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electrode increased. The electrochemical characteristics were also studied using cyclic
voltammetry (CV) and differential pulse voltammetry (DPV), indicating that the modified
electrode provided approximately 2 times higher electrochemical signals than an
unmodified electrode. Under the optimal conditions, the modified cotton thread-based
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CHAPTER |
INTRODUCTION

1.1 Introduction

Non-invasive diagnosis has gained considerable attention in recent years because
it can be used as an alternative blood-free diagnosis approach to directly detect the
target biomarkers excreted from human body fluids without the painfulness and
infection [1-4]. Among all substrates used as a non-invasive sensor, textile has
become the most attractive material due to its biocompatibility, comfortability and
stretch ability [5, 6]. However, the use of fabric textile substrates still requires high
volume of biofluid sample leading to unsuitability for medical diagnosis which the
sample volume is limited. To overcome this problem, the cotton thread has become
an alternative one because it requires the low sample volume and provides self-
microfluidic property for the flow of biofluid with low cost and commercial
availability [7-12].

In case of a biomarker of interest, uric acid (UA), chemically designated as 2, 6, 8-
tryhydroxypurine, is a major product of the catabolism of purine nucleosides,
adenosine and guanosine in human’s fluid. The existing level of UA in the fluids is an
important biomarker for gout diagnosis [13]. It has been clinically reported that, gout
is linked to an abnormal level of uric acid in human urine over 4.46 mM [14].
Generally, UA detection is performed by blood withdrawing using an invasive needle,
which cause painfulness and high infection risk. Therefore, a non-invasive
electrochemical sensor of UA in human urine was recently investigated for replacing
of the traditional invasive diagnosis [15, 16].

Various analytical techniques, such as liquid chromatography (HPLC) [17], capillary
electrophoresis (CE) [18], and fluorescence spectroscopy [19] have been reported for
separation and detection of UA. However, the limitations of the above techniques
are expensiveness, requirement of additional steps, specialist and complicated
instrument. To overcome these drawbacks, an electrochemical sensor is an
alternative approach, which is suitable for diverse applications due to its simple and

rapid analysis, inherent miniaturization and inexpensiveness [20-22]. Therefore, the



electrochemical sensor was developed for a non-invasive diagnosis of biomarkers in
urine to indicate the human’s health status. Traditionally, the electrochemical sensor
of UA was performed by an enzymatic platform using uricase enzyme [23-25].
Althousgh this enzyme-based sensor provides high specificity and sensitivity, it still has
some disadvantages, including high cost, operational complexity and enzymatic
stability issue. Therefore, a non-enzymatic detection of UA is emerged through its
oxidation on the modified electrodes offering low cost and more simplicity [26].

However, an important limitation of the non-enzymatic sensor on a small size of
the cotton thread-based electrode is low surface area leading to decreased sensor
sensitivity. To overcome this problem, modification of working electrode surface is
highly required to enhance the electrode surface area for increasing of the sensor
sensitivity. The metallic based nanoparticles have been used for electrode surface
modification due to their high conductivity, high surface area, high mechanical
strength, and electrocatalytic property [27-30].

In this work, a cotton thread-based electrochemical sensor is fabricated for non-
invasive and non-enzymatic detection of UA. The cotton thread was coated with the
conductive carbon ink and used as a working electrode. Then, gold nanoparticles
(AuNPs) was electrodeposited on the surface of the working electrode to increase
the electrode surface area and enhance the detection sensitivity for UA. After that,
the modified cotton thread-based electrode was directly used as a working electrode
for an electrochemical sensor of UA without the enzyme requirement. This sensor
showed a high sensitivity towards UA detection with a wide linear range and it was
applied for non-invasive and non-enzymatic sensor of UA in human urine sample.

1.2 Objectives
- To fabricate novel cotton thread-based electrochemical sensor modified
with gold nanoparticles
- To apply the modified cotton thread-based electrochemical sensor for
uric acid detection in urine
1.3 Scope of the research
In this study, the modified cotton thread-based electrochemical sensor was

developed for the determination of uric acid (UA). The surface morphologies of the



modified cotton thread-based electrodes were systematically characterized. All
factors affecting the analytical performances and sensitivities were optimized.
Moreover, the analytical performances of the modified cotton thread-based sensors
for electrochemical detection including a linear range, a detection limit and stability
were evaluated. Under the optimized conditions, this cotton thread-based sensor

was applied for the determination of uric acid in urine.



CHAPTER Il
THEORY AND LITERATURE SURVEYS

In this chapter, the basic theory and principle of electrochemical techniques
are described in the first part. In the second part, the surface electrode surface using
nanomaterials is explained. Non-invasive sensor and substrate used for non-invasive
sensor are introduced in the third part. Finally, the electrochemical detection of uric
acid is discussed.

2.1 Electrochemical Methods

2.1.1 Principle of electrochemical methods [31, 32]

Electrochemistry is a study about the interaction between chemical reaction and
electrical energy which is called the electrochemical reaction. This reaction focuses
on the change of electron transportation process generated from target analyte
reactions. The electrochemical technique has been extensively used for sensor for
both quantitative and qualitative analyses. This technique has been widely used in
various fields including medical diagnosis, environmental monitoring and food quality
control.

Electrochemical methods are the analytical technique operated in an
electrochemical cell that the concentration of target analytes can be evaluated by
applying potential signal and measuring of the electrical parameter, for example,
potential (volt; V) or current signal (amperes; A). These methods can be divided into

two categories including potentiometric and potentiostatic methods (Figure 2.1)
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Figure 2.1 The family tree of electrochemical techniques.

Potentiometric is a static technique (zero current) that measures the potential of
a solution between the working and the reference electrode. The potential of
working electrode depends on the concentration of analytes that can be calculated

from the equation below.
Ecet = Eina — Eref + Ej

Where Ecen = cell potential
Eing = potential of indicator electrode
Erer = potential of reference electrode

E; = junction potential



Potentiostatic technique is a dynamic technique (no zero current) that measures
current response obtained from electron transfer process when a working electrode
is applied with controlled potential and the results are plotted between applied
potential and current called voltammmogram. The applied potential can cause a
redox reaction (oxidation and reduction) in the electroactive species of target
analytes when an electron is received and lost between working electrode surface
and solution (Figure 2.2). The current response obtained from potentiostatic
technique is related to the concentration of target analytes in solution. The redox
reaction of target analytes at electrode-solution interface is explained in an equation

below.

O+ne” &R

Where O and R are the oxidized and reduced forms of electroactive species of
target analytes, respectively. This redox reaction can occur when the system is
applied with potential that makes electron transfer thermodynamically or kinetically.
For the thermodynamic electron transfer process, the relationship between
concentration of electroactive species of target analytes and applied potential can

express as a Nernst equation that is shown in an equation below.

