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Abstract 

 

We know the Carbon nanotubes (CNTs) are nanostructures derived from rolled graphene planes and 

possess various interesting chemical and physical properties. CNTs can be conjugated with various 

biological molecules including drugs, proteins and nucleic acid to afford bio-functionalities. CNTs exist as 

single (SWNTs), and multi-walled (MWNTs) structures. They present several interesting properties, such 

as high aspect-ratio, ultra-light weight, strength, high thermal conductivity and electronic properties 

ranging from metallic to semiconducting. The production of carbon nanotubes can be done by plasma 

based synthesis method or arc discharge evaporation method, laser ablation method, thermal synthesis 

process, chemical vapour deposition and by plasma-enhanced chemical vapour deposition. The CNTs are 

valuable in the field of drug delivery, blood cancer, breast cancer, brain cancer, liver cancer, cervical 

cancer, gene therapy, immune therapy, biomedical imaging, biosensors and tissue engineering. This paper  

leads to a useful knowledge related to general overview, types, preparation methods and applications of 

CNTs.  
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Introduction  

A carbon nanotube (CNT) is one of the most important nano materials. Before 1991, only two main 

allotropes of carbon were known. In 1991, a Japanese physicist, Sumio Lizima invented CNT (another 

allotrope of carbon). Let us discuss the carbon nanotubes definition, carbon nanotube is a hollow tube 

made up of carbon of nanoscale diameter. In short, it is represented as CNTs. Carbon nanotubes are also 

called buckytubes.  

Nanotubes are formed by folding or rolling two-dimensional graphite into a cylindrical shape structure. 

Nanotubes are hollow from inside. The diameter of the nanotube is around 1-3 nanometers. The length of 

the carbon nanotube is much higher than its diameter. Nanotube length generally goes to a few 

micrometers. In short, we can say that carbon nan (CNT) is a folded form of the two-dimensional 

graphene sheet. CNT (carbon nanotubes) exhibit extraordinary mechanical properties.  

Carbon nanotubes (CNTs) are nanostructures derived from rolled graphene planes and possess various 

interesting chemical and physical properties, have been extensively used in biomedicine. The discovery of 

carbon nanotubes by Iijima in 1991 using High Resolution Electron Microscopy (HREM) has stimulated 

intense experimental and theoretical studies on carbon nanotubes [1]. Carbon nanotubes are allotropes of 

carbon that have a nanostructure, which can have a length-to diameter ratio more than 1,000,000. 

Theoretical studies have predicted exciting electronic properties for the nanotubes. The potential 

application of carbon nanotubes to the synthesis of nanowires has been demonstrated [2]. HREM is a 

robust approach for the characterization of microstructure and it is most suited to the study of nanotubes, it 

should be pointed out that the image obtained is a two-dimensional projection of a three-dimensional 

object [3]. CNTs can be conjugated with various biological molecules including drugs, proteins and 

nucleic acid to afford bio functionalities [4, 5]. Moreover, the aromatic network existing on the CNT 

surface allows efficient loading of aromatic molecules such as chemotherapeutic drugs via stacking. The 

versatile chemistry of carbon nanotubes enables a wide range of their applications in biomedicine [6]. 

CNTs exist as single (SWNTs), and multi-walled (MWNTs) structures. They present several interesting 
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properties, such as high aspect-ratio, ultra-light weight, tremendous strength [7], high thermal conductivity 

and remarkable electronic properties ranging from metallic to semiconducting [8]. It is not clear yet which 

of the two systems are more advantageous: SWCNTs offer the additional photoluminescence property that 

could be proficiently applied in diagnostics, while MWCNTs present a wider surface that allows a more 

efficient internal encapsulation and external functionalization with active molecules. They have both been 

used for diversified roles including biosensors, field-effect transistors (FET), and scanning probe elements 

longer blood circulation time than the anticancer drug on its own. This leads to more prolonged and 

sustained uptake of the drug by tumour cells via the enhanced permeability and retention effect. Once the 

functionalized of SWCNT releases the drug into a specific area, it is gradually excreted from the body via 

the biliary pathway and finally in the faces. This suggested that SWCNTs are suitable candidates for drug 

delivery and a promising nano platform for cancer therapeutics. 

Types of carbon nanotubes (CNTs):  

  The carbon nanotubes are of two types namely:  

 Single walled carbon nanotubes (SWCNTs)  

 Multiple walled carbon nanotubes (MWCNTs)  

Single-wall carbon nanotubes (SWCNTs) 

Single-walled Carbon Nanotubes- it is represented as SWCNT. The Single-walled Carbon nanotubes exist 

in a 1-d structure. Some examples of Single-walled CNT are armchair and zig -zag Single-walled Carbon 

nanotubes 

SWCNTs consist of a single cylindrical carbon layer with a diameter in the range of 0.4-2 nm, depending 

on the temperature at which they have been synthesized. It was found that the higher the growth 

temperature larger is the diameter of CNTs [12]. The structure of SWCNTs may be arm chair, zigzag, 

chiral, or helical arrangements [13]. The SWCNTs have an ultrahigh surface area as large as 1300 m2 /g, 

which renders sufficient space for drug loading and bio conjugation [14]. In drug delivery, SWCNTs are 

known to be more efficient than MWCNTs. This is due to the reason that SWCNTs have ultrahigh surface 

area and efficient drug-loading capacity. It has been found that a SWCNT anticancer drug complex has a 

much longer blood circulation time than the anticancer drug on its own. This leads to more prolonged and 

sustained uptake of the drug by tumour cells via the enhanced permeability and retention effect. Once the 

functionalized of SWCNT releases the drug into a specific area, it is gradually excreted from the body via 

the biliary pathway and finally in the faces. This suggested that SWCNTs are suitable candidates for drug 

delivery and a promising nano platform for cancer therapeutics. 

