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Abstract 

Nanomaterials have shown significant promise in the diagnosis and treatment of brain cancer. 

These materials, because of their distinct physical and chemical properties, can be engineered 

to target specific molecules and tissues in the brain, making them useful in early diagnosis and 

targeted drug delivery. As a result, nanostructures with high specificity, such as metallic 

nanostructures, silica nano-vehicles, quantum dots, lipid nanoparticles (NPs), and polymeric 

NPs, can permeate the BBB. However, there are still some limitations to their use in the 

treatment of brain cancer, including toxicity, clearance, and stability. Despite these limitations, 

nanomaterials have been developed for a variety of purposes in the treatment of brain cancer, 

including drug delivery, imaging, photodynamic therapy, and hyperthermia. Nanoparticles can 

be designed to encapsulate therapeutic drugs and deliver them directly to brain cancer cells, 

potentially improving their efficacy and reducing toxicity to normal cells. This review provides 

a comprehensive overview of nanomaterials used for the treatment and diagnosis of brain 

cancer. This paper focuses on the application of liposomes, nanomicelles, dendrimers, carbon 

nanotubes, gold, silver nanoparticles. 

Keywords:  Nanomaterials, nanoparticles, nanobodies, brain cancer, blood–brain barrier, nano 

therapy.  
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Chapter 1 

Introduction 

Nanomaterials are materials that have at least one dimension that is on the nanoscale, which is 

about 1-100 nanometers. They have unique physical and chemical properties due to their small 

size, and have attracted a lot of attention for their potential use in various fields, including 

medicine (Miernicki et al., 2019). Brain cancer, also known as brain tumor, is a type of cancer 

that occurs in the brain or central nervous system (Piktel et al., 2016). It is a serious condition 

that can be difficult to treat and can have significant effects on a person's quality of life. There 

are several ways that nanomaterials are being used or investigated for the diagnosis and 

treatment of brain cancer. Nanoparticles can be designed to target specific cells or tissues in 

the body, which makes them useful for delivering drugs or other therapies directly to brain 

tumors (Quader & Kataoka, 2017). In addition, nanomaterials can be used to create imaging 

agents that can help doctors visualize brain tumors and monitor their response to treatment. 

Finally, nanomaterials are also being studied for their potential to be used in brain cancer 

prevention or as a tool for early diagnosis of the disease. 

Brain cancer is a form of cancer that begins in the brain's cells. It is not as common as some 

other types of cancer, but it can be a serious and life-threatening disease. According to the 

National Cancer Institute, brain and other nervous system cancers make up about 2.5% of all 

cancers in the United States. The prevalence of brain cancer varies by age, with the highest 

incidence occurring in people over the age of 65 (Legler et al., 1999). The five-year overall 

survival rate for brain cancer is about 34%, although this can vary depending on the cancer's 

type and stage (Mukhtar et al., 2020). The mortality rate for brain cancer is the percentage of 

people with brain cancer who die from the disease.  
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It is important to note that the death rate for brain cancer can vary based on a variety of factors, 

including the type and stage of the tumor, the patient's age and overall condition, and treatment 

success (Legler et al., 1999). However, the survival rates can vary depending on the type and 

stage of the cancer. For example, the five-year survival rate for glioblastoma, a type of brain 

cancer, is typically less than 10% (Neganova et al., 2022). In contrast, the five-year survival 

rate for meningioma, another type of brain cancer, is typically more than 90% (Neganova et 

al., 2022). It is important to note that these survival rates are only estimates and cannot predict 

what will happen in any individual case (Neganova et al., 2022). Because of their unique 

physicochemical and biological properties, such as small sizes, large surface area, structural 

characteristics, ability to attach different molecules, ability to cross cell and/or tissue barriers, 

and long circulation time in the bloodstream, nanomaterials have a promising future in 

medicine. They have a wide range of biological uses, including medication delivery systems, 

contrast agents, and diagnostic instruments (Piktel et al., 2016). Early cancer detection is 

essential for better treatment since it minimizes the possibility of medication resistance (Jain, 

2011). Nanoparticles have tremendous potential for molecular cancer cell targeting and drug 

administration, particularly in the CNS, where the BBB barrier is a major hindrance (Jain, 

2008). Because of their tiny size, nanoparticles are utilized to treat CNS illnesses since they 

can penetrate the BBB and deliver medications to the target region (Jain, 2007). The 

distribution of medications in the brain is thus reliant on diffusion, which means that the 

concentration is highest at the administration site and decreases as one moves away from it. 

Yet, this technique has the advantage of allowing for site-specific administration, which 

reduces systemic toxicity (Jain, 2008). On the other hand, there are several reasons why brain 

cancers can be difficult to treat with chemotherapy. Initially, the blood-brain barrier (BBB) can 

make it difficult for chemotherapy medications to reach cancer cells in the brain. The BBB is 

a network of blood vessels that surrounds the brain and separates it from the rest of the body. 
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The cells that make up the BBB are tightly packed together, which makes it difficult for large 

molecules, such as chemotherapy drugs, to pass through (Jain, 2008). After that, brain tumors 

are often resistant to chemotherapy. This means that the cancer cells are able to survive and 

continue to grow despite treatment with chemotherapy drugs. Brain cancer is a highly 

challenging condition to treat, and there is a significant unmet clinical need in this field. 

However, the cancer population's heterogeneity in terms of site, type, and stage of disease, as 

well as the limited treatment options, variability in cancer treatment, and poor prognosis 

represents major difficulties in cancer patients (Giustozzi et al., 2022).  

Despite advances in treatment, the survival rates for many types of brain cancer remain low. 

Finally, there is a need for better ways to diagnose and monitor brain cancer. Currently, brain 

cancer is often diagnosed using imaging tests, such as MRI and CT scans, and a biopsy may be 

needed to confirm the diagnosis (Butowski, 2015). However, these tests can be time-consuming 

and may not always provide a definitive diagnosis. Nanomaterials are also being explored as a 

way to deliver targeted therapies to cancer cells. Targeted therapies are designed to specifically 

target and attack cancer cells, leaving healthy cells unharmed. By attaching targeted therapies 

to nanomaterials, researchers hope to be able to more accurately deliver these therapies to 

cancer cells, which could improve their effectiveness and reduce side effects (Alja Zottel, Alja 

Videtic Paska). 