23RT  Co(0,t)

g &)BY
WnoniERsT

Where E° = standard potential of redox process
= gas constant (8.314 JK'mol ™)
= Kelvin temperature
n = number of transferred electrons
= Faraday constant (96,487 coulombs)
Co, Cg = concentration of oxidized species and

reduced species, respectively
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Figure 2.2 Schematic of the redox reaction at working electrode surface. [33]

For the electrochemical methods, the potentiostatic techniques including cyclic
voltammetry (CV), differential pulse voltammetry (DPV) and amperometry, were
selected for the detection of target analyte in this work. The basic principle of these
techniques will be discussed in section 2.1.4, 2.1.5 and 2.1.6, respectively. Moreover,
the surface property of the modified sensor was also characterized by
electrochemical impedance spectroscopy (EIS). The basic principle of this technique
will be discussed in section 2.1.7, accordingly.

2.1.2 Electrochemical cell

Generally, an electrochemical cell consists of three main components including
external power supply, electrolyte and three-electrode system (working, reference
and counter electrodes) as shown in Figure 2.3. The working electrode is used for the
detection of target analyte. The reference electrode is a stable electrode that
measures the potential of the working electrode without passing through of current.
The counter electrode is also used to balance the current observed at the working
electrode. To complete the circuit, this system is controlled by an external power
supply and all of electrodes are immersed into an electrolyte solution containing
target analyte as shown in Figure 2.3. To detect the target analytes, electrochemical
cell containing three electrodes is used to measure the electrochemical changes of

target analyte occurring when chemicals interact with the surface of the working



electrode. Previously, the conventional system of electrochemical cell is large that
has a major drawback of the high sample volume requirement. To overcome this,
the conventional system is miniaturized to a small and portable size called a screen-
printed carbon electrode that is suitable for biomedical applications due to its

requirement of low sample volume and field-based site measurement (Figure 2.4).

Potentiostat
¢=U=—:
a —~
= — —
Counter electrode L | . Reference electrode

(CE) (RE)

| l Working electrode
Electrolyte __| .4_ — (WE)

solution

S—

Figure 2.3 A conventional electrochemical cell.

WE
CE

N

Electrolyte ‘
solution T

RE

Figure 2.4 A screen-printed carbon electrode.



2.1.3 Mass transfer in electrochemical system

Mass transfer is the movement of target analytes in an electrolyte solution from
one location to another. It can be moved from bulk solution to the working
electrode surface under the control of electrical potential and different chemical
conditions. Mass transport process can be described into three parts including
diffusion mass transfer, migration mass transfer and convection mass transfer.

Diffusion is the random movement of molecules from high to lower
concentration regions for one dimension as shown in Figure 2.5. The rate of different
concentrations between two points in solution can be called concentration gradient.
This movement under the influence of concentration gradient is solved by Fick’s first

law as shown in an equation below.

LN dc
& YR
Where Ji = diffusion flux (mol m®s™)
= diffusion coefficient (m?s™)
dc
i = the rate of change of concentration in a certain area

Figure 2.5 Mass transfer by diffusion transport. [34]
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Migration is a movement of charged substance under the inducement of
electrical field. This movement occurs when potential is applied to electrode surface
in a solution containing ions that affects charge migration as shown in Figure 2.6. The
donation of migration to the total flux is proportional to the charge of ion, the ion

concentration, the electric field gradient and the diffusion coefficient.

© “ —
@ ©@ ®=-=o
® @ o O Tal==l®% 0,
© oo ©® o ® ® @ o
© o © e

Figure 2.6 Migration mass transfer by applying negative charge at the electrode
surface. [34]

Convection is a forced movement of the species by stirring in the system
(hydrodynamics) as shown in Figure 2.7. The rate of stir solution can be controlled by
the convective contribution to total flux of species which is described in

hydrodynamic velocity.
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Figure 2.7 Convection mass transfer by stirring solution in the electrochemical

system. [34]
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2.1.4 Cyclic voltammetry (CV)

Cyclic voltammetry is a basic technique extensively used for the electrochemical
characterization of the new electrode due to its simple use in case of preliminary
study of the electroactive species in electrochemical reaction of the new system. For
CV measurement, the potential is applied to the working electrode in two steps
versus time as triangular waveform that is scanned forward and swept backward as

shown in Figure 2.8.

+ Switching
potential
S }
= YA
S 2 %
I & o
o G ®
$ ks %
< %

A J

— Cycle 1 — Time

Figure 2.8 Cyclic potential waveform. [35]

When the potential is applied from positive to negative, important peak including
an anodic peak and a cathodic peak occurs called cyclic voltammogram. At first half
cycle, the cathodic peak occurs by reduction reaction which the height of this peak is
called cathodic peak current (i, and the potential at the highest peak is called
cathodic peak potential (E,). For the backward cycle, the anodic peak occurs by
oxidation reaction which the height of this peak is called anodic peak current (ig,) and
the potential at the highest peak is called anodic peak potential (E.,). The graph plot

between applied potential (v) and the current intensity (uA) is shown in Figure 2.9.
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(oxidation)
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Current (pA)

Cathodic
(reduction)

Figure 2.9 Cyclic voltammogram of reversible process [35]

2.1.4.1 Reversible system

The reversible system can be defined as a symmetrical peak shape of
cathodic and anodic peak confirming that the electroactive species of target analytes
can oxidize and reduce completely. This system has three characteristics to identify
that the electrochemical behavior is reversible or non-reversible by the interpretation

of the information obtained from cyclic voltasmmogram.

23RT 59
or 7 at 25°C.

- The difference between E,. and E, is close to

i
- The ratio ofﬁ is equal to 1.
- The position of peak potential is independent from function of scan
rate.
Normally, this system can be used for the determination of the number of
transferred electrons and the peak current can be calculated by Randles-Sevcik

equation as following.

i, = (2.69 x 105)n3/24C Dy *v1/?
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Where iy = peak current
n = number of transferred electrons

= area of electrode surface (cm?)

C = concentration of electoactive species (mol/cm?)
D, = diffusion coefficient (cm?/s)
v = scan rate (V/s)

2.1.4.2 Quasi-reversible and irreversible system

The cathodic and anodic peak shapes of both systems are not symmetry
because the reaction at the electrode surface is very slow to be measured the
current signal. The voltammogram of irreversible system presents only cathodic peak
current or anodic peak current as shown in Figure 2.10A. The voltammogram of
quasi-reversible system as shown in Figure 2.10B displays an unequal peak height of
cathodic and anodic currents with the increasing of scan rate. The current peak is
calculated by equation below.

i, = (299 x 10%)n(ex ny/*)ADy/* Cv1/?
Where « is calculated from:

47.7

Ep - Ep/Zl = T (2506‘)

Where Ej,/, is the potential of half peak current
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Figure 2.10 Cyclic voltammogram of (A) irreversible system and (B) quasi-reversible
system. [36]

