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ABSTRACT

A liquid chromatographic-tandem mass spectrometric (LC-MS/MS) method was developed for the simultaneous

determination of Pioglitazone (PIO) and Hydroxy Pioglitazone (PIO M IV) in human plasma. Analytes were separated

from plasma by protein precipitation extraction technique with 0.1% Formic Acid in acetonitrile as precipitant.

Chromatographic separation was performed on a Thermo Hypurity 50 x 4.6 mm, 5u-C18 column with the mobile

phase consisted of 0.10% Formic acid in acetonitrile: 10mm Ammonium acetate (70:30). A tandem mass spectrometer

equipped with atmospheric pressure chemical ionization source was used as detector and operated in the positive ion

mode. Quantification was performed using multiple reaction monitoring (MRM) of the transitions m/z 357.2, 134.1 and
m/z 373.1, 149.9 for PIO and PIO M 1V respectively. The method showed a good linearity in a concentration range of
20.48 - 40000 ng/mL for PIO, and 10.29 - 2000 ng/mL for PIO M IV. The intra and inter-day precision was less than
15% and the absolute recovery was above 95%. This method was selective and rapid, sensitive for investigating drug

concentrations in clinics.

K eywor ds: Pioglitazone, Protein precipitation, Hydroxy-derivative (M-IV), LC-MS/MS.

1. INTRODUCTION

Pioglitazone (PIO) is an oral anti diabetic 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. PIO is commonly used for the treatment of
diabetes mellitus type II. It exerts its anitidiabetic activity
through selective stimulation of nuclear receptor
peroxisone  proliferator-activated receptor gamma
(PPAR-gamma). Chemically, PIO is, 5-{4-[2-(5-ethyl-2-
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pyridyl)  ethoxy]  benzyl}-2,  4-thiazolidinedione
hydrochloride salt.

PIO is extensively metabolized by hydroxylation and
oxidation. At steady-state, Hydroxy Pioglitazone (P10 M-
IV) reaches serum concentrations equal to or greater than
PIO. Analysis of PIO and its metabolites, in formulation
and biological fluids, by high performance liquid
chromatography (HPLC) with ultraviolet detection, LC-
MS/MS and HPTLC, have been reported in the
literature'®.  Nonetheless, the previously published
methods lack both specificity and sensitivity. In addition,
the analysis time is considerably high with enormous
extraction procedure to separate the active drug from the
biological fluid. Thus, the aim of the present study is to

develop a simple, economic, precise, and sensitive HPLC
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method, based on MS-MS detection, with shorter run
time for the quantitation of PIO and PIO M IV in human
plasma.

Experimental:
Reagents and | nstumentation

PIO, PIO (D4), PIO M IV (D4) were procured from
Vivan life sciences. PIO M IV was procured from
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Clearsynth lab. The standards procured have more than
99% purity. The chemical structures of the above
compounds are shown in Figure 1 (a-d). Acetonitrile
(HPLC grade), ammonia, ammonium acetate, methanol
(HPLC grade) were purchased from Merck (Country,
City) while Water (HPLC grade) was obtained from a
Milli-Q water purification system (Millipore, Milford,
USA). All reagents were of analytical grade.
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Figure 1. Chemical Structure of a) Pioglitazone, b) Hydroxy Pioglitazone,

c¢) Pioglitazone D4, d) Hydroxy Pioglitazone D4
Analysis was performed on a QPXE Waters with mobile phase composed of 10 % formic acid, as mobile
APCI ionisation source using multiple reaction
monitoring (MRM) detection. The isocratic HPLC

phase A, and 10 mm ammonium acetate buffer, as mobile
phase B, in the ratio of 70:30. The mobile phase was
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freshly prepared for each run, filtered through 0.45 um
filters, and degassed in ultrasonicator for 30 min before
use. Flow rate was set at 0.5 mL/min and column oven
temperature was maintained at 40 + 2°C. The injection
volume was 5.0 pL and the total run time was 4.50 min.

The mass spectrometer was operated in MS-MS mode
using MRM of the transitions m/z 357.2 > 134.1 for PIO
and 373.1 > 149.9 for PIO M IV.

Preparation of calibration curve (CC) standards and
quality control (QC) samples

Working calibration standards were spiked freshly in
plasma to produce concentration series of 20.58, 41.16,
196.0, 392.0, 784.0, 1568.0, 2240.0, 3200.0, 4000.0
ng/mL. The CC samples were analyzed along with the
QC samples for each batch of plasma samples. The
quality control samples were spiked in the range of 2.888
to 150.0 pg/mL. All the prepared plasma samples were
stored at -70°C.

