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Abstract
After the COVID-19 pandemic, the need for precise disease diagnosis and monitoring increased in importance. 

Many researchers and scientists have used a variety of nanomaterial’s, including metal nanoparticles (NPs), metal 
oxide NPs, quantum dots (QDs), and carbon nanomaterial’s, such as graphene and carbon nanotubes, to create 
highly effective and sensitive biosensors (CNTs). Among them, CNTs have been regarded as significant candidates for 
biosensing channels because of their outstanding physical characteristics, including high electrical conductivity, robust 
mechanical properties, plasmonic characteristics, and others. The review introduces CNT-based biosensing systems 
and reports on various sensing techniques including electrochemical, optical, and electrical methods. Furthermore, 
these biosensing platforms demonstrated excellent sensitivity and high selectivity against viruses as well as virus DNA 
morphology. In light of this incredible potential, healthcare and public health can be greatly enhanced by CNT-based 
biosensing technologies.
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Introduction
The discovery of organic parts is significant in a few regions going 

from medical services, clinical medication, natural control, and food 
handling to country security. Subsequently, the advancement of solid 
and savvy gadgets is profoundly demandable for our sound ways of 
life. Sensor a class of gadgets that has been investigated to identify 
a scope of gas particles to biomolecules. Biosensors are insightful 
gadgets that can consolidate biomolecules acknowledgment through 
substance or actual transduction [1]. Biosensor improvement is being 
driven progressively by nanotechnology [2]. Signal transduction is the 
reason for the activity of biosensors. There are three components in this 
framework: a bio-acknowledgment component, a bio-transducer, and 
an electronic framework comprising of a presentation, a processor, and 
a speaker. It collaborates with a particular analyte through its profile 
acknowledgment component. A great many examples can be tried with 
biosensors, including body liquids, food tests, and cell societies. The 
fundamental highlights of biosensors include: (a) being profoundly 
unambiguous for the analyte, (b) response should be unaffected by 
factors like pH, temperature, or mixing, and (c) the linearity of the 
reaction will be kept up with over a specific scope of analyte focuses.

One of the most generally utilized nanomaterial’s throughout 
the course of recent many years is carbon nanotubes (CNTs). This 
profoundly dynamic field of examination has a wide assortment of 
CNT structures, and new structures are being planned and created 
consistently. Thus, CNTs are getting extensive consideration in many 
fields of utilization from medication, horticulture, and sanitation 
to bioprocessing, natural, and modern checking. Lately, CNTs have 
attracted interest biosensor gadgets because of their few remarkable 
properties. In particular, CNTs have a wide surface region and broad 
free surface energy, and can undoubtedly balance out the biomolecules 
at the biosensor surface areas of strength for through capacity. The 
solid carbon bonds and nanostructure of synthetically adjusted 
carbon nanotubes (CNTs) are credited to their extraordinary electric 
conductivity, excellent rigidity, warm conductivity, and optical 
properties permitting them to productively send signals related with 
identifying analytes, metabolites, or illness biomarkers. The utilization 
of CNTs for biomedical applications has subsequently drawn in 

extensive consideration [3]. Inferable from their high surface-to-
volume proportion, CNTs are fit for recognizing organic parts at super 
quick speed with negligible focuses. With the extraordinary benefits of 
CNTs-based biosensors, for example, high awareness, quick reaction 
time, lower potential for redox responses, and longer lifetime with 
soundness contrasted with different sensors in light of metal oxides, 
or silicon-based materials. These possible attributes of CNTs have shed 
to lift the exploration interests towards the advancement of biosensors. 
Electrochemical sensors and optical sensors produced using CNTs have 
been created for a few applications, including the location of weighty 
metals, notwithstanding field-impact gadgets for distinguishing 
infection contamination microorganism’s malignant growth diabetes, 
and natural parts identification.

The orderly survey is an outline of carbon nanotubes (CNTs) 
and their subsidiaries as elite execution biosensors. The preparative 
techniques, for example, electric-curve release, laser removal, and 
substance fume affidavit (CVD) of the CNTs have been portrayed 
momentarily here. The endeavors made on the toxicology profile and 
system of detecting of CNTs in this review. Afterward, we have outlined 
sagaciously the utilizations of CNTs as a biosensor for the discovery of 
malignant growth and diabetes, natural parts like starches, proteins, 
fundamental components, a few microorganisms, and infections. 
Furthermore, the new advancement towards the commercialization of 
CNTs and their subordinates’ sensors has been examined [4].

