
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
Fe

br
ua

ry
 2

01
9.

 D
ow

nl
oa

de
d 

on
 3

/1
1/

20
26

 6
:1

3:
40

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
In situ polymeriz
Department of Pharmaceutical Analytical

University, 71526 Assiut, Egypt. E-mail:

aun.edu.eg; Fax: +20-88-2080774

† Electronic supplementary informa
10.1039/c9ra00179d

‡ These authors contributed equally to th

Cite this: RSC Adv., 2019, 9, 4325

Received 8th January 2019
Accepted 28th January 2019

DOI: 10.1039/c9ra00179d

rsc.li/rsc-advances

This journal is © The Royal Society of C
ation and FT-IR characterization of
poly-glycine on pencil graphite electrode for
sensitive determination of anti-emetic drug,
granisetron in injections and human plasma†

Marwa F. B. Ali‡ and Fatma A. M. Abdel-aal ‡*

In situ polymerization is a simple and efficient technique for modification and fabrication of modified

electrodes in voltammetry. An efficient and highly sensitive square wave voltammetric (SWV) method

was developed for analysis of a 5-HT3 antagonist granisetron (GRN) using in situ polymerized glycine on

pencil graphite electrode surface. It was found that the fabricated polymer enhanced the sensitivity by

more than two times and enhanced the surface activity by more than three times. Surface area

measurements showed that poly-Gly/PGE have large surface area of 44.3 mm2, when compared to that

of bare PEG (12.1 mm2). Several methods as cyclic voltammetry (CV), electrochemical impedance

spectroscopy (EIS) and scanning electron microscopy (SEM) techniques were used to characterize the

modified surface. Further, FT-IR spectroscopic study was used to predict the way of glycine

polymerization on electrode surface and the possible interaction mechanism with GRN. After

optimization, the proposed method showed a linear response of GRN concentrations in the range from

0.08 to 3.00 mmol L�1 with a limit of detection (LOD) of 26.2 nmol L�1 (9.14 ng mL�1). The method was

utilized for GRN determination in ampoules and in real human plasma samples.
1. Introduction

Electro-polymerization is an innovative approach to fabricate
polymer lm modied electrodes (PMEs), this process takes
place in situ for immobilization of organic molecules to form
highly sensitive conducting polymer over electrode surface.
PMEs have attracted much attention due to their high stability,
selectivity, sensitivity, reproducibility, good homogeneity and
strong adherence to electrode surface.1–3 In the last two decades
the use of poly(amino acid) for electrode modication was
applied in the electroanalysis eld, especially poly-glycine (poly-
Gly), that have been used for determination of many pharma-
ceutical compounds.4–11 Although poly-Gly polymer was used for
modication of carbon electrodes previously, but the utility of
poly-Gly as a conducting polymer at surface of graphite elec-
trode was not reported before. In addition, the proposed
method investigated the mechanism of glycine polymerization
and the structure of the formed polymer over electrode surface
using FT-IR technique.
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Granisetron (GRN), is a 5-HT3 antagonists used in treatment
of nausea and vomiting especially that caused by cancer
chemotherapy.12 Serotonin (5-HT) receptors are distributed
throughout the mucosal enterochromaffin cells in the gut and
the central nervous system.13 Serotonin is released by the
enterochromaffin cells in response to chemotherapeutic agents
that may stimulate vagal afferents (via 5-HT3 receptors) to
initiate the vomiting reex. GRN suppresses vomiting and
nausea by inhibiting serotonin binding to 5-HT3 receptors.

Various analytical methods were reported for quantitative
determination of GRN in bulk, different pharmaceutical and
biological samples, as spectrophotometric,14,15 spectro-
uorimetric,16 HPTLC,17,18 and HPLC19–22 methods. Electro-
chemical techniques are widely used nowadays for their high
sensitivity, selectivity, cost effective and high sample
throughput within short analysis time. From literature survey,
there is only two electroanalytical methods were reported for
determination of GRN.23,24 The 1st one23 used hanging mercury
drop electrode (HMDE) which suffer from several drawbacks
such as toxicity of mercury, surface area of a drop of mercury is
never constant, applied voltage produces changes in surface
tension and hence change in drop size with limitation for
analysis of more positive potential range. The 2nd one24 utilized
platinum nanoparticles modied glassy carbon electrode
(GCE). Although the reported sensor showed higher sensi-
tivity,24 but the authors have not provided a justication about
RSC Adv., 2019, 9, 4325–4335 | 4325
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the number of electrons involved in the suggested oxidation
mechanism of GRN. The authors suggested that the oxidation of
GRN is attributed to the loss of two electrons in two steps in
acidic medium (pH 2.0) while there is only one peak developed
as shown in their results. In addition, the reported method24

was not applied in biological uids and the authors didn't prove
its liability for determination of GRN in human plasma.