2.1.5 Differential pulse voltammetry (DPV)

DPV is a technique that a potential pulse is applied on a linear ramp potential.
This technique uses for quantitative analysis and provides the sensitivity
enhancement for low concentration analytes. Normally, cyclic voltammetry is used
for preliminary study of the redox process of target analytes, however this technique
is difficult to measure the faradaic currents due to the disturbed background current.
To overcome this disadvantage, differential pulse voltammetry is more suitable for
analysis because this technique can discriminate between faradaic current and
charging current. The principle of this technique is to apply an amplitude potential in
waveform as shown in Figure 2.11A. The current is immediately measured before and
end the application of each pulse and the difference between them is recorded as
shown in Figure 2.11B. The result of this technique is called differential pulse
voltammogram and the analyte concentration is obtained from the height of peak

current which is calculated by an equation.
_ nFAD,Y*C; (1-o0)
fmax = ml/2(t —1)Y2 (1 + o)

(1-9)

(1+0)

AE
Where g=exp m], (AE is pulse amplitude) and maximum value of

(RT)(2)

is

equal to 1.
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Figure 2.11 (A) Differential pulse potential waveform and (B) differential pulse

voltammogram. [37]
2.1.6 Chronoamperometry

Chronoamperometry is an electrochemical technique which is very powerful for
quantitative analysis. The result of peak current is obtained from two processes
including the mass transfer which electroactive species are transferred from bulk
solution to the electrode surface and the charge transfer that can occur the electron
transfer in the working electrode surface. The result is recorded as a function of time
at a constant potential and the response signal is plotted between current and time
as shown in Figure 2.12. The current response of this method is correlated with the
concentration of the oxidized or reduced species on the surface of working electrode

which can be calculated by the Cottrell equation as following.

_ nFAC,D}*
e = T 120172
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Where i = the current at time ¢ (s)
n = the number of electron (eq. mol™)
F = Faraday’s constant (96,485 C eq™)
A = the geometric area of the electrode (cm™)
Co = the concentration of the oxidized species (mol cm™)
D, = the diffusion coefficient of the oxidized species (cm? ™)
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Figure 2.12 (A) Applied potential waveform in amperometric measurement and (B)
amperogram of the electroactive species. [38]

2.1.7 Electrochemical impedance spectroscopy (EIS)

Electrochemical impedance spectroscopy (EIS) is an electrochemical technique
for measuring the impedance of a system, which is depended of the alternating
current (AC) potentials frequency. The concept of this method is to apply an AC to
the electrical circuit of the system and measure as a function of frequency. The
result is recorded as a function of the impedance and the frequency called Nyquist
plot as shown in Figure 2.13. The impedance spectrum can be used to study the

kinetic of electron transfer process and diffusion-limited process. The semicircle
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diameter represents the charge transfer resistance (Ry) of the measured

electrochemical cell, and it can be calculated by the equation as shown in below.

P
¢ Fi,
Where R = electron transfer resistant
R = gas constant
T = temperature
F = Faraday constant
iy = the exchange current
Where iO is calculated from:
ip = FAK°C

Where kO is rate constant and calculated from:

e A
R, FAC
ry 1 1
Kinetic control | | Mass-transfer
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Im o
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Figure 2.13 Electrochemical impedance spectrum in term of Nyquist plot. [39]
2.2 Electrode surface modification

The electrochemical system consists of three electrodes including working,
reference and working electrodes. Among three electrodes, the working electrode is
the most important one for analysis in the system because the electron transfer

between the electroactive species of analytes and the working electrode surface is
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focused. Currently, electrochemical sensor is fabricated into a small system for
portability. Thus, the working electrode is designed in a small size and the surface
area is limited leading to low electrochemical sensitivity of the system. To enhance
sensitivity of the system, the nanomaterials are used for the modification on the
working electrode surface because of their high specific surface area, high
electrocatalytic activity, good electrical conductivity and good physical property. In
this work, the carbon-based and metallic nanomaterials are investigated.
2.2.1 Nanomaterials
Nanomaterials are the chemical substances manufactured and used in a small
scale. One dimension of nanomaterials is less than approximately 100 nanometers
(nm). Due to their good chemical reactivity and high electrical property,
nanomaterials are extensively used in various fields such as cosmetic, paint, textile,
drug delivery, corrosion and electrochemical analysis.
2.2.1.1 Metallic nanoparticles
Metallic nanoparticles have recently become one of the most powerful
materials in analytical chemistry due to their unique chemical, physical and
electronic properties. These excellent properties can be used to construct novel
sensor such as biosensor and electrochemical sensor. In general, metal nanoparticles
have excellent conductivity and electrocatalytic properties which are suitable for
enhancing the electron transfer between target analytes and working electrode
surface and being catalysts to increase chemical reactions in the electrochemical
system. Normally, the metallic nanoparticles including gold, silver, platinum, copper
and palladium are employed to modify on electrode surface [40]. Among these
metallic nanoparticles, gold nanoparticles (AuNPs), which possess high electron
transfer, large surface area, high conductivity and high electrocatalytic properties,
have been widely applied for both enzymatic and non- enzymatic sensors. Moreover,
the gold nanoparticles have a good biocompatibility which can be immobilized on
biomolecules without bioactivity loss [41, 42]. The morphology of gold nanoparticles

is shown in Figure 2.18.
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x20,000

Figure 2.14 SEM image of gold nanoparticles.

Khater, M. et.al. [43] designed a label-free biosensor for the detection of
citrus tristezza virus (CTV). The sensor platform was modified on a screen-printed
carbon electrode (SPCE) with AuNPs followed by immobilizing with thiolated ssDNA
probes to enhance the electrode conductivity. This sensor showed high selectivity
toward CTV detection with the linear range of 0.1 to 10 pM. Moreover, the
developed sensor demonstrated the good performance in a real plant sample
matrix.

He, B. et.al. [44] developed AuNPs and graphene nanocomposite modified
on a thin film gold electrode for the detection of nitrofurazone and semicarbazide.
This modified sensor can enhance electron transfer and the results showed high
sensitivity toward NF and SC detections with the linear responses and limits of
detection of 0.2 to 4800 uM and 0.13 uM for NF, 0.02 to 2000 uM and 0.0047 uM for
SC, respectively. This sensor was successfully applied for the determination of
semicarbazide in real samples.

Hassani, S. etal [45] developed a highly sensitive label-free
electrochemical aptasensor for the detection of diazinon. This sensor was assembled
using a screen-printed electrode modified by gold nanoparticles. This sensor showed
good sensitivity for diazinon detection with the linear range of 0.1 to 1000 nM and
lower limit of detection of 0.0169 nM compared to other techniques including HPLC
and colorimetric. Moreover, this aptasensor exhibited easy to use and low cost with

good stability and reproducibility.
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Bernardo-Boongaling, V.RR. etal. [46] synthesized gold nanoparticles
modified on screen-printed electrode for the electrochemical determination of the
aminothiols cysteine (Cys), methionine (Met), glutathione (GSH) and homocysteine
(hCys). This modified sensor can enhance electron transfer between Cys, Met, GSH
and hCys on the surface electrode. The modified electrode showed high
performance of sensitivity, reproducibility, repeatability, linear range and limit of
detection compared to the unmodified electrode. Moreover, device was successfully
applied for the determination of cysteine and methionine in real dietary supplement
samples.

