Am J Transl Res 2022;14(2):740-751
www.ajtr.org /ISSN:1943-8141/AJTR0140811

Original Article

A novel sighal enhancement strategy for the detection
of DNA oxidative damage biomarker 8-OHdG

based on the synergy between B-CD-CuNCs

and multi-walled carbon nanotubes

Ruoting Lin'", Shuang Zhou?", Huanan Zhao*, Huasong Lin?, Lixing Wang?, Weipeng Hu3, Hongzhi Gao?3, Bin
Qiu?

1Department of Neurology, Clinical Center of Molecular Diagnosis and Therapy, 3Department of Neurosurgery,
Second Affiliated Hospital of Fujian Medical University, Quanzhou 362000, Fujian, China; “*Ministry of Education
Key Laboratory for Analytical Science of Food Safety and Biology, Fujian Provincial Key Laboratory of Analysis and
Detection for Food Safety, Fuzhou University, Fuzhou 350108, Fujian, China. "Equal contributors.

Received November 27, 2021; Accepted December 29, 2021; Epub February 15, 2022; Published February 28,
2022

Abstract: Objective: To propose a novel signal enhancement strategy based on the synergy between (3-CD-CuNCs
and multi-walled carbon nanotubes (MWCNTSs) for the detection of DNA oxidative damage biomarker 8-Hydroxy-2’-
deoxyguanosine (8-OHdG). Methods: The sensor was constructed with the B-CD-CuNCs-MWCNTs-nafion film and
successfully used for the quantitative detection of 8-OhdG in the presence of biomolecules such as ascorbic acid
(AA) and uric acid (UA). To investigate the surface morphology of the modified electrode, Transmission Electron
Microscopy (TEM), Cyclic Voltammetry (CV) and Electrochemical Impedance Spectroscopy (EIS) were performed
on bare and modified electrodes. Results: According to Differential Pulse Voltammetry (DPV) results, there was a
linear relationship between peak current and concentration of 8-OhdG, ranging from 1.0x107 to 1.0x10° mol/L
(R?=0.9926) and 1.0x10° to 2.0x10®° mol/L (R?=0.9933). The detection limit (S/N=3) was 33 nmol/L. Conclu-
sions: The proposed sensor had been successfully applied to the determination of 8-OHdG in human urine samples
with high recovery rates.

Keywords: 8-Hydroxy-2’-deoxyguanosine, Carboxyl-multi-walled carbon nanotubes, 3-CD-CuNCs, DNA oxidative
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Introduction

In previous studies, researchers have reported
that the normal metabolism of human cells
and the activation metabolism of carcinogens
may produce a large number of reactive oxy-
gen species (ROS), including hydroxyl radicals
(-OH), superoxide anion (0%), and hydrogen per-
oxide (H,0,) [1]. Reactive oxygen species play
an important role in the occurrence, develop-
ment and evolution of many chronic diseases.
An appropriate amount of ROS is conducive
to maintaining homeostasis, normal immune
function and signal conduction in human body.
However, excessive accumulation of ROS can
affect structure and metabolism of nucleic
acid, and lead to the damage of normal cells

and tissues of human body and further causing
various diseases [2, 3]. Studies have shown
that ROS can lead to DNA oxidative damage,
gene mutation, cell aging, and cancer. They are
the pathogenic basis of some degenerative dis-
eases related to age, such as tumor [4], diabe-
tes [5], cardiovascular disease [6], Alzheimer’s
disease [7], and Parkinson’s disease [8].
8-OHdG was identified as an oxidative adduct
formed by the binding of OH to the C-8 atom of
guanine base under excessive ROS attack [9].
Kasai and Nishimura first reported the discov-
ery of 8-OHdG in 1984 [10]. Since the forma-
tion and modification of 8-OHdG are not affect-
ed by diet and other factors, it is usually
considered an effective index to measure
oxidative stress and DNA oxidative damage.
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Studies have shown that the content of 8-
OHdG is closely related to the occurrence and
development of tumors. Specifically, the level
of 8-OHdG is highly expressed in humoral and
cancerous tissues of patients with liver cancer
[11], breast cancer [12], gastric cancer [13],
and esophageal cancer [14]. Therefore, 8-
OHdG is not only a key biomarker to evaluate
the effects of endogenous oxidative damage in
DNA, but also a factor in the initiation and
development of carcinogenesis.

