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1. Introduction

Cancer stands as a prominent contributor to mortality worldwide, bearing a significant impact on global
health. According to projections by Bray et al. (2020), there were anticipated to be approximately 18.1 million
fresh instances of cancer and roughly 9.6 million deaths attributed to cancer by the year 2018. The nature of
cancer involves unregulated growth of cells that extend from a primary location to various body regions,
culminating in fatality. Therefore, prioritizing the early identification and management of cancers becomes

crucial in curbing the progression of the illness and decreasing cancer related fatalities.

One of the prominent techniques in contemporary cancer research is nanotechnology. As defined by the US
Food and Drug Administration (FDA), nanotechnology products possess dimensions falling within the range
of 1 to 100 nm and exhibit specific behaviours based on their nanoscale (Alexis et al., 2008). Specially crafted
nanomaterials have shown promise in counteracting multi-drug resistance, traversing the blood-brain barrier
(BBB), and facilitating cancer diagnosis and imaging. The application of nanotechnology in cancer research
has yielded encouraging outcomes, spanning various aspects such as drug transportation, gene therapy,
identification and detection, targeted treatment, mapping biomarkers, and molecular imaging. Within this
field, the creation of nanomaterials like gold nanoparticles and quantum dots has gained traction, enabling
molecular-level cancer diagnosis. Nanotechnology-driven molecular diagnostics, including biomarker

development, hold the potential to swiftly and accurately identify cancerous conditions (Tran et al., 2017).
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Moreover, nanotechnology has the capability to enhance the early detection of cancers through advanced
imaging techniques. When coupled with more aggressive utilization of existing screening methods,

nanotechnology has the potential to enhance the prognosis for individuals with cancer (Nystrom et al., 1993).

Nanotechnology therapies, including the advancement of nanoscale drug delivery systems, offer a means to
precisely target cancerous tissues while minimizing adverse effects (Hu et al., 2018). Due to their inherent
biological attributes, nanomaterials can readily traverse cellular barriers. These nanomaterials have found
utility in tumour treatment, and can be utilised by both active and passive targeting mechanisms. Despite the
availability of various drugs for cancer treatment, their inherent sensitivity often results in suboptimal
outcomes, accompanied by a range of side effects including potential harm to healthy cells. In light of this
challenge, multiple investigations have looked into the utilization of diverse nanomaterial formulations such
as liposomes, polymers, molecules, and antibodies. The consensus drawn from these studies indicates that a
fusion of these nanomaterials in the design of cancer drugs can strike a balance, enhancing drug effectiveness
while mitigating toxic effects on healthy cells (Ye et al., 2018).

Nonetheless, owing to the potential toxicity associated with nanomaterials, significant progress is required
before they can be readily utilised in clinical settings for cancer treatment (Bharali & Mousa, 2010). As
nanotechnology continues to advance rapidly, the purpose of this paper is to comprehensively examine its

role in both cancer diagnosis and treatment, emphasizing the advantages it brings to the field.

2. Nanotechnology: Definitions

The prefix 'nano’ originates from Greek and translates to 'dwarf' or something exceedingly minuscule,
denoting a measurement of one billionth of a meter (10"-9 m). It's important to differentiate between
nanoscience and nanotechnology. Nanoscience involves investigating structures and molecules at the
nanometer scale, spanning from 1 to 100 nm, while nanotechnology refers to the practical application of this
knowledge in areas like devices (Mansoori & Soelaiman, 2005). In the 21st century, nanotechnology emerges
as one of the most promising technologies, offering the capability to translate nanoscience theories into
functional applications. This is achieved by observing, measuring, assembling, controlling, and manufacturing

matter at the nanoscale.

