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Abstract: Nanotechnology is a most promising field for generating new applications in medicine. Carbon
nanotubes (CNT) exhibit many unique intrinsic physical and chemical properties and have been intensively
explored for biological and biomedical applications in the past few years. Their unique surface area, stiffness,
strength and resilience have led to much excitement in the field of pharmacy. Nanotubes are classified as singlewalled nanotubes and multiple walled nanotubes. Methods of Productions of CNTs such as Arc discharge, Laser
ablation, Chemical vapor deposition, Silane solution method and Flame synthesis method. The properties and
characteristics of CNTs are still being researched heavily and scientists have barely begun to tap the potential of
these structures. Carbon Nanotubes holds good for desired drug delivery systems for the treatment of cancer, gene
transfer and DNA applications. Functionalized carbon Nanotubes (f-CNTs) are emerging as new tools in the field
of nanobiotechnology and nanomedicine. Carbon NanoTube-based drug delivery has shown promising target drug
delivery of small interfering RNA (siRNA). They can pass through membranes, carrying therapeutic drugs,
vaccines and nucleic acids deep into the cell to targets previously unreachable.
Keyword: Carbon nanotubes (CNT), Cancer, Gene Transfer, Nanobiotechnology, Nanomedicine.

INTRODUCTION
Scientists use nanotechnology to approach
classical and novel drug delivery applications.
Controlled and targeted deliveries are the most
enviable requirements expected from a carrier, which
involves multi-disciplinary site specific or targeted
approach.
Pharmaceutical
nanoparticles
are
subnanosize based structure, contain drug or bioactive
substances with in them and constituted of several tens
or hundreds of atoms or molecules with a variety of
sizes 1,2.
Carbon Nanotubes (CNTs) have become
strongest candidates mainly in the field of biomedical
engineering; biotechnology and pharmaceutical
nanotechnology after their discovery in 1991.These are
an important new class of technological materials that

have numerous novel and useful properties. They have
received very much attention as new classes of
nanomaterials .These are the long hollow seamless
cylinders of graphene. The diameter of these tubes is
in the range of 1-100 nm. These tubes are normally
capped with the half a full fullerence molecules at both
the ends. Carbon Nanotubes are cylinders of one or
several coaxial graphite layers with a diameter in the
order of nanometers these shows unique chemical,
physical and electrical properties. CNTs with 3A0
diameter have been recently reported. Nanomaterials
have sizes ranging from about one nanometer up to
several hundred nanometers, comparable to many
biological macromolecules such as enzymes,
antibodies, and DNA plasmids 3, 4, 5.

M.S. Digge et al /Int.J. PharmTech Res.2012,4(2)

HISTORY
In 1952 Radushkevich and Lukyanovich
published clear images of 50 nanometer diameter tubes
made of carbon in the Soviet Journal of Physical
Chemistry 6. A paper by Oberlin, Endo, and Koyama
published in 1976 clearly showed hollow carbon fibres
with nanometer-scale diameters using a vapor-growth
technique7. John Abrahamson presented evidence of
carbon nanotubes at the 14th Biennial Conference of
Carbon at Penn State University in 1979. The
conference paper described carbon nanotubes as
carbon fibers which were produced on carbon anodes
during arc discharge8. Using TEM images and XRD
patterns, the authors suggested that their “Carbon
multi-layer tubular crystals” were formed by rolling
graphene layers into cylinders9.
In 1987 Howard G. Tennent of Hyperion
Catalysis was issued a U.S. patent for the production
of "cylindrical discrete carbon fibrils" with a "constant
diameter between about 3.5 and about 70 nanometers,
length 10 times the diameter, and an outer region of
multiple essentially continuous layers of ordered
carbon atoms10. A Large percentage of academic and
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popular literature attributes the discovery of hollow,
nanometer sized tubes composed of graphitic carbon to
Sumio Iijima of Nippon Electric Company in 19911.
STRUCTURE AND MORPHOLOGY1, 11, 12
Each atom joined to three neighbours, as in
graphite so that bonding in carbon nanotubes is sp².
The tubes can therefore be considered as rolled-up
graphene sheets. This bonding structure, which is
stronger than the sp3 bonds found in diamond, provides
the molecules with their unique strength. Under high
pressure, nanotubes can merge together, trading some
sp² bonds for sp³ bonds, giving the possibility of
producing strong, unlimited length wires through highpressure nanotube linking. Structure of nanotubes is as
shown in fig.1.
Carbon occurs in many forms, and the
properties depend of each form on its special structure
makes carbon a truly unique building block for
nanomaterials. Carbon nanotubes discovered in 1991
by Iijima and coworkers. Each of which is pair of
fullerene caps connected by a tube that is a rolled up
seamless graphene sheet. [Fig. 2.]

