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ABSTRACT

Square-wave adsorptive cathodic stripping voltammetry was used to determine pioglitazone HCl in Brit-
ton Robinson buffer of pHS. The adsorptive cathodic peak was observed at -1.5 V vs. Ag/AgCl The peak
response was characterized with respect to pll, supporting electrolyte, frequency, scan increment, pulse-
amplitude, accumulation potential and pre-concentration time. Under optimal conditions, the peak current
is proportional to the concentration of pioglitnzone HCI, and a linear ealibration graphs were obtained
within the concentration levels of 107* and 107 M following different accumulation time periods (0-300 ),
The obtained results were analyzed and the statistical parameters were caleulated. The detection limit is
8.08 = 10°* M (3.17 ng m1™") using 300 5 pre-concentration time, whereas the quantitative limit is 2.45 = 10
M (2.63 ng ml™). The proposed method was applied to assay the drug in pharmaceutical formulations and
biological fluids. The pharmacokinetic parameters of drug in human plasma were estimated as: £ =785.8
ng ml™, ¢ =1.5h, K =0.125 h™" and ¢,,=8 h which are favorably compared with those reparted in literature.
(fnt J Biowmed Sei 2008; 4(4%100-108)
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INTRODUCTION pendent diabetes mellitus, NIDDM also known as adult-
onset diabetes) (3, 4).

Pioglitazone  hydrochloride,  (£)-5-{d-[2-(5-ethyl-2- Several analytical methods have been reported for the

100

pyridylyethoxy]benzyl}-2 d-thiazolidinedione hydrochlo-
ride salt {Fig. 1), is an oral antidiabetic agent that has been
shown to affect abnormal glucose and lipid metabolism
associated with insulin resistance by enhancing insulin
action on peripheral tissues in animal models (1, 2). It is
used in the treatment of type-11 diabetes (non-insulin-de-
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determination of pioglitazone HC! in bulk form, pharma-
ceuticals and biological fluids, Most of the reported meth-
ods are chromatographic, and no official methods have
been reported for the determination of pioglitazone HCI,
The reported methods include: high performance liquid
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Figure 1. Structure of pioglitazone HCL.
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chromatography with ultraviolet detection (HPLC-UV) (5-
15), high performance liquid chromatography with mass
spectroscopy (HPLC/MS) (16), high performance liguid
chromatography with tandem mass spectroscopy (HPLC/
ME/MS) (17-19), high performance thin layer chroma-
tography (HPTLC) (20, 21), thin layer chromatography
(TLC) (22, 23), capillary electrophoresis (CE) (24, 25),
and miceller electrokinetic chromatography (MEKC) (26).
Other reported methods include a potentiometric method
{27y and UV spectrophotometric methods (28, 29), To date
no electrochemical procedure has been reported for the as-
say of pioglitazone HC,

Adserptive stripping voltammetric analysis, especially
with the square-wave waveform, is an extremely simple
and sensitive technique that can be used for analysis of
drugs without the requirement for extraction steps prior to
the assay. Moreover, square-wave voltammetry is a large-
amplitude differential technique in which a waveform
composed of a symmetrical square wave is applicd to the
working electrode (30). The current is sampled twice dur-
ing each square-wave cycle, onee at the end of the forward
pulse and once at the end of the reverse pulse. The result-
ing peak current is proportional to the concentration of the
analyte, Excellent sensitivity accrues from the fact that the
net current is larger than either the forward or the reverse
components current. Coupled with the efTective discrimi-
nation against the charging current, very low detection
limits can be attained. Furthermore, stripping voltamme-
try is an important technigque for trace determination of
many inorganic and organic substances (31). The stripping
technique has been used successfully for the determina-
tion of several drugs (32-38).

The aim of this work is the quantitative determination
of pioglitazone HCI using square-wave adsorptive ca-
thodie stripping voltammetry (SWAJCS). This method is
simple, rapid, sensitive and easy to apply in pharmaceuti-
cal formulations and in biological samples.

