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Abstract 

Since the beginning of the twenty-one century, carbon based nanomaterial (CNTs) has been introduced in 

(pharmacy and medicine) in therapeutic for system of drug delivery. NTs have proved able to transport a wide 

range of molecules across membranes and into living cells; therefore, they have attracted great interest in 

biomedical applications such as advanced imaging, tissue regeneration, and drug or gene deliver. As it is known, 

carbon nanotubes exhibit various unique intrinsic chemical and physical properties and it has been intensive 

explored, in the last few years, for applications in biology and biomedicine. 
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Introduction 

Recently, many researches have focused on nano-technology and nano-

composites. Researchers select specific filler and introduce it into a 

specific polymer to achieve a specific composite with modified 

properties. If the filler is a nano material, the composite is termed a 

nanocomposite. Nanotechnology brings evolutionary changes to 

everyday life [1]. Nanotechnology has opened a window for the 

development of diverse organic and inorganic drug carriers, known as 

nanoparticles .The greatest advantage is its potential to create novel 

structures with enhanced abilities to translocate through cell membranes, 

and increased solubilization, stability, and bioavailability of 

biomolecules, thereby enhancing their delivery efficiency [2-4].  

1. Nanotechnology 

The word “nano” is from the Greek, meaning dwarf (small); scientific 

treatment at the nano level (atomic level) with the help of special scientific 

instruments is known as nanotechnology, which has become a well-

known field in the last three decades. Norio Taniguchi coined the word 

“nanotechnology” in 1974, in Japan. He stated that, “nanotechnology 

mainly consists of the processing steps of the separation, consolidation 

and deformation of materials by one atom or one molecule. 

Nanotechnology is a vast field which explores many facts about the 

structures and properties of materials [5, 6]. Nanomaterials have sizes 

ranging from about one nanometer up to several hundred nanometers, 

comparable to many biological macromolecules such as enzymes, 

antibodies, DNA plasmids, etc. Materials in this size range exhibit 

interesting physical properties, distinct from both the molecular and bulk 

scales, presenting new opportunities for biomedical research and 

applications in various areas including biology and medicine. As an 

emerging field, nanobiotechnology bridges the physical sciences with 

biological sciences via chemical methods in developing novel tools and 

platforms for understanding biological systems and disease diagnosis and 

treatment [7, 8 and 9]. Nanoparticles are generally <1000 nm in at least 

one dimension, and consist of different biodegradable materials such as 

natural or synthetic polymers, lipids, or metals as phospholipids, lactic 

acid, chitosan, dextran, polyethylene glycol (PEG), cholesterol, carbon, 

silica [10].  

2.  Carbon Nanotubes (CNTs) 

Carbon nanotubes (CNT) are a group of nanomaterials consisting of 

cylindrical hollow carbon based fibers (tubes). They have very high 

aspect ratios with diameters lower than about 100 nm (0.000001 mm) and 

lengths that can reach several hundred micrometers. They can be 

produced or refined to possess specific properties such as high electrical 

conductivity, optical transmission, or extremely high tensile strength. 

They are already used in several existing products in e.g., gas and energy 

storage, electronics, sensors, optics, and as additives in various 

nanocomposite materials.  It is important to note that crude CNT are 

usually inhomogeneous and have a high abundance of carbon and 

inorganic catalyst impurities. Due to technical challenges, commercial 

products are rarely fully purified. The actual purity and CNT quality 

depends on the manufacturing procedure and type of potential refinement 

of the products [11].  

Conceptually the nanotubes are viewed as rolledup structures of single or 

multiple sheets of graphene to give SWCNTs and MWCNTs, 

respectively. These onedimensional carbon allotropes are of high surface 

area, high mechanical strength but ultra-light weight, rich electronic 

properties, and excellent chemical and thermal stability. Ever since the 

discovery of carbon nanotubes, researchers have been exploring their 

potential in biological and biomedical applications [12]. 