The National Nanotechnology Initiative (NNI) in the United States defines Nanotechnology as "a science,
engineering, and technology conducted at the nanoscale, which ranges from 1 to 100 nanometers. At this
scale, unique phenomena arise, giving rise to innovative applications across diverse fields—spanning
chemistry, physics, biology, medicine, engineering, and electronics™ (NNI, n.a.). This definition highlights
two key aspects of nanotechnology. Firstly, it emphasizes scale: nanotechnology revolves around structures
having dimensions and shapes within the nanometer range. Secondly, it underscores novelty: nanotechnology
involves working with minute entities in a manner that capitalizes on distinct properties inherent to the

nanoscale.
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3. Nano Technology and Cancer Detection

Cancer diagnosis and treatment hold significant importance owing to the prevalent nature of this disease, the
substantial mortality rates associated with cancer, and the tendency for recurrence following treatment. The
well-being of cancer patients greatly hinges on early detection, making it crucial for cancer researchers to
focus on creating technologies that offer precise and sensitive means of cancer detection.

Genetic mutations have the potential to alter the production of specific biomolecules, leading to unregulated
cell growth and, ultimately, the formation of cancerous tissues. Cancers are categorized as either benign or
malignant. Benign tumors remain localized, while malignant tumors actively release cells that infiltrate nearby
tissues and distant organs. Strategies for diagnosing and treating cancer are designed to detect it early and stop
the expansion and spread of cancer cells. Imaging constitutes the initial stage of cancer diagnosis and therapy.
It helps in understanding the cancer's stage, as well as the tumor's size and position, which is crucial for
devising a treatment plan. In the 16th century, microscopes were the primary tools used for identifying cancer
or cellular diseases. The invention of X-ray machines followed in 1983, and ultrasound machines were
introduced in 1956. Subsequently, between 1972 and 1977, CT and MRI machines were developed (Wang et
al., 2022). However, these imaging techniques possess limitations, as they fail to provide comprehensive
clinical insights into various cancer types and their stages. Consequently, a complete understanding of the
disease's state, upon which optimal treatments can be based, becomes challenging. These methods can only
detect cancer once visible tissue changes occur. By that point, numerous cancer cells might have spread and
even metastasized. Furthermore, current imaging approaches are incapable of differentiating between benign
and malignant tumors (Choi et al., 2010).

Recently, the utilization of nanoparticles for cancer diagnosis and monitoring has garnered significant interest,
leading to the use of nanotechnology for molecular imaging. Many nanoparticle varieties exist, including
metallic, magnetic, polymeric, metal oxide, quantum dots, graphene, fullerene, liposomes, carbon nanotubes,
and dendrimers. These nanoparticles find application in the diagnosis of breast, colon, and cervical cancers.
Their appeal lies in their small size, favourable biocompatibility, and high atomic number. Nanoparticles
employed in cancer diagnosis, such as semiconductors, quantum dots, and iron oxide nanocrystals, exhibit
optical, magnetic, or structural attributes that are relatively rare in other types of molecules (Popescu et al.,
2015).

Nanoparticles can be combined with cancer-specific antibodies to enhance cancer targeting and identification.
Recent investigations underscore the substantial capacity of nanoparticles to heighten tumor detection
precision and refine cancer diagnosis (Alrushaid et al., 2023). The fundamental merit of nanoparticles, which
encourages their use in cancer diagnosis, stems from their notable surface area-to-volume ratio in contrast to
larger materials. This characteristic enables nanoparticle surfaces to be densely coated with antibodies, small
molecules, peptides, aptamers, and other functional groups. These functional groups can effectively bind to

and identify specific cancer-related molecules.
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3.1Early-Stage Diagnosis with Nanotechnology

A cancer biomarker functions as a quantifiable biological substance present in blood, as well as other tissues
or bodily fluids like saliva and urine. It serves as an indicator of the presence of cancer within the body. These
biomarkers include proteins (either secreted or on cell surfaces), carbohydrates, or nucleic acids (such as
circulating tumor DNA or miRNA), which are discharged by the body or cancer cells when cancer is present.
By gauging the levels of certain cancer biomarkers, it becomes possible to identify cancer early or detect the
recurrence of tumors. Additionally, this measurement helps in understanding the effectiveness of therapy.
Nevertheless, the utilization of biomarkers faces a number of challenges. These include the low concentrations
of biomarkers in bodily fluids, the variance in biomarker levels and timing across patients, and the complexity
of conducting prospective studies (Hull et al., 2014). Nanotechnology offers significant advantages in this
context, as it provides heightened selectivity and sensitivity, along with the capability to measure multiple
targets at the same time.

