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Abstract 

Carbon-based nanomaterials comprise nanotubes of carbon, nanodiamonds, graphenes and their 

derivatives, carbon dots, and fullerenes. Because of their extraordinary chemical, thermal, electric, 

optical, mechanical characteristics and special structural dimensions, these materials gained attention 

in different areas, including the biomedical field. Recently, the attention has been on cell and tissue 

imaging and the availability of therapeutic drugs for cancer diagnosis and the reconstruction of 

tissues. The wide-range one-photon property, ease functionalization and biocompatibility of carbon-

based nanomaterials have allowed them eligible imaging agents for tumor diagnosis. This study 

reflects on the recent discovery of different imaging techniques of carbon-based nanomaterials and 

explores potential and effective therapeutic and clinical methods to treat various diseases, including 

cancer. 

Keywords: Carbon-based nanomaterials, Carbon nanotubes, Functionalization, Graphene quantum 

dots  

1. Introduction 

On a regular basis, carbon-based nanomaterials (CBNs) become attractive nanomaterials in 

science and technology [1-3]. Because of the presence of numerous carbon allotropes, 

beginning with very well-known allotropic forms like diamond, graphite, amorphous carbon, 

to newly discovered propitious fullerene, graphene quantum dots (GQDs), graphene oxide 

(GO), and carbon nanotubes (CNTs), the CBNs have recently been considered worthy of 

treasure. Each carbon family member has some irrepressible characteristics and has been 

extensively utilized in various biomedical applications along with the delivery of a drug, 

imaging, biosensing, cancer therapy, tissue engineering, and diagnosis. CBN's specific optical 

characteristics, i.e. strong photostability, tunable narrow range of emissions and intrinsic 
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fluorescence, enable their possible use within cell and tissue imaging and diagnosis. By 

altering the surface with functional groups like epoxy, carboxyl acid and hydroxyl can 

optimize its properties. Furthermore, altering their surfaces with the above functional group 

helps their properties to be controlled [4]. 

2. Carbon-based nanomaterials 

Carbon-based nanomaterials (CBNs) have in the past few decades shown enormous effect in 

the field of biomedical science with their abilities to supply therapeutic molecules and 

analyze cells and tissues required to cure and treat diseased and toxic tissues (Fig.1). 

 

Fig.1. Different carbon-based nanomaterials 

2.1 Carbon nanotubes 

Nanotubes of carbon are typically fabricated by arc discharge or graphite chemical vapours 

[5-7]. These are cylindrical structured and have a broad range of optical and electrical and 

optical characteristics, both because of the sp
2
 carbon and also for their tunable physical 

properties. Based on cylindrical graphene sheets CNTs are categorized as single-wall carbon 

nanotubes (SWCNTs) and multi-wall carbon nanotubes (MWCNTs). The size range of 

SWCNTs and MWCNTs vary between 0.4 and 2.5 nm. The multi-layered CNTs provide 

various physical phénomènes and functionalities with a combination of 2D crystal and 

different optical, mechanical and electrical properties, which is associated with van der Waal 

forces [8]. 

2.2 Carbon dots 

The C-dots of less than 10 nm in diameter are discrete spherical particles. The composition of 

the sp
2
 hybridized is a mixture of oxygen in the form of many members of the oxygen, for 

example, carboxyl (-COOH), aldehyde (-CHO) and hydroxyl (-OH). Therefore, C-dots reflect 
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well-organized, broad-aspect carbon atoms, with strong chemical and thermal stabilities, 

large surfaces and improved drug-carrying capacity in contrast to large particles, such as 

quantum dots [9,10]. The distribution of anticancer drugs can also be provided by C-dots. 

Traditional chemotherapy can suppress and remove tumours, but can adversely affect healthy 

tissue. The use of nontoxic C dots via targeted drug delivery can be resolved. As an 

alternative to Q-dots, C-dots have low cytotoxicity and good photostability, which is widely 

utilized for diagnostics. 

2.3 Graphene 

Graphene is a 2-layer sp
2
-bonded 2-dimension carbon surface with several excellent chemical 

and physical characteristics. Graphene has been studied broadly in many diverse areas since 

its discovery in 2004. Different graphene-based biosensors were manufactured to detect 

highly sensitive biomolecules by using the interesting optical, chemical, and electrical 

properties of graphene [11-13]. The poly-aromatic surface structure of graphene has an ultra-

high surface area that can be charged easily using the p-p stacking of aromatic drug 

molecules for pharmaceutical drug delivery applications. 

