] Pharm Adv Res, 2025; 8(2): 2583-2589. e - ISSN: 2581-6160 (Online)

Journal of Pharmaceutical Advanced Research
(An International Multidisciplinary Peer Review Open Access monthly Journal)

Available online at: www.jparonline.com

Carbon Nanotubes: A Review

P.S. Patil"’, S.V. Badgujar?, N.G. Haswani’, K.P. Rathod', M.R. Shirsath!

'R.C. Patel Institute of Pharmaceutical Education and Research, Shirpur, Dhule-425405, Maharashtra, India.
2R.C. Patel Institute of Pharmacy, Shirpur, Dhule-425405, Maharashtra, India.

Received: 11.02.2025 Revised: 18.01.2025 Accepted: 25.01.2025 Published: 28.01.2025

ABSTRACT: Carbon Nanotubes (CNTs) offer a promising prospect in drug delivery systems. Their
unique structure and the ability to modify surface according to need make it a potential candidate
for targeted drug delivery. CNTs can be conjugated with various biological molecules including
drugs, proteins, and nucleic acid to afford bio-functionalities. The CNTs are valuable in the fields of
drug delivery, blood cancer, breast cancer, brain cancer, liver cancer, cervical cancer, gene therapy,
immune therapy, biomedical imaging, biosensors, and tissue engineering. The following review
focuses on the method of development and applications of carbon nanotubes.
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Researchers are unraveling the benefits of various
nanostructures in the field of drug delivery techniques.
Carbon nanotubes are one of the recent developments in
the field of nanomaterials. Carbon nanotubes are a class
of carbon allotropes with unique properties that are of
interest to the researchers. These nanostructures have a
diameter of nanometers and their length can extend up to
a millimeter range '!I. They also possess a wide range of
electrical, thermal, and structural properties. They
possess a very large surface area and have profound
mechanical properties and tensile strength . Studies
suggested that the highest strength of carbon nanotubes
was measured to be 63 GPa and even the weakest of the
carbon nanotubes possessed strength of several GPa 134,
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Historical background:

» In 1952 Radushkevich and Lukyanovich published
clear images of 50 nanometer diameter tubes made
of carbon in the Soviet Journal of Physical
Chemistry 561,

» Oberlin et al. in their research work published in
1976 demonstrated hollow carbon fibers prepared by
a vapor-growth technique using a mixture of
benzene and hydrogen pyrolyzed at 1000 °C to have
a diameter within 20-500 A 171,

> In 1979, John Abrahamson at the 14th Biennial
Conference of Carbon held at Penn State University
presented evidence of carbon nanotubes 81,

» In 1987, a U.S. patent was issued to Howard G.
Tennent for his work on cylindrical discrete carbon
fibrils 1.

» In 1991, Sumio lijima of Nippon Electric Company
discovered nanotubes composed of graphite carbon
[10]

» 1In 2006, Marc Monthioux and Vladimir Kuznetsov
described the origin of Carbon nanotubes in their
editorial for Carbon Journal ',

Structure and morphology of Carbon nanotubes:
Carbon nanotubes are composed of sp* bonding where
each atom is bound to 3 neighbouring atoms as observed
in graphite. The tubes therefore are considered rolled-up
graphene sheets. Such bonding provides the nanotubes
with unique strength "2l The structure of carbon
nanotubes is given in Fig 1 [!31.

Fig 1. The structure of Carbon nanotube.

Types of Carbon Nanotubes 4:

There are two types of carbon nanotubes namely Single
Walled Carbon Nanotubes (SWNTs) and Multiple
Walled Carbon Nanotubes (MWNTs).
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Advantages of Carbon nanotubes 15161

» They are biocompatible

» They are non-biodegradable and non-immunogenic.

» They have high elasticity and can be used for
intracellular drug delivery.

» They are anticipated to have minimum cytotoxicity.

» They have good tensile strength.

» They have distinct inner and outer structures, which
makes them easy to modify according to need.

METHOD OF SYNTHESIS OF CARBON
NANOTUBES:

Laser ablation method 7181

Smalley’s group at Rice University first reported this
method of synthesis in 1995. This method utilizes a
pulsed or continuous laser to vaporize a graphite target at
1200°C in an oven. The oven is filled with an inert gas
like Helium or argon to maintain the pressure at 500 torr.
Rapid expansion and cooling of hot vapor plumes are
observed during the process. As the cooling of vaporized
species occurs larger clusters of carbon molecules start
forming due to the condensation process. The single-
walled carbon nanotubes so formed are bundled together
by Van Der Wall’s forces. The schematic diagram of the
laser ablation method is given in Fig 2.