2.3 Non- invasive sensor

Non-invasive chemical sensor can be defined as a medical procedure without
breaking in skin and contacting with mucosa. The sensor is designed to measure body
fluids without the use of needle leading to the detection of analytes without
painfulness. The non-invasive chemical sensor can measure the metabolites,
electrolytes (e.g. heavy metal ions, calcium, sodium, chlorine, potassium), glucose,
urea, lactate, uric acid associated with body biofluids (e.g. saliva, tears, urine).
Recently, there are reports that the non-invasive sensor coupled with
electrochemical techniques can be used to detect target analytes in metabolites of
body which exhibits high performance, rapid response, inherent miniaturization and
low cost [47, 48].

Aparna, T. et.al. [49] fabricated gold-copper oxide/ reduced graphene oxide
nanocomposite (Au-Cu,0/rGO) based on electrochemical sensor for non-invasive
determination of dopamine (DA) and uric acid (UA). This sensor can enhance electron
catalytic activity for DA and UA detection. This non-invasive based electrochemical
sensor showed high sensitivity, selectivity and simultaneous detection of DA and UA
with the detection limit of 3.9 uM for DA and 6.5 uM for UA, respectively. Moreover,
this sensor showed long-term stability and reproducibility and successfully applied
for the quantification of DA and UA in urine samples.

Xuan, X. et.al. [50] fabricated reduced graphene oxide nanocomposite (rGO)

based on electrochemical sensor for non-invasive detection of glucose. This sensor
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exhibited excellent amperometric response to glucose with a linear range of 0—2.4
mM and a detection limit of 5.0 pM. This non-invasive electrochemical sensor
showed high performance of sensitivity and stability for low glucose concentration.
Moreover, this sensor can be applied for the quantification of glucose in sweat
sample.

Recently, the substrates used for a non-invasive sensor have been developed in
different platforms, such as tattoo [51, 52], paper [53], stretchable elastomer [54] and
thread textile [55]. Among all, the thread textile has become the most attractive
material used for the non-invasive sensor fabrication owing to its advantages, such as
flexibility, durability, biocompatibility, breathability, high-water absorption and low
cost.

Gaines, M. et.al. [56] fabricated electrochemical sensor for the detection of
glucose using nylon thread-based electrodes. Glucose oxidase enzyme was
employed to enhance sensitivity and selectivity of the system. The results showed
high specificity and good linearity from 0 to 25 mM for glucose detection. Moreover,
this thread-based electrode system was a viable sensor platform for detecting
glucose in the physiological range.

Liu, X. et.al. [55] fabricated thread-based electrochemical sensors on gauze for
rapid determination of uric acid (UA) as shown in Figure 2.19. This sensor used
enzyme to enhance sensitivity and selectivity of the system. The results showed high
specificity and good linearity from 0 to 800 uM, and excellent reproducibility for UA
detection. This sensor evaluated the robustness of thread-based biosensor due to its
ability of accurate measurements for up to 7 h and excellent resilience against
mechanical strain and deformation. Moreover, this sensor can be directly applied as

wearable sensor for monitoring of UA on wound.
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Figure 2.15 The wearable electrochemical sensors on gauze [55]
2.4 Uric acid (UA)

Uric acid (UA) is chemically designated as 2,6,8-tryhydroxypurine which is the final
product of purine metabolism. The normal levels of UA are between 0.13 and 0.46
mM in serum and 1.4 and 4.46 mM in urine [57]. UA is an important biomarker in
serum, urine, and other body fluids because the abnormal levels of UA can indicate
various diseases such as gout, hyperuricemia, leukemia and Lesh-Nyhan syndrome
[58]. Therefore, the detection of UA is crucial for disease diagnosis. Various methods
have been reported for the determination of UA such as colorimetric method,
enzymatic method, chemiluminescence method, fluorescence method, and
electrochemical method. However, the limitations are high cost, requirement of
additional step, specialist and complicated instrumental analysis. Therefore, this work
focuses on electrochemical method as a non-invasive electrochemical sensor for UA
determination due to its specificity, high sensitivity, rapidity, easy miniaturization,
simple operation and low cost.

Liu, L. etal [59] synthesized nitrogen cobalt-doped porous carbon (CNCo)
modified on ¢lassy carbon electrode for the electrochemical determination of UA.
This modified sensor enhanced electrochemical catalytic activity toward UA and
provided good reproducibility and repeatability with a linear range of 2.0—110 uM
and low detection limits of 0.83 uM. Moreover, the modified sensor was successfully

employed to quantify UA in real samples with high recoveries.



23

Sha, R. et.al. [60] fabricated molybdenum disulfide (MoS,) on an aluminium foil

(Al as electrochemical sensor for the detection of UA. This sensor showed excellent

sensitivity, reproducibility and selectivity towards UA with a linear range of 10—400
UM and low detection limit of 1.169 uM. Moreover, the sensor was also successfully
evaluated for the detection of UA in human urine sample compared to the
conventional biochemical tests in clinical laboratory.

Reddy, Y.V.M. et.al. [61] synthesized silicon dioxide/iron oxide nanocomposited
(Si0,/Fe;04) modified on carbon paste electrode (CPE) as UA sensor. This
electrochemical sensor showed an excellent electrochemical activity towards the

detection of UA. The analytical performance of this sensor exhibited a good limit of

detection of 0.4 uM with a linear range of 1.2—8.2 uM and showed a stable response
even in the presence of interferences (ascorbic acid and dopamine). Moreover, this
developed sensor was also successfully applied for the determination of UA in real

sample.



CHAPTER Il
EXPERIMENTAL

For this chapter, the information of chemical and reagent, instrument,

preparation procedure, electrochemical detection and real sample analysis are given

as following.

3.1 Chemical and reagent

Carbon ink (Gwent group, Torfaen, United Kingdom).

Chloroauric acid tetrahydrate (HAUCl,) (Sigma-Aldrich, St. Louis, MO, USA).
Disodium hydrogen phosphate (Na,HPO,) (Carlo Erba Reagenti-SDS, Val de
Reuil, France).

Potassium chloride (KCU) (Carlo Erba Reagenti-SDS, Val de Reuil, France).
Potassium dihydrogen phosphate (KH,PO,) (Carlo Erba Reagenti-SDS, Val
de Reuil, France).

Potassium ferricyanide (Ks[Fe(CNy)l) (Sigma-Aldrich, St. Louis, MO, USA).
Potassium ferrocyanide (Kq[Fe(CNg)]) (Sigma—-Aldrich, St. Louis, MO, USA).
Silver/silver  chloride ink (Ag/AgCl) (Gwent group, Torfaen, United
Kingdom).

Sodium chloride (NaCl) (Carlo Erba Reagenti-SDS, Val de Reuil, France).
Sodium hydroxide (NaOH) (Merck, Schuchardt OHG 85662 Hohenbrunn
Germany).

