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Abstract 

A high-performance liquid chromatographic (HPLC) method for the simultaneous determination of pioglitazone 
(U-72107) and its potential metabolites (M-I to M-6) in human serum was developed. The method involved a solid 
phase extraction (SPE) of pioglitazone, its metabolites, and the internal standard (U-92573) from serum using C~8 
SPE columns with an elution solvent of 0.5 ml of acetonitrile-water (35:65, v/v). Separation of the eight analytes was 
achieved within 20 min using a reversed-phase Zorbax RX-Cs analytical column (250 mm x 4.6 mm i.d., 5 t~m 
particle size) with a mobile phase of acetonitrile-water (40:60, v/v) containing 3 ml acetic acid per liter mobile phase 
(apparent pH 5.5). An ultraviolet detector operated at 269 nm was used with a linear response observed from 0.02 
to 2 /lg ml ~ for these analytes except for M-4 which was best fitted with a polynomial regression. Limit of 
quantitation was found to be 0.02 Itg ml t for pioglitazone, M-3, M-5, and M-6; 0.04/tg ml ~ for M-2 and M-4; 
and 0.5 /lg ml ~ for M-I when using a 0.5 ml serum sample for extraction. Obtained from the method validation, 
intra- and inter-assay precision was ~<9'V,, and accuracy ranged from - 8.2 to 13.4% for all analytes. The applicability 
of this method has been demonstrated by successfully analyzing clinical serum samples. The strategies in the HPLC 
characterization and in the SPE procedure development for this method are discussed as well. 
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1. Introduction 

Piogli tazone hydrochloride,  5-{4-[2-(5-ethyl-2- 

pyridyl)ethoxy] benzyl}-2,4- thiazol idinedione hy- 

drochlor ide salt (U-72107A, AD-4833) (Fig. 1), 

was previously under  jo in t  development  by 

* Corresponding author. 

Takeda  Chemical  Industr ies (Osaka, Japan)  and 
Upjohn  (Kalamazoo,  MI) as an oral t rea tment  
for non- insu l in  dependent  diabetes mellitus 
( N I D D M )  and was undergoing  clinical testing for 
safety and efficacy. Pioglitazone hydrochlor ide 
has been shown to affect abnorma l  glucose and 
lipid metabol ism associated with insulin resistance 
by enhanc ing  insulin action on peripheral tissues 
in animal  models [1 3]. 
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Fig. 1. Metabolic scheme of pioglitazone. 

Previous pharmacokinetic studies indicated that 
several metabolites were present in the post-dose 
rat and dog serum and these have been identified 
as U-90441 (M-2), U-90760 (M-4), U-91322 (M- 
3), U-91323 (M-l), U-91324 (M-5), and U-91325 
(M-6) (Fig. 1). The determination of serum con- 
centrations of these metabolites in clinical studies 
would be very important for meaningful interpre- 
tation of the efficacy results since three of the 
metabolites, M-3, M-4, and M-5, were found to 
be pharmacologically active. A previously devel- 
oped method for determination of pioglitazone in 
serum could not be used to quantitate these 
metabolites [4]. Although Murakami et al. of 
Takeda have developed a method for quantitation 
of pioglitazone and five of its identified metabo- 
lites in serum (unpublished method), the compli- 
cated extraction procedures, which involve solid 
phase extraction, liquid liquid extraction, cen- 
trifugation, two periods of evaporation, etc., and 
the long chromatographic run time (60 min) with 
a solvent gradient program for each injection, 
make the method impractical for routine assay of 
large numbers of samples from clinical pharma- 
cokinetic studies. Thus, an analytical method for 
simultaneous quantitation of the parent drug and 

six identified metabolites in serum using solid 
phase extraction (SPE) and liquid chromatogra- 
phy has been developed. 