Recently, many methods for detecting 8-OHdAG
have been developed, including high-perfor-
mance liquid chromatography with electro-
chemical detection (HPLC-ECD) [15], liquid
chromatography-tandem mass spectrometry
(LC-MS/MS) [16], enzyme-linked immunosor-
bent assay (ELISA) [17], capillary electro-
phoresis-electrochemistry detection method
(CE-ECD) [18] and 2P labeling [19]. In 20009,
Miyachi et al. conducted in vitro selection of an
aptamer by the Index Enrichment (SELEX) sys-
tem [20]. Therefore, some efforts have been
made to detect 8-OHdAG based on aptamer and
8-OHdG specific binding. Liu et al. [21] con-
structed a simple and sensitive method for
detecting 8-OHdG by using circular dichroism
(CD). The aptamer is precisely matched with
the complementary sequence modified with
AuNPs to form a dimer, showing strong chiral
behavior. After adding 8-OHdG, the high specif-
ic recognition and affinity between aptamer
and 8-OHdG disrupted the dimeric structure,
and the chiral signal was reduced, so 8-OHdG
could be detected. Lv et al. [22] described a
multi-mechanism-driven electrochemilumines-
cence (ECL) biosensor which uses competitive
catalysis and steric hindrance effect to realize
the quantitative detection of 8-OHdG by as-
sembling hemin/G-quadruplex on carbon
nitride nanosheets. The dynamic range of
detectable concentrations from different me-
chanisms is integrated into a single sensor
interface to more accurately control the detec-
tion sensitivity through competition between
the two mechanisms. This may open up a new
multi-channel biosensor for future methods. In
conclusion, many contributions have been
made to the detection of 8-OHdG. However,
complex pre-processing steps, expensive in-
struments, and cumbersome operating proce-
dures limit the applicability of these methods.
In contrast, electrochemical methods of quan-
tifying 8-OHAG based on the electrochemical
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oxidation activity of 8-OHdG show many advan-
tages, such as high sensitivity, fast response
and simple instrument operation. At the same
time, electrochemical detection of 8-OHdG has
been proven to be feasible because it under-
goes an oxidation process through two-elec-
tron and two-proton charge transfer reaction
[23]. The detection of 8-OHdG in a complex
matrix (such as urine) has not met these
requirements, so further research is needed.

With the rapid development of material sci-
ence, carbon nanotubes (CNTs) have been
applied in many different fields [24-26]. CNTs
were first discovered by Japanese electron
microscopist lijima in 1991 [27]. The surface
effect of CNTs and the existence of a large
number of topological defects in the tube wall
make the surface of CNTs substantially more
reactive than other graphite variants. CNTs
have become an important ideal material for
the construct electrochemical biosensors be-
cause of their large aspect ratio, large specific
surface area, and excellent physical, chemical
and mechanical properties.

According to the number of layers of graphene
sheets, CNTs can be divided into single-walled
carbon nanotubes (SWCNTs) and multi-walled
carbon nanotubes (MWCNTs). Specifically,
SWCNTs are expensive and mainly used in
field emission flat panel display [28]. In con-
trast, the MWCNTs are much cheaper while
generally used to enhance the property of com-
posite materials. When used as electrode
materials, they could easily transfer electrons
to other substances, showing better electron
transfer characteristics. Sensors constructed
from MWCNTs can detect the metal ions [29],
amino acids [30], and miRNAs [31]. However,
the tubes of MWCNTs have strong Van der
Waals force and high aspect ratio. Because
they are difficult to separate, they can easily be
bound and entangled. In addition, they have
low solubility in water and organic solvents and
easily agglomerate. MWCNTs are difficult to
disperse, which limits their application in many
fields. Therefore, it is necessary to explore a
new method to improve the dispersion and sta-
bility of MWCNTs.

