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This study presented the electrochemical quantitative estimation of ambroxol hydrochloride (AHC) as
drug safety for asthmatic bronchitis on ZnO nanoparticles electrodeposited on carboxylated CNTs
modified glassy carbon electrode (ZnO NPs/c-CNTs/GCE). The electrodeposition technique was
applied for the preparation of the ZnO NPs/c-CNTs/GCE. The structural and morphological analyses
using FESEM and XRD showed ZnO NPs in hexagonal wurtzite crystal structure electrodeposited on
the twisted and wrapped tubular structure of c-CNTs. The electrochemical study using the CV
technique showed that ZnO NPs/c-CNTs/GCE indicated lower peak potential, higher sensitivity and
stability than c-CNTs/GCE and ZnO NPs/GCE due to the synergetic effect of ZnO NPs and c-CNTs.
The studies of interference and concentration effects using DPV technique showed to the selective
response of ZnO NPs/c-CNTs/GCE to the electrochemical determination of AHC, and the linear range,
sensitivity and detection limit were obtained 1 to 120 uM, 10.7393yA/uUM and 0.02 uM, respectively.
The practical ability of ZnO NPs/SWCNTs modified GCE was investigated for the determination of
AHC content in ambroxol hydrochloride syrup as a real sample. The results evidenced to good
precision and appropriate validity for practical analyses in pharmaceutical samples.

Keywords: Ambroxol hydrochloride; Differential pulse voltammetry; Carboxylated CNTs; ZnO
nanoparticles; Electrodeposition

1. INTRODUCTION

Acute bronchitis as a respiratory disease is a type of chest cold that the inflammation in the
bronchi cause to respiratory congestion, difficulty breathing, wheezing, coughing up mucus, chest pain
and fever, tightness [1-3]. In addition, asthma is an inflammatory condition that leads to tightening of
the muscles around the airways and swelling that cause airways to narrow, thereby patient attempts to
draw in more oxygen through tightened passageways [4, 5]. Asthmatic bronchitis is bronchitis that
occurs as a result of asthma or incidence of both acute bronchitis and asthma together [6-8].
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Ambroxol hydrochloride (AHC, 4-[(2-amino-3,5-dibromophenyl) methylamino] cyclohexan-1-
ol;hydrochloride) as an aromatic amine is a phlegm dissolving agent. Studies have been shown that
AHC as a conventional treatment can improve the therapeutic of asthmatic bronchitis [9, 10]. AHC as
a new type of expectorant medication can stimulate the production of mucus and respiratory tract
through regulating mucus viscosity, serous secretion and mucinous secretion [11-13]. Therefore, many
researchers have been focused on synthesis and determination AHC in pharmaceutical dosage and
biological sample through the spectrophotometry, high-performance liquid chromatography, gas
chromatography, colorimetry and electrochemical methods [14-16]. Among them, electrochemical
methods such as potentiometry, amperometry and voltammetry have been shown to high sensitivity
and low detection limit [17-19]. However, the modification of electrode surface with nanomaterial and
composites in electrochemical cells can improve the linear range and stability of sensors [20-22].
Adequate studies have not yet been performed to promote the stability and linear range of AHC
sensors. Therefore, this study was carried out to quantitative estimation of AHC in drug safety for
asthmatic bronchitis on ZnO NPs/c-CNTs/GCE.

2. MATERIALS and METHOD

Prior to the modification of GCE, the electrode surface was first hand-polished with 0.3 and
0.05 alumina slurry (99.99 %, Sigma-Aldrich) on a polishing cloth for 10 minutes, respectively, until
the electrode surface reached a mirror finish. Then, it was thoroughly rinsed with deionized (DI) water,
and sonicated in a mixture of DI water and pure ethanol (volume ratio 1:1) for 10 minutes.