Moreover, nanomaterials have the potential to revolutionize cancer therapy by improving the 

delivery of chemotherapy drugs, targeted therapies, and diagnostic tests. However, 

nanoparticles have the potential to revolutionize cancer treatment by improving the delivery 

and effectiveness of anti-cancer drugs (Martins et al., 2020). Conventional chemotherapeutic 

agents are often not specific to cancer cells and can have significant toxicities, but NPs can be 

designed to selectively target cancer cells and deliver drugs more effectively. The blood-brain 

barrier (BBB) and blood-tumor barrier (BTB) can be obstacles to delivering chemotherapy to 
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brain tumors, but NPs can be used as vehicles to help overcome these barriers (Mendiratta et 

al., 2019). NPs can also improve the delivery of hydrophobic drugs, which are not easily 

soluble in water, and can release drugs in a controlled and stimuli-responsive manner. NPs can 

be made using a variety of materials, including polymers, lipids, viruses, and organometallic 

compound nanotubes.  

1.1 Aim and Objectives  

● To provide the information on the use of nanomaterials in the treatment of brain 

cancer, including their properties, synthesis methods, and characterization techniques. 

● To develop new nanomaterial-based solutions for crossing the blood-brain barrier and 

improving medication delivery to brain malignancies. 

● To identify the challenges and future directions in the development of nanomaterial-

based therapies for brain cancer. 

1.2 Methodology 

This paper has been written by using information from recently published articles, journals 

research papers. All necessary data and information were collected from authentic primary and 

secondary research articles indexed in PubMed, Google Scholar, ResearchGate and Scopus. 

The articles used to gather information for this review paper were published in journals like 

Chemosensors, Materials, Nature, and Frontiers. More than 50 articles have been studied to 

complete this review paper. For organizing the information of the selection topic in a systematic 

manner, an outline was formed with relevant heading headings and subheadings. The following 

keywords were used to search for relevant papers: “brain cancer” “nanomaterials” “recent,” 

“nanotechnology,” “diagnosis,” “treatment.” 
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Chapter 2 

Nanomaterials in Biomedical Research 

The ability to target complex molecular contents to tumor sites and cross the blood-brain barrier 

are just two of the many advantages that nanomaterials approaches have for brain cancer 

diagnosis and treatment (Saenz del Burgo et al., 2014). Nanomaterials can be made from a 

variety of materials, including metals, polymers, ceramics, and biological molecules. They can 

take many different forms, such as nanoparticles, nanotubes, nanofibers, and nanorods. The 

unique size-dependent properties of nanomaterials make them attractive for a huge range of 

uses, including medication administration and medical imaging, tissue engineering, biosensing, 

and cancer therapy (Romos et al., 2017). However, it is expected that bioactive nanomaterials 

will play a critical role in regenerative medicine, which seeks to repair or replace damaged or 

diseased tissues and organs. These materials have the potential to stimulate the body's own 

repair mechanisms and promote tissue regeneration, which could help to alleviate the strain on 

healthcare systems caused by an aging population and an increasing incidence of tissue injuries 

and pathologies (Uchegbu & Siew, 2013). The use of bioactive nanomaterials is expected to 

grow significantly in the coming years, with the market for these materials in the US alone 

predicted to increase from USD 70.03 billion to USD 130.17 billion by the end of 2021, 

representing a growth rate of 13.2%. Bioactive nanomaterials can be divided into two 

categories based on their origin: natural nanomaterials, which are derived from biological 

sources, and synthetic nanomaterials, which are artificially produced. Both types have unique 

properties and potential applications in the field of regenerative medicine (Mabrouk et al., 

2021). The structures of several nanoparticles are shown schematically in Figure 1. Also, the 

Comparative distinctive features of various nanotherapy therapies for brain tumors are also 

mentioned in Table 1. 
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Figure 1: Brain cancer treated with novel nanoparticle therapy extracted from (Khan et al., 2021). 

Table 1: Comparative characteristic features of different nanotherapy treatments of brain 

tumor. 

Treatments 

of Brain 

tumor 

 

Characteristics Advantages Disadvantages Reference 

Liposomes 
A lipid bilayer 

membrane surrounds 

an aqueous 

compartment in 

liposomes, which are 

spherical structures. 

Phospholipids are 

amphiphilic 

molecules with a 

hydrophobic tail and 

Liposomes have several important 

characteristics that make them a 

promising carrier for controlled and 

targeted drug delivery. Their ability 

to release drugs in response to 

various triggers, such as pH, 

temperature, and light, allows for 

more precise and effective delivery 

of therapeutic agents. In addition to 

their triggered release capabilities, 

liposomes also have several other 

Poor solubility, a 

short half-life, 

high cost, and 

phospholipids that 

oxidize and 

undergo a 

hydrolysis-like 

process, leakage, 

and fusion of the 

(Allen & 

Cullis, 

2013) 

(S.-L. 

Huang et 

al., n.d.). 
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a hydrophilic head 

that make up the lipid 

bilayer. This structure 

allows liposomes to 

mimic the structure of 

cell membranes, 

providing them 

suitable for a variety 

of biological 

applications, such as 

drug delivery and 

diagnostics. 

 

properties that make them useful in 

different biomedical applications. 

Liposomes have been used in 

various therapeutic and diagnostic 

applications, Chemotherapeutic 

chemicals, therapeutic proteins, 

vaccines, radiopharmaceuticals, and 

nucleic acid-based drugs for gene 

therapy are all delivered in this 

manner. The versatility and 

specificity of liposomes make them 

a valuable tool in the field of 

medicine, and their use is expected 

to continue to grow in the future. 

drug/molecules 

they encapsulate.  

Gold NPs 
Gold nanoparticles 

(Au NPs) are particles 

with a size range of 1 

to 100 nanometers 

and are composed of 

an ultrasmall gold 

core, usually 

surrounded by a 

stabilizing shell or 

coating. They have 

Unique optical 

properties, High 

surface area to 

volume ratio, 

Chemical stability, 

Biocompatibility, 

High thermal 

stability, Surface 

functionalization. 

Gold nanoparticles (Au NPs) have 

several advantages likewise, Au 

NPs can be functionalized with 

targeting agents, such as antibodies 

or peptides that allow for targeted 

delivery of drugs to brain tumors. 

This improves the delivery's 

specificity and limits the exposure 

of healthy tissue to the therapeutic 

substance during MRI and 

computed tomography scans. This 

permits for improved visualization 

of the tumors, which can be 

beneficial for diagnosis and 

monitoring therapy efficacy. 

There are also 

some challenges 

and limitations 

associated with 

their use. For 

example, Au NPs 

can cause toxicity 

in the brain, which 

can limit their use 

in therapy, the 

production of Au 

NPs is relatively 

expensive, and 

lack of 

standardization in 

the production and 

characterization of 

Au NPs. 

(Meola et 

al., 2018). 
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Carbon 

Nanotubes  

It obtains a special 

blend of stiffness, 

tenacity, and strength. 

