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Abstract

The electrochemical behavior of anti-hyperglycemic (glibenclamide, GBC) was investigated and discussed at HMDE in
Britton-Robinson universal buffer using cyclic voltammetry. Its voltammogram at pH values 6-11 displayed a quasi-reversible
redox couple one-electron peak corresponding to a catalytic hydrogen process. Based on this voltammetric peak, a validated
and sensitive SW-AdCS voltammetric method was depicted for determination of GBC in the bulk form, diabetic drug
(Daonil® 5 mg) and in human serum. The (LOD) of 6x10° M (2.964 ng mL™) and (LOQ) of 2x10-8 M (9.88 ng mL™?) bulk
GBC were achieved, respectively, While for protein-free GBC-spiked human serum were (LOD) of 1.5x10% M (7.41 ng mL-
1y and limit of quantification (LOQ) of 5x10-% M (24.7 ng mL-1), respectively. The described analytical method was utilized to
estimate the pharmacokinetic parameters of GBC in plasma of hospitalized volunteers after the administration of a single oral

dose of Daonil® 5 mg (p > 0.05).

Keywords: Glibenclamide; VVoltammetry; Quantification; Pharmacokinetics; SW-AdCS; Statistical analysis.

1. Introduction

The differences between substituted
arylsulfonylureas were clarified in the species of
substitutions at the two ends of the molecule. Anti-
hyperglycemic GBC is a cardinal drug in the
remediation of type Il diabetes mellitus, which is a
common illness particularly in patients with
ischaemic heart disease. GBC has been described to
stimulate predominately the late second phase of the
insulin response and to have no clear effect on the
first phase response. Also, GBC is defined as
(glyburide, GB), 1-{4-[2-(5-Chloro-2-
methoxybenzamido)ethyl] benzenesulfonyl}-3-
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Scheme 1. Chemical structure of GBC molecule.

cyclohexylurea, (Scheme 1).

It is a potent second generation sulphonylurea with
similar action of glipizide (GP) [1] (previous our
reported work), which an orally active hypoglycemic
agent that reduces the blood-sugar concentration in
patients with kind Il non-insulin based on diabetes
mellitus for long acting. GBC has a greater effect in
lowering fasting blood glucose and elevating fasting
plasma insulin levels than GP. In contrast, GP caused
a greater increase in plasma insulin and a lesser
glycemic rise after meals than GBC. So that, the main
difference between GBC and GP is that the former is
more effective in patients who are fasting while, the
latter is more effective in those who are eating. The
second generation of sulfonylurea (glyburide,
glipizide, gliclazide, and glimperide) hypoglycemic
agents have stronger therapeutic effect is up to 200
times than the first generation (tolbutamide,
chlorpropamide, tolazamide and acetohexamide).
Therefore, they should be prescribed in small doses.
This efficiency is because of the greater intrinsic
hypoglycemic potency of the molecule rather than to
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a prolonged biological half-life [2]. GBC is rapid
completely absorbed after oral administration in the
gastrointestinal tract. As there is no significant first
pass metabolism, 100% of the oral dose is
bioavailable [3]. Various analytical procedures have
been notified in the literature for determination of
GBC in bulk form, pharmaceutical formulation and
biological fluids. These methods include, micellar
electrokinetic chromatography [4], HPLC [5-11], RP-
HPLC [12, 13], liquid chromatography (LC/APCI-
MS/MS) [14, 15], LC/ESI/MS [16], TLC [17], gas
chromatography (GC) [18], radioimmunoassay [19],
spectrophotometry and voltammetry [20-23]. Most of
the previously reported techniques wused to
determination of GBC are based on a derivatization
prior to the analysis due to the high polarity of its
chemical structure and the low concentration of GBC
found in blood, rarely beyond 300 ng ml* [10, 11].
Also, after administration of therapeutic doses of
GBC [16] they usually have shortage in the efficiency
and sensitivity for determination of pharmacokinetic
data in human plasma. The most confirmed method
for determination of GBC is dependent on the
derivatization with 7-chloro-4-nitrobenzo-2-oxa-1,3-
diazole prior to HPLC analysis with fluorescence
detection [10]. As no studies are available in the
literature to date concerning the quantification of
GBC in bulk form, diabetic drug and human serum
based on its electrochemical reduction. It is aimed in
this assay to demonstrate the redox pathway of GBC
in Dbuffered solutions at HMDE using cyclic
voltammetry. Moreover, a square-wave adsorptive
cathodic  stripping  (SW-AdCS)  voltammetric
procedure for quantification of GBC in bulk form and
its pharmaceutical dosage form (Daonil® 5 mg) has
been developed. Also, because of low therapeutic
dose of the second generation of sulfonylureas and
the shortness of the serum half-life, the expected low
serum levels required a specific analytical method
with good accuracy and sensitivity. Therefore, the
proposed high sensitivity SW-AdCSV method has
been used for determination of the lowest possible
concentration of GBC in protein-free spiked human
serum samples without requirement for derivatization
and / or consuming time in extraction steps prior to
the analysis and to estimate its pharmacokinetic
parameters in plasma of two healthy male volunteers,
each of them administrated a single oral dose of
(Daonil® 5 mg).