EXPERIMENTAL

Apparatus

Electrochemical Analyzer (746 VA Trace Analyzer-
Metrohm/ Switzerland) was used for SWAJICS voltam-
metric measurements and Electrochemical Analyzers (797
VA Cumputrace  Analyzer-Metrohm/Switzerland) was
used for cyclic voltammetry, The electrode assembly of
a hanging mercury drop electrode (HMDE) as a working
electrode (area=0.05 cm?) for SWACS and cyclic voltam-
metries. Ag/AgCI/KCI | was the reference electrode and a
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platinum wire supplied as auxiliary electrode, was used.
Stirring of the solution in the electrolysis cell was per-
formed using a complete stirrer comprised as a part of the
electrochemical analyzers to provide canvective transport
during the preconcentration step. The measurements were
semi-automated and controlled through the programming
capacity of the apparatus. The data were recorded using
an external printer attached to the two R5232 interfaces of
the 746 VA Trace Analyzer.

A UV-Vis Spectrophotometer Model {Ultrospec 2100-
Pro) was used for a comparative assay of drug in tablets by
means of a published spectrophotometric method (28), and
for the spectral study of pioglitazone HCJ.

A (Hann pH2I1-Romania) pH-meter with combined
glass and calomel (saturated KCI) electrodes was used for
the pH measurements of the supporting electrolytes.

The de-ionized water used throughout the present study
was supplied from (Elgastat Micromeg-England).

Materials and reagents

Materials. Pure drug sample of pioglitazone HCl was
used (Chargen-Zert.Brand, Germany); Tablets containing
pioglitazone HCI (Takeda chemical industries Ltd., Osaka.
Japan), were purchased from commercial sources, serum
samples were supplied from (United Diagnostics Industry
K.8.A), urine samples were obtained from healthy vol-
unteers. Human plasma samples were provided by (King
Khalid University Hospital, Rivadh, Saudi Arabia).

Reagents. The following reagents were used: Britton—
Robinson (B~R) buffers (0.08 M) (39), of pH2-11, acetate
buffer (39), of pH4.5-5.5, sodium sulphate (Fluka, Swit-
zerland) 0.1 M; sadium nitrate (Fluka, Switzerland) 0.1 M;
sodium perchlorate (Fluka, Switzerland) 0.1 M and potas-
sium chloride (Fluka, Switzerland) 0.1 M, were prepared
using de-ionized water (40), and used as the supporting
clectrolytes; disodium tetraborate (BDH Ltd,, UK) 0.02
M dichloromethane (BDH Ltd., UK), and methanol (BDH
Ltd., UK) were used.

Procedure

General analytical procedure. Stock solution (1 = 102
M) of pioglitazone HCl was prepared in methanol. This
solution was further diluted with methanol to give the ap-
propriate concentrations of working standard solutions.
Aliguots of these solutions in the concentration range cited
in (Table 1) were transferred into a series of 25 ml volumet-
ric flasks and diluted to the mark with B-R buffer of pHS,
Each solution was transferred into the electralysis cell, and
then de-aerated with pure nitrogen. A selected accumu-
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lation potential was then applied to the HMDE for a se-
lected preconcentration time period, while the solution was
stirred at 400 rpm. At the end of the accumulation period,
the stirring was stopped and a 5 s rest period was allowed
for the solution to become quiescent. Then, the voltammo-
gram was recorded by scanning the potential toward the
negative direction using the selected waveform. All the
data were oblained al room temperature,

To study the reproducibility, accuracy and precision
of the proposed procedure for the determination of the
drug in bulk form, tablets and biological fluids samples;
recovery experiments were carried out, by the calibra-
tion curve.

Analysis of tablets. An accurately weighed amount
of ten powdered tablets equivalent to 10.0 mg of the drug,
was transferred inte a 50 ml volumetric flask, then meth-
anol was added to the flask and completed to the mark.
The flask with ils contents were sonicated for 15 min and
filtered. The desired concentrations of the drug were ob-
tained by accurate dilution with methanol and used as
working standard solution. An aliquot volume of this
solution was transferred into a 25 ml volume calibrated
flask then made up to the volume with the supporting
electrolyte.