As compared to other 

fiber materials, it has 

a high thermal and 

electrical conductivity 

(Kesharwani et al., 

2015). 

 

Greatest capacity for lipid bilayer 

penetration into the cytoplasm and 

nucleus, potentially utilized in drug 

delivery systems, biosensors, and 

biomedical equipment.Greater 

capacity for conjugation with 

different bioactive agents such as 

proteins, nucleic acids, peptides, 

therapeutic agents, acids. 

 

Incredibly toxic to 

cultured cells like 

human kidney 

cells, T lympho- 

lympho- cytes, 

keratinocytes, 

alveolar 

endothelial cells 

and macrophages 

in vitro. Cellular 

oxidative stresses 

are reproduced by 

CNT. 

(Kesharwa

ni et al., 

2015) 

(Kesharwa

ni et al., 

2012) 

(Monteiro-

Riviere et 

al., 2005) 

Dendrimers 
Hyperbranched 

polymer having 

monodispersible 

changeable surface 

functionality, a well-

defined size range, 

and various valency. 

Effective medication delivery 

vehicle. Hydrophobic therapeutic 

agents have the potential to be 

entrapped in hydrophobic pockets, 

allowing hydrophobic medications 

to become water soluble. The best 

gene delivery platform is non-

immunogenic and has the highest 

transfection efficiency. 

Higher 

concentrations 

reduce cell 

suitability. 

Dendrimers' 

terminal-NH2 

groups and 

numerous cationic 

charge are closely 

related with 

toxicity, limiting 

their 

appropriateness 

for medical 

applications, and 

proved different 

types of toxicity 

like 

immunogenicity, 

and in vivo 

toxicity etc. 

(Dwivedi 

et al., 

2016) 
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Zinc Oxide 

NPs 

 Zinc oxide 

nanoparticles have 

several unique 

characteristics like: 

have been shown to 

be biocompatible, 

meaning they are not 

toxic to living cells or 

organisms, making 

them suitable for use 

in biomedical 

applications such as 

drug delivery.  

Also, it has 

antimicrobial 

properties, can be 

functionalized with 

therapeutic drugs, 

designed to release 

drugs in a controlled 

manner (Mukhtar et 

al., 2020). 

ZnO offers several advantages, 

including: 

Improved therapeutic efficacy by 

encapsulating therapeutic drugs 

within ZnO NPs, the drugs can be 

delivered directly to the target 

tumor site, leading to improved 

therapeutic efficacy and reduced 

side effects compared to systemic 

drug administration. 

ZnO NPs enhanced permeability 

and retention effect to penetrate the 

blood-brain barrier, which is a semi-

permeable barrier that can limit the 

delivery of drugs to the brain. In 

addition, it can be functionalized 

with targeting moieties such as 

antibodies or peptides to help route 

the NPs to certain cells or tissues 

such as tumor cells for enhanced 

targeting and therapeutic 

effectiveness. 

Imaging-guided therapy by ZnO 

NPs which can be used as an MRI 

contrast agent, which can help to 

monitor the efficacy of drug 

delivery and the response of the 

tumor to treatment. 

There are also 

several challenges 

and limitations 

that need to be 

addressed. For 

example, toxicity, 

ZnO NPs are 

foreign materials 

to the body and 

can be rapidly 

cleared from the 

circulation, which 

can limit their 

efficacy and 

duration of action 

as a drug delivery 

platform. Also, 

low drug loading 

and poor 

solubility. 

(Mukhtar 

et al., 

2020) 
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2.1 Nanomaterials in cancer treatment 

The use of nanoscale materials for medication delivery to the brain has shown promise as a 

method of circumventing the blood-brain barrier, which can prevent pharmaceuticals from 

reaching the brain. Nanoparticles have the ability to traverse the BBB due to their small size, 

and they have the ability to carry medication molecules to their target location. With greater 

efficiency than larger particles. This can enable the administration of drugs at lower 

concentrations, reducing the risk of adverse effects and increasing the likelihood of therapeutic 

effectiveness. Some examples of nanomaterials that have been studied for drug delivery to the 

brain include gold nanoparticles, liposomes, dendrimers, carbon nanotubes, and micelles. The 

properties of NPs, such as their shape, size, surface area, drug loading capacity, and stability, 

can influence their effectiveness as drug delivery agents. It is essential to maintain these 

properties and reduce aggregation to achieve monodispersed NPs that can be efficiently 

internalized by cells. In addition, NPs can be functionalized or made from multiple materials 

in order to improve their physical qualities (Mukhtar et al., 2020). 

2.2 Advantages of nanomaterial 

Nanomaterials have shown promise as a means of improving the treatment of brain tumors, 

particularly glioblastoma, which is a type of aggressive brain cancer. Some potential 

advantages of using nanomaterials in the treatment of brain tumors include: 

Nanoparticles have high surface-to-volume ratios in general, which contributes to their high 

loading capacity. Nanoparticles have been demonstrated to enhance medication solubility, 

extend blood circulation half-life, and regulate drug release when used as drug delivery systems 

(Farokhzad & Langer, 2009). Hydrophilic or hydrophobic medicinal compounds can be 

integrated into nanoparticles to increase systemic circulation half-life. Many nanoparticle 

delivery systems are built to respond to environmental cues like pH and temperature, allowing 
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for regulated therapeutic payload release. In other words, nanometer-sized particles collect 

specifically at the location of a brain tumor due to the improved permeability and retention 

(EPR) impact (Maeda et al., 2000). Surface functioning, which governs the interface between 

nanomaterials and biological systems, is a key component in influencing nanomaterial behavior 

and biomedical applications in vitro and in vivo. One can impact the half-life and localisation 

of nanoparticles during circulation by modifying their physicochemical characteristics (e.g., 

surface charge, hydrophobicity) (Cheng et al., 2014). 
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Chapter 3 

Nanomaterials for Brain Cancer Diagnosis 

Nanotechnology has potential for reliable imaging of cancerous brain areas in addition to 

improving medication delivery to treat diseases. Surface, chemistry, morphology, solubility, 

stability, and other physical properties of NPs made of biocompatible materials make them a 

good candidate for use as image contrast structures. In addition, NPs can improve the safety 

profile of drugs by reducing their toxicity and increasing their effectiveness. In the context of 

medical diagnosis, NPs have shown great potential for imaging and detecting malignant tissues. 

For example, the capacity of NPs to aggregate in tumor-associated cells and macrophages 

allows for sharp imaging of malignant tissues and differentiation from normal cells. Another 

way being researched to modify the medical identification of malignant tissues is the 

employment of specific coatings of peptides, bio-conjugates, and nucleotides to govern the 

tropism of the nanostructure for high-precision sensing of malignancies (Coates et al., 2011). 