Sulphuric acid (H,SO,) (Carlo Erba Reagenti-SDS, Val de Reuil, France).

Uric acid (UA) (Sigma-Aldrich, St. Louis, MO, USA).

3.2 Instrument

Potentiostat CHI1240B (CH Instruments, Inc., Austin, TX, USA)

Scanning electron microscopy (SEM) with energy dispersive X-rays
spectroscopy (EDX) (JSM-6400; Japan Electron Optics Laboratory Co., Ltd.,,
Tokyo, Japan)

Screen frame (Chaiyaboon Co., Bangkok, Thailand)
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3.3 Preparation of the stock solutions for electrochemical detection of uric acid

3.3.1 Preparation of 0.5 M potassium chloride

1.86 g of potassium chloride was dissolved in 50 mL of Milli-Q water.

3.3.2 Preparation of 5.0 mM ferri/ferrocyanide

105.6 mg of potassium ferricyanide and 82.3 mg of potassium ferrocyanide were
dissolved in 50 mL of 0.5 M potassium chloride.

3.3.3 Preparation of 0.1 M phosphate buffer saline solution (PBS)

0.71 g of potassium dihydrogen phosphate (KH,PQO,), 0.68 ¢ of disodium hydrogen
phosphate (Na,HPO,), 0.29 ¢ of sodium chloride (NaCl) and 0.37 g of potassium
chloride (KCl) were dissolved in 50 mL of Milli-Q water.

3.3.4 Preparation of 1.0 M sodium hydroxide

1.0 g of sodium hydroxide was dissolved in 25 mL of Milli-Q water.

3.3.5 Preparation of 1.0 mM uric acid

1.7 mg of uric acid was dissolved in 100 pL of 1.0 mM sodium hydroxide and 10
mL of 0.1 M PBS.

3.4 Carbon-coated cotton thread preparation

3.4.1 Preparation of carbon ink

1.0 ¢ of carbon ink was dissolved in 600 pL of butyl glycol acetate and
methylene glycol monobutyl.

3.4.2 Preparation of carbon-coated cotton thread

A carbon-coated cotton thread as working electrode (WE) was fabricated by
coating cotton thread with the prepared ink as following method. Briefly, the cotton
thread (DMC mouline special 25 100% cotton B5200) was soaked in the prepared
carbon ink and passed through a pinhole of a needle tip followed by baking at 55 °C
for 30 min in the oven as shown in Figure 3.1. The carbon-coated cotton thread was

obtained and used as the WE for all further experiments.
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Cotton thread

o~ - e
. =& Carbon-coated cotton
Carbon ink thread (WE)

Figure 3.1 Schematic of conductive cotton thread preparation for fabricating WE.
3.5 The device design

3.5.1 Fabrication of screen-printed electrode (SPE)

The pattern of SPE was designed by Adobe Illustrator consisting of counter and
reference electrodes as shown in Figure 3.2. Both electrodes were fabricated through
an in-house screen-printing technique. First, the carbon ink was screened on
polyvinylchloride (PVC) substrate as a counter electrode (CE) and baked at 55 °C for
30 min in an oven. After that, the Ag/AgCl ink was screened on the same PVC
substrate as a reference electrode (RE) and dried at 55 °C for 1 h in an oven. The

width and length of CE and RE are 0.95 mm and 25 mm, respectively.

Counter electrode Reference electrode

(CE) (RE)

Figure 3.2 Configuration of the SPE.

3.5.2 Fabrication of cotton thread-based sensor

After obtaining the SPE, a cotton thread-based sensor was fabricated consisting of
RE, WE and CE as shown in Figure 3.3. Initially, a transparency film was punched in a
hole diameter of 6 mm and attached on the prepared SPE using double-side tape for

creation of electrochemical test zone and hydrophobic barrier. After that, the
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carbon-coated cotton thread was placed and attached between the RE and CE, and
a cotton thread-based sensor was obtained and kept for further modification.

s inted Electrochemical
cree;\-;gln e RE test zone

CE
|
/ m/[

film attaching

Hydrophobic
barrier

/:/

Carbon-coated
cotton thread (WE)

placing Cotton thread-based

sensor

RE: Ag/AgCIl SPE on PVC, WE: carbon-coated cotton thread, CE: Carbon SPE on PVC

Figure 3.3 Schematic of cotton thread-based electrochemical sensor preparation.
3.6 Modification of cotton thread-based sensor
3.6.1 Preparation of stock solution for electrode modification
3.6.1.1 Preparation of 0.1 M sulphuric acid
139.1 pL of 17.97 M sulphuric acid was dissolved in 25 mL of Milli-Q water.
3.6.1.2 Preparation of 3.0 mM chloroauric acid tetrahydrate
3.0 mM of chloroauric acid was prepared by adding 11.8 mg of chloroauric
acidin 10 mL of 0.1 M sulphuric acid.
3.6.2 Electrochemical deposition of gold nanoparticles on cotton thread-
based sensor
To modified gold nanoparticles (AuNPs) on the WE, 40 uL of 3.0 mM HAuClg was
dropped on the electrochemical test zone of the sensor followed by applying a
deposition potential of -0.6 V (vs. Ag/AgCl) for 120 s [62]. The AuNPs were obtained
on the surface of carbon-coated cotton thread (WE). After modification, AuNPs
modified cotton thread-based sensor was carefully rinsed with Milli-Q water and

dried in the oven at 55 °C for 1 h prior to use.



28

3.7 Optimization of cotton thread-based sensor modification

Two main factors for the cotton thread-based sensor modification (e.¢. HAuUCl,
concentration and electrodeposition time of AuNPs) were optimized to obtain the
highest current response for uric acid detection. The optimization was investigated
using differential pulse voltammetry (DPV), and the potential was scanned from -0.3
V to +0.8 V for 1.0 mM uric acid.

3.7.1 Effect of HAuUCl, concentration

The different concentrations of HAuCl, concentration were investigated at 1.0,
2.0, 3.0, 4.0 and 5.0 mM in electrodeposition of AuNPs on the cotton thread-based
sensor.

3.7.2 Effect of electrodeposition time of AuNPs

The effect of electrodeposition time was investigated using by varying of the
AuNPs electrodeposition time on cotton thread-based sensor including 30, 60, 120,
180 and 240 s.

3.8 Optimization of parameters in differential pulse voltammetric measurement
(DPV parameters)

The optimization of DPV parameters was investigated by measuring the DPV
response of 25 uM of uric acid. The step potential in the range of 3—20 mV, the
amplitude in the range of 50—250 mV and the pulse width in the range of 30—150
ms were studied.

3.9 Characterization of the modified cotton thread-based sensor

3.9.1 Surface morphology characterization

The surface morphologies of unmodified and modified cotton thread-based
sensors were characterized using scanning electron microscopy (SEM) with energy
dispersive X-rays spectroscopy (EDX).