Analysis of spiked urine and serum. An aliquot
of standard methanolic solution of pioglitazone HCI
containing 100 pg was added to | ml of serum or urine
sample in a 15 ml centrifuge tube and mixed for 1 min.
0.2 ml of disodium tetraborate solution (.02 M) was
added and the tube was vortexed for 1 min. 5 ml of di-
chloromethane was added and the tube was shaken for
10 min. The tube was then centrifuged at 3000 rpm for
10 min at room temperature, The resulting organic layer
was removed and the extraction was repeated twice with
5 ml of dichloromethane. The combined extracts were
evaporated to dryness at room temperature, and the resi-
due was disselved in | m] of methanol. The solution was
transferred into a 10 ml volumetric flask, completed to
volume with methanol, and subsequently analyzed ac-
cording to the recommended in the general analytical
procedure. A blank experiment was carried out adopting
the above procedure.

Pharmacokinetic study. The study was performed
on one healthy female volunteer. The volunteer fasted
overnight before oral administration and for 4 h after the
dosing. Five ml of venous blood sample was collected
0.5 h before dosing to serve as blank, and samples were
collected in appropriately labeled lithium-heparin tubes
at0.5, 1, 1.5,2,2.5,3, 5,7, 14 and 24 h following drug ad-
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ministration, The blood samples were centrifuged imme-
diately at 5000 rpm for 15 min, and plasma was rapidly
collected and stored at —20°C until assayed. Each plasma
sample was assayved by using the proposed squareg-wave
adsorptive cathodic stripping voltammetric procedure,
and the values provide the plasma concentration at the
time period of collection of the blood sample. The phar-
macokinetic parameters were evaluated from the plasma
concentration—time profile,

Spectral study. A preliminary study for the spectra
{Absorbance - wavelength &) of 5§ = 107° M pioglitazone
HCl in B-R buffers pH2-11 was carried out. The spee-
tra exhibited two bands at 221 and 270 nm within the
entire pH range. The maximum absorbance of the first
peak increased slightly while that of the second peak de-
creased practically with the same rate upon the increase
of pH. From the S and Z shaped absorbance - pH curves
for the first (A=221 nm) and second (A=270 nm) bands,
respectively, the pK_ of pioglitazone HCl was estimated
and found to equal 5.8 and 6.1, respectively, with a mean
pK, value of 5.95.

RESULTS AND DISCUSSION

Effect of type and pH of the supporting electrolyte

The effect of pH's was studied on the SWAJCS voltam-
metry response for 5 % 107 M pioglitazone HCl and was
examined in B-R buffers over the pH range 2-11 with
pre-concentration (f_ =30 s). The voltammograms exhibit-
ed a single well-defined four-electron irreversible cathodic
peak over the pH range (4.5-8), This peak may be attrib-
uted to the hydrogenation of two C=0 double bonds via
the consumption of four-electrons per drug molecule. The
peak potential shifted to more negative values upon pH in-
crease of the medium denoting that protons are involved in
the electrode reaction process and that the proton-transfer
reaction preceedes the electrode process properly (41-43).
As shown in Fig, 2 the peak current intensities (i) record-
ed at different pH values following pre-concentration for
30 s. A much higher peak current intensity was achieved
in B-R buffers of pHS5. Other supporting electrolytes such
as acetate buffer pH(4.5-5.5), sodium sulfate, sodium ni-
trate, sodium perchlorate and potassium chloride were
also tested but the peak current intensity was less devel-
oped compared to that obtained in B-R buffer of pHSs.
Therefore, B-R buffer of pH3 was used as a supporting
electrolyte in the rest of the present work. Fig. 3 shows
SWAACS voltammetry of 5 = 107 M pioglitazone HCl in
B-R buffer of pHS.
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Optimization of the proposed analytical procedure