In recently years, Metal nanoclusters (MNCs)
have attracted extensive attention due to their
unique electrical, physical, and optical proper-
ties. MNCs are composed of several to dozens
of atoms [32]. The size of MNC is close to the
Fermi wavelength of electrons. Due to its wave-
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Figure 1. Transmission electron microscopy (TEM) of B-CD-CuNCs (A), MWCNTs (B) and B-CD-CuNCs-MWCNTs (C
and D).

length between the metal atom and the
nanoparticle, MNCs exhibit some special
molecular characteristics, including discrete
energy levels, size-dependent fluorescence,
good photostability, and biocompatibility [33].
Based on its optical, electrochemical and cata-
lytic properties, it has been successfully used
to detect a variety of analytes, including metal
ions [34, 35], anions [36], and biomolecules
such as alkaline phosphatase ALP [37], miRNA
[38], small molecule such as dopamine [39].
However, compared with the AuNCs and
AgNCs, CuNCs are less reported and analyzed.
Some related research is still in its early stag-
es. Additionally, the preparation of CuNCs is
relatively abundant, and they are cheap, and
easy to obtain. Based on the above advantag-
es, CuNCs are expected to be used in more
fields in the future.

In this work, we proposed a novel electroche-
mical biosensor for the first time based on the
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synergistic effect of CuNCs and MWCNTs to
construct a B-CD-CuNCs-MWCNTs-nafion film
for the modified glassy carbon electrode (GCE).
In the presence of ascorbic acid (AA) and uric
acid (UA), a new signal amplification strategy
was used to detect 8-OHdG. In addition, possi-
ble applications of the proposed sensor in the
detection of these compounds in human urine
samples were also investigated.

Experimental section
Preparation of -CD-CuNCs

B-CD was used as a stabilizer, and CuSO, was
reduced by AA to prepare B-CD-CuNCs. Briefly,
0.01125 g B-CD was dissolved in 3.0 mL of
water. Then 400 pL of 10 mmol/L CuSO, and
100 L of 1 mol/L AA were added to the B-CD
solution. The mixture was heated and stirred
at 40.0°C for 10 h to obtain pale yellow
3-CD-CuNCs.

Am J Transl Res 2022;14(2):740-751
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Figure 2. Cyclic Voltammetry (CV) (A) and Electrochemical Impedance Spec-
troscopy (EIS) (B) experiments on (a) bare glassy carbon electrode (GCE), (b)
MWCNTs-nafion/GCE, (c) CuNCs-MWCNTs-nafion/GCE, (d) B-CD-MWCNTs-
nafion/GCE, (e) B-CD-CuNCs-nafion/GCE and (f) B-CD-CuNCs-MWCNTs-
nafion/GCE.

E/V(vs.Ag/AgCl)

Figure 3. Differential Pulse Voltammetry (DPVs)
on bare and modified electrodes in 0.1 mol/L PBS
(pH=7.0) containing 10 yM 8-OHdG. (a) bare glassy
carbon electrode (GCE), (b) MWCNTs-nafion/GCE, (c)
B-CD-MWCNTs-nafion/GCE, (d) B-CD-CuNCs-nafion/
GCE and (e) B-CD-CuNCs-MWCNTs-nafion/GCE.

spectroscopy

pm alumina slurry, rinsed with
distilled water, and then it was
ultrasounded in absolute eth-
anol and ultrapure water for 3
min, respectively, and dried
under N,

7 uL of B-CD-CuNCs-MWCNTs-
nafion suspension was dro-
pped on the pretreated GCE
surface and dried in the air.
The obtained electrode was
B-CD-CuNCs-MWCNTs-nafion/
GCE. For further comparison,
MWCNTs-nafion/GCE, [-CD-
CuNCs-nafion/GCE, B-CD-MW-

CNTs-nafion/GCE were also prepared synchro-
nously, and stored at 4°C for use.