The several advantages of pencil graphite electrode (PEG)
over other carbon electrodes, such as the low cost, availability,
low background current, wide potential window and ease of
modication, made it favorable for many workers for analysis of
different compounds in pharmaceutical and biological
samples.25–27 Therefore, this work aimed to fabricate poly-Gly
modied graphite electrode for the 1st time for determination
of GRN at nanoscale level in pharmaceutical formulations and
in real human plasma. Full characterization study of the formed
poly-Gly polymer was performed using scanning electron
microscopy (SEM), electrochemical impedance spectroscopy
(EIS), cyclic voltammetric (CV) and square wave voltammetric
(SWV) techniques. Furthermore, FT-IR spectroscopic study was
carried out to investigate the mechanism of glycine polymeri-
zation on graphite electrode surface and its chemical reaction
with the studied drug GRN.
Fig. 2 Square wave voltammograms for 1.0 � 10�5 M GRN solution at
(a) GCE, (b) CPE, (c) bare PGE and (d) poly-Gly/PGE. Parameters:
0.04 M BR buffer (pH¼ 7.0), frequency¼ 150 Hz, pulse height¼ 5 mV,
step height ¼ 5 mV, accumulation time ¼ 60 s.
2. Experimental

Materials, chemicals, apparatus and all preparation procedures
used during the whole study are mentioned in the ESI.† Full
fabrication process of poly-Gly/PGE electrode is shown in Fig. 1.
Fig. 1 Preparation process of poly-Gly/PGE with SEM images of (a) bare
GRN.

4326 | RSC Adv., 2019, 9, 4325–4335
3. Results and discussion
3.1. Preliminary investigations of GRN on different carbon
electrodes

SWV technique was utilized to investigate the electrochemical
behavior of GRN at various carbon electrodes such as glassy
carbon electrode (GCE) and carbon paste electrode (CPE). Fig. 2
showed the SW voltammograms of 1.0 � 10�5 M GRN in 0.04 M
of BR (pH 7.0) at GCE (curve a), CPE (curve b), PGE bare (curve
c). GRN has a broad weak peak at GCE at 0.77 V and a slightly
PGE, (b) poly-Gly/PGE and (c) poly-Gly/PGE with an adsorbed layer of

This journal is © The Royal Society of Chemistry 2019
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higher peak at CPE at 0.8 V, while a sharp and high peak was
produced at PGE bare at 0.85 V. From the results shown in
Fig. 2, PGE was selected for subsequent measurements.

The next step was the electro-polymerization of glycine on
the surface of PGE aer its activation in 0.2 M phosphate buffer
at pH 7.0. Aer modication of the PGE surface with poly-Gly
polymer, the anodic current of GRN signicantly increased to
the double and becomes sharper when compared to that of the
bare PGE electrode. These results indicated that poly-Gly poly-
mer can enhance the rate of electron transfer for GRN oxidation
and act as a promoter. The in situ formed poly-Gly layer had an
excellent catalytic activity on the electrochemical oxidation of
GRN on PGE electrode as shown in Fig. 2 (curve d).

3.2. Electro-polymerization parameters of glycine on PGE

Various polymerization conditions such as potential range,
number of scan cycles, conc. of glycine and pH of the medium
which may affect the catalytic oxidation of GRN were investi-
gated. A solution of 1.0 � 10�5 M GRN in 0.04 M BR at pH 7.0
was used to evaluate the catalytic results throughout the
experiments.