2. Experimental

2.1 Apparatus

The electrochemical experiments, weighing the
solid materials, the used deionized water and

convective transport during the preconcentration step
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were performed using the same equipment that
described in the refs. [1, 24-26]. An automatic
micropipette (Eppendorf-Multipette® plus) was used
to transferring analyte solutions. Centrifuge Model
5417C (Eppendorf AG, Hamburg, Germany). Vortex
(Autovortex Mixer SA2, UK). Deep Freez -80 °C
Model WUF-300 (Wise Cryo - Korea). A pH-meter
Model HI8014 (Hanna Instruments, Italy) accurate to
+ 0.01 pH units was used for the pH measurements.

2.2. Solutions and methodology

(i) The same volumes of 0.04 M of each of acetic,
boric and o-phosphoric acids were mixed and then
solutions of various (B-R) universal buffer (pH 2-11)
were specified at the required pH with 0.2 M sodium
hydroxide solution [27]. As well, 0.1 M sodium
carbonate and 0.1 M sodium hydroxide were used as
supporting electrolytes. Deionized water and
analytical grade chemicals were used to prepare the
solutions.

(i) GBC (Egypt S.A.E., sanofi-aventis under license
from Germany) was supplied as a gift sample from
department of analytical chemistry, faculty of
pharmacy, Tanta University. A stock standard
solution of 1x10° M bulk GBC was prepared in
methanol (Merck) and stored at 5°C. Working
solutions (10 to 104 M) were prepared workaday by
adequate dilution for the stock standard solution with
methanol directly before used.

(iii) Weigh twenty tablets Daonil® 5 mg (Egypt
S.AE., sanofi-aventis under license from Germany),
each tablet Daonil® as active ingredient contains 5
mg GBC was grinded well in an agate mortar, after
that the average mass per tablet was calculated. An
amount of the fine powder equivalent to 1x10° M
formulation was transferred exactly into 50 mL
measuring flask and diluted to volume with methanol,
then sonicated for 15 min. The solution was then
filtrated through a 0.45 mm milli-pore filter (Gelman,
Germany), that to separate out the insoluble
excipients, rejecting the first portion of the filtrate.
The required more diluted concentrations of the
prepared solution (10° to 10* M) were achieved by
precise dilution with methanol.

(iv) Aliquots of serum samples from a healthy
volunteer were preserved in centrifugation tubes, then
fortified with different concentrations of GBC (10 to
10 M) and then mixed with 1.0 mL of methanol to
denature and precipitate proteins. The precipitated
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proteins after vortexing for 2 min were discarded by
centrifugation for 3 min at 14000 r.p.m using an
(Eppendorf AG). Protein-free GBC-spiked human
serum samples were obtained from the filtration of
the clear supernatant layer using a 0.45 um pore size
Millipore filter (Gelman, Germany).

(v) The validated SW-AdCSV procedure was applied
on human plasma of two healthy volunteers (male)
with a mean age 37.5 years for GBC determination.
Caffeine-containing beverages, smoking and alcohol
were not allowed for at least 12 hours before the
administration of the drug. The protocol of the study
was formally accepted by the Department of Internal
Medicine of the Ramadan Specialized Hospital,
Tanta City, Egypt. A written approval was obtained
from the two volunteers prior to anticipating in the
study. The whole study was performed following all
applicable guidelines for good clinical practices.
Each volunteer after an overnight fasting received a
single 5 mg oral dose of the tested product (Daonil® 5
mg) in the morning. An indwelling venous cannula
was inserted into a forearm vein for blood sampling.
Venous blood samples were taken instantly after the
oral administration of (Daonil® 5 mg), 1 mL for each
pre-dose (0 h) and for the following post-dose
intervals within 0.5, 1.0, 1.5, 2, 3, 4, 6, 8, 12 and 24
h, then the blood samples were centrifuged
immediately at 3000 rpm for 15 min. Following
separation, each plasma sample was transferred to a
coded polypropylene tube and frozen immediately at
-20 °C until analyzed.

