
Prathamesh Patil, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 11, 48-58 |Review 

*Corresponding Author: Prathamesh Patil 

Address: Department of Pharmaceutics, Ashokrao Mane Institute of Pharmacy, Ambap-416112, India. 

Email      :  patilprathmesh88028@gmail.com 

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of 

any commercial or financial relationships that could be construed as a potential conflict of interest.   
                  

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                48 | P a g e  

Carbon nanotubes, often known as rolled-up graphene sheets, are cylindrical 

nanostructures composed of carbon atoms organized in a hexagonal lattice. One of the 

most fascinating discoveries in the field of nanoscale sciences is carbon nanotubes, or 

CNTs. They can have graphene arranged in one or more layers (multi-walled carbon 

nanotubes, or MWCNTs) or in a single layer (single-walled carbon nanotubes, or 

SWCNTs). Because of their remarkable mechanical strength, electrical conductivity, 

and thermal characteristics, CNTs are useful in a variety of applications. Applications 

for carbon nanotubes in biomedical include tissue engineering, gene therapy, and 

targeted medication delivery, among others. Several methods, including as chemical 

vapor deposition, laser ablation, arc discharge, and laser ablation, have been devised to 

create nanotubes in significant quantities. The study's focus on carbon nanotubes is on 

their kinds, characteristics, production processes, benefits and drawbacks, and 

biomedical applications. 
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INTRODUCTION 

Carbon nanotubes are among the most remarkable 

examples of novel nanostructures created by 

bottom-up chemical synthesis methods. Although 

they exhibit what may be the highest level of 

complexity and variety, nanotubes have the 

simplest chemical composition and atomic 

bonding arrangement.[1] Carbon nanotubes 

(CNTs) have attracted the interest of several 

researchers in a range of sectors, including 

chemical science, electronics, health, and so on, 

since their discovery in 1991 by Iijima. Carbon 

nanotubes (CNTs) are one-dimensional, 

nanostructured carbon compounds that have a 

cylindrical shape and resemble coiled graphitic 

sheets. On the other hand, each carbon atom is 

connected to three other atoms on the x~y 

plane.The two types of carbon nanotubes (CNTs) 

are single-walled carbon nanotubes (SWCNTs) 

and multiwalled carbon nanotubes (MWCNTs).[2-

8] CNTs contain all types of carbon. They are 

tubular in form and made of graphite. Because of 

their various special properties, CNTs are 

advantageous for both medication development 
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and nanotechnology research. They are spherical 

and a few millimeters long at the nanoscale. You 

possess a wide range of structural, thermal, 

electrical, and other properties. Depending on the 

type of nanotube—identified by its length, 

chirality, diameter, or ability to bend and survive 

environmental conditions—these characteristics 

vary. In the pharmaceutical sector, their unique 

surface area, stiffness, tensile strength, and 

durability have created a lot of excitement.[9] 

The prospects for using carbon nanotubes have 

recently taken center stage in research. Because of 

their special characteristics, a variety of uses, such 

as biomaterials and biomedical devices, are 

feasible for composite materials. Research in the 

medical and pharmaceutical fields have shown that 

carbon nanotubes may be used in biosensors and 

as a component of medication and vaccine 

delivery systems.[10-16] 

Advantages of carbon nanotubes  

• They are very elastic, biocompatible, non-

biodegradable, and immuneogenic. They may 

also be delivered intracellularly. 

• It might show little cytotoxicity.  

• 96% excreted through urine and the remaining 

4% through feces.  

• Extremely low in weight and do not degrade 

when executing. 

• CNTs can enter cells through a spontaneous 

method because of its tiny, tubular needle 

form.   

