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Abstract

To explore a novel and multi-layer based graphene oxide covered zinc oxide
nanoflower (ZnO NFs@GOS) as a modified electrode materials by sonochemical technique
(40 kHz, 300 W). Herein, novel nanocomposite is successfully characterized by various
characterization analysis (FESEM, HRTEM, XRD, XPS and (EIS) electrochemical
impedance spectroscopy) and employed as high sensitive modified “electrode (ZnO
NFs@GOS nanocomposite) for the electrochemical determination of biomarker. 8-hydroxy-
2’-deoxyguanosine (8-HDG) is one of the important cancer and oxidative stress biomarker.
The results demonstrated that the ZnO NFs@GOS modified SPCE reveal well-defined
electro-oxidation peak at 0.36 V (vs. Ag/AgCl). The high sensitive properties of the
optimized flower like modified electrode are because of the excellent synergistic effect of the
ZnO flower and the graphene oxide nanosheets, as evidenced by a superior bio-sensing
performance. The nanocomposite fabricated modified biosensor was facilitating the analysis
of 8-HDG in the concentration ranges of 0.05 to 536.5 uM with a low detection limit is 8.67
nM. The ZnO NFs@GOS modified sensor can also employed for the determination of 8-
HDG in human urine samples, promising its application towards the quantification of cancer

biomarker in biological samples.

Keywords: Zinc oxide nanoflower; Sonochemical synthesis; DNA damage biomarker;

Graphene oxide nanosheets; Urine real sample.



1. Introduction

The progress of the more effective electrocatalyst as a substitute for a semiconductor
based transition metal oxides (TMOs) as an emerging electrode material of nano-research in
the analytical world. Due to their excellent physicochemical properties [1-4], which is
suitable for electrocatalysis and various energy applications such as metal-air batteries, fuel
cells and sensor materials [5-9]. However, the use of TMOs and their nanocomposites in real-
time applications are benefit by their low-cost and high electrocatalytic effect [10-13].
Furthermore, synthesis method also more benefit based on cost-effective and green effective
method. Therefore, sonochemical and ultrasound assisted method has highly effective method
for green and toxic free solvent technique [14-16]. The development of an environmental
effective and earth-abundant electrode nanomaterial for outstanding sensing performance
retains a great challenge. Zinc oxide (ZnO) based nanocomposites have been widely used as

the electrode materials for the electrochemical applications [17].
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Scheme 1. Sonochemical synthesis of ZnO NFs@GOS nanocomposite

In this study established a simple and eco-feiendly approach to fabricate the
nanocomposite of ZnO NFs@GOS nanocatalyst through a sonochemical technique and
employed as an effective electrode material for non-enzymatic bio-sensing applications.
Furthermore, these studies reveals that the flower based ZnO NFs covered with GOS
nanocatalyst enhance the electrocatalytic performance towards biomarker detection,
Moreover, compare with other TMOs, the ZnO is low cost and easy to synthesize by
ultrasound approach. Therefore, we have synthesized the ZnO NFs@GOS catalyst based
nanomaterial via sonochemical process. However, ZnO NFs with carbonaceous-based
nanomaterials that are exhibited the excellent electrochemical properties. Therefore, the
presence of graphene oxide sheets (GOS) nanomaterials can improve the structure stability of
the nanocomposite [18-22]. Because, GOS is good nanomatrix due to their unique properties
including large surface area and electron mobility [23-29]. Furthermore, the graphene oxide
is essential for improving the electrochemical surface area of nanocomposite and fabricating
the nanomaterials as a modified electrode. As a result, the synthesized ZnO NFs was combine
with GOS using the simple sonochemical approach at room temperature.

8-hydroxy-2’-deoxyguanosine (8-HDG) is an important cancer biomarker and it is
endogenous-oxidative stress biomarker [30, 31]. Furthermore, 8-HDG is an important signal
biomolecule for various biological and chemical processes in DNA (deoxyribonucleic acid)
functions. Studies on the electroanalytical chemistry of 8-HDG is significant as it regulates
DNA functions and play significant role in treatment of cancer diseases [32, 33]. An
abnormal concentration level is an indication of DNA damages in the body [34, 35].
Therefore, monitoring the 8-HDG concentration is great importance and challenge to the

4



analytical researchers. Therefore, various detection methods including such as high
performance liquid chromatography (HPLC), HPLC tandem mass spectrometry, solid phase
extraction and DNA-based electrochemical analysis (DNA-EA) [36, 37]. Furthermore, the
electrochemical methods were used for the sensing application due to the cost effective and
simplicity of the method. Thus, we can apply the electrochemical method for the
determination of 8-HDG in biological samples.