Fig. 1. Single sheet of Graphene

Fig. 2. General representation of carbon nanotubes having ends close with some functional groups of hemi
fullerenes.
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CLASSIFICATION OF CARBON NANOTUBES
Carbon nanotubes are classified in following two types
1) Single walled carbon nanotubes (SWNTs) 1, 13, 14.
These can be imagined perfect graphene sheets
in which grapheme being the same poly -aromatic
mono- atomic layer made of hexagonal display of sp2
hybridized carbon atoms, rolled up into a cylinder,
with the hexagonal rings put in contact to join
seamlessly1, 13, 14.
2) Multiple walled carbon nanotubes (MWNTs)
The MWCNTs consists of multi walled
grapheme sheets rolled up in concentric CNTs, filling
each other’s inner cavities to end up with
Nanotubes15,16 .The intertube distance is in a
MWCNTs is approximately that of inter-graphene
distance in turbostratics poly aromatic solids & hence
these MWCNTs are more stronger in their strength in
comparisons to SWCNTs. SWCNTs are grapheme
sheet rolled up into a tube form with
nanodimensions17,18.
METHODS OF PRODUCTIONS OF CNTs
1) Arc Discharge19
Arc discharge initially used to producing C60
fullerenes, is the most common and easiest way to
produce CNTs. This method creates CNTs through
arc-vaporization of two carbon rods placed end to end,
separated by approximately 1mm, in an enclosure that
is usually filled with inert gas at low pressure. A direct
current of 50 to 100 A0, driven by a potential
difference of approximately 20 V creates a high
temperature discharge between the two electrodes. The
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discharge vaporizes the surface of one of the carbon
electrodes and forms a small rod-shaped deposit on
other electrode. By changing metal catalyst, nanotubes
with a diameter of 0.6 to 1.2 nm are produced.
Catalysts used are Cobalt and Molybdeum.Fig.3.
2) Laser ablation20
In Laser ablation laser vaporization pulses
were followed by a second pulse, to vaporize the target
more uniformly. The use of two successive laser pulses
minimizes the amount of carbon deposited as soot. The
second laser pulse breaks up the larger particles
ablated by the first one, and feeds them into the
growing nanotubes structure. The material produced
by this method appears as a mat of ropes, 10-20 nm in
diameter and upto 100μm or more in length.Fig.4.
3) Chemical Vapor Deposition21
Chemical Vapor Deposition of hydrocarbons
over a metal catalyst is that has been used to produce
various carbon materials like carbon fibers and
filaments. Large amount of CNTs can be formed by
catalytic CVD of acetylene over cobalt and iron
catalysts supported on silica or zeolite. High yields of
single walled nanotubes have been obtained by
catalytic decomposition of H2-CH4 mixture all over
well dispersed metal particles such as cobalt, nickel
and iron on magnesium oxide
10000C.The
decomposition of CH4 over the freshly formed
nanoparticles prevents their further growth and thus
results in a very high proportion of SWNTs and few
MWNTs.Fig.5.

Fig.3. Diagrammatical representation of Arc Discharge setup for Synthesis and growth of nanotube
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Fig. 4. Diagrammatical representation of Laser Ablation setup for nanotube synthesis and growth.

Fig.5. Diagrammatical representation of Chemical vapor deposition (CVD) setup for nanotube synthesis and
growth.

