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Figure 1| (i) The schematic of the microfluidic biochip used for total cholesterol detection (the ordered arrangement of this microsystem is assumed).
(ii) The photograph of real microfluidic biochip for cholesterol detection and (iii) the enlarged view of optical microscopic image of the microfluidic

biochip.

open to reactions'*. The MWCNTs are known to produce changes in
energy bands close to the Fermi level™'®. The exciting electronic
properties and high electrochemical reactivity of MWCNTSs suggest
that fast electron transfer reaction occurs when they are used as the
electrode in an electrochemical biochip'®'¢. Lin et al. have developed
a microfluidics electrochemical sensor for on-site, non-invasive
monitoring of lead and chlorophenols'. Wisitsoraat et al. have
developed an electrochemical biochip for cholesterol detection that
has a sensitivity 0f0.0512 nA/mg/dl, which is attributed to the direct
growth of CNT on glass'®. However, MWCNTs are known to
agglomerate via Van der Waals interactions, resulting in poor film-
forming ability. To overcome this problem, nanostructured metal
oxides (NMOx) may be used to control the agglomeration of
MWCNTSsY. The covalent binding (or sidewall functionalization)
of biomolecules (e.g., proteins, enzymes, and nucleic acids) to carb-
oxyl-functionalized MWCNTs via diimide-activated amidation may
provide improved stability and reproducibility®*-**. In such a case, the

large surface area of the MWCNTSs and the presence of abundant
functional groups may offer a suitable platform for biofunctionaliza-
tion**?, Additionally, MWCNTs may facilitate continuous conduct-
ing pathways to transport the charge carriers, allowing for a higher
sensitivity”. Shim et al. have used functionalized CNT for biomole-
cular recognition in a streptavidin/biotin approach to investigate the
adsorption of proteins on the sidewalls of carbon nanotubes™.

A biosensor based on nanostructured nickel oxide (nNiO) has
recently been explored to detect biomolecules such as DNA, anti-
body-antigen interactions, glucose, and cholesterol***’. However,
nNiO-based biosensors have limited applications due to the inher-
ently poor electrical conductivity of nNiO*. The non-covalent
immobilization of enzymes onto nNiO-based biochip has recently
been found to result in poor stability of the desired biomolecules?-%5.
To improve the characteristics of a biosensing device, nNiO can be
integrated with MWCNTs*°. Zhang et al. have used CNT-NMOx to
develop solar cells and gas sensors™. The sp* hybridization and
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