2.4 Fullerenes 

Fullerenes, also known as Buckyballs or Buckminsterfullerenes, are allotropes of the 

nanomaterial's carbon group [14,15]. Fullerenes have a structure of sp
2
 carbons with special 

chemical and physical properties and a highly symmetrical cage of various sizes (C60, C76, 

etc). The synthesized composition contains C60 as the most abundant fullerene. An extensive 

study was performed on the fullerenes with carbon nanotubes and a broader area of science 

and technology of nanoscale materials has been created since the development of graphene in 

2004. While fullerenes and carbon nanotubes have an indistinguishable diameter range, the 

materials are still intended to demonstrate a variety of sizes and structures. Fullerenes and 

carbon nanotubes are commonly known to be zero- and one-dimensional materials; these 

have different implications for structures and properties. 

2.5 Nanodiamond 

The field of biomedical engineering was also attracted by nanodiamond in the past years [17]. 

Nanodiamonds are most frequently detonated and synthesize by high-energy graphite 

treatment and are less than 10 nm. Its physical properties are identical to bulk diamonds, such 

as fluorescence and photoluminescence, and they are biocompatible. In contrast to other 

CBNs, tetrahedral carbon clusters of sp
3
 are mostly NDs. However, the surface of 

nanodiamonds is operating for colloidal stability with different functional groups or sp
2
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carbon that allows the chemical modification of a targeted drug, gene delivery and the 

labeling of the tissue. 

3. Theranostics applications of CBN 

One of the several medicinal systems currently being investigated is the theranostic, which 

incorporates both therapy and diagnosis. A major benefit from the enormous aspect ratio and 

surface area present in the use of carbon nanomaterials in heat treatments is the use of 

multiple copies of theranostic engines like ligands and various polymers to enhance 

biocompatibility and water solubility, as well as imaging labels. Table 1 provides an 

overview of several representative studies of combined CBN theranostics. 

3.1 Photothermal Therapy (PTT) 

Functional fullerenes like polyhydroxy fullerenes (PHF) can produce thermal energy up to 

their ignition temperature when exposed to low-intensity NIR light (10 W/cm
2
) [19]. 

NonInvasive treatment of cancer has also been evaluated for this fascinating property of 

functionalized fullerenes [20]. Tumors subsequently treated with PHF nanoparticles and 

exposed to 785 nm lasers during a two-hour period reduced their cross-sectional region by 

32%, compared with no significant tumor-size changes in the test mice [21]. For these PHFs, 

such rapid tumor-shrinking observed in 2 hours compared to days needed for gold 

nanostructures requires further study and potential use in the ablation of photothermal tumors 

of these functional fullerenes. 

3.2 Photodynamic Therapy (PDT) 

Fullerenes are able to generate reactive oxygen species when exposed to harmless visible 

light [22]. Clinical applications for tumor theranostic therapies are beneficial for the 

photodynamics properties, can only attain the water solubility, specific targeting, and ideal 

molecular size after sufficient surface functionalization. Recently, the covalent conjugation of 

various terminal structures and molecular weights in PEG chains has been reported for the 

photodynamic anti-tumor role of C60. The strongest suppression of the in vivo tumor growth 

exhibited by C60 when it combined with methyl-terminated PEG with the largest molecular 

weight and with the largest circular half-life. 

3.3 Gene Treatment 

In addition to conventional methods including radiation therapy, chemotherapy, and surgery, 

gene therapy is a possible alternative to cancer treatments. For gene transmission, viral and 

non-viral vectors are popular. Viral vectors are often immunogenic and cause inflammation. 



THINK INDIA Journal 
ISSN:0971-1260 

Vol-22-Issue-16-August-2019 

 

P a g e  | 929  Copyright ⓒ 2019Author 

Nonviral vectors are often less effective because they cannot pass through the nuclear 

membrane easily [24]. 

Table 1. Application of various carbon-based nanomaterials for different cancer treatment 

Carbon-based 

nanomaterials 

Imaging 

modality 

Cell lines Application References 

MWCNTs _ PANC-1 Pancreatic cancer 25 

C60 MRI _ Cancer theranostic  26 

SWCNTs _ 4T1 Chemo-photothermal 

therapy 

27 

Graphene-based 

quantum dots 

Fluorescence 

imaging 

_ Breast cancer therapy 28 

Gd-encapsulated 

graphene carbon 

_ SSC-7 Photodynamic therapy 29 

Carbon-based 

quantum dots 

Optical imaging _ Chemotherapy 30 

GQDs  SW620, 

HCT116 

Radiotherapy 31 

 