3.9.2 Electrochemical characterization

The electrochemical measurements were performed using potentiostat CHI1240B
via cyclic voltammetry (CV) and differential pulse voltammetry (DPV). The modified
cotton thread-based sensor was electrochemically characterized by CV using a

standard solution of 5.0 mM [Fe(CN)]>/* with the potential range from -0.9 V to +1.2
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V and a scan rate of 100 mV/s. Furthermore, the sensor was also characterized via
DPV using 1.0 mM uric acid with the potential range from -0.3 V to +0.8 V.
3.10 The analytical performances of AuNPs modified cotton thread-based
sensor

The investigation of analytical performances was performed on DPV
measurement.

3.10.1 Calibration curve

5.0 mM uric acid stock solution was diluted to different concentrations from 10
UM to 5 mM and then employed for DPV measurement using AuUNPs modified cotton
thread-based sensor. After that, a linear relationship between concentration of uric
acid and anodic current response was plotted to obtain a linear range of the system.

3.10.2 Limit of detection (LOD)

The limit of detection (LOD) was calculated via the equation of LOD=3S/N, where
S is a standard deviation of a signal obtained from a blank solution (seven-time
determinations) and N is a slope of calibration curve.

3.10.3 Interferent study

The stock solution of potential interferences (10.0 mM) including KCl, NaCl,
glucose, creatinine, urea, 1.0 mM stock solution of ascoric acid and 1% excess of BSA
were prepared. The selectivity of modified cotton thread-based sensor was
evaluated by measuring of 1.0 mM wuric acid in the presence of different
interferences. In this study, the tolerance limit is defined as the molar ratio of
potential interferences/uric acid that caused the +5% change in the current response
of uric acid.

3.10.4 Stability of the sensor

The storage stability of the AuNPs modified cotton thread-based sensor was
studied by keeping the sensor at the room temperature in desiccator for 30 days.
The measurement of DPV response to 1.0 mM of UA in PBS solution multiple times

was used to investigate the stability of the sensor.
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3.10.5 Real sample analysis

3.10.5.1 Real sample preparation

The standard calibration curve with spiking method was selected for the
detection of UA in pooled urine sample. The pooled urine sample was collected
from 5 different healthy adults to verify the variety of samples with non-bias prior to
medical diagnosis application. The sample was diluted with 0.1 M of PBS solution (pH
6) in a ratio of 1:1. Next, the known amounts of UA (0.5, 1.0 and 2.0 mM) were added
to the diluted samples and then 40 pL of sample was finally analyzed on the
modified cotton thread-based sensor via DPV.

3.10.5.2 Recovery percentage

The percentage of recovery for real sample analysis was employed to
evaluate the applicability of the purposed sensor using standard addition method.
The percentage of recovery was calculated from the equation below.

Measured value of spiked sample — Measured value of unspiked sample

o R _ X 100
o hecovery Known value of spiked sample

3.10.5.3 Laser desorption ionization mass spectroscopy (LDI-MS)

For method validation, LDI-MS was employed to validate the applicability
of the proposed sensor. This technique is a soft ionization technique that has been
widely applied in various fields of applications, such as proteomic, genomic,
biomedical and forensic studies. LDI-MS is an analytical technique using pulse laser
as an energy source for ionization and fragmentation of molecule. The laser is
generally a UV laser, which commonly includes a nitrogen laser (A=337 nm) or Nd-

YAG laser (A=355 nm).



CHAPTER IV
RESULTS AND DISCUSSION

For this chapter, the results including physical characterization,
electrochemical characterization, optimization of cotton thread-based sensor,
optimization of parameter for uric acid detection and the analytical performances of
the cotton thread-based sensor were systematically investigated and discussed.

4.1 Physical characterization of cotton thread-based sensor

After fabrication of the cotton thread-based working electrode (WE), the prepared
WE was characterized by scanning electron microscopy (SEM) with energy dispersive
X-rays spectroscopy (EDX) to investigate the surface morphologies (Figure 4.1). As
shown in Figure 4.1A, a SEM image displayed that the morphology of the uncoated
cotton thread was quite smooth, whereas the carbon-coated cotton thread showed
higher surface roughness than the uncoated one (Figure 4.1B). To further enhance
the specific surface area and electrochemical conductivity of the cotton thread-
based sensor, gold nanoparticles (AuNPs) were modified on the surface of the
carbon-coated cotton thread through electrodeposition. The AuNPs were uniformly
decorated on the surface of carbon-coated cotton thread (Figure 4.1C) with an
average particles size of 98.10 + 10.42 nm (n=20). Moreover, the result obtained from
EDX clearly identified the characteristic peaks of Au as shown in Figure 4.2. The
weight contents of C, O and Au were 74.59%, 1.59% and 23.82%, respectively, and
the atom contents of C, O and Au were 96.57%, 1.55% and 1.88%, respectively.
Therefore, these results confirmed that the AuNPs were successfully
electrodeposited on the carbon-coated cotton thread and ready to be used as the

modified cotton thread-based sensor.
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Figure 4.1 SEM images of (A) uncoated cotton thread, (B) carbon-coated cotton
thread and (C) AuNPs modified carbon-coated cotton thread with a magnification of

20,000x.
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Figure 4.2 SEM-EDX spectrum of AuNPs modified carbon-coated cotton thread.
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4.2 Electrochemical characterization of the modified cotton thread-based
sensor

To characterize the electrochemical properties of the modified cotton thread-
based sensor, the electrochemical behaviors of the carbon-coated cotton thread in
the presence and absence of AuNPs were investigated by using cyclic voltammetry
(CV) in the presence of 5.0 mM [Fe(CN)s*”* in 0.1 M KCl as shown in Figure 4.3A and
B. From the cyclic voltammograms, the presence of AuNPs on the carbon-coated
cotton thread (green line) showed higher anodic and cathodic peak currents towards
[Fe(CN)e]*”* detection, which was approximately 2 times higher than the one without
AuNPs (pink line). The incorporation of AuNPs on the surface of the carbon-coated
cotton thread can improve both electrochemical conductivity and specific surface
area of the cotton thread-based sensor, leading to enhanced electrochemical

performances of the sensor.
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voltammograms of 5.0 mM [Fe(CN)s*”* measured on the

AuNPs/carbon-coated cotton thread and carbon-coated cotton thread with a scan

rate of 100 mV/s and (B) the anodic peak currents obtained from cyclic

voltammograms in Figure 4.3A.

To evaluate the analytical performance of the modified cotton thread-based

sensor, 1.0 mM UA was measured using differential pulse voltammetry (DPV) as

shown in Figure 4.4A and B. The anodic peak current response of UA measured on

the AuNPs/carbon-coated cotton thread (yellow line) significantly increased

compared with the one measured on the unmodified carbon-coated cotton thread
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(blue line). These results indicated that the decoration of AuNPs on the cotton
thread-based sensor can substantially enhance the electrochemical activity toward
UA detection due to the high electrochemical active site of AuNPs for sensitive signal

responses.
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Figure 4.4 (A) Differential pulse voltammograms of 1.0 mM UA on AuNPs/carbon-
coated cotton thread and carbon-coated cotton thread and (B) anodic peak currents
obtained from differential pulse voltammograms in Figure 4.4A.

