the interaction
of loaded IBU with the PNIPAAM/SBA-15 composite.

<3 N
- b,
/4 4 H‘-bonding
SBA-15

Figure 5. Interactions of loaded IBU with PNIPAAmM/SBA-15 composite.
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(P(NIPAAmM-co-AAc)) Latex particles did not show an induced cytotoxicity effect and
impact on the cell growth in the L929 cell in the presence of particles [73]. Nanoparticles below
200 nm have been reported as drug carriers for cancer therapy, stroke, and hypertension [74].
PNIPAAmM-co-AAc latex particles were prepared via emulsion polymerization using SDS
surfactant. The size of nanoparticles decreased with increasing surfactant concentration [75]
and temperature. At 8 mM critical micelle concentration of SDS, nearly 59 nm latex
nanoparticles were prepared. As temperature-sensitive drug carriers, these latex nanoparticles
were employed to load 4-acetamido-phenol for study purposes. Smaller or AAc-rich hydrogel
particles, among other factors, were exhibiting sustained drug release properties and may have
significant biomedical applications [76].

As a brand-new anticancer drug carrier, novel spherical and nonspherical iron
oxide@double hydroxide stacked core-shell nanocomposites were developed. The anti-cancer
medicine "5-fluorouracil” (5FU) is combined with two different types of iron oxide@LDH
core-shell structures: anisotropic FeOs@Mg-Al-5FU-LDH and isotropic FesOs@Mg-Al-
5FU-LDH. Both have good drug-loading capacities (around 30%) and ferromagnetic
properties. Regardless of their forms, each of these materials exhibits a variable in vitro drug
release profile; an anisotropic carrier has been shown to have a higher release rate (about 80%
around pH 7) [77]. Magnetically active mesoporous silica microparticles incorporating up to
11% by weight of y-Fe>O3 nanoparticles were prepared, which showed excellent drug loading
and release properties and were therefore used as vehicles for magnetic drug targeting [78].
Mesoporous silica nanoparticles were used as DDS because these particles have a large surface
area and porosity, enabling them to accumulate, adsorb, or store large amounts of hydrophobic
drugs. These particles have maximum cellular uptake. These materials have been used as cell
markers [79], gene transfection reagents [80], drug-delivery vectors [81], and carriers of
molecules [82]. Camptothecin (CPT) loaded onto fluorescent mesoporous silica nanoparticles
(FMSNs) was found to be an effective composite for inducing apoptosis in cancer cells [83].
The drug molecule (CPT) remained within the nanocomposite and was effectively released into
the cancer cell's hydrophobic region, exerting an apoptotic effect. The preferred route cannot
be used to administer drugs that are insoluble or only sparingly soluble in water. In such cases,
mesoporous silica nanoparticles are used as DDS for these drugs and control their release at
infected sites, making them more effective than other DDS, such as PEGylated liposomal
particles or albumin-based nanoparticles.

The anti-tumor model medication 5-fluorouracil (5-FU) was loaded onto a new
magnetic FesOas/graphene oxide (GO) nanocomposite 13s [84]. The drug-loading capacity of
the multifunctional Fe304/GO nanocomposites was as high as 0.37 mg mg-1 when the initial
drug concentration was 0.5 mg mg-1, and its drug-releasing behavior depended on the pH of
the environment. Fes04/GO/5-FU nanocomposites release only 21% of the drug under neutral
conditions within 24 hours, whereas they release nearly 72% of the drug in acidic conditions.
Due to a shift in hydrogen bonding interactions between Fe304/GO and 5-FU, the drug releases
more quickly under acidic conditions than under neutral conditions. As a result, it functions as
a regulated drug-delivery system in the acidic microenvironments of malignant cells,
minimizing drug leakage under physiologically appropriate conditions. As efficient covalent
drug delivery systems for the transport of anti-cancer medication to MCF-7 breast cancer cells,
new AuNPs-RGO nanocomposites have been developed. Through the use of an acid-cleavable
amid bond (SMTX-AuUNPs) and a 3-mercaptopropionic acid (MPA) spacer, the anti-cancer
medication mitoxantrone (MTX) was grafted over gold nanoparticles. The surface of the RGO
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nanosheets was then embellished with these composites. The pH has an impact on how
effectively the composite releases drugs. SMTX-AuNPs, free MTX, and SMTX-AuNPs/RGO
were tested for their ability to kill MCF-7 cells in vitro using the MTT assay, DAPI staining,
DNA fragmentation assay, and gene expression analysis. Unlike free MTX and SMTX-
AUNPs/RGO, SMTX-AuNPs demonstrated superior anti-cancer efficacy against the MCF-7
cell line [85]. The findings from this research are that RGO is not a good choice for covalent
drug delivery systems. Figure 6 depicts the structure of SMTX.