Polymerization of glycine on PGE surface is achieved via CV
technique. A wide potential range for polymerization of glycine
was set from negative value �0.5 V to 2.0 V as reported before.28

Number of cyclic scans of the electrode in glycine solution was
also optimized as it is one of the signicant factors that affect
the electrocatalytic activity of the formed polymer. As indicated
in Fig. 3a, increasing the no. of scanning cycles increases the
thickness of the deposited polymer layers and consequently an
enhancement in the oxidation peak current of GRN was
observed. The peak current increases by increasing the number
of scans until 7 cycles, however higher number of scans more
Fig. 3 Effects of (a) scanning cycle, (b) concentration of glycine, and (c)

This journal is © The Royal Society of Chemistry 2019
than 7 cycles showed a decrease in peak current value. This can
be attributed to the amount of the modier attached to the
surface of the electrode that reached a saturation point aer 7
cycles.

The concentration of glycine monomer also affects the
catalytic activity of the electrode. As shown in Fig. 3b, by
increasing the concentration of glycine the oxidation current is
signicantly increased. However, if the concentration of glycine
was higher than 1.0 mM, the resultant lm blocks the surface of
the electrode and the sensitivity of the poly-Gly/PGE electrode
was decreased.

Different pH values of phosphate buffer were tested from pH
3.0 to 7.0 for electro-polymerization of glycine as indicated in
Fig. 3c. Glycine has different forms (acidic, basic or zwitterion),
hence the electrolyte pH has a great inuence on the polymer-
ization process.29

Glycine has 2 pKa values (2.2 and 9.6) and it was found that
the best pH for its polymerization is the pH 5.0. This pH is near
its isoelectric point and considered the optimum for formation
of poly-Gly polymer at the surface of the electrode. Above pH 5.0
the peak of GRN is distorted and disappeared. Hence, phos-
phate buffer at pH 5.0 was chosen for polymerization of glycine
on electrode surface throughout the SWV measurements.

3.3. Characterization of poly-Gly modied PGE

3.3.1. SEM characterization. The surface morphology
studies of cross sections of (a) bare PGE and (b) modied poly-
Gly/PGE, fabricated by electro-polymerization with 7 electro-
chemical cycles, and (c) modied poly-Gly/PGE aer adsorption
of GRN oxidation products on the surface of the electrode, SEM
images are shown in Fig. 1. In Fig. 1a, bare PGE appears as thin
fragile layers of graphite with large pores in between whereas
pH of the medium on the peak current of 1.0 � 10�5 M GRN solution.

RSC Adv., 2019, 9, 4325–4335 | 4327
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Fig. 5 Cyclic voltammograms for the electrochemical responses of
K3[Fe(CN)6] at (a) bare PGE and (b) poly-Gly/PGE in 0.5 M KCl con-
taining 1.0 mM K3[Fe(CN)6] at different scan rates (0.01 to 0.4 V s�1).
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aer polymerization of glycine on the surface of the electrode as
indicated in Fig. 1b, the electrode surface is covered with
a compact layer of poly-Gly polymer dispersed all over the
surface as chains of small particles. Aer polymerization of
glycine on the electrode surface, the modied electrode is used
as a working electrode for determination of GRN. The presence
of poly-Gly polymer promotes the oxidation of GRN and the
oxidation products of GRN are adsorbed on the surface of the
electrode extensively as appeared in Fig. 1c. The adsorbed
oxidation products appear as a white layer spread on the surface
of the modied electrode that assures the occurrence of
adsorption at the surface of the electrode.

3.3.2. FT-IR spectral characterization of the formed poly-
mer. The formation of poly-Gly polymer on PGE surface is
examined by FT-IR spectroscopy. Fig. 4 presents the FT-IR
spectra of glycine monomer (Fig. 4a) and poly-Gly polymer
(Fig. 4b). The spectra show fewer distinct absorption bands, by
conversion of glycine peptide to poly-Gly polymer. There is
a well-recognized band at 1400 cm�1 in the spectra of glycine as
shown in (Fig. 4a). This band becomes less intense and appears
only as a hump in the spectrum of poly-Gly polymer (Fig. 4b).
This band is probably due to ionized carboxyl groups from
dipolar or zwitter ion forms, and it would be expected that
contributions from each molecule decreased with increasing
the number of molecules present in the polymer. Regarding to
the spectral region around 3000 cm�1, the spectra in this region
are characterized by absorption bands of bonded N–H stretch-
ing, symmetrical and non-symmetrical C–H stretching of CH2.
It can be seen in (Fig. 4a) that there is a small band at 3160 cm�1

