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Graphene oxide dispersed multi-walled carbon nanotubes composite modified glassy carbon electrode
(GO-MWNTSs/GCE) was prepared and the GO-MWNTs/GCE was employed for the electrochemical
determination of anticancer drug cisplatin. A pair of well-defined redox peak of cisplatin was observed
at the GO-MWNTSs/GCE in 0.05 M KCI solution (pH 7.4) and electrode process is adsorption-
controlled. The result indicates that the GO-MWNTs composite materials can effectively improve the
sensibility and performance of the electrode for cisplatin. Based on the GO-MWNTSs/GCE, a
differential pulse voltammetry (DPV) method for the determination of cisplatin was proposed. The
analytical performance of the method was further evaluated in the presence of human 5% serum. A
good linear relationship was obtained within the concentration range from 1.30 uM to 26.0 uM in the
presence of 5% serum, with the linear regression equation Iy (LA)= 345947¢+3.2421 (r=0.9990). The
detection limit for cisplatin in the presence of 5% human serum can reach to 0.113 uM.

Keywords: Cisplatin; Differential pulse voltammetry; Graphene oxide; Multi-walled carbon
nanotubes; Serum.

1. INTRODUCTION

Cisplatin, cisplatinum or cis-diamminedichloroplatinum(ll) (CDDP) is a platinum-based
chemotherapy drug which was widely used to treat various types of cancers, including sarcomas, some
carcinomas (e.g. small cell lung cancer, and ovarian cancer), lymphomas and germ cell tumors.[1]

Various analytical methods for the determination of cisplatin have been developed, including
atomic absorption spectrometry (AAS), inductively coupled plasma atomic emission spectrometry
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(ICP-AES), inductively coupled plasma mass spectrometry (ICP-MS),[2-4] high performance liquid
chromatography (HPLC) with UV detection and capillary electrophoresis technique etc.[5-8] Several
modified electrodes have also been reported for the electrochemical detection of cisplatin, including
metallothionein (MT) modified hanging mercury drop electrode and DNA-modified glassy carbon
electrode.[9-10]

Since its discovery in 2004,[11] graphene has captured the attention of researchers due to its
excellent electrical properties, the ultrahigh ratio of surface area to volume and the extreme sensitivity
of its surface atoms to any surface adsorption reactions. Graphene-based electrodes have shown
superior performance in terms of electrocatalytic activity and macroscopic scale conductivity than
carbon nanotubes (CNTs)-based ones.[12-14] Graphene oxide (GO), which is a derivate of graphene,
has attracted increasing interest because of its unique properties and ease of fabrication.[15, 16] It can
be readily exfoliated into individual GO sheets to yield stable suspensions in water because of the
hydrophilic oxygen groups attached to the strongly oxygenated graphene sheets, thus render it water
dispersible, easily stick to glass carbon electrode and fall off less easily.[17] It has recently been
demonstrated that GO can be used as surfactant to disperse carbon nanotube (CNTS) in water due to its
high solubility and adhesion of CNTs onto the flat GO sheets through strong n-m stacking
interaction.[18-23] A novel GO multiwall carbon nanotube (MWNTS) self-assembled composite could
be formed by mixing GO and MWNTSs in water.[24] This GO-MWNTSs composite was highly stable
without any precipitation for more than 6 months.[20, 21] The graphene oxide dispersed carbon
nanotube composite has been used in various fields such as dye sensitised solar cells, [25]
supercapacitors,[18] proton exchange membrane fuel cell,[26] biofuel cells,[27] sensors and
biosensors.[28-29] Hence, it is believed that the GO-MWNTs opens new ways for researchers in
designing hybrid materials for various potential applications and may find wide potential applications
in the fabrication of biosensors, biomedical devices, and bioelectronics.

In our previous work, we have demonstrated that the use of multi-walled carbon nanotubes
modified electrode can improve the sensitivity for electrochemical analysis of cisplatin and
picoplatin.[30, 31] In this work, we describe a novel graphene oxide dispersed carbon nanotube
composite modified glassy carbon electrode (GO-MWNTSs) for the electrochemical analysis of
cisplatin. Furthermore, we tested the influence of complex biological matrix (human blood serum) on
the cisplatin determination.