•  Its exterior and inner surfaces are different, 

allowing for differently altered for 

functionalization in chemistry and biology.[17-

18] 

Types of carbon nanotubes 

The carbon nanotubes are of two types namely: 

• Single walled carbon nanotubes 

(SWCNTs) 

• Multiple walled carbon nanotube 

(MWCNTs)  

 

Single walled carbon nanotubes (SWCNTs) 

Single cylindrical carbon layers that range in 

diameter from 0.4 to 2 nm make up SWCNTs, 

depending on the temperature at which they were 

created. It was discovered that the diameter of 

CNTs increases with increasing growing 

temperature. SWCNTs can have chiral, helical, 

arm chair, or zigzag configurations in their 

structure. With an ultrahigh surface area of up to 

1300 m2/g, the SWCNTs provide ample room for 

drug loading and bioconjugation. SWCNTs are 

known to be more effective than MWCNTs in the 

delivery of drugs. This can be attributed to the 

ultrahigh surface area and effective drug-loading 

capacity of SWCNTs.[19-22] One way to think of 

single wall carbon nanotubes is as rolled-up 

graphene sheet stripes. By rolling up the sheet so 

that the origin and the top of each lattice vector 

coincide, each lattice vector of the sheet identifies 

a specific nanotube.[23] Single-walled carbon 

nanotubes (SWCNTs) must be synthesized under 

strict supervision in order to be used in 

nanotechnology. A nanoscale catalyst metal is 

often needed for the production of SWCNTs.. Iron, 

cobalt, and nickel are members of the iron family 

and are known to be excellent catalyst species in 

the chemical vapor deposition (CVD) of 

SWCNTs, yielding significant SWCNT yields.[24-

27] The medication is progressively eliminated 

from the body through the biliary channel and 

ultimately ends up in the stools once the 

functionalized SWCNT releases the medicine into 

a particular location. This suggested that SWCNTs 

are a potential nanoplatform for cancer therapies 

and appropriate candidates for drug delivery.[15] 

Multiple walled carbon nanotube (MWCNTs) 

Multi-walled carbon nanotubes are made up of 

many rolled layers (concentric tubes) of graphene 

layers arranged in a one-dimensional 

configuration. Multiple coaxial cylinders, each 

composed of a single grapheme sheet around a 

hollow center, make up MWCNTs. MWCNTs 
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have a length of one to several micrometers and an 

outside diameter of two to one hundred nm, with 

an interior diameter of one to three nm. The 

interactions between neighboring cylindrical 

layers in MWCNTs, which lead to a less flexible 

and more structural flaws, are caused by the sp2 

hybridization in MWCNTs, which generates a 

delocalized electron cloud along the wall.[28-29] 

Based on how the graphite layers are arranged, 

MWCNTs structures can be divided into two 

groups: the Russian doll model, which has layers 

of graphene sheets arranged within a concentric 

structure, and the parchment-like structure, which 

has a graphene sheet rolled up around it (16). The 

Russian Doll model describes a situation in which 

a carbon nanotube has another nanotube inside of 

it, with the outside nanotube having a larger 

diameter than the inner one. Conversely, the 

Parchment model is created when a single 

graphene sheet is wrapped around itself several 

times, much like a scroll of paper that has been 

rolled up.[30] Multiwall carbon nanotubes 

(MWCNTs) may be decorated by depositing 

nanoparticles on their walls or ends. These 

nanoparticles are linked to the MWCNTs by 

physical contact, and they have potential uses in 

biosensors, electrical devices, biological 

applications, and catalysis. For this, a variety of 

techniques are employed, such as precipitation, 

high-temperature hydrolysis, or chemical 

breakdown of a metal precursor.[31] 

Table 1- Comparison between SWCNTs and MWCNTs [32-33] 

Sr. No.               SWCNTs                   MWCNTs    

 1 Graphene in a single layer. Graphene with many layers. 

 2 Synthesis requires the use of a catalyst. possible can be made without a catalyst 

 3 Bulk synthesis is challenging as it necessitates 

careful management of growth and ambient 

conditions. 

Synthesis in bulk is simple. 