There are several techniques that are commonly used for the diagnosis of brain tumors and 

cancers, including optical imaging, photoacoustic imaging, computed tomography and 

fluorescence imaging. Magnetic resonance imaging is also frequently used to identify the tumor 

shape and the boundaries of malignant tissues during surgery, although it requires frequent 

administration of gadolinium chelates to maintain effective scanning. However, these 

techniques can be invasive and may not provide sufficient information about small or 

superficial tumors. 

Nanotechnology has emerged in recent years as a technique for bioimaging and biosensing. 

Nanoarrays and nanochips, which combine optical and electrical features, are being developed 

as small-scale diagnostic and imaging tools for brain cancer and malignancies. These 

nanoparticles were chosen because of their biocompatibility and biodegradability. Overall, the 
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use of nanotechnology in conjunction with traditional diagnostic and imaging procedures, 

known as nanodiagnostics, has the potential to provide high precision and accuracy in cancer 

and tumor diagnosis without being invasive. 

3.1 Nanodiagnostics 

Nanodiagnostics is the application of nanotechnology in diagnostics, such as the detection of 

disease biomarkers or pathogen nucleic acids. This can be accomplished by combining 

nanodevices, such as nanochips or nanoarrays, with existing imaging methods for more precise 

diagnosis. The use of nanodiagnostics allows for the detection of biological molecules that may 

not be detectable using traditional methods. Currently, nanodiagnostic-based devices for 

detecting genetic diseases, SNPs, and pathogen nucleic acids are being developed. (Jain, 2003). 

Nanoparticles are an important component of nanodiagnostics, as they can be engineered to 

specifically target and detect certain biological molecules or structures. For example, gold 

nanoparticles can be used to detect DNA fragments on the sensor's surface via a process known 

as application, which happens only in the presence of complementary DNA (K. K. Jain, 2008). 

This allows for more sensitive detection than traditional enzyme-linked immunosorbent assays 

(ELISAs). Inorganic fluorophores known as quantum dots are also promising for diagnosis and 

have been employed in sentinel lymph node biopsy to detect cancer cells in a single lymph 

node.  

After that, Iron nanoparticles have several potential applications in nanodiagnostics for cancer 

detection. They have the ability to localize within neoplasms, which can result in images with 

sharp margins when used as a contrasting agent in MRI.  Unlike gadolinium-based treatments, 

which can disperse fast owing to tumor vascular leakage and produce fuzzy pictures, iron 

nanoparticles have no substantial effect on cell viability. Proliferation, differentiation, or 

function when attached to cells. This makes them a promising tool for detecting cancer earlier 
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than is possible with conventional techniques, and for the detection of metastatic and latent 

tumors (Kewal K. Jain, 2012). 

Although nanodiagnostics has the potential to revolutionize molecular diagnostics, it is still a 

long way from being a common component of clinical practice. This is due to the complexity 

of translating research findings into healthcare services, which necessitates thorough 

performance assessment, validation, and testing to guarantee that the findings are accurate and 

can be used in the clinic without producing false positives. Moreover, there is currently a dearth 

of understanding regarding the interactions of nanoscale materials with biological systems, 

which might make the application of nanotechnology for diagnostics more difficult.  However, 

once these challenges are addressed, nanodiagnostics has the potential to improve sensitivity 

and specificity, reduce the need for large sample sizes and large amounts of reagents, and 

provide a non-invasive method for diagnosis and disease monitoring, particularly at the single-

cell level. Single-cell analysis, also known as "single-cell genomics," allows for analysis at a 

cellular level without the need for amplification or cloning, which can lead to quicker 

outcomes. This could enable the detection of diseases in their early stages, when they are still 

manageable, and ultimately lead to increased patient survival (Alja Zottel, Alja Videtic Paska, 

2019). 

3.2 Metallic Nanoparticles 

Gold nanoparticles (AuNPs) have been used in the past for diagnostic and therapeutic 

applications in the treatment of rheumatological disorders and infections, cancer cells. One of 

the key advantages of AuNPs is their optical properties, particularly plasmon resonance, which 

can be used to image biological disorders. In addition, AuNPs are biocompatible and easily 

detectable using imaging techniques such as computed tomography (CT), focused ultrasound 

(FUS), and magnetic resonance imaging (MRI). MRI can be particularly useful for detecting 
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and monitoring cancerous and tumorous tissues using AuNPs due to their tunability and 

biocompatibility (Bagheri et al., 2018). 

Gold nanoparticles (AuNPs) have been explored for use in imaging brain tumors, particularly 

gliomas. They can be synthesized and characterized using a variety of ligands, like chlorotoxin 

peptides, to improve their imaging properties and cytocompatibility. One study demonstrated 

the use of AuNPs labeled with radionuclide 131I for CT imaging and simultaneous 

radionuclide therapy in a rat glioma model (Zhao et al., 2019). Additionally, it has been 

demonstrated that AuNPs have favorable biocompatibility profiles for in vivo imaging of brain 

tumors. Furthermore, they can be functionalized with a variety of BBB-crossing enhancers, 

including transferrin, fibroblast growth factors, and antibodies to enhance their capacity to 

target and view subcellular brain cancer or tumors using methods like multiphoton microscopy 

and scanning electron microscopy (Meola et al., 2018). In one study, AuNPs were coated with 

the short peptide CBP4 to target CD133 on tumor cells, and the peptide-coated AuNPs 

displayed biocompatibility and stimulus-responsive fluorescence when localized in the cytosol 

(Cho et al., 2017). Silica-based iron oxide nanocomposites are a sensitive imaging tool that can 

be used for accurate delineation of glioblastomas (GBMs). In both in vitro and in vivo 

fluorescent imaging, they can detect tumor-associated macrophages. Their nanoparticles' 

ability to dissolve in water and serve as multimodal contrast agents is a plus (Lee et al., 2018). 

A near-infrared nanoprobe incorporating organoplatinum (II) metallocycles and the FDA-

approved polymer Pluronic F127 has also been developed as a cancer theragnostic for gliomas. 

This nanoprobe is photostable and can be used for real-time monitoring of cancer therapeutics, 

and has been shown to be efficiently internalized in cancer cells while not being internalized 

in non-cancerous cells (Ding et al., 2019). 
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3.3 Quantum Dots 

Quantum dots are nanoscale materials that have unique electrical and optical properties due to 

their size, which makes them useful for a variety of applications. Due to their adjustable 

qualities and adaptability to be employed with fluorescent characteristics, such as significant 

Stokes shifts and narrow emission bands for high-resolution images, they offer an appealing 

platform for imaging malignancies and tumors. Moreover, they can be utilized during surgery 

as dual-modality pictures to map brain abnormalities (McHugh et al., 2018). The figure 

demonstrates the key features of QDs for improved imaging as well as the method of contact 

with cell membrane surface receptors. 

