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ABSTRACT 

 Current day technology and the technologies to come up in future can be exploited to 

the benefit of human being. One of the areas in which the growth in technology can be fully 

utilized is the automated disease detection and drug delivery unit that can automatically 

monitor, diagnose and also provide medication to human being without human intervention. 

Dangerous diseases that destroy parts of human body are detected only when they are critical, 

it is required to constantly monitor the parameters in human body and provide medication to 

cure diseases. In this paper we are focusing on different biosensor that can detect the disease 

in early stages. Some of the biosensors are nanowire, nanotube, Quantum dots and 

nanoparticles . 
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INTRODUCTION 

The ability to detect pathogenic and physiologically relevant molecules in the body with 

high sensitivity and specificity offers a powerful opportunity in early diagnosis and treatment of 

diseases. Early detection and diagnosis can be used to greatly reduce the cost of patient care 

associated with advanced stages of many diseases. These costs have been estimated to be $75 

billion and $90 billion for cancer and diabetes, respectively. Currently, diseases can be detected 

by monitoring the concentration of certain antigens present in the bloodstream or other bodily 

fluids, or through tissue examinations. Biosensors are devices that are used to detect diseases of 

biological activity in a human body.  A biologically sensitive device with a physical or chemical 

transducer is used to detect the presence of specific compounds in a given environment [Vo-Dinh 

and Cullum, 2000]. Biosensors integrated with other electronic and mechanical modules are also 

called as biochips and are used for delivery, processing, analysis, or detection of biological 

molecules and species‟ [Bashir, 2004]. These devices are used to detect cells, microorganisms, 

viruses, proteins, DNA and related nucleic acids, and small molecules of biochemical‟s present 

in human body. Typically biosensors are comprised of three components:  

(1) The detector, which identifies the stimulus;  

(2) The transducer, which converts this stimulus to a useful output; and  
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(3) The output system, which involves amplification and display of the output in an 

appropriate format (Jianrong et al 2004). Using a biosensor, various samples containing viruses 

or bacteria are detected and analyzed as shown Figure 1.  

 
Fig 1: Biosensor for detection and analysis of samples. 

   

A sample or stimulus to be analyzed can be water, food, air, body, blood and fluid that consists 

of corresponding virus (called as target) to be detected is preprocessed and is passed on a sensor 

consisting of a detector (called as receptor), the biological activity between the target and 

receptor constitutes change in physical property of the transducer or sensor thus producing 

equivalent electrical signal. The electrical signal captured is analyzed for virus detection as 

shown in Figure 2.    

 

 
Fig 2: Biosensor function for a biochip. 

  

The biological components present in a sample that is used by biosensors to detect the presence 

of a virus or disease can be divided into five major mechanisms. They are  

 Antibody/antigen,  

 Enzymes,  

 Nucleic acid,  

 Cells and viruses and  

 Biomimetic 

 In antibody/antigen based mechanism, the binding of an antigen with antibody occurs 

under nonspecific interactions are minimized. The high specificity between an antibody and an 

antigen can be utilized in this type of sensor technology (Kubik et al 2005). Change in refractive 

index, reflectivity of through fluorescent labeling is observed due to binding thus, the presence of 

a disease id detected. Enzyme-based biosensors are composed of enzyme bioreceptors that use 

their catalytic activity and binding capabilities for specific detection (Monk and Walt 2004).  The 
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catalytic activity of the enzymes provides these types of biosensors with the ability to detect 

much lower limits than with normal binding techniques. The complementary relationships 

between adenosine and thymine and cytosine and guanosine in DNA form the basis of specificity 

in nucleic acid-based biosensors. These sensors are capable of detecting trace amounts of 

microorganism DNA by comparing it to a complementary strand of known DNA. For accurate 

analysis, polymerase chain reaction (PCR) is often used to create multiple copies of the sample 

DNA.  DNA is composed of a phosphate back-bone where each phosphate radical has a negative 

charge, a Deoxyribose (D in DNA) sugar and 4 types of bases or nucleotides. These are adenine 

(A), thymine (T), cytosine (C), Guanine (G). The binding property is such that A binds to T and 

G binds to C, and thus they are called as complimentary base pairs. The base structure of DNA is 

shown in Figure 3.  