In the present work, the synthesized ZnO NFs@GOS nanocomposite was
characterized and fabricated by a simple drop-casted method. Then, the fabricated and
nanocomposite modified electrodes was applied to the determination of 8-HDG. Moreover,
the sensitivity and practical feasibility of the modified electrodes were evaluated by cyclic

voltammetry and amperometric techniques (Scheme 1).

2. Experimental section

2.1 Synthesis of ZnO NFs@GOS nanocomposite

All reagents and chemicals were collected from Sigma-Aldrich and used without any
other purifications (chemicals and methods detail are given in supporting information file).
Flower-like ZnO nanostructures were synthesized by a simple sonochemical method [38]. In
a typical procedure, 20 mL of 0.1 M zinc acetate aqueous solutionand 20 mL 1
M potassium hydroxide aqueous solution were added to 40 mL double distilled water. After
vigorous magnetic stirring for 15 min, the resulting mixture containing beaker was then
instantly kept in sonication bath (40 kHz, 300 W) at room temperature for ultrasonic time
(100 min). The precipitates were centrifuged and washed with double distilled water and

ethanol several times and finally product was dried in an oven at 80°C for 12 h. Then, the
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ZnO NFs@GOS nanocomposite was prepared with graphene oxide. A typical preparation 10
mg of ZnO NFs was subsequently added to the pre-prepared mixture solution of GOS in 20
mL of deionized water and then ultrasonicated for 10 min (Scheme 1).
2.2. Fabrication of ZnO NFs@GOS modified electrode

The ZnO NFs@GOS nanomaterials dispersed solution (2 mg/mL; water) about eight uL
was drop casted on the SPCE. Then, the ZnO NFs@GOS drop-casted electrode was dried at
55°C. The same produce was applied to fabricate the control electrodes such as GOS and ZnO
NFs. The electrocatalyst modified electrodes were applied for the -electrochemical

determination towards the 8-HDG (Scheme 1).
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Figure 1. HRTEM images of GOS (A) and FESEM images of ZnO NFs (B-C). FESEM

images of ZnO NFs@GOS (D-E) and HR-TEM images of nanocomposite (F).



3. Results and discussion
3.1. Structural investigations of the ZnO NFs@GOS nanocomposite

The surface morphology of the flower based and GOS covered nanocomposite has
investigated by FESEM and HRTEM analysis. In Figure 1A, show that the HRTEM of
graphene oxide nanosheets and its paper like layered bulk-sheets. A sonochemically
synthesized ZnO is shows FESEM in Figure 1B-C. The ZnO particles is flower like
nanostructure. The surface morphology of the as-synthesized ZnO NFs@GOS
nanocomposite was analyzed by FESEM and HRTEM in Figure D-F. The graphene oxide
nanosheets wrapped and covered ZnO nanoflower was examined by FESEM in Figure D-E.
As HRTEM shows that the flowers like structure was observed for the synthesized ZnO with

GOS. These FESEM and HRTEM results are confirmed that the formation of hierarchical

nanocomposite.
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Figure 2. XRD analysis of ZnO NFs and ZnO NFs@GOS nanocomposite (A). XPS survey

spectrum of nanocomposite (B).



The XRD patterns of ZnO NFs and ZnO NFs@GOS were displayed in Figure 2A. The

XRD pattern of the ZnO NFs@GOS shows that the several diffraction peaks are observed

and these are correlated to the hexagonal plane according to the JCPDS No. 36-1451 of the

ZnO NFs [39, 40]. Therefore, the XRD peaks are indicates that the formation of ZnO

catalyst. Furthermore, the GOS peaks exhibited the diffraction of the nanocomposite assigned

for the miller indices plane is (002) [41-45]. Finally, this information’s are indicated

formation of the ZnO NFs@GOS nanocomposite.
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Figure 3. XPS spectrum of C 1s (A), O 1s (B) and Zn 2P (C). EIS analysis of GOS/SPCE (a),
ZnO NFs/SPCE (b) and ZnO NFs@GOS/SPCE (c) in (D) 0.1 M KCI containing 5 mM

[Fe(CN)g]** solution.