The acid treatment via an oxidation process was used for purification and carboxylation of
CNTs (99%, Qingdao Haoyu Graphite Products Co., Ltd., China) in 4 M acid solution of H2SO4/HNO3
with a volume ratio of 1:3 [23] for 4 hours. This process caused to form of carboxylic acid COOH
groups on the CNTs (c-CNTSs). Then, c-CNTs were electrodeposited on GCE through electrochemical
reduction process on Autolab with potentiostat/galvanostat (PGSTAT30, Utrecht, The Netherlands)
using a conventional three-electrode cell, containing the clean GCE, Ag/AgCl/ saturated electrode, Pt
wire as the working, reference and counter electrodes, respectively. The electrodeposition was carried
out at a constant potential of -1.85V for 5 minutes in the electrolyte which contained 15mg/L of c-
CNTs and 15mg/L MgSO4 (99%, Shandong Hairun New Material Technology Co., Ltd., China) [24].
After that, the c-CNTs/GCE was rinsed with DI water.

The electrodeposition of ZnO NPs on GCE and ¢c-CNTs/GCE was performed in a aqueous
solution containing 0.5 M ZnCl, (98%, Merck) and 0.1 M KNOs3 (99.99%, Sigma-Aldrich) in equal
volume at 50 °C using Autolab system at -0.7V for total duration of 8 minutes [24]. Next, for oxidation
and stabilization of the electrochemical properties, the obtained Zn NPs/GCE and Zn NPs/c-
CNTs/GCE, the modified electrodes were immersed in 0.07 M NaOH (99%, Xinjiang Zhongtai Import
And Export Co., Ltd., China) solution under applying the cycling potential between 0.05 and 0.75 V
for 5 minutes at a scan rate of 20mV/s. Finally, the modified ZnO NPs/GCE and ZnO NPs/c-
CNTs/GCE was washed with DI water.
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For the preparation of the pharmaceutical sample, ambroxol hydrochloride syrup was
purchased from a local pharmacy that every 5 ml of syrup contains 15 mg of AHC (3mg/ml). For
determination of the AHC content in the purchased syrup, an accurately weighted portion of syrup was
mixed with 0.1 M phosphate buffer solutions (PBS) pH 7 in an equal volume ratio, and then the DPV
measurement was applied to detect the initial AHC in the prepared real pharmaceutical specimen. The
standard addition of AHC was used to determine recovery and relative standard deviation (RSD).

Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) for electrochemical studies
of prepared electrodes were carried out using a potentiostat (Autolab, Metrohm, PGSTAT302N,
EcoChimie B.V., Utrecht, The Netherlands ) in standard a three-electrode system containing the
working electrode (prepared electrodes), counter electrode (platinum wire) and reference electrode
(Ag/AgCI). 0.1 M PBS was used as an electrolyte for electrochemical studies which prepared from 0.1
M H3PO4 (99%, Sigma-Aldrich) and 0.1 M NaH2PO4 (99%, Sigma-Aldrich).

Field emission scanning electron microscopy (FESEM SU-8000, Hitachi, Tokyo, Japan) and
X-ray diffraction (XRD, Bruker-AXS, Billerica, MA, USA) techniques were applied to
characterization the structural and surface morphologies of the prepared electrodes.

3. RESULTS and DISCUSSION

3.1 Structural characterization of modified electrodes

| 200nm EHT = 5 00 kv Signal A = InLen: Date :25 Aug 2020 n EHT = 5,00 kv Signal A = InLens Date :25 Aug 2020
WD = 82mm Mag= 2000 K X Time :14:36:46 i—{ WD = 82mm Mag =100.00 K X Time :14:53:36

A TIETAFY™ N LN AR M VEd L. T LRIENS KW

Figure 1. SEM image of (a) ZnO NPs/GCE, (b) c-CNTs/GCE (c) ZnO NPs/c-CNTs/GCE

The morphology of ZnO NPs/GCE and ZnO NPs/c-CNTs/GCE are shown in FESEM images
of Figure 1. As seen from Figure la, For Electrodeposited the ZnO NPs on GCE, the ZnO NPs with
the average size of 90nm were formed on electrode surface. FESEM image of ZnO NPs/c-CNTs/GCE
in Figure 1b shows ZnO NPs covered the c-CNTs and dispersion of nanoparticles is controlled by
surface functionalization [25]. The carboxyl groups on c-CNTs walls interact inter/intermolecular
through hydrogen bonding with the oxygen of the ZnO or the oxygen atoms of carboxyl groups
interact with Zn atoms leads to the formation of the high stale nanostructured film on GCE [26, 27].
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Figure 2. XRD patterns of (a) ZnO NPs, (b) c-CNTs, and (c) ZnO NPs/c-CNTSs.