and it is slightly shied to a higher wavenumber with the
increase in band intensity that appeared at 3300 cm�1 as the
molecular weight of the glycine peptides is increased. The band
at 3300 cm�1 is a hydrogen bonded N–H as has been suggested
to be the intermolecular hydrogen bonding between the mole-
cules forming the polymer. This explanation agrees with the
results published before by Blout et al.30 and Fischer et al.31
3.4. Electrochemical activity of the modied poly-Gly/PGE

The effective electrode area was examined by the CV method
using 5.0 mM K3Fe(CN)6 as a standard at various scan rates.
Fig. 4 FT-IR spectra of (a) glycine monomer and (b) poly-glycine
polymer.

4328 | RSC Adv., 2019, 9, 4325–4335
Randles–Sevcik equation was used32 for a reversible process
as following:

IP ¼ (2.69 � 105)An3/2DR
1/2C0n

1/2

where, IP refers to anodic peak current, A is the surface area of
the electrode, n is the number of electrons transferred, DR is
diffusion coefficient, n is the scan rate and C0 is the concen-
tration of K3Fe(CN)6, respectively.

From the slope of the plot of IP vs. n
1/2 at different scan rates

(0.01 to 0.4 V s�1) as shown in Fig. 5(a and b), the surface areas
of the bare and poly-Gly/PGE were calculated to be 12.1 and 44.3
mm2, respectively. These results indicated that aer PGE
surface modication by Gly-polymerization, the effective
surface area was increased by more than three times. This
improvement is reected by the increment in peak current of
1.0 mM K3Fe(CN)6 on poly-Gly/PGE (Fig. 5b) when compared
with bare PGE (Fig. 5a). This conrms the change in surface
property of the modied electrode. Hence, the fabricated poly-
Gly/PGE has stable and sensitive electrochemical behavior.
This journal is © The Royal Society of Chemistry 2019
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Fig. 6 Nyquist plot of ESI of (a) bare PGE and (b) poly-Gly/PGE using
0.5 M KCl containing 1.0 mM K3[Fe(CN)6] at scan rate 0.1 V s�1.
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3.5. Electrochemical impedance spectroscopy (EIS)

EIS was examined to calculate the interfacial properties of the
electrode and solution. Charge transfer resistance (Rct) is an
important character of electron transfer across the electrode
interface. EIS of bare PGE and poly-Gly/PGE in 1.0 mM
K3[Fe(CN)6] in 0.5 M KCl were examined at the open circuit
potential over the frequency range of 1 Hz to 100 kHz. The data
were tted according to the Rundles equation, and the
resulting Nyquist plots are shown in Fig. 6. The Nyquist plot of
bare PGE shows a semi-circular model, whereas that of poly-
Gly/PGE shows linear curve. The charge transfer resistance
values (Rct) were calculated by z-view soware and found to be
108.3 and 18.47 for bare PGE and poly-Gly/PGE, respectively.
This result indicates that the poly-Gly polymer coating on PGE
surface enhanced electron transfer across the electrode–solu-
tion interface.
3.6. Effect of scan rate

Effect of scan rate on GRN oxidation was studied at the poly-Gly/
PGE by CV. The cyclic voltammograms for 1.0 � 10�5 M GRN
in 0.04 M BR (pH 7.0) at the poly-Gly/PGE at various scan rates
from 0.01 to 0.4 V s�1 were recorded (Fig. 7a). In order to know
whether the reaction on the surface of the proposed electrode
was under diffusion or adsorption control, scan rate studies
were carried out. The relationship between the oxidation peak
current (IP1

or IP2
) and the scan rate (n) showed a linear response.

Further, the relationship between logarithm scan rate (log n) on
the logarithm peak current (log IP) was also investigated (Fig. 7b
and c), giving a straight line with a slope of 0.5653 and 0.4805
for 1st and 2nd peak, respectively, according to the following
equations:

log IP1
(mA) ¼ 0.5653 log n + 2.6231 (V s�1) (r ¼ 0.9800)

log IP2
(mA) ¼ 0.4805 log n + 2.6067 (V s�1) (r ¼ 0.9983).
This journal is © The Royal Society of Chemistry 2019
Consequentially, the oxidative stripping of GRN was found to
be adsorption–diffusion controlled process.