(vi) The contents of the electrochemical cell were
appropriate concentration for each of bulk GBC,
Daonil® 5 mg, proteins free-solution in case of
human serum or plasma samples and the optimal
buffered solution of pH = 9.7, then the analyte
solution was deoxygenated with stream of pure N
gas for about 10 min and then maintaining it over the
solution during performing the measurements. The
voltammograms were performed using the square-
wave potential waveform. All experiments were
recorded at room temperature.

(vii) Statistical analysis of the present analytical
results was conducted using the paired non-
parametric Wilcoxon Signed Rank and
Friedman Tests using Statistical Package for Social
Science program (SPSS 16) [28]. The level of
significance was taken as (Probability value; p <
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0.05). All values were reported as mean * relative
standard deviation (% R + R.S.D.).

HMDE is the most considerably used with high
renewable and smooth surface, low consuming of
mercury and the probability of adsorptive or
electrolytic accumulation to the analytes on its
surface [29, 30]. The use of Hg was facing a
restriction in some countries. Actually, we live in an
age of irrational mercurophobia. This situation
involves psychology rather than science. Moreover,
mercury is usually stored under water and cannot be
volatized as vapor at room temperature. Mercury salts
have been used in medicine for centuries, with no
symptoms of the ill health. It is only the
organomercury compounds (not formed under
controlled laboratory conditions) are toxic [31].
There are many works have been announced for the
authors based on the use of Hg electrodes [1, 24-26,
29]. Also, Petr Zuman [31] worked on daily with Hg
for many years with no ill health effects, but he met
during his life at least 500 polarographers who lived
and worked in laboratories. None of them reported
any ill effects or exhibited elevated levels of Hg in
the blood.

3. Results and discussion

No previous voltammetric methods were available
concerning the electroreduction behavior, electrode
reaction mechanism and adsorption of GBC at the Hg
electrode.

3.1. Electrochemical behavior

The redox behavior of GBC was identified by cyclic
voltammetry of 1x10* M at HMDE in B-R universal
buffer solutions of pH > 6 at sweep rate 300 mV s
and displayed one redox couple (Fig. 1, curves a-d).
In analogy to similar works this peak attributed to the
catalytic reaction of the liberation of hydrogen from
depolarizer molecule (Scheme 2, reaction 3). [32,
33]. The peak current (ip) of the GBC was pH-
dependent in solution of pH 6-11. The dependence of
i, on pH in this range has the shape of a dissociation
curve (with Z-shape) of one inflection point at pH 7.3
which may correspond to the pK. of GBC (Fig. 1;
Inset, plot e). The peak potential of the redox couple
shifted toward less negative potential at pH 6-11 (Fig.
1, Inset; plot f), confirming that this peak is mainly a
catalytic hydrogen peak.
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Fig. 1. Cyclic voltammograms of 1x10* M bulk GBC at v = 300
mV stin B-R universal buffer of various pH values: (a) 6, (b) 6.8,
(c) 7.5 and (d) 11. Inset: (e) i, and (f) E; vs pH plots.

The peak observed at less negative potential because
the rate of elimination of proton from the molecule
increased by increasing the pH of solution which is

facilitated by tautomeric equilibrium of ionizable
sulfonamide NH group (Scheme 2, reaction 1) [33]
The Ep-pH plot of the cathodic peak in the pH range
6-11 gave two straight lines with intersection at pH =
7.75, which may coincided with the acid-base
constant (pKa) of GBC as shown in iy - pH plot (Fig.
1; Inset, plots e and f) [21]. This behavior can be
assigned to change in the nature of GBC on
increasing pH values. The linear Ey-pH plot (pH 6.0-
7.5) was obtained at sweep rate of 300 mV s (E, (V)
=0.12 pH + 2.4; r = 0.99 and n = 3). From its slope
(0.059 P/ a na), value of anywas calculated as: an, =
0.059 P / 012 = 05 and symmetry transfer
coefficient « was estimated and found to equal 0.5 at

H | \
O OHHLG = O e O T

i)+ ¢ —

(i)