4) Flame Synthesis Method22
SWNTs are formed in controlled flame
environment from hydrocarbon fuels and small aerosol
metal catalyst. Single-walled nanotubes have been
observed in the post-flame region of a premixed
acetylene/oxygen/argon flame operated at 50 Torr with
iron pentacarbonyl vapor used as a source of metallic
catalyst. Between 40 and 70 mm heights above burner
nanotubes are observed to form and coalesce into
clusters.
5) Silane Solution Method23
Carbon nanotubes were produced using a
silane solution method, in which a substrate such as
carbon paper or stainless steel mesh was immersed in a
silane solution of a metal catalyst, preferably Co: Ni in
a 1:1 ratio and a feedstock gas containing a carbon
source such as ethylene inserted through the substrate
and the catalyst deposited thereon while the substrate
was heated by applying an electrical current.

PURIFICATION OF CNTs24
Nanotubes usually contain a large amount of
impurities such as metal particles, amorphous carbon,
and multishell. There are different steps in purification
of nanotubes.
1) Air Oxidation
The carbon nanotubes are having less purity,
the average purity is about 5- 10%. So purification is
needed before attachment of drugs onto CNTs. Air
oxidation is useful in reducing the amount of
amorphous carbon and metal catalyst particles (Ni, Y).
Optimal oxidation condition is found to be at 673 k for
40 min.
2) Acid Refluxing
Refluxing the sample in strong acid is
effective in reducing the amount of metal particles and
amorphous carbon. Different acids used were
hydrochloric acid (HCl), nitric acid (HNO3) and
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sulphuric acid (H2SO4), but HCl was identified to be
the ideal refluxing acid.
3) Surfactant aided sonication, filtration and
annealing
After acid refluxing, the CNTs were purer but,
tubes were entangled together, trapping most of the
impurities, such as carbon particles and catalyst
particles, which were difficult to remove with
filtration. So surfactant-aided sonication was carried
out. Sodium dodecyl benzenesulphonate (SDBS) aided
sonication with ethanol (or methanol) as organic
solvent were preferred because it took the longest time
for CNTs to settle down. The sample was then filtered
with an ultra filtration unit and annealed at 1273 k in
N2 for 4 h. Annealing is effective in optimizing the
CNT structures. It was proved the surfactant-aided
sonication is effective to untangle CNTs, thus to free
the particulate impurities embedded in the
entanglement.
FUNCTIONALIZATION OF CARBON
NANOTUBES FOR BIOLOGICAL
APPLICATIONS:
Raw carbon nanotubes have highly
hydrophobic surfaces, and are not soluble in aqueous
solutions. For biomedical applications, surface
chemistry or functionalization is required to solubilize
CNTs improve biocompatibility and low toxicity.
covalent and noncovalent two type of Surface
fuctionalization of carbon nanotubes25. Chemical
reactions forming bonds with nanotube sidewalls are
carried out in the covalent fictionalization.
1. Covalent functionalization of carbon nanotubes
functionalize carbon nanotubes have been
developed by Various covalent reactions and oxidation
being one of the most common. CNT oxidation is
carried out with oxidizing agents such as nitric acid26,
27
. During the process, carboxyl groups are formed at
the ends of tubes as well as at the defects on the
sidewalls. Zeng et al. observed sp3 carbon atoms on