DNA based biosensors are very popular in the market and have shown better 

performance compared to any other principle of biomarkers. Polymerase Chain Reaction (PCR) 

is a technique to amplify (make multiple copies) DNA molecules. Some of the diseases that have 

been diagnosed are based on PCR techniques. 

 
Fig 3: DNA structure. 

  

Microorganisms such as bacteria and fungi can be used as biosensors to detect specific molecules 

or the overall „„state‟‟ of the surrounding environment (Vo-Dinh and Cullum 2000). Proteins that 

are present in cells can also be used as bioreceptors for the detection of specific analytes (Suh et 

al 2004, 2006). A biomimetic biosensor is an artificial or synthetic sensor that mimics the 

function of a natural biosensor. These can include aptasensors, where aptasensors use aptamers 

as the biocomponent (Kubik 2005). Aptamers are synthetic strands of nucleic acid that can be 

designed to recognize amino acids, oligosaccharides, peptides, and proteins Hermann and Patel 

2000).  

Further biosensors can also be classified according to the method of signal transduction. 

There are four different types of signal transduction such as optical-detection, electrochemical, 

mass-sensitive and thermal detection. Optical detection biosensors are the most diverse class of 

biosensors because they can be used for many different types of spectroscopy, such as 

absorption, fluorescence, phosphorescence, Raman, SERS, refraction, and dispersion 

spectrometry (Kubik 2005). In addition, these spectroscopic methods can all measure different 

properties, such as energy, polarization, amplitude, decay time, and/or phase. Amplitude is the 

most commonly measured as it can easily be correlated to the concentration of the analyte of 

interest (Kubik 2005). Electrochemical biosensors measure the current produced from oxidation 

and reduction reactions. This current produced can be correlated to either the concentration of 
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the electro active species present or its rate of production/consumption (Kubik 2005). Biosensors 

that are based on mass-sensitive measurements detect small mass changes caused by chemical 

binding to small piezoelectric crystals. Initially, a specific electrical signal can be applied to the 

crystals to cause them to vibrate at a specific frequency. This frequency of oscillation depends on 

the electrical signal frequency and the mass of the crystal. As such, the binding of an analyte of 

interest will increase the mass of the crystal and subsequently change its frequency of oscillation, 

which can then be measured electrically and used to determine the mass of the analyte of interest 

bound to the crystal (Vo-Dinh and Cullum 2000). Thermal biosensors measure the changes in 

temperature in the reaction between an enzyme molecule and a suitable analyte Ramanathan and 

Danielsson 2001).This change in temperature can be correlated to the amount of reactants 

consumed or products formed.  

In this work, biomarkers based on antigen/antibody and DNA mechanisms are being used 

to develop biochip, detection principles based on electrochemical and mass sensitive techniques 

are used to develop sensors for automated drug delivery system. Next section discusses briefly 

nanotechnology principles based nanosensors that have been used as biosensor. Bio sensors that 

have been developed based on nanotechnology principles are also called as nanobio sensors. A 

detailed discussion on various nanobio sensors are presented in next section.  

Nanobiosensors 

The emergence of nanoscale technologies for biology has a great potential to lead to the 

development of next generation biosensors with improved sensitivity and reduced costs. Modern 

biosensors based on nanoscale techniques have the potential to greatly enhance methods of 

detecting foreign and potentially dangerous toxins and may result in cheaper, faster, and easier-

to-use analytical tools. Furthermore, nanoscale biosensors may be more portable and scalable for 

point-of-care sample analysis, controlled drug delivery and real-time diagnosis. With 

development in fabrication technology and due to unique properties of various nano devices such 

as nanowires, carbon nanotubes, quantum dots and nanoparticles has become the focus of 

intensive research.   