2. E x p e r i m e n t a l  

2.1. Chemicals and reagents 

Pioglitazone hydrochloride (U-72107A), U- 
91322, U-91323, U-91324, and U-92573 (internal 
standard, Fig. 2) were provided by The Upjohn 
Company (Kalamazoo, MI). U-90441, U-90760, 
and U-91325 were provided by Takeda Chemical 
Industries (Osaka, Japan). HPLC grade acetonitr- 
ile and methanol were obtained from Burdick and 
Jackson (Muskegon, MI). Acetic acid, ammonium 
hydroxide, and potassium phosphate (monobasic 
and dibasic) were of analytical-reagent grade and 
were purchased from Mallinckrodt Inc. (Paris, 

/ c.2c.2o c.7s ° 
CH 3 O;/  NH 

Fig. 2. Chemical structure of U-92573 (internal standard). 
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KY). Purified water was generated by a Milli-Q 
reagent water system (Millipore Corporation, 
Bedford, MA). 

2.2. Instrumentation and chromatography 

The HPLC system was composed of a Spectra- 
Physics SP 8810 isocratic pump with a Spectra- 
Physics 100 variable wavelength UV-Vis  detector 
(San Jose, CA), and a Perkin-Elmer ISS-100 au- 
tosampler (Norwalk, CT). The chromatographic 
separation was accomplished on a Zorbax RX-C8 
analytical column (250 x 4.6 mm i.d., 5 / l m  parti- 
cle, MAC-MOD Analytical Inc., Chadds Ford, 
PA) linked to a guard column (Rainin CN, 
15 x 3.2 mm i.d.) using a mobile phase of  acetoni- 
t r i le-water  (40:60, v/v) containing 3 ml acetic acid 
per liter of mobile phase with an apparent pH of  
5.50 _+ 0.05 adjusted with ammonium hydroxide. 
The chromatographic system was operated at 21 
23°C with a flow rate programed from 0 to 10 min 
at 1.2 ml m i n - l ,  and 10 to 20 min at 1.6 ml 
min J. The ultraviolet (UV) absorbance of  
column effluent was monitored at 269 rim. Quan- 
tification was accomplished by peak height ratio 
analysis using a structurally related compound, 
U-92573, as the internal standard (IS) (Fig. 2). A 
Harris computer system was used for calculation 
of the response ratio between the peak height of 
the drug and the IS. 

2.3. Preparation of  standards and controls 

A drug stock standard solution was prepared 
by dissolving accurately weighed quantities of  pi- 
oglitazone hydrochloride and each metabolite in a 
25 ml volumetric flask with acetonitr i le-methanol 
(50:50, v/v) to give a stock solution containing 
100 /~g ml ~ of free base equivalents of each 
compound. The IS stock solution was prepared by 
dissolving 2.5 mg of  IS in a 25 ml volumetric flask 
with acetonitrile methanol (50:50, v/v) to give a 
100 /tg m1-1 IS stock solution. The working 
standard solutions were prepared by diluting 
stock standard solution with acetonitri le-water 
(30:70, v/v). Stock and working standard solu- 
tions were stored at room temperature and pro- 
tected from light. 

Human serum standards were prepared fresh 
daily by aliquoting appropriate volumes of drug 
stock and working solutions into 0.5 ml of blank 
human serum (drug-free) in culture tubes to pro- 
duce a concentration series ranging from 0.005 to 
2 / tg  ml - ~ of each compound. Reference standard 
solutions for the estimate of absolute recovery 
were prepared in acetonitri le-water (35:65, v/v). 

Quality control (QC) samples were prepared by 
aliquoting appropriate volumes of  drug stock and 
working standard solutions into blank human 
serum to yield concentrations of 0.05, 0.5, and 1.5 
/tg ml 1. QC samples were stored at - 20°C until 
analysis. 