The SWAICS voltammetry response markedly de-
pends on the parameters of the excitement signal. In order
to reach a maximum developed SWAACS voltammetric
peak current, the optimum instrumental conditions (fre-
quency f, scan increment AE and pulse amplitude £ )
were studied for 5 = 107 M pioglitazone HCI in B-R
buffer of pHS, following preconcentration for 305, Al a
scan increment of 100 mY and a pulse-amplitude of 25 mV,
the peak current intensity increased linearly over the fre-
quency range (40-120) Hz, following the relationship: i
{pA)=0.93 F{Hz) + 0.08 (r=0.996 and n=06). At a frequency
of 120 Hz and a pulse-amplitude of 25 m¥, the peak cur-
rent intensity increased linearly with the scan increment
up to 10 mVY, following the relationship: i (pA)=1.14 AE
(m¥) + 096 (r=0997 and r=4). Also, at /~120 Hz and
AE =10 mV, the peak current increased linearly with the
inerease of the pulse-amplitude from 15 1o 50 mV, however
the sharper peak was obtained at 25 mV. Therefore, the op-
timal instrumental operational conditions of the proposed
square=wave procedure can be concluded as: frequency
F=120 He, scan increment AE =10 mV and pulse ampli-
tude £_=25 mV. On the other side, the effect of varying
accumulation potential (&) from =0.8 to —1.7 V on the
peak current intensity of the SWAACS voltammogram of
5% 107* M pioglitazone HC! in B-R buffer of pH3, follow-
ing preconcentration for 30 s was evaluated in (Fig. 4).
A maximum developed peak current was achieved over
the potential range of —1.3 to —1.6 V. The observed grad-
val decrease in peak current intensity may be attributed
to the consequence of desorption of the drug at higher or
lower potential values. Hence, an accumulation potential
of =1.5 V (versus Ag/AgCI/KCI ) was chosen throughout
the prosent study,
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Figure 2. Influence of pll (B-R bulfers) on the SWADCS
voltammetric peak current () of 5 = 10 M pioglitazone HCI;
frequency =120 Mz, scan increment AZ=10mY and pulse-
amplitude & =25 mY, with ¢ =30 s at =1.5 V.
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Effect of accumulation time

The SWAACS voltammogram of | = 1078, 3 x 1075, 5
* 107%, 7= 10%and 9 = 107 M pioglitazone HC were
recorded under the optimal operational conditions at in-
creased accumulation time. Fig. 5 shows the effect of
different pre-concentration time for the above concentra-
tions of pioglitazone HCI in the presence of B—R buffer of
pHS, and accumulation potential of —1.5 V. Straight lines
with slopes 0,05 and 0.06 pA s were obtained for 1 =
107 and 3 = 107" M pioglitazone HC, respectively where
the straight lines break at ¢ =150 s. However at higher
concentrations, the straight lines break at ¢, _=100 s for 5
* 107" M pioglitazone HCI and at 1 =60 s “for 7 x 107
and 9 = 10™ M pioglitazone HCI, m%peclwely The breaks
at certain stirring accumulation times mean that surface
coverage was attained. The slope of the straight lines are
007,012 and 0,14 pA s™ for 5 = 107% 7= 107%and 9 =
107 M pioglitazone HC, respectively and the increase in
the slope is due to the increase in the concentration. The
collected data are summarized in Table 2.

Effect of concentration

The SWAACS woltammetry of series of solutions
containing different concentrations of pioglitazone HCI
in the range cited in {Table 1) were recorded under op-
timal operational conditions, /=120 Hz, scan increment
AE =10 mV, pulse-amplitude E_=25 mV and accumu-
lation potential £ =-1.5V at increased accumulation
time. The peak current intensity showed a linear rela-
tionship with the aceumulation time up to 100, 150 and
300 s for the concentration levels of 7 = 107, 2 = 107
and 4 x 107* M of pioglitazone HCI, respectively. This
means that the optimal accumulation time period should
be chosen according to the concentration level of pio-

Figure 3. SWAdCS voltammetry of () 5 * 10°* M pioglitazons
HClin B=R buffer of pHS (=), (b) B=R buffer of pHS (---); fre-
quency =120 Hz, scan increment AE =10 mV, pulse-amplitude
E =25mVandi =30sath =-15W
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glitazone HCI in the investigated sample (i.e. the higher

VOLTAMMETRIC DETERMINATION OF PIOGLITAZONE HC1

the concentration, the shorter the accumulation time is).

Table 1 illustrates the characteristics of the calibration
curves of SWAACS voltammetric determination of pio-

glitazone HCL

12
|
10 -

B

ilf'.l.lﬁ

-0.6 -0.8 -1

Esee. IV vs.