1. Detection of circulating tumor cells
Around 90% of fatalities linked to solid tumors are linked to metastasis. During the process of
metastatic spread, a cancer cell originating from the primary tumor initially infiltrates the nearby
tissue. Subsequently, it gains entry into the blood microvasculature (intravasation) and the lymphatic
systems (Chaffer & Weinberg, 2011). Detecting metastatic cancer cells in the bloodstream, also called
circulating tumor cells (CTCs) at an early stage has the potential to influence both cancer prognosis
and diagnosis.
When it comes to the detection of CTCs, nanomaterials hold a significant edge due to their extensive
surface area relative to their volume. This attribute permits efficient binding of targeting ligands, which
possess the capacity to identify specific molecules on cancer cells. Consequently, the isolation of
CTCs becomes more specific, leading to heightened sensitivity in diagnosis.

2. Detection based on mRNA
Apart from their application in detecting extracellular nucleic acids, nanoparticles have also been
designed as sensors for intracellular nucleic acids. Seferos et al. (2007) showcased the feasibility of
employing innovative gold nanoparticle probes, with specific modifications, to identify mMRNA within
living cells, which is often used as a biomarker to diagnose early-stage cancers. Nanoflares, a kind of
nanoparticle, address several obstacles in crafting efficient and sensitive intracellular probes. They
manifest a significant signal-to-noise ratio and exhibit sensitivity to fluctuations in the count of RNA

transcripts within cells.

Over the last decade, substantial endeavours have been directed towards creating cancer diagnostic assays
through nanotechnology. In comparison to the existing cancer diagnostic methods utilized in clinical settings,
diverse assays leveraging nanoparticles (NPs) have exhibited enhancements in terms of both selectivity and
sensitivity. Additionally, they've introduced novel capabilities that were not attainable using conventional
approaches. These strides hold the potential to improve the survival rates of cancer patients through the

facilitation of early diagnosis.
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4.  Nanotechnology and Targeted Drug Delivery

The drug delivery system (DDS) has been utilized both in clinical and pre-clinical settings to transport
therapeutic substances for the purpose of treating diseases. Traditional DDS is typically administered through
methods like oral ingestion or injections. While conventional DDS offers several benefits including ease of
administration and patient acceptance, it also carries significant drawbacks and disadvantages (Dang & Guan,
2020):

» Limited effectiveness: Numerous drugs exhibit varying absorption rates when taken orally.
Additionally, the low pH environment coupled with digestive enzymes can lead to the degradation of
certain drugs even before they enter the bloodstream.

« Lack of selectivity: Oral drug delivery is not well-suited for drugs that require precise targeting of
particular organs, as it often results in suboptimal biodistribution. This approach can lead to elevated
drug accumulation in organs involved in detoxification, such as the liver or kidneys, potentially

inducing toxicity in these organs.

Most of the current anticancer drugs do not effectively distinguish between cancerous and healthy cells,
resulting in systemic toxicity and undesirable side effects. This limitation significantly restricts the
permissible maximum dosage of the drug. Furthermore, the swift elimination and wide dispersal into targeted
organs and tissues necessitate administering the drug in large amounts, which is both uneconomical and often
leads to unwanted toxicity (Sinha et al., 2006). Controlled drug delivery systems hold the potential to address
many of the drawbacks associated with conventional methods. These controlled DDSs can serve as effective
carriers for chemotherapeutic agents, directing them specifically to the tumor site. This approach increases
the drug concentration in cancer cells while minimizing toxicity to normal cells (Allen & Cullis, 2013).
Additionally, controlled DDSs safeguard drugs from degradation and rapid clearance, which is especially
required while delivering proteins and novel therapies like gene therapy and RNA interference.

When employed as a DDS, nanoparticles hold the potential to enhance drug effectiveness through benefits
such as extending drug half-life, improving solubility for certain hydrophobic drugs, and facilitating
controlled or sustained drug release. Additionally, stimuli-responsive nanoparticles can contribute to
diminishing drug toxicity and governing drug biodistribution (Dang & Guan, 2020). Liposomes marked the
initial discovery of nanoparticle-based DDS and were initially employed as carriers for drugs and proteins
during the 1960s. Since then, an expanding array of materials have been engineered into nanoparticles to serve
as DDS. As examined by Bobo et al. (2016), the FDA has endorsed 51 nanoparticle-based treatments, with

an additional 77 products undergoing clinical trials.