SWNTs after oxidation and further covalent
conjugation with amino acids28. Modification can be
achieved by attaching hydrophilic polymers such as
poly ethylene glycol (PEG) to oxidized CNTs, yielding
CNT-polymer conjugates stable in biological
environments. Now used covalently PEGylated
SWNTs synthesized by this strategy for both In vitro
and in vivo applications. [2+1] Cycloadditions can be
conducted by photochemical reaction of CNTs with
azides or carbene generating compounds via the Bingel
reaction. A 1, 3-dipolar cycloaddition reaction on
CNTs developed by Prato et al. is now a commonly
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used reaction . An azomethine-ylide generated by
condensation of an α-amino acid and an α-aldehyde is
added to the graphitic surface, forming a pyrrolidine
ring coupled to the CNT sidewall. Functional groups
e.g., amino terminated PEG introduced via a modified
α-amino acid can be used for further conjugation of
biological molecules29, 30.
2. Noncovalent fuctionalization of carbon
nanotubes
In contrast to covalent functionalization,
noncovalent functionalization of CNTs can be carried
out by coating CNTs with amphiphilic surfactant
molecules or polymers. Since the chemical structure of
the π-network of carbon nanotubes is not disrupted,
except for shortening of length due to the sonication
employed in the fictionalization process, the physical
properties of CNTs are essentially preserved by the
noncovalent approach.
The polyaromatic graphitic surface of a carbon
nanotube is accessible to the binding of aromatic
molecules via π -π stacking. Taking advantage of the
π- π interaction between pyrene and the nanotube
surface. Chen et al. showed that proteins can be
immobilized on SWNTs functionalized by an aminereactive pyrene derivative. A recent study conducted
by Wu et al.Beside pyrene derivatives, single-stranded
DNA molecules have been widely used to solubilize
SWNTs by virtue of the π-π stacking between aromatic
DNA base units and the nanotube surface . A recent
report by Moon et al. showed that DNA molecules
coated on SWNTs could be cleaved by nucleases in the
serum, suggesting that DNA functionalization of
SWNTs might not be stable in biological environments
containing nucleases30. 31, 32.
Cherukuri et al used Tween-20 and a Pluronic
triblock copolymer to noncovalently functionalize
nanotube surfaces to reduce the nonspecific binding of
proteins in the case of SWNT-based biosensors
Pluronic tri-block polymer. An ideal noncovalent
functionlization coating on CNTs for biological
applications should have the following characteristics.
First, the coating molecules should be biocompatible
and nontoxic. Second, the coating should be
sufficiently stable to resist detachment from the
nanotube surface in biological solutions, especially in
serum having high salt and protein contents31. 32, 33.
Noncovalent functionalization of SWNTs by
PEGylated phospholipids (PL-PEG) was developed by
our group to meet the above requirements, including
high water solubility of nanotubes and versatile
functionalities Phospholipids are the major component
of cell membranes, and are safe to use in biological
systems. The two hydrocarbon chains of the lipid
strongly anchor onto the nanotube surface with the
hydrophilic PEG chain extending into the
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aqueous phase, imparting water
biocompatibility33.