Properties of Single-walled Carbon Nanotubes are: 

 The diameter of Single-walled Carbon nanotubes is 2nm. 

 The length of Single-walled Carbon nanotubes is around 2 micrometers. 

 They exist in a one-dimensional structure. Therefore, it is also known as a nanowire.  

 Electronics can be miniaturized by using a Single-walled Carbon nanotube. 

 Their band gap varies from 0-2 electron volts (eV). 

 They show conductivity like a semiconductor. Therefore, they exhibit both metallic and 

semiconductivity behavior. 

  

 

Multiple walled carbon nanotubes (MWCNTs) 
Multi-walled Carbon Nanotubes- It is represented as MWCNT. It is composed of several nested carbon 

nanotubes. This type of nanotubes has two diameters, one is known as outer diameter and another one is 

known as inner diameter. An example of Multi-walled Carbon nanotubes is chiral Multi-walled Carbon 

nanotubes.  

MWCNTs consist of several coaxial cylinders, each made of a single grapheme sheet surrounding a 

hollow core. The outer diameter of MWCNTs ranges from 2-100 nm, while the inner diameter is in the 

range of 1-3 nm, and their length is one to several micrometers [16]. The sp2 hybridization in MWCNTs, 

a delocalized electron cloud along the wall is generated which is responsible for the interactions between 

adjacent cylindrical layers in MWCNTs resulting in a less flexible and more structural defects [17]. 

MWCNTs structures can be split into two categories based on their arrangements of graphite layers: one 

has a parchment-like structure which consists of a graphene sheet rolled up around it and the other is 

known as the Russian doll model where layers of graphene sheets are arranged within a concentric 

structure [18] . Decoration of multiwall carbon nanotubes (MWCNTs) consists of depositing nanoparticles 

on the MWCNT walls or ends, bonded by physical interaction with potential applications in catalysis, 
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biosensors, biomedical, magnetic data storage, and electronic devices. The various methods used for this 

purpose include precipitation, hydrolysis at high temperature, or chemical decomposition of a metal 

precursor. 

Properties of Multi-walled Carbon Nanotubes are given below: 

 The outer diameter of Multi-walled Carbon nanotubes is around 2-20 nanometres. 

 The inner diameter of Multi-walled Carbon nanotubes is 1-3 nm. 

 The length of Multi-walled Carbon nanotubes is around 5-6 micrometers. 

Properties of Carbon Nanotube 

1. Carbon nanotubes are stiff. They are as stiff as a diamond (the hardest natural material in nature). 

2. The gravitational weight of the nanotube is very low.  

3. The density of the carbon nanotubes is one-fourth of that of steel. 

4.  Carbon nanotubes are stronger than steel. They exhibit extraordinary mechanical properties. Carbon 

nanotubes are ten times stronger than steel. 

5. Carbon nanotubes have a high thermal capacity. Generally, it is twenty times stronger than steel. 

Therefore, it does not expand on heating like that of steel. Therefore carbon nanotubes uses in making 

bridges and aircrafts material 

6. In carbon nanotubes, each carbon atom is surrounded by three other carbon atoms through covalent 

bonds. These carbon-carbon covalent bonds form lattices in the shape of hexagons. 

7. The crystalline structure of carbon nanotubes exists in the form of regular hexagons. 

8. Carbon nanotubes are elastic. 

9. Carbon nanotubes are good conductors of heat. 

10. Carbon nanotubes have good electrical conductivity. 

11. The young's modulus is high. The young modulus of carbon nanotubes is around 1 terra pascal which 

makes carbon nanotubes ten times stronger than steel. 

12. Carbon nanotubes are chemically neutral. So, they are chemically stable. Therefore, carbon nanotubes 

resist corrosion. 

Advantages of carbon nanotubes  

 Biocompatible,  Non-biodegradable and non-immunogenic nature.  

 Highly elastic nature and have the possibility of intracellular delivery.  

 May exhibit minimum cytotoxicity.  

 Excreted by urine 96% and remaining 4% by faeces. 

  Ultra-light weight and do not break down during processing.  

 It has an open end on both sides, which makes the inner surface accessible and subsequent incorporation 

of species within nanotubes is particularly easy.  

 Nanotubes have longer inner volume relative to the diameter of nanotubes for entrapment.  

 CNTs are able to enter cells by spontaneous mechanism due to its tubular and nano needle shape.  

 It has distinct inner and outer surface, which can he differentially modified for chemical biochemical 

functionalization.     

Applications of Carbon Nanotubes 

1. Breast cancer tumor destruction: 

nanotubes are used to destroy breast cancer tumors. They play with an antibody. The antibody along 

with nanotubes is attracted to the proteins by cancer cells in the body and nanotubes absorb the laser 

beam killing the bacteria of the tumor. 

