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a b s t r a c t

An enantioselective method using liquid-phase microextraction (LPME) followed by HPLC analysis was
developed for the determination of oxybutynin (OXY) and its major metabolite N-desethyloxybutynin
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(DEO) in rat liver microsomal fraction. The LPME procedure was optimized using multifactorial exper-
iments. Under the optimal extraction conditions, the mean recoveries were 61 and 55% for (R)-OXY
and (S)-OXY, respectively, and 70 and 76% for (R)-DEO and (S)-DEO, respectively. The validated method
was employed to an in vitro biotransformation study using rat liver microsomal fraction. The results
demonstrated the enantioselective biotransformation of OXY.
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. Introduction

Oxybutynin [4-(diethylamino)-2-butynyl-�-
henylcyclohexane-glycolate hydrochloride] (OXY, Fig. 1) is a
hiral drug administrated as a racemic mixture for the treat-
ent of urinary incontinence [1,2]. Anticholinergic agents, such

s OXY, inhibit the binding of acetylcholine to the cholinergic
eceptor and suppress involuntary bladder contractions [3]. After
ral administration, OXY is extensively biotransformated by
ytochrome P450 enzymes to N-desethyloxybutynin (DEO, Fig. 1),
he main active metabolite [4]. DEO is present in the plasma at
oncentrations approximately 4–10 times higher than those of
he parent compound and it has similar anticholinergic effects
f OXY. In therapeutic use, DEO seems to contribute greatly to
he anticholinergic side effects, in particular dry mouth [5,6]. The
ossibility of OXY delivering via non-oral route may be a more
ffective method of reducing the drug adverse reactions. Some
tudies demonstrated that its intravaginal [7] and transdermal

5,6] administration avoid the pre-systemic biotransformation of
XY, minimizing the side effects.

The stereoselectivity in the pharmacokinetic and pharmacody-
amic properties of OXY and DEO is demonstrated by differences

� This paper is part of the Special Issue ‘Enantioseparations’, dedicated to W.
indner, edited by B. Chankvetadze and E. Francotte.
∗ Corresponding author. Tel.: +55 16 36024261; fax: +55 16 36024880.

E-mail address: psbonato@fcfrp.usp.br (P.S. Bonato).
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n the kinetic parameters and in the effects of their enantiomers.
revious studies have reported that (R)-OXY and (R)-DEO exhibit
igher anticholinergic activity than the S-enantiomers. In addition,
S)-OXY is bound more strongly to glycoprotein than (R)-OXY [8],
hereas (R)-OXY and (R)-DEO are eliminated more slowly than the

S)-enantiomers [9]. Moreover, based on previous reports that both
YP3A4 and CYP3A5 are involved in the biotransformation of OXY

n DEO, it can be suggested that the differences observed in plasma
oncentration profiles between the enantiomers are caused, at least
n part, by the stereoselective biotransformation leaded by these
YP subtypes [9–11].

The enantioselective determination of OXY and DEO in biolog-
cal samples is described in literature by only three reports. All
he authors used chiral columns based on amylose derivates [12]
nd acid �1-glycoprotein [5,9]. Most of the methods for the anal-
sis of OXY and DEO enantiomers in biological fluids are based
n liquid–liquid extraction (LLE) for sample preparation. However,
his technique relies on substantial amounts of organic solvents
13]. In order to overcome this drawback, recent trends in sam-
le pre-treatment techniques have been developed, particularly
he miniaturization of LLE by greatly reducing the solvent vol-
me ratio, leading to liquid-phase microextraction (LPME) [14]. In
PME, the aqueous samples are filled in a small vial, and a piece

f a porous polypropylene hollow membrane is placed within this
ample. LPME could be used in two modes: two or three phases
15]. In the latter system, analytes are extracted from aqueous sam-
les (donor phase) through an organic solvent immobilized in the
ores of the hollow membrane (organic phase), and into another

http://www.sciencedirect.com/science/journal/15700232
mailto:psbonato@fcfrp.usp.br
dx.doi.org/10.1016/j.jchromb.2008.05.023
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ric acid 0.1 mol L−1, acetic acid 0.1 mol L−1 and trifluoracetic acid
0.1 mol L−1.
Fig. 1. Oxybutynin and N-desethyloxybutynin structures.