solubility and

APPLICATIONS OF CNTs
1) GENETIC ENGINEERING
CNTs are used to manipulate genes and atoms
in the development of bioimaging genomes,
proteomics and tissue engineering. The unwound DNA
winds around SWNT by connecting its specific
nucleotides and causes change in its electrostatic
property. Wrapping of carbon nanotubes by singlestranded 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 to treat cancer and genetic
disorders34. 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 asthma. The treatment
is generally done by combining nanoparticles and gene
slicing technologies. RNA fragments capable of
inhibiting a protein is encapsulated within nanotubes
and administered in the form of nasal sprays or drops.
Nanotubes are reported for helical crystallisation of
proteins and growth of embryonic rat brain neurons35,
36
.
2) BIOMEDICAL APPLICATIONS36, 37
Bianco et al. have prepared soluble CNTs and
have covalently linked biologically active peptides.
This was demonstrated for viral protein VP1 of foot
mouth
disease
virus
(FMDV)
showing
immunogenicity and eliciting antibody response. 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 vaccines.
3) CARBON NANOTUBES IN DETECTION38
For detection of chemical and biological
agents CNTs are used by forming its casting on
suitable sensitized electrodes and can be exposed to
enzymes solution for immobilization procedure
A) Detection of Toxic Organophosphoric
Compounds39
These Organophosphoric compounds are
generally used in insecticides, pesticides. These
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chemicals are CNS affecting by inhibiting
acetylcholine
esterase
which
functions
on
acetylcholine neurotransmitters. Carbon Nanotubes are
the electrode materials has the possibility of promoting
electron transfer reaction at enzymes immobilization.
Acetylcholine esterase is immobilized on Nanotubes
surface and catalyses hydrolysis if thiocholine ester,
forms thiocholine and oxidation of thiocholine can be
detected by electrochemical techniques. On
Organophosphoric compounds action acetylcholine
esterase catalytic property become reduced and
simultaneously the oxidation of thiocholine inhibited
and this can be detected by amperometric analysis
using CNTs electrodes.
B) Detection of Alkylating Agents Containing
Sulphur and Nitrogen40, 41.
Alkylating agents such as Nitrogenmustards,
Ethylenimes, Alkylsulphonates, Triazenes, Piprazenes,
and Nitrosureas can be detected by DNA sensing as
the biological recognition element which could have
numerous applications. To improve the sensitivity
aligned CNTs should be used as nanoelectrodes array
for DNA recognition
C)Detection of Toxic Proteins and Micro
Organisms
By change in electrical signals, the CNTs can
be used as a measuring platform for various toxic
proteins which will immobilized on the CNTs by both
covalent and noncovalent means. This immobilization
properties of antibodies by means of sensing improves
their activity in antigen antibodies biosensors 42, 43, 44.
Scanning
electron
microscope
(SEM)
and
electrochemical chemiluminescence (ECL) can be
used to test the bonds of proteins with antibodies on
CNTs platform. Finally the detection can be done by
integrating these sensor tips to a single conditioning
and processing circuits and measurements analysis of
conductance and electrical signals obtained in presence
of toxic proteins45-48.
D) Detection of Chemical Substances
Colinet al. found that CNTs exhibit very good
adsorption properties because of there high specific
surface area and nanoscale structures which provide
large number of sites where the chemical in gaseous
form can react. Young et al. achieved ultrahigh
sensitivity detection of NO2 gas using composite film
of SWCNTs mash doped with alkanethiol monolayer
protected gold cluster (MPC). Penza,et al. fabricated
micro acoustic sensor, for organic vapour detection at
room temperature, in which SWCNTs were imbedded
in Cadmium arachidate(CdA) ampiphillic matrix 25, 49

M.S. Digge et al /Int.J. PharmTech Res.2012,4(2)