3. Structure of Carbon Nanotubes  

CNT are typically grouped according to number of sidewalls and the 

atomic structure in the sidewalls. The simplest CNT are single-walled 
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(SW), double-walled (DW) and multi-walled (MW) CNT.  It is relatively 

easy to imagine a single-wall carbon nanotube (SWNT). Ideally, it is 

enough to consider a perfect graphene sheet (graphene is a polyaromatic 

monoatomic layer consisting of sp2-hybridized carbon atoms arranged in 

hexagons; genuine graphite consists of layers of this graphene) and to roll 

it into a cylinder (Fig. 1), making sure that the hexagonal rings placed in 

contact join coherently. Then the tips of the tube are sealed by two caps, 

each cap being a hemi-fullerene of the appropriate diameter (Fig. 2a–c) 

[13]. 

Few to a few tens of concentric cylinders with the regular periodic 

interlayer spacing locate around ordinary central hollow and made 

MWCNTs. The real space analysis of multiwall nanotube images has 

shown a range of interlayer spacing (0.34 to 0.39 nm). Depending on the 

number of layers, the inner diameter of MWCNTs diverges from 0.4 nm 

up to a few nanometers and outer diameter varies characteristically from 

two nm up to 20 to 30 nm. Both tips of MWCNT usually have closed and 

the ends are capped by domeshaped half-fullerene molecules (pentagonal 

defects), and axial size differs from one μm up to a few centimeter. The 

role of the half-fullerene molecules (pentagonal ring defect) is to help in 

closing of the tube at the two ends [14]. On other hand, SWCNT diameters 

differ from 0.4 to 2 to 3 nm, and their length is typically of the micrometer 

range. SWCNTs usually can come together and form bundles (ropes). In 

a bundle structure, SWCNTs are hexagonally organized to form a crystal-

like construction [15]. 

 

Figure 1: Sketch of the way to make a single-wall carbon nanotube, starting from a graphene sheet  

 

Figure 2: a–c Sketches of three different SWNT structures that are examples of (a) a zigzag-type nanotube, (b) an armchair-type nanotube, (c) a 

helical nanotube   

3.1  Single-Wall Nanotubes 

Geometrically, there is no restriction on the tube diameter. However, 

calculations have shown that collapsing the single-wall tube into a 

flattened two-layer ribbon is energetically more favorable than 

maintaining the tubular morphology beyond a diameter value of ≈ 2.5nm. 

On the other hand, it is easy to grasp intuitively that the shorter the radius 

of curvature, the higher the stress and the energetic cost, although SWNTs 

with diameters as low as 0.4 nm have been synthesized successfully. A 

suitable energetic compromise is therefore reached for ≈ 1.4nm, the most 

frequent diameter encountered regardless of the synthesis technique (at 

least for those based on solid carbon sources) when conditions ensuring 

high SWNT yields are used. There is no such restriction on the nanotube 

length, which only depends on the limitations of the preparation method 

and the specific conditions used for the synthesis (thermal gradients, 

residence time and so on). Experimental data are consistent with these 

statements, since SWNTs wider than 2.5 nm are only rarely reported in 

the literature, whatever the preparation method, while the length of the 

SWNTs can be in the micrometer or the millimeter range. These features 

make single-wall carbon nanotubes a unique example of single molecules 

with huge aspect ratios [16]. 
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3.2    Double- and Multiple-Walled Carbon Nanotubes 

DWNTs and MWNTs may be understood as two and multiple concentric 

SWNTs, respectively [17]. Multi-walled carbon nanotubes (MWCNTs) 

are built from several graphenes and, because of this, describing them 

does not require considering morphology and structure only, as for 

SWCNT, but also texture and nanotexture. MWCNTs may be defined as 

nanosized, hollow, carbon filaments whose wall is made up with more 

than one graphene, with the intergraphene distance being equal to the 

regular ∼ 0.34 nm van der Waals distance for turbostratic, polyaromatic 

carbons (see the following). However, this definition is not consensual. It 

is often considered in the literature that the term ‘MWCNT’ should be 

restricted to the concentric assembly of a series of n SWCNTs (with n ≥ 

2, and no limitation for the upper value) with increasing diameter (Fig. 

3a) which corresponds to the typical texture of arc-grown MWCNTs 

which were shown for the first time in the 1991 Minima’s landmark paper. 