3 a4 016 A%
(AgfAgCT)

Figure 4. Effectof accumulation potential (£_) on the SWAJCS
voltammetric peak current (1) of 5 = 107* M ploglitazone HCI
in B-R buffer of pH3; frequency /=120 He, scan increment
AE =10 m¥ and pulse-amplitude £_=25 mV, following precon-
centration forr, = 30 5.

Adsorptive character of the drug

Fig. 6 shows the cyclic voltammograms of 5 = 107 M
pioglitazone HCI in B—R buffer of pH3, scan rate v=100
pre-concentration, § =0s

mY 5™

recorded  without

acs

(dashed curve), following pre-concentration for 30s
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Figure 5 Peak current vs, accumulation time in the presence
of B-R buffer of pHS, accumulation petential —1.5 ¥ for: {o) 1
w107 WG (B 3 1000 MG (ed S = Q07 G () T o 1070 M, () B %
107 M of pioglitazone TICIL

Table 1. Characteristics of the calibration curves of SWAACS voltammetric determination of pioglitazone HCI

Repression equation

f,. (8} Linearity range (M} i,. (1A} =12+bC {?nr.r-'rllllnn coefficient (r) b _I_.OD (M) LOGQ (M)
T 0 3x10%-2x10° i =546+189C 09959 992 10° 301 = 10°
30 § w10 -9 10 'L"= 0.55+6351C 1.99383 1.04 = 10° 306 = 104
il 2 0% -4 5 10 i.r" 164+ 653 C 0.9908 637 =107 193 = 10"
1an T=107-8= 10" ip=-{].l5+5.ﬂ5C 05981 160 =107 486 = 107
150 2 107-3 = 10 ill=-ﬂ.ﬂ2+ 754 C 0.9%67 5.82 =10* 176 = 107
300 4« 10— 6= 107 i,=556+323C 0.9957 £.08 =10* 245 = 10+
Table 2. Characteristic of curreni—time curves estahlished using different concentrations
of pivglitazone HC1 in B-R buffer of pHS
Piolitazone HC (M) “"ff:‘::;“:;‘f;g““ Correlation coefficient (r) Linearity range (s) & (nI] J (b)
5% 1 x.-l-#]'*' il-'_ -0.5T7 + 005 {_. 099562 - 20=150 0175 0.0016
3= 10t B 008 + 006 C (10081 10— 150 0,122 0002
5o Qe 1'P= .29+ 007 C 09976 10 = 1040 0133 0,003
7w 10 i,." 005+ 0020 0.9963 0 =60 0170 0005
9= 10" i:-_ 009014 C 0.9987 0 —ab 020 (004

d(a}, standard devigtion of intercept; 8(b), standard deviation of slope.
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fcurve 13 and then its repetitive cyele at the same mer-
cury drop (curve 2). A more developed peak current was
achieved alter pre-concentration of the drug onto the
electrode surface, whereas the second cycle at the same
mercury drop exhibited lower peak current intensity
which may be due to the desorption of drug species out
of the mercury electrode surface. This behavior indicated
the interfacial adsorptive character of the drug onto the
mercury electrode surface.

Analytical applications

Analysis of tablets. The developed SWAACS voltam-
metric procedure was applied (= 60 5) for the determi-
nation of pioglitazone HCI in its pharmaceutical formu-
lations (Actos tablets 15 and 30 mg pioglitazone HCI)
without the necessity for any exiraction steps, Recoveries
of pioglitazone HCI in both dosage forms, based on the
average of three replicate measurements, are illustrated in
Table 3. The results were statistically compared with those
obtained by the published spectrophotometric method
(28). Values of Student’s t-value, Variance ratio, are also
included. Since the calculated Variance ratio did not ex-
ceed the theoretical one, there was no significant differ-
ence between the proposed and puplished methods with
respect to reproducibility (44). Also, no significant differ-
ence was noticed between the two methods regarding ac-
curacy and precision as revealed by f-value (44).

Analysis of spiked urine and serum. The high sen-
sitivity attained by the proposed method allows the deter-
mination of pioglitazone HCI in biological fluids. Piogli-
tazone HCI is rapidly absorbed after oral administration.
Peak plasma concentrations are obtained within 2 hours
and bicavailability exceeds 80%. Pioglitazone HCl is more
than 99% bound to plasma proteins. It is extensively me-
tabolised by cytochrome P450 isoenzymes CYP3A4 and
CYP2C9 to both active and inactive metabolites, It is cx-
creted in urine and faeces and has a plasma half-life of up
to 7 hours. The active metabolites have a half-life of up to
24 hours (43).