4) 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 CNTs25, 50.
5) 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 prevents
oxidation of important skin components 51.
6) CARBON NANOTUBES IN DRUG DELIVERY
A) Carbon Nanotube Membranes for Transdermal
Drug Delivery
The CNT patch represents a major step
forward in developing a programmable, transdermal
drug delivery system that can usefully treat a variety of
syndromes and be tailored to an individual patient’s
needs in a manner that will both improve therapeutic
administration and efficacy.
Dr. Hinds and his colleagues have developed a novel
skin patch device for delivering nicotine based on an
active layer of aligned carbon nanotubes (CNT)
approximately 1.5-7 nm in diameter crossing through a
solid polymer film 52.
B) CNT’S for cancer treatment
Though the current treatments of cancer by
surgery, radiation and chemotherapy are successful in
several cases, these curative methods also kill healthy
cells and cause toxicity to the patient. The spread of
cancer cells between organs, a process known as
metastasis, is the cause of most cancer death. CNT’s
can be considered as antitumor agents and when in
combination with onventional drugs, can significantly
enhance their chemotherapeutic effect with the help of
the advanced drug delivery system. It has been
reported that Paclitaxel loaded PEG--CNT’s are
promising for cancer therapeutics. Aqueous solution of
functionalized
SWCNTs
on
exposure
to
radiofrequency (RF) field experiences efficient heating
and this property has been exploited by Gannon et al
for a noninvasive and selective thermal destruction of
human cancer cells with minimal or no toxic effects to
normal cells. This demonstrates that carbon nanotubes
are capable of leading to new exciting directions and
approaches in therapeutic oncology. A photo-thermal
effect can be employed to induce thermal cell death in
a noninvasive manner, provides important information
on potential therapeutic targets for pancreatic cancer
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treatment. There are three key features of this
nanoscale drug delivery system (DDS):
i) Use of functionalized SWCNTs as a biocompatible
platform for the delivery of therapeutic drugs or
diagnostics,
ii) Conjugation of prodrug modules of an anticancer
agent that is activated to its cytotoxic form inside the
tumor cells upon internalization and in situ drug
release,
iii) Attachment of tumor-recognition modules to the
nanotube surface 53, 54.
C) CNTs for Cardiac Autonomic Regulation
Single walled carbon nanotubes share
physicochemical properties with ultrafine Component
which may impair cardiovascular autonomic control
proved after the study conducted in rats, suggest that
SWCNTs may alter the baroreflex function, thus
affecting the autonomic cardiovascular control
regulation55.
D) CNTs for platelet activation
SWCNTs using alongwith platelet P-selectin
when injected into anaesthetized mice, light dyeinduced thrombus formation was found and the platelet
found to be activated. MWCNTs activate blood
platelets by inducing extracellular Ca2+ influx that
could be inhibited by calcium channel blockers SKF
96365 and 2-APB. CNT-induced platelet activation is
associated with a marked release of platelet membrane
microparticles positive for the granular secretion
markers CD62P and CD6356.
E) CNT for tissue regeneration
CNTs are combined with polymers such as
poly-l-lactide, Polylactide and poly-D,Llactide- coglycolide copolymer which have been used as a
scaffolds in tissue regeneration. MacDonald et al.,
prepared composite materials comprised of a collagen
matrix with embedded CNTs by mixing solubilized
collagen with solution having carboxylated
SWCNTs20.
C) Carbon Nanotubes in Drug Delivery: Recent
Trends
f-CNTs have been demonstrated to deliver
proteins, nucleic acids, drugs, antibodies and other
therapeutics. Emerging developments in this area are
pointing towards the successful utilization of carbon
nanotubes for drug delivery. This is because they can
be easily manipulated and modified by encapsulation
with biopolymers or by covalent linking of solubilising
groups to the external walls and tips. Ammonium
functionalized CNTs can also be considered very
promising vectors for gene-encoding nucleic acids.
Stable complexes between cationic CNTs and plasmid
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DNA and demonstrated the enhancement of the gene
therapeutic capacity in comparison to DNA alone57.
CONCLUSION
CNTs and their composite materials are likely
to become important biomaterials in the near future
due to their superior and unique characteristics over
conventional biomaterials. CNTs will find numerous
applications as biomaterials and have important roles

REFERENCES
1) Iijima, S. Helical microtubules of graphitic carbon.
Nature. 1991;35:56-58.
2) Joseph Wang, Electroanalysis, 17 (1) 2004.
3) Whitesides, G. M. The Right size in
nanobiotechnology. Nat. Biotech. 2003;21: 116165.
4) Lowe C. R. Nanobiotechnology: The fabrication
and applications of chemical and biological
nanostructures. Curr. Opin. Chem. Biol.
2000;10:428-34.
5)

Wang L, Zhao W, Tan W. Bioconjugated silica
nanoparticles: Development and applications.
Nano Res. 2008;1:99-115.

6) Radushkevich L.V, Lukyanovich V.M , Soviet
Journal of Physical Chemistry. 1952; 26:88–95.
7) Oberlin A, Endo M, Koyana T. Filamentous
growth of carbon through benzene decomposition.
J Cryst Growth. 1976;32:335-49.
8)

Abrahamson J, Wiles P.G, Rhodes B. Structure of
carbon fibers found on carbon arc anodes.Carbon
1999;37:1873-75.

9) Lzvestiya Akadermii
1982;3:12-17.

Nauk.

SSSR.

Metals

10) Nahass B. paul R. Carbon fibrils method of
producing same and compositions containing
same. US PATENT 4663230.1987.
11) Peter Harris’s Nanotube Book.
university press 1999;188-89

Cambridge

12) Pradeep T, Nano: Essential, Tata mc-graw hill
publishers. 2008;10:1036-97.
13) Niyogi S, Hamon M.A, Hu H, Zhao B, Bhowmik
P, Sen R, Itkis M.E, Haddon R.C. Acc.Chem.Res.
2002;35:1105-13.
14) Zhao W, Song C, Pehrsson P. E. J.Am.Chem.Soc.
2002;124:12418-419.
15) Hirsch A, Angew.
2002;41,1853-859.

Chem.

Int.

Ed,

Engl.

