
Author’s Accepted Manuscript

Broccoli-shaped Biosensor Hierarchy for
Electrochemical Screening of Noradrenaline in
Living Cells

M.Y. Emran, M. Mekawy, N. Akhtar, M.A.
Shenashen, I.M. EL-Sewify, A. Faheem, S.A. El-
Safty

PII: S0956-5663(17)30585-7
DOI: http://dx.doi.org/10.1016/j.bios.2017.08.050
Reference: BIOS9960

To appear in: Biosensors and Bioelectronic

Received date: 4 June 2017
Revised date: 21 August 2017
Accepted date: 22 August 2017

Cite this article as: M.Y. Emran, M. Mekawy, N. Akhtar, M.A. Shenashen, I.M.
EL-Sewify, A. Faheem and S.A. El-Safty, Broccoli-shaped Biosensor Hierarchy
for Electrochemical Screening of Noradrenaline in Living Cells, Biosensors and
Bioelectronic, http://dx.doi.org/10.1016/j.bios.2017.08.050

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/bios

http://www.elsevier.com/locate/bios
http://dx.doi.org/10.1016/j.bios.2017.08.050
http://dx.doi.org/10.1016/j.bios.2017.08.050


1 
 

Broccoli-shaped Biosensor Hierarchy for Electrochemical Screening of Noradrenaline in 

Living Cells  

M.Y. Emran
1
, M. Mekawy

1
, N. Akhtar

1
, M.A. Shenashen

1
, I. M. EL-Sewify

1
, A. Faheem

2
, S. A. 

El-Safty
1,

* 

1 
National Institute for Materials Science (NIMS), Research Center for Functional Materials, 1-

2-1 Sengen, Tsukuba-shi, Ibaraki-ken, 305-0047, Japan. 
2 

School of Pharmacy and Pharmaceutical Sciences, Faculty of Health Sciences and Wellbeing, 

University of Sunderland, Sunderland, SR1 3SD, UK. 

 

 Abstract 

Monitoring and determination of ultra-trace concentrations of monoamine 

neurotransmitter such as noradrenaline (NA) in living cells with simple, sensitive and selective 

assays are significantly interesting. We design NA-electrode sensing system based on C-, N-

doped NiO broccoli-like hierarchy (CNNB). The spherical broccoli-head umbrella architectures 

associated with nano-tubular arrangements enabled to tailor NA biosensor design. The 

homogenous doping and anisotropic dispersion of CN nanospheres along the entire NB head 

nanotubes lead to creating of abundant electroactive sites in the interior tubular vessels and outer 

surfaces for ultrasensitive detection of NA in living cells such as PC12. The CNNB biosensor 

electrodes showed efficient electrocatalytic activity, enhanced kinetics for electrooxidation of 

NA, and fast electron-transfer between electrode–electrolyte interface surfaces, enabling 

synergistic enhancement in sensitivity, and selectivity at a low-detectable concentration of  6 

nM and reproducibility of broccoli-shaped NA-electrodes. The integrated CNNB biosensor 

electrodes showed evidence of monitoring and screening of NA released from PC12 cells under 

K
+
 ion-extracellular stimulation process. The unique features of CNNB in terms of NA-

selectivity among multi-competitive components, long-term stability during the detection of NA 

may open their practical, in-vitro application for extracellular monoamine neurotransmitters 

detection in living cells.  
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