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Abstract: Carbon nanotubes (CNTSs), which are measured in nanometers, provide an advantage over standard pharmaceuticals.
As a result of this capability, they may be able to deliver smaller amounts of medication directly to the damaged cells in the body.
CNTs accomplish this by lowering the probability of adverse reactions, minimizing injury to healthy cells, and boosting the
targeting effectiveness for diseased cells at the same time. CNTs are effective nanocarriers for protein, DNA, and anticancer
medicines during chemotherapy. This article covers the structure of carbon nanotubes and emphasizes its use in nano
biosensors, cancer imaging, and drug delivery systems.

L. INTRODUCTION
Nanomedicine provides a considerable advantage over traditional therapeutic choices due to its increased passive targeting abilities
through higher permeability and retention (EPR), more surface area for drug loading and customization, and prolonged plasma half-
life[1]. Carbon nanotubes (CNTSs) have drawn the interest of multiple researchers for both cancer treatment and cancer detection due
to their versatility in application across various nanocarriers[2]. CNTs are seamless rolls of graphene with a high aspect ratio, a
diameter of 1 nm, and a length of many micrometers. They could have a closed end or an open end. SWNTSs are formed from a

single graphene sheet, as opposed to MWNTSs, which are made from several graphene sheets. A number of medicinal drugs can mix
or adsorb with them.

SWNI MWNT

Figure 1: Structure of SWNT and MWNT([1]

The use of CNTs in tissue engineering and brain research is becoming more significant in terms of their biomedical applications.
Furthermore, the utilization of CNTs as cutting-edge platforms for the incredibly accurate identification of antibodies linked to
autoimmune disorders in people has been demonstrated. The invention of unique complementary DNA strand hybridization
methods has enabled ultrasensitive DNA detection. DNA and PNA (peptide nucleic acid), which have been covalently modified on
the open ends of carbon nanotubes, are used in these methods[4].
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Il.  CNT IN DRUG DELIVERY SYSTEM(DDS)
Important feature of CNTSs is their ability to penetrate cellular barriers and deliver drugs directly to target tissues. Their nanoscale
dimensions allow for effective bypassing of biological barriers, such as cell membranes and the blood-brain barrier, facilitating
drug delivery to specific sites within the body. This method of focused drug administration reduces side effects and increases
therapeutic effectiveness[5].

A. Cellular Uptake of CNTs

Due to their needle-like structure, CNTs might be able to penetrate cellular membranes and reach cellular constituents without
obviously harming the cell. As soon as the MWNTSs nanoinjector entered the cell and severed the disulfide bond, the payload
chemical was discharged into the cytoplasm. The orientation of the nanotubes perpendicular to the cell membranes demonstrates
that CNT absorption was equivalent to nanoneedle absorption since nanoneedles can pass through cell membranes without hurting
the cells. Even though it was found that shorter nanotubes were simpler to absorb into cells and that endocytosis was not the process
of cellular absorption[6, 7], the MWNT uptake methodology is highly dependent on nanotube length.

B. Tumour Targeting

Tumour targeting is a critical aspect of cancer treatment, aiming to deliver therapeutic agents specifically to cancerous cells while
minimising damage to healthy tissues. Numerous characteristics of CNTs make them interesting candidates for tumor targeting.
Their high surface area-to-volume ratio, first and foremost, enables efficient loading of anti-cancer medicines, such as
chemotherapeutic agents, small compounds, or nucleic acids[7]

1) Nucleus Targeting

Because it regulates cell proliferation and metabolism, as well as cell cycle control and gene activation, the nucleus is viewed as an
appealing therapeutic target for the treatment of malignant tumors. The use of nanoparticles that penetrate the nucleus membrane or
target the nucleus will result in more effective cancer treatment. Oh et al. built a DDS for combined NIR-irradiated PTT and
chemotherapy using anthracycline, doxorubicin, and PEGylated SWNTSs[8]. DOX, a topoisomerase inhibitor, is a frequent drug. The
capacity of PEGSWNTs-DOX to concentrate at high concentrations inside cancer cells and successfully move to their nucleus
revealed the remarkable potential of PEG-SWNTs-DOX for the treatment of breast cancer[9]. In vitro experiments that confirmed
the viability of transporting the complex into MCF-7(Michigan Cancer Foundation) breast cancer cells demonstrates that the f-
SWNTs-DNA(functionalized-SWNTs-DNA) complex with p53(protein 53) plasmid could enter the cytoplasm of cancer cells via
endocytosis and then reach their nucleus, where the p53 plasmid could be separated from the f-SWNTSs vector due to the pH change
between the nucleus and cytoplasm. The p53 gene's transcription and translation activated apoptotic pathways in the cytoplasm. f-
SWNTs have been shown in previous studies to be potential gene vectors capable of transporting the target gene into the
nucleus[10].