H + H — H,

the ratio p/na = 1. Where n, and p are the numbers of
electrons and protons participating in the rate
determining step. The iy increases with the
increasing of v¥? at various pH values, resulting
linear correlations with little deviation from the
origin, confirming controlled diffusion of the
electrode process with some adsorption contribution.
The peak separation between anodic and cathodic
peak potentials (4Ep = E® - E,° = 0.059/n, V) varies
from 0.05 to 0.11 V and increases with increasing (v),
and the calculated number of electrons consumed per
one reactant molecule GBC were found to be one (n
= 1 electron). The peak potential (E,) changing
slightly with increasing of the sweep rate (25-500 mV
s71) as expected for a quasi-reversible process. The
ratio of (ip?/i,®) peak current tends to unity with
dependent on sweep rate used, which is a support for
an EC mechanism (slow chemical reaction). Also, the
current function (ip/vt?) depends on the sweep rates.
These data are compatible with a quasi-reversible
one-electron step followed by slow chemical reaction
(Equi-revC). Finally, the electrode reaction mechanism
of GBC can be suggested as following scheme:

HO o

(i)

Q—c —(CHZO“S :O + H )

@)

Scheme 2. Electrode reaction pathway of GBC at HMDE.
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Accordingly, the occurrence of the above electrode
reaction pathway of GBC at HMDE mentioned that
the tautomeric sulfur with the elimination of proton
from the enolic form (Scheme 2, reactions 1 and 2),
this produces a catalytic hydrogen wave (Scheme 2,
reaction 3), which was observed previously during
the formation of transition metal ion complexes with
some sulfonamide derivatives [33].

3.2. Adsorptive character of GBC onto HMDE

Adsorption of GBC onto the HMDE surface was
confirmed by recording cyclic voltammograms in a
B-R universal buffer of pH 9.7 at various scan rates
(25-300 mV s7?) after adsorptive accumulation at -0.3
V for 30 s. A straight line following the equation: log
ip (uA) = 0.83 logv (mV s1) +0.094 (n=7and r =
0.999) was attained. The slope value of 0.83
indicated that the electrode process is surface-
adsorbed species [34]. Also, CV of 5x10° M GBC
was recorded at sweep rate of 100 mV s, following
its deposition onto the HMDE at open circuit and at -
0.6 V for 30 s. As well, its repetitive cycle
measurement at the same Hg drop was recorded,
significant enhancement of the i, was achieved onto
the HMDE at -0.6 V for 30 s compared to that in the
subsequent scan at the same Hg drop or to that
recorded under open circuit conditions, confirming
adsorption of GBC onto the mercury electrode
surface.  The  electrode  surface  coverage
(7"° mol cm) was estimated using the relation: 77° =
Q/nF A, where (Q) is the quantity of exhaust charge
in uC via surface area under CV peak current, n =1
electron consumed in the overall reduction process
per GBC molecule and A is the Hg electrode surface
area (0.026 cm?). The determined number of
coulombs transferred (Q) was 0.847 uC at pH 9.7 and
the calculated adsorbed GBC molecule was occupied
an area of 0.492 nm2.

3.3. Square-wave adsorptive stripping voltammetric
(SW-AdCSV) studies

3.3.1. Optimization of supporting electrolyte and
instrumental conditions

The recorded SW-AdCS voltammograms of 1x10° M
GBC following accumulation onto the HMDE at -0.3
V for 30 s in different supporting electrolytes such as
B-R buffer of pH > 6 (Fig. 2; curves a, b and c),
NaOH (0.1 M) (Fig. 2, curve d) or Na2COs (0.1 M)
(Fig. 2, curve e) solutions, displayed a well single
cathodic peak. A sharper, a well defined and
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reproducible cathodic i, was obtained in B-R
universal buffer of pH 9.7 (Fig. 2, curve b). So, it was
found to be the most appropriate alkaline supporting
electrolyte for measurements of the acidic drug GBC
in the present analytical study.
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Fig. 2. SW-AdCSVs for 1x10° M bulk GBC in a B-R buffer of
pH: 6.8 (a), 9.7 (b) & 10.5 (c), 0.1 M NaOH (d) and 0.1 Na,COg3
solutions (e); Eacc = -0.3 V, taee = 30 s; f = 100 Hz, AE; =8 mV and
a=60mVv.

