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Abstract: The gold  corc-platinum  shells
nanoparticles {AUNP,-Plgn) in the corporate
system of carbon nanotube chitosan scatfolds
linked glucose oxidase will be constructed for
glucose determination. The nickel hexacyanoferrate
(NiIHCF) mediator will be implanted in the tilm as
electron shuttle between clectrode and electrolyte.
The proposed biosensor exhibited good sensitivity
for the detection of glucose,
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L. Introduction

The development of glucose biosensor in recent
day becoming increasingly important in the clinical
analysis since the lack of glucose can lead (o serious
complications, including higher riske of heart disease,
kidney failure, and blindness in many patients. The
glucose monitoring is very crucial for preventing a
lack of glucose via the gluco-pump for taking the
glucose into the circulate system of the diabetes
patient. Diabetes mellitus is a metabolic disease
marked by high levels of blood glucose, with the
normal concentration range between 80 and 120
mg/dl.  (4.4-6.6 mmol Lﬁ!) 111, Feormerly, the
measuring levels of glucose in the blood of patients
wil] take longer, If the patients with severe, treatment
may be delayed and results in damage of patient organ.

The enzyme giucose oxidase (GOx} is used widely
in the development of biosensors for detection of
glucose due lo an enzyme that is specific for glucose
and sensitive to the reaction. For increagse (he
efficiency of electron transfer, wusing gold
napoparticles combined with platinum shell (Augre
Ply.n) was activation (21 Many research reported the
electron transfer between the enzymes to the electrode
surface enhanced by the nanotechnologies and it
allows the enzyme to bind at the particles surface
easily,

Chitosan (CHIT) is biomolecules that derivatives
from chitin via deacetylation reaction by the chifosan
molecular, The CHIT possess the fuactional group that
can crosslink and occurring cavity or space. The
nanomolecule such as carbon nanotube (CNT) led into

the gap of chitosan scaffold (CHIT-CNT} due to their
specific structures and unique properties. Carbon
nanotubes (CNT) could promote the electron-transfer
reaction and improve the conductive property when
they were used in the construction of biosensors. [3}.
The nickel hexacyanoferrate (NIHCF) act as catalyst in
the reduction reaction of the hydrogen peroxide.

This research was aimed to develop a sensitive and
rapid glucose biosensor. The modification was done by
imrnobilization of NI, CHIT, AuNP Pty and GOx
to the surface of glassy carbon electrode
(GO Al Planoy-CHIT-CNT/NIHCF/GCE). The
mechanism of this biosensor show in Fig 1.
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Figure [. Schematic diagram of GCE/NIHCF/CHIT-
CNT-AUNP e Ptogen GOX)

2. Experimental
2.1 Apparatus

The electrochemical experiments were  conducted
using a potentiostat (DigilVY, model DY2000, USA).
A three electrode; platinum wire, Ag/AgCl (3 M KCH
and glassy carbon (3 mm diameter) were used fo be
counter, reference and working electrode, respectively.
The messurement were investigated in & 4 mlL
electrochemical celk.

2.2 Synthesis of gold core - platinum shell nano
particle,

Heat 10 ml of 1% AuCl 4 at 120°C for 5 minutes,
then add 1.24 mL of 10 mM sodium borohydride
(NaBH-) into the hot AuClyand continue heat for an
hour, Pipette 131 ml of 1.9 mM potassiom
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chioroplatinate into the heat solution and continuous
heat for 30 minutes, The yellowed-brown color
solution was obtained for AugePlaai.

2.3 Sysnthesis of chitosan - carbon nanctubes scaffold

The CNT was purefied with acid prior fo use,
Briefly, weighing 0.05 g of CNT and dispersed in
Aqua regia acid, The dispersed solution was ultrasonic
for 10 hour and keep rinsing by the ultrapure water
until the pH is approximately 7, after that dried at 80
°C.

The chitosan scaffold was synthesized using the
glutaraldehyde as cross linking agent. Briefly,
weighing 0.05 g of chitosan flake, put info 60 mi of
water, then add concentrated hydrochloric acid until
receive clear solution. The solution was adjusted to pH
5 by 1.0 M sodium hydroxide. The solution was
adjusted to 100 ml with the ultrapure water to receive
1% chitosan and store at 4°C when not in use.