Nanoparticles 

Nanoparticles based on gold material (also called as GNPs) have been used for 

biosensors due to their special optical and absorption properties. GNPs are found to have 

properties such as biocompatible, less cytotoxic, resistant to bleaching and can absorb or scatter 

light from the visible to near-infrared region. GNP based sensors have been used in colorimetric 

biosensor (Su X and Kanjanawarut 2009 , Medly C et al 2008, Chen Z et al 2009) , cancer 

imaging (Sokolov  K et al 2003, Copland J et al 2004), drug delivery (Podsiadlo P et al 2008) 

and cancer therapy (Huang X et al 2007, 2008, Moran et al 2009). Figure 4 shows cancer cell 

detection using GNPs. A GNP is coated with Raman reporters and conjugated with ScFv 

antibody and is used in detecting cancer cells.   
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Fig 4: Cancer cell targeting and spectroscopic detection using antibody-conjugated 

SERS nanoparticles (a) Modified gold nanoparticle with Raman reporter and 

targeting molecule (b) Schematic illustration of the nanoparticles targeting the cancer 

cells. 

  

Gold nanoparticles are used as molecular imaging agents, are found to be very useful in detecting 

cancer proteins. An antibody called as anti-EGFR (epidermal growth factor receptor) was 

conjugated with gold nanoparticles was used to detect EGFRs in cell membranes. Thus GNPs 

have found wide use in detecting cancer cells in human body. Using anti-Prostate Specific 

Antigen (PSA) antibody combined with GNPs and gold nanorods was used as one-step 

homogeneous immunoassay for cancer biomarker detection. Most of the sensors developed using 

GNPs have been used for photothermal cancer treatment.  

Quantum dots 

 Quantum dots (QDs) are semiconducting, light-emitting nanocrystals that have emerged 

as a powerful molecular imaging agent and are significantly used as a nanobio sensor. QDs due 

to their unique optical properties compared with organic fluorescent labels have found to have 

wide applications. Exceptional optical properties of QDs have made them an exciting field of 

study for many researchers in search of molecular imaging tools for better cancer diagnosis. A 

multifunctional nanoparticle with biomolecules conjugated to QDs has been used in cancer 

targeting and drug delivery (Gao X et al 2004) as shown in Figure 5. 

 

 
Fig 5: Cancer biomarker using Quantum dots. 
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 Recent study on QDs has suggested that functionalized nanoparticles are used to detect 

alpha-fetoproteins (AFPs) (Chen L et al 2009) in immunoassays. QDs have also been integrated 

into nano-bio-chips (NBCs) for detecting multiple cancer biomarkers (Jokerst J et al 2008). 

Carbon nanotubes 

After the discovery of fullerene, carbon nanotubes (CNTs) have been re-discovered in 

1991 by (Iijima S. 1991). CNTs provide high surface-to-volume ratios, mediate fast electron-

transfer and can be functionalized with almost any desired chemical species. It is also of great 

advantage to use carbon nanotubes because label-free detection of cancer biomarkers is possible. 

Current developments in CNT-based cancer detection focus on a more precise and sensitive 

detection of the cancer biomarkers. Single-wall carbon nanotubes (SWNT) with [Ru-(bpy)3]
2+

- 

doped silica nanoparticles have been studied as an electrochemiluminescent immunosensor for 

PSA detection as shown in Figure 6. 

 
Fig 6: SWNT forest with ECL nanoparticles as sandwich immunoassay for PSA 

detection. 

  

CNT field effect transistor (FET) based biosensors are especially of great interest (Chen R et al 

2004). CNTs form the conducting channel in a transistor configuration and interact with 

introduced analytes. Analytes interact with CNTs where  

1) Charge transfer may occur from analyte molecules to the CNTs or  

2) The analytes can act as scattering potential across the CNTs.  

A relationship between the concentration of the analyte and conductance or potential can be 

monitored and biosensing can be done based on this system. A real-time detection of PSA-ACT 

complex with CNT-FET has been developed and by providing sufficient space between each 

antibody on the CNT, the sensitivity of the system was maximized as shown in Figure 7. This 

spacing is a crucial element of sensing biomarkers in a buffer solution since the target is required 

to be in a distance within the Debye length to give a large gating effect. Using 1-pyrene butanoic 

acid succinimidyl ester (PASE) as a linker and 1-pyrenebutanol (PB) as a spacer at a specific 

linker-to-spacer ratio on SWNTs, conductance of CNT-FET could be largely enhanced (Kim J et 

al 2009). 
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Fig 7: Set up of CNT-FET with a linker and a spacer for the maximized sensitivity. 