Sample extraction by protein precipitation method

About 50.0uL of internal standard (IS) dilution (about
30 + 20 pg/mL of Pioglitazone D4 (PD4) + Hydroxy
Pioglitazone D4. (PM-IV D4)) was added into the pre-
labelled tubes except the standard blank and pre-dose
(without IS) samples. Accurately 200.0pL of plasma
blank, CC standards and QC samples were aliquoted into
pre-labelled tubes and vortexed to mix. Accurately,
1.0mL of 0.10% formic acid in acetonitrile was added to
each sample tube and mixed before centrifugation at
12000 rpm for 10 minutes at 10 + 3°C. The supernatant
was transferred into a pre-labelled auto sampler vial.

Method validation

The validation of the above method was carried out as
per US FDA guidelines. The parameters determined were
selectivity, matrix effect, linearity, precision, accuracy,
recovery, stability, and dilution integrity. Selectivity was
assessed by comparing the chromatograms of six
different batches of blank plasma obtained from six
different sources including one lipemic and one
hemolyzed plasma. Sensitivity was determined by

analyzing six replicates of plasma samples spiked with
the lowest level of the calibration curve concentrations.
Matrix effect was verified with six different lots of K2-
EDTA plasma. Three replicate samples, each of LQC and
HQC, were prepared from different lots of plasma (36
QC samples in total).

For linearity evaluation, standard calibration curves
containing at least nine points (non-zero standards) were
plotted in range of 20.31-4014.39 ng/mL for PIO. In
addition, blank plasma samples were also analyzed to
confirm the absence of direct interferences. Inter-day
precision and accuracy were determined by the analysis
of six replicates at four different QC levels on three
different days. Intra-day precision and accuracy were
determined by the analysis of six replicates at four
different QC levels of five different runs in the same day.
Recoveries of PIO and PIO M IV were determined by
comparing  extracted and unextracted samples
respectively. Dilution integrity was performed to extend
the upper concentration limit with acceptable precision
and accuracy. Six replicates, each at a concentration of
about 1.5 times of the uppermost calibration standard,
were diluted two and four folds with blank plasma. The
diluted samples were processed and analyzed.

Stability tests were conducted to evaluate the analyte
stability in stock solutions and in plasma samples under
different conditions. The stock solution stability at room
temperature and refrigerated conditions (2-8°C) was
performed by comparing the area response of the analytes
(stability samples) with the response of the sample
prepared from fresh stock solution. Bench top stability
(09 hr 55 min), processed samples stability (Autosampler
stability for 48 hr 05 min, reinjection stability for 46hrs),
freeze thaw stability (four cycles) were performed at

LQC and HQC levels using six replicates at each level.

Results and discussion
Method development

Mass parameters were tuned for both analytes. Good
response was found in the positive ionization mode. Data
in the MRM mode were considered, which showed better
selectivity. Chromatographic conditions, especially the
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composition of the mobile phase and the specifications of
different columns, were optimized through several trials
to attain good resolution, increase the intensity of
analytes’ signals, and achieve short run times. The
presence of a small amount of formic acid in the mobile
phase enhanced the detection of analytes. It was found
that a mixture of 0.1% formic acid in acetonitrile and 10
mM Ammonium acetate (70:30, v/v) could achieve this
purpose and was finally adopted as the mobile phase.
Thermo Hypurity (50 x 4.6mm), 5p column gave good
peak shapes and response even at lowest concentration
levels for both the analytes and IS. The mobile phase was
operated at a flow rate of 0.5mL/min. The retention time
of PIO and PIO M 1V was low enough (1.4 and 1.2 min,
respectively) to allow a shorter run time of 4.50min. A
simple protein precipitation extraction technique was
employed for the sample preparation that provided high
recoveries of the compounds.

Sensitivity

The lowest limit of reliable quantification for the
analytes was set at the concentration of the lower limit of
quantitation (LLOQ). The precision and accuracy at
LLOQ concentration were found to be 6.99% and 90.67%

Pioglitazone
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for PIO, 11.63% and 95.92% for PIO M IV.

Matrix effect

No significant matrix effect was observed in all the
six batches of human plasma for the analytes at low and
high quality control concentrations. The % coefficient of
variation (CV) of precision and % nominal of accuracy
for PIO at LQC concentration were found to be 2.84%
and 95.55%, and at HQC level they were 2.49% and
95.58%, respectively. Similarly, the precision and
accuracy for PIO M IV at LQC concentration were found
to be 4.93% and 98.28%, and at HQC level they were
4.11% and 97.85%, respectively.

Selectivity and chromatography

The degree of interference by endogenous plasma
constituents with the analytes and the IS was assessed by
inspection of chromatograms derived from processed
blank plasma sample. As shown in Figure 2 (A and B),
no significant direct interference in the blank plasma was
observed, however, traces were observed from
endogenous substances in drug free plasma at the
retention time of the analytes.