2.4. Processing o f  unknown samples 

Twelve C18 columns (100 mg 1.0 ml 1, Varian, 
Habor City, CA) placed on the vacuum extraction 
manifold (Supelco Inc., Bellefonte, PA) were pre- 
washed with 1 column volume of  acetonitrile fol- 
lowed by 1 column volume of 0.1 M KH2PO4 
buffer solution. A 0.5 ml aliquot of unknown 
sample or serum standard was mixed with 50 /~1 
of IS working solution (5/~g ml 1) and 0.5 ml of 
0.1 M KH2PO4 buffer solution and loaded onto 
individual SPE columns under slight vacuum (ap- 
proximately 86 kPa). The column was rinsed with 
0.3 ml methanol 0.1 M KH2PO4 (20:80, v/v) 
followed by 1 ml of 0.1 M K2HPO4 buffer solu- 
tion and was then dried for 5 min with vacuum 
aspiration (approximately 27 kPa). The com- 
pounds of interest were eluted from the column 
with 0.5 ml of  acetonitri le-water (35:65, v/v) by 
manually applying a slow uniform pressure to the 
top of  the column using nitrogen gas (about 0.2 
kg cm 2). Each eluate was collected in a 2 ml 
autosampler vial. 100/~1 of  the eluate was injected 
onto the HPLC system for analysis. 

2.5. Validation 

Method validation was performed by analyzing 
freshly prepared human serum standard curves 
containing the seven compounds on four different 
days along with the low, medium, and high QC 
samples prepared in replicate [5 7]. The intra-as- 
say precision was determined from the relative 
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standard deviations (RSDs) of  QC sample con- 
centrations analyzed on the same day and the 
inter-assay precision was obtained from the RSD 
of QC sample concentrations analyzed on four 
separate days over a period of 4 weeks. The assay 
accuracy was evaluated by comparing the actual 
amounts of  the analytes spiked with those mea- 
sured for QC samples (bias). The limit of  quanti- 
tation (LOQ) was estimated by analyzing fortified 
serum samples at the presumed levels in replicate, 
at which the intra- and inter-assay precision and 
accuracy were acceptable (RSD or bias ~<20%). 
The absolute extraction recoveries were deter- 
mined based on the comparison of  the areas 
under the peaks of  the extracted samples with 
those of  unextracted reference standard solutions 
containing the corresponding concentrations. In 
all cases, the means, standard deviations (SDs), 
and RSDs were calculated. 

3. Results and discussions 

3.1. H P L C  characteristics 

A review of  the UV responses for the parent 
compound and each metabolite indicated a UV 
maximum range of 262-275 nm. Thus, a UV 
wavelength of 269 nm was selected for monitoring 
the chromatographic effluent, giving adequate de- 
tection limits for all compounds of interest with 
minimal interference from endogenous serum 
components.  By using 269 nm, several late eluting 
interference peaks from human serum endogenous 
materials (retention times ranged between 80 and 
100 min) were eliminated. These interferences had 
quite high absorbance at 229 nm, the wavelength 
used in a previous method [4], and interfered with 
the quantitation of pioglitazone and metabolites 
in subsequent injections. 

Initial evaluation of the HPLC characteristics 
of  pioglitazone and its six metabolites was carried 
out by using the chromatographic conditions pre- 
viously developed for the parent drug in serum 
[4]. The Jones Chromatography ODS column 
(250 x 4.6 mm i.d., 5 /Lm particle size) with a 
mobile phase of  acetonitr i le-water  (40:60, v/v) 
containing 2.4 ml acetic acid per liter of  mobile 

r -  

E 

._E 
I.- 
t -  
O 

C 

CE 

2~ 

24 

20 

,i 
5 

>'\.... 

©-. 