2. Windmill blades:  
hello tubes are also used in the windmill blades because of their low weight . It increases the efficiency 

of the windmill and helps to produce more electricity at a faster rate. 

3. Filtration: 
carbon nanotubes can be used to separate particles of size greater than the diameter of carbon 

nanotubes during filtration through them. They can also be used to trap smaller sized ions from a 

solution. 

4. Carbon nanotubes as Nano cylinders: 
gas like H2, for energy, battery for vehicles can be safely stored inside the carbon nanotubes and the 

problem of H2 storage hazards can be solved.Carbon nanotubes have also been shown to absorb 

infrared light and may have applications in the IR optics industry. 
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5. Aircraft stress reduction: 
nanotubes are also used in space and aircraft to reduce the weight and stress of the various components 

working together. Other uses of carbon nanotubes – they are used as catalysts in some reactions. They 

are also used in drug delivery systems and in applications related to conductivity in electronics. 

How Carbon Nanotubes are Different from Carbon Nanofibres? 

Carbon nanofibres are represented as CNFs. Carbon nanofibres have a diameter of around 200 nm. Carbon 

nanofibres are not hollow from the inside. The lattice structure of the carbon nanotubes and carbon 

nanofibres are completely different. In Multi-walled Carbon nanotubes, the nano ranged tubes are 

arranged concentrically but they are hollow from inside. Therefore, Multi-walled Carbon nanotubes are 

different from carbon nanofibres. Carbon nanofibers have been in use for several decades to strengthen the 

compounds. 

What are Carbon Nanotubes Used For? 

Let’s discuss the carbon nanotubes uses one by one: 

 Composite materials containing carbon nanotubes are being used in sporting goods. 

 Carbon nanotubes are used to make bullet- proof jackets. 

 Carbon nanotubes can be used to make aircraft and spacecraft bodies. 

 Carbon nanotubes can be used to build high-performance nanoscaled thin-film transistors to 

replace silicon-based transistors because of the semiconducting properties of carbon nanotubes. 

 Carbon nanotubes can be used to make biosensors and electrochemical sensors. 

 Carbon nanotubes are used in making electrodes to study electrochemical reactions because of 

their excellent electrical properties. 

  APPLICATIONS OF CNTs  
  Various applications of CNTs are as follows:  

1) Carrier for Drug delivery: Carbon nanohorns (CNHs) are the spherical aggregates of CNTs with 

irregular horn like shape. Research studies have proved CNTs and CNHs as a potential carrier for drug 

delivery system.  

2) Functionalised carbon nanotubes are reported for targeting of Amphotericin B to Cells[31].  

3)Cisplatin incorporated oxidized SWNHs have showed slow release of Cisplatin in aqueous 

environment. The released Cisplatin had been effective in terminating the growth of human lung cancer 

cells, while the SWNHs alone did not show anticancer activity[32]. 4)Anticancer drug Polyphosphazene 

platinum given with nanotubes had enhanced permeability, distribution and retention in the brain due to 

controlled lipophilicity of nanotubes[33].  

5) Antibiotic, Doxorubicin given with nanotubes is reported for enhanced intracellular penetration[33].  

6) The gelatin CNT mixture (hydro-gel) has been used as potential carrier system for biomedicals.  

7) CNT-based carrier system can offer a successful oral alternative administration of Erythropoietin 

(EPO), which has not been possible so far because of the denaturation of EPO by the gastric environment 

conditions and enzymes[33].  

8) They can be used as lubricants or glidants in tablet manufacturing due to nanosize and sliding nature 

of graphite layers bound with van der waals forces[33].  

Genetic Engineering  

In genetic engineering, CNTs and CNHs are used to manipulate genes and atoms in the development of 

bioimaging genomes, proteomics and tissue engineering[33]. The unwound DNA (single stranded) winds 

around SWNT by connecting its specific neucleotides and causes change in its electrostatic property. This 

creates its potential application in diagnostics (polymerase chain reaction) and in therapeutics. Wrapping 

of carbon nanotubes by single-stranded DNA was found to be sequence-dependent, and hence can be used 

in DNA analysis. Nanotubes due to their unique cylindrical structure and properties are used as carrier for 

genes (gene therapy) to treat cancer and genetic disorders. Their tubular nature has proved them as a 

vector in gene therapy. Nanotubes complexed with DNA were found to release DNA before it was 

destroyed by cells defense system, boosting transfection significantly. Nanostructures have showed 

antiviral effect in respiratory syncytical virus (RSV), a virus with severe bronchitis and asthma34. The 

treatment is generally done by combining nanoparticles and gene slicing technologies. Here RNA 

fragments capable of inhibiting a protein (which is needed for virus multiplication) is encapsulated within 

nanotubes and administered in the form of nasal sprays or drops. The promising results have been noted 

inhibiting further growth of virus34. Nanotubes are reported for helical crystallisation of proteins and 

growth of embryonic rat brain neurons. Streptavidin protein is successfully immobilized on CNT via 1-

pyrene butanoic acid and succinimidyl ester[32]. Nanotubes and nanohorns can adhere various antigens on 
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their surface, hence act as source of antigen in vaccines. Hence, by use of nanotubes, use of dead bacteria 

as source for antigen which is sometimes dangerous can be avoided.  