Nanowires 

 Recent studies have shown considerable attraction towards these nanostructures, 

particularly on nanowires. When used in biosensing devices, these nanowires have two main 

advantages over carbon nanotubes (CNTs). Firstly, the material properties can be more precisely 

controlled by manipulating the conditions during synthesis and using well-developed doping 

techniques. Secondly, the native oxide layer that forms on the outside of nanowires allows the 

use of a broad class of already well developed functionalization and blocking chemistries. 

Application of nanowires in biosensors shows the most interesting studies (Curreli M et al 2005, 

Roberts M A et al 2007, Shi L et al 2005, Laocharoensuk R et al 2007, Lee E P et al 2007, Zhu N 

et al 2006, Tian Y et al 2004, Hultgren A et al 2005). In this section, we especially interested in 

reporting about the biosensor devices made of nanowires as an active sensing material.  

 Electron transport properties of nanowires are very important for electrical and electronic 

applications as well as for understanding the unique one-dimensional carrier transport 

mechanism. It has been noticed that the wire diameter, wire surface condition, crystal structure 

and its quality, chemical composition, crystallographic orientation along the wire axis etc are 

important parameters, all of which influence the electron transport mechanism of nanowires. For 

example, the I-V characteristic studies of the Cu nanowires both at room temperature and at 4.2 

K showed the linear ohmic behavior (Sarkar J et al 2007). However, by oxidation when the 

metallic Cu nanowires has been transformed into semiconducting Cu2O nanowires and placed 

between two electrodes, it forms two Schottky diodes in series and in turn produces a double 

diode like I–V characteristic curve. It has been reported that quasi one-dimensional nanowires 

exhibit both ballistic and diffusive type electron transport mechanism, which depends upon the 

wire length and diameter. It is found that the conductance of nanowires strongly depends on their 

crystalline structure. For example, in the case of perfect crystalline Si nanowires having four 

atoms per unit cell, generally three conductance channels are found (Zhao J et al 2003). 

 Various nanowires have also been applied to biomarker detection based on silicon 

nanowires (Peng G et al 2009, Hahm J et al 2004, Patolsky F et al 2004, Zheng G et al 2005), 

In2O3 nanowires (Li C et al 2005) gold nanowires (Cusma A et al 2007, Basu M et al 2004), 

conducting polymer nanowires (Fan Y et al 2007). Silicon nanowires (SiNW) are 

semiconducting nanowires with exceptional physical, optical, electronic properties, and excellent 

biocompatibility (Cui Y et al 2003, Almeida V et al 2004, Zhang R et al 2003, and Piscanec S et 

al 2003). As well, since silicon is a well studied material, the surface of the nanowires can be 
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modified with well-known methods. This advantage makes itself a promising platform for 

sensitive detection of biomarkers (Zhang S et al 1998, Craighead H et al 1998). SiNWs modified 

with peptide nucleic acids (PNAs) have been used to detect miRNAs that were extracted from 

Hela cells as shown in Figure 8. 

 
Fig 8: SiNW based target miRNA detection via PNA. 

 

In addition to silicon nanowires, voltammetric detection of cancer biomarkers using silica 

nanowires (SiO2-NWs) has also been studied. A lung cancer biomarker, interleukin-10 (IL-10) 

and osteopontin (OPN), has been detected using silica nanowires as templates, through 

electrochemical alkaline phosphatase (AP) assay as shown in Figure 9. 

 
Fig 9: Detection of cancer biomarker through sandwich immunoassay using SiO2-NW. 

  

Nanowire sensors have been used as biosensors for detecting hydrogen and ethanol. Nanowires 

impregnated with Pt also show high sensitivity for 1000 ppm of ethanol at or below 150 ºC, with 

short recovery and response times. Noble metal nanowires with enzyme modified electrodes 

have been used for detecting H2O2 and glucose. Gold nanowires with cholesterol oxidase (COx) 

and cholesterol esterase (CE) possess excellent properties for the cholesterol detection and 

sensors have been developed to detect cholesterol present in human body. La(OH)3  Nanowires 

Modified Carbon Paste Electrode (CPE) sensor was developed to detect Inosine. The system 

was applied to inosine determination in both pharmaceutical preparations and human serum. 