~ ~ M-6 
Piogl i tazone 

..  . . . .  ======================= M-4M-s 
...... __.~ - o - - e  . . . . . .  o -o M-3 l . . . .  ::::::::::::::::::::::::::: :::::::::~.:::::::::~ M - 2  

M-1 
41s slo sis slo s'.s 7'.o zls 8'.o 

Apparent pH of Mobile Phase 

Fig. 3. Effect of mobile phase pH on the retention 
zone and its metabolites. 

of pioglita- 

phase (pH 6) produced sharp symmetric peaks for 
pioglitazone, M-l ,  M-2, M-3, M-5, and M-6. 
However, M-4 was eluted from this column as a 
broad-tailed peak. Therefore, various reversed- 
phase analytical columns such as Phenomenex 
Hypersil 5 C18, Phenomenex IB-Sil 5 C,s, Beck- 
man Ultrasphere 5 C,~ and Zorbax RX-Cs were 
evaluated. Among them, the Zorbax RX-C~ ana- 
lytical column (250 x 4.6 mm i.d., 5 tLm particle) 
gave the best peak shape for M-4. Thus, the 
mobile phase optimization was carried out using 
this column. 

The pH of the mobile phase was found to affect 
both retention time and peak shape of pioglita- 
zone and its metabolites significantly. To select 
the optimal pH, a study was carried out using a 
mobile phase of  acetonitr i le-water  (40:60, v/v) 
containing 3.0 ml acetic acid per liter mobile 
phase with a flow rate of  1.2 ml min '. Using a 
constant volume of  acetic acid (3 ml 1 ~), the 
apparent pH of the mobile phase was adjusted to 
4, 5, 5.5, 6, 6.5 and 7 with ammonium hydroxide 
(40%). An increase of  pH from 4 to 7 decreased 
the retention times of these analytes, particularly 
for pioglitazone, M-6, and IS (Fig. 3). A dramatic 
distortion of the peak shape was also observed for 
pioglitazone, M-6, and IS when the pH was lower 
than 5. However, a mobile phase with pH > 6 
resulted in poor  resolution between pioglitazone 
and M-6 and M-4 and M-5 (Fig. 3). Therefore, a 
mobile phase of  acetonitr i le-water  (40:60, v/v) 
containing 3 ml 1 I acetic acid with an apparent 
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Fig. 4. Chromatograms  after extraction of (a) a blank human  serum, (b) a blank human  serum fortified with 1 l~g ml ' each of 
pioglitazone, M- l ,  M-2, M-3, M-4, M-5, M-6 and IS, and (c) a human  serum sample collected 2 h post-dose from subject # 13 who 
received a single oral dose of 20 mg pioglitazone. 

pH of 5.50_+ 0.05 was selected, which gave the 
best separation between these analytes. A flow- 
rate program from 0 to 10 min at 1.2 ml min 
and 10 to 20 min at 1.6 ml min ~ provided a 
chromatographic run time of 20 min for each 
injection, without jeopardizing the excellent reso- 
lution between the eight analytes. Representative 
chromatograms of  drug-free human serum, serum 
spiked with pioglitazone, six metabolites, and IS, 
and a 2 h post-dose human serum sample col- 
lected from a clinical study are shown in Fig. 4. 

3.2. Extraction efficiency 

The extraction method previously developed for 
pioglitazone using Cls SPE [4] was first used for 
evaluation of extraction efficiency of pioglitazone 
and its six metabolites. Since most of  these 
metabolites were much more polar than the par- 
ent drug, a modification of the SPE method was 
necessary to improve the extraction recoveries of  
these metabolites. The retention of these corn- 