Biomedical applications  
Bianco et al. [35] have prepared soluble CNTs and have covalently linked biologically active peptides 

with them. This was demonstrated for viral protein VP1 of foot mouth disease virus (FMDV) showing 

immunogenicity and eliciting antibody response. In chemotherapy, drug embedded nanotubes attack 

directly on viral ulcers and kills viruses. No antibodies were produced against the CNT backbone alone, 

suggesting that the nanotubes do not possess intrinsic immunogenicity. Combination of all the described 

features of the vaccine system with the fact that the capacities of the anti-peptide antibodies to neutralize 

FMDV have been enhanced has indicated that CNT can have a valuable role in the construction of novel 

and effective vaccines34. In vitro studies by Kam et al.36 showed selective cancer cell killing obtained by 

hyperthermia due to the thermal conductivity of CNT internalised into those cells. The work developed 

regarding the use of CNT as gene therapy vectors have shown that these engineered structures can 

effectively transport the genes and drugs inside mammalian cells. The CNT-transported genetic material 

has conserved the ability to express proteins[33].  

Artificial implants  
Normally body shows rejection reaction for implants with the postadministration pain35. But, miniature 

sized nanotubes and nanohorns get attached with other proteins and amino acids avoiding rejection. Also, 

they can be used as implants in the form of artificial joints without host rejection reaction. Moreover, due 

to their high tensile strength, carbon nanotubes filled with calcium and arranged/grouped in the structure 

of bone can act as bone substitute[37].  

Preservative  

Carbon nanotubes and nanohorns are antioxidant in nature. Hence, they are used to preserve drugs 

formulations prone to oxidation. Their antioxidant property is used in antiaging cosmetics and with zinc 

oxide as sunscreen dermatological to prevent oxidation of important skin components[33].  

Diagnostic tool  
Protein-encapsulated or protein/enzyme filled nanotubes, due to their fluorescence ability in presence of 

specific biomolecules have been tried as implantable biosensors37. Even, nanocapsules filled with 

magnetic materials, radioisotope enzymes can be used as biosensors38. Nanosize robots and motors with 

nanotubes can be used in studying cells and biological systems[38].  

As catalyst  
Nanohorns offer large surface area and hence, the catalyst at molecular level can be incorporated into 

nanotubes in large amount and simultaneously can be released in required rate at particular time. Hence, 

reduction in the frequency and amount of catalyst addition can be achieved by using CNTs and CNHs[38]. 

Application of carbon nanotubes:  

The functionalization of CNTs makes them useful in a range of different applications. Their structure 

means that the tubes have an inner and an outer core which can both be modified by different functional 

groups. Thus the CNTs can be designed for very specific purposes. In the area of biomedicine, the 

applications of CNTs are investigated in especially four main fields: drug delivery, biomedical imaging, 

biosensors and scaffolds in tissue engineering       

Drug delivery:  
Specific drug delivery is an essential method used in medicine to deliver pharmaceutics to the specific 

place in the body where it is needed. The method shows great promise in cancer therapy since one of the 

biggest challenges in treating cancer is the severe side effects caused by the chemotherapy. The harsh 

medication used to treat cancer attacks not only the cancer cells, but also the healthy cells of the body, and 

this is what causes the side effects of the treatment.  

Blood Cancer:  
Leukemia is a cancer that begins in the bone marrow (the soft inner part of some bones), but in most 

cases, moves into the blood. It can then spread to other parts of the body, such as organs and tissues. 

Acute lymphoblastic leukemia (ALL), one of the four main types of leukemia, is a slow-growing blood 

cancer that starts in bone marrow cells called lymphocytes or white blood cells. Once these white blood 

cells are affected by leukemia, they do not go through their normal process of maturing. An intensified 

targeted delivery of daunorubicin (Dau) to acute lymphoblastic leukemia was achieved by Taghdisi et al., 

they developed a tertiary complex of Sgc8c aptamer (this aptamer targets leukemia biomarker protein 

tyrosine kinase-7  

daunorubicin, and SWCNT named as Dau-aptamer SWCNTs. Flow cytometric analysis viewed that the 

tertiary complex was internalized effectively into human T cell leukemia cell (MOLT-4 cells) but not to 
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U266 myeloma cells. Release of Dau-loaded nanotubes were pH-dependent. In a slightly acidic solution 

of pH 5.5, Dau was released from complex in 72 h at 37 ⁰C, whilst Dau-aptamer-SWNTs tertiary complex 

was pretty stable after the same incubation at pH 7.4  

Breast cancer:  
Over expression of human epidermal growth factor receptor 2 (HER2), also known as c-erbB-2 or 

HER2/neu, is approximately 20-25% responsible for invasive breast cancer. Liu et al., studied SWNT 

delivery of paclitaxel (PTX) into xenograft tumors in mice with higher tumor suppression efficacy than 

the clinical drug formulation Taxol. The PTX conjugated to PEGylated SWNTs showed high water 

solubility and maintains alike toxicity to cancer cells as Taxol in vitro. SWNT-PTX affords much longer 

blood circulation time of PTX than that of Taxol and PEG ylated PTX, leading to high tumor uptake of the 

drug through EPR effect. The strong therapeutic efficacy of SWNT-PTX is shown by its ability to slow 

down tumor growth even at a lower drug dose [37] . Pan et al., investigated the efficiency of MWCNTs to 

deliver the gene to the tumor cell for cancer therapy. In this work, they fabricated MWCNTs modified 

with polyamidoamine dendrimer which were further conjugated with FITC-labelled antisense c-myc 

oligonucleotides (asODN). Human breast cancer cell line MCF-7 cells and MDA-MB-435 cells were 

incubated with modified MWCNTs (asODN-dMNTs). Fluorescence developed by the FITC revealed the 

cellular uptake of asODN-dMNTs within 15 min. These composites inhibit the cell growth in time and 

dose dependent means and down regulated the expression of c-myc gene (over expression of this gene 

amplify the expression of HER2) and C-Myc protein [38] .  