In such a case, any other carbon nanofilament, hollow or not, specifically 

those exhibiting the so-called ‘herringbone’ texture where the graphenes 

making the wall are oblique (Fig. 3b and c) and sometimes transverse with 

respect to the tube axis, is preferably named carbon nanofibre (CNF). We 

will not adopt such a definition line here. We prefer to follow the 

reasonable opinion that, provided it is made of carbon, hollow, with a 

nanosized diameter (i.e. < 100 nm), and with a wall made up with an 

assembly of several graphenes, a filament may be named ‘MWCNT’, 

regardless of the orientation of the graphenes making the tube wall with 

respect to the tube axis (in this regard, the ‘multi-wall’ denomination is 

not really appropriate and ‘multi-graphene wall’ would have been more 

suitable, but the use of the former is now too much widespread). We thus 

consider that carbon nanofilaments divide into carbon nanotubes and 

carbon nanofibres. The latter do not exhibit any empty core, whereas the 

former are hollow, whether the inner cavity is continuous or not, that is, 

whether it is incidentally or periodically obstructed with graphenes 

oriented transversally with respect to the tube axis [18]. 

 

Figure 3:  (a) Model of a so-called ‘concentric’ texture. (b) Model of a so-called ‘herringbone’ texture, for which truncated graphene cones are piled 

up as cups (cup-stake model, by courtesy of M. Endo). (c) Another model for the herringbone texture, for which a single graphene ribbon is helically 

wrapped. 

4. Strength  

Carbon nanotubes have a higher tensile strength than steel and Kevlar. 

Their strength comes from the sp² bonds between the individual carbon 

atoms. This bond is even stronger than the sp³ bond found in diamond. 

Under high pressure, individual nanotubes can bond together, trading 

some sp² bonds for sp³ bonds. This gives the possibility of producing long 

nanotube wires. Carbon nanotubes are not only strong, they are also 

elastic. You can press on the tip of a nanotube and cause it to bend without 

damaging to the nanotube and the nanotube will return to its original 

shape when the force is removed. A nanotube's elasticity does have a 

limit, and under very strong forces, it is possible to permanently deform 

to shape of a nanotube. A nanotube’s strength can be weakened by defects 

in the structure of the nanotube. Defects occur from atomic vacancies or 

a rearrangement of the carbon bonds. Defects in the structure can cause a 

small segment of the nanotube to become weaker, which in turn causes 

the tensile strength of the entire nanotube to weaken. The tensile strength 

of a nanotube depends on the strength of the weakest segment in the tube 

similar to the way the strength of a chain depends on the weakest link in 

the chain [19].  

5. Properties 

5.1 Electrical Properties of CNTs 

As mentioned previously, the structure of a carbon nanotube determines 

how conductive the nanotube is. When the structure of atoms in a carbon 

nanotube minimizes the collisions between conduction electrons and 

atoms, a carbon nanotube is highly conductive. The strong bonds between 

carbon atoms also allow carbon nanotubes to withstand higher electric 

currents than copper. Electron transport occurs only along the axis of the 

tube. Single walled nanotubes can route electrical signals at speeds up to 

10 GHz when used as interconnects on semi-conducting devices. 

Nanotubes also have a constant resistively [19]. 

5.2 Thermal Properties of CNTs 

The strength of the atomic bonds in carbon nanotubes allows them to 

withstand high temperatures. Because of the carbon nanotubes have been 

shown to be very good thermal conductors. When compared to copper 

wires, which are commonly used as thermal conductors, the carbon 

nanotubes can transmit over 15 times the amount of watts per meter per 

Kelvin. The thermal conductivity of carbon nanotubes is dependent on the 

temperature of the tubes and the outside environment [20]. 
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5.3 Mechanical Properties of CNTs 

CNTs are considering as the strongest materials in nature at this point. 

The literature suggests that CNTs are very strong materials, especially in 

the axial direction. The Young’s modulus ranges from 270 to 950 GPa, 

while the tensile strength is also very high, in the range of 11–63 GPa. 

Several reports have shown that in the radial direction, CNTs are rather 

soft [21]. The first TEM observation of radial elasticity showed that 

Vander Waal’s forces could deform two adjacent nanotubes [22]. Later, 

different groups of researchers to measure the radial elasticity of MWNTs 

quantitatively performed nano-indentations with an atomic force 

microscope (AFM), and tapping/contact mode AFM was recently used to 

examine SWNTs [23, 24]. The results showed that CNTs are in fact very 

soft in the radial direction. The radial direction elasticity of CNTs is 

important, especially for the formation of CNT nanocomposites and their 

mechanical properties, in which embedded tubes are subjected to large 

deformation in the transverse direction when a load is applied to a 

composite structure. Because the carbon-carbon bonds observed in 

graphite are among the strongest in nature, CNTs have excellent potential, 

as they are the stiffest and toughest structure ever synthesized by 

scientists. Studying CNTs under TEM has shown that these materials are 

flexible and do not break upon bending [25]. Earlier theoretical cal-

culations were carried out to predict the mechanical properties of CNTs. 