In addition, examine the chemical compositions and electronic states of the GOS based
nanocomposite, the XPS analysis was studied and are showed in Figure 2B and 3A-C. In
Figure 2B, shows the XPS survey analysis of the ZnO NFs@GOS nanocomposite. The
carbon (C 1s), oxygen (O 1s) and zinc (Zn 2p) content in the ZnO NFs@GOS were observed
at their correlated binding energies [46, 47]. The XPS high-resolution C 1s spectrum (Figure
3A) shows the major peak due to ring carbon. In Figure 3B, the XPS spectrum of the O 1s
present in the ZnO reveals the primary peak denotes the Zn-O bond located at 530.7 eV,
which demonstrate the oxygen present in the form of bridging with Zn atom and GOS. As
shown in Figure 3C, two dominant peaks of Zn 2p bounded with the metals that exhibited the
Zn 2p;);, and Zn 2py,, located at the (1021.5 eV) and (1045.2 eV) [46]. The XPS study reveals
that the ZnO NFs@GOS nanocomposite formation by a sonochemical method.

3.2. Electrochemical characterization of ZnO NFs@GOS modified electrode

The electrochemical characterization of the unmodified and modified electrodes is
analyzed by electrochemical impedance spectroscopy (EIS). In Figure 3D, shows the Nyquist
diagram of the diverse modified electrodes as GOS/SPCE (a), ZnO NFs/SPCE (b) and ZnO
NFs@GOS/SPCE (¢) in 0.1 M KCI containing 5 mM [Fe(CN)¢]** solution (frequency
ranges of 100 MHz to 100 kHz). For the comparison, the GOS/SPCE and ZnO NFs/SPCE
shows the higher R value around 592.6 Q and 286.48 Q, respectively. The smallest
semicircle was observed for the ZnO NFs@GOS modified SPCE indicating advantages of the
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composition and electrostatic attraction between ZnO NF and GOS, which resulted in the

lowest Rct value (128.45 Q) for the nanocomposite-modified nanocomposite.
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Figure 4. (A) CVs of bare SPCE (a), GOS/SPCE (b), ZnO NFs/SPCE (c¢) and ZnO

NFs@GOS/SPCE (d) containing 100 uM 8-HDG in 0.05 M phosphate buffer at the scan rate

at 50 mV/s and (B) electrodes versus peak currents (n=3). (C) Increasing concentration of 8-

HDG (20 to 100 uM) in 0.05 M phosphate buffer at ZnO NFs@GOS/SPCE (n=3). (D) Shows

the plot between [8-HDG]/uM versus anodic peak current/pA.

3.3. Electrocatalytic performances of ZnO NFs@GOS/SPCE towards 8-HDG

The CV method (Figure 4A) was utilized to examine the electrochemical performance

of bare SPCE (a), GOS/SPCE (b), ZnO NFs/SPCE (c¢) and ZnO NFs@GOS/SPCE in 0.05 M

phosphate buffer with a pH of 7.0 in the presence of 8-HDG (100 uM). The scan rate was 50
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mV/s and the potential is 0 to 0.65 V. The bare SPCE shows the very low intensity towards
the oxidation of 8-HDG. Furthermore, the SPCEs were modified with GOS and ZnO NFs, the
oxidation peak currents were increased towards the biomarker (Figure 4B). Nevertheless, the
Zn0O NFs@GOS modified SPCE shows the high peak current of 33.84 uA towards 8-HDG
(100 uM). Moreover, the electrochemical oxidation mechanism of 8-HDG is given in

Scheme 2 and the biomarker is converted into oxidation form of 8-HDG.
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Scheme 2. The plausible electrochemical-oxidation reaction of 8-HDG biomarker based on

ZnO NFs@GOS/SPCE.

Due to the high surface area and excellent electrocatalytic ability of the ZnO
NFs@GOS in pH 7.0, 8-HDG was oxidized by electrochemical method. Furthermore, the
electrocatalytic performance of the nanocomposite was checked towards the 8-HDG
oxidation by adding the different concentrations in 0.05 M phosphate buffer. As shown in
Figure 4C, the anodic peak current was increased linearly for the increasing concentration 8-
HDG from 20 to 100 uM. In addition, the oxidation linear regression equation y= 0.275x 1.9
with the correlation co-efficient of R?= 0.9936 in Figure 4D. Therefore, the results strongly
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suggest that the ZnO NFs@GOS modified SPCE accelerate electron transfer significantly
towards the oxidation of 8-HDG.