The influence of instrumental parameters scan
increment (4Es), frequency (f), and pulse-amplitude
(@) to achieve the optimum conditions for
determination of 1x10 M bulk GBC by SW-AdCSV
in B-R buffer of pH 9.7 following adsorptive
accumulation onto the HMDE at -0.3 V for 30 s. By
changing pulse parameters, f: 10-120 Hz, 4Es: 2-10
mV and a: 10-100 mV. A sharper and much
advanced ip of bulk GBC was obtained at f = 100 Hz,
AEs=8mV and a = 80 mV.

3.3.2. Preconcentration conditions

The effect of adsorptive accumulation potential
(Eacc) on the voltammetric i intensity of 1x10® M
GBC onto the HMDE for 30 s was also examined
over the potential range -0.2 to -0.7 V (vs
Ag/AgCI/KCIs). A larger and enhanced i, was
realized at Eacc. of -0.6 V. As well, the SW-AdCSVs
of different concentrations of bulk GBC solutions
(1x108, 3x107 and 1x10¢ M) were determined under
the obtained optimal experimental operational
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conditions at adsorptive Eacc = -0.6 V for the
increasing the adsorptive duration (tac) (Fig. 3). The
i, magnitude is dependent linearly on both the GBC
concentration and accumulation duration up to tac. <
50 s as shown in Figure 3. In the present electro-
analytical procedure the tacc. 50 s was used.

0 20 40 60 80

t S

acc. !

Fig. 3. Influence of preconcentration duration (t,) on the SW-
AdCS voltammetric ip; (a) 1x10%, (b) 3x107 and (c) 1x10° M GBC
in a B-R buffer of pH 9.7; Exc. =-0.6 V, f=100 Hz, 4Es=8 mV
and a =80 mV.

3.4. Method validation

Validation of the SW-AdCSV method was
examined with respect to standard curve, recovery,
accuracy, precision, selectivity, robustness and
intermediate precision [35].
3.4.1. Standard curve, linearity and sensitivity

The SW-AdJCSVs of various concentrations (C) of
GBC under the described conditions were carried out
at the HMDE (Fig. 4, curves b-g). Standard curve
plot of the linear variation of peak current (ip) versus
(C) of bulk GBC was rectilinear over the extent of
2x10® to 1x10° M (Fig. 4; inset) following the linear
regression equation: i, (uA) = 1.89 C (M) + 0.81, (r =
0.99 and n = 8), as the equation y = ax + b, where y
was peak current i, (#A), X was the concentration C
(M) of GBC solutions, b was the intercept and a was
the slope of the regression line. The unknown
concentrations of the GBC samples were calculated
from the regression equation of the standard curve (x
= y-b/a). The limit of detection (LOD) of 6x10° M
(2.964 ng mL*) and limit of quantification (LOQ) of
2x10® M (9.88 ng mL™) were achieved, respectively,
using the relation k.SD / a [35], where k = 10 for
(LOQ) and 3 for (LOD), (S.D.) is the standard
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deviation of the blank (S.D. = 0.0038), and (a) is the
slope of the linear plot (a = 1.89). These obtained
data approved the sensitivity of the proposed SW-
AdCSV for determination of GBC under the optimal
conditions.

3 3

00 05 10 15
Conc. x 106 mol L

0.6 1.2 18 2.4
-E, Vvs Ag/AgCl / KCI,

Fig. 4. SW-AdCSVs in B-R buffer of pH 9.7 for various
concentrations of GBC; (a) blank solution, (b) 2x10%¢, (c) 5x10°%,
(d) 1x107, (e) 2x107, (f) 5x107 and (g) 1x10° M at Euec. = -0.6 V
for tae. = 50 s; f = 100 Hz, 4E; = 8 mV and a = 80 mV. Inset:
calibration plot of bulk GBC.

3.4.2. Recovery

Recovery of the proposed SW-AdCSV procedure
was identified from repeated measurements for the
concentrations 1x107, 5x107 and 8x107 M GBC (n =
4 at each concentration) [35]. The mean percentage
recoveries (% R) and their relative standard
deviations (R.S.D. %) calculated in the described
SW-AdCSV method were 99.00 + 1.82, 101.00 +
1.76 and 100.7 + 1.8, respectively, which were
insignificantly different (Friedman test: p = 0.085; p
> 0.05 & Chi-Square = 4.9). The obtained results
indicated the sensitivity and accuracy of the represent
SW-AdCSV procedure for quantification of GBC.
3.4.3. Precision and accuracy

The data evaluated within five days validation using
the described SW-AdCSV procedure. The samples
were left at ambient temperature during performed
the measurements. Two concentration levels were
chosen from the standard curve (1x107 and 8x107 M
GBC) to analysis at each of day of validation, (n = 4
at each concentration). Mean percentage recoveries
(%R) for intra- and inter-day precisions (R.S.D. %)
and accuracy (Bias %) [35] were obtained with
insignificant differences between the amounts taken
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and found of GBC (Table 1). The statistical
comparison of the results was done using Friedman
analysis and no difference was found, see Table 1,
which indicated the reproducibility precision and

accuracy of the present stripping voltammetric assay
for assay of GBC.