As a consequence, the proposed method appears to be
convenient for the therapeutic drug monitoring in urine
and serum. In addition, the SWAJCS voltammetry, re-
quiring smaller volumes of samples, may be valuable for
routine drug screening of patients under treatment. The
extraction procedure for biclogical fluids was performed
by using dichloromethane, as reported by Kolte et.al (46).
Table 4 and 5 show the performance data and the results
for determination of pieglitazone HCl in urine and serum,
respectively. The results show that pioglitazone HCI can

www.ijbs.org
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be determined in spiked serum and urine over the concen-
tration range 6 = 107%- 4 = 1077 M.

Pharmacokinetic application. In a trial to prove the
utility of the proposed SWAACS voltammetric procedure
in clinical analysis, the procedure was applied to determi-
nation of the pharmacokinetic parameters of pioglitazone
HCl in blocd samples of one healthy female volunteer
[ollowing an oral administration of a single dose of Ac-
tos tablets (30 mg). Fig. 7 shows the plasma concentra-
tions versus time profile. The obtained pharmacokinetic
parameters are shown in Table 6. The obtained resulls
were favorably compared with those obtained by reported
methods (47-50), which can be considered as an indication
for the reliability of the proposed procedure for assay of

| Sy ——

S TSRS 1.9

U

Figure 6. Cyelic voltammograms of 5 x 107 M pioglitazone
HCl in B-R buffer of pHS, without preconcentration (¢ =0 5)
(dashed curve), ollowing preconcentration for 30 s {curve 1)
and its repetitive cycle at the same mercury drop {curve 2}, Scan
rate v=100mV 57 and £ =-1.5 V.
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Figure 7. Plasma concentration-time profile for healthy female
volunicer afier oral admmistration of 30 mg pioglitazone HCL
tablel.
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Table 3. Analysis of pioglitazone HCL in its tablets by the proposed SWAACS voltammetry (in B-R bufifer of pH Sand 1 = 60 shand the

published spectrophotometric methods (28)

Preparatin Concentration taken (M) Found (36) -
e Proposed method® Published method (28)
Metos tablets® 3= 10 1004
(15 mg pioglitazone HCViablet) 1= s 8.3
T=10*% Qa8
LRV 1019
3= 10" 101.2
Mean £ 5,00 00,3 + 1.38 10006 2 144
Student’s t-value 0.29 (2 447y
Variance ratio 1.O% {0,594
Actos tablers® 3= 104 100.0
(30 mp pioglitazone HCLtablet) 1= 104 loLo
7= 10 101.5
& x 10% 992
3 = g 900
Mewn £ 5.0, 10k & 1,04 997 £ 1.5%
Student’s t-value 043 (2447
Varianee ratio LY7 {6.94)y

“Products of Takeda chemical industries Lid, Osaka Japan; "Each result is the avarage of three separate determinations; “Mean £ 5,13, for
three different concentrations; “Tabulated t-value at confidence level 95% (44); “Tabulated Fevalue at confidence level 95% [44).

Table 4. Performance data of piogletazone HCI by the proposed SWAJCS voltammetry
{in B=R bulfer of pHS and i, =300 5) in serum and urine

Regression equation

Sample Linearity range (M) | (pA)=a+bC Correlation coefficient (r)* LOD (M) LOG (M)
.Llrlne 6= IIII"";-F = 107 =404+ 288 C 3 0.9983 162 = " a;:gl # 102
Serum 6« 10— 4 = 107 i =394+ 2450 1.905] L&d = I0r* 4,98 x 102

' datn points,

Table 5. Determination of pioglitazone HC1 in spiked serum and urine
by the proposed SWAACS voltammetry, 1 =300 s