Liver Cancer: 

Polyamidoamine dendrimer modified CNTs (dMWCNTs) were fabricated for the efficient delivery of 

antisense c-myc oligonucleotide (asODN) into liver cancer cell line HepG2 cells. As ODN-dMWCNTs 

composites were incubated with HepG2 cells and confirmed to enter into tumor cells within 15 min by 

laser confocal microscopy. These composites inhibited the cell growth in time and dose dependent means 

and down regulated the expression of the c-myc gene and C-Myc protein. These composites exhibit 

maximal transfection efficiencies and inhibition effects on tumor cells when compared to CNTNH -

asODN and dendrimer (asODN) alone [38].  

Brain cancer: 

Xing et al., synthesized phospholipid-bearing polyethylene glycol (PL-PEG) functionalized SWCNTs 

conjugated with protein A, which was further coupled with the fluoresceinlabeled integrin monoclonal 

antibody to form SWCNTintegrin monoclonal antibody (SWCNT-PEGmAb). Confocal microscopy 

revealed that SWNT-PEG-mAb showed a much higher fluorescence signal on integrin positive U87MG 

cells and presented a high targeting efficiency with low cellular toxicity, whilst, for integrin -negative 

MCF-7 cells, no obvious fluorescence was observed, which clearly reveals low targeting efficiency of the 

functionalized SWCNTs, demonstrating that the specific targeting of integrin positive U87MG cells was 

caused by the specific recognition of integrin on the cellular membrane by the monoclonal antibody [39].  

Lymph Node Metastasis: 

Yang et al., compared the in vitro and in vivo potential therapeutic effect of gemcitabine (GEM) loaded 

magnetic MWCNTs (mMWCNTs) with that of gemcitabine loaded magnetic-carbon particles (mACs). 

The result reflects that mACs and mMWNTs effectively enhanced GEM cytotoxicity in vivo and inhibited 

lymph node metastasis, especially when using high dose agents and/or applying implanted in vivo 

magnets. Systems offer the possibility to enhance therapeutic effects and decrease side-effects associated 

with chemotherapeutic agents by utilising the synergistic effects of magnetic targeting and lymphatic 

chemotherapy. Due to the super paramagnetic behaviour of mMWCNTs-GEM, their magnetic moments 

tend to align along the applied field leading to net magnetization which greatly affects the interaction of 

mMWCNTs-GEM with the cellular membrane and thus they were found to be superior than mACs-GEM 

in successful inhibition of lymph node metastasis after following subcutaneous administration under the 

impact of magnetic field [40].  

Cervical Cancer: 

Wu et al., developed a novel approach of utilizing natural biocompatible polymer chitosan for imaging the 

tumor cells. In this assay, SWCNTs were modified by chitosan (CHIT) fluorescein is othyocyanate 

(FITC). This was further conjugated with folic acid (FA), as mostly cancer cells overexpress folic acid 

receptors, to construct the functional FITC-CHIT-SWCNT-FA conjugate. These novels functionalized 

SWCNTs were found to be soluble and stable in phosphate buffer saline and can be readily transported 

inside the human cervical carcinoma HeLa cells [41]. Combining the intrinsic properties of CNTs, 

versatility of chitosan, and folic acid, FITC-CHIT-SWCNT-FA can be used as potential devices for 

targeting the drug into the tumor cells and also for imaging [42].  
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Gene therapy  
CNTs can deliver a large amount of therapeutic agents, including DNA and RNA, to the target disease 

sites, Gene therapy and RNA have presented a great potential for antitumor treatment. The wire shaped 

structure (with a diameter matching that of DNA/siRNA) and their remarkable flexibility, CNTs can 

influence the conformational structure and the transient conformational changes of DNA RNA, which can 

further enhance the therapeutic effects of DNA is RNA. The treatment of a human lung carcinoma model 

in vivo using siRNA sequences, which led to cytotoxicity and cell death using amino-functionalized 

multiwalled carbon nanotubes (MWNT-NH3+). This is believed to activate biologically in vivo by 

triggering an apoptotic cascade that leads to extensive necrosis of the human tumor mass followed by a 

concomitant prolongation of survival of human lung tumor-bearing animals [43].  

Immune therapy  
Chemotherapy faces the issues of accumulative toxicity and drug resistance, anti-tumour immunotherapy 

usually has few 

adverse effects, good patient tolerance, and the potential to improve the prognosis significantly. CNTs 

have also shown the potential to boost the antigenicity of the carried proteins or peptides. Xu et al., studied 

that MWNTs conjugated to tumor lysate protein will enhance the efficacy of an anti-tumor 

immunotherapy that employs tumor cell vaccine (TCV) in a mouse model bearing the H22 liver cancer 

[44]. The study showed that MWNTs conjugated to tumor lysate protein enhanced the specific anti-tumor 

immune response and the cancer cure rate of a TCV immunotherapy in mice [45].  

