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ABSTRACT

A novel, high throughput and sensitive method is described for the determination of pioglitazone hydrochloride
(PGZ-HCI) as anti-diabetic in its pure form and pharmaceutical formulations. The proposed method depends on
the polarographic activity of in the pH = 0.35 using by cyclic voltammetry (CV), and it showed well-defined one
cathodic peak with high selectivity. Polarograms of the PGZ-HCI at (CV) in HCI at pH=0.35 exhibited 4-electron
irreversible cathodic peak, versus Ag/AgCl. The peak may be attributed to the reduction of carbonyl group (-CO-
). The diffusion current—concentration relationship was found to be rectilinear over the range (117 - 392) mg/L at
pH(0.35) for Ep using by cyclic voltammetry (CV). The peaks were defined as being irreversible, diffusion-
controlled although adsorption phenomenon played a limited role in the electrode process. The suggested method
was novel, simple, accurate and successfully applied to the detection PGZ-HCI in pharmaceuticals and the
average percentage recovery was in agreement with that obtained by the official USP method.

KEYWORDS: Cyclic voltammetry method, Reduction, Gold electrode, Diabetes mellitus, Pharmaceutical

Formulations, Polarogram.

INTRODUCTION

Voltammetric methods wused today in analytical
laboratories comprise a suite of techniques, the creation
of which was made possible by rapid advances in
instrumentation, by the computerized processing of
analytical data, and particularly by innovative
electrochemists.™ Polarography is still the best known
classical measuring method in electroanalytical
chemistry. However, in recent years its position has been
challenged by cyclic voltammetry (CV). Cyclic
voltammetry has the further attraction of providing
information not only on the thermodynamics of redox
processes but also on the kinetics of heterogeneous
electron-transfer  reactions and coupled chemical
reactions.”? Cyclic voltammetry is a popular member of
a family of dynamic electrochemical methods in which
the potential applied to an electrochemical cell is
scanned.®) The resulting cell current is output vs.
potential. A typical three-electrode cell suitable for
studies of materials includes a reference electrode, a
counter electrode, and a working electrode.

Type-2 diabetes mellitus (T2DM) is a complex metabolic
disorder characterized by the pancreatic impairment to

secrete the insulin or the resistance of peripheral tissues
to the insulin or both.®!

The drugs used for the management of diabetes treat
diabetes mellitus by lowering glucose levels in the blood.
With the exceptions of insulin, exenatide, liraglutide and
pramlintide; all are administered through oral route and
are also called oral hypoglycemic agents/ oral anti-
hyperglycemic agents. There are different classes of anti-
diabetic drugs, and their selection depends on the nature
of the diabetes, age and situation of the person, as well as
other factors.!®

Recently, electrochemical analysis has gained great
importance in the field of bioanalysis. There are many
reasons why it occupies the first place, as it combines
great sensitivity and excellent detection limit and wide
dynamic range; The methods of electrochemical analysis
are modular, easy, simple to apply and high selectivity,
and the possibility of biodegradation has become widely
used. We developed methods to identify some of the
following antidiabetics.
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Pioglitazone HCI

It is a drug from the group of thiazolidinedione (TZD)
that lowers blood sugar, use to develop glucose control
in adults with type 2 diabetes.["! Pioglitazone is a polar,
slightly soluble in aqueous solutions, therefore, it was
used in its various forms to improve its solubility,

including the salt form™® and the crystal form™ auxiliary
solvents™™™ surface active agents™, and ionic liquid™
Pioglitazone [(+)—5—[[4—[2-(5—ethy|—2—pyridinyl) ethoxy]
phenyllmethyl]-2,4-1.%1 The structural formula is as
shown:

| 0
| H .Hcl
H;C =
0

Figure (1): The structure of Pioglitazone Hydrochloride.

Pioglitazone hydrochloride is an odorless white
crystalline powder that has a molecular formula of
CigHN,03S.HCL

The importance of research:

Some scientific methods have been described for the
determination of pioglitazone HCI in pure form,
pharmaceuticals and biological fluids. Most of the
reported methods are chromatographic, and no official
methods have been expressed for the determination of
pioglitazone HCI. The reported methods consist of:
spectrophotometry!®*? high ~ -performance liquid
chromatography ~ (HPLC)#8*!  C-MS/MSP?,  AP-
MALDI mass spectrometry imaging®"

Electrochemical techniques are more attractive and
fascinating due to their low cost and less time
consumption compared to other methods to determine
Pioglitazone hydrochloride.