2. EXPERIMENTAL

2.1. Instruments, materials and reagents

ZAHNER Zennium IM6 Electrochemical Workstation (ZAHNER-elektrik GmbH & Co. KG,
Kronach, Germany). A three-electrode system, including a GO-MWNTs/GCE working electrode, a
saturated calomel reference electrode (SCE) and a platinum wire counter electrode.

The TNMH3; carboxyl functionalized multi-walled carbon nanotubes (MWNTS, purity>95%),
purchased from Chengdu Institute of Organic Chemistry, Chinese Academy of Sciences; Cisplatin
reference (content> 99.9%, Kunming Guiyan Pharmaceutical Co. Ltd), a certain concentration of
cisplatin stock solution was prepared by 0.05 M KCI and saved at 4°C.
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Other reagents used were of analytical-reagent grade. Twice-distilled water was used
throughout all experiments.

2.2. Experimental Methods

2.2.1. Preparation of graphene oxide

Graphene oxide (GO) was firstly synthesized from graphite according to the Hummers and
Offeman method.[32] Then the GO was reduced and followed a typical procedure: the resulting GO
dispersion (100 mL) was mixed with 70 pL of hydrazine solution (50 wt.% in water) and 0.7 mL of
ammonia solution (28 wt.% in water). The mixture was stirred for 1 h at the temperature of 95°C.
Finally, black hydrophobic reduced graphene oxide (GR) sheets were obtained by filtration and dried
in vacuum.[33]

2.2.2. Preparation of GO-MWNTs modified graphite electrode

A GO-MWNTSs suspension was obtained by dispersing the treated GO (15 mg) and MWNTSs (5
mg) into 15.0 mL distilled water with the aid of intensive sonication (120 W, 40 KHz, 3 h).

A glassy carbon electrode (5 mm in diameter) was polished to a mirror-like surface, with
metallographi sand paper and 0.05 um Al,O3 suspension, respectively. After rinsed thoroughly with
doubly distilled water between each polishing step, the electrode was subjected successively with 50%
nitric acid, ethanol and doubly distilled water in ultrasonic bath, and dried in air. The electrode was
then electrochemically cleaned in 0.5 M H,SO, by cycling potentials between -1.4 and +2.0 V at 0.1 V
s until steady cyclic voltammogram was obtained. Graphene oxide/multi-walled carbon nanotubes
modified electrode (GO-MWNTs/GCE) was prepared by casting 15 pL of the GO-MWNTS suspensio
on the GCE and dried under an infrared lamp.

2.2.3. Electrochemical analysis

Cyclic voltammetry (CV) and differential pulse voltammeter (DPV) were performed in the
three-electrode cell in pH 7.4 KCI solution between the potential range of -0.8 and +0.8 V at a scan
rate of 0.06 V s™. The DPV conditions were: pulse width 100 ms, pulse amplitude 40 mV and pulse
interval 150 ms.

3. RESULTS AND DISCUSSION

3.1. Influence of supporting electrolyte and pH

Several supporting electrolytes such as 0.05 M disodium hydrogen phosphate-citric acid buffer,
0.05 M sodium hydrogen phosphate-sodium dihydrogen phosphate buffer, 0.05 M Tris-HCI buffer and
0.05 M KClI solution were tested at GO-MWNTSs/GCE. A pair of redox peak was observed in the three
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supporting electrolyte. Well-defined CV response with high redox peak of cispaltin was obtained in
0.05 M KCl solution.
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Figure 1. The influence of pH on peak current, in KCI solution at the scan rate of 0.6 mV s™.

The influence of pH was then investigated in 0.05 M KCI solution (shown in Fig. 1), the
oxidation peak current of cisplatin increases with the pH increasing from 3.5 to 7.4. while the
oxidation peak current decreases with as pH increasing above 7.4. The maximum value of oxidation
peak current with the lowest background current was obtained at pH 7.4. Therefore 0.05 M KClI
solution (pH 7.4) was chosen as the optimal supporting electrolyte for subsequent experiments.