Furnace

Lager Furnace Depasition of

CHT
Graphite Tanget

Fig 2. Laser Ablation method.

Arc Discharge method -31;

This method is employed while preparing carbon
nanotubes on a large scale. It is the easiest way to
prepare carbon nanotubes. In this method, the carbon
nanotubes are prepared by using two carbon rods, which
are placed, at a distance of 1 mm in an enclosure filled
with an inert gas like helium or argon at a pressure
between 50 to 700 mbar. Evaporation of carbon rods is
carried out at a direct current of 50-100 amps driven by
approximately 20 V to generate high-temperature
discharge between the electrodes. The discharge
vaporizes one of the carbon rods (anode) and small rod-
shaped tubes will be deposited on the cathode. The
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following Fig 3 shows a schematic diagram of the arc
discharge method.

Cathode

’ Power supply \

Anode Carbon Nanotube
deposits

Fig 3. Arc Discharge method.

Chemical Vapor Deposition method 24261;
The chemical vapor deposition method is carried out in
two steps:

Step 1: Preparation of Catalyst:

The catalyst is usually prepared by sputtering a transition
metal like nickel, iron, or cobalt onto a substrate, and
then the nucleation process is carried out. Chemical
etching or thermal annealing carries out the nucleation of
the catalyst deposited on the substrate. The etchant used
for the process is usually ammonia.

Step 2:

Synthesis of actual nanotubes: the carbon source is then
placed in a gas phase in the reaction chamber where the
carbon molecules are converted to atomic level by using
energy sources like a heated coil. As a result, the carbon
molecules will get diffused towards the substrate and get
deposited resulting in the formation of carbon nanotubes.

APPLICATIONS OF CARBON NANOTUBES:
Surface-functionalized
widespread application in the human body. The unique
structure of carbon nanotubes surface

carbon  nanotubes  have
allows
functionalization on both surfaces and can be utilized for
various disease conditions, more prominent being cancer
therapy. The wvarious other applications of carbon
nanotubes have been studied concerning drug delivery,
biomedical imaging, biosensors, and scaffolds in tissue

engineering 27!

Carbon nanotubes and cancer:
Table 1 highlights the contributions of researchers in the

field of cancer therapy using carbon nanotubes.
Nanotubes in biomedical imaging 12!;
The optical properties of nanotubes have been of value in

biomedical imaging. Single-walled nanotubes have

Patil, et al.

©lJournal of Pharmaceutical Advanced Research 2018.

e - ISSN: 2581-6160 (Online)

demonstrated strong optical absorption from the
ultraviolet (UV) range to near-infrared regions, which
are beneficial in various imaging techniques including
Raman imaging, photoacoustic imaging, fluorescence
imaging, etc. Surface functionalization of the carbon
nanotubes can also help in positron emission tomography
and magnetic resonance.

Nanotubes as biosensors:

Electrochemical biosensors are normally based on
enzymatic catalysis of a reaction that either produces or
consumes electrons and is popular for detecting
biomolecules in solutions. CNT-based biosensors
incorporating enzymes have been produced for the
detection of glucose and other biomolecules 33341,

Tissue engineering:

Carbon nanotubes have also been used in enhancing
tissue matrices. Scaffolds prepared from Carbon
nanotubes have shown superior results in comparison to
other materials that are used for tissue engineering.
Recent studies have highlighted that scaffolds made from
carbon nanotubes are biocompatible and are more
beneficial when combined with biocompatible polymers
like chitosan 135361,

Drug delivery:

Carbon nanotubes have been used to deliver drugs to the
target site of action. The large surface area and inner
volume of nanotubes make it possible to encapsulate
both hydrophilic and lipophilic drugs. It also gives the
liberty of loading more than one drug in cases where
multi-drug  therapy is recommended. Diagnostic
materials and targeting ligands can also be surface
functionalized on the surface of carbon nanotubes to
target drugs to specific sites of action. They can also act
as a controlled release drug delivery system by releasing
the drug in a controlled manner 7!,

Other applications:

Apart from medical applications, Carbon nanotubes have

been used in various industries examples of a few are

given below:

» Textile industry: to prepare waterproof and tear-
resistant fabrics 1*81,

» Concrete: utilization of carbon nanotubes in concrete
increases its tensile strength and prevents cracks
from forming B,

» Fire protection: Thin layers of bucky paper can
drastically improve fire resistance owing to the
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Type of Description
cancer

Outcome

Liver cancer

Pan, et al. in their formulated Polyamidoamine

(28] dendrimer modified CNTs (AMWCNTS) for delivery of

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

Cell growth was inhibited by these
nanocomposites in a time and dose-
dependent manner.