By increasing of the scan rate, the peak potential of GRN was
moved to more positive values that ensure the irreversibility of
GRN oxidation process. A linear response between EP1,2

and log n

in the range from 0.01 to 0.4 V s�1 because aer this scan rate
the 2nd peak disappears. Fig. 7b and c indicated both relations
that represented as:

EP1
(V) ¼ ¼ 0.1737 log n (V s�1) + 0.9175 (r ¼ 0.9608)

EP2
(V) ¼ 0.1345 log n (V s�1) + 1.1977 (r ¼ 0.9682).

In the CV reverse scan, no cathodic peak was observed, hence
the reaction would be represented according to Laviron theory
for totally irreversible electrode process,33 by the following
equation:

Slope ¼ 2.303RT/anF (3)

where T is the absolute temperature (298 K), n the number of
electrons transferred in the rate determining step, a is the
transfer coefficient, R is the universal gas constant (8.314 J
mol�1 K�1) and F is the Faraday constant (96.480 C mol�1). The
value of an can be calculated from the slope of EP vs. log n plot
for the 1st and 2nd peak, which were found to be 0.1737 and
0.1345, respectively. The values of an were calculated as 0.34
and 0.44 for the 1st and 2nd peak, respectively. Assuming that (a)
equals 0.5, the number of electrons transferred in the two steps
of the oxidation process will be equal to 0.68 and 0.88 which is
close to one electron in each step. These calculations agree with
the proposed oxidation mechanism of GRN in Fig. 8.
3.7. Mechanism of the electro-oxidation of GRN using poly-
Gly/PGE

GRNmetabolized in vivo assuming that oxidation occurs rst on
the nitrogen atom of the N-methyl in the indazole ring,34 which
is electroactive resulting in hydroxylation of the benzene ring
with formation of 7-hydroxy granisetron. In order to investigate
the oxidation behavior of GRN, Doulache M. et al.24 perform
a comparative study between indole and GRN using cyclic vol-
tammetry at bare GCE as a function of pH. It was found that the
cyclic voltammogram of indole is closely related to that of GRN
in phosphate buffer at pH 7.0. Also, the behavior of GRN
oxidation is closely related to that of omeprazole as reported by
Jorge. S. M. A. et al. in 2009.35 At the indazole moiety, the rst
oxidation step occurs on N1 by loss of one electron (giving the 1st

oxidation peak P1) forming radicle cation that is stabilized by
transfer of the positive charge to the ortho position. On addition
of water, 7-hydroxygranisetron is produced as indicated in Fig. 8
(the same as in hydroxylation pathway that occurs inside the
body36). The oxidation is favored on N1 more than other
nitrogen atoms present in the compound due to the high
availability of its electrons (charge on each nitrogen is calcu-
lated via Chem Draw program, and it was found as the
following: �0.6432, +0.2732, +0.2325 and �0.1209 for N1, N2,
RSC Adv., 2019, 9, 4325–4335 | 4329
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Fig. 7 (a) Cyclic voltammograms to study the effect of different scan rates (0.01 to 0.4 V s�1) on the electrochemical response of 1.0 � 10�5 M
GRN solution. Relationship between log scan rate (log n) and log peak current (log IP) or potential (V) for the 1st peak (b) and the 2nd peak (c).

4330 | RSC Adv., 2019, 9, 4325–4335 This journal is © The Royal Society of Chemistry 2019
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Fig. 8 The proposed oxidation mechanism of granisetron.
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N11 and N19, respectively). In the 2nd oxidation step peak, there
is a loss of another electron leading to formation of 7-hydroxy
granisetron. As indicated before in Fig. 7a, the two oxidation
steps appear at slow scan rates while on increasing the scan rate
the 2nd oxidation peak began to decrease till disappearance or
overlapping with the 1st one. So, the 1st peak was chosen for
further quantitative determination of GRN.
3.8. Inuence of supporting electrolyte and pH