3.2. Influence of the composition of the electrode materials
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Figure 2. The influence of different mass ratio of the composition of the electrode materials on peak
current, in solutions in pH 7.4 KCI solution at the scan rate of 0.6 mV s™.
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The influence of the composition of the composite electrode materials on the electrochemical
response of cispaltin was investigated by changing the mass ratio of GO to MWNTSs. Fig. 2 displays
that the oxidation peak DPV response of cisplatin increases with GO-MWNTs mass ratio varied from
1:1 to 3:1, a maximum of DPV response was obtained at GO-MWNTs mass ratio of 3:1. While it
decreases as GO-MWNTSs mass ratio varying from 3:1 to 5:1. The GO-MWNTSs mass ratio of 3:1 was
therefore chosen for subsequent experiments.

3.3. Influence of the scan rate
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Figure 3. The cyclic voltammetry curves of cisplatin at different scan rates in pH 7.4 KCI solution
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Figure 4. The linear relationship between the peak currents (lpa, Ixc) and the scan rate(v).

The influence of scan rate (v) on the voltammetric peak has been investigated. Fig. 3 illustrates
the effect of scan rate on the CV response of cisplatin at GO-MWNTs /GCE in pH 7.4 KCI solution. It
is found that both the oxidation peak current (lpa) and reduction peak current (ln) are linear to the scan
rate (Fig. 4) with the linear regression equation as lpa (pA) = -0.10720 + 1.0732 (r=0.9983) and Iy
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(uLA) = 0.0978v + 5.6823 (r=0.9964), respectively, indicating that the electrochemical process of
cispaltin at GO-MWNTs/GCE is adsorption-controlled.[34] The maximum achievable peak signal-to-
noise ratio for cispaltin was obtained at the scan rate of 0.06 V s™. The scan rate of 0.06 V s was
therefore selected in this work.

3.4. The cyclic voltammetry behaviors of cisplatin at different electrodes
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Figure 5. Cyclic voltammograms of cisplatin at different electrodes in pH 7.4 KCI solution at the scan
rate of 0.6 mV s™. (a) GO-MWNTs/GCE (b) MWNTSs/GCE (c) GO/GCE and (d) GCE

Fig. 5 shows the CV curves of GCE (d), GO/GCE (c), MWNTs/GCE (b) and GO-
MWNTSs/GCE (a) in 0.05 M KClI solution (pH 7.4) at the scan rate of 0.06 V s™. A pair of redox peak
was obtained for MWNTSs/GCE and GO-MWNTs/GCE electrodes, while the oxidation and reduction
peak currents of cisplatin at GO-MWNTs/GCE is much higher than that at MWNTSs/GCE, which
means that GO-MWNTSs composite electrode materials can effectively improve the sensibility and
performance of the electrode for the determination of cisplatin.

The oxidation peak potential (Ep,) and reduction peak potential (Eyc) of cispaltin at GO-
MWNTs/GCE were 0.092 V and -0.239 V (vs. SCE), respectively, 4E=0.331 V (vs. SCE). The ratio
of oxidation peak current (l,a) and reduction peak (lpc) was 2.07, implying that the electrode process of
cispaltin at GO-MWNTSs/GCE is quasi-reversible.

3.5. Sensor Stability and Repeatability

The stability of the GO-MWNTs/GCE was tested by continuous scanning of the electrode
potential between -0.8 and +0.8 V for 10 h in pH 7.4 KCI solution, no significant change of the peak
current and potential were observed. The repeatability of the GO-MWNTSs/GCE was detected by five
intermittent determinations of a cisplatin solution, RSD was found to be 0.43%. The reproducibility of
the method was evaluated by analyzing seven replicates of cisplatin, RSD was found to be
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0.13%.These experiments demonstrate that the GO-MWNTSs/GCE has good stability, repeatability and
reproducibility for the determination of cisplatin.