Readiness of Carbon Nanotubes (CNTs) 
After the disclosure of manufactured pathways of C60 and different 

kinds of it lighted the interest multi-walled CNT (MWCNT) union 
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in the research facility was accounted for by Sumio Iijima in 1991 by 
utilizing carbon dark and graphite as antecedent materials in a directed 
climate. He named it “Helical microtubules” Iijima utilized the circular 
segment release dissipation strategy to deliver needle-like designs 
(going from 4-30 nm long and up to 1 µm in breadth) containing coaxial 
containers of graphite sheets, yet his voracious response setting was 
additionally connected for certain significant disadvantages including 
lopsided shape, size, and mechanical strength as well as virtue, which 
are the main boundaries related with their appropriateness. On account 
of single-walled CNT (SWCNT), it was together found by Iijima 
and Ichihashi and Bethune and associates in 1993 [5]. They utilized 
circular segment release techniques to deliver CNTs while the previous 
gathering utilized an iron impetus and the last one utilized a cobalt 
impetus. In the two cases, lopsided size was the greatest issue as Iijima 
and Ichihashi detailed a measurement somewhere in the range of 0.75 
and 13 nm while Bethune and partners revealed a width somewhere in 
the range of 1.2 and 20 nm [6].

Thirty years after the principal experience, there is progressive 
advancement in the field of CNTs. Presently, different manufactured 
procedures are being utilized with altered approaches and changes 
to deliver CNTs for certain excellent highlights because of the new 
disclosure of CNT application in the drug division [7].

Electric-circular segment release, laser removal, and synthetic fume 
affidavit (CVD) are usually used to deliver a few kinds of CNTs.

Electric-Arc Discharge
The most seasoned strategy for blend of CNTs is the circular 

segment release technique. It uses the rule of separating the gas to 
create plasma. The primary part of this exploratory arrangement is two 
parallelly joined terminals (either evenly or in an upward direction) 
where the anode is packed up with carbon forerunners alongside 
impetuses while the cathode is an unadulterated graphite bar [8]. The 
chamber is loaded up with an inactive gas or inundated inside a fluid 
air. Both AC and DC power supplies can be utilized in this framework 
while the terminals are stayed in touch (1-2 mm) to produce a curve 
and accomplish a consistent release. Plasma is produced by curve 
current at a much raised temperature (4000-6000 K) which sublimes 
the carbon forerunner in the anode. The carbon fumes aggregate in the 
vaporous stage and get kept at the cathode because of the temperature 
angle. Subsequent to chilling off it is taken out and sanitized for 
additional examination and inspected under an electron magnifying 
lens for additional evaluation of the morphology.CNTs fill in various 
stages in this technique as in the fume stage, fluid stage, strong stage, 
and gem stage, separately.

In the bend release strategy, CNTs get blended by sublimation 
of a carbon forerunner. Carbon dark and graphite are ordinarily 
utilized in this situation albeit some other carbon antecedents 
specifically fullerene squander residue polyvinyl alcohol, and different 
hydrocarbons including toluene, xylene, cyclohexane, cyclohexane, 
n-hexane, n-heptane, n-octane, and n-pentane are likewise revealed. 
A few significant boundaries to be specific, the strain of the dormant 
gas, ideal voltage as well as the decision of the impetuses are basic for 
integrating profoundly unadulterated CNTs through this strategy [9]. 
For instance, one of the new discoveries proposes that the Co-MCM-41 
impetus assists with delivering CNTs with huge breadth dispersion 
alongside mass creation.