846
in the development of emerging technologies. CNTs
are also promising new materials for molecular
delivery in biological systems. Functionalized carbon
Nanotubes (f-CNTs) are emerging as new tools in the
field of Nanobiotechnology and Nanomedicine. A
number of significant challenges remain to be
overcome with superior CNTs for application as
biomaterials, which will be of great benefit to large
numbers of patients in the near future.

16) Konya Z, Vesselenyi I, Niesz K, Kukovecz A,
Demortier A, Fonseca A. Chem. Phys. Lett.
2002;360:429-35.
17) Jia Z, Wang Z, Liang J, Wei B, Wu D. Carbon.
1999;37:903-06.
18) Sushma Drabu, Smriti Khatri, Sheveta Babu,
Roshan Kumar Sahu, Carbon Nanotubes in
Pharmaceutical Nanotechnology: An introduction
to Future Drug Delivery System. J. Chem. Pharm.
Res. 2010;2:444-57
19) Bethune D, Kiang C, Beyers R. Nature, 1993;363.
20) Thess A, Lee R, Nikolaev P, Diah H, Petit P,
Robert J, Xu C, Fischer J.E, Samalley R.E.
Crystalline ropes. 1996;273.
21) Cassel A, Raymakers J, Kong J, Dia H.
J.Phys.Chem.B. 1999;103.
22) http://www.mrs.org/s_mrs/sec_subscribe.asp,
Flame Synthesis of Carbon Nanotubes.
23) www.uspto.gov. Process for preparing Carbon
Nanotubes. United States Patent 6,887,451
24) Hou P, Bai S, Yang G, Liu C, Cheng H. Multi-step
purification
of
carbon
nanotubes.Carbon.
2002;40:81-85
25) Rajashree Hirlekar, Manohar Yamagar, Harshal
Garse. Carbon Nanotubes And Its Applications: A
Review. Asian Journal of Pharmaceutical and
Clinical Research, 2009;2:17-27
26) Niyogi S, Hamon M. A, Hu H, Zhao B, Bhowmik
P, Sen R, Itkis M. E, Haddon R. C. Chemistry of
single walled Carbon Nanotubes. Acc. Chem. Res.
2002;35:1105-13.
27) Rosca, I. D, Watari F, Uo M, Akaska T. Oxidation
of multiwalled Carbon Nanotubes by Nitric acid.
Carbon. 2005;43:3124-31.
28) Zeng L, Alemany L. B, Edwards C. L, Barron A.
R.
Demonstration
of
covalent
sidewall
functionalization of single wall carbon nanotubes
by NMR spectroscopy: Side chain length
dependence on the observation of the sidewall sp3
carbons. Nano Res. 2008;72-88.

M.S. Digge et al /Int.J. PharmTech Res.2012,4(2)

847

29) Schipper M.L, Nakayama Ratchford N, Davis C.
R, Kam N. W. S, Chu P, Liu Z, Sun X, Dai H,
Gambhir S. S. A pilot toxicology study of single
walled carbon nanotubes in a small sample of
mice. Nat. Nanotech. 2008;3:216-21.

43) Belavolll F., Schultz P., Richard C. Mallouh V.
Ebbesen T.W. & Mioskowski C. Helical Chem.
Int.Ed.Engl., 1999;38:1912-915.

30) Liu Z, Sun X, Nakayama N, Dai H.
Supramolecular chemistry on water-soluble carbon
nanotubes for drug loading and delivery. ACS
Nano. 2007;1:50-56.

45) Wang S, Humphreys E.S, Chung S.Y, Delduca
B.F, Lustig S.R, Wang Parker, Chiang Y.M.
Natural Materials. 2003;2:196-200.

31) Chen R. J, Zhang Y. G, Wang D. W, Dai H. J.
Noncovalent sidewall functionalization of singlewalled
carbon
nanotubes
for
protein
immobilization.
J.
Am.Chem.
Soc.
2001;123:3838-39.

47) Cholin P.G, Bradley K, Ishigami M, Zettal A.
Science. 2000;287:1801-804.