Biomedical imaging 

Besides having unique electrical and mechanical properties CNTs also have optical properties that are 

very useful in applications such as biomedical imaging. SWNTs have strong optical absorption from 

ultraviolet (UV) to near infra-red (NIR) regions and are useful in a range of different imaging techniques. 

These include photo acoustic imaging, Raman imaging, fluorescence imaging, and with functionalization 

of the CNTs also positron emission tomography (PET) imaging and magnetic resonance (MR) imaging 

[46] . Dai et al., the CNTs were functionalized with a specific receptor for internalization into a specific 

cell type thus imaging these cells with very low auto fluorescence background. In an in vivo study the bio 

distribution of SWNTs in live drosophila larvae was monitored by fluorescence imaging [47]. In photo 

acoustic imaging deeper tissue penetration can be achieved compared to most other optical imaging 

techniques. The technique makes use of certain light absorbing molecules (for example CNTs) that 

converts laser pulses delivered into the biological tissue to heat. Thereby transient thermoelastic expansion 

is induced giving rise to wideband ultrasonic emission which can then be detected by an ultrasonic 

microphone. With their high optical absorption in the NIR range. SWNTs make a useful contrast agent in 

this kind of biomedical imaging [48].  

 

Biosensors 

Biosensors are used for mentioning biological processes or for recognition of biomolecules and differ 

from other sensors by having a sensing element consisting of a biological material such as proteins, oligo- 

or polynucleotides or microorganisms. The most popular type of biosensors is the electrochemical 

biosensor and carbon materials have been used in these devices for a long time. Electrochemical 

biosensors are popular for detecting biomolecules in solutions because of their simplicity and the relative 

ease of calibration. These sensors are normally based on enzymatic catalysis of a reaction that either 

produces or consumes electrons and CNT-based biosensors incorporating enzymes have been produced 

for detection of glucose and other biomolecules [49].  

Tissue Engineering  
Besides all these applications, CNTs are also useful in enhancing tissue matrices. The matrix, or scaffold, 

has played an important part in tissue engineering, since this is what provides the structural support for the 

new tissue. It is responsible for defining the space the new tissue occupies, and for aiding the process of 

tissue development. Arrange of different criteria have to be fulfilled by such a scaffold. Among other 

things the scaffold should show: high mechanical strength, good biocompatibility (supporting cell 

adhesion viability, proliferation and differentiation), biodegradability. All three criteria seem to be 

possible to meet using CNTs in the production of the scaffold and with superior results compared to other 

materials used in tissue engineering. Studies have shown that scaffolds of CNTs seem to be biocompatible 

both in vitro and in vivo when mixed with other materials such as in a polymer matrix of chitosan which 

itself is highly biocompatible.  
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LIMITATATIONS OF CNTs[22]  

•Lack of solubility in most solvents compatible with the biological milieu (aqueous based).  

•The production of structurally and chemically reproducible batches of CNTs with identical 

characteristics.  

•Difficulty in maintaining high quality and minimal impurities.  

Conclusion  

Nano particulate as drug delivery systems is designed to improve the pharmacological and therapeutic 

properties of conventional drugs. The incorporation of drug molecules into nanocarrier can protect a drug 

against degradation as well as offers possibilities of targeting and controlled release. In comparison with 

the traditional form of drugs, nano carrierdrug conjugates are more effective and selective; they can 

reduce the toxicity and other adverse side effects in normal tissues by accumulating drugs in target sites. 

In consequence, the required doses of drugs are lower. However, so far, the scientific paradigm for the 

possible (adverse) reactivity of nanoparticles is lacking and we have little understanding of the basics of 

the interaction of nanoparticles with living cells, organs and organisms. A conceptual understanding of 

biological responses to nano materials is needed to develop and apply safe nano materials in drug delivery 

in the future. Furthermore a close collaboration between those working in drug delivery and particle 

production is necessary for the exchange of concepts, methods and know-how to move this issue ahead. 

References  
1.Iijima S. Helical microtubules of graphite carbon Nature 1991; 354:56-58.  

2.Zhang S, Yang K, Liu Z. Carbon nanotubes for in vivo cancer nanotechnology Sci China  2010; 

53(11):2217- 2225.  

3.Wang N, Fung KK, Lu W, Yang S. Structural characterization of carbon nanotubes and nanoparticles by 

high-resolution electron microscopy Chem Phy Lett 1994; 229:587-592.  

4.Mc Devitt, MR Chattopadhyay D, Kappel BJ, Jaggi JS, Schiffman SR, Antczak C et al. Tumor 

targetting with antibody-functionalized, radiolabeled carbon nanotubes, J Nuclear Med. 2007; 48(7):1180-

1189.  

5.Liu Z, Tabakman SM, Chen Z, Dai H. Preparation of carbon nanotube bio conjugates for biomedical 

applications Nat protocols 2009; 4:1372-1382.  

6.Liu Z, Sun X, Nakayama N, Dai H. Supramolecular chemistry on water-soluble carbon nanotubes for 

drug loading and delivery ACS Nano 2007; 1(1):50-56.  