 

 

 

 

 

 

 

 

Figure 2: Quantum dots interaction with membrane receptors and the mechanism of fluorescence production 

within the cell for imaging extracted from (Mabrouk et al., 2021). 

QDs have many potential applications in biomedicine, including use as fluorescent probes, 

drug delivery vehicles, and imaging agents. Their unique optical properties make them 

particularly useful for imaging and diagnosis, as they can emit bright fluorescence over a wide 
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range of wavelengths (Mabrouk et al., 2021). The effectiveness of PEG-coated QDs based on 

CdSe/ZnS as new glioma imaging nanoprobes was reviewed. Asparagines-glycine-arginine 

peptides (NGR), which are included in these QDs, target the CD13 glycoprotein on tumor cells. 

The effective targeting of CD13 on glioma tissues by these NGR-PEG-QDs resulted in 

fluorescence during an in vivo examination, which may facilitate the surgical removal of 

gliomas (Huang et al., 2017).  The nanobubbles can be activated by ultrasound and accumulate 

in brain tumor tissues, and can be imaged using both optical and ultrasound imaging techniques 

(Mukhtar et al., 2020).  

In another study, a QD-labeled aptamer was designed for use in fluorescence-guided surgery 

for tumor resection. In mice with the epidermal growth factor receptor variation III (EGFRvIII), 

the QD-Apt nanoprobes were able to attach precisely to the tumor's surface, were non-toxic, 

and could image tumor tissues by crossing the blood-brain barrier. This technology has 

potential as a diagnostic tool for glioma and other types of cancer (Tang et al., 2017). Another 

type of inorganic compound called MXenes, which are two-dimensional materials, have also 

been studied in combination with QDs for use in photothermal therapy and imaging of glioma 

cells. The use of QDs for image-guided therapy in the near-infrared bio windows is a promising 

approach for the diagnosis and treatment of glioma and other types of cancerQDs are excellent 

for usage in vivo for the imaging of glioma and other disorders because they are biodegradable, 

programmable, and biocompatible (Shao et al., 2020). 

3.4 Polymeric nano vehicles   

Polymeric nanoparticles (NPs) have been developed for the treatment of central nervous system 

tumors, and have been changed with different components to enable them to interact with BBB 

and tumor cells. Different subtypes of polymeric NPs can be selected based on their 

pharmacokinetics, modifiability, and payload delivery, and Polymers can also be modified to 
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produce various nanoparticles that could be used in medicine, such as optical nanofibers for 

use in phototherapy, drug delivery, and sensing. In order to improve the delivery of innovative 

noninvasive therapies to brain tumors, several researchers have loaded polymeric nanoparticles 

(NPs) into neutrophils or monocytes. Preclinical studies have shown indications that polymeric 

NPs may be useful in the treatment of CNS malignancies despite the fact that there are still 

many obstacles to overcome (Caraway et al., 2022). Another study showed that 

Semiconducting polymers have been developed for the accurate diagnosis of brain tumors 

using a fluorination strategy to produce fluorescence. These polymers, known as polymer dots, 

have been proven to create pictures that are three times better than non-fluorinated equivalents 

(Mukhtar et al., 2020). 

3.5 Biomimetic Nanocomposites 

New functional materials are being created in advanced biomedical engineering by simply 

imitating the properties of natural materials on a chemical, physical, or biological level such as 

biomimetic nanocomposites (Kumar et al., 2022). In order to actively target tumors, 

biomimetic nanocomposites were also coated with cRGD, an endothelial integrin receptor-

targeting peptide. The biomimetic contrast NPs that were cRGD-labeled localized in the tumor 

tissue and offered real-time guided resection. By the use of cells produced from tumor cells as 

the coat, BBB penetration was made possible for improved targeting using multimodal imaging 

(Duan et al., 2020). To improve in tumor cell imaging and phototherapy, the membrane of a 

brain metastatic tumor cell was coated on the nanocarriers and embellished with indocyanine 

green. The biomimetic NPs showed excellent BBB permeability and were discovered to be 

non-toxic (C. Wang et al., 2020). To overcome this barrier, NPs have been modified with 

various moieties that allow them to interact with the BBB and cancer cells (Mukhtar et al., 

2020). 
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Chapter 4  

Blood Brain Barrier – A Major Obstacle for Anticancer Drug Delivery 

to Brain 

There are various "barriers'' that must be overcome in order to get anti-cancer medications to 

the brain. Both the blood brain barrier and the blood cerebro-spinal fluid barrier (BCSFB) 

surround the brain. Because of their physical or molecular properties, approximately 95% of 

medication substances are unable to cross the BBB. Therefore, the blood-brain barrier is a 

membrane that protects the brain from the bloodstream. It is composed of a web of blood 

vessels that are bordered by densely populated cells known as endothelial cells, which provide 

a physical barrier that stops many things from entering from the blood into the brain. The 

chemical environment of the brain is maintained by doing this, and it also serves to shield the 

brain from potentially dangerous compounds that may be present in the blood (Lesniak & 

Brem, 2004). However, it also poses a problem for drug delivery because getting therapeutic 

molecules into the brain can be challenging. Amphiphilic compounds with both hydrophilic 

(loving water) and hydrophobic (hating water) sections can traverse the BBB via carrier-

mediated transport, in which specialized carrier proteins transport the molecules over the 

barrier (Deeksha et al., n.d.). Polar and large molecules, such as proteins, peptides, lipoproteins, 

and antibodies, may be capable of crossing the BBB through receptor-mediated transcytosis, 

in which the molecules attach to specific receptors on the endothelial cell surface and are 

carried across the barrier. Non-specific adsorptive mediated transcytosis is another way for 

chemicals to cross the BBB, although it is less selective and less efficient than receptor-

mediated transcytosis (Cecchelli et al., 2007). 
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4.1 Mechanism of Nanomaterials Transport across the Blood Brain 

Barrier  

Cerebral endothelial cells are unique in that they form complex tight junctions (TJs) by the 

interaction of multiple transmembrane proteins, essentially closing the paracellular pathway. 