Glutaraldehyde was dissolved in chitosan solulion
at the ratio of 1:200 mol. The shurry was sonicated in
ultrasonic bath overnight. Then, extracted the unreact
by ethyt ether for 5 time. The purified CNT was mixed
into scaffold sherry and sonicate {or 4 hours.

2.4  Modification of  GOx/AttegreMyen-CHIT-
CNT/NIHCF/GCE

The glassy electrode wag cleaned by polish on the
emery paper containing AbOs powder prior to use.
The film of NiHCF was fabricale al the first step.
Briefly, bring 1.5 ml of 1.2 mM nickel chloride and
1.5 mi of 0.5 mM potassium hexacyanoferrate (1) and
1.5 mlL of 0.05 M potagsium chloride into the
electrochemical  cell.  The cyclic  voltammetric
technigue was used to electrodeposit the NiHCF at the
glassy carbon electrode by cycling potential in the
range of -0.1 1o 1.0 V at scan rate 50 mV.s" for 25
cycles. Then, a drops of CHIT-CNT-AuNP Pl
was applied onto the electrode surface and left dried in
air, An aliquot of the enzyime glucose oxidase was
spread on the electrode surface and left it dried to
obtain GO/ AP tea-CHIT-CNT/NIHCF/GCE.

3. Resuits and Discussion
3.1 The cyclic voltammogram of medified electrode

"The cyclic voltammogram of many clectrodes
show in figure 2 in 0 mM (curve 1), 1 mM (curve 2)
and 5 mM (curve 3) glucose. The cyclic
voltammogram of bare GCE (figure 2A) show no any
signal from the substance since there are no glucose
oxidase. The GOx/GCE (figure 2B) show a cuve at
0.68 V that the current is increase along with the
higher  concentration  of glucose.  For  the
GOx/NIHCF/GCE (figure 2C), the peak of Fe*” in
NiHCF dominated at 0.48 V, The NiHCF can catatyze
the hydrogent peroxide through the Fe*”. While adding
the CHIT-CNT into the system of GOx/NiHCF/GCE

{figure 2[3}, we found that the background current is
higher than without CHIT-CNT. This phenomena
mean that the CHIT-CNT is barrier to the clectrode
transfer. While we put Ao Plagg into the previous
electrode as Gox/AtyPla-CHIT-CNT/NIHCF/GCE
(figure 2B}, the effect of Auge-Ptien can reduce the
background current and resulting in reduce the
detection limit of biosensor.

Figure 2. Cyclic voltammogram of (A) bare GCE, (B)
GOx/GCE, (C) GOx/NIHCF/GCE, (D) GOx/CHIT-
CNT/NIHCF/GCE  and  (E) GOx/CHIT-CNT-
Al Pla/NIHCF/GCE in solution (1} 0 mM, (2} |
mM and (3} 5 mM glucose. Condition; scan rate, 50
mVs"; supporting electrolyte, 0.1 M PBS.

3.3 The figure of merits

The  GOx/CHIT-CNT-Atk Pl NIHCR/GCTE
was unsed for parameter optimization by spiking the
glucose 0 5 mM into 0.1 M phosphate buffer. The
applied potential was varied from 0.2 - 0.7 V. A plot
of applied potential against obtained current was
showed in figure 3. We found that at the applied
polential between 0.2 — 0.4 V, the current were low
and they were immediately increasing at 0.5 - 0.6 V.
However, we found that the maximum current was
obtained at 0.55 V. The applied potential of 0.55 V
was selected for next experiment.
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Figure 3. The I-E curve for GOx/AtggPtoe-CHIT-
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CNT/MNIHCF/GCE. Conditions; spiked ghucose, 5 mM;
supporting clectrolyte, 0.1 M PBS.

The glucose biosensor was operated for the
linearity and detection limit. Figurc 4 shows linearity
of this biosensor that it was in the range of 0.5 mM -~
20 mM (v=0.0038X -0.0017, R>= 0.9947). The
caleulated detection 1imit was obtained to be 0.21 mM.
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Figuse 4 Linearity of the GOx/AucPlan-CHIT-
CNT/NIHCF/GCE. Conditions; applied potential, 0.55
V' ; supporting electrolyte, 0.1 M PBS.

4, Conclusion

The glucose biosensor based on the GOx assisted
Al Py and NiHCF in the corporated system of
CHIT-CNT scaffolds was succesfully developed. The
biosensor are casy to use, quickly, accurately,
sensitivity, and reliable for measuring ghucose and also
can be applied for glucose determination in real
sample in the near future.
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