Precise targeting of cancer cells represents a crucial advantage of using of nano-carriers for drug delivery, as
it elevates therapeutic effectiveness while safeguarding normal cells from harmful effects (Yao et al., 2020).

A multitude of investigations have been undertaken to delve into the design of targeting strategies for
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nanoparticle (NP)-based drug delivery. These targeting mechanisms can be broadly classified into two main
categories: passive targeting and active targeting.

4.1 Passive Tumor Targeting

As per its definition, passive targeting denotes the inherent ability of nanoparticles ranging from 10 to 150
nanometers to selectively extravasate from the bloodstream into tumor tissue (Zhang et al., 2019). Passive

tumor targeting encompasses various strategies, which are briefly outlined in the following paragraphs.

4.1.1 Forms of Passive Targeting

1. Leaky Vasculature: The passive localization of numerous medications and drug carriers, caused by
their movement through leaky blood vessels upon extravasation (termed the Enhanced Permeability
and Retention [EPR] phenomenon), proves highly effective for addressing tumors. With the rapid
expansion of tumor masses, a network of blood vessels must swiftly grow to meet the oxygen and
nutrient requirements of tumor cells. This atypical and poorly controlled generation of blood vessels,
known as angiogenesis, leads to vessel walls featuring sizable openings (ranging from 40 nmto 1 um).
These permeable vessels allow relatively large nanoparticles to cross into tumor masses. Since
vigorously growing tumor masses lack a functional lymphatic system, the removal of these
nanoparticles is restricted, further contributing to their accumulation. Through the EPR mechanism,
nanoparticles larger than 8 nm (falling within the 8-100 nm range) can naturally target tumors by
effortlessly traversing these wide pores, resulting in greater accumulation within the tumor tissue. The
majority of present nanomedical approaches for treating solid tumors depend on the EPR effect to
ensure a high build-up of drugs, thus enhancing the effectiveness of treatment. When not directed at
specific cell types which possess sought-after targeting ligand, this drug delivery approach is termed
non-selective targeting (NCI, n.a.).

In order to reach close enough to the tumor site to facilitate the EPR effect, passive targeting needs
the drug delivery system to exhibit prolonged circulation to ensure a sufficient drug level reaches the
intended region. To create nano-drugs with an extended blood presence, one approach involves
"disguising” these nano-drugs by modifying their surface using water-soluble polymers like
polyethylene glycol (PEG). PEG is commonly employed in many preclinical research settings to
render water-insoluble nanoparticles soluble in water. An example is PEG-coated liposomal
doxorubicin (Doxil), which is clinically employed for breast cancer treatment, capitalizing on the
principle of passive accumulation within tumors. The concentrations of polymer-drug combinations
in tumor tissue can surpass levels ranging from 10 to 100 times higher than those achieved through
the use of free drug (Sinha et al., 2006).

Utilizing the EPR effect for passive accumulation stands out as the favored approach for treating solid
tumors via drug delivery. Nevertheless, it's crucial to note that the size or molecular weight of

nanoparticles isn't the sole factor dictating the effectiveness of the EPR effect. Other variables like
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surface charge, biocompatibility, and the in vivo monitoring mechanism for macromolecules should
also command attention when crafting nanomedical solutions for achieving optimal passive tumor
accumulation.

2. Tumor Microenvironment. This mode of passive drug targeting makes use of the tumor
microenvironment. The drug is linked to a tumor-specific molecule and is active at the time of
administration. Upon reaching the intended site, the tumor environment converts it into an active and
volatile substance, and this method is termed as tumor-activated prodrug therapy (Sinha et al., 2006).
Cancer cells exhibit glycolysis, a metabolic process which is responsible for the supply of energy in
the cancer cell. This process leads to an acidic tumor microenvironment, lowering its pH.
Consequently, certain pH-sensitive nanoparticles are activated by this reduced pH, triggering drug
release in close proximity to cancer cells (Lim et al., 2018).