The structural characterization of powders of electrodeposited films using XRD is shown in
Figure 2. As observed from XRD pattern of c-CNTs Figure 2a, the diffraction peaks are at 11.90°,
25.69°, and 43.10 that these corresponded to the (001), (002), and (100) planes of graphitic carbon
(JCPDS Card number 28-1192), respectively. The XRD pattern of ZnO and ZnO NPs/c-CNTs in
Figures 2b and 2c reveals the diffraction peaks at 31.65°, 34.31°, 36.20°, 47.59°, 56.44°, 62.89°,
66.13°, 67.60°, 68.83°, 72.49°, 76.83°, and 81.59° that all of these peaks are assigned to the hexagonal
wurtzite crystal structure of ZnO with (100), (002), (101), (102), (110), (103), (200), (112), (201),
(004), (202) and (203) planes (JCPDS No. 36-1451), respectively [28, 29]. In addition, the XRD
pattern of ZnO NPs/c-CNTs shows additional peaks at 25.97° and 43.02 which related to strong
anchoring of electrodeposited ZnO NPs on c-CNTs. Moreover, these results suggest that the hexagonal
wurtzite crystal structure of ZnO remains unchanged during the electrodeposition process on the c-
CNTs.

3.2 Electrochemical study of prepared electrode for determination of AHC

For electrochemical characterization of the response of GCE, ¢c-CNTs/GCE, ZnO NPs/GCE
and ZnO NPs/c-CNTs/GCE, the CV curves of electrodes are shown in Figure 3a in 0.1M PBS ata 10
mV/s scan rate in 0-1.5V potential range in absence and presence of 0.15 uM AHC. It is found that all
electrodes do not show any redox peaks in absence of AHC. After the addition of 1uM AHC solution
in an electrochemical cell, CV curves in Figure 3b display single anodic peak at 0.95 V, 0.80 V, 0.78 V
and 0.72 V for GCE, c-CNTs/GCE, ZnO NPs/GCE and ZnO NPs/c-CNTs/GCE, respectively. The
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GCE shows the weak and broader peak that it reflects to its sluggishness in electron transfer kinetics
and hindrance the sensitivity. It is observed that the anodic peak on the CV of c-CNTs/GCE are about
two times and three times more than that of ZnO NPs/GCE and GCE, respectively, which can
highlight the CNTs effect on the improvement of electrochemical behavior because of its significant
electrochemical conductivity, small bandgap (1.1eV) [30], and high surface area and activated nano-
size sites for AHC loading [31-34]. These properties of CNTs can facilitate the electron transfer
between the AHC and the electrode surface. Furthermore, the CV curve of ZnO NPs/c-CNTs/GCE
shows the highest current at the lowest potential. This enhancement can be related to strong interaction
between the ZnO NPs and c-CNTs through electrochemical bonds and p-m stacking/electrostatic
interaction and ZnO NPs are directly coupled with C in the continuous chain of c-CNTs lattice [35,
36]. According to the FESEM analyses, the ZnO NPs and c-CNTs modified GCE provide a highly
porous and high effective surface area. Therefore, the synergetic effect of ZnO NPs and c-CNTs
promote sensitivity and the electron transfer kinetics in the electrochemical response of ZnO NPs/c-
CNTs/GCE to determine AHC.
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Figure 3. The CV curves of GCE, c-CNTs/GCE, ZnO NPs/GCE and ZnO NPs/c-CNTs/GCE in 0.1M
PBS at a 10 mV/s scan rate in 0-1.5V potential range in (a) absence and (b) presence of 0.15
uM AHC.