7.Cherukuri P, Bachilo SM, Litovsky SH, Weisman RB. Near-infrared fluorescence microscopy of single-

walled carbon nanotubes in phagocytic cells, J Am Chem Soc. 2004; 126(48):15638-15639.  

8.Jin H, Heller DA, Strano MS. Single-particle tracking of endocytosis and exocytosis of single-walled 

carbon nanotubes in NIH-3T3 cells. Nano Lett 2008; 8(6):1577- 1585.  

9.Feazell RP, Nakayama RN, Dai H, Lippard SJ. Soluble single walled carbon nanotubes as long boat 

deliverysystem for platinum (IV) anticancer drug design. J Am Chem Soc. 2007; 129:8438-8439.  

10.Mehra NK, Jain AK, Lodhi N, Dubey V, Mishra D, Raj R et al. Challenges in the use of carbon 

nanotubes in biomedical applications. Crit Rev Ther Drug Carr Syst 2008; 25(2):169-176.  

11.He H, Pham-Huy LA, Dramou P, Xiao D, Zuo P, PhamHuy C. Carbon nanotubes: applications in 

pharmacy and medicine, BioMed Research International, 2013,  

12.Klumpp C, Kostarelos K, Prato M, Bianco A. Functionalized carbon nanotubes as emerging 

nanovectors for the delivery of therapeutics, Biochem Biophys Acta 2006; 1758:404-412.  

13.Danailov D, Keblinski P, Nayak S, Ajayan PM. Bending properties of carbon nanotubes encapsulating 

solid nanowires, J Nano Sci Nanotechnol. 2002; 2:503-507.  

14.Zhang B, Chen Q, Tang H, Xie Q, Ma M, Tan L et al. Characterization and biomolecule 

immobilization on the biocompatible multi-walled carbon nanotubes generated by functionalization with 

polyamidoamine dendrimers. Colloids Surf B Biointerfaces 2010; 80:18-25.  

15.Saito N, Haniu H, Usui Y, Aoki K, Hara K, Takanashi S, et al. Safe clinical use of carbon nanotubes as 

innovative biomaterials Chem Rev 2014; 114(11):6040-6079.  

16.Rastogi V, Yadav P, Bhattacharya SS, Mishra AK, Verma N, Verma A et al. Carbon Nanotubes: An 

Emerging Drug Carrier for Targeting Cancer Cells, Journal of Drug Delivery. 2014, 23.  

17.Xia ZH, Guduru PR, Curtin WA. Enhancing mechanical properties of multiwall carbon nanotubes via 

sp3 interwall bridging, Physical Review Letters 2007; 98:245501- 245504.  

18.Madani SY, Naderi N, Dissanayake O, Tan A, Seifalian AM. A new era of cancer treatment: carbon 

nanotubes as drug delivery tools. Int J Nanomedicine. 2011; 6(1):2963- 2979.  



www.ijcrt.org                                                   © 2014 IJCRT | Volume 2, Issue 4 October 2014 | ISSN: 2320-2882 

IJCRT1134636 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 359 
 

19.Uc-Cayetano EG, Aviles F, Cauich-Rodriguez JV, Schonfelder R, Bachmatiuk A, Rummeli MH et al. 

Influence of nanotube physicochemical properties on the decoration of multiwall carbon nanotubes with 

magnetic particles. Journal of Nanoparticle Research. 2014; 16:2192.  

20.Eatemadi A, Daraee H, Karimkhanloo H, Kouhi M, Zarghami N, Akbarzadeh A et al. Carbon 

nanotubes: properties, synthesis, purification, and medical applications. Nanoscale Res Lett. 2014; 9(1):1-

13.  

21.Jan P, Jana D, Jana C, Hubalek J, Jasek O, Adam V et al. Methods for carbon nanotubes synthesis. J 

Mater Chem. 2011; 21:15872-15879.  

22.Bethune DS, Kiang CH, de Vries MS, Gorman G, Savoy R, Vasquez J et al. Cobalt-catalysed growth 

of carbon nanotubes with single atomic layer walls. Nature. 1993; 363(6430):605-607.  

23.Jie MA, Wang JA, Tsai CJ, Nussino R, Buyong MA. Diameters of single walled carbon nanotubes 

(SWCNTs) and related nanochemistry and nanobiology. Front Mater Sci China. 2010; 4(1):17-28.  

24.Dubrovsky R, Benzmelnitsyn V. Enhanced approach to synthesize carbon allotropes by arc plasma Rev 

Adv Mater Sci 2003; 5: 420-424.  

25.Prasek J, Drbohlavova J, Chomoucka J, Hubalek J, Jasek O, AdamV et al. Methods for carbon 

nanotubes synthesisreview, Journal of Materials Chemistry. 2011; 40(21):15872-15884.  

26.Koziol K, Boskovic BO, Yahya N. Synthesis of Carbon Nanostructures by CVD Method, Adv Struct 

Mater 2010; 5:23-49.  

27.Sarangdevot K, Sonigara BS. The wondrous world of carbon nanotubes: Structure, synthesis, 

properties and applications, Journal of Chemical and Pharmaceutical Research. 2015; 7(6):916-933.  