Moreover, electrochemical impedance spectroscopy (EIS) was also used to

confirm the sensitivity of AuNPs modified cotton thread-based electrode by
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measuring the change of impedance. As shown in Figure 4.5, the smallest semicircle
was observed for the AuNPs modified cotton thread-based sensor. The low charge
transfer resistance occurred because the AuNPs modified sensor (blue) can
effectively accelerate the charge transfer through the sensor surface. For EIS
spectrum of the unmodified cotton thread-based sensor (orange), the higher Ry
value was observed indicating a higher charge transfer resistance. Therefore, AuNPs
modified cotton thread-based sensor was suitable to use as a sensitive sensor for UA

detection.
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Figure 4.5 Nyquist plots of 2.0 mM [Fe(CN)¢>"* on the AuNPs/carbon-coated cotton
thread and carbon-coated cotton thread.
4.3 Optimization of the cotton thread-based sensor

For the cotton thread-based sensor fabrication, two-step fabrication including
soaking and electrodeposition was used to create the AuNPs/carbon-coated cotton
thread. Initially, the cotton threads were soaked in carbon ink and passed through
the pinhole to create the uniform coating. Then, HAuCly were electrodeposited to
form AuNPs onto the carbon-coated cotton thread. For the modification of the
sensor, various parameters affecting the electrochemical performances of the sensor
were systematically optimized such as the concentration of HAuCl; and

electrodeposition time of AuNPs.



37

4.3.1 An effect of HAuCl, concentration

An effect of HAUCl, concentration was varied in a range from 1.0 to 5.0 mM. As
shown in Figure 4.6A and B, five different concentrations of HAuCl, were
electrodeposited on the surface of the sensor at the deposition potential of -0.6 V
for 120 s. The results showed that the anodic peak current response increased with
the increasing of the concentration of HAuCl,, and the highest anodic peak current
was obtained at 3.0 mM of HAuCly. After that, the anodic peak current responses
decreased at the concentrations more than 3.0 mM due to the higher density of gold
cluster that can cause the agglomeration in some regions (Figure 4.7) leading to
decreased surface area and electrochemical response of the system. Thus, the
concentration of HAuCl, at 3.0 mM providing the well dispersion was selected as an

optimal concentration for the sensor modification.
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Figure 4.6 (A) Differential pulse voltammograms of 1.0 mM uric acid using
AuNPs/carbon-coated cotton thread with different concentrations of HAuCl, (1.0, 2.0,
3.0, 4.0 mM and 5.0 mM) for AuNPs decorated on the cotton thread-based sensor

and (B) anodic peak currents obtained from differential pulse voltammograms in

Figure 4.6A.



39

Figure 4.7 SEM images of the AuNPs/carbon-coated cotton thread with different
concentrations of HAUCl,, (A) 1.0 mM, (B) 2.0 mM, (C) 3.0 mM, (D) 4.0 mM and (E) 5.0
mM with a magnification of 20,000x.

4.3.2 An effect of electrodeposition time

An effect of electrodeposition time of AuNPs on the sensor was also investigated
in a range of 30-240 s. As shown in Figure 4.8A and B, the anodic peak current
increased when the electrodeposition time increased and the highest anodic peak
current was obtained at 120 s of deposition time. Then, the anodic peak current

response decreased with the increasing of the electrodeposition time more than 120
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s because of the formation of the denser gold cluster aggregated in some regions

(Figure 4.9) leading to decreased surface area and electrochemical responses. Thus,

120 s of electrodeposition time was chosen for the further experiments.
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Figure 4.8 (A) Differential pulse voltammograms of 1.0 mM uric acid using the

AuNPs/carbon-coated cotton thread with different electrodeposition times (30, 60,

120, 180 and 240 s) for AuNPs decorated on the cotton thread-based sensor and (B)

anodic peak currents obtained from differential pulse voltammograms in Figure 4.8A.
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Figure 4.9 SEM images of the AuNPs/carbon-coated cotton thread with different
electrodeposition time, (A) 30 s, (B) 60 s, (C) 120 s, (D) 180 s and (E) 240 s with
magnification of 20,000x.
4.4 Optimization of parameters for uric acid detection

To obtain the high electrochemical sensitivity of the developed sensor for the
detection of UA by DPV, the electrochemical parameters including step potential,
amplitude and pulse width were systematically optimized by measuring of 1.0 mM
UA in 0.1 M PBS on the modified cotton thread-based sensor. The selection of

optimal conditions was based on the high current response along with the narrow
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peak with symmetry. The results showed the highest anodic peak current response
at 15 mV of the step potential (Figure 4.10), 200 mV of the amplitude (Figure 4.11)
and 50 mV of the pulse width (Figure 4.12). At the higher step potential, amplitude
and pulse width, the anodic peak current responses decreased due to broader peak
shape. Therefore, a step potential of 15 mV, an amplitude of 200 mV and a pulse
width of 50 ms were selected for the detection of UA in this study.
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Figure 4.10 (A) Differential pulse voltammograms of 1.0 mM uric acid using the
modified cotton thread-based sensor with different step potentials (3, 5, 10, 15 and
20 mV) and (B) anodic peak currents obtained from differential pulse voltammograms

in Figure 4.10A.



A) 70
60
50
40

30

Current (pA)

20

10

0

aq

—50 mV
- —100 mV

-0.30 -0.10

B)70

60

Current (pA)
N w B (4]
o o o o

-
(=1

0.10

0.30

0.50

Potential (V) vs Ag/AgCl

0.70

[ 36.27

I

42.07

48.86

56. 95

||

46.71

150

200

Amplltude (mV)

Figure 4.11 (A) Differential pulse voltammograms of 1.0 mM uric acid using the
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Figure 4.12 (A) Differential pulse voltammograms of 1.0 mM uric acid using the
modified cotton thread-based sensor with pulse widths (30, 50, 80, 100 and 150 mV)
and (B) anodic peak currents obtained from differential pulse voltammograms in
Figure 4.12A.
4.5 The analytical performances of the cotton thread-based electrochemical
sensor

The analytical performances of the developed cotton thread-based sensor
towards UA detection were also investigated by DPV. As shown in Figure 4.13A, the

anodic peak current linearly increased with the increasing of UA concentrations
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ranging from 0.01 mM to 5.0 mM and a calibration curve between current (uA) and

UA concentration (mM) was plotted in Figure 4.13B. The linear ranges of UA were

observed from 0.01—0.5 mM (Figure 4.14A) and 0.5—5.0 mM (Figure 4.14B) with
correlation coefficients (R?) of 0.9975 and 0.9987, respectively. The limit of detection
(LOD) was obtained by calculation using the following equation; LOD=3S/N, where S
is a standard deviation of a signal obtained from a blank solution (n=7), N is a slope
of calibration curve. The LOD was found to be 0.12 uM indicating that the developed

sensor was sensitively enough for the determination of UA in human urine.
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Figure 4.13 Differential pulse voltammograms of different concentrations of UA (0—5

mM) on the modified cotton thread-based sensor.
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Figure 4.14 The linearities of UA detection at different concentrations from (A)

0.01—0.5 mM and (B) 0.5—5.0 mM.