Toxicology Profile of Carbon Nanotubes
Nanomaterial’s for helpful and sensor applications have non-

immaterial harmfulness. It is brought about by an exceptionally huge 
surface region, the innate harmfulness of the actual material, and 
its tiny size [10]. Moreover, it is vital to decide the harmfulness of 
carbon nanotubes for clinical use since there is plausible of collection 
in organs. In the same way as other examinations led for clinical 
application, CNTs likewise should be painstakingly assessed and 
confirmed for harmfulness in vitro and in vivo. Here, we give the 
harmfulness of carbon nanotubes and present systemic clarifications 
to lessen poisonousness. Epithelial cell multiplication is an overall 
peculiarity that happens in recuperation after tissue harm brought 
about by unfamiliar substances. This is especially observable in CNT-
treated lungs. CNTs at a convergence of 6 mg/m3 were breathed in 
by rodents for a very long time. Following 39 weeks, bronchiolar 
and alveolar hyperplasia was affirmed. In any case, no cell hyper 
proliferation was found in mice that breathed in CNTs at low focuses 
(1.5 mg/m3). In this way, openness to CNTs can actuate fibrosis by 
bothering the respiratory framework, like bronchioles and alveolar 
pipes, contingent upon their focus. Monotonous excitement of cells 
brings about hereditary harm, which causes an extremely lethal issue 
in cell expansion and division. Ongoing examinations have shown that 
multi-walled carbon nanotubes (MWCNTs) actuated DNA breaks and 
transformations in cells of the respiratory framework as well as being 
intense genotoxic. MWCNT showed DNA strand harm in vitro in 
human bronchial epithelial BEAS-2B cells. MWCNTs likewise showed 
an in vivo portion subordinate expansion in harm of DNA strands with 
single pharyngeal yearning in the lung cells, bronchoalveolar lavage 
cells, and micro nucleated alveolar sort II cells. MWCNTs caused 
DNA harm after inward breath however not after pharyngeal yearning 
in bronchoalveolar lavage cells [11]. This peculiarity perhaps reflects 
changes in the BAL cell populace following the bolus portion. Their 
discoveries show that straight MWCNTs prompt DNA harm in vitro as 
well as produce both DNA harm and micronuclei in mouse lungs. The 
toxicology results utilizing rodents (Sprague-Dawley Rodents) are like 
the mice utilized in research. MWCNTs were directed intratracheally 
(0.5, 2, or 5 mg) to Sprague-Dawley rodents, and aggravation and 
fibrosis level were assessed. MWCNTs were as yet not just present in 
that frame of mind following 60 days yet additionally actuated irritation 
and fibrosis. MWCNTs lead to an essentially more significant level of 
TNF-an and the development of collagen in the lung. Consequently, 
because of the collection of CNTs in the tissue, the tissue gets harmed 
and feeling goes on for quite a while, which builds the emission of 
provocative cytokines as well as goals hereditary harm [12]. These 
constantly happening activities in the long run lead to deadly capability 
loss of organs and go about as a significant obstacle for the clinical use 
of CNTs [13].

The liver is one of the organs most firmly connected with Digestion 
and retention of supplements, drugs, and other unfamiliar substances 
happen predominantly in the liver specifically, since it assumes a 
significant part in the digestion and detoxification of medications, 
it is crucial for check whether harmfulness happens in the liver for 
the clinical utilization of CNT [14]. CNT will gather in the liver and 
ought to be firmly checked to check whether this causes harmfulness 
issues Zongfei Ji et al. detailed extreme hepatotoxicity of MWCNT. 
The two sorts of MWCNT (corrosive oxidized MWCNT and Tween-
80-scattered MWCNT) were intravenously infused to examine 
hepatotoxicity. The body weight of the mice infused with MWCNT 
was diminished and the shade of the liver changed to dim red. Also, 
the degree of absolute bilirubin was expanded. Bilirubin is one of the 
parts of bile and is created from hemoglobin. Red platelets made out 
of hemoglobin flow all through the body for around 3 weeks and go 
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through gas trade in the tissues, and afterward are obliterated [15].