Characterizations of modified electrodes

Transmission electron microscope (TEM, HT-
7700, HITACHI, Japan) was used to character-
ize the composite materials.

Electrochemical measurements

) . ) , ) The working electrode was placed in a test
0.0 0.2 0.4 0.6 cell for electrochemical testing. CHI-660A
Electrochemical Workstation (CH Instruments,
USA) was used for electrochemical testing.
Electrochemical characterization of bare and
modified electrodes were performed by cyclic
voltammetry (CV), electrochemical impedance
(EIS) and differential
voltammetry (DPV). CV was performed in 0.1
mol/L KCI containing 1 mmol/L [Fe(CN)J>"*

pulse

between -0.1 and 0.6 V at 50 mV/s. The EIS

Preparation of 3-CD-CuNCs-MWCNTs-nafion
suspension

was performed in 0.1 mol/L KCI containing 5
mmol/L [Fe(CN),]*”*. The DPV was performed

in 0.1 mol/L PBS (pH=7.0) containing different

0.65 mg of MWCNTs were dissolved in 1400
uL of water, stirred and sonicated for 30 min
and 30 s, respectively. Then, 300 uL of B-CD-
CuNCs was quickly added to the prepared
MWCNTs suspension, stirred at room tempera-
ture for 6h to obtain a homogeneous [-CD-
CuNCs-MWCNTs suspension. 20 pyL of 0.50%
nafion solution was added to 80 uL B-CD-
CuNCs-MWCNTs suspension to obtain [B-CD-
CuNCs-MWCNTs-nafion suspension.

concentrations of 8-OHdG, and the DPV
parameters were chosen to obtain a pulse
width of 0.05 s, an amplitude width of 5.0 mV
and a quiet time of 2 s.

The three-electrode working system was
selected for measurement: the (3-CD-CuNCs-
MWCNTs-nafion/GCE (d=3 mm) was the work-
ing electrode; the Ag/AgCl electrode was the
reference electrode; and the platinum wire
electrode was the counter electrode. 7 uL of

B-CD-CuNCs-MWCNTs-nafion was dropped on

Preparation of modified electrodes

the surface of the pretreated GCE and ac-

cumulated in a 0.1 mol/L pH 7.0 PBS contain-

The glassy carbon electrode (GCE) was pol-
ished to a mirror surface with a 0.3 and 0.05

ing different concentrations of 8-OHdG for 9
min to detect 8-OHdG.
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Tris-HCl

7.0). The influence of pH on
the electrochemical behavior
of 8-OHdG was investigated.
The |, of the 8-OHdG in PBS
was the highest, then PBS
was selected as the system
buffer in the following experi-
ment. Figure 4C shows the
effect of pH on the electro-
chemical behavior of 8-OHdAG
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was further investigated over
the range from pH 4.0 to 9.0
in 0.1 mol/L PBS. The I
increased first and then
decreased. At pH=7.0, Ipa was
the highest. Therefore, 0.1 M
PBS (pH=7.0) was selected for
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Figure 4. A and B. Dependence of the Ipa on different kinds of buffer solu-
tions. C. Differential Pulse Voltammetry (DPVs) of 10 yM 8-OHdG on [B-CD-

pH

the following experiments.

E,,=0.7691-0.0561 pH (R?=
0.99406)

CuNCs-MWCNTs-nafion/GCE in 0.1 mol/L PBS at different pH: 4.0, 5.0, 6.0,

7.0, 8.0, 9.0. D. The linear relationship of Epa vs. pH.

Results

The morphology and structure of 3-CD-CuNCs,
MWCNTs, and [-CD-CuNCs-MWCNTs were
characterized by transmission electron micros-
copy (TEM). As shows in Figure 1A, 1B, the
B-CD-CuNCs with an average size of 2-3 nm.
The MWCNTs had diameter of 10-20 nm and
length of 30 um. Figure 1C, 1D are B-CD-
CuNCs-MWCNTs nanocomposites. It was clear
that B-CD-CuNCs adhered to the surface of
MWCNTs uniformly (See Figure 1).