The first attempt to determine the Young’s modulus for individual 

MWNTs was performed by Treacy et al., who measured the amplitudes 

of thermal vibrations in CNTs under TEM. They demonstrated that 

nanotubes possess an average Young’s modulus of Y = 1–1.8 TPa, which 

is extremely high compared to commercially available carbon fibers (Y ≥ 

800 GPa). Various research groups performed direct measurements of the 

bending forces of MWNTs as a function of the displacement inside an 

AFM. The values for the Young’s modulus were found to be between 0.32 

and 1.47 TPa [26, 27, 28, 29].  

Falvo et al. [27], observed that MWNTs could be bent at sharp angles 

without undergoing any structural fracturing using an AFM tip. Endo et 

al. observed that while breaking vapor-grown CNTs in liquid nitrogen, an 

inner tubule could survive this pressure. Zhu et al. [30], applied high 

pressures (50 GPa) at room temperature, using shock waves, to arc-

discharge MWNTs and noted that the tubes do not break but collapse; that 

is, the outer shells transform into curled graphene domains while the inner 

cores display structural defects. Sinnot et al. [31], who found that SWNTs 

could exhibit a Young’s modulus as high as that of diamond, carried out 

more theoretical work on the mechanical properties of CNTs. Yakobson 

and Ru, proposed a mechanism of CNT transformation under uniaxial 

tension, leading to pentagon-heptagon defects in these tubes under high 

stress [32, 33]. Guanghua et al., also showed theoretically that the 

mechanical properties of SWNTs are mainly dependent on the diameter. 

They estimated the theoretical Young’s modulus of nanotubes, of »one 

nm diameter is in the range of 0.6–0.7 TPa [34].  

Hernandez et al., also obtained theoretical values of the Young’s modulus 

that were in close agreement with those obtained experimentally for 

MWNTs (1–1.2 TPa). They also reported that the increase in diameter is 

proportional to the enhancement of the mechanical properties and that if 

the diameter is increased to a certain value, the Young`s moduli of the 

tubes approach those of planar graphite [35].  

Applications of CNTs 

Given the increased profits associated with medical technology related to 

gene therapy, cancer treatments, and innovative new answers for life-

threatening diseases, the science of nanomedicine has become the most 

rapidly growing field. The unique properties and characteristics of CNTs 

enable scientists to develop new areas in nanomedicine. SWNTs and 

MWNTs have already proven their potential to serve as safer and effective 

alternatives to previous drug delivery methods. They can pass through 

membranes, carrying therapeutic drugs, vaccines, and nucleic acids deep 

into the cell to the substrate targets. They serve as ideal non-toxic 

vehicles, which in some cases; increase the solubility of the drug, 

resulting in greater efficiency and safety. Overall, recent studies of CNTs 

have shown a very promising future for them in medicine [36]. The 

properties of nanotubes are certainly amazing; in the last few years, many 

studies have suggested potential applications of CNTs and have shown 

innumerable applications that could be promising when these newly 

determined materials are combined with typical products [37, 38]. 

Production of nanorods using CNTs as reacting templates [39, 40, 41, 42]. 

