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Abstract 

Prediction of disease progression using saliva as a diagnostic medium has roused the interest of scientific 
researchers in the 10 last past years. Potentially important biomarkers are increased in saliva during local and 
systemic inflammation. In the present study we have developed a highly sensitive biosensor for TNF-  detection in 
human saliva of patients suffering from heart failure. Therefore, a fully integrated electrochemical BioMEMS was 
developed in order to increase the sensitivity of detection, decrease the time of analysis, and to simultaneously 
detect varying cytokine biomarkers using eight gold working microelectrodes (WE). The monoclonal antibodies 
(mAb) anti-human Tumor Necrosis Factor alpha (anti-TNF- ) were immobilized onto gold microelectrodes through 
functionalization with carboxyl diazonium. Cyclic voltammetry (CV) was applied during the microelectrode 
functionalization process to characterize the gold microelectrode surface properties. Finally, electrochemical 
impedance spectroscopy (EIS) characterized the modified gold microelectrodes, and the detection range of TNF-
cytokines was from 1pg/mL to 15 pg/mL. 
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1. Introduction 

Heart failure (HF) is a condition where the heart fails in its duties of circulating blood through the lungs and back 
out to the tissues. Diagnosis of acute rejection is a complex and persistent problem in heart and ventricular assisted 
device (VAD) transplantation. To address this problem, measuring specific biomarkers can produce immediate 
information about the first signs of inflammation [1]. A wide spectrum of compounds (e.g. TNF-  cytokines) present 
in saliva may provide information for clinical diagnostic applications. Saliva is a good medium because its collection 
is not invasive and the donation process is relatively without stress. In recent years, different techniques have been 
used for the detection of protein biomarkers [2]. However, a majority of these techniques require adequate 
transducing elements, for instance fluorescent dyes or enzymes, to generate a signal which give rise of this 
interaction event. Increasing need for a fast, real-time and reliable medical diagnosis has led to growing interest in 
new point-of-care biological sensors capable for the sensitive and specific detection of biomolecules. For this 
interest we report in the present work on the fabrication of an electrochemical BioMEMS for multiple cytokine 
detection. This BioMEMS contains eight gold working microelectrodes (WEs) allowing a simultaneous detection 
(Fig. 1c). Cyclic voltammetry (CV) was applied during the microelectrode functionalization process to confirm the 
mAb immobilization and to characterize the gold microelectrode surface properties. Finally, EIS characterization 
was applied onto the gold WEs for TNF-  detection by the corresponding immobilized antibodies anti-TNF- . The 
BioMEMS was highly sensitive to TNF-  within the range 1-15 pg/mL when compared to other interferences in 
artificial human saliva. 

2. Experimental 

2.1. Chemical and Reagent 

Reagents used in this research are: 4-aminophenylacetic acid (4-carboxymethylaniline CMA), sodium nitrite 
(NaNO2), hydrochloricacid (HCl), Ethanol, N-hydroxysuccinimide (NHS), N-(3-dimethylaminopropyl)-N-ethyl-
carbodiimide hydrochloride (EDC), phosphatebuffered saline (PBS), phosphatebuffered saline Tween (PBSTween) 
and (Fe2+Fe3+) were purchased from Sigma Aldrich. Antibodies Tumor necrosis factor TNF- , Recombinant Human 
TNF- , Recombinant Human IL-10, Recombinant Human IL-8 and Recombinant Human IL-1, Antibodies TNF-
with fluorescence were purchased from R&D system France.Artificial saliva has been prepared by dissolving 0.6 
g/L Na2HPO4, 0.6 g/L anhydrous CaCl2,0.4 g/L KCl, 0.4 g/L NaCl, 4 g/L mucin and 4 g/L urea in deionized water, 
adjusted to pH 7.2, sterilized by autoclaving and stored in the refrigerator until use. 

2.2. Antibodies and cytokine preparation 

Antibodies and cytokines have been diluted in PBS buffer, aliquoted, and stored at −20°C following the protocol of 
the supplier. The cytokines TNF- , IL-1 and IL-8 have been aliquoted before EIS measurements at different 
concentrations from 1, 5, 10 and 15 pg/mL respectively and stored at 4°C. For the detection in artificial saliva, the 
cytokine TNF-  has been diluted directly in artificial saliva.  

2.3. Fluorescence microscopy

Fluorescence images were taken using a fluorescence micro-scope (Zeiss Axioplan 2 Imaging apparatus). Samples 
were observed by fluorescence light: Fluorescein, excitation was made with a 470 (±40) nm band-pass filter and 
fluorescence was observed with a 525 (±50) nm band-pass filter (Fig. 1a). 

2.4. Bio-Functionalization of Gold Surface

Before functionalization, the surface of biosensor’s WEs has been pre-cleaned by sonication for 10 min in acetone 



Download English Version:

https://daneshyari.com/en/article/5029326

Download Persian Version:

https://daneshyari.com/article/5029326

Daneshyari.com

https://daneshyari.com/en/article/5029326
https://daneshyari.com/article/5029326
https://daneshyari.com