CV and EIS experiments were performed to
characterize modified electrodes and the re-
sults are shown in Figure 2A, 2B. There are
bare GCE (a), MWCNTs-nafion/GCE (b), (c) Cu-
NCs-MWCNTs-nafion/GCE, (d) B-CD-MWCNTs-
nafion/GCE, (e) B-CD-CuNCs-nafion/GCE and (f)
B-CD-CuNCs-MWCNTs-nafion/GCE, respective-
ly. Among them, the oxidation peak current
on B-CD-CuNCs-MWCNTs-nafion/GCE was the
highest, and the EIS was close to a straight line,
indicating that its conductivity was the best.

Figure 3 shows the DPV of bare and modified
electrodes in 0.1 M PBS containing 10 uM
8-OHdG. Figure 4A, 4B show the DPV of 10
UM 8-OHdG in four different buffers including
acetic acid-sodium acetate (pH=5.8), Tris-HCI
(pH=7.0), borax buffer (pH=9.0) and PBS (pH=

744

The effect of scan rate on the

electrochemical behavior of

8-OHdG was researched, as
shown in Figure 5. Ipa enhanced with the
increase of scanning rate, which produced a
good linear relationship, indicating that the oxi-
dation of 8-OHdG on B-CD-CuNCs-MWCNTs-
nafion/GCE was an adsorption control process
[42].

Epa = 0.3012 + 0.0234 In v (R* = 0.9919) Eps
0
o, RT__ _RTK , RT
(1-a)nF  (L-a)nF  (L-a)nF

Inv

The ionic strength of electrolyte solution would
affect the results of electrochemical measure-
ments, so the concentration of the PBS was
optimized. As shown in Figure 6A, with the con-
centration of PBS increasing, the peak current
increased first and then decreased slightly.
When the concentration of PBS was 0.1 mol/L,
the peak current was the largest. Therefore,
0.1 mol/L PBS was used in the following
experiment.

The volume of B-CD-CuNCs in the B-CD-CuNCs-
MWCNTs suspension was optimized because
the non-conductivity of B-CD might reduce the
electrical conductivity of nanocomposite. As
shown in Figure 6B, as the volume of B-CD-
CuNCs increased, the Ipa value first increased
and then decreased. The results show that the
addition of 300 uL B-CD-CuNCs to synthesize

Am J Transl Res 2022;14(2):740-751
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Figure 5. A. Cyclic Voltammetry (CVs) of 10 uM 8-OHdG on B-CD-CuNCs-MWCNTs-nafion/GCE with different scan
rates (10-500 mV?) in 0.1 mol/L PBS (pH=7.0). B. The linear relationship of Ipa vs. v. C. The linear relationship of Epa
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saturated. Therefore, 7 uL
was selected to be the most
suitable coated volume. As
shown in Figure 6D, |  gradu-
ally increased with the exten-
sion of the accumulation time,
and after 7 min, the current
value reached to the plateau.

0.00 0.05 0.10 015 0.20 100
PBS concentration/M

Volume of B-CD-CuNCs/pL

Therefore, 9 min was chosen
as the most suitable accumu-
lation time.

500 700

I/pA
T S - -
£~

I/pA

According to the above princi-
ples and optimized condi-
tions, quantitative measure-
ment of 8-OHAG by DPV were
determined as shown in
Figure 7. | increased as the
concentration of 8-OHdG

-
Wk

1 3 5 7 9 11 13

Time/min

Figure 6. Dependence of | on the concentration of PBS (A), the volume of
3-CD-CuNCs (B), the accumulation time on 3-CD-CuNCs-MWCNTs/GCE (C),
the dropped volume of B-CD-CuNCs-MWCNTs-nafion on electrode (D).

B-CD-CuNCs-MWCNTs was the most suitable
nanocomposite to the modified electrode.