4. Recent studies on carbon-based nanomaterials for cancer therapy 

Badea et al. developed pemetrexed (Pm) and quercetin (Q) loaded MWCNTs to study anti-

tumor behavior. The dynamic light scattering (DLS) procedure analyzed the mean 

nanoparticular dimension and, the nanosystems' physical stability was measured by an 

electro-kinetic potency (ζ). The release of Pm and Q in two different pHs (5.5 and 7.5) from 

nanosystems showed the release of both compounds is based on a Fickian diffusion 

mechanism. The anti-tumor potential of MWCNT-Pm-Q was demonstrated by substantial 

changes in cell morphology in pancreatic cells, with a reduction in cell viability below 60% at 

dose 25, 20 and 2 μg/mL of MWCNTs, Pm and Q, respectively after 24 h. Furthermore, the 

pancreas has shown a high level of ROS, increased MWCNT burden and increased lysosome 

at doses above 25 μg/mL of MWCNTs, 20 μg/mL of PM and 2 μg/mL of Q as compared to 

nanosystems with a single drug [32]. 

A novel type of fluoresce nanozyme has been developed by Guo et al. to identify and treat 

cancer cells. They were manufactured using a facial co-precipitation method for the 

fabrication of ferrous phosphate-carbon dots (Fe3(PO4)2·8H2O-CD), then further modified on 
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the surface by folic acid (FA) to attain Fe3(PO4)2·8H2O-CDs-FA hybrid nanoflowers (hNF) 

for final use. In-vitro investigation shows that the hNFs have led to improved cytotoxicity of 

HeLa, even at low doses of ascorbic acid or H2O2, while no obvious harm was reported to 

normal cells with the same treatment that confirmed that selective cancer cell killing by hNFs 

was possible [33]. 

Lu et al., fabricated low toxic, biostable and water-soluble SWNTs with great efficiency in 

photothermal conversion. Dye-conjugated SWCNTs bind with antibodies which can prompt 

them precisely targeted at pancreas tumors for the imaging of dyes with cytotoxic PTT. The 

PTT offers safe and impressive therapies with limited adverse effects and thus a positive 

approach to cancer treatment [34]. 

5. Different aspects of CBNs for imaging 

5.1 Magnetic Resonance Imaging (MRI) 

For MRI applications, the fullerenes themselves are free of any required paramagnetic 

properties. Metallofullerene was made to encapsulate the Gd
3+

 paramagnetic ions for MRI 

applications, which results in a highly stable structure, not only maintaining Gd
3+

 properties, 

but also avoiding leakage in vivo, in order to minimize possible toxics [36].  

5.2 Photoacoustic Imaging 

Photoacoustic (PA) imaging is a noninvasive technique focused on the use of ultrasounds 

produced by a laser, combining visual and ultrasound functions [4]. PA Imaging has recently 

become an effective imaging strategy to focus on low-energy (visible and NIR laser light) 

absorption to support high-band ultrasound waves. PA imaging frequently combines with 

PTT to increase tumor irradiation and tumor targeting. 

5.3 Fluorescence imaging. 

Down-conversion fluorescence is a common type of fluorescence found in 

photoluminescence. Cristal defects and doping elements (n and o) are related to different 

colors in CBN [37]. Organic dye and metal dots have primarily been used in single-photon 

cell labeling, microsurgery, and imaging however low-energy fluorescence photons are 

emitted after high-energy fluorescence photons have been consumed. In clinical applications, 

the application of high energy photons has some disadvantages like auto fluorescence of 

samples, low penetration depth, and cell damage. 

5.4 Raman imaging 

Photostability, high spatial resolution, multiplex ability, and high sensitivity is the technique 

of Raman imaging. The typical Raman fingerprint specimens distinguish most structural 
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bonds of CBN. Raman technology relies on the unique vibrating elastic photo mode, allowing 

the signal-noise ratio, higher photo-stability and resolution of Raman signals than fluorescent 

signals. Raman has therefore rapidly emerged as a possible replacement for investigating 

CBN and its cell imaging [38-40]. 

6. Conclusion 

In the past decade, research and applications over biomedicine of carbon nanomaterials have 

made significant progress that can help scientists to decode and improve the diagnosis and 

treatment of a number of diseases including cancer, biological phenomena, and their source 

and perspective. Because carbon nanomaterials play an important role in possible biomedical 

uses like cancer theranostics, their exposure to the general public is simultaneously increased 

and will attract a great deal of attention with respect to safety and health problems. 

The majority of studies with carbon nanomaterials based on various approaches, because it is 

still primary research in the field. Only a few studies have been reported until the date for the 

progress of theranostic nanoplatforms. Some usable carbon nanomaterials are developed in 

animal models as stable and well-tolerated, which greatly encourages more study and 

understanding of the activities of carcinogenic theranostics in the carcinogenic material in 

vivo. 
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