2) Cytoplasm Targeting

Because of the complexity of its constituent parts, which comprise various macromolecules, organelles, cytoskeletal networks, and
cytosol, the cytoplasm has a highly organized and diversified architecture[11]. The cytoplasm, the primary center of cellular activity,
is necessary for various basic cellular activities such as cell division and polarization[12]. Because of their capacity to efficiently
penetrate cells, CNTs can be used as effective vectors for gene therapies[13].Gene therapy can also be very effective by using
SiRNA to block the expression of harmful genes. SIRNA is a double-stranded RNA molecule that binds to single-standard mRNA
and corresponding double-stranded RNA to impede mRNA translation. This is referred to as mMRNA silencing. Chen et al.
developed a carbon nanotube-based nano DDS that delivered the chemotherapeutic medicine 5-FU and successfully cured
treatment-resistant gastric cancer with peritoneal metastases. The siRNA combination may precisely attach to cancer cells, allowing
for full DDS active targeting potential for accurate 5-FU administration. This novel DDS was able to cause 5-FU-resistant gastric
cancer cells to die while also restricting their penetration and proliferation in in vitro studies utilizing the gastric cancer cell line
MKNA45, enhancing the efficacy of chemotherapy[14]. Therapeutic SiRNA effectively silenced the drug-resistant gene,
demonstrating the potential of this CNT-based nanocarrier as a SiRNA and chemotherapeutic delivery method. Therapeutic SIRNA
significantly inhibited the drug-resistant gene, revealing the superiority of this CNT-based nanocarrier as a siRNA and
chemotherapeutic delivery system[15].DWNTs were able to enter mammalian cells due to their nanoneedle shape. They could also
escape from lysosomes and release siRNA into the cytoplasm, which killed cancer cells swiftly. Finally, CNT-based nanodevices
that transport siRNA to the cytoplasm enable efficient gene therapy[16].
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3) Mitochondria Targeting

The mitochondria are one of the most significant organelles in cells. Their length varies and their diameter is approximately one
meter. The role of mitochondria in energy metabolism, particularly ATP generation, is well understood[17]. Because mitochondria
are the principal source of energy for rapidly multiplying cancer cells, they are an important therapeutic target for the disease[18].
Numerous cancer cells can take up CNTs and can be targeted by mitochondriotropics and other drugs that target
mitochondria[17].CNTs can also be used in PTT, photoacoustic therapy, and thermoacoustic therapy (TAT) because of their
exceptional optical capabilities to kill cancer cells by directly harming their mitochondria[19]
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Figure 2: Schematic representation of carbon nanotubes in drug delivery system

IIl.  CNTS IN CANCER IMAGING
The primary purpose of cancer imaging is to detect and precisely locate malignant cells or tumors within the body. Cancer diagnosis
has traditionally depended mainly on conventional imaging procedures such as X-rays, MRIs, and computed tomography (CT)
scans. They typically have drawbacks such as poor resolution, low sensitivity, and the potential to harm healthy cells[20]. Carbon
nanotubes (CNTSs) are increasingly being used in cancer imaging, revealing a key scientific and therapeutic perspective on cancer
diagnosis. Raman imaging, nuclear magnetic resonance imaging (NMR), ultrasonography, photoacoustic imaging, and fluorescence
imaging are some of the imaging techniques used for this[21].