The type of supporting electrolytes and pH value of buffer
solution has a great inuence on the voltammetric response of
GRN. The current responses of 1.0 � 10�6 M GRN were inves-
tigated in various supporting electrolytes such as BR, citrate and
phosphate buffer solutions. As observed from Fig. 9, the
oxidation peaks of GRN showed relatively high sensitivity and
better shape in BR buffer solution. Further, the effect of pH on
the oxidation peak current (IP1

) of 1.0 � 10�6 M GRN was
examined in 0.04 M of BR buffer at various pH ranged from 4.0
to 8.0 and it was found that it increases with increasing pH
value until it reaches 7.0 and then decreases again. Hence, BR
buffer at pH 7.0 has been chosen for quantitative analysis of
GRN for further experiments. While the second oxidation peak
P2 that only appears aer pH 7.0 as a small hump as shown in
Fig. 9a, wasn't used for quantitation. The plot between EP1

and
pH (Fig. 9b) showed that EP decreased gradually by increasing
the electrolyte pH according to the following equation:
This journal is © The Royal Society of Chemistry 2019
EP ¼ �0.09 pH + 1.58 (r ¼ 0.9879).

The slope of the equation was 90 mV which is away from the
theoretical value (59 mV) indicating that this step is not pH
dependent.

The effect of anions in different supporting electrolytes such
as KNO3, KCl and KClO4 on GRN peak current was also exam-
ined. It was found that a well-dened peak of GRN was observed
in BR buffer containing KNO3 salt. Different concentrations of
KNO3 solutions were tested from 0.001 to 0.1 M, and it was
found that the best result was obtained with 0.01 M KNO3

solution.
3.9. Inuence of voltammetric parameters

Various voltammetric parameters were examined over the range
of 3–25 mV for pulse height, 10–250 Hz for frequency and 3–
25 mV for step height. It was observed that pulse height of
10 mV, frequency of 250 Hz and step height of 10 mV were the
optimum one. These parameters greatly affect the voltammo-
grams for higher sensitivity and excellent peak shape. The effect
of accumulation potential and time on the oxidation peak
current of GRN was examined also by SWV. The accumulation
potential, Eacc was investigated between �0.5 V and 0.5 V. The
Eacc was increased from�0.5 V to�0.2 V and then the oxidation
peak current of GRN became stable then gradually decreased.
Hence, Eacc of �0.2 V was selected for further analysis.
RSC Adv., 2019, 9, 4325–4335 | 4331
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Fig. 9 (a) Square wave voltammograms for the effect of different pHs
on the oxidation peak of 1.0 � 10�5 M GRN solution at poly-Gly/PGE;
(b) effect of pH of the supporting electrolyte on the peak oxidation
current and potential of 1.0 � 10�5 M GRN solution.

Fig. 10 Square wave voltammograms for different concentrations of
GRN (0.08 to 3.0 mM). Optimum parameters: 0.04 M BR buffer (pH ¼
7.0), Eacc ¼ �0.2 V, frequency ¼ 250 Hz, pulse height ¼ 10 mV, step
height ¼ 10 mV and tacc ¼ 120 s. Inset: calibration curve between
concentration and peak current.
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Moreover, the effect of accumulation time (tacc) had a great
inuence on GRN peak current. The oxidation peak current of
GRN at poly-Gly/PGE increased with tacc up to 120 s at the Eacc of
�0.2 V, suggesting that accumulation improves method sensi-
tivity. When tacc was further increased from 120 to 180 s, the
oxidation peak current decreased revealing that the amount of
GRN at poly-Gly/PGE reached a saturation state at electrode
surface.

3.10. Validation results

Under the optimum conditions, the proposed method was
validated according to International Conference on Harmoni-
zation (ICH) guidelines.37

