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  Abstract : For ex-vivo diabetic control, the voltammetric diagnosis of glucose (GU) was 
conducted with a modified carbon nanotube paste electrode, using handheld analytical circuits. The 
optimum analytical conditions were attained within the 0.5-4.0 ug/L working range and at the 
0.06 ug/L detection limit, which system was interfaced to the feedback circuits and was applied to 
human urine for diabetic-patient diagnosis. It can be used for ex-vivo flow control analysis, 
vascular flow detection and other medicinal assays. The equations of the patients’ urine are 
y=36.65x+12.13 and R²=0.987, those of the healthy person of y= 2.5x+10.9 and R²=0.928 
(patients: 118 ug/L; healthy person: 12.34 ug/L).
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1. Introduction

  The detection of glucose (GU) is important 
for human diabetic assay as most of the 
in-vivo energy generated by the oxidation of 
GU is used for the work that is necessary to 
maintain the ionic balances associated with 
synaptic transmission [1]. Diagnostic systems, 
however, require in-vivo blood extraction in 
the vascular tract, and limitless blood suction 
is very painful for a diabetic patient. 
Moreover, ex-vivo urine assay is not ideal for 
common use as it  demands high sensitive 
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detection limits and is very expensive. Various 
electroanalytical sensor techniques were recently 
developed, such as those using the bienzyme 
carbon paste electrode [2], gold electrode [3], 
digital microfluidic biosensor [4], polylysine 
calcium alginate [5], HRP GOD layered 
assembly [6], modified sol gel glass [7], 
ormosil-based electrocatalytic biosensor [8], 
microplate [9], FIA system [10], acrylated 
amperometric glucose biosensor [11], and 
enzymes [12]. Some of these methods, 
however, are not easy to use as they do not 
have low detection limits and require complex 
modification techniques, and as they involve 
devices that are too big for home use. Simpler 
and more sensitive ex-vivo analytical methods 
are thus needed by diabetic patients. As such,
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in this study, a simple, easy-to-use, and 
inexpensive device using mercury immobilized 
onto a carbon nanotube sensor and compact 
voltammetric [13-19] systems was developed. 
It can also detect low concentration ranges, 
which means that not much blood is required 
from the diabetic patients who will use it. Its 
circuit can first be interfaced with the 
feedback control systems, which can be 
controlled through a fluid convection and 
other medicinal pumping system.

2. Experiment Design

2.1. Preparation of the electrode

  For the sensor preparation, mercury (Hg) 
immobilized onto a carbon nanotube paste 
electrode (HNE; prepared by mixing 40% 
carbon nanotube powder, 40% solid mercury, 
and 20% mineral oil), bismuth immobilized 
onto a carbon nanotube paste electrode (BNE; 
prepared by mixing 40% carbon nanotube 
powder, 40% solid bismuth powder, and 20% 
mineral oil), and a carbon nanotube paste 
electrode (NE; prepared by mixing 80% 
carbon nanotube powder and 20% mineral oil) 
were prepared. The paste was homogenized in 
a mortar for 30 min then inserted into a 
plastic syringe needle with a 3.0 mm diameter 
and a 100 mm length, and a copper wire was 
connected to the voltammetric workstation. An 
Ag/AgCl electrode and a platinum wire 
electrode served as the reference electrode and 
auxiliary electrode, respectively. A 
three-electrode cell was used to monitor the 
voltammetric signal.

2.2. Reagents

  All the experiment solutions were prepared 
from 18M ohm cm-1 double-distilled water. A 
0.1M NH4H2PO4 solution with a pH strength 
of 4.75 served as a supporting electrolyte 
solution. Analytical-grade standard glucose 
(Aldrich Chemical Co.) was also prepared. All 
the experiment solutions were exposed to 

dissolved oxygen, and an electrode cleaning 
time was not necessary for every measurement.

2.3. Experiment Procedure

  Electrochemical workstations were used with 
the new Bioelectronics-1 system, which was 
constructed at the authors’ institute 
(computerized, handheld, +-2.0 V potential 
range, 10 pA measuring current, rechargeable 
battery or external power, and USB port 
interface with a PC). The instrument is as big 
as a typical cellular phone and can be used in 
bioassay by individuals at home as well as in 
a laboratory. The common parameter for 
+-2.0V cyclic voltammetry (CV) was a scan 
rate of 100 mVs-1, and the common 
parameters for square-wave (SW) stripping 
voltammetry were set at the optimized 
conditions. Hg immobilization was performed 
through a cyclic scan with an initial potential 
of +1.6 V, a switching potential of 0.6 V, and 
a scan rate of 0.5 mVs-1, with a tan cyclic 
repeat to stabilize the electrode surface. Since 
the voltammetric response of GU is dependent 
on the electrolyte solutions and the hydrogen 
ionic strength, various types of electrolyte 
solutions were tested. The phosphate solution 
yielded the best results.

3. Results and Discussion

3.1. Cyclic voltammetry

  First, the electrodes’ properties were 
determined using common and specially 
prepared sensors. Fig. 1(A) shows the three 
sensitive sensor types. HNE, BNE, and NE 
were compared by adding 300-mg/L GU using 
the optimum stripping parameters. Under these 
conditions, the peak current was obtained at 
3.0x10-7A HNE, 1.2x10-7A BNE, and 
2.4x10-7A NE. Here, HNE was found to be 
more sensitive than the others and obtained a 
sharp peak width. The HNE concentration 
effects were thus examined. Fig. 1(B) shows 
the result of the effects of high-concentration 
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                   (A)                                          (B)

Fig. 1. (A) Three types of electrodes were compared to select the sensitivity using 300-mg/L 
GU added under the optimum parameters. (B) SW concentration effects for the HNE of 
10- to 250-mg/L GU added under the optimum conditions, 5.34 pH, 0.1M H3PO4 

electrolyte solution.