Applications for nanotubes encompass many fields and disciplines such 

as medicine, nanotechnology, manufacturing, construction, electronics, 

and so on. The following application can be noted: high-strength 

composites, actuators, energy storage and energy conversion devices, 

nanoprobes and sensors, hydrogen storage media, electronic devices, and 

catalysis [43, 44, 45, 46]. However, the following sections detail existing 

applications of CNTs in the biomedical industry exclusively. Before use 

of carbon nanotube in biological and biomedical environments, there are 

three barriers, which must be overcome: functionalization, pharmacology, 

and toxicity of CNTs. One of the main disadvantages of carbon nanotubes 

is the lack of solubility in aqueous media, and to overcome this problem, 

scientists have been modifying the surface of CNTs, i.e., fictionalization 

with different hydrophilic molecules and chemistries that improve the 

water solubility and biocompatibility of CNT [47]. Another barrier with 

carbon nanotube is the biodistribution and pharmacokinetics of 

nanoparticles that are affected by many physicochemical characteristics 

such as shape, size, chemical composition, aggregation, solubility surface, 

and fictionalization. Studies have shown that water-soluble CNTs are 

biocompatible with the body fluids and do not any toxic side effects or 

mortality. Another important barrier is toxicity of CNTs. Generally, the 

combination of the high surface area and the intrinsic toxicity of the 

surface can be responsible for the harmful effects of nanoparticles [48]. 

6. Medical Applications of CNTs  

Since the beginning of the 21st century, CNTs have been introduced in 

pharmacy and medicine for drug delivery system in therapeutics. A 

number of biomedical applications of CNTs are proposed including drug 

vectors, biomolecule, gene delivery to cells or organs, tissue regeneration, 

and biosensor diagnostics and analysis [49]. In fact, due to their high 

surface area, excellent chemical stability, and rich electronic 

polyaromatic structure, CNTs are able to adsorb or conjugate with a wide 

variety of therapeutic molecules (drugs, proteins, antibodies, DNA, 

enzymes, etc.) and to carry them near the targeted cell. The drug can either 

be loaded into the CNT structure or be attached to the CNT surface. Either 

two different systems of drug delivery conjugates with CNT have been 

described without internalization of the CNT carrier or both the drug and 

the CNT carrier can enter the cells either via the endocytosis pathway or 

via the insertion and diffusion pathway. The internalization method is 

more effective than surface attachment. In fact, in the former method, 

after entering the cells, the intracellular environment degrades the 

conjugated drug releasing pharmacological agents inside the cells, while 

in the surface attachment method; the drug can be degraded in the 

physiological fluids prior to be internalized by the cells. These novel 

approaches in drug delivery were first used to bind antineoplastic and 

antibiotic drugs to CNTs for cancer and infection treatment, respectively 

[50, 51]. 

Uses in Anti-Cancer Treatment 

Many anti-cancer drugs, such as epirubicin, doxorubicin, cisplatin, 

methotrexate, quercetin, and paclitaxel, have been conjugated with 

functionalized CNTs and successfully assessed both in vitro and in vivo 

[52]. The chemotherapy agents can be bound to a complex formed by 

CNT and antibody against antigen overexpressed on the cancerous cell 
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surface. In this way, it is possible to carry the drug mostly at the level of 

the tumor cells. Drugs can be linked with a magnetic CNT complex, 

obtained by fixing a layer of magnetite (Fe3O4) nanoparticle on the 

surface of the nanotubes. In this case, an externally placed magnet to 

target a desired organ interested by the cancer cell localization sparing 

normal counterparts [53] can guide the system CNT drugs. 

Moreover, due to their tiny size and accessible external modifications, 

CNTs are able to cross the blood-brain barrier (BBB) by various 

mechanisms targeting for acting as effective delivery carriers to treat brain 

tumors [54]. CNTs showed some peculiarity in targeting the drug in 

different tumor types. Taghdisi et al., reported that a tertiary complex of 

Sgc8c aptamer, daunorubicin, and SWCNT can be internalized 

effectively into human T cell leukemia cells (MOLT-4 cells) [55]. A 

water-soluble SWCNT-Paclitaxel (PTX) conjugate has been found to be 

highly efficient in suppressing tumor growth when compared with free 

taxol in a murine 4T1 breast cancer cell model, likely for both the 

extended blood circulation and enhanced permeability and retention 

(EPR) effect by SWCNT [56]. Ji et al. developed a highly effective drug 

delivery system (DDS) based on chitosan and folic acid modified 

SWCNTs for controllable loading/release of the anticancer agent 

doxorubicin. The obtained DDS not only effectively killed the 

hepatocellular carcinoma SMMC-7721 cell lines and depressed the 

growth of liver cancer but also displayed lesser in vivo toxicity than free 

doxorubicin. Some studies have demonstrated that CNTs used as carriers 

can be effectively applied in antitumor immunotherapy [57].  