3. Local Drug Application. Direct local application involves administering a drug directly to tumor
tissue, bypassing systemic circulation. Diverse strategies aim to enhance tumor-targeted delivery of
anticancer agents, including intravesical injection and i.p. administration of various compounds. These
methods necessitate exposure to elevated antitumor agent concentrations, which isn't always feasible.
A compelling alternative for ensuring localization in drug deliver is intratumoral administration, which
has already been tested with success (Yockman et al., 2003). For instance, administering mitomycin
directly into the tumor tissue increased drug concentration at the tumor site while reducing toxicity
(Nomura et al., 1998). Breast cancer cell lines transfected with nanoparticles loaded with wild-type
p53 DNA showed sustained, significantly stronger antiproliferative effects compared to those with
naked wild-type p53 DNA or wild-type p53 DNA which has been complexed with various transfecting

agent available for commercial use(Prabha & Labhasetwar, 2004).
4.2 Active Tumor Targeting

The EPR effect, functioning as a "passive tumor targeting" mechanism for nanoparticles, drives their
accumulation in the tumor region. However, EPR doesn't facilitate nanoparticle cell uptake, a prerequisite for
treatment modalities relying on intracellular drug activation within the nucleus or cytosol (Torchilin, 2010).
Moreover, EPR's heterogeneity causes variable strength among different tumors or patients. Thus, active
targeting emerges as pivotal for the next-generation nanoparticle therapies. It enables treatments beyond
EPR's scope and enhances EPR-accomplishable therapies which show suboptimal outcomes. Active targeting
involves modifying nanoparticle surfaces with small molecules, antibodies, affibodies, peptides, or aptamers,

and directing them to tumor cells, microenvironment, vasculature, and intracellular compartments.

Passive targeting (EPR effect) involves nanoparticles crossing the bloodstream via leaky vasculature,
concentrating in the tumor region. Nanoparticle-transported drug molecules diffuse through the extracellular
matrix within the tumor tissue. These particles also bear surface ligands for active targeting, binding to
receptors on target cells or tissues. Active targeting aims to enhance nanoparticle/drug accumulation in tumors

and facilitate their cellular uptake via receptor-mediated endocytosis. Particles engineered for vascular
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targeting carry ligands binding to endothelial cell-surface receptors. This approach synergizes vascular tissue
and diseased tissue cell targeting, increasing strategy effectiveness (NClI, n.a).

421 Forms of Active Targeting

1. Carbohydrate-Directed Targeting: Lectin-carbohydrate interactions stand as a classical instance of
active drug targeting. Carbohydrates on cell surfaces influence tumor cell interactions with normal
cells and the extracellular matrix during metastasis and growth. Such interactions often involve tumor
cell carbohydrates and their binding partners, termed lectins. The number of these intrinsic lectins
which have been discovered by scientists is increasing rapidly. Certain lectins recognize "foreign"
carbohydrate patterns on tumor cell surfaces, influencing innate and adaptive immunity. Notably,
lectins impact tumor cell survival, adhesion to endothelium or the extracellular matrix, tumor
vascularization, and other processes pivotal for metastasis and growth (Gorelik et al., 2001). The
ligand-carbohydrate interplay can be harnessed by crafting nanoparticles with carbohydrate
components targeted towards specific lectins (direct lectin targeting) or by embedding lectins into
nanoparticles aimed at cell surface carbohydrates (reverse lectin targeting). Presently, drug delivery
systems originating from this novel carbohydrate-lectin interplay are primarily focused on entire
organs (Yamazaki et al., 2000), which could potentially pose risks to normal tissues. Despite their
challenges, lectins persist as subjects of investigation for crafting "smart carrier" molecules for drug
delivery. Lectins show an affinity towards sugar moieties found on tumor tissue surfaces, and this
emerges as an attractive avenue for augmenting nano-drug delivery (Sinha et al., 2006).

