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Abstract: Carbon Nanotube (CNT) has a wide range of applications, including physics, chemistry, and 

materials sciences. It belongs to the fullerenes (Carbon Allotropes, C60) family and is categorized into 

single-walled carbon nanotubes (SWNTs) or multi-walled carbon nanotubes (MWNTs). CNTs act as 

analytical tools consisting of useful features for improving the analytical process based on their sorption 

properties and electronic properties. The performance of modified electrode is determined in terms of 

sensitivity, linear range, the limit of detection (LOD), the limit of quantitation (LOQ), stability (Km), 

and the effects of interfering species, e.g., ascorbic acid (AA), uric acid (UA) and acetaminophen (AP). 

This mini-review article introduces the background of CNTs, principles, and the usage of an enzyme-

based electrode and the applications in the medical fields for tissue engineering, drug delivery, cancer, 

even in SARS-CoV-2 COVID-19. 
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1. Introduction 

Carbon nanotubes were discovered in 1991 by Iijima [1], which is one of the most 

promising materials for a wide range of applications in physics, chemistry, and materials 

sciences [2]. Modified glassy carbon electrodes are obtained via casting or 

electropolymerization at the electrode surface with multi-walled carbon nanotube materials 

(MWCNT) [3,4]. MWCNT-modified electrode surface enhances the electrocatalytic reduction 

behavior of hydrogen peroxide, oxygen and their electrocatalytic applications of some 

important analytes such as L-lactic acid, cholesterol, and D-galactose. The MWCNT 

preparation conditions and its electrode performances are evaluated in terms of sensitivity, 

linear range, the limit of detection (LOD), the limit of quantitation (LOQ), stability (Km), and 

the effects of interfering species, e.g., ascorbic acid (AA), uric acid (UA) and acetaminophen 

(AP). 

2. Structure of Carbon Nanotubes (CNTs) 

The structure of carbon nanotubes belongs to the fullerenes (Carbon Allotropes, C60) 

family, the architecture of sp2 bonded carbon, and the subtlety of a certain group of topological 
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defects. This creates unique, closed-shell structures from planar graphite sheets [2,5] (Figure 

1). 

These are generally categorized into single-walled carbon nanotubes (SWNTs), 

consisting of a single graphene sheet “rolled” into a tube, or multi-walled carbon nanotubes 

(MWNTs), containing several concentric tubes sharing a common axis. MWNTs occur in 

various morphologies such as “hollow tube”, “bamboo” and “herringbone”, depending on their 

mode of preparations [6-9]. 

 
Figure 1. Graphite sheet rolled into a carbon nanotube. 

3. Electrochemical Biosensors 

Electrochemical biosensors represent a sub-class of chemical sensors, and the electrode 

is used as a transduction element. It combines the analytical power of electrochemical 

techniques with the specificity of biological recognition processes to produce an electrical 

signal related to the analyte's concentration. A biospecific reagent is immobilized at a suitable 

electrode. It converts the biological recognition event into a quantitative amperometric 

response. Enzyme-based electrodes are electrochemical biosensors [10,11] (Figure 2). 

 
Figure 2. Electrochemical biosensors. 

 

3.1. Enzyme-Based Electrodes. 

 

Enzyme-Based electrodes are based on coupling a enzyme layer with an appropriate 

electrode. It combines the specificity of an enzyme for its substrate with the analytical power 

of electrochemical devices.  

This coupling is useful for monitoring a variety of substrates (L-lactic acid, Cholesterol, 

and D-galactose). The operation of an enzyme electrode is illustrated in Equation 1. An 

immobilized enzyme layer catalyzes a reaction and generates or consumes a detectable species: 

     
'CPCS Enzyme +⎯⎯ →⎯+                         Equation 1 

where S and C: Substrate and Co-reactant (co-factor);  
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P and C': Corresponding products 

The choice of the sensing electrode depends primarily upon which enzymatic system is 

employed, e.g., amperometric or potentiometric [10]. 

3.2. Principle of enzyme-based electrodes. 

The simplest approach to immobilize the enzyme layer at the electrode is to entrap an 

enzyme solution between the electrode and a dialysis membrane or polymeric films (e.g., 1,2-

phenylenediamine, or o-PD) entrap the enzyme via casting and electropolymerization [10]. 

There are two approaches to measure the electrical signal (substrate concentration) 

since the immobilized enzyme layer catalyze a reaction and generates or consumes a detectable 

species such as oxygen and hydrogen peroxide for lactate oxidase (LOx) Equation 2, 

Cholesterol oxidase (ChOx) Equation 3, and β-Galactosidase (GOase) Equation 4. 