3.10.1. Linearity range. The proposed modied electrode
showed a linear response oxidative stripping of GRN using the
1st peak in the concentration range from 0.08 to 3.0 mmol L�1

with good correlation coefficient of 0.9998. While the 2nd peak is
weak and appeared as a hump at moderately high scan rate, so
it can't be used for quantitation. Detection and quantication
limits were statistically calculated as 3.3s/b and 10s/b, respec-
tively, where b is the slope and s is the standard deviation of
intercept. The proposed method showed detection and
4332 | RSC Adv., 2019, 9, 4325–4335
quantication limits of 26.2 nmol L�1 (9.14 ng mL�1) and 79.4
nmol L�1 (27.7 ng mL�1), respectively. Fig. 10 shows the typical
SWV of different concentrations of GRN at the modied elec-
trode. It was found that the oxidation peak current increased
linearly with increasing the concentration of GRN in the range
from 0.08 to 3.0 mmol L�1. Inset gure shows the linear cali-
bration plot over the concentration range under the optimum
conditions. Table 1 shows the limits of detection (LOD) and
quantication (LOQ). The low values of LOD and LOQ reect
high sensitivity of the proposed modied electrode towards
electro-oxidation of GRN.

3.10.2. Precision. The precision of the presented method
was determined by intra-day and inter-day precision by
analyzing nine samples (for intra-day) and 45 samples at 5 days
(for inter-day) for the concentration of 1.0 mmol L�1. The % RSD
values of the peak current of GRN were 2.67 and 3.12 for intra-
and inter-day precision, respectively. The results indicate that
the method is precise, and condence as shown in Table 1.

3.11. Interferences study

Co-existing compounds capable of competing with GRN in the
adsorption site on the electrode surface may result in a decrease
or an increase in peak current. Therefore, the effects of common
excipients, biologically active compounds and divalent metals
were examined to evaluate the selectivity of the developed
procedure. The tolerance limit for interfering species was
dened as the maximum concentration of foreign substances
that made a relative error less than 5% for determination of 1.0
mmol L�1 GRN under the optimum conditions. For this inves-
tigation, the results show that over 200-fold excess of hydrox-
ypropyl methylcellulose, lactose, magnesium stearate, 100-fold
of polyethylene glycol, starch, and ascorbic acid, 50-fold of uric
acid, glucose, sucrose, citric acid and some metals such as Cu2+

and Zn2+ did not affect GRN response. The recovery results were
This journal is © The Royal Society of Chemistry 2019
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Table 1 Regression data of the calibration line for quantitative determination of GRN in pure form and in human plasma

Parameter Pure form Spiked human plasma

Linearity range (mmol L�1) 0.08–3.00 0.25–3.40
LOD (nmol L�1)a 26.2 47.21
LOQ (nmol L�1)b 79.4 143.07
Intercept, a (mmol L�1) � SDc 14.65 � 0.534 75.27 � 1.054
Slope, b (mA mmol�1 L) � SDd 103.41 � 0.413 21.88 � 0.104
Correlation coefficient (r) 0.9998 0.9997
Determination coefficient (r2) 0.9997 0.9994
Intra-day precision (n ¼ 9)e (% RSD) Not more than 2.67 Not more than 3.04
Inter-day precision, 5 days, (n ¼ 45)e (% RSD) Not more than 3.12 Not more than 3.45

a Limit of detection. b Limit of quantitation. c Standard deviation of the intercept. d Standard deviation of the slope. e Number of experiments.
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ranged from 96.1 to 103.2% for 1.0 mmol L�1GRN solution,
indicating that there was no matrix interference with GRN by
the proposed SWV method. This indicates the selectivity of the
proposed method and hence its suitability for the determina-
tion of GRN in pharmaceuticals and in complex matrices.
3.12. Application of the proposed method to pharmaceutical
and biological samples

The proposed electrode was successfully utilized for determi-
nation of GRN in pharmaceutical formulation; the results of
analysis of GRN are recorded in Table 2. Standard addition
method was used, where known quantities of pure GRN were
mixed with denite amounts of the studied formulation and the
mixtures were analyzed. The total amount of the drug was then
measured, and the amount of the added drug was determined
by the difference. Good recoveries were obtained (96.5–98.0%)
with good agreement with the label claim as shown in Table 2.
Further, the results were statistically compared to those ob-
tained by a previously reportedmethod.38 From the values of the
calculated t and F at 95% condence level, it can be revealed
that there is no signicant difference between the proposed
method and the reported one.38

The applicability of the proposed electrode for detection of
GRN in human plasma was attempted. GRN is a potent and
highly selective 5-HT3 receptor and it is detectable in human
plasma at less than 30 min following IV injection.39,40 The
proposed sensor shows a linear response obtained by spiking
plasma samples with GRN in the concentration range from 0.25
to 3.40 mmol L�1.
Table 2 Recovery and standard addition method results of GRN in Em–