Urine Serum
Concentration taken (M) Found {'ﬂ} A ancenlrl-liun_l:ken (M) : Found (%)
NI ; 1002 G ow 1 203
T 1008 933 7= 10* 102.0
L 100,4 9= 102 98.0
| = 107 1006 1=107 10:0.4
3= 107 101.0 4= 107 99.2
Mean+ 5.0 100.1 £1.05 Mean + 5.D. 9004 | 48
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pioglitazone HCI in real human plasma samples without
interference from its metabolites,

VALIDATION OF THE ANALYTICAL PROCE-
DURE

Walidation of the procedure for the quantitative assay
of pioglitazone HC] was examined via evaluation of the
limit of detection (LOD), limit of quantitation {LOGQ), re-
peatability, recovery and robustness. Calibration curves
within the concentration levels of 107 and 10 M piogli-
tazone HCl were attempted following different accumula-
tion time periods (0-300 5). The regression equations as-
sociated with the calibration plots exhibited good linearity
(Table 1) that supported the validation of the proposed pro-
cedure for quantitation of pioglitazone HCL The limits of
detection (LOD) and quantitation (LOQ) were calculated
using the relation &(d a)'b (51), where £=3.3 for LOD and
10 for LOGQ, (da) is the standard deviation of the intercept
and & is the slope of the calibration curve. Both LOD and
LOO values are shown in Table 1.

The repeatability of the results obtained by means of
the proposed SWAJCS voltammetric procedure was ex-
amined by performing 15 replicate measurements for 5 =
107 M pioglitazone HCI following pre-concentration for
30 5. A mean recovery of 993 & 0.77 (n=15) and RSD%=<2
were achieved, that indicated high precision of the pro-
posed procedure for assay of the drug.

The selectivity of the optimized procedure for the assay
of pioglitazone HC] was examined in the presence of some
common excipients (usually present in formulations, e.g.
starch, pelatin, lactose, tale and magnesium stearate) and so
there is no significant interference from excipients. Accord-
ingly, the proposed procedure can be considered selective.

The robustness (51) of results of a procedure is the abil-
ity to remain unaffected by small changes in its opera-
tional parameters such as pH and accumulation potential.
In the present work, this was examined by studying the
effect of small variation of pH(4.8-3.2) and accumulation
potential (£ _==1.4 to =1.6 V}. As shown in Table 7, the
recovery values were not significantly affected by these
variations and consequently the optimized procedure was
reliable for assay of pioglitazone HCI and it could be con-
sidered robust {51).

CONCLUSION
A new highly sensitive, rapid, selective and reproduc-

ible SWALCS voltammetric procedure for the determina-

www.ijbs.org

tion of pioglitazone HCI drug in bulk form, pharmaceu-
tical formulations and biological fluids is described. The
proposed procedure showed clear advantages, e.g. short
period of real time of drug analysis, and a very simple ex-
traction procedure was used for urine and serum samples.
Moreover, the proposed method could be applied in clini-
cal laboratories and pharmacokinetic studies because of
its very low limits of detection and quantitation.

Table 6. Estimated pharmacokinetic parameters of pioglitazone
HC1in plasma of one healthy female volunteer following an oral
administration of a single dose of 30 mg Actos tablet

Int | Biomed Sci

Bl Parameter Value Reported value (47-50)
C_ . ng mlt) TH5.8 1010 = 1050
() 1.5 15-2
1" () 3 B-10
KA {h™ 0125 01250111
AUC: (nghml?)  8464.2 108900 ~ 109800

“The maximum measured plasma concentration of drog, "Time
to reach maximum measured plasma concentration of drug; “The
climination half-life time; “The climination rate constant; “The aren
under the curve.

Table 7. Influence of small variations of some of the operationl
conditions of the proposed procedure on the % Found of 5 = 10
M pioglitazene HCL ; frequency=120 Hz, scan increment=10 my

and pulse-amplitude=25 mV

Variables Conditions Mean 2 5.D.
pH (B-E buffer) SE
18 E =15V 9942040
5 i,.=30s Q054 0.50
52 992+ 0,59
Accumulation potential (£}
14V pH=5 0934 047
Y i =305 09,52 0.50
oY 0.4 4 0,32
Elapsed time {day)
1 E =15V 9952050
2 ph=3 99,4+ 0.45
3 (=303 99.24 0,56
Reproducibility (n=15) E_=-13V O0.3£0,23
pH=3
(=35
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