Since the electrochemical process of 8-OHdG
on the electrode surface was a process of ad-
sorption control, the volume of the nanocom-
posite dropped on the electrode surface and
the accumulation time in electrolyte solution
were optimized separately. As shown in Figure
6C, Ipa increased with the increase of the vol-
ume of the coating. When 7 pyL nanocomposite
was dropped, Ipa no longer increased and
reached a plateau, indicating that the adsorp-
tion of 8-OHdG on the electrode surface was

745

Volume/pL

791 increased in the range of
1.0x107-1.0x10° mol/L and
1.0x10%-2.0x10° mol/L, and
a good linear relationship was
obtained. The linear regres-

sion equation was:
Ipa (WA)=0.069+0.662C (uM) R?>=0.9926 (1)
Ipa (uA)=0.183+0.536C (uM) R?=0.9933 2

The detection limit was 33 nM, and the pro-
posed sensor had a reasonable linear range
and detection limit compared to other electro-
chemistry sensors in Table 1.

Since uric acid (UA) and ascorbic acid (AA) usu-
ally coexist with 8-OHdG in human meta-
bolism, moreover, their electrochemical oxida-
tion potentials are very close to 8-OHdG. It is
necessary to check their interference on 8-
OHdG detection. Figure 8A shows the DPV on

Am J Transl Res 2022;14(2):740-751
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Figure 7. A. Differential Pulse Voltammetry (DPVs) of B-CD-CuNCs-MWCNTs-nafion/GCE with successive addition of
8-OHdG to 0.1 mol/L PBS (pH=7.0). B and C. are the calibration curve of Epa vs. [8-OHdG].

Table 1. Comparison of various 8-OHdG sensors

Electrode Linear range (M) Detection limit (uM) Ref.
GCE/P-Arg/ErGO-AuNPs/GCE 0.001-10 0.001 M.Z.H. et al., 2018
ER-GO/Nafion/GCE 0.07-33.04 0.0012 Jia and Wang, 2013
PEI-MWCNTs/GCE 0.5-30 0.1 Gutiérrez et al., 2011
DNA-P3MT 0.28-4.2 0.056 Y. Wang et al., 2009
3-CD-CuNCs-MWCNTs-Nafion 0.1-20 0.033 this work

241

18

pA

12

application for simultaneous
detection of 8-OHdG, UA and
AA.

The reproducibility experiment
of five glassy carbon elec-
trodes was estimated by com-

0.0 0.2 0.4 0.6

E/V(vs.Ag/AgCl)

ol— ) . ) . ) )
0.2 00 02 04 06 08 -0.2

E/V(vs.Ag/AgCl)

0.8

Figure 8. A. Differential Pulse Voltammetry (DPVs) on bare (a) and B-CD-
CuNCs-MWCNTs-nafion/GCE in 0.1 mol/L PBS (pH=7.0) containing 3 uM
8-0HdG, 400 uM AA and 40 uM. B. DPVs of 8-OHdG (3, 5, 8 uM) on B-CD-
CuNCs-MWCNTs-nafion/GCE in the presence of AA (400 uM) and UA (40

paring Ipa of 10 yM 8-OHdG.
The relative standard devia-
tion (RSD) was 3.44%. As
shown in Figure 9, the
3-CD-CuNCs-MWCNTs-nafion/
GCE was placed in 1.0 mmol/

uM).

bare and [B-CD-CuNCs-MWCNTs-nafion/GCE
containing 3 uM 8-OHdG in the presence of 40
UM UA and 400 uM AA. Obviously, a bare elec-
trode failed to separate the oxidation peaks
among UA, AA and 8-OHdG, but the proposed
8-0OHdG sensor did perfectly. Figure 8B shows
three different and well-separated oxidation
peaks at -0.032 V, 0.288 V and 0.376 V corre-
sponding to the oxidation peaks of AA, UA, and
8-0OHdG, respectively. Among them, the 8-
OHdG oxidation peak current increased with
concentration (3, 5, 8 uyM) increasing, indicat-
ing that AA and UA had no effect on the detec-
tion of 8-OHdG. It was shown that B-CD-
CuNCs-MWCNTs-nafion/GCE was promising for
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L [Fe(CN)J*”* and 0.1 mol/L
KCI, after 50 cycles of con-
tinuous cycle scanning at 50
mV/s, with the oxidation peak current still
maintaining at 98.6% of the original response.
The electrode was stored at 4°C for 4 weeks,
and its current signal remained at the 96.0%
of original. The above results show that 3-CD-
CuNCs-MWCNTs-nafion/GCE has good stability
and reproducibility (See Figure 9). Figure 10
shows the formation and electrochemical
detection mechanism of 8-OHdG on [-CD-
CuNCs-MWCNTs-nafion/GCE.