L-Lactic acid + O2 ⎯⎯→⎯ xLO Pyruvate + H2O2               Equation 2 

Cholesterol + O2 ⎯⎯→⎯ xChO 4-Cholesten-3-one + H2O2                 Equation 3 

     D-Galactose + O2 ⎯⎯ →⎯ aseGO D-Galacto-hexodialdose + H2O2        Equation 4 

To determine the concentration of L-Lactic acid, 5-Cholesten-3B-ol, and Galactose by 

using two detecting modes, either -0.30V or +0.70V. The detection modes are based on 

monitoring either the oxygen consumption [12,13] or the hydrogen peroxide production 

[14,15]. Asperger and co-workers have been compared three measuring principles (H2O2 

formation, O2 consumption, or enzymatically reduced acceptor) [16]. 

L-Lactic acid is a substrate in wine and dairy products. This is stored in the muscles 

after extreme exercise and used as bulk modified bio-electrodes such as solid binding matrixes 

[17]. Lactate oxidase (LOx) catalyzes the reaction as shown in Equation 2, lactate oxidation to 

pyruvate, H2O2 is produced. 

Cholesterol is a soft and waxy substance found among the liquids (fats) in the human 

bloodstream and inside the cells [18]. If a high level (concentration) of cholesterol is in the 

blood, there is a major risk factor for coronary heart disease [19]. It is required to conduct a 

rapid clinical analysis of cholesterol; low-cost, portable, sensitive, and selective biosensors are 

needed. Cholesterol oxidase (ChOx) catalyzes the reaction as shown in Equation 3, oxidation 

of Cholesterol to 4-Cholesten-3-one, H2O2 is produced. 

D-Galactose is a substrate obtained in dairy products and synthesized by our body; 

several tissues consist of glycolipids and glycoproteins. β-Galactosidase (GOase) catalyzes the 

reaction as shown in Equation 4, oxidation of D-Galactose to D-Galacto-hexodialdose, H2O2 

is produced. 

3.2. Electrochemical cell. 

An electrochemical cell is made up of three electrodes, including working (enzyme), 

reference (Ag∣AgCl), and auxiliary (platinum wire), which are immersed in the sample 

solution (Figure 3). Working electrode: reaction taking place; Reference electrode: provides a 

stable, reproducible potential to an independent of the sample composition against the working 

electrode's potential is compared. A constant composition achieves the phosphate buffer 

solution against potential change for the redox reaction to occur and as an intermediate bridge 
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to minimize the purities of the sample solution. Auxiliary is an inert conducting material that 

acts as the current-carrying electrode [10]. 

 

Figure 3. Electrochemical cell. 

4. Applications 

4.1. Electrocatalysis for biosensors. 

This is the term used to describe a redox process. It involves a specific chemical 

interaction with the electrode surface. The carbon atom adsorbs molecules from the solution, 

electrocatalytic reactions on carbon electrodes is occurred [20]. 

Britto and co-workers reported the electrocatalytic reduction of oxygen in an acidic 

[21]. Lactate biosensor, Cholesterol biosensor, and Galactose biosensor were constructed, and 

the detection method was based on the electrocatalytic reduction of oxygen in a neutral medium 

(pH 7.0). Two measuring modes, hydrogen detection, and oxygen monitoring were evaluated 

[22]. 

4.2. Tissue engineering.  

Lekshmi G et al. reported the biocompatible nanocrystals (NCs) of collagen fibrils for 

the reconstruction and engineering of bone cells could be synthesized by the carbon nanotubes. 

It was effective with enzyme-binding proteins for cell-to-cell communication because of 

carbon nanotubes with a high electrical signal between cell interactions [23]. Rafael L et al. 

discovered carbon nanotubes-reinforced cell-derived matrix-silk fibroin hierarchical scaffolds 

improved standard silk fibroin scaffolds and supported cell proliferation with no hemolytic 

effect in vitro investigation of human adipose-derived stem cell (hASCs) [24]. Scott L et al. 

identified carbon nanotube’s electrical conductivity and dimensional similarity to cardiac 

extracellular proteins. It might be employed to stint cardiac-specific proteins relating to 

contractile and electrophysiological function [25]. Mousavi SM et al. indicated carbon 

nanotube with high efficiency in treating dentin hypersensitivity and mesenchymal stem cell 

differentiation. Carbon nanotube-based composites were supported to the connective tissues to 

regenerate cells in teeth [26]. Liu X et al. synthesized the ssDNA@CNT nano-complex and 

applied it to 3D-printed scaffolds through a simple one-step coating utilizing electric-static 

force. This is a non-toxic coating and significantly improved the adhesion, proliferation, and 

differentiation of pre-osteoblast cells [27]. 