pounds on the SPE column increased when the 
serum sample was mixed with an equal volume of 
0.1 M KH2PO4 buffer solution (pH 4.5) before 
loading on the SPE column. This is probably 
attributable to the disruption of the protein bind- 
ing of these compounds by the acidic phosphate 
buffer. The acidic buffer may also facilitate the 
secondary interaction between the Cjs sorbent 
and polar metabolites. The amounts of  phosphate 
buffer mixed with the serum sample were also 
found to be important  for the extraction 
efficiency. As shown in Fig. 5, mixing 0.5 ml 
serum sample with 0.5 ml phosphate buffer re- 
sulted in higher extraction recoveries for these 
analytes compared to that mixed with either 0.3 
ml, 1 ml, or no phosphate buffer. The chro- 
matogram of  the extract was significantly im- 
proved with fewer interferences when the SPE 
column was rinsed with 300 /~1 of methanol 0.1 
M KH2PO4 (20:80, v/v) after sample loading, 
which removed polar serum endogenous compo- 
nents without eluting the analytes. An elution 
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solvent of  0.5 ml acetonitrile water (35:65, v/v) 
was the best choice with respect to the extraction 
recovery. Because of the secondary interaction, a 
column pre-condition with 1 ml of  0.1 M KzHPO 4 
buffer solution further improved the extraction 
recoveries of  these compounds.  Based on the 
above conditions, the recovery was approximately 
93 98% for pioglitazone and M-6, 90 95% for 
M-4, M-3, and M-5, 60-70% for M-2, 32 36% 
for M-l ,  and 90 95% for IS. Owing to the large 
differences in polarity between the parent com- 
pound and metabolites, it is difficult to obtain 
high extraction recoveries for all of  them. Thus, 
the emphasis was placed on the parent compound 
and the three active metabolites, M-3, M-4, and 
M-5, when optimizing the extraction conditions. 
With one step each for sample loading, clean-up, 
and elution, the extraction procedure was simple 
and rapid enough to allow accurate assay of  large 
numbers of  samples routinely. No apparent  differ- 
ence in the extraction recovery was observed when 
using 0.5 ml and 1 ml serum sample for extraction 
as long as it was mixed with an equal volume of 
phosphate buffer before loading on the SPE 
column. 

3.3. Linearity 

The calibration curve data for each compound 
in human serum during the method validation are 
listed in Table 1. A linear relationship was found 

P, 

,y, 

0.0 0 .3  0 5  1.0 

ml of Phosphate Buffer Mixed with Serum Sample 

Fig. 5. The influence on extraction recoveries of  the amount  of  
phosphate  buffer mixed with serum sample before loading on 
the SPE column (from front to back: M-l ,  M-2, M-3, M-4, 
M-5, IS, pioglitazone, and M-6). 

between the peak height ratio and concentrations 
ranging from 0.02 to 2/~g ml ~ for pioglitazone, 
M-3, M-5 and M-6; from 0.04 to 2 ~tg ml ~ for 
M-2; and from 0.5 to 2/~g ml ~ for M-1. Linear 
regression analysis indicated that the correlation 
coefficient (r) was greater than 0.99 with the 
intercept not being significantly different from 
zero (p > 0.05). The null hypothesis test also indi- 
cated that the addition of  the quadratic term did 
not significantly (p > 0.05) improve the fit. Thus, 
the equation Y= aX (force through the origin) 
can be used to calculate the unknown and QC 
samples by inverse prediction against the calibra- 
tion curve for the above compounds.  The rela- 
tionship between peak height ratio and 
concentration over a range of 0.04 to 2 /tg ml -  l 
for M-4 was best described by a polynomial re- 
gression model of  Y =  aX2+ b X +  c weighted by 
1/X, since the addition of  the terms a and b did 
significanty (p < 0.05) improve the curve fit and 
the intercept was significantly different from zero. 
The non-linearity of  the relationship for M-4 is 
probably due to the partial separation of 
stereoisomers, which has been proved by L C - M S  
analysis. This influenced the peak shape of M-4, 
especially at low concentrations. 

3.4. Specificity 

Specificity of  this method has been demon- 
strated by the representative chromatograms in 
human serum (Fig. 4), which indicated that each 
analyte was well resolved from the human serum 
endogenous material peaks. Additional blank hu- 
man serum from several individuals was also 
tested. There were no major  interferences at the 
retention times of the compounds of interest. 
Small interferences were observed at the retention 
times of M-I and M-2 and varied among individ- 
uals. As a result, the limit of  quantitation for 
these compounds was higher than others. 