Furthermore, the electrochemical investigation was carried out to examine the stability of
response of modified electrodes to the addition of AHC using record continues CV of electrodes in 0.1
M PBS pH 7.0 at a scan rate of 10 mV/sin presence of 0.15 uM AHC. Figure 4 shows the initial and
80" recorded CV of all electrodes in presence of 0.15 uM AHC solution, indicating to decrease of
peak currents 30%, 19%, 8%, and 4% after 80" CVs for GCE, c-CNTs/GCE, ZnO NPs/GCE and ZnO
NPs/c-CNTs/GCE, respectively. Therefore, ZnO NPs/c-CNTs/GCE displays the high sensitivity and
chemical stability due to corrosion resistance of CNTs and ZnO [37, 38], and as consequently it was
used as an appropriate electrode for following electrochemical study AHC.
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Figure 4. The initial (solid line ) and 80" (dash line) CV curves of (a) GCE, (b) c-CNTs/GCE, (c) ZnO

NPs/GCE and (d) ZnO NPs/c-CNTs/GCE in 0.1M PBS at a 10mV/s scan rate in 0-1.5V

potential range in presence of 0.15 uM AHC.

In order to study the AHC concentration effect on electrochemical DPV results of ZnO NPs/c-
CNTs/GCE to successive additions of 10 uM AHC solutions in 0.1M PBS at a 10 mV/s scan rate in 0-
1.5V potential range. As seen from Figure 5a, the DPV curves exhibit an oxidation peak at 0.72 V and
electrocatalytic current is enhanced by increasing the AHC concentration in the electrochemical cell
which evidence of the electrochemical activity of the proposed electrode as an AHC sensor. The
resulted calibration plot in Figure 5b shows the linear relationship between the electrocatalytic
response and AHC concentration from 1 to 120 uM. Moreover, the detection limit and sensitivity are
evaluated 0.02 uM and 10.7393pA/uM, respectively. Table 1 displays the obtained value of the linear
range, sensitivity and detection limit of this study and different AHC electrochemical sensors. As seen,
the ZnO NPs/c-CNTs/GCE as low cost, eco-friendly and simple and easy-to-make AHC sensors
showed comparable performance to other electrodes. The obtained detection limit and linear range are
lower and broader than other reported values in Table 1, respectively. The high electrostatic affinity
between ZnO NPs and c-CNTs network lead to improve direct electron transfer where ZnO NPs/c-
CNTs electrode modified with the satisfactory group on conductive nano-materials to enhance the
surface infrastructure to transfer electrons directly from the analyte in the electrolyte to the electrode
surface [37]. Comparison between the sensitivity of sensors reveals that the only Ruthenium doped
TiO2 NPs /rGO/CPE [19] as more expensive sensor shows the higher sensitivity than ZnO NPs/c-
CNTs/GCE and other presented sensors [17, 18, 39, 40] have lower sensitivity. The significant role of
c-CNTs in the improvement of sensing properties of ZnO NPs/c-CNTs/GCE can be obviously found
by considering the sensing properties of ZnO NPs/CPE [17]. Therefore, the results of comparison
confirm that ZnO NPs/c-CNTs/GCE can be considered as low-cost and eco-friendly AHC sensors.



Int. J. Electrochem. Sci., 16 (2021) Article ID: 210917 7

z ©
O
( b ) {)/‘) ( a )
;1ooo< P
3 /()/
10004 ¢ 6/6
£ P
= 500 /
3 o
- 4 y=10.7393 x +13.8796
i ot R*=0.99987
& 0 50 100
- Concentration ( uM )
c
)
™
3 500
& A
0

0.0 ' 0.5 ' 1.0 ' 1.5
Potential (V) vs Ag/AgCl
Figure 5. (a) The electrochemical DPV results of ZnO NPs/c-CNTs/GCE to successive additions of 10

MM AHC solutions in 0.1M PBS at a 10mV/s scan rate in 0-1.5V potential range.; (b) the
calibration plot.

Table 1. The obtained value of linear range, sensitivity and detection limit of this study and different
AHC electrochemical sensors

Electrodes Technique | Linear |Sensitivity| detection | Ref.
range | (WA/UM) [limit (nM)
(UM)
ZnO NPs/ CPE DPV 0-0.8 10.57 1.4 [17]
TiO2 NPs/ CPE DPV 1-30 2.2 9.9 [18]
Ruthenium doped TiO2 NPs SWV?  10.1-0.6| 27147 1.0 [19]
/rGO/CPE
boron-doped diamond electrode SVP 0.05-0.7| 2.045 10 [39]
GCE DPV 10-100| 0.067 940 [40]
CPE SSv¢  10.03-0.4 - 5.4 [41]
MWCNT/Nafion/GCE DPV |0.01-1.8 - 1 [42]
ZnO NPs/c-CNTs/GCE DPV 1-120 | 10.7393 0.02 This
work