The influences of the scan rate were also studied in the range of 10 to 120 mV/s on
ZnO NFs@GOS modified SPCE in the presence of 100 uM 8-HDG (Figure 5A). With
increase of the scan rate, the intensities of currents also increased. Therefore, Figure 5B,
shows the current is proportional to the square root of the scan rate. Moreover, the obtained
anodic peak current values are plotted against the different scan rates. As shown in Figure
5B, anodic peak currents were linearly proportional to square root of the scan rates with the
correlation coefficient of R?>=0.9971 was observed for anodic peak currents. These results
clearly indicated that the electro-oxidation of biomarker (8-HDG) at ZnO NFs@GOS

modified SPCE is controlled by the diffusion process [48, 49].

(A) (B)
60- 60
50 - Y
g 40 7 o?
£ 2 o?
£ = o7
S 5 o
3] O 30- P
2
0 4
204 & y = 154.47x - 2.7278
d 7 2 =
@ R? = 0.9971
-20 ! N . i J v . 14—
0.0 0.2 0.4 0.6 010 015 020 025 030 0.35 040
EIV Vs Ag/AgCl 12 (vs'1)1’2

Figure 5. (A) CV curves of different scan rate study ranges from (10 to 120 mV/s) on ZnO
NFs@GOS/SPCE for the reduction of 100 uM 8-HDG in 0.05 M phosphate buffer (n=3). (B)
The calibration plot between the anodic peak current (I,,) against the square root of the scan

rates.
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The pH analysis is a crucial study that affects the electrochemical response of the
analyte. In this way, the impact of the pH have been explored. In Figure S1A, shows the plot
of different pH 3.0 to 11.0 in presence of 100 uM 8-HDG. It can be seen that the anodic peak
current response was increased form pH 3.0 to pH 7.0 and then it gradually decreases from
pH 7.0 to pH 11.0. In addition, the peak potential was shifted to negative side with an
increase in the pH value of the supporting electrolyte from 3.0 to 11.0 (Figure S1B). The
linear regression equations were deduced as E,, = 0.053 pH+0.64 (R?>=0.9983) for 8-HDG,
which are close to the theoretical Nernst value (59.0 mV) for an equal number of electrons
and protons involved in the electrochemical oxidation.

3.4. Determination of 8-HDG by amperometric (i-t) technique on ZnO

NFs@GOS/SPCE

350 {(B) ]

300 4 +

<250 - +
é‘ é:zoo 1 4
150 A !"
*" y = 0.6436x + 0.5075

100 - ’ R? = 0.9995

so{ ¥

- 100 200 300 400 500
Time (s)
[8-HDG]/uM

Figure 6. (A) Amperometric responses for the successive additions of 8-HDG in 0.05 M

phosphate buffer (pH 7.0) and various concentration ranges from (0.05 to 536.5 uM) at ZnO
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NFs@GOS/SPCE and (inset) low concentration ranges. (B) The linear plot of 8-HDG
concentrations versus peak current.

The amperometric technique was performed for analyzing the electrocatalytic
performance of ZnO NFs@GOS modifed electrode towards biomarker. The analytical
performance of biomarker (8-HDG) was performed on the ZnO NFs@GOS modified
electrode in 0.05 M phosphate buffer (pH 7.0) at the fixed potential is 0.36°V. In Figure 6A,
shows that the ZnO NFs@GOS establishes a linear relationship ranges from 50 nM to 536.5
uM with a regression coefficient of 0.9995. In Figure 6A (inset), shows the amperometric
peaks of the lower concentration of 8-HDG. Moreover, the obtained peak current values were
plotted against the different concentrations of 8-HDG and the results are displayed in Figure
6B. Furthermore, the linear regression equation is I;;= 0.6436 [8-HDG]+0.5075. The low and
high concentrations of biomarker shows good linear response was increased for each addition
of 8-HDG. Furthermore, the limit of detection (LOD) and sensitivity of ZnO NFs@GOS
modified electrode are 36.67 nM_and 9.064 pA pM' cm?, respectively. The limit of
quantitation (LOQ) is calculated as 49.5 nM. Furthermore, the results were compared with
previous literatures in Table 1. These results confirm that the impressive electrochemical
performance of the proposed ZnO NFs@GOS modified electrode towards 8-HDG sensing.