 

 4 Purity is weak. Purity is rather high. 

 5 Defects are more likely to occur during 

functionalization. 

Defects are less likely, but if they do, 

they're hard to cure. 

 6 Less buildup throughout the body. More buildup inside the body. 

 7 It's simple to characterize and evaluate. Its structure is quite complicated. 

 8 They are more flexible and readily twisted. It is difficult to twist. 

Properties of carbon nanotube[34] 

There are four different physical properties 

associated with carbon nanotubes 

1) Strength of nanotubes  

One of the strongest materials is carbon nanotube, 

both in terms of elastic modulus and tensile 

strength. The covalent Sp2 bonds that form 

between the individual carbon atoms give this 

strength.  

2) Kinetic property 

MWNTs, which are made up of many concentric 

nanotubes that are exactly packed within one 

another, have an amazing telescoping feature that 

allows an inner nanotube core to move practically 

easily within its outer nanotube shell, 

automatically producing a perfect linear or rational 

bearing.  

3) Electrical property 

The shape of a nanotube has a significant impact 

on its electrical characteristics because of the 

symmetry and distinct electronic structure of 

graphene. In theory, the electrical current density 

of metallic nanotubes can be 1,000 times higher 

than that of metals like copper and silver.  

4) Thermal property 

It is anticipated that nanotubes would exhibit 

"ballistic conducting" behavior, or strong heat 
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conductivity along the tube axis, and good lateral 

to tube axis insulation. 

5. Methods of synthesis of carbon nanotube 

1) Arc Discharge Method  

Due to its simplicity, the carbon arc discharge 

method—which was first employed to create C60 

fullerenes—is the most widely utilized and 

possibly the simplest approach to create carbon 

nanotubes. To extract the CNTs from the soot and 

any remaining catalytic metals in the crude 

product, further purification is necessary due to the 

complex combination of components produced by 

this process. By arcvaporizing two carbon rods 

arranged end to end and spaced apart by around 1 

mm in a container typically filled with inert gas at 

low pressure, this technique produces carbon 

nanotubes (CNTs). 

 
One of the carbon electrodes had its surface 

evaporated by the discharge, and the other 

electrode has a little rod-shaped deposit on it. The 

temperature of the deposit forming on the carbon 

electrode and the homogeneity of the plasma arc 

are critical factors in the high harvest production 

of carbon nanotubes.[35-36] 

Advantages - 

Easy, low-cost, high-grade nanotubes. 

Disadvantages – 

Tangled nanotubes, high temperature, and need for 

purification. 

2) Laser Ablation 

More recently, a technique called pulsed laser 

vaporization (PLV), also known as laser ablation, 

is being explored to produce nanotubes. This 

process vaporizes the carbon and then deposits it 

onto a substrate, much like the arc-discharge. The 

synthesis of CNTs by laser vaporization becomes 

an effective method for the synthesis of bundles of 

SWCNTs with a limited distribution, according to 

a 1995 study by Rice University's Smalley group. 

This technique involves using laser light at a high 

temperature in an inert environment to evaporate a 

piece of graphite target.[37] 
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When CNTs were first synthesized in 1996, a dual-

pulsed laser was used to achieve yields of.70wt% 

purity. Graphite rods were laser-vaporized with a 

50:50 catalyst mixture of cobalt and nickel at 1200 

uC in flowing argon to create the samples. After 

that, the C60 and other fullerenes were eliminated 

using a vacuum-induced heat treatment at 1000 

uC. A second laser vaporization pulse was 

transmitted after the first one in order to more 

equally evaporate the topic. When two successive 

laser pulses are employed, the amount of carbon 

deposited as soot is decreased. The second laser 

pulse breaks apart and feeds the larger particles 

that the previous pulse ablated into the growing 

nanotube structure. [35–36] 

Advantages – 

Relatively high purity, synthesized at room 

temperature. 

Disadvantages – 

Technique restricted to the lab scale, requires 

crude product purification. 