A. Raman Imaging

The Raman scattering technique is used to excite light and convey photon emission wavelengths. The tangent Gmodule (TGM) and
the radial breathing model[22] are two examples of many high Raman peaks that CNTSs display as a result of the acute electronic
density of states near the van Hove singularities (RBM).Raman microscopy was utilized to examine the dispersion of 0-SWNTs-
PEG in colon-26 cells. Sekiyama et al. produced epoxide type oxygen-doped SWNTs with PEG modification (0-SWNTs- PEG), a
recently generated over-thousand-manometer (OTN)-NIR fluorescent probe, to study the time-dependent fluctuation in OTN-NIR
fluorescence pictures of colon-26 cancer cells[23]. According to the experiment results, the Raman signals recorded from this
generated nanostructure in colon-26 cells were much higher on the fifth day.

B. Radiography Using Nuclear Magnetic Resonance

When employing MRI, a non-invasive imaging method, the human body is not subjected to ionizing radiation. It can provide
accurate 3D cross-section pictures and has considerable medical imaging benefits[25].CNTSs are extensively employed in therapeutic
settings as contrast agents to improve nuclear magnetic resonance (MR) imaging. MRI scanners are commonly used to create these
MR images[26]. Yan et al. employed carbon nanotubes to non-covalently combine the NGR (asparagine-glycine-arginine) peptide,
DOX, and a type of magnetic resonance contrast agent, Gd DTPA. Because of its extraordinary anticancer efficacy and MRI
capabilities, this nanotechnology has a surprising synergistic effect on tumor detection and treatment[27].
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C. Ultrasonography

Due to its low detection cost and inherent safety, ultrasound is a fundamental and well-known diagnostic imaging
technology[28].The outcomes of the ultrasonic imaging revealed that these NPs displayed notable contrast at each dose tested,
suggesting that they might develop into a specific kind of contrast agent for ultrasonography. The application of MWNTS in
ultrasonography was studied by Delogu et al. [29].

D. Photoacoustic Imaging

Photoacoustic imaging (PAI) is a unique imaging technology that has lately acquired prominence in a variety of biological
applications[30].PAI outperforms existing optical imaging technologies in terms of spatial resolution and the ability to view deeper
tissues[31].MWNTs and SWNTs were employed as photothermal agents due to their significant NIR (near infrared radiation)
absorption[32]. When compared to controls, SWNTs can increase the signal in thermoacoustic tomography (TAT) and
photoacoustic tomography (PAT) by more than two and six times, respectively. Because SWNTSs provide the most signal when
compared to other carbon materials, fullerenes, and graphitic microparticles[33], they may be used as suitable contrast-mediums in
the PAI.Gold-coated layers or bioorganic compounds must be introduced to boost the absorbance of SWNTSs in the NIR range.
Some researchers have developed "golden nanotubes™ (GNTS) with a gold coating to increase the photoacoustic signal emitted by
SWNTs[34].

E. Fluorescence Imaging

Fluorescence imaging (FI) plays critical functions in the diagnosis of medical disorders. However, due to their restricted penetration
depth, their utility in fluorescence imaging has been limited[35].To address this issue, some scientists have been working tirelessly
to develop and improve fluorescence probes.

These probes' wavelength range can be triggered and sent to the physiologically transparent NIR window[36].Robinson and his
associates.

A SWNTSs formulation with a 30 hour in vivo half-life and an accumulation of more than 30% of the drug's inject dose (percent
ID/g) was developed[37].For the first time, fluorescent signals in cancers and other organs were detected using high fluorescence
video rate imaging and principal component analysis (PCA). After a procedure, they could clearly observe fluorescent signals inside
the tumor.

IV.  CNTs IN NANOBIOSENSORS
Nano biosensors have gained popularity in recent years, owing to their ease of use, speed, and affordability[38].Because of their
small size, certain biological substances can be identified and analyzed with greater sensitivity and specificity. Nano biosensors
typically combine biological recognition components with nanomaterials with sizes between 1 and 100 nm[39].CNTSs are employed
as biosensors because of their exceptional properties, including enhanced electrocatalytic activity, excellent stability with delayed
oxidation kinetics, and better electrical conductivity[40].

A. Combination of CNT with Antibodies

A nano immunosensor is a form of nano biosensor that detects cancer by using antibodies. The osteopathic (OPN) antibody can
identify prostate cancer [41].

An ELISA test is often used to evaluate OPN despite its low sensitivity, high cost, and complicated operation.Sharma et al.
demonstrate that by incorporating OPN monoclonal antibodies on the surface of Carboxylated SWNTSs, they may be able to develop
a nano immunosensor for the electrical detection of prostate cancer cells[43].