32) Chen J, Liu H. Y, Weimer W. A, Halls M. D,
Waldeck D. H, Walker G. C. Noncovalent
engineering of carbon nanotube surfaces by rigid,
functional conjugated polymers. J. Am. Chem.
Soc. 2002;124:9034-35.
33) Wu P, Chen X, Hu N, Tam U. C, Blixt O, Zettl
A,
Bertozzi C. R. Biocompatible Carbon
Nanotubes generated by functionalization with
glycodendrimers. Angew. Chem. Int. Ed.
2008;47:5022-25.
34) Zhuang Liu, Scott Tabakman, Kevin Welsher, and
Hongjie Dai .Carbon Nanotubes in Biology and
Medicine: In vitro and in vivo Detection, Imaging
and Drug Delivery, Nano Res. 2009;2:85-120,
35) Pai P, Nair K, Jamade S, Shah R, Ekshinge V,
Jadhav N, Pharmaceutical applications of Carbon
nanotubes and nanohorns. Current Pharma esearch
Journal 2006;1:11-15. 34.
36) Pantarotto D, Partidos C, Hoebeke J, Brown F,
Kramer E, Briand J. Immunization with peptidefunctionalized carbon nanotubes enhances virusspecific neutralizing antibody responses. Chem
Biol 2003;10:961-66.
37) http://www.nanotsunami.com
38) Pedano & Rivas.Electrochem.Commun., 2004;6:
10-17.
39) Baird C.L, Myszka D.G. J.Mol.Recognit. 2001;
14:261-68.
40) Pantarotto D, Patridos C.D, Graff R, Hoebeke J.,
Bnand J, Prato M, Bianco A. J.Amer.Chem.Soc.
2003;12:6160-164.

44) Chen Y, Zhang D, Wang, Oai H. J.Amer.
Chem.Soc. 2001;123:3838-839.

46) Erlanger B.F, Chen B.X, Zhu M, Brus L.
Nanoletters. 2001;1:465-67.

48) Kong J, Franklinn N.R, Zhou C, Chapline M.G,
Peng S, Cho K, Dai H. Science. 2000;287:622625.
49) Young P, Lu Y, Terriu R, Li J. J.Nanosci.
Nanotechol. 2005;5(9):509-13.
50) Kuznetsova A, Mawhinney D. Enhancement of
adsorption inside of single-walled nanotubes:
opening the entry ports. Chem Phys Lett
2000;321:292-96.
51) Priti Singh, Tripathi R.M, Antariksh Saxena.
Synthesis of Carbon Nanotubes and their
biomedical
Application.
Journal
of
Optoelectronics and Biomedical Materials, June
2010;2:91 -98
52) Strasinger C.L, Scheff N.N, Wu j, Hinds B.J,
Stinchcomb A.L. Carbon Nanotube Membranes
for use in the Transdermal Treatment of Nicotine
Addiction and Opioid Withdrawal Symptoms.
Substance Abuse:Research and Treatment
2009;3:31-39
53) Stewart B.W, Kleihues P. World Cancer Report.
World Health Organization press 2003.
54) Moon Lee SH, Choi HC. In vivo nearinfrared
mediated tumor destruction by photothermal effect
of carbon nanotubes. ACS Nano, 2009;3:3707-13.
55) Legramante J et.al Cardiac autonomic regulation
after lung exposure to carbon nanotubes.
Hum.Exp.Toxicol, 2009;28:369-75.
56) Bihari P, Holzer M, Praetner M, Fent J, Krombach
F. Single walled carbon nanotubes activate
platelets and accelerate thrombus formation in the
microcirculation. Toxicology. 2010;269:148-54.

41) Huang W, Taylor S, Fu K, Lin Y, Zhang D,
Hanks T.W, Rao A.M, Sun Y.P. Nanoletters,
2002;2:311-14.

57) Foldvari M, Bagonluri M. Nanomedicine. 2008
Sep;4:183-200.

42) Azamian B.R, Davis J.J, Coleman K.S, Bagshaw
C.B, Green M.L. J.Amer.Chem.Soc. 2002;124:
12664-2665.

*****