The 8-OHdG signal of DPV was not observed in
the prepared samples. Therefore, the standard
addition method was used, and the results are
shown in Table 2. The recovery was between

Am J Transl Res 2022;14(2):740-751
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Figure 9. 100 segments continuous Cyclic Voltam-
metry (CV) scanning on B-CD-CuNCs-MWCNTs/GCE
in 0.1 mol/L KCI containing 1.0 mmol/L [Fe(CN) 3%,
at 50 mV/s.

97.4 to 101.3%, indicating that the proposed
sensor could be used for the determination of
8-0OHdG in real samples.

Discussion

Cyclic Voltammetry (CV) and Electrochemical
Impedance Spectroscopy (EIS) were used to
characterize the conductivity of different mate-
rial modified electrodes, and Differential Pulse
Voltammetry (DPV) was used to characterize
the response of different material modified
electrodes to 8-OHdG. The B-CD-CuNCs-c-
MWCNTs/GCE modified electrode showed the
best conductivity and the highest response
signal to 8-OHdG.

B-CD-CuNCs, c-MWCNTs, and B-CD-CuNCs-c-
MWCNTs composites were characterized by
transmission electron microscopy (TEM). 3-CD-
CuNCs were uniformly attached to the surface
of c-MWCNTs to improve the dispersion and
stability of the composites. As far as we know,
this is the first use of B-CD-CuNCs and
¢c-MWCNTs to enhance the electronic conduc-
tivity and charge transfer in the electrochemi-
cal process of 8-OHdG, which amplifies the
response signal of the target and improves the
sensitivity.

The effects of pH and scanning rate on 8-
OHdG were investigated and the 3-CD-CuNCs-
c-MWCNTs/GCE electrode surface on the
electrochemical process was obtained. The
mechanism of the electrochemical process on
the surface of [B-CD-CuNCs-c-MWCNTs/GCE
electrode is double electron double proton
transfer.
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In addition, the oxidation peak potential shifts
to a positive potential as the scan rate increas-
es, and the linear regression equation between
Epa and the logarithm of scan rate (In v) is:

E,,=0.3012+0.0234 In v (R?=0.9919) (3)

Epa can be defined by the Lavilon equation [43]:

0
0 RT RTk RT nv (4)

Ep. = E°- In + I
(1-a)nF  (1-a&)nF  (1-a)nF

Where E° is the standard potential, k° is the
standard heterogeneous reaction rate con-
stant, o is the transfer coefficient, n is the
number of transferred electrons, and v is scan
rate. Therefore, RT/(1-&) nF was easily obtain-
ed from the slope of the above line. Typically,
for an irreversible electrode process, o was
taken as 0.5, so n was calculated to be 2. The
number of electrons and protons in the electro-
chemical process of 8-OHdG were equal.
Therefore, as shown in Figure 11, the electro-
chemical mechanism of 8-OHdG on [-CD-
CuNCs-MWCNTs/GCE was a two-electron and
two-proton process. The process was consis-
tent with the previous work [23]. In addition,
the oxidation peak potential (Epa) shifted to
lower potential as the pH increased. The refer-
ence indicated that the electrochemical pro-
cess of 8-OHdG was related to the proton
transfer process [40]. Figure 4D shows the lin-
ear regression equation of Epa and pH was:

E,,=0.7691-0.0561 pH (R?*=0.9946) (5)

In the Nernst equation, from the linear relation-
ship between potential and pH: -2.303 mRT/nF
=-0.0561, where R is 8.314 Jmol*K?', T is
298K and F is 96580 C-mol*, and m/n was cal-
culated as 0.95 close to 1, where m is the pro-
ton number and n is the number of transfer
electrons, indicating that the number of pro-
tons and electrons were the same during the
oxidation of 8-OHdG, which was consistent with
previous work conclusions [41].