B. Combination of CNT with Metallic Compounds
To make nano biosensors, carbon nanotubes can be combined with metallic nanoparticles such as AuNPs and AgNPs. MiR-21, a
form of micro ribonucleic acid, was electrochemically detected by MWNTs modified with AuNPs, according to research[44].MiR-
21, derived from body fluids, aids in the early diagnosis of pancreatic cancer. However, miR-21 levels in the blood are usually low
in the early stages of pancreatic cancer, making cancer identification extremely difficult. The addition of AuNPs-decorated MWNTS
enhanced the detection of miR-21 significantly[45].
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Figure 3: Schematic overview of the diverse applications of CNTSs in cancer theranostics

V. PROS AND CONS OF CNT IN CANCER THERAPY
Although carbon nanotubes (CNTs) show immense potential for cancer treatment, they are not without challenges. Before deciding
if they are appropriate for therapeutic use, it is vital to understand both the advantages and disadvantages of their use.

PROS

CONS

1. CNT has large surface area and ability to
adsorb or conjugate with a range of medicinal
and diagnostic  substances, CNTs have been
successfully used in cancer therapy[46].

1. The inability of carbon nanotubes to break down in moist
environments is one of its key limitations. Scientists have begun
to modify the surfaces of CNTs with a variety of hydrophilic
substances and chemistries in attempt to boost the water
solubility and biocompatibility of CNTs and address this
problem.[53]

2.CNT can be functionalized and enhanced with
bioactive peptides, proteins, nucleic acids, and
medications to enable them to transport their
cargo to cells and organs[47].

2. Animal investigations have revealed that carbon nanotube
structures that are not fiber-like cause unfavorable lung effects
such as pulmonary fibrosis and inflammation[54].

3.CNTs are adjustable bio-probes that have a
number of unique characteristics, such as high
modifiability, strong NIR absorbance, and good
resonant Raman scattering. CNTs can therefore
be regarded as a specific type of suitable material
for cancer imaging[48].

3.Despite of all the in vitro investigation of CNT on animals, it
only ensure that it is compatible for a short period of time.
Therefore in order to verify the long-term safety of CNT-based
nanomedicine in human bodies and their potential for usage in
clinics, additional study is required[55].
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4.Coating CNTs with proteins and surfactants has
been shown to minimize toxicity and boost
therapeutic benefits while also making cancer cell
targeting easier[49].

Since CNTs are small in size,it becomes difficult to work with
them on human bodies for a long period of time[56].

5.1t is claimed that CNTs become more soluble
when functionalized with lipids, making them
easier to transport through the body and less
likely to obstruct the paths of essential
organs[50].

Currently, the process of producing nanotubes is costly so that it
becomes a very tedious task to produce large amounts of
CNT[57].

6. The ability to control their surfaces and
physical dimensions has been utilized in addition
to acting as carriers for a variety of medicinal
medicines[51].

Cancer therapy using CNT on normal cells is fatal which causes
bone marrow  suppression, neural toxicity  and
cardiomyopathy[58].

7. Functionalized CNT has a lot of potential in the
fields of nanobiotechnology and nanomedicine
because of their low toxicity and lack of

CNTs generally have several drawbacks, including DNA
damage, organ and tissue damage, and genotoxic effects [59].

immunogenicity. [52]

VI.  CONCLUSION

Carbon nanotubes (CNTSs) have sparked a lot of interest in the biological sectors due to their unique topologies and features,
including as high aspect ratios, large surface areas, a wide range of surface chemical activities, and nanoscale size stability.
Anticancer drugs such as DOX, CPT, CP, CDDP, PTX, and DTX are delivered using CNT as a nanocarrier. Despite multiple
research demonstrating promising in vitro and in vivo results for CNT-based therapies, there are several limits to their therapeutic
use. For starters, long-term safety problems in the human body have received little attention. CNTs have been surface-functionalized
and purified to reduce toxicity. To increase the activity and stability of drug-CNTs, a range of CNT functionalization techniques
involving diverse chemicals and materials have been reported. As more research enhances these approaches for use in real-world
applications, carbon nanotubes will rank among the most successful instruments in a range of biological areas, including cancer
therapy.
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