3.5. Limit of  quantitation 

Based upon the evaluation of the replicates of  
low concentration standards in each validation 
run, the precision and accuracy values were ac- 
ceptable (~<20%) at concentrations of  ~>0.02 pg  
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Table 1 
Calibration curve data for determination of pioglitazone and its metabolites in human serum 

Compound Model Parameter Day I Day 2 Day 3 Day 4 

Pioglitazone Y =  a X + b  ~ a (RSD) 0.342 (0.6) 0.304 (0.7) 0.352 (0.6) 0.345 (0.5) 
b (SD) 2.4 (1.9) 0 (2.0) 3.3 (1.9) 0.2 (1.6) 
r 0.9998 0.9997 0.9999 0.9999 

M-I Y =  a X + b  ~' a (RSD) 0.273 (2.7) 0.295 (1.6) 0.272 (1.4) 0.261 (2.5) 
b (SD) - 4  (7) - 5  (4) - 7  (3) - 1 2  (6) 
r 0.9962 0.9988 0.9991 0.9968 

M-2 Y -  a X + b  ~' a (RSD) 0.216 (3) 0.241 (1.3) 0.275 (1.8) 0.201 (2.4) 
b (SD) 3 (6) 3 (3) 3 (5) 4 (5) 
r 0.9972 0.9994 0.9990 0.9981 

M-3 Y =  a X + b  ~' a (RSD) 0.643 (1.0) 0.780 (1.3) 0.702 (1.4) 0.702 (0.4) 
b (SD) 4 (6) 0 (9) 3 (9) 2.0 (2.8) 
r 0.9995 0.9992 0.9990 0.9999 

M-4 Y -  aX b  + b x b a (RSD) 2190 (34) 3280 (10) 3850 (23) 3430 (22) 
b (RSD) 0.237 (5.3) 0.208 (5.5) 0.277 (5.3) 0.267 (4.8) 
c (SD) -3 .1  (0.9) 2.9 (0.9) - 3 . 6  (1.0) --3.0 (0.9) 
r 0.9987 0.9992 0.9989 0.9991 

M-5 Y =  a X + b  ~ a (RSD) 0.635 (0.7) 0.685 (0.7) 0.698 (1.3) 0.697 (0.5) 
b (SD) 4 (4) - 3  (4) 1 (8) 3 (3) 
r 0.9997 0.9998 0.9992 0.9999 

M-6 Y = a X +  b ~ a (RSD) 0.312 (0.7) 0.293 (0.9) 0.374 (1.2) 0.340 (0.9) 
b (SD) 1.2 (2.1) - 1 . 8  (2.5) 2 (4) 3 (5.4) 
r 0.9997 0.9996 0.9993 0.9989 

~'Data calculated with no weighting. 
bData calculated with weighting of 1IX. 

m l '  for pioglitazone, M-3, M-5, and M-6, 
/>0.04 /Lg ml 1 for M-2 and M-4, and ~>0.5 /~g 
ml J for M-l ,  when using a 0.5 ml human serum 
sample for extraction and a 100 /~1 injection vol- 
ume for HPLC analysis. The assay sensitivity can 
be increased if 1 ml o f  serum sample is available 
for extraction. 

3.6. Precision and accuracy 

The SPE and subsequent HPLC analysis dis- 
played excellent intra- and inter-assay precision 
for pioglitazone and its metabolites. Table 2 lists 
the method validation results; the precision (RSD)  
for pioglitazone and each metabolite at the three 
concentrations in the within-day (intra-assay) 
study varied between 1.3 and 9.0% (n = 5) and in 

the day-to-day (inter-assay) study varied between 
3.0 and 9.0% (n = 20). The measured concentra- 
tions of  QC samples were found to be in good 
agreement with the actual concentrations; the bias 
ranged from - 8 . 2  to 13.4% at the three concen- 
trations evaluated for all analytes. 