MATERIALS AND METHODS

Instruments and apparatus

Electrochemical Analyzer (Model 433-AMEL
Instruments) was used for cyclic voltammetry, a three
electrode system comprising of a gold electrode as a
working electrode, a saturated AQ/AgCI/KCl as a
reference electrode and Pt wire as a counter electrode
obtained from local scientific labs. All the solutions
examined were carried out at room temperature 25+2°C,
Nitrogen gas was used for deoxygenation .pH —meter
from Radio meter company model lon Check was used
for the studying the pH effects. The measurements were
semi-automated and controlled through the programming
capacity of the apparatus.

Materials

o Pioglitazone HCI 98% produced by Telangana India.

o Methanol 99% produced by Merck.

o Electrolyte: hydrochloride acid, HCI
produced by Merck.

o  Solutions were prepared in double distilled water.

99.5%,

Sample preparation
Twenty tablets of Pioglitazone (30mg PGZ-HCI), were
weighed and ground to a fine powder. Then the weight of

one tablet was taken and dissolved in 30 mL of
methanol, transferred to a 100 mL volumetric flask and
diluted to the mark with HCI(0.5 M). The content of the
flask was sonicated for about 15 min then solution was
filtered to separate the insoluble excipients. Aliquots of
the drug solution were introduced into the electrolytic
cell and the general procedure was carried out.

RESULTS AND DISCUSSION

Effect of pH

The electrochemical behavior of PGZ-HCI has been
investigated in HCI containing (32% v/v) methanol, at
pH = 0.35 on the peak current (Ip) and peak potential
(Ep) were examined. The polarograms of the CV for
PGZ-HCI (117 - 392) mg/L in HCI using CV shown in
(Fig.2). One reduction peak were observed.

Indicating the presence of chemical reaction with
participation of protons. Reduction of PGZ-HCI at the
(CV) was found to be pH dependent as the Ep values

indicating the irreversible nature of the reduction
process.
Study of (CV)Method

The CV-polarograms of PGZ-HCI at pH=3.5, exhibited
one irreversible reduction wave (Fig.2).
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E. V vs.(Ag/AgCl)
Figure (2): Cyclic voltammetry curves for different
concentrations of Pioglitazone Hydrochloride (A: 117
- B: 161 - C: 208 - D: 255 - E: 298 - F: 345 - G: 392
mg/L) in HCI at gold electrode.
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The total number of electrons transferred during the
reduction reaction is determined by:

Determine the value of the transfer coefficient (ex):
Study of the change in the potential value 7 of (log i)
according to the Tafel relation for different

250
y=237.61x-84.149

R?=0.9985
200

y =237.39x-97.036
R*=0.9968
y=231x-102.43
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concentrations of pioglitazone hydrochloride as in the
following (Fig.3):

¥y =216.93x-115.21
R?=0.9942
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Figure (3): Graph of 1 of log(i) for different concentrations of Pioglitazone Hydrochloride.

Then determine the value of the transfer coefficient (&) depending on the exchange current relationship (Fig.4).
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Figure(4): Graph of log(i,) of log(C) in HCI.

According to the exchange current relationship®?4, the
value of the transfer coefficient was found

o = (0.6593)in the acid medium. After deducing the

y =0.02x
RE=0

value of the transfer coefficient, we drew the values of
potential (E) for log(~2—) (Fig.5).
L
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Potential E(mv)
Figure (5): Graph of log(id-i/i) of E(mv) in HCI.
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We notice that the slope of this linear relationship is
(0.02) in the acid medium, and by applying the
relationship®!, we find that (n=4) thus ,the total number
of electrons exchanged is (4¢’).

The electrochemical behavior of PGZ- HCI

The chemical structure of PGZ-HCI is characterized by
the presence of C=0 groups which are susceptible for the
reduction into another groups at CV as shown in (Fig .1).