Gold Nanowires with Glycoconjugate (Antibody) was developed to detect Bacterial and 

Octadecanethiol. Two types of sensors that composed of gold nanowires, one sensor made up of 

gold nanowires with glycoconjugate (antibody) was used for bacterial detection (Basu M et al 

2004).  Another application of gold nanowires as reported by Liu et al. was for octadecanethiol 

sensing (Liu Z and Searson PC 2006). Silica Nanowires were developed to detect cancer 

Biomarkers Exemplified by Interleukin-10 and Osteopontin. Ramgir et al. reported real-time 

voltammetric detection of potential lung cancer biomarkers, namely, interleukin-10 (IL-10) and 

osteopontin (OPN), using localized silica nanowires as templates, through an electrochemical 

alkaline phosphatase (AP) based assay (Ramgir N S et al 2007). Silver Mesowires were 
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developed to detect Amine Vapor Sensor. Silver mesowires with diameters ranging from 150 

to 950 nm and lengths of 100 µm or more were prepared by electrochemical step edge decoration 

(Murray B J et al 2004).  

CONCLUSION 

 The unique properties of nanowires such as mechanical stability, light weight, 

enhancement in the current, reduction in potential are very helpful for the development of 

efficient electrochemical sensors and biosensors. Functional nanowire arrays constitute one of 

the most fascinating current issues in the nanotechnology field. Given that most of the 

applications described above are concerned with pushing the limits of how few molecules can be 

detected in a given volume of solution. Nanowire sensors are inherently useful so long as the 

entire platforms are designed in such a way that the entire sample volume can be interrogated by 

the sensor. Also, their electrical, thermal, magnetic and optical properties are excellent. 

However, the real value of sensors lies in their detection limit range, sensitivity, etc., and all 

these are enhanced by the nanowire modified electrodes in the sensors. These overall properties 

provide additional benefits, which enable development of sensors made of multifunctional, 

structural materials. In a few more years nanowire sensors will become prominent among 

researchers and in market. They will be small in size and high in sensitivity.  

 In this work nanowire based biosensors are used to detect diseases in human body. In 

most of the research carried out and reported in literature it is found that the sensors that have 

been developed have been first fabricated using any of the advanced technologies and with 

appropriate use of materials. Fabrication of biosensors requires sophisticated lab facilities and 

also is very expensive. Suitable funds provided by Government or Universities help in setting up 

state of the art lab facilities to manufacture bio sensors. It is also found in the literature that many 

of the work carried out on biosensor design are not performed on physical devices but have used 

mathematical models to validate their design. There are many tools that have been developed to 

help researchers to design, model and analyze the performances of biosensors as per their 

interest. The tools provided are developed by various eminent scientists and industry experts and 

provide a platform for carrying out research activities in the field of biosensors. It is found that in 

near future, there would be a huge demand for automated drug delivery and thus the work carried 

out in this research would play a vital platform for scientists, researchers and engineers to adopt 

the developed model and fabricate the design for real time applications. 

  From the literature review carried out the following are the summary of literature review: 

 Mathematical models have been developed for various sensors, integration of sensors 

for disease detection have not been reported 

 Sensors are not characterized for disease detection, particularly cancer detection 

 Integration of sensors with classification and drug diffusion have not been reported 

 Biosensors are not available for monitoring or measuring all possible diseases or 

activities of human body (limits the monitoring of patients parameters) 

 Characterization of available biosensors is a very critical activity before system 

deployment 

 Multiple biosensors are required to measure patients activities, hence there is a need 

for an expert system to measure, monitor and control the drug diffusion system 

 Neural network based approaches for patient monitoring of multiple parameters and 

decision making unit is not reported in the literature. 
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 Intelligent control unit that can control drug diffusion based on the variations in 

patients parameter is not reported in the literature 

 The work developed would as a platform for many of the researchers to pursue research 

activities in the area of automated drug delivery unit. Also the model developed can be realized 

using VLSI technology for real time applications.  
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