Table 1. Mean recoveries (R %), precision (R.S.D. %) and accuracy (Bias %) data of assay of bulk GBC within and between-day at two

concentration levels by SW-AdCSV (n = 4).

Day Intra-day (Repeatability) inter-day (reproducibility)
MeanR% R.S.D.% Bias % MeanR% R.S.D.% Bias %
1x107 M
1 101.3 1.28 1.3 101.00 0.95 1.00
3 101.73 1.45 1.73
5 101.04 1.69 1.04
(Friedman test: p = 0.64; p > 0.05 & Chi-Square = 1.7
8x107 M
1 101.1 11 11 100.70 1.44 0.70
3 101.02 1.32 1.02
5 100.64 1.05 0.64

(Friedman test: p = 0.62; p > 0.05 & Chi-Square = 1.8

3.4.4. Selectivity

The selectivity of the SW-AdCSV method was
tested by analysis of 1x107 M GBC (which contains
no excipients) and presence of excipients (Lactose
monohydrate, maize starch, pregelatinized maize
starch, talc, aerosol 200 and magnesium stearate)
usually present in 1x107 M of drug formulation
(Daonil® 5 mg), following accumulation of GBC
onto the HMDE at -0.6 V for 50 s in both cases. No
significant differences in the recoveries or the relative
standard deviations were obtained in the absence
(99.00 £ 1.79) and presence of excipients (98.4 + 1.5)
(Wilcoxon test: p = 0.285; p > 0.05, n = 3).
Subsequently, the proposed SW-AdCSV procedure
can be considered specific [35].

3.4.5. Ruggedness and inter-laboratory precision
Analysis of 5x107 M GBC by the proposed SW-
AdCSV procedure was examined by studying the
effect of minor variations of some important
procedural conditions such as pH (9.5 to 10.5),
accumulation potential (-0.55 to -0.65 V) and
accumulation duration (45 to 55 s). The statistical
comparison of the results was done with Friedman

analysis. The obtained mean percentage recoveries (R
%) and relative standard deviations (R.S.D. %) based

Egypt. J. Chem. 64, No. 4 (2021)

on four replicate measurements in the described SW-
AdCSV method were 99.75 + 1.40 to 101.2 + 1.37

(Friedman Test: P = 0.39, P > 0.05 & Chi-Square =
1.86), 100.72 + 1.34 to 101.6 + 1.02 (Friedman Test:
P =0.47, P > 0.05 & Chi-Square = 1.5) and 98.97 +
1.15 to 100.92 + 0.97 (Friedman Test: P = 0.19, P >
0.05 & Chi-Square = 3), respectively. The mean
percentage recoveries (R %) and relative standard
deviations (R.S.D. %) were not significantly affected,
consequently the optimized SW-AdJCSV procedure
was reliable for assay of GBC and could be
considered robust [35]. The inter-laboratory precision
of measurements was evaluated by applying the
proposed SW-AdCSV procedure to assay of GBC
using two different models; 273-PAR (Lab. 1) and
394-PAR (Lab. 2) potentiostats at different times
[35]. The mean percentage recoveries and relative
standard deviations (% R £ R.S.D.) achieved in Lab.
(1) and Lab. (2) for the described method were
102.42 + 1.43 and 101.7 + 1.7 (Wilcoxon test: p =
0.72; p > 0.05, n = 4), respectively. The differences
observed in the mean percentage recoveries (R %)
and relative standard deviations (R.S.D. %) under the
studied variable conditions were insignificant (p >
0.05), confirming the accuracy and reproducibility of
the analysis.

3.4.6. Stability of solutions
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The stability of two concentration levels (5x10® and
5x107 M GBC) were chosen from the standard curve
(n = 4 at each concentration) to test by the described
SW-AdCSV method at the optimized procedural
conditions after being stored for 1 month (long term
stability), while the samples were left at the place of
storage samples at ambient temperature, after being
freeze and thaw (stored in a refrigerator at -2 °C) for
1 day (short term stability) and for 1 month (long

term stability). The frozen solutions were left to thaw
at ambient temperature, and then analyzed. As
illustrated data in Table 2, there is no statistically
significant differences were found in the recoveries
(R %), precision (R.S.D. %) and accuracy (Bias %),
indicating that the described procedures were
considered precise and reliable for GBC solution at
varies interval times at different concentrations.