Brain cancer

Xing, et al. formulated phospholipid-bearing
291 polyethylene glycol (PL-PEG) functionalized SWCNTs
which were conjugated with protein A, which was
further coupled with the fluorescein-labeled integrin
monoclonal antibody to form SWCNT-integrin
monoclonal antibody (SWCNT-PEGmAD).

The formulation presented a high
targeting efficiency with low cellular
toxicity.

Blood cancer
[30]

Taghdisi, et al. in their research tertiary complex of
Sgc8c aptamer and daunorubicin

Aptamer being responsible for
targeting Leukaemia biomarker
protein Tyrosine Kinase-7 efficiently
targeted the leukaemia cells (MOLT-
4 cells) and the release of
daunorubicin was pH-dependent after
internalization of the nanotubes.

Breast cancer
[31]

Taxol.

Liu, et al. studied SWNT delivery of paclitaxel (PTX)
into xenograft tumors in mice with higher tumor
suppression efficacy than the clinical drug formulation

The PTX conjugated to PEGylated
SWNTs showed high water solubility
and maintained alike toxicity to
cancer cells as Taxol in vitro. It also
caused a significant increase in blood
circulation time and improved tumor
cell uptake.

Cervical
cancer P21

SWCNT-FA conjugate.

Wu, et al. used chitosan for imaging the tumor cells. In
this research, the SWCNTSs were modified by chitosan
(CHIT) fluorescein isothiocyanate (FITC). Further
conjugation was done using folic acid (FA), as the
majority of cancer cells overexpress folic acid
receptors, to construct the functional FITC-CHIT-

These novel functionalized SWCNTs
were found to have improved
solubility and stability in phosphate
buffer saline and could be readily
transported inside the human cervical
carcinoma HeLa cells.

efficient reflection of heat by the dense, compact layer

of carbon nanotubes "',

» Superconductor: Nanotubes have been shown the
ability to work as superconductors at
temperatures 41,

CHALLENGES AND FUTURE PERSPECTIVE:
Challenges:

Although Carbon nanotubes have promising applications
in drug delivery systems, there are areas of concern that
need to be addressed. One of the prime disquietudes is

low

the toxicity within the biological system 2. Carbon
nanotubes have been shown to cause inflammation, in-
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vitro and in-vivo cellular damage, and oxidative stress,
thus causing concerns regarding their long-term use.
Also, their structure and surface chemistry can impact
their biological interactions and toxicity *#I. More
research is being focused on reducing the toxicity and
improving the biocompatibility of carbon nanotubes M5!,

FUTURE PERSPECTIVE:

Despite the challenges associated with carbon nanotubes,
they still have the potential to be promising candidates in
today’s era for improving drug delivery to the targeted
site of action. More research must be focused on
reducing the toxicity and improving the biocompatibility
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of carbon nanotubes 61, Engineering Carbon nanotubes
to improve their physicochemical properties
positively affect drug release and reduce the side effects
471 Site-specificity and drug-targeting aspects of carbon
nanotubes open up a wide area for innovation which will

in the future reap the benefits of improved drug targeting
[48]

can

with minimum side effects

CONCLUSION:

Carbon nanotubes are versatile drug delivery systems
that show promising results concerning drug targeting
and have applications in bioimaging, tissue engineering,
etc. They offer some distinctive advantages such as
higher tensile strength, high drug loading capacity, better
surface modification, and the ability to penetrate the
biological systems. Despite various challenges in the
formulation and concerns related to toxicity, they are
emerging to be one of the most promising drug delivery

candidates for the future. Through surface
functionalization, targeted delivery strategies, and
advancements in nanotechnology, researchers are

involved in improving carbon nanotube-based drug
delivery systems with enhanced biocompatibility,
specificity, and therapeutic efficacy. As the realm of
nanoformulations continues to evolve a future with
carbon nanotubes playing a pivotal role in drug delivery
systems is possible.
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