Em–Ex ampoule Hu
Labeled claim 3 mg Co
Amount found 2.96 mg Co
% Recovery � SDa 98.5 � 1.05 %
Student t- and F-testc tcalc. ¼ 1.54

Fcalc. ¼ 1.76
Standard addition method
Added (mg) 0.10 0.15 0.20 Ad
Found (mg) 0.098 0.145 0.193 Fo
% Recovery � SDa 98.0 � 1.37 96.6 � 1.15 96.5 � 0.98 %

a Average of 5 determinations. b Average of 5 volunteers. c At condence l

This journal is © The Royal Society of Chemistry 2019
The linear relationships can be expressed according to the
following equation:

IP (mA) ¼ 75.27CGRN (mmol L�1) + 21.88 (r ¼ 0.9997, n ¼ 8).

The proposed method shows detection and quantication
limits in plasma of 47.21 and 143.07 nmol L�1, respectively as
shown in Table 1. Good recoveries of GRN achieved from
plasma matrix, conrming the suitability of the proposed
method for analysis of GRN in biological uid. Further, real
human plasma samples obtained from humans receiving GRN
ampoule were collected aer 20 min from IV injection, analyzed
by the proposed SWV method and the results were summarized
in Table 2. Concentration of GRN in real human plasma was
calculated from calibration equation.

The good recoveries results of GRN obtained from plasma
matrices, conrms the suitability, feasibility and cost effective
of the proposed method for analysis of GRN in biological uid
when compared with previously reported electrochemical and
HPLC methods.23,41–44

The developed method is characterized by its simplicity and
speed and although its sensitivity is not higher than other re-
ported polarographic and chromatographic methods,24,41–44 but
it has many advantages over them. The developed method
prevents the toxicity hazards of mercury used in polarographic
technique and it offers many advantages over HPLC such as
speed and low consumption of organic solvents. Added to that,
from the economic point of view, it does not need sophisticated
and expensive instrumentation and it can be easily utilized for
Ex ampoule and human plasma using poly(Gly)/PGE

man plasma
nc. claimed aer 20 min 0.25 mmol L�1

nc. found aer 20 minb 0.24 mmol L�1

Recovery � SDa 96.0 � 3.35

ded (mg) 10 20 30
und (mg) 9.63 19.34 29.05
Recovery � SDa 96.3 � 2.45 96.70 � 2.84 96.8 � 2.52

evel 95%, theoretical t and F- values equal 3.182 and 2.36, respectively.
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analysis of a lot of biological samples in short time. Its sensi-
tivity is not far from previously reported methods, but it is
highly sensitive enough to detect it in plasma without the need
for more complicated extraction techniques that used in other
methods and highly expensive detectors (like mass detectors).
3.13. Stability, repeatability and reproducibility of poly-Gly/
PGE

The SWV of 1.0 mM of GRN was recorded daily to evaluate the
stability of the newly modied electrode aer preservation in
a closed container. The fabricated sensor showed stable results
over 10 days and the peak retained was calculated to be 97.3 �
2.03% of its initial value. This conrms the high stability of the
fabricated poly-Gly/PGE.
4. Conclusion

In the presented work, a highly sensitive poly-Gly/PGE was
prepared and utilized for voltammetric determination of GRN.
All electrochemical parameters were studied and optimized.
The poly-Gly polymer coating PGE surface enhanced the elec-
tron transfer of GRN across the electrode–solution interface.
The SWV method was validated according to ICH guidelines
and showed higher sensitivity (LOD ¼ 26.2 nmol L�1) with high
precision value (% RSD <3.12). The modied electrode was
characterized via several methods as cyclic voltammetry (CV),
electrochemical impedance spectroscopy (EIS) and scanning
electron microscopy (SEM) techniques. Further, FT-IR charac-
terization of the formed poly-Gly layer was investigated and the
mechanism of the formed electrode was further discussed. The
proposed method was successfully applied to determine GRN in
its dosage forms and in human plasma. No interference from
matrix of real samples was observed and the proposed method
was highly selective for analysis of GRN.
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