Linear ranges and LOD for UA detection in this work were comparable with
previous works, as summarized in Table 4.1. The developed sensor provided lower
LOD and wider linear range than previous works without the use of enzyme. These
comparisons exhibited the efficiency of the developed sensor that could be applied

for the sensitive determination of UA in complex biological fluids.
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Table 4.1 Comparison of non-enzymatic UA determination using different modified

electrodes.

Chemically Modified Method LOD Linear range Refs.
electrode (uM) (M)

MoS, based flexible sensor Amperometry 1.169 10—400 [60]
H-Fe;0,@C/GNS/GCE DPV 0.41 1—100 [63]
RGO/poly-I-lysine/GCE DPV 0.15 20—200 [64]
Poly (DPA)/SIO,@Fe;04/CPE DPV 0.40 1.2—8.2 [61]
Au-Cu,0/rGO/GCE DPV 6.5 100—900 [49]
GNP/ITO DPV 0.28 10—100 [65]
Pd/rGO/GCE DPV 1.6 6—469.5 [66]
NiO-trGO/GCE DPV 10 100—500 [67]
Tin-rGO/GCE DPV 0.35 30—215 (68]
AuNPs/cotton thread-based DPV 0.12 10—5000 This work
sensor

Abbreviations: DPV, differential pulse voltammetry; MoS,, molybdenum disulfide; H-
Fe;O4, hallow magnetite; C, carbon; GNS, graphene oxide nanosheets; GCE, glassy
carbon electrode; RGO, reduced graphene oxide; DPA, dipicolinic acid; CPE, carbon
paste electrode; Cu,O, cuprous oxide; GNP, graphene nanoplatelet; ITO, tin oxide
electrode; Pd, palladium; NiO, nickel oxide; trGO, thermally reduced graphene oxide;
Tin, titanium nitride; AuNPs, gold nanoparticles.
4.6 Interferent study

In this study, the anti-interference ability of the cotton thread-based sensor was
assessed by adding various potential interfering substances existing in the real urine
samples, including 10-fold excess of glucose, creatinine, KCl, NaCl, urea, 1-fold excess
of ascorbic acid and 1% excess of BSA. As shown in Figure 4.15, there were no
significant current changes in the presence of the interfering substances because the
relative error was below +5% for UA detection. Therefore, this developed sensor

might be a promising tool for the determination of UA in urine. However, when the
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concentration of the interferences was higher than these, the current responses
decreased which was probably caused by obstructing UA oxidation on the cotton
thread-based sensor by interference ions, especially BSA, which is a biomarker of
kidney disease that can be significantly interfere UA detection in urine. Thus, prior to
apply this sensor for UA detection in kidney disease patients, the specified sample
pretreatment protocol might be carried out, such as using anti-BSA column

pretreatment.
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Figure 4.15 Current responses towards 1.0 mM UA on the cotton thread-based
sensor in the presence and absence of several interferences.
4.7 Stability of the cotton thread-based sensor

The stability of the cotton thread-based sensor was investigating by measuring
DPV response to 1.0 mM of UA in PBS solution multiple times. The modified cotton
thread-based sensors were stored at room temperature for 30 days and the current
responses remained above 96.5% of their initial values as shown in Figure 4.16.

These results verified the good stability of the modified cotton thread-based sensors

described in this study.
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Figure 4.16 Stability of the modified cotton thread-based sensor with different
periods after fabrication at room temperature.
4.8 Real sample analysis

To confirm the potential application of the modified cotton thread-based sensor
in complex biological matrices, pooled urine sample was collected from 5 healthy
adults (female). The use of pooled testing can significantly reduce the number of
tests and verify the variety of samples with non-bias prior to medical diagnosis
application. The urine sample was diluted with 0.1 M PBS solution, pH 6 (1:1), then
the modified cotton thread-based sensor was used to detect UA in the samples
using a standard addition method. The known amounts of UA (0.5, 1.0 and 2.0 mM)
were added to the diluted sample and then were directly detected. The analytical
results were summarized in Table 2. The recovery ranged from 101 to 108 and the
relative standard derivation (RSD) (n=3) was below 6.0%, indicating that the modified
cotton thread-based sensor has great potential for the detection of UA in real urine
samples. As for the method validation, the results from LDI-MS were reported in
Table 2, the similar concentrations were detected, verifying the high accuracy of this

Sensor.
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Table 4.2 Determination of UA in human urine sample using the modified cotton

thread-based sensor and LDI-MS.

Spiked UA Modified cotton thread- Standard Recovery
concentration (mM) based sensor (mM) LDI-MS (mM) (%)
Blank 0.61+0.08 0.70+0.09 —
0.5 1.11+0.02 1.17+0.05 104
1.0 1.69+0.05 1.73+0.07 101
2.0 2.77+0.12 2.84+0.15 107




CHAPTER V
CONCLUSION

5.1 Conclusion

In this study, the cotton thread-based electrochemical sensor was successfully
fabricated and used for a non-invasive and non-enzymatic detection of uric acid (UA).
The working electrode of the cotton thread-based sensor was coated by the carbon
ink and then modified by AuNPs to increase the surface area and electrical
conductivity leading to significant enhancement of the electrochemical sensitivity
towards UA detection. The modification of AuNPs on the cotton thread-based sensor
was performed by electrodeposition using 3.0 mM of chloroauric acid tetrahydrate
(HAuCly) and 120 s of electrodeposition time as optimal values. For the detection of
UA by DPV, a step potential of 15 mV, an amplitude of 200 mV and a pulse width of
50 ms were selected as the optimal electrochemical parameters.

Under the optimal conditions, calibration plot between UA concentration (mM)
and the current (uA) response was observed with a linear range of 0.01 to 5.0 mM
and LOD of 0.12 uM. This modified sensor displayed lower LOD and wider linear
range than the previous reports. Furthermore, the sensor also presented 30 days of
stability and anti-interference ability for various interfering substances existing in
human urine. Eventually, this proposed system was successfully applied for the
determination of UA in human urine with the recovery percentages from 101-107%.
5.2 Suggested works

This novel AuNPs modified cotton thread-based sensor might be an alternative
tool for the non-invasive and non-enzymatic diagnosis of gout disease by measuring
UA in urine obtained from the risk patients. Moreover, this sensor might be further
integrated with the clothes, such as underwear by measuring UA in other fluids (e.c.
sweat). Furthermore, this sensor might be further studied and applied for the non-

invasive detection of other biomarkers.
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