2. Receptor- and Antigen-Directed Targeting: In human cancers, the excessive presence of receptors
or antigens enhances their internalization through receptor-mediated endocytosis—a process that
allows extracellular particles to enter the intracellular environment. Typically, a drug connected to a
polymer carrier enters cells via interactions between ligands and receptors. Once positioned at the cell
surface, drug-polymer carrier complexes aimed at specific targets can exert their effects either on the
plasma membrane or post-internalization. The drug can detach from its polymer in the extracellular
environment, at the cell surface, or notably within lysosomes due to lysosomal enzymes. This prompts
the release of the active drug into the cytosol (Olsnes & Sandvig, 1988). Upon drug delivery
completion, receptors or antigens should return to the cell surface. This drug delivery method
encompasses three pivotal components: (a) polymers binding the drug, (b) ligands or antibodies
linking to polymers, which in turn exhibit strong affinity to tumor cell surfaces, and (c) respective

receptors or antigens.
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5 Nanotechnology and Improved Treatment Outcomes

Despite notable progress in understanding cancer and devising innovative diagnostic and treatment methods,
cancer incidence and mortality continue to rise significantly. The primary factor behind this surge is the
mounting development of chemotherapy resistance, impeding successful and comprehensive cancer treatment

over the last century.

Multidrug resistance (MDR) refers to cancer cells' capability to withstand multiple diverse chemotherapeutic
agents with distinct mechanisms of action, thereby surviving treatment. Certain cancer cells intrinsically

possess this resistance, while others acquire it through mutations during carcinogenesis (Marin et al., 2016).

Several factors contribute to cancer cells' MDR, including ATP-binding cassette (ABC) transporters, such as
P-glycoprotein (P-gp). These transporters impede intracellular drug accumulation by blocking anti-cancer
drug access, utilizing ATP energy to expel drugs from cells. Consequently, drug bioavailability diminishes,
resulting in drug resistance (Moitra, 2015). Notably, P-gp also participates in removing anti-cancer drugs from

cancer cells, fostering resistance to multiple chemotherapeutic agents.

Nanomedicine, an innovative application of nanotechnology in medicine, introduces novel possibilities for
countering MDR owing to its distinct biological and physicochemical attributes. Nanomedicine's
advantageous traits conducive to tackling drug-resistant tumor cells are small drug carrier size, potential for
passive or active cancer cell targeting, enhanced pharmacokinetics and distribution, reduced drug side effects,
inherent MDR efflux pump protein inhibition, and the capacity to deliver multiple therapeutic agents within
a single formulation (Yazdani et al., 2019). Prominent nanocarrier categories utilized to overcome MDR
encompass polymeric and solid lipid nanoparticles (SLNs), liposomes, micelles, mesoporous silica
nanoparticles (MSNSs), dendrimers, and nanostructured lipid carriers (NLCs) (Majidinia et al., 2020). This
section discusses utilization of polymeric, SLNs, and liposomes for combatting multidrug resistance in cancer

treatment.
5.1Polymeric and SLNs

Polymeric nanoparticles, characterized by their solid structure housing a polymer-filled core, are
particularly well-suited for carrying drug payloads with limited water solubility and small molecular
weights. These nanocarriers have surfaced as a versatile platform for precise, continuous, and
controlled delivery of chemotherapeutic agents. Beyond their enhanced efficacy in delivering
chemotherapeutics to cancer cells, an extensive body of research underscores that polymeric
nanoparticles and Solid Lipid Nanoparticles (SLNs) possess the potential to surmount MDR. This
potential is attributed to their capacity to heighten drug uptake by tumor cells, amplify drug
accumulation, suppress MDR-associated proteins like P-gp, increase drug bioavailability, and trigger
apoptosis (Majidinia et al., 2020).
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5.2 Liposomes

Liposomes, which arise as colloidal structures from the dispersion of different charged or uncharged
phospholipids in water, have served as biocompatible and biodegradable carriers for drugs since their
discovery. Their application aids in heightening the effectiveness and diminishing the toxicity of
chemotherapeutic agents (Feng, 2004). Liposomal delivery systems have demonstrated their role in
tackling MDR through three primary strategies: adjusting liposomes for controlled and sustained
drug release, incorporating ligand-targeted liposomes like immunoliposomes for intracellular drug
delivery in tumor cells, and directly interacting with P-glycoprotein (P-gp) to inhibit it via
endocytosis (Majidinia et al., 2020). In an example, the co-encapsulation of resveratrol and paclitaxel
within a PEGylated liposome exhibited substantial potential to target and eliminate malignant cells
(MCF-7/ADR tumor cells) in vitro. This approach also enhanced the bioavailability of drugs,
amplifying drug presence and retention within these cells in vivo. Furthermore, systemic
administration of this liposomal formulation effectively restrained drug-resistant malignant cells in

mice, yielding meaningful outcomes without significant systemic toxicity (Meng et al., 2016).