Table 2. Mean recoveries (R %), precision (R.S.D. %) and Accuracy (Bias %) data of stability of bulk GBC solutions at two concentration

levels by SW-AdCSV (n = 4).

stability analysis

Conc. 1x107 (M)

Conc. 8x107 (M)

At room temperature

Long term (one month)

Recovery (R %) 100.9 102.20
Precision (R.S.D. %) 0.65 0.37
Accuracy (Bias %) 0.90 2.20
Freeze and thaw Short term (one day)

Recovery (R %) 101.32 101.40
Precision (R.S.D. %) 1.73 1.18
Accuracy (Bias %) 1.32 1.40
Freeze and thaw Long term (one month)

Recovery (R %) 100.12 101.21
Precision (R.S.D. %) 1.22 1.87
Accuracy (Bias %) 0.12 1.21
Friedman test: p=0.47,p>0.05 p=0.78; p>0.05

& Chi-Square =1.5

& Chi-Square = 0.5

4. Applications

4.1. Assessment of GBC in
formulation

The proposed SW-AdCSV procedure  was
successfully applied for estimation of 5x107 M GBC
in its pharmaceutical formulation (Daonil® 5 mg)
onto the HMDE at -0.6 V for 50 s, with no
requirement for pretreatments or any time-consuming

pharmaceutical

extraction concerning the drug analysis. The mean
percentage recoveries and relative standard
deviations (% R % R.S.D.) of GBC in its
pharmaceutical formulation (Daonil® 5 mg), were
achieved with the average of five replicate
measurements using both calibration plot and
standard addition procedures as presented in Table 3.

Table 3. Recovery (%R) and relative standard deviation (+R.S.D.) values of 5x10~ M GBC in its pharmaceutical products (Daonil® 5 mg) by
the proposed SW-AdCSV procedures and the reported TLC method [17]. n =5, (P > 0.05).

Claimed value; 5 mg/tablet

Proposed methods

The reported TLC method.

(SW-AdCSV)
The proposed calibration curve method.
(%R +R.S.D.) 98.86 + 1.06 99.8 +1.75
P=0.96 P=0.98
The proposed standard addition method.
(%R +R.S.D.) 99.38+1.11
P=0.98
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The proposed SW-AdCSV results were statistically
matched with those obtained by a reported TLC
method [17]. The statistical analysis of the results
obtained were performed using Friedman Test, there
was significant agreement between the proposed
stripping voltammetric procedures and the reported
TLC method [17] (Friedman Test: P = 0.5, P > 0.05
& Chi-Square = 1.2), confirming the reproducibility
of the described methods.

4.2. Assay of GBC in spiked human serum

Protein-free  GBC-spiked human serum samples
(prepared as clarified in the experimental section, iv)
were analyzed using the proposed SW-AdCSV
procedure. Figure 5 illustrated the recorded
voltammograms of various concentrations of GBC
using the effective procedural conditions. The linear
variation of i, with C of GBC was represented within
the range 5x108-1x10% M (Fig. 5; inset) following
the linear regression equation: ip (LA) = 2.04 C (M) +
0.73 (r = 0.98 and n = 7), the standard deviation of
the blank (S.D. = 0.0102). (LOD) of 1.5x10¢ M (7.41
ng mL?) and (LOQ) of 5x10® M (24.7 ng mL?) of
protein-free GBC-spiked human serum were realized
[35]. Based on the average of four replicate
measurements for the analysis of 2x107, 8x10” and
1x10¢ M protein-free GBC-spiked human serum, the
mean percentage recoveries were identified without
pretreatment or extraction prior to the analysis and
were found to equal 99.82 + 1.54, 98.95 + 1.75 and
98.0 + 1.6, respectively, which were insignificantly
different (Friedman test: p = 0.14; p > 0.05 & Chi-
Square = 4). The obtained results indicated the
sensitivity and accuracy of the proposed SW-AdCSV
procedure for quantification of GBC in protein-free
spiked human serum.