3. 7. Applicability 

The method has been used to analyze clinical 
serum samples. Three of  the six potential metabo- 
lites, M-3, M-4, and M-5, were quantifiable in the 
post-dose serum samples with concentrations fol- 
lowing the order M-3 > M-5 > M-4. As an exam- 
ple, the serum concentrat ion-t ime profiles o f  
pioglitazone and observed metabolites determined 
using the method described above are presented in 
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Table 2 
lntra- and inter-assay precision and accuracy for determination of pioglitazone and its metabolites in human serum 

Compound Added Intra-assay Inter-assay 
(ng ml ~) ( n = 5 )  ( n = 2 0 )  

Mean RSD Bias Mean RSD Bias 
(ng ml ~) (%) (%) (ng ml ~) (%) (%) 

Pioglitazone 50 51.6 5.0 +3.2 49.1 6.0 - 1 . 8  
500 520 6.0 + 4.0 480 6.0 - 4.0 
1500 1490 2.1 + 0.7 1450 4.0 + 3.3 

M-1 

M-2 

M-3 

M-4 

M-5 

M-6 

50 < LOQ ~ < LOQ 
500 486 5.0 - 2.8 483 6.0 - 3.4 
1500 1450 4.0 3.3 1440 7.0 - 4.0 

50 56.7 8.7 + 13.4 56.0 9.0 + 12 
500 539 1.3 + 7.8 500 9.0 0 
1500 1560 3.0 + 4.0 1520 5.0 + 1.3 

50 50.9 5.0 + 1.8 50.9 5.0 + 1.8 
500 500 5.0 0 460 8.0 -- 8.0 
1500 1510 2.7 +0.6 1520 4.0 + 1.3 

50 45.9 4.0 --8.2 52.0 8.0 +9.0 
500 475 2.4 -- 5.0 505 5.0 + 0.2 
1500 1500 5.0 0 1400 6.0 -- 6.7 

50 51.8 3.0 + 3.6 50.6 4.0 + 1.2 
500 520 7.0 + 4.0 470 8.0 6.0 
1500 1530 3.0 + 2.0 1540 4.0 + 2.7 

50 49.9 6.0 --0.2 51.6 5.0 +3.2 
500 510 9.0 + 2.0 492 6.0 -- 1.6 
1500 1515 1.9 + 1.0 1510 3.0 +0.7 

~'LOQ = limit of quantitation 
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Fig. 6. Serum concent ra t ion- t ime profiles of pioglitazone ( 1 ) ,  
M-3 (O), M-5 ('¢'), and M-4 (A)  for subject # 13 who 
received a single oral dose of 20 mg pioglitazone. 

Fig. 6 for a subject ( # 13) who received a single 
oral dose of  20 mg of pioglitazone. The concen- 
trations of  M-l ,  M-2, and M-6 were all below the 
limit of  quantitation. 

4. Conclusions 

The validation of this analytical method for the 
determination of pioglitazone and its metabolites 
in serum indicated excellent reproducibility. Dis- 
tinct advantages include the simplicity and rapid- 
ity for sample preparation and chromatography,  
good resolution between the parent drug and six 
metabolites, accurate assay of large numbers of  
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samples  manua l ly  and the requ i rement  o f  only  
c o m m o n  ins t ruments .  The  SPE procedure ,  with 
one step each for  the sample  loading ,  c lean-up,  
and  elut ion,  can be easily a u t o m a t e d  ei ther  with a 
r o b o t  o r  an a u t o m a t e d  sample  p r e p a r a t i o n  system 
such as Z y m a r k ' s  BenchMate .  This  me thod ,  as 
developed,  has  been p roved  to have sufficient 
sensi t ivi ty to suppor t  p h a r m a c o k i n e t i c  eva lua t ion  
in clinical  studies.  
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