Piogltazone D4
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Figure 2. Typical MRM chromatograms of Pioglitazone (left panel) and 1S (right panel) in human blank
plasma (A), and human plasma spiked with IS (B), a LLOQ sample along with IS (C)

Linearity the drug to the IS concentration was found to produce the

The nine point calibration curve was found to be best fit for the concentration detector

linear over the concentration range of 20.31- 4014.39
ng/mL for PIO and 10.290-2000.0 ng/mL for PIO M IV.
After comparing the two weighting models (1/x and 1/x%),
a regression equation with a weighting factor of 1/x* of

response
relationship for both analytes in human plasma. The mean

correlation coefficient of the weighted calibration curves
generated during the validation was 0.99.

-217 -



Simple and Rapid...

Precision and accuracy:
As shown in Table 1 and 2, the %CV of precision and
% nominal of accuracy of each analyte in the intra and
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inter day runs were within £15% at LQC, MQC and HQC
concentrations and within £20% at LLOQ quality control
sample (QCs).

Table 1: Intra-assay and I nter-assay precision and accuracy result for PIO

Pioglitazone Conc Precision (% CV) Accuracy (%)
(ng/mL) I ntra-assay* I nter -assay** | ntr a-assay* I nter -assay**
20.325 (LLOQ QC) 2.63 6.99 89.92 90.67
56.457 (LQC) 1.43 2.84 98.33 95.55
1660.510 (MQC) 1.26 2.77 99.90 95.93
3168.913 (HQC) 123 2.49 99.22 95.58

(*n=5, **n=3)

Table 2: Intra-assay and I nter-assay precision and accuracy result for PIO M 1V

Hydroxy Pioglitazone Precision (% CV) Accuracy (%)
Conc (ng/mL.) Intra-assay* Inter-assay** Intra-assay* Inter-assay**
10.326 (LLOQ QC) 4.87 11.63 102.63 95.92
28.682 (LQC) 4.37 4.93 101.58 98.28
843.588 (MQC) 1.85 4.15 100.96 99.03
1609.901 (HQC) 291 4.11 99.80 97.85
(*n=5, **n=3)

Acceptance Limits’

%CV & % nominal should be <15% and <115% for
LQC, MQC & HQC, for LLOQ QC the %CV and %
nominal should be <20% and <120%, respectively.

Extraction efficiency

Six replicates at low, medium and high quality control
concentrations for PIO and PIO M IV were prepared for
recovery determination. The recoveries of analytes and IS
were good and reproducible. The mean overall recoveries
(with the precision range) of PIO, PIO M IV and IS (PIO
D4 & PIO MIV D4) were 98.95%, 98.50 % and 98.94%
& 98.2 %, respectively.

-218 -

Dilution integrity

The upper concentration limits can be extended to
6519ng/mL for PIO and 3440ng/mL for PIO M IV with
screened human blank plasma. The mean back calculated
concentrations for % and % dilution samples were within
85-115% of their nominal value. The coefficients of
variation (%CV) for % and Y4 dilution samples were less
than 10%.

Stability studies

Different stability experiments were carried out at
bench top stability (10h), autosampler stability (48h 5
min), repeated freeze thaw cycles (four cycles) and
reinjection stability (46h 50 min), the mean % nominal
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values of the analytes were within the limit and given in
Table 3.

Table 3: Stability studiesdata for PIO and PIO M |V

Conditions % Stability
Level PIO PIOM IV
Short term stock solution stability HQC 95.89 97.77
(11 hrs 21 min) LQC 100.24 101.51
Short term spiking solution stability HQC 101.84 97.96
(06 hrs 03 min) LQC 99.50 100.79
Bench top stability 11\{/[%((3: g;gz 190904116
(09 hrs 55 min) LQC 98.52 101.03
Auto sampler stability 13[%2 19092'6117 }gézé
(48h 05 min) LQC 102.41 101.21
. thaw stabilit HQC 101.68 99.07
reeze thaw stability
o MQC 98.81 97.22
(-30°C)
LQC 103.32 103.94
. HQC 101.05 96.10
Freeze thaw stability MQC 101.8 99.96
-75°C ; :
( ) LQC 102.73 105.62

CONCLUSIONS

The LC-MS/MS assay method described in this paper
is rapid, simple, specific and sensitive for quantification
of PIO and PIO M IV in human plasma and is fully
validated as per the FDA guidelines. To the best of our
knowledge, this is the first report on simultaneous assay
of PIO and PIO M IV in any of the matrix without
compromising on the reported sensitivity for each
analyte. The method was found to be suitable for
pharmacokinetic studies in humans. The simple protein
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