4.3. Pharmacokinetic measurement

The described SW-AdCSV method was applied for
the selective determination of plasma GBC
concentration without interferences. This distinctive
property was used for studying the pharmacokinetics
of GBC in plasma of two healthy male volunteers (a
and b) following the administration of therapeutic
single oral dose of (Daonil® 5 mg). The obtained
mean plasma (+ SD) GBC concentration-time curve
profiles of the two subjects (a and b) performed by
SW-AdCSV method is illustrated in Figure 6.
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Fig. 5. SW-AdCSVs in B.R. buffer of pH 9.7 for various
concentrations of GBC spiked in human serum; (a) blank solution,
(b) 5x10%8, (c) 1x107, (d) 2x107, (e) 3x107, (f) 5x107, (g) 8x107
and (h) 1x10° M, at Eaec. = -0.6 V for to. =50 s; f = 100 Hz, 4E =
8 mV and a = 80 mV. Inset: calibration curve of GBC spiked in
human serum.

The pharmacokinetic parameters (mean + SD) were
estimated from the plasma concentration of GBC
(Table 4). The following mean plasma
pharmacokinetic parameters considered for the period
of 0-24 h were: area under the plasma concentration-
time curves from zero to the last measurable sample
time (AUC-24) and to infinity (AUCo.);
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Fig. 6. Mean plasma concentration-time curve profiles obtained for
two healthy male volunteers: (a and b) following an oral
administration of a single oral dose Daonil® 5 mg, applying the
SW-AdCSV method.

observed maximum peak plasma concentration of
GBC (Cmax); sampling time of the maximum plasma
concentration (tmax); elimination rate constant (K)
and terminal elimination half-life time (t12). These
pharmacokinetic parameters obtained for the two
volunteers (a and b) were in good compatible with
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those presented in references [2, 5, 21].The
differences observed in the mean percentage
recoveries (% R) and relative standard deviations
(R.S.D. %) of the achieved plasma pharmacokinetic
parameters for the two healthy male volunteers (a and
b) under the studied variable conditions were
insignificant (p > 0.05), confirming the accuracy and
reproducibility of the presented SW-AdCSV
procedure (Table 4). Based on the previous results,
this method could be used to as a standard method for
the evaluation of plasma concentration of GBC,

avoiding time consuming, sample pretreatment,
expensive equipments and reagents.

5. Conclusion

In this study, the redox behavior of GBC in B-R
universal buffered solutions pH values > 6 was
investigated and discussed at HMDE using cyclic
voltammetry. Based on a catalytic hydrogen process a
sensitive SW-AdCSV method was developed for
determination of GBC in bulk form and in
commercially available diabetic drug (Daonil® 5 mg).

Table 4. Mean pharmacokinetic parameters estimated for two healthy male volunteers (a and b) following an oral administration of a single

dose (Daonil®5 mg). n =3, (P > 0.05).

Parameter/unit R+RSD.% R*R.SD.%
Subject (a) Subject (b)

Cmax (ng mL?) 157.23 £18.91 143.58 +10.72
P=1.0 P=1.0

tmax (N) 3+0.2 3+0.15
P=1.0 P=1.0

AUCq 24 (ng h mL™) 1535.58 + 34.97 1307.11 + 31.58
P =0.98 P=1.0

AUCo., (ng hmL™?) 1615.71 + 40.48 1351.14 +£ 30.95
P=0.97 P=1.0

Ke (hh) 0.23+0.02 0.31+0.05
P=0.99 P=0.99

tuz (h) 3.01+0.48 2,24 +0.44
P=1 P=1

The validated SW-AdCSV produce was linear
response up to 1x10% M. The (LOD) and (LOQ) were
found to be 6x10° M (2.964 ng mL™) and 2x10% M
(9.88 ng mLY) bulk GBC, respectively. Recovery and
precision for different chosen concentrations from the
standard curve were 99.00 + 1.82 to 101.00 + 1.76 (p
> 0.05). Statistical analysis of the present analytical
results was performed by the paired non-parametric
Wilcoxon Signed Rank and Friedman Tests using
(SPSS 16) program, (p < 0.05). Also, the presented
SW-AdCSV method was applied for determination of
protein-free  GB-spiked human serum solutions
without the necessity for samples derivatization or
any time-consuming extraction steps prior to the
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analysis. Pharmacokinetic parameters of GBC were
also estimated in mean human plasma * SD using the
validated described voltammetric procedure (p >
0.05). The SW-AdCSV procedure is simple, fast,
precise, robust, reproducible, cheap and could be
recommended for analysis of GBC in clinical
laboratories.
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