O OH
O
HO O

H
Ho/\/N\/\H H

SMTX OH
Figure 6. Structure of SMTX.

Folate receptor-targeted poly(amidoamine) (PAMAM) dendrimer-functionalized
mesoporous silica-coated magnetic nanoparticles (Fe304) were developed as an innovative
drug delivery system for photodynamic therapy (PDT). Their surface was coated with
mesoporous silica (M-MSN), further customized with siloxane-cored PAMAM dendrons.
Folic acid was used to target the M-MSN-PAMAM nanocarriers' surface before indocyanine
green (ICG) dye was applied, and the drug-loaded nanocarriers were subsequently used in
photodynamic treatment against MCF-7 cells. These cell cultures were exposed to 785 nm
radiation for 20 minutes in the presence of an ICG-loaded M-MSN-PAMAM-FA composite.
An in vitro study found that this compound induces apoptosis in the MCF-7 cell line [86].
Figure 7 depicts a two-dimensional view of the ICG-loaded M-MSN-PAMAM-FA composite.

- folic acid

Fe304

R indocyanine green (ICG) dye

- ----22-M-MSN-PAMAM

M-MSN-GX-FA
Figure 7. 2D view of the ICG-loaded M-MSN-PAMAM-FA composite.

Utilized as DDS for anti-TB medications are wheat germ agglutinin (WGA)-coated
Lectin-functionalized poly (lactide-co-glycolide) nanoparticles (WGA-coated PLG-NPs) with
an average size range of 350-400 nm [87]. Wheat germ agglutinin (WGA\) is often bound to
PLG-NPs in amounts of 3 to 3.5 pg per milligram. This composite's drug encapsulation
efficiency ranges from 54-66%. To treat tuberculosis (TB), this composite was employed as a
bioadhesive medication carrier. The drug loading efficiency of coated and uncoated PLG
nanoparticles (isoniazid, rifampicin, and pyrazinamide) was essentially the same. Drugs are
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more effective against tuberculosis because they remain in the body for 10 to 15 days after
treatment, both in tissues and plasma. Three oral/nebulized doses of this formulation, given
once every 15 days, were equivalent to 45 oral-free doses of three frontline anti-TB
medications, reducing the quantity and frequency of these medications. Drug resistance is less
likely to develop in organs when drug levels are higher than the minimum inhibitory
concentration (MIC).

To effectively deliver medication to a specific site, novel poly(lactide-co-glycolide)
nanoparticles (NPs) conjugated to anti-EGFR mAbs were developed [88]. In non-small-cell
lung cancer (NSCLC), an antibody called EGFR was overexpressed and linked to poor
differentiation, greater tumor growth, a poorer prognosis, and a greater likelihood of lymph
node metastases [89]. Cet-DTX-NPs composites outperformed DTX-NPs composite and DTX
in terms of antiproliferative effects on the A549 cells, according to an in vitro cytotoxicity
analysis. Because Cet-DTX-NP composites improve intracellular drug levels and uptake
efficiency, which (drug, Cetuximab) shows anti-EGFR activity, they exhibit increased activity.
[90]. Around the nucleus, 6-coumarin PLGA NPs were gathered in the cytoplasm. Because
Cetuximab binds to the EGFR receptor and delivers the drug to tumour cells, inducing
significant synergism, the A549 cell line undergoes apoptosis, thereby inhibiting EGFR
signalling. NPs containing mAb conjugations showed greater cytotoxicity and cellular
absorption [91].

One intriguing biodegradable semicrystalline synthetic polymer, PVA, is employed
directly or by modified methods in various biomedical applications. To increase the solubility
of the required active substance, PVA is used directly to generate solid suspensions in most
pharmaceutical formulations. Numerous in vitro and in vivo investigations show that PVA is a
non-toxic, biocompatible polymer. A promising novel targeted therapy uses nanoparticles or
microparticles encapsulated with drugs, hydrogels, etc., to deliver drugs to targeted sites. This
is necessary due to several disadvantages and the restricted application of current therapy,
including heterogeneous disease manifestations, higher doses, and their side effects. To create
innovative DDS in the form of hydrogels, nanocomposites, nanoparticles, or microparticles for
the therapeutic use of various infections, illnesses, and diseases, PVA was conjugated with its
copolymers (biodegradable polymers) [92].