3) Chemical Vapour Deposition 

For almost two decades, the production of 

different carbon materials, including carbon fibers 

and filaments, has been achieved by the 

conventional process of chemical vapor deposition 

of hydrocarbons over a metal catalyst. Catalytic 

CVD of acetylene over cobalt and iron catalysts 

based on silica or zeolite may produce large 

volumes of CNTs. [35-36] 

The process of catalytic CVD synthesis involves 

placing a carbon source in the gas phase and 

heating the gaseous carbon-containing molecules 

with either plasma or a resistively heated coil. The 

molecule is "crack" into reactive atomic carbon by 

the heat. Transition metals—Fe, Co, or Ni—are 

the most often utilized catalysts. The 

conventionally utilized catalysts are occasionally 

additionally doped with other metals, such Au. 

Hydrocarbons like methane, ethane, ethylene, 

acetylene, and xylene—and eventually their 

mixtures, isobutane or ethanol—are the most 

favored carbon sources in CVD. When a gaseous 

carbon source is used, the reactivity and 

concentration of gas phase intermediates that are 

created together with reactive species and free 

radicals as a result have a significant impact on the 

growth efficiency of carbon nanotubes.[38] 

Advantages – 

Simple, high purity, low temperature, large-scale 

manufacturing, and potential for aligned growth. 

Disadvantages – 

The majority of synthesized CNTs are MWNTs, or 

defects.  

6. Biomedical Applications of Carbon 

Nanotubes 

6.1) Targeted drug delivery 

Active medicinal substances such as enzymes, 

antibodies, DNA, proteins, and others are coupled 

with carbon nanotubes (CNTs). High accessible 

intrinsic surface area, strong stability 

characteristics, and rich electron density with 
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aromaticity are the primary causes of conjugation 

ability. These characteristics may allow the 

medicinal moiety to be delivered precisely. 

Additionally, CNTs have been combined with an 

anticancer moiety, and both in vitro and in vivo 

characteristics have been assessed. The results 

demonstrated their efficacy in treating different 

types of carcinomas. Certain medications have the 

ability to localize at greater quantities in certain 

tissues and are also connected to the magnetic 

interior of carbon nanotubes.[39-41]  

6.2) Gene therapy 

Baligelli and colleagues have assessed the 

targeting of intracellular organelles using CNT 

linked therapeutic moiety for the treatment of 

hereditary disorders. Effective gene therapy has 

been developed via research into various chemical 

bond types and their activities. The potential for 

treating and managing diseases has been 

demonstrated by studies examining the effective 

loading of siRNA, DNA, and other genes into the 

inner cavity of CNTs and the covalent and non-

covalent bonding regions.[42-43] 

6.3) Biosensors Based on CNT 

CNT has been suggested as a sensing element in 

the biosensors area to monitor and identify a 

number of ailments, including bacterial infections 

and diabetes. In contrast to other approaches, 

Punbusayakul et al. employed electrochemical 

monitoring of immune complexes for salmonella 

detection, which shortened the detection time and 

made sample preparation easier. Grafting directed 

antibodies on the surface of DWCNTs to 

immobilize them also produced an immunosensor 

for adiponectin, a biomarker of obesity. Fast 

detection and quantification are made possible by 

the reaction between a second antibody and horse 

radish peroxidase (HRP)-streptavidin during 

cyclic voltammetry monitoring. The second 

antibody binds to adiponectin.[44-45] 

 

 

6.5) CNT-Based Hydrogels for Diagnostic 

Since glucose detection is well-documented, the 

majority of biosensors created with CNT-based 

hydrogel were concentrated on this area. A number 

of them are made up of electrodes that make it 

possible to track the electron exchanges that occur 

between glucose oxidase (GOx) and glucose. Kim 

et al. directly employed conductive bacterial 

cellulose (BC)-CNT-GOx sheets as electrodes, 

providing an easy-to-use and biocompatible 

material for cyclic voltammetry monitoring.[46]  