These complicated molecular junctions make the brain essentially inaccessible to polar 

molecules unless they are transported via BBB transport channels that govern the brain's 

microenvironment. Adherens junctions (AJ) are another type of junction that helps to stabilize 

cell-cell connections in the junctional zone. Furthermore, the presence of internal and 

extracellular enzymes such as monoamine oxidase (MAO), - glutamyl transpeptidase (-GT), 

alkaline phosphatase, peptidases, nucleotidases, and many cytochrome P450 enzymes provides 

metabolic activity to this dynamic interface. Large molecules, including as antibodies, 

lipoproteins, proteins, and peptides, can also be transported to the central compartment by 

receptor-mediated or non-specific adsorptive transcytosis. Transcytosis is mediated by insulin, 

low-density lipoprotein (LDL), iron transferrin (Tf), and leptin receptors. P-gp stands for P-

glycoprotein, and MRP stands for multidrug resistance-associated protein family (Cecchelli et 

al., 2007). Here, in Figure 3 represents schematically the mechanisms available for 

nanomaterial transport across the BBB. 
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Figure 3: Schematic representation of mechanisms available for nanomaterial transport across the BBB (Bagchi 

et al., 2019) 
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Chapter 5 

Nanomaterials use for Treatment of Brain Cancer 

Nanotechnology involves the direct delivery of medications to cancer cells using extremely 

small, nanoscale particles. Due to their small size, nanoparticles can more efficiently penetrate 

the BBB and reach cancer cells in the brain. Additionally, they can be made to specifically 

target cancer cells, minimizing their negative impact on healthy cells. For the treatment of brain 

cancer, a variety of nanoparticles have been created, including liposomes, polymeric 

nanoparticles, and inorganic nanoparticles like gold and quantum dots. These nanoparticles can 

be utilized to deliver chemotherapeutic medications or other therapeutic substances directly to 

cancer cells. Although the use of nanoparticles in brain cancer therapy is still in its early phases, 

preclinical research and early clinical trials have yielded some encouraging outcomes. 

Nanotechnology, it is believed, will eventually lead to more effective and less hazardous 

therapies for brain cancer (Rajabi, 2020). 

5.1 Liposomes 

Liposomes are spherical particles with water compartments and biodegradable natural or 

synthetic phospholipid bilayers. These nanospheres form spontaneously due to the amphiphilic 

nature of phospholipids (Malam et al., 2009). Based on their synthesis procedures and post-

formation processing, they are classified as lipid vesicles. ULVs have a large aqueous core and 

are best suited for encapsulating hydrophilic drugs, whereas MLVs preferentially encapsulate 

lipid-soluble medications. Unilamellar liposomes, which have two to three lamellar bilayers 

and a hydrodynamic diameter of 250 nm, release at a much faster pace than MLVs while having 

a higher entrapped volume (Torchilin, 2005). Tumors can be actively or passively targeted by 

liposomes. It is useful to target micrometastases, vasculature, and blood cancers even if active 

tumor targeting isn't always more successful than passive tumor targeting (Bozzuto & Molinari, 
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2015). Liposome engineering with polyethylene glycol coating can lower toxicity while 

boosting biocompatibility, water solubility, targeted drug administration, controlled release, 

and half-life. To boost blood circulation length and brain-oriented medication delivery, the 

liposome surface may also be functionalized by including a wide range of macromolecules 

such as antibodies, peptides, aptamers, polymers, or polysaccharides (Allen & Cullis, 2013). 

In figure 4 schematically represents the main liposomal medications and targeted substances 

that enhance liposome affinity and selectivity for delivery to the brain. 

 

 

 

 

 

 

 

 

Figure 4: The main liposomal drugs and targeting agents that improve liposome affinity and selectivity for brain 

delivery extracted from (Mukhtar et al., 2020) 

Due to its substantial potential to enhance vitamin E's therapeutic effects, polyethylene 

glycolated (PEGylated) vitamin E (also known as D-tocopherol polyethylene glycol 1000 

succinate or TPGS) is often used in the food and pharmaceutical sectors. The effectiveness of 

the created nano-liposomal systems was compared to that of plain and covert liposomes (PEG-

coated liposomes). Using C6 glioma cells, the liposomes were produced using a solvent 

injection approach, described, and their cellular uptake and cytotoxicity were examined. TPGS-
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coated liposomes had particle sizes ranging from 126 to 191 nm. The IC50 values for naked, 

commercial Taxotere-, PEG-, and TPGS-coated liposomes after 24 hours of incubation with 

C6 glioma cells were 31.04, 37.04, 7.70, and 5.93 g/mL, respectively. PEG liposomes were 

surpassed in vitro by TPGS-capped nanoliposomes (Muthu et al., 2011). 

5.2 Gold and Silver Nanoparticles 

There are many different forms and special characteristics of gold-based nanoconjugates made 

on Au cores that can be utilized to treat brain cancers. In addition to their optimum size, Au 

NPs may be nanoengineered for time- and dose-optimized drug release. They can also be 

coupled with appropriate cell-targeting ligands (Norouzi, 2020) (Chan et al., 2018). There are 

several applications of smart Au-based hybrid NPs in neuro-oncology research in the recently 

published literature. Thus, an anti-transferrin receptor (Cabezón et al., 2015) and glucose 

(Gromnicova et al., 2016) were used to transport Au NPs to the mouse brain. It has also been 

demonstrated that epidermal growth factor (Feng et al., 2017) and chlorotoxin peptide-

functionalized (Zhao et al., 2019) Au NPs are suitable for enhanced tumor retention in the 

mouse brain. For glioma accumulation and treatment, intranasally administered 

immunotherapeutic oligonucleotide-functionalized Au NPs and anti-EphA3 antibody-

functionalized (L. Wang et al., 2021) Au NPs have been used successfully. Additionally, Au 

NPs have been used for in vivo targeted miRNA-mediated gene therapy of glioma cells (Kouri 

et al., 2015). Using hybrid polyethyleneimine-entrapped Au NPs functionalized with RGD 

peptide, glioblastoma cells (Kong et al., 2017) were made lethal via siRNA-mediated gene 

therapy. To efficiently penetrate glioma spheroids, macrophages were placed in hybrid 

nanoshells with a silica dielectric core covered with Gold. In addition, the Au coating absorbed 

near infrared light and converted it to heat for photothermal ablation of the cancer cells. In 

conclusion, it is abundantly obvious that Au-based NPs, especially those designed for optimal 
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biostability, targeting, and delivery, offer a wide range of therapeutic and imaging alternatives 

in neuro-oncology research (Ahmad et al., 2022). 