The electrochemical behavior was investigated for PGZ-

HCI in HCI , containing 32% (v/v) methanol at pH=0.35
using CV were given one defined reduction peak, as

N o

2

HaC /

shown in (Fig.2). The peak may be attributed to the
reduction of carbonyl group (-CO-). A proposed
mechanism, for the electrochemical reduction of this
electro-active group, it was calculated and confirmed that
the number of electron of this reduction operating were 4
electron. This mechanism suggests that the
electrochemical reaction is an irreversible process. Such
quantitation depends not only on the corresponding peak
potentials but also on the width of the peak. The width of
the peak (at half-height) is related to the electron
stoichiometry. The electrode reaction is suggested to
proceed as follows:

]

NH HCl +4H +de” —p=

N Q
. N
wy -HCl
HaC =

Effect of scan rate on the electrochemical reduction of
pioglitazone hydrochloride

The electrochemical reduction of pioglitazone
hydrochloride was studied at different scan rates in
hydrochloride acid (HCI) as electrolyte to determine the
mechanism of transfer of pioglitazone hydrochloride

oL e eq(1)

molecules from the depth of the solution to the surface
the gold electrode using the (CV) method, to determine
whether the electrochemical reaction on the gold
electrode is subject to diffusion or chemical kinetics,
based on the study of changes in the peak current with
changing scan rates as shown in (Fig.6).
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Figure (6): Cyclic voltammograms of Pioglitazone Hydrochloride at different scan rate (40 to 90 mV/s) in HCI.

We draw the curve that represents the changes of the values of current Ip (uA) with square root of scan rate \V as

shown in (Fig.7).
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Figure (7): Graph of current versus square root of scan rate in the acid medium HCI.

The cathodic peak potential increased with increase in
scan rate (40 to 90 mV/s). In (Fig.7) the graph of
cathodic peak current (Ip) versus square root of scan rate
gave a straight line with correlation coefficient values of
0.9917, it indicates that the electron transfer reaction was
under diffusion controlled.

-28

26 y-.0.0297x-15.308

2
a R2=0.9978

-22
-20
-18

-16

current Ip(pA)

-14

Effect of concentration of pioglitazone hydrochloride
at the electrochemical reduction

The (Fig.2) show the cyclic voltammograms for different
concentration of pioglitazone hydrochloride from (117 -
392) mg/L at pH (0.35), with a scan rate of 50 mV/s at
the electrochemical reduction. The redox peak current
was steadily increased with increasing the concentration
of pioglitazone hydrochloride.

300 400 500

Concentration C(mg/L)

Figure (8): Graph of the limit of the current with different concentrations of Pioglitazone Hydrochloride in the

acid medium.

The (Fig.8) show the graph of Ip versus concentration of
Pioglitazone Hydrochloride and it results that the
cathodic peak current was directly proportional to the
concentration of Pioglitazone Hydrochloride. The linear
regression equation as given by: y = -0.0297x - 15.308
with a correlation coefficient of R2 = 0.9978 at pH(0.35).

Application to pharmaceutical preparations

The proposed method has been successfully applied for
the analysis of PGZ-HCI in its commercial tablets.
Pharmaceutical preparation determined using cyclic
voltammetry in HCI at pH (0.35) containing 32% (v/v)

methanol. There were no interferences within containing
of met form in HCI in some tablets.

The percentage of the active substance in the sample
(30mg) was determined of (98.3%) in the acid medium it
is within the typical range allowed by the United States
Pharmacopeia(USP).%*!

CONCLUSIONS

In the proposed method, polarographic analysis of PGZ-
HCI in pure and pharmaceutical formulations in HCI
containing 32% (v/v) methanol at pH=0.35, have been
investigated using cyclic voltammetry (CV) method. One
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reduction peak was observed. The peak (Ep) may be
attributed to the reduction of the carbonyl group (-CO-).
The Ip were proportional to the concentration over the
ranges (117 - 392) mg/L at (pH=0.35) using CV.

Applying CV over mentioned methods in this context
were successfully carried out for the first time. The
proposed method was successfully applied to the analysis
of PGZ-HCI in pure and pharmaceutical formulations
with average recovery of (98.3%) .The results obtained
agree well with the contents stated on the labels.
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