Combination chemotherapy, which delivers two or more anti-cancer medications
simultaneously using nanomaterials, is presently the preferred method of drug administration
in clinical practice. Intriguingly, the tumor's growth was decreased by the anti-cancer
medications loaded on the nano-drug co-delivery system (NDCDS) compared to the free
medications [93]. This is one practical method for loading two or more anti-cancer medications
onto a delivery system. The medications should have distinct physicochemical and
pharmacological mechanisms, as well as distinct toxicity and side effects [94]. A small-
molecule medicine, a macromolecule anti-cancer agent, or two small-molecule anti-cancer
therapies were used in some NDCDS cases [95]. Table 2 presents some nano-drug co-delivery
systems containing small molecules that exhibit anti-cancer activity.

Table 2. Some nano drug co-delivery systems with small molecules show anti-cancer properties.
Sr.

No Bio-nanomaterial Type 1drug Type 2 drug Indications Reference
1 MPEG-PLGA Doxorubicin PTX Non-small lung cancer, mefanoma, [96]
hematoma
2 PCL';?&;LS'GA Doxorubicin CUM Hematoma carcinoma [97]
3 Polymer-lipid hybrid Doxorubicin Mitomycin C Murine breast cancer [98]
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lig' Bio-nanomaterial Type 1 drug Type 2 drug Indications Reference
4 di Pluronic F-127 5-fluorouracil Camptothecin [99]
iacrylate macromer
5 F(MDS-co-CES) Paclitaxel Herceptin Breast cancer [100]
micelle
DSPE-PEG-
6 AA/rHDL/DCA- Dichloroacetate p53 Lung adenocarcinoma [101]
PEI/p53
7 PLLA/PLGA Doxorubicin p53 Hepatocellular carcinoma [102]
Polyamidoamine
dendrimer - MMP-9
8 functionalized Doxorubicin ShRNA Breast cancer [103]
graphene oxide
9 OEI600-PBA/HBPO Doxorubicin Beclinl siRNA [104]
FA/PEG/liposomes
10 (EPC, CHOL, and Paclitaxel Tariquidar Ovarian cancer [105]
DOTAP)

11 PLGA Doxorubicin Gambogic acid Breast cancer [106]
12 mPEG-g-PLL-b-Phe Doxorubicin P-gp siRNA Breast adenocarcinoma [107]
MDR gene-

. . silencing
Nanoscale metal- Cisplatin - .
13 organic frameworks prodrug siRNAs (Bcl-2, Ovarian cancer [108]
P-gp, and
survivin)
Folate acid conjugated .
14 graphene oxide Doxorubicin Gold NPs [109]
15 PLGA Doxorubicin Gold NPs [110]
16 Metallo- Doxorubicin | Tiraphenylpor [111]
supramolecular nanoge phyrin zinc
17 Mesoporous silica Doxorubicin Gold nanorods Lung carcinoma [112]
Liposomes (EPC,
18 CHOL, DOTAP, Paclitaxel Tariquidar Ovarian cancer [113]
PEG2KPE)
19 Transte_rrln conjugated Doxorubicin VER Leukemia [114]
iposomes
cis-
20 FA-PEG-PLGA Diaminodichlor PTX Non-small lung cancer [115]
oplatinum
B-CD modified .
SIRNA
21 CdSe/ZnSe QDs Doxorubicin targeting the Cervical cancer [116]
coupled to L-Arg or L- MDR1
His gene
22 Gold nanorod Doxorubicin S'Rxg‘ggimt Neuroendocrine carcinoma [117]
poly(styrene-co-maleic
23 anhydride) derivative Doxorubicin Disulfiram Breast cancer [118]
with adipic dihydrazide
3. Discussion

Several studies have successfully developed highly effective nanocarriers for delivering
nanomedicine into cancer cells. Tests conducted both in vitro and in vivo demonstrated that
the therapeutic drug was successfully co-delivered to cancer cells. Additionally, delivering
chemotherapeutic drugs to cancer cells using nanoparticles can achieve high drug
concentrations within cancer cells while reducing side effects. Above all, drug resistance can
be eliminated using nano-carrier-based methods for chemo-drug co-delivery. Recently,
researchers have looked into several "smart" nanoparticles having the capacity to react to both
internal and external stimuli.
There is significant interest in polymer-based nanoparticles for a variety of applications,
including the development of drug delivery systems. A wide variety of biopolymers have been
characterized for the creation of polymer-based nanocomposites containing metal oxide
nanoparticles. In addition, a disk-shaped MCM-41 mesoporous material was demonstrated to
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be a new effective reservoir for ibuprofen, a widely used analgesic and anti-inflammatory drug,
and controlled drug delivery systems. In one study, it was discovered that magnetic
nanoparticles integrated with active drugs on the surface of the structure performed better in
terms of drug loading capacity and drug distribution effectiveness than porous hollow magnetic
capsules filled with active drugs and then bound with lipids or other polymeric materials.