Because of their unique physical, chemical, and biological features, as well as their potent anti-

cancer and antibacterial effects, silver nanoparticles (AgNPs) have been the focus of much 

investigation (Giesen et al., 2020). AgNP disintegration, which results in the release of silver 

particles/ions in cells and the large-scale creation of reactive oxygen species, is primarily 

responsible for the anti-cancer and antibacterial properties of it. This production of ROS has 

the potential to harm biological substances including DNA, proteins, and lipids, which might 

ultimately lead to cell death (Dayem et al., 2017). Studies have shown that AgNPs have toxic 

effects against cancer cells, such as C6 rat glioma cells. A 24-hour treatment with AgNPs has 

been found to reduce the viability of the cancer cells by 21%. AgNPs have also been used as a 

component of multifunctional nanoplatforms in combination with drugs and targeting peptides 

to enhance their efficacy in treating brain tumors. The therapeutic efficacy of these 

nanoparticle-based systems has been shown to significantly reduce tumors both in vivo and in 

vitro (Locatelli et al., 2014). However, it's important to note that the toxicity and efficacy of 

AgNPs depend on many factors such as shape, concentration, size, route of ingestion, and 

biological target and need more research to be fully understood (Mukhtar et al., 2020) 

5.3 Carbon nanotubes and carbon dots 

Carbon nanotubes have potential as a theranostic agent for cancer, including brain tumors. 

CNTs are a form of carbon with unique electronic and mechanical properties and they can be 

used to improve the chemotherapy of cancer. The intrinsic near-infrared light absorption 

property of CNTs can be used to destroy cancer cells in vitro and their NIR photoluminescence 

property can be used for in vitro cell imaging and probing. Studies have shown that CNTs have 

a significant potential for therapeutic usage and can improve brain tumor treatment (Mahajan 
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et al., 2018). Another study showed Treatment for brain glioma using oxidized MWCNTs (O-

MWNTs) based on PEG coupled with angiopep-2. For a cytotoxicity investigation, the 

effectiveness of doxorubicin (DOX) loaded O-MWNTs in treating gliomas was assessed. 

However, It is also reported that the slower biodegradation rate of CNTs, which might result 

in toxicity during in-vivo nanotheranostic applications, limits their clinical value. The use of 

CNTs is still under research and it need more extensive studies to prove their safety and the 

long-term benefit before they could be used in clinical practice (Ren et al., 2018). 

Carbon dots (CDs) are a type of nanomaterial that have been investigated for their potential 

use as drug delivery systems, particularly in the treatment of brain tumors. CDs are small, 

fluorescent particles made of carbon, and they have several properties that make them attractive 

for use in drug delivery. One of the main advantages of CDs is that they are biocompatible, 

which means they do not cause harm to the body's cells and tissues. They also have good 

stability and are able to withstand harsh environments, such as high temperatures and pressures. 

Additionally, CDs can be functionalized with various molecules, such as proteins and 

polymers, which can be used to target specific cells or tissues. In the context of brain tumors, 

CDs have been studied for their ability to target and accumulate in tumor tissues. Research has 

shown that CDs can cross the blood-brain barrier, which is a protective barrier that surrounds 

the brain and prevents the passage of certain substances from the bloodstream into the brain. 

Once in the tumor tissue, the CDs can release their payload of drugs, leading to a more targeted 

and effective treatment. It is also being studied that CDs can be used as a contrast agent in 

imaging of tumors and could be used to monitor the progression of the disease as well as the 

effectiveness of the treatment (Calabrese et al., 2021).  

Another study showed the state of CDs' tumor theranostics research at this time with the 

intention of providing critical viewpoints to motivate future research on CDs for biomedical 

applications. Several reviews have already been published that focus on various areas of CDs, 
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including preparation, optical property, sensing, and imaging capabilities. Another study 

discusses the most recent developments in CD production, hydrophilicity, biotoxicity, and 

optical properties as well as their evolution from multifunctional tumor theranostic systems to 

bioimaging probes at their core. Also presented are the remaining challenges and probable 

consequences of CD-based theranostics (Wu et al., 2021). In figure 5 schematically illustrated 

the properties and recent trends in applications of carbon dots (CDs) in biomedicine. 

 

 

  

 

 

 

 

 

 

Figure 5: Schematic illustration of the properties and recent trends in applications of carbon dots (CDs) in 

biomedicine extracted from (Wu et al., 2021). 

Ruan et al. suggests that the C-dots (or C-dot/Gly) produced using a thermal treatment on 

glycine have potential as a targeted imaging agent for glioma, a type of brain tumor. The in 

vitro experiments with C6 glioma cells showed that these C-dots were not highly toxic and that 

their uptake into the cells increased with both time and concentration. The in vivo studies 

further supported these findings, as the C-dots were found to accumulate specifically in the 
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glioma tissue and had a stronger fluorescence intensity than normal brain tissue. These findings 

are exciting because targeted imaging agents are an important tool for early detection and 

monitoring of cancer, and there is a need for better imaging agents that can specifically target 

brain tumors. The fact that these C-dots are biocompatible, non-toxic and have a strong 

fluorescence suggests that these C-dots may be a promising candidate for targeted imaging in 

glioma. However, further research is needed to confirm their safety and effectiveness in vivo 

and to better understand their mechanism of action (Ruan et al., 2014). 

5.4 Dendrimers 

Dendrimers may entrap bioactive molecules and have a lot of hydrophobic pockets, allowing 

for regulated and prolonged medication release. (Kesharwani et al., 2014). Dendrimers are a 

type of highly branched, nanoscale polymer with a well-defined, monodisperse structure 

(Kesharwani et al., 2015). They are synthesized through a stepwise process that involves the 

growth of repetitive branches emanating from a central core. As the number of generations of 

a dendrimer increases, its shape tends to become more spherical, and its drug loading affinity 

also increases proportionally (Dwivedi et al., 2016). 

When delivering medications or genes to cancerous cells or tissues, nanocarrier systems can 

focus their delivery either passively or actively (Iyer et al., 2014). Drug or drug carrier system 

accumulation from passive targeting occurs at a particular location, where it manifests its 

physicochemical, pathophysiological, and pharmacological effects (Iyer et al., 2006). Active 

targeting, on the other hand, involves particular modifications to the carrier system that result 

in the attachment of active ligands that bind to a certain cell type, tissue, or organ with high 

affinity in the body. The improvement of drug molecule features such as solubility, plasma 

circulation time, and polymeric carrier system facilitates passive targeting of drug matrix at the 

site of solid tumor shown in Figure 6 (Islam & Josephson, 2009), (Teow & Valiyaveettil, 2010). 
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Figure 6: Mechanism involved in active and passive targeting mediated by dendrimers extracted from (Dwivedi 

et al., 2016).  