In conclusion, nanotechnology-driven nanocarriers have presented compelling evidence in tackling the
challenges posed by multi-drug resistance (MDR). These innovative tools effectively manage the appropriate
dosage of hydrophobic chemotherapeutic agents, offering a platform for the creation of secure, regulated, and
efficient delivery targeted precisely at the tumor microenvironment. By encapsulating drugs within this nano-
architecture, key advantages are observed, including improved solubility, enhanced bioavailability, and
refined drug targeting. In conjunction, co-administered P-glycoprotein (P-gp) inhibitors contribute to

countering the emergence of MDR.

6 Conclusion

Nanoscience and nanotechnology have propelled advancements in various scientific domains, each branching
out along distinctive trajectories. In the realm of physics, there's a progression from micro to nano, even
delving further into minuscule dimensions using various types of microscopes. Chemistry has shifted focus
from bulk matter on a micro scale to exploring the realm of small-sized entities like carbon dots. In computer
science, the transition stretches from room-sized computers to the sleek dimensions of compact laptops.
Meanwhile, in the realm of biological science, researchers delve deep into observing the intricacies of cellular

nuclei and dissecting complex biomolecules at the nano level.

Cutting-edge diagnostic methods rooted in nanotechnology offer a hopeful trajectory for cancer diagnosis,
embodying qualities like real-time analysis, user-friendliness, and affordability. Nanoparticles are harnessed
to seize cancer biomarkers such as exosomes, circulating tumor cells (CTCs), circulating tumor DNA, and

cancer-related proteins, facilitating precise cancer detection. An integral advantage of nanoparticles,
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stemming from their substantial surface area-to-volume ratio relative to larger substances, underscores their
suitability for cancer diagnosis. This attribute permits nanoparticle surfaces to be coated with antibodies, small
molecules, peptides, aptamers, and other functional groups, enabling the identification of specific cancer

molecules.

Numerous drug delivery systems centered around nanoparticles, including nano-discs, gold nanoparticles, and
viral nanoparticles, have showcased encouraging results in the domain of cancer therapy. Significant strides
have been taken in comprehending the biological attributes of cancer, which aids in refining the utilization of
nanoparticles. For instance, numerous studies are focusing on methods for effectively discerning between
cancerous and healthy tissues. Nano-drugs hold substantial promise in cancer therapy due to their distinctive
attributes. These encompass minimizing harm to healthy cells, overcoming challenges related to multidrug

resistance (MDR), and enhancing the solubility of anti-cancer drugs (Zhang et al., 2019).

Multidrug resistance (MDR) stands as a prevalent and formidable challenge within cancer treatment,
demanding significant focus. Conventional tactics to counteract drug resistance in tumor cells, like escalating
chemotherapy doses, gene inactivation linked to MDR, and crafting inhibitors for ABC transporters, haven't
yielded comprehensive success in cancer treatment. Effectively reversing MDR holds paramount importance
for establishing efficacious chemotherapy. In this regard, nanotechnology has emerged as a promising avenue

to serve as a carrier for MDR reversal in cancer treatment.

Nanotechnology is rapidly advancing within the realm of science, holding the promise of innovative, intricate,
multi-purpose applications. These applications hold the potential to identify cancer cells, transport drugs to
specific tissues, facilitate the assessment of treatment outcomes, and critically, contribute to overcoming the
challenge of multi-drug resistance, thereby significantly diminishing the occurrences of chemotherapy
treatment failures. With the escalating progress in nanotechnology, persistent endeavors undertaken by
scientists, researchers, and medical professionals are focused towards achieving significant accomplishments

by using the power of the minuscule.
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