28.Golnabi H. Carbon nanotube research developments in terms of published papers and patents, synthesis 

and production Scientia Iranica 2012; 19(6):2012-2022.  

29.Stramel AA, Gupta MC, Lee HR, Yu J, Edwards WC. Pulsed laser deposition of carbon nanotube and 

polystyrene-carbon nanotube composite thin films, Optics and Lasers in Engineering 2010; 48(12):1291-

1295.  

30.Bonaccorso F, Bongiorno C, Fazio B, Gucciardi PG, Marago OM, Morone A. Appl. Surf Sci 2007; 

254:1260- 1263. 

31.Varshney K. Carbon nanotubes: A review on synthesis, properties and applications, Int J Eng Res Gen 

Sci. 2014; 2(4):660-677.  

32.Mubarak NM, Abdullah EC, Jayakumar NS, Sahu JN. An overview on methods for the production of 

carbon nanotubes, Journal of Industrial and Engineering Chemistry. 2014; 20:1186-1197.  

33.Yang QH, Bai S, Sauvajol JL. Large diameter single walled carbon nanotubes synthesized by chemical 

vapour deposition Advanced Materials 2003; 15(10):792-795.  

34.Zhang B, Chen Q, Tang H, Xie Q, Ma M, Tan L et al. Characterization and biomolecule 

immobilization on the biocompatible multi-walled carbon nanotubes generated by functionalization with 

polyamidoamine dendrimers. Colloids Surf B Biointerfaces 2010; 80:18-25.  

35. Beg S, Rizwan M, Sheikh AM, Hasnain MS, Anwer K, Kohli K. Advancement in carbon nanotubes: 

basics, biomedical applications and toxicity, J Pharm Pharmacol. 2011; 63:141-163.  

36. Taghdisi SM, Lavaee P, Ramezani M, Abnous K. Reversible targeting and controlled release delivery 

of daunorubicin to cancer cells by aptamer-wrapped carbon nanotubes, Eur J Pharm Biopharm. 2011; 

77(2):200-206.  

37. Liu Z, Tabakman SM, Chen Z, Dai H. Preparation of carbon nanotube bioconjugates for biomedical 

applications, Nat protocols 2009; 4:1372-1382.  

38. Pan B, Cui D, Xu P, Ozkan C, Feng G, Ozkan M et al. Synthesis and characterization of 

polyamidoamine dendrimer-coated multi-walled carbon nanotubes and their application in gene delivery 

systems Nanotechnology 2009; 20(12):125101.  

39. Xing D, Ou Z, Wu B, Zhou F, Wang H, Tang Y. Functional single-walled carbon nanotubes based on 

an integrin α β monoclonal antibody for higher efficient cancer cell targeting Nanotech 2009; 20(3):23-31.  

40. Yang F, Jin C, Yang D, Jiang Y, Li J, Di Y et al. Magnetic functionalised carbon nanotubes as drug 

vehicles for cancer lymph node metastasis treatment, Eur J Cancer. 2011; 47(12):1873-1882.  

41. Wu XC, Zhang WJ, Sammynaiken R, Meng QH, Yang QQ, Zhan E et al. Non-functionalized carbon 

nanotube binding with hemoglobin. Colloids Surf B Biointerfaces 2008; 65(1):146-149.    

42.Li R, Wu R, Zhao L, Hu Z, Guo S, Pan X et al. Folate and iron difunctionalized multiwall carbon 

nanotubes as dualtargeted drug nanocarrier to cancer cells Carbon 2011; 49(5):1797-1805.  

43.Podesta JE, Al-Jamal KT, Herrero MA, Tian B, AliBoucetta H, Hegde V et al. Antitumor activity and 

prolonged survival by carbon-nanotube-mediated therapeutic siRNA silencing in a human lung xenograft 

model Small 2009; 5(10):1176-1185.  



www.ijcrt.org                                                   © 2014 IJCRT | Volume 2, Issue 4 October 2014 | ISSN: 2320-2882 

IJCRT1134636 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 360 
 

44.Xu D, Guo G, Gui L, Tang Y, Shi Z, Jin Z. Controlling growth and field emission property of aligned 

carbon nanotubes on porous silicon substrates, Appl. Phys Lett 1999; 75(4):481-483.  

45.Meng J, Meng J, Duan J, Kong H, Li L, Wang C et al. Carbon nanotubes conjugated to tumor lysate 

protein enhance the efficacy of an antitumor immunotherapy Small 2008; 9:1364-1370.  

46. Wang XJ, Liu Z. Carbon nanotubes in biology and medicine: an overview Chin Sci Bull 2012; 57(2-

3):167- 180.  

47.Leeuw TK, Reith RM, Simonette RA, Harden M, Cherukur P, Dmitri A et al. Single-walled carbon 

nanotubes in the intact organism: Near-IR imaging and biocompatibility studies in Drosophila Nano Lett 

2007; 7(9):2650-2654.  

48.Cifuentes-Rius A, de Pablo A, Ramos-Pérez V, Borrós S. Tailoring carbon nanotubes surface for gene 

delivery applications, Plasma Processes and Polymers 2014; 11(7):704-713. 49.Gao M, Dai L, Wallace 

GG. Bioseruors based on aligned carbon nanotubes coated with inherently conducting polymers 

Electroanalysis 2003; 15(13):1089-10894     

 

 

 

 