GU using HNE. Before the experiment, 
1000-mg/L glucose standard was used. As 
shown in the figure, the blank electrolyte was 
simple, and some glucose was applied. A peak 
current increase was detected. Here, 10-, 20-, 
50-, 100-, 200-, and 250-mg/L GU were 
added. The peak current reached 2.942, 3.513, 
4.753, 6.217, 6.274, and 6.999 x 10-6A, 
respectively. The more Gu that was applied, 
the greater the peak current increase. This 
result shows that the device that was 
developed in this study can detect GU in the 
blood. Very low detection limits are required, 
however, in ex-vivo fluid assay. Thus, the 
optimum analytical conditions were examined 
(data not shown), and their statistical 
application was likewise investigated.

3.2. Statistics and Interference

  Fig. 2(A) shows the experiment statistics for 
the 10-ugL-1 GU that was tested 15 times 
using the final SW conditions. The peak 

current first reached 1.006×10⁻⁶ and then 
deceased to 0.96 x 10⁻⁶ in the second and 
third repetitions. It increased slightly to 1.002 
× 10⁻⁶ in the fourth repetition but decreased 
again to 0.9863 × 10⁻⁶ in the fifth 
repetition, however, in the 12th repetition, 
increased slightly to 0.973 × 10⁻⁶ in the 13th 
repetition. It then went up to 0.9821 × 10⁻⁶ 
in the 15th repetition and thereafter became 
stable. Under the aforementioned conditions, 
various analytical-interference ions were 
examined by adding other metals and analog 
neurotransmitters to the medium containing 
0.1-mgL-1 GU, for the tenfold spiking of 
1-mgL-1 Cu, Pb, Zn, Pt, Ca, and Ba. This 
yielded results of 100, -2, 116, 12, 735, -384, 
and 56%, respectively. The analytical 
interferences were effectively corrected using 
the standard addition methods. Under these 
conditions, the usable working range was 
examined via SWSV and CV.
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                   (A)                                          (B)

Fig. 2. (A) Statistics for the 10-ug/L GU added. (B) Result of the interference by various 
metals and neurotransmitters using the optimum parameters (5.34 pH, 0.1M H3PO4 

electrolyte solution).

3.3. Working range and application in 

     patients’urine

  As the concentration of GU in urine is low, 
the developed device can detect the GU 
therein. As such, an experiment was conducted 
involving low-concentration GU. When 0.5-, 
1-, 1.5-, 2-, 2.5-, 3-, 3.5-, and 4-ug/L GU 
was added, the peak current reached 1.144, 
1.269, 1.297, 1.448, 1.712, 1.947, 2.182, and 
2.656 × 10-4 A, respectively. It was observed 
that the peak current gradually increased with 
the addition of more GU. As it is known that 
HNE can detect a low concentration of GU, 
an experiment was conducted using a healthy 
person’s and two patients’ urine. Fig. 3(B) 
shows the results of such applications. The 
right graph shows the result of the patients’ 
urine, and the left graph shows the results of 
the healthy person’s urine. In this figure, the 
first curve represents the blank electrolyte 
solution where the 0.01-mL urine sample was 
added (1-ml urine in 100-ml distilled water). 
To this water was added 0.02- and 0.03-mL 
standard glucose in a 10-ml ammonium 
phosphate. Thereafter, the developed device 

was used, and GU was detected. Equations 
were formulated based on the result. The 
equations of the patients’ urine are 
y=36.65x+12.13 and R²=0.987, and those of 
the healthy person are y= 2.5x+10.9 and 
R²=0.928 (patients: 118 ug/L; healthy 
person: 12.34 ug/L). These equations show 
that the developed device can detect GU in the 
urine and can be easily used to measure a 
patient’s GU at home.
  Analytical application was performed using 
patients’ and normal urine, via the standard 
addition methods. Fig. 4(A) shows the 
statistical results of the three samples of 
patients’ and a healthy person’s urine. Here, 
the GU contents of the patients’ urine were 
three times those of the normal group’s urine. 
The developed techniques can be used for 
diagnostic assay in medicinal urine and blood 
analysis. Under the aforementioned conditions, 
the advanced feedback systems were examined. 
For ex-vivo control, the PIC current 
amplification circuits, DC flow control motor 
systems, and voltammetric circuits were 
interfaced. Fig. 4(B) shows the fabrication of 
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Fig. 3. (A) The SW result of a low concentration within the range of 0.5, 1, 1.5, 2, 2.5, 3, 
3.5, and 4 ug/L. (B) The equation of the urine of a healthy person and of  patients.

                    (A)                                          (B)

Fig. 4. (A) Statistics of the urine of a healthy person and of tree patients using the optimum 

parameters.  (B): The amplification inversion circuit.

the circuits, where the voltammetric output 
current was  connected to the  amplification 
inversion circuit. Here, the voltammetric peak 
current can be controlled in the flow systems 
of the rotating DC potential motors, which 
can be controlled for urine solutions.

4. Conclusions

  HNE is made with carbon nanotube and 
Hg-immobilized paste. Its optimal parameters 
were found to be as follows: 0.025 V SW 
amplitude, 15 Hz frequency, -2 V initial 
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potential, and 0.004 V increment potential. 
Under these conditions, the detection limit of 
0.06 ug/L GU was attained. HNE can thus 
detect GU not only in blood but also in urine. 
It overcomes the limitations of the other 
parallel devices, which are the fact that they 
are expensive and are difficult to use at home 
due to their sizes. The developed device is 
small and can detect a low GU concentration; 
it can thus be used at home and with any 
flow technique.
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