3.6. Analytical performance of the GO-MWNTs/GCE

The analytical performance of GO-MWNTSs/GCE for the DPV determination of cisplatin was
evaluated in the presence and absence of human serum. As table 1 shown, Good linear relationship
was obtained between the oxidation peak current and the concentration of cisplatin within the
concentration range from 65.0 uM to 358.0 uM for the absence of serum, and from 1.30 uM to 26.0
uM for the presence of serum, respectively. According to the method recommended by IUPAC,
detection limit (CL)=3Sp/Sx, where, 3 is confidence factor, Sy, is background noise standard deviation,
Sy is the measurement sensitivity (The slope of the standard curve), as the result, the detection limit for
cisplatin in the absence and presence of serum can reach to 0.192 uM and 0.113 pM, respectively,
indicating that the sensitivity of GO-MWNTSs/GCE is improved significantly as compared with that of
MWNTs modified electrode [30]. Morever, the above results suggest that the GO-MWNTs/GCE has
quite similar analytical performance for the absence and presence of human serum, indicating that the
GO-MWNTSs/GCE is much suitable for the determination of cisplatin in biomaterials.

Table 1. The Analytical performance of the GO-MWNTs/GCE for the determination of cisplatin in the
presence or absence of 5% serum.

Concentration Linear regression Correlation | Detection limit
range (UM) equation coefficient | (uM)

In the presence of 5% | 1.30 ~26.0 lpa (LA)= 0.9990 0.113

serum 345947c+3.2421

In the absence of 65.0 ~ 358.0 lpa (LA)= 0.9991 0.192

serum 7294.2¢+1.4056

Table 2. Comparison of the detection limit for cisplatin with other previously reported methods

Methods LOD (uM) References
AAS [a] 0.10 [35]
HPLC [b] 3.33 [36]
HPLC 47.0 [37]
LC-MS [c] 0.033 [38]
ICP-AES [d] 0.12 [39]
Electrochemical method using a MWNTSs/GCE [e] 39.0 [30]
Electrochemical method using a GO-MWNTSs/GCE [f] 0.192 This work

[a] Atomic Absorption Spectroscopy; [b] High Performance Liquid Chromatography; [c] Liquid
Chromatography-tandem Mass Spectrometry; [d] Inductively Coupled Plasma-Atomic Emission
Spectrometry; [e] Multi-walled Modified Glassy Carbon Electrode; [f] Graphene Oxide/ Multi-walled
Modified Glassy Carbon Electrode.
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The detection limit of the proposed method has been compared with that of the other previously
reported methods for the determination of cisplation shown in table 2. It is evident that the proposed
electrochemical method shows highly sensitive with the lower detection limit, indicating that GO
MWNTs/GCE can be used as a sensor for the sensitive electrochemical detection of cisplatin in
various samples.

3.7. Determination of cisplatin in spiked human serum

The standard addition recovery test and precision were also performed through analysis of 5%
serum samples spiked with deferent concentration of cisplatin. The result was shown in table 3. The
percentage recoveries based on the average of four separate determinations were from 93.18 to
104.89% with the RSD of 1.33 to 3.14%. In accordance with the equation (1):

o 5R (1)

0.6503Vv

in the literature,[39] where, 5 is dilution ratio, R is measured platinum concentration in 5%
serum samples, 0.6503 is the content of in platinum cisplatin (ug mL™), V is divide the volume of
serum (mL), an amount of 1.5854 pg mL™ of Pt in the 5% serum sample was obtained.

Table 3. Measurement results of cisplatin in 5% serum (n=5).

No. | Added (uM) | Found Recovery RSD (%)
(HM) (%)

1 13.00 13.23

2 19.50 20.01 104.89% 3.14

3 22.75 23.03 97.28% 2.47

4 26.00 25.35 93.18% 1.33

4. CONCLUSIONS

A novel graphene oxide dispersed multi-walled carbon nanotubes composite modified glassy
carbon electrode (GO-MWNTs/GCE) was prepared. This electrode has several advantages over other
graphene or carbon nanotubes electrode, including much fast and ease of fabrication, highly stable, etc.
The GO-MWNTs composite materials can effectively improve the sensibility and performance of the
electrode for cisplatin with well-defined redox peak. Differential pulse voltammetry method for the
determination of cisplatin using the GO-MWNTs/GCE was proposed. The developed GO-
MWNTSs/GCE could be used for the determination of cisplatin in biomaterials.
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