These approaches are based on stimulation of the patient’s immune 

system in order to hit malignant tumor cells. This stimulation can be 

achieved by the administration of a cancer vaccine or a therapeutic 

antibody used as drug. In vitro, the conjugation of CNTs with tumor 

immunogens can activate immune effector T cells; this action is due to 

the high avidity of antigen on the surface and to the negative charge of 

CNTs.  In this way, it is possible to administer inert materials (CNTs 

conjugated to tumor antigens) to the patients avoiding the administration 

of biological material increasing both risks and costs linked to the 

methods of preparation of the immunogens [58]. 

Gene Therapy, Drug Delivery  

The potential for SWCNT to act as carriers for small molecules in 

biological systems is one application that has attracted much attention 

from academia and industrial research departments for a number of years 

[59]. It has been found that SWCNT can have low cytotoxicity in some 

cases and due to their large specific surface area they can carry more 

active drug molecules per weight unit compared to vesicles and other 

vehicles typically used. In a scenario where SWCNT are used to carry 

genes, they have been observed to be able to pass the cell membrane and 

deliver the gene in the interior of the cell and in the nucleus. Much of the 

research in different variations of CNT based drug delivery systems is 

targeted at cancer therapy [60, 61]. Since much remains unknown about 

the transport mechanisms, fate and adverse effects of CNT at the cell level 

applications in the biomedical area are believed not to reach the market in 

the near future [62]. 

Organ Toxicity of Medical CNTs 

Respiratory system. One of the most important doors and target organs 

for CNT is the respiratory system and one of the most widespread routes 

of human exposure to airborne CNT is inhalation in the workplace and 

the environment (Fig. 4). Respiratory exposure to CNT can cause 

important adverse respiratory effects, such as multifocal granulomas, 

peribronchial inflammation, progressive interstitial fibrosis, chronic 

inflammatory responses, collagen deposition, pleural lesions and gene 

mutations, at least in experimental animal studies. The deposition of CNT 

in the respiratory tract is largely determined by the particle aerodynamic 

or thermodynamic diameter that gives the probability to the NP to reach 

deep alveoli that have a size of approximately 20 nm. Therefore, although 

composed of the same carbon-carbon bond arrangement, Mercer et al. 

found large differences in the distribution, toxicity and clearance rates of 

the CNTs from the lungs, depending on the size of their structures [63, 

64]. 

 
Figure 4: Illustration of the pathways of exposure to carbon nanotubes (CNTs) and associated adverse effects. CNTs can be internalized in cells by 

inhalation, ingestion, or dermal exposure. Inhaled nanodrugs can pass through epithelia of the respiratory tract into the interstitium and access the 

bloodstream directly or via lymphatic pathways. Successively, the bloodstream transport nanodrugs to the central nervous system, liver, kidneys, and 

other organs. Moreover, they can be directly ingested or alternatively, inhaled CNTs can also arrive in gastrointestinal tract. Once CNTs are 

internalized in cells, they can induce organ-specific toxicity. 
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Conclusions 

The use of nanotechnology in medicine is expected to spread rapidly. In 

recent years, the pharmaceutical industry has used nanoparticles to reduce 

toxicity and side effects of drugs.[65, 66]. Carbon nanotubes have become 

common today in global medical research, where scientific research has 

focused on drug delivery specialties, biosensor methods for disease 

treatment and health control. Carbon nanotubes have shown that they 

have the ability to change and transform the process of drug delivery and 

biological diffusion methods for what is better and better than the 

situation nowadays. Hence, carbon nanotubes have received the focus of 

attention in different fields of medicine. The single-walled carbon 

nanotubes have proven functional because they are able to increase 

solubility and allow the ability to target tumors or adequately deliver the 

drug. The functionality also prevents single-walled carbon nanotubes 

from becoming toxic to cells or altering the function of immune cells. We 

note that cancer, a group of diseases in which cells grow in an irregular 

manner, was one of the diseases examined by taking into account how it 

responded to the drug delivery process by using carbon nanotubes. While 

we note that today, cancer treatments mainly include surgery, 

radiotherapy, and chemotherapy. However, it must be borne in mind that 

these therapeutic methods carry many pain, they are very painful, and they 

kill many cells in addition to producing multiple side effects [67, 68]. 
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