For study the selectivity of ZnO NPs/c-CNTs/GCE to determination AHC, the components
syrup of ambroxol hydrochloride, containing terbutaline (TE), guaiphenesinsulphate (GS) and menthol
(ME) were selected as interferent agents in electrochemical analysis of AHC. Moreover, the interfering
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effect of 10 uM Fe®*, Cu?*, Mn?*, CI, COs%, ClOs, NOs, S%, POs*, SO4* and CH3COO" was also
investigated through the DPV analysis in 0.1 M PBS pH 7.0 at a scan rate of 10 mV/s in the potential
range of 0 to 1.5 V. Figure 6 depicts the recorded electrocatalytic current at 0.72 V which indicated an
obvious signal to additions of 1 uM AHC solution (10.89 pA) and there aren’t any significant
electrocatalytic response in successive addition of 10 puM of selected interferent agents in the
electrochemical cells. These observations are confirmed the selective behavior of ZnO NPs/c-
CNTs/GCE to the electrochemical determination of AHC. Moreover, the last injection of 1 pM AHC

solution shows the electrocatalytic current of 10.74 pA which indicated to good repeatability of
proposed sensor.
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Figure 6. The recorded electrocatalytic current of ZnO NPs/SWCNTs/GCE through the DPV analysis
in 0.1M PBS at a 10mV/s scan rate at 0.72 V in successive additions 1 uM of AHC and 10 uM
of interferent solutions.

The practical ability of ZnO NPs/SWCNTs/GCE was studied for the determination of AHC
content in ambroxol hydrochloride syrup. Figure 7 shows the obtained DPV curves and calibration plot
in the prepared real sample that prepared in 0.1 M PBS pH 7 in equal volume ratio at a 10mV/s scan
rate in 0-1.5V potential range in successive additions 1mg/ml AHC solutions. The calibration plot
shows that the AHC content in syrup is obtained 2.94 mg/ml which is in agreement with the labeled
value of syrup. Table 2 shows the recovery and RSD values which can be attributed to good precision
and appropriate validity for practical analyses in pharmaceutical samples.
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Figures 7. (a) The DPV curves of ZnO NPs/SWCNTs/GCE in real sample in 0.1M PBS at a 10mV/s

scan rate in 0-1.5V potential range in successive additions 1mg/ml AHC solutions; (b)
calibration plot.

Table 3. Analytical results of ZnO NPs/SWCNTSs/GCE to detection AHC in prepared real samples of

AHC syrup.
Added Found Recovery (%) | RSD (%)
(mg/ml) (mg/ml)
1.00 0.99 99.0 4.11
2.00 1.98 99.0 3.21
3.00 2.87 95.6 3.55
4.00 3.97 99.2 4.25

4. CONCLUSION

This study was carried out for electrochemical quantitative estimation of AHC on ZnO NPs/c-
CNTs/GCE. The electrodeposition method was applied for preparation of the ZnO NPs/c-CNTs/GCE.
FESEM and XRD analyses showed ZnO NPs in hexagonal wurtzite crystal structure covered the
twisted and wrapped tubular structure of c-CNTs. The electrochemical study of c-CNTs/GCE, ZnO
NPs/GCE and ZnO NPs/c-CNTs/GCE for determination of AHC showed that ZnO NPs/c-CNTs/GCE
indicated lower peak potential, higher sensitivity and stability than c-CNTs/GCE and ZnO NPs/GCE
due to the synergetic effect of ZnO NPs and c-CNTs. The studies of interference and concentration
effects revealed to selective behavior of ZnO NPs/c-CNTs/GCE to the electrochemical determination
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of AHC and the linear range, sensitivity and detection limit were evaluated 0.02 uM, 10.7393pA/uM
andl to 120 pM, respectively. The practical ability of ZnO NPs/SWCNTs/GCE was studied for
determination of AHC content in ambroxol hydrochloride syrup as real sample and results indicated to
good precision and appropriate validity for practical analyses in pharmaceutical samples.
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