Conclusion
Throughout the long term, specialists and researchers have utilized 

a different scope of nanomaterial’s,                                                         for 
example, metal nanoparticles (NPs), metal oxide NPs, nanofibers, 
quantum spots (QDs), and carbon nanomaterial’s, for example, 
carbon quantum specks, graphene, and carbon nanotubes (CNTs) to 
manufacture elite execution and delicate biosensors. CNTs and their 
subsidiaries certainly stand out in the field of cutting edge useful 
materials today. It has been investigated in different fields from 
safeguard to gadgets. The field of biomedical applications has explored 
CNTs and their subsidiaries widely as expected up-and-comers. Albeit 
the physical and substance properties are not totally perceived, it has 
been taken advantage of by the hardware business throughout the long 
term. CNTs showed phenomenal properties in gadget creations as well 
as detecting ways of behaving. CNTs and their subordinates have been 
used for bio and compound detecting due to having comparable sizes 
to the analytes and bio-species. Because of their little size and high 
angle proportion, CNTs show surprising optical, mechanical, electrical, 
and substance properties because of their little measurement and high 
viewpoint proportion. Using them, a wide class of sensors is created. 
It has been shown that CNTs have further developed cell infiltration 
properties and dependability, as well as chirality and distance across 
based physicochemical properties. On the record of combination, the 
materials that are important for CNT creation are plentiful, and they 
can be made with just an unobtrusive measure of unrefined substances. 
Further functionalization without harming the covalent spine expands 
the ideal utilization of CNTs. albeit one significant downside of CNT 
creation is reproducibility, primarily and artificially reproducible bunch 
creation with negligible debasements is a prompt concern. Another two 
significant properties that recognize them from other nanomaterials 
are temperature solidness (2800 °C in vacuum and ~750 °C in air) and 
hydrophilicity. While considering the mechanical properties, very high 
Youthful’s modulus values (1-1.8 TPa range) permit them to go about as 
a fantastic possibility for test ways to examine microscopy. Albeit a few 
different detriments are constantly connected with CNTs, specifically 
cell harmfulness, incongruence with natural mediums, agglomeration, 
collection, and long haul determination which require areas of strength 
for a for relief. Various examinations on CNTs and their subordinates 
have announced their associations with analytes and their toxicology 
profiles. In any case, to permit their commercialization, there are limits 
concerning cost-adequacy, immaculateness, and high thickness of ideal 
arrangement during industrialization. Countless investigations are 

directed on biosensors to empower their commercialization. Strangely, 
CNTs have been examined as biosensors as in vivo gadgets, while 
numerous endeavors have been made to limit their poisonousness 
profile.

References
1.	 Justino CIL, Rocha-Santos TA, Duarte AC, Rocha-Santos TA (2010) Review of 

Analytical Figures of Merit of Sensors and Biosensors in Clinical Applications. 
TrAC Trends Anal Chem 29: 1172–1183. 

2.	 Guo S, Dong S (2009) Biomolecule-Nanoparticle Hybrids for Electrochemical 
Biosensors. TrAC Trends Anal Chem 28: 96–109. 

3.	 Chen X, Van Pée KH (2008) Catalytic Mechanisms, Basic Roles, and 
Biotechnological and Environmental Significance of Halogenating Enzymes. 
Acta Biochim Biophys Sin 40: 183–193.

4.	 Cornell BA, Braach-Maksvytis VLB, King LG, Osman PDJ, Raguse B, et 
al.(1997) A Biosensor That Uses Ion-Channel Switches. Nature 387: 580–583. 

5.	 Luong JHT, Male KB, Glennon JD (2008) Biosensor Technology: Technology 
Push versus Market Pull. Biotechnol Adv 26: 492–500. 

6.	 Bhalla N, Jolly P, Formisano N, Estrela P (2016) Introduction to Biosensors. 
Essays Biochem 60: 1–8. 

7.	 Thévenot DR, Toth K, Durst RA, Wilson GS (2001) Electrochemical Biosensors: 
Recommended Definitions and Classification. Anal Lett 34: 635–659. 

8.	 Dincer C, Bruch R, Costa-Rama E,  Fernández-Abedul  MT, Merkoçi A, et 
al. (2019) Disposable Sensors in Diagnostics, Food, and Environmental 
Monitoring. Adv Mater 31: 1806739.

9.	 Lee J, Lee JH, Mondal J, Hwang J, Kim HS, et al. (2022) Magnetofluoro-
Immunosensing Platform Based on Binary Nanoparticle-Decorated Graphene 
for Detection of Cancer Cell-Derived Exosomes. Int J Mol Sci 23: 9619. 

10.	Sireesha M, Jagadeesh Babu V, Kranthi Kiran AS, Ramakrishna S (2018) A 
Review on Carbon Nanotubes in Biosensor Devices and Their Applications in 
Medicine. Nanocomposites 4: 36–57.