Study on the application of 8-OHdG in the
electrochemical behavior of B-CD-CuNCs-c-
MWCNTs/GCE electrode surface was at 1.0x
107 mol/L~1.0x10° mol/L and 1.0x10°® mol/
L~2.0x10° mol/L. The proposed sensor could
detect 8-OHdG in the presence of AA and UA
interference, and had good anti-interference,
stability, and reproducibility. The detection of
8-0HdG in urine by labeling method provided a
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Figure 10. Electrochemical behavior and detection of 8-OHdG on B-CD-CuNCs-MWCNTs-nafion/GCE.

Table 2. Determination of 8-OHdG in human urine

samples

Sample Added (uM) Found (uM) Recovery % RSD %
A 3.00 3.04 101.3 3.08
B 4.00 3.98 99.5 4.31
C 5.00 4.87 97.4 2.55

new way for electrochemical method to detect
8-OHdG.

Compared to the bare GCE, there was about a
3-fold enhancement in the peak current (Ipa)
obtained on MWCNTs-nafion/GCE due to the
good electrical conductivity and large surface
area of the MWCNTs. B-CD-CuNCs did not
respond well to the 8-OHdG yet. However, the
stability on the electrode surface was excel-
lent. After the combination of 3-CD-CuNCs and
MWCNTs, the stability was greatly improved
and Ipa was also enhanced. This might be
due to the uniform adherence of B-CD-CuNCs
to the surface of MWCNTs, which better dis-
persed the MWCNTs and greatly improved the
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stability of the nanocomposite on the elec-
trode. On the other hand, compared to MW-
CNTs, the B-CD-CuNCs-MWCNTs nanocompos-
ite increased the electron conductivity and
charge transport due to the synergy between
B-CD-CuNCs and MWCNTs, which was benefi-
cial to the electrochemical process of 8-OHdG
on the electrode surface. This was the first
time that the synergy of B-CD-CuNCs and
MWCNTs reportedly enhanced the electro-
chemical oxidation process of 8-OHdG and
improved the sensitivity.

Conclusion

8-0HdG is not only a key biomarker to evaluate
the effects of endogenous oxidative damage in
DNA, but also a factor of the initiation and
development of carcinogenesis. Because of
complex pre-processing steps, expensive ins-
truments, and cumbersome operating proce-
dures that limit the applicability of these meth-
ods, we proposed a novel signal enhancement
strategy based on the synergy between B-CD-

Am J Transl Res 2022;14(2):740-751
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CuNCs and MWCNTSs for the detection of DNA
oxidative damage marker 8-OHdG. On the one
hand, the good electrical conductivity and the
large surface area of MWCNTs provided a car-
rier for the enrichment of 8-OHdG on the elec-
trode surface, and -CD-CuNCs was evenly dis-
tributed on MWCNTs, which better dispersed
the MWCNTSs. At the same time, the stability of
the nanocomposite on the electrode was im-
proved. On the other hand, based on the syner-
gistic effect of the nanocomposite, electronic
conductivity and charge transfer were enhan-
ced, which was conducive to the electrochemi-
cal process of 8-OHdG on the electrode sur-
face. In addition, the proposed [B-CD-CuNCs-
MWCNTs-nafion/GCE electrochemistry sensor
successfully obtained the 8-OHdG signal in the
presence of interference containing AA and UA,
indicating that p-CD-CuNCs-MWCNTs-nafion/
GCE have promising applications in the simulta-
neous detection of 8-OHdG, UA, and AA.
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