Increased tumor vascular permeability and restricted medication lymphatic leakage can both 

result in dendrimers and other polymeric carriers, which improves therapy effectiveness 

(Matsumura & Maeda, 1986). AdditionallyWhen medications are enclosed in dendrimers, 

CNTs, polymeric nanoparticles, or polymeric micelles, for example, the concentration 

selectivity in solid tumors might result in passive targeting or EPR effects. It has been 

discovered that a polymer's molecular weight, such as N-(2 hydroxypropyl) methacrylamide 

(HPMA), is a crucial factor in passive targeting via the EPR effect (Omayra L.  Padilla De 

Jesús et al., 2002). In addition, the size of dendrimers also plays a critical role in passive tumor 

targeting, with dendrimers ranging from 10 to 20 nm being suitable candidates for this purpose 

(She et al., 2013). Dendrimer-conjugated heavy plasma proteins and other biomolecules 

prolong therapeutic medication half-lives and enable prolonged, precise drug delivery to tumor 

locations. Cisplatin-loaded 3.5G PAMAM dendrimer, as an illustration, demonstrated a 50 

times greater accumulation of the drug at the tumor location as a result of passive targeting via 

the EPR effect (DUNCAN & IZZO, 2005). 
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5.5 ZnO Nanoparticles 

Zinc oxide nanoparticles (ZnO-NPs) are a type of inorganic nanomaterial that has a wide range 

of potential applications due to its unique properties (Jin et al., 2000). Several techniques, such 

as hydrothermal synthesis, ultrasonication, and thermal evaporation, have been developed for 

the creation of various forms of zinc oxide nanostructures, including nanowires, nanotubes, 

nanorods, nanobridges, nanobelts, nanoribbons, and nano-nails (Lao et al., 2003). Zinc oxide 

nanoparticles have been found to reach the brain following oral ingestion, either through neural 

transportation or by crossing the blood-brain barrierAccording to studies, ZnO-NPs can have 

harmful effects on the brain and blood when they interact with the plasma and brain (Shim et 

al., 2014). Research has also suggested that ZnO-NPs can cause energy depletion and oxidative 

stress in microglia cells, leading to cell death (Sharma et al., 2017). ZnO-NPs have also been 

found to have toxic effects on brain cancer cells in mice, when compared to other nanoparticles 

such as Al2O3, TiO2, CrO3, and Fe3O4 (Jeng & Swanson, 2006). 
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Chapter 6 

Challenges of Using Nanomaterials  

Nanoparticles synthesis is an expensive and difficult procedure that necessitates certain 

components, tools, and appropriate circumstances, particularly for multifunctional NPs. 

(Cheng et al., 2021). Many laboratory and clinical investigations have demonstrated that NPs 

are an important tool in clinical practice and diagnosis. NPs have the advantage of being 

specialized to a particular work, illness, or organ, overcoming the drawbacks of conventional 

drugs. This technique makes it possible to combine macromolecules, medications, and imaging 

agents to create functional NPs that help in medication delivery and diagnostics. Another 

advantage that NPs contribute to nanotherapy is their enormous surface area, which allows for 

increased drug payload delivery to action sites. Furthermore, NPs can precisely target certain 

cells and transfer their load accordingly. Despite these multiple benefits, additional research is 

needed to optimize the large-scale manufacture of these dosage forms and their 

pharmacokinetic properties. To yet, sufficient evidence has accumulated demonstrating the 

presence of a variety of downsides of NPs when employed to treat brain illnesses. (Hanif et al., 

2021), (Neganova et al., 2022). The use of nanomaterials for brain treatments can have rapid 

and toxic effects. Another study shows that the first generation of nanomedicines, liposomal 

formulations, have been utilized thus far without harm. Other nanomedicines, such as 

phospholipids or biodegradable polymers, may add harmful effects, though researchers are not 

yet aware of them (Jain, 2008). The source of the nanomaterial will probably play a significant 

role in determining any potential harmful effects. Although there is currently no proof that 

carbon nanotubes are toxic to humans, it is expected that they can cause inflammation similar 

to that caused by asbestos, while tissue-specific toxicity may occur from the heavy metal 
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content of nanomaterials and their ability to infiltrate and perhaps accumulate in important 

organs (Alja Zottel, Alja Videtic Paska, 2019). 

As a result, future experimental investigations should try to reduce the cost-benefit ratio when 

applying nanotechnology in clinical settings, as they will be used in patient medical treatment. 

The route of administration of NPs has a substantial impact on medication bioavailability in 

the brain and demands special consideration. (Ling et al., 2021). Another potential concern is 

intellectual property. Because nanomedicines are complicated structures made up of multiple 

components, it is necessary to clarify who owns the intellectual property rights (Hua et al., 

2018). 
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Chapter 7  

Conclusion and Future Directions   

In the last few decades, there has been a major breakthrough in nanotechnology. It is thought 

to have a significant capacity for the creation of current and creative clinical oncology methods. 

New cancer treatment ideas are desperately needed because the 5-year survival rate for cancer 

patients is still so low. The use of nanotechnology in diagnostic, therapy, and treatment offers 

enormous potential from the perspective of customized medicine. It presents unique 

alternatives for controlling therapy of impenetrable tumors and for targeting and eliminating 

remaining tumor mass and/or cells that are the principal culprits in cancer recurrence. 

Additionally, it allows for the customization of individualized therapy plans for each patient 

(Alja Zottel, Alja Videtic Paska, 2019). Prior to considering clinical implications, the most 

recent developments and safety issues must be addressed. This review discusses the latest 

developments in a variety of nanomaterials for effective drug administration in the treatment 

of brain cancer, including liposomes, nano-micelles, dendrimers, carbon nanotubes, carbon 

dots, and NPs (gold, silver, and zinc oxide NPs). The use of nanostructured materials for 

medication delivery to the brain is a promising strategy since they are small enough to easily 

penetrate the BBB and can deliver drug molecules to the desired location. The fact that 

therapeutic chemicals or medications can reach the brain at far lower concentrations than the 

normal doses of the free drugs is significant since it enables safe drug delivery to achieve 

therapeutic effectiveness (Mukhtar et al., 2020). 

To minimize damaging effects on healthy tissues, it is difficult to define molecular targets 

correctly and to guarantee that these molecules are expressed exclusively in the targeted organs. 

Second, it is crucial to comprehend what happens to drugs after they enter sensitive cell 

compartments like the nucleus. Furthermore, because nanosystems improve drug delivery 
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efficiency, doses may need to be recalculated. Finally, because of the push to accelerate 

development, novel technologies such as synthesis and screening automation are required to 

accelerate the discovery process. 
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