11.	Kundu M, Krishnan P, Kotnala RK, Sumana G (2019) Recent Developments 
in Biosensors to Combat Agricultural Challenges and Their Future Prospects. 
Trends Food Sci Technol 88: 157–178. 

12.	Eivazzadeh-Keihan R, Pashazadeh P, Hejazi M, de la Guardia M, 
Mokhtarzadeh A (2017) Recent Advances in Nanomaterial-Mediated Bio and 
Immune Sensors for Detection of Aflatoxin in Food Products. TrAC Trends Anal 
Chem 87: 112–128. 

13.	Theuer L, Randek  J,  Junne S,  Neubauer P, Mandenius CF, et al. (2020) 
Single-Use Printed Biosensor for L-Lactate and Its Application in Bioprocess 
Monitoring. Processes 8: 321. 

14.	Cennamo N, Zeni L, Tortora P, Regonesi ME, Giusti A, et al. (2018) A High 
Sensitivity Biosensor to Detect the Presence of Perfluorinated Compounds in 
Environment. Talanta 178: 955–961. 

15.	Meshram BD, Agrawal AK, Adil S, Ranvir S, Sande KK (2018) Biosensor and 
Its Application in Food and Dairy Industry: A Review. Int J Curr Microbiol Appl 
Sci 7: 3305–3324.

https://www.sciencedirect.com/science/article/abs/pii/S0165993610002141
https://www.sciencedirect.com/science/article/abs/pii/S0165993610002141
https://www.sciencedirect.com/science/article/abs/pii/S0165993608002422
https://www.sciencedirect.com/science/article/abs/pii/S0165993608002422
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-7270.2008.00390.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1745-7270.2008.00390.x
https://www.nature.com/articles/42432
https://www.sciencedirect.com/science/article/abs/pii/S0734975008000621
https://www.sciencedirect.com/science/article/abs/pii/S0734975008000621
https://www.sciencedirect.com/science/article/pii/B9780128031001000013
https://scholar.google.com/scholar?q=related:3DQKpge35SAJ:scholar.google.com/&scioq=&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=related:3DQKpge35SAJ:scholar.google.com/&scioq=&hl=en&as_sdt=0,5
https://onlinelibrary.wiley.com/doi/full/10.1002/adma.201806739
https://onlinelibrary.wiley.com/doi/full/10.1002/adma.201806739
https://www.mdpi.com/1422-0067/23/17/9619
https://www.mdpi.com/1422-0067/23/17/9619
https://www.mdpi.com/1422-0067/23/17/9619
https://www.tandfonline.com/doi/full/10.1080/20550324.2018.1478765
https://www.tandfonline.com/doi/full/10.1080/20550324.2018.1478765
https://www.tandfonline.com/doi/full/10.1080/20550324.2018.1478765
https://www.sciencedirect.com/science/article/abs/pii/S0924224417307422
https://www.sciencedirect.com/science/article/abs/pii/S0924224417307422
https://www.sciencedirect.com/science/article/abs/pii/S0165993616303077
https://www.sciencedirect.com/science/article/abs/pii/S0165993616303077
https://www.mdpi.com/2227-9717/8/3/321
https://www.mdpi.com/2227-9717/8/3/321
https://www.sciencedirect.com/science/article/abs/pii/S003991401731069X
https://www.sciencedirect.com/science/article/abs/pii/S003991401731069X
https://www.sciencedirect.com/science/article/abs/pii/S003991401731069X
https://www.researchgate.net/profile/Sg-Ranvir/publication/323552925_Biosensor_and_its_Application_in_Food_and_Dairy_Industry_A_Review/links/5af3d8910f7e9b026bcc7257/Biosensor-and-its-Application-in-Food-and-Dairy-Industry-A-Review.pdf
https://www.researchgate.net/profile/Sg-Ranvir/publication/323552925_Biosensor_and_its_Application_in_Food_and_Dairy_Industry_A_Review/links/5af3d8910f7e9b026bcc7257/Biosensor-and-its-Application-in-Food-and-Dairy-Industry-A-Review.pdf

	Title
	Corresponding author
	Abstract 