Table 1. Comparison of analytical parameters with previous articles

Electrode LOD (nM) | Linear range (uM) Ref.
Single-walled carbon nanotubes/Lysine 97.0 0.3-10.0 [50]
Multi-walled carbon nanotubes/ 100.0 0.5-30.0 [51]
polyethylenimine

Multi-walled carbon nanotubes/GOS 350.0 3.0-75.0 [52]
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poly(3-methylthiophene)
graphene/nafion
graphene nanosheets

ZnO NFs@GOS

100.0

120.0

80.75

36.67

0.7-70.0 [53]

0.07-33.04 [54]

0.056-36.155 [55]
0.05-536.5 This work

3.5. Selectivity, stability and reproducibility of the sensor

In order to study the selectivity of the ZnO NFs@GOS modified electrode, the

amperometric was performed towards the different biologically important biomolecules. In

Figure 7A, exhibited the amperometric responses for the additions of 0.3 mM of hydrogen

peroxide (H,0,), glucose (Glu), ascorbic acid (AA), folic acid (FA), uric acid (UA),

dopamine (DA), serotonin (SN), vanillin (VN) and epinephrine (EP) in presence of 0.05 mM

of 8-HDG. It is found that there is minor response towards other biomolecules. Therefore,

these results indicating that the ZnO NFs@GOS modified electrode has great towards the 8-

HDG sensing.
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Figure 7. (A) Amperometric selective responses of ZnO NFs@GOS modified electrode
towards 0.05 mM of 8-HDG with 0.3 mM of interfering compounds (n=3). (B) Stability of
the sensor as its continuous usage for 14 days containing 100 uM 8-HDG.

In addition, the stability of the ZnO NFs@GOS modified electrode was explored by
amperometric technique. Figure 7B shows the amperometric current response for the
addition of 100 uM 8-HDG in 0.05 M phosphate buffer (pH 7.0) at ZnO NFs@GOS
modified electrode. The stability study shows that the initial peak current value of the 8-HDG
oxidation was decreased, but its only 3.76% on 14 days. For the reproducibility analysis
seven different ZnO NFs@GOS modified were prepared and the amperometric response were
recorded in presence of 100 uM of 8-HDG. The obtained results were given in Figure S2 and
the relative standard deviation (RSD) value were calculated to be 3.42%. The repeatability
was tested for ten times and the RSD wvalue were calculated to be 3.64% (Figure S3).
Therefore, these results of ZnO NFs@GOS modified electrode shows the excellent

selectivity, stability and reproducibility towards the detection of 8-HDG sensing.

Table 2. Determination of 8-HDG in real samples based on ZnO NFs@GOS modified

electrode
Real Samples AddednM  Found/nM  Recovery/%  *RSD/%

0 68.36 - 2.94

Urine samples 1
200 192.78 96.39 3.52
0 79.02 - 3.06

Urine samples 2
200 189.78 97.44 3.72
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0 58.42 - 3.37

Urine samples 3
200 193.15 96.57 3.61

* Related standard deviation (RSD) of n=3 independent experiments.

3.6. Real sample analysis

To further evaluate the practicality of the ZnO NFs@GOS modified electrode was
investigated in various urine samples. The urine samples were analyzed directly and the
diluted with buffer and spiked with a specified concentration of 8-HDG by using the standard
addition method. Amperometric responses for the addition of human urine samples spiked
with 200 nM concentration of 8-HDG. Then, the peak current responses were increased for
each addition of 8-HDG spiked samples. The obtained peak current responses have calculated
against the concentration. Moreover, the RSD (n=3) results were calculated and tabulated in
Table 2. These results clearly reveals that the practical feasibility of the ZnO NFs@GOS

proposed sensor towards 8-HDG sensing.

4. Conclusion

In conclusion, an efficient and effective nanocatalyst for non-enzymatic biosensor
based on ZnO NFs@GOS nanocomposite has been developed by sonochemical method. As-
prepared ZnO NFs@GOS nanocomposite was used to fabricate the modified electrodes for
the determination cancer toxic marker. The electrocatalytic activity of the ZnO NFs@GOS
for the detection of 8-HDG was evaluated using CV and amperometric methods. The
fabricated amperometric sensor exhibits outstanding electrochemical performance for 8-HDG

oxidation. Its shows wide linear range 0.05 to 536.5 uM and lowest LOD (36. 67 nM)
17



towards 8-HDG sensing. Importantly, ZnO NFs@GOS modified sensor could be successfully

demonstrated the practicality of the electrodes performance in urine samples.
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1)

2)

3)

4)

Highlights
Facile synthesis of Transition Metal Oxides based ZnO NFs@GOS nanocomposite
have been developed.
The ZnO NFs@GOS was applied to the non-enzymatic biosensor of oxidative stress
biomarker.
The nanocomposite is exhibits high selectivity and sensitivity.

The nanocomposite is exhibits nanomolar LOD.
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