 

 

https://doi.org/10.33263/BRIAC131.043
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC131.043  

 https://biointerfaceresearch.com/ 5 of 8 

 

4.3. Drug delivery. 

Jampilek J et al. reported carbon nanotube is designed to help deliver or target drugs 

more efficiently with a high potential to penetrate cell walls due to their physicochemical 

properties, size, and shapes, such as risks of inflammatory reactions, pulmonary fibrosis, and 

DNA damage [28]. Dehaghani MZ et al. discovered the encapsulation process of an anticancer 

drug, Isatin (1H-indole-2,3-dione), with a single-walled carbon nanotube (SWCNT) could 

increase the interaction between cellular membranes and the carried therapeutic molecules 

[29]. Ho NT et al. identified carbon nanotube porins (CNTPs) function as efficient vehicles for 

direct cytoplasmic drug delivery. It loaded with an anticancer drug, doxorubicin which was 

effective in killing cancer cells up to 90% [30]. 

4.4. Cancer detection. 

Zandi A et al. reported the design and fabrication of nanoengineered platinum needles 

with laser welded carbon nanotubes (CNTs) for the electrochemical biosensing of cancer 

lymph nodes. The multi-walled carbon nanotubes (MWCNTs) enhanced the interaction of Pt 

needle electrodes with the lipidic contents of lymph nodes through the electrochemical tracing 

of fatty acid oxidation for a distinct metabolism of malignant cells [31]. Chen M et al. 

discovered a novel biosensor for the ultrasensitive detection of a lncRNA biomarker MALAT1. 

This gold nanocage coupled with an amide multi-walled carbon nanotube (Au-NCs/MWCNT-

NH2)-decorated screen-printed carbon electrode (SPCE) with satisfactory selectivity and 

stability which increased biocompatibility, showed a wide linear range (10-7-10-14 M) and low 

limit of detection (42.8 fM) for non-small cell lung cancer [32]. 

Banerjee A et al. indicated CNTs used as specific capture platforms, (2) probes for 

transduction of analyte-induced electrical signals, and (3) novel mechanisms of in vivo probing 

to cross the biological membrane [33]. Charlie Johnson AT et al. discovered a single-stranded 

DNA-decorated single-walled carbon nanotube (DNA-NT) vapor sensors that volatile organic 

compounds (VOCs) released and emanated from body fluids for the noninvasively distinguish 

ovarian and pancreatic cancer [34]. 

4.5. SARS-CoV-2 diagnosis. 

   Pinals RL et al. reported a nanosensor based on single-walled carbon nanotube 

(SWCNTs) non-covalently functionalized with angiotensin-converting enzyme 2 (ACE2), 

which was highly binding to the SARS-CoV-2 spike protein for detecting COVID-19 

[35].  Jomhori M et al. discovered single-walled carbon nanotube (SWCNTs) might cause the 

interaction of the S1 subunit in the spike protein and could be employed in the antiviral 

investigations [36]. Shao W et al. indicated the single-walled carbon nanotube (SWCNT)-

based field-effect transistor (FET) decorated with specific binding to the anti-SARS-CoV-2 

spike protein antibody (SAb) and anti-nucleocapsid protein antibody for the early diagnosis of 

SARS-CoV-2 infection [37]. Özmen EN also identified carbon nanotube (CNT), and its surface 

modification possessed excellent electrical properties, biocompatibility, chemical stability, 

mechanical strength and, a large surface area for detecting viral infections [38]. 
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5. Conclusion 

Carbon nanotube (CNT) is applied in a wide range of physics, chemistry, and materials 

science. Multi-walled carbon nanotubes (MWCNT) serve as an immobilization matrix, and 

mediator used to develop a Lactate/Cholesterol/D-Galactose biosensor.  

Multi-walled carbon nanotubes (MWCNT) modified glassy carbon electrode enhances 

response current to hydrogen peroxide and dissolved oxygen. An enzyme is immobilized at the 

electrode surface with multi-walled carbon nanotube materials (MWCNT) by non-conducting 

PPD via casting or electropolymerization (cyclic voltammetric technique). The operating 

mechanisms and functions are based on the nanotube array's oxidation by the enzyme's 

immobilization. 

Two operating potentials, either negative (-0.30V) or positive potential (+0.70V), are 

implied. The positive potential (+0.70V) has a higher sensitivity, linear range, the limit of 

detection (LOD), and limit of Quantitation (LOQ);  a negative potential (-0.30V) has a higher 

apparent Michaelis-Menten constant (
app

MK ), except lactate biosensor and better anti-

interference properties. 

Growing evidence has shown that carbon nanotube (CNT) is also effectively used in 

tissue engineering drug delivery. Cancer detection and SARS-CoV-2 diagnosis for single-

walled carbon nanotubes (SWCNT) and multi-walled carbon nanotubes (MWCNT).   
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