6.6) Tissue engineering 

These devices can function as a sprout and 

encapsulate cells or tissues for tissue engineering 

because of the excellent mechanical and electrical 

capabilities of CNT. These methods have been 

investigated for heart cells, bone tissues, and brain 

development. Tissue regeneration, myoblast and 

fibroblast proliferation, bone formation after the 

attraction of more calcium ions, and other 

processes have been demonstrated to benefit from 

CNT-based tissue engineering.[47-49]  

6.7) Biohybrid tissue regeneration 

Tissue actuators and bio-robotics are created using 

CNT-coupled novel technologies for medication 

screening and disease therapy.[47,50-52] 

6.8) CNT Use for Diagnostic 

Reducing detection times is especially important 

since timely diagnosis is essential to effective 

treatment. Thanks to immune complex detection, 

in vitro biomarker analysis is currently feasible 

with excellent accuracy; however, employing 

traditional dose methodologies can be time-

consuming and need significant numbers of 

biological material. Many groups have explored 

employing carbon nanotubes (CNTs) as the 

primary component of electrochemical sensors 

because of their electrical characteristics, and 

many types of label-free CNT-based biosensors 

have been created.[53] 

Limitations Of CNTs 
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• Insoluble in the majority of biologically 

acceptable solvents (aqueous based). 

• The capacity to create quantities of CNTs with 

reproducible, uniform qualities in terms of both 

chemistry and architecture.                                                                                                                            

• The challenge of preserving excellent quality and 

low impurities.[54] 

Future prospect of CNTs in biomedical 

applications 

At the moment, CNTs are mostly used in 

orthopedic and cancer therapies. Broad potential 

for CNTs in various medical therapies that are still 

in the early stages of development and might play 

a significant role in biomedical applications in the 

ensuing decades. Although several researchers 

have up to now proposed various methods for the 

potential application of carbon nanotubes (CNTs) 

in the biomedical field, one of the main obstacles 

to commercializing CNTs in the market remains 

the expansion of CNT-based applications from 

laboratory to industrial scale. Applications based 

on CNTs are a great substitute because of their 

many distinguishing qualities. But generating non-

defective CNTs and manufacturing them at a 

reasonable cost provide a challenge. Therefore, 

more research may be done to create cost-effective 

novel production processes that yield high-quality, 

error-free CNTs, therefore minimizing waste. 

Because of their poisonous effects, carbon 

nanotubes (CNTs) have extraordinary 

characteristics, but biological studies are still 

pending. One of the main areas of study for CNT 

uses in the bioscience field is toxicity reduction.[55-

57] Consequently, it is reasonable to state that there 

are still potential economic prospects for CNTs. 

CONCLUSION 

CNT materials show promising for use in the 

biomedical industry. Among the cutting edge, 

developing technologies that might be used for 

gene, vaccine, and medication delivery are carbon 

nanotubes. By functionalizing their surface, they 

can produce highly soluble polymers that are 

compatible with biological systems when further 

derivatized with active molecules. Consequently, 

a wide range of biological applications are 

possible. It was demonstrated that the mechanical 

and electrical characteristics of hydrogels could be 

significantly enhanced by the insertion of carbon 

nanotubes (CNTs), and that these nanocomposites 

could be used to drug delivery, tissue engineering, 

and biosensing without running the risk of CNT 

leakage into cells. In CNTs have shown to be 

beneficial in a variety of applications, including 

the creation of novel and enhanced composites, 

because of these fascinating features. Better 

understanding of biological and physical chemical 

processes might result from advancements in 

carbon nanotube technology. This will enable the 

discovery of substances that are more compatible 

with carbon nanotube technology and enable the 

more efficient use of nanotubes as delivery 

systems in applications related to therapeutic, 

preventative, and diagnostic nanomedicine. 
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