Scientists from the group studied the anti-cancer effects of graphene-
poly(vinylpyrrolidone) nanomaterials (against HeLa, SCC-9, HCT-116, NIH-3T3, and HEK-
293 cell lines) and the pH-sensitive drug distribution of the anti-cancer drug doxorubicin (GRP-
PVP-DOX) in their study. These composites exhibited dual functionality and were used to
study the cytotoxic mechanism for the destruction of cancer cells.

In another investigation, a Fes04/Cu3(BTC). nanocomposite (BTC = benzene-1,3,5-
tricarboxylate) was prepared by fusing Fe3Os4 nanorods with Cu3(BTC)2 nanocrystals
(HKUST-1), and nimesulide, an anti-cancer medication that acts as a selective cyclooxygenase-
2 (COX-2) inhibitor, was then loaded onto the composite. These nanocomposites have been
effectively used for magnetic separation, selective drug delivery, and magnetic resonance
imaging. In another study, scientists developed pure mesoporous silica nanoparticles that
showed promise as a vehicle for administering targeted medications for MDR cancer
treatments.

Researchers developed nanoscale FePt network hollow tablets, which were then lipid-
coated and used as magnetic capsules for anti-cancer studies. The aqueous anti-cancer drug has
been loaded into the hollow interior cavities of nanosized FePt capsules and delivered to cancer
cells without external stimulation. The drug-loaded capsule-coated lipid membrane was
successfully directed to the cancer cells using an NdFeB magnet (0.2 T) and killed over 70%
of the cancer cells (lung cancer cell line RERF-LC-AL1 and gastric cancer cell line MKN-74).

Self-assembly was used to create novel bifunctional magnetic CoFe.O4 nanoparticles
enclosed with fibrous silica shells. These spherical nanocomposites were used as a potential
drug-delivery strategy for chemotherapy against the HeLa cell line due to their mesoporous
framework, narrow size distribution, large surface area, good monodispersity, and
superparamagnetic characteristics. In green manufacturing of silver nanoparticles, the use of
P. annua extracts with appropriate concentrations of flavonoids, phenols, and alkaloids as
reducing and stabilizing agents for AgNPs was described. The anti-cancer medicine (AgNPs-
EDL@Starch) was then delivered using these biogenic AgNPs coated with starch.

Aside from these nanomaterials, others such as Au NPs, Ag NPs, Iron Oxide NPs,
Cobalt Ferrites, and Silica NPs have been synthesized and used efficiently as nanomedicine for
targeted drug delivery to cancers such as lung cancer, breast cancer, ovarian cancer, and
cervical cancer. These findings demonstrated that nanomedicine delivery devices constitute a
promising new therapeutic method for cancer therapy. Additional research is needed to
transition these "smart" NPs from their experimental phase to therapeutic use.

4. Conclusions

Despite significant advances in the production of nanoparticles for drug delivery, many
obstacles remain. Metal NPs are being studied extensively due to their unique properties, which
include excellent loading efficiency, size homogeneity, and imaging capabilities. However, the
possibility of toxicity severely limits their practical application. As a result, developing
materials for carrying drugs with adequate biosafety, excellent biocompatibility, substantial
drug loading, and complex circulation is difficult. Natural cell membrane-based materials merit
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in-depth investigation for the development of targeted delivery systems, as they are
biodegradable, have low immunogenicity, and can be genetically manipulated. Current tactics
may be able to overcome obstacles through focused customization and the development of
biofilm nanocarriers.

To effectively target a range of cell types, nano-delivery devices can overcome various
obstacles. This approach is desirable for enhancing drug transport over barriers and overcoming
drug resistance in target cells. However, the challenge still lies in accurately identifying
molecular targets and ensuring that these drugs exclusively affect the relevant organs.
Furthermore, it is crucial to understand what happens to drugs once they are delivered to the
nucleus along with other delicate cellular organelles.

Although nanotargeted treatment has been demonstrated to have therapeutic benefits in
cell models and subcutaneous xenograft animal models, its effects in human tissues are rarely
investigated. As a result, organoid models could be used in nanotargeted therapeutic research
to provide preliminary animal testing data and a more reliable reference for clinical trials.
Finally, novel procedures or methodologies, as well as preclinical models, will help expand
knowledge of cancer nanomedicines, perhaps speeding their transition from the laboratory to
the clinic.
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