queous phase (acceptor phase) which is present inside the lumen
f the hollow membrane [13,16,17]. In the two-phase system, the
cceptor phase is the same organic solvent immobilized inside the
embrane.
Many parameters may interfere in the extraction procedure,

uch as extraction time, temperature, sample agitation, donor
hase composition and pH, organic solvent and acceptor phase
omposition and pH [15]. Therefore, factorial experiments are
seful to find the best conditions for the extraction. A factorial
xperiment is the one whose design consists of two or more fac-
ors, each with discrete possible values or “levels”, and which
he experimental units take on all possible combinations of these
evels across all such factors. Such experiment allows studying
he effect of each factor on the response variable, as well as, the
ffects of interactions between factors on the response variable.
f the number of experiments for a full factorial design is too
igh to be logistically feasible, a fractional factorial design may
e done, in which some of the possible combinations are omit-
ed [18–20]. A central composite design (CCD) is an experimental
esign, useful in response surface methodology to build a second-
rder (quadratic) model for the response variable without requiring
complete three-level factorial experiment. After performing the
esigned experiment, linear regression is used to obtain the results
18,21].

Based on this, the aim of this study was to develop a LPME
xtraction procedure followed by chiral HPLC analysis for the enan-
ioselective determination of OXY and DEO in microsomal fraction
f rat liver. During method optimization, several parameters were
nvestigated using factorial experiments. Finally, the optimized and
alidated method was applied to the study of OXY in vitro biotrans-
ormation using microsomal fraction isolated from rat liver.

. Experimental

.1. Chemicals and reagents

Rac-oxybutynin and rac-N-desethyloxybutynin were gener-
usly supplied by Watson Laboratories (Corona, CA, USA) and
rgamol (Switzerland, France), respectively. The solvents used

or mobile phase preparation, ethanol from Merck (Darm-
tadt, Germany), hexane from Mallinckrodt (Phillipsburg, NJ,
SA) and 2-propanol from EM Science (Gibbstown, NJ, USA)
ere all HPLC grade. Diethylamine, analytical grade, was

btained from Fluka (Buchs, Switzerland). Di-n-hexyl ether and
-octanol were purchased from Alfa Aesar (Ward Hill, MA,
SA) and Sigma (St. Louis, MO, USA), respectively. Sodium
ydroxide and perchloric acid were from Nuclear (São Paulo,
P, Brazil). Sodium dihydrogen phosphate and sodium hydro-
en phosphate were obtained from Merck (Darmstadt, Ger-
any). �-Nicotinamide adenine dinucleotide phosphate (NADP),

lucose-6-phosphate and glucose-6-phosphate dehydrogenase

ere obtained from Sigma (St. Louis, MO, USA). Purified water
as obtained from a Milli-Q-System (Millipore, Mildford, MA,
SA).

t
d

gr. B 875 (2008) 161–167

.2. Apparatus and chromatographic conditions

The chromatographic analyses were conducted using a Shi-
adzu (Kyoto, Japan) liquid chromatograph, equipped with an

C-AT VP solvent pump unit and an SPD-10A UV–vis detector oper-
ting at 262 nm. Injections were performed manually through a
0 �L loop with a model 7125 Rheodyne injector (Rheodyne, Cotati,
A, USA). Data were collected using a CR6A integrator (Shimadzu,
yoto, Japan).

The resolution of OXY and DEO enantiomers were evaluated at
2 ◦C using a Chiralpak AD column (250 mm × 4.6 mm, 10 �m par-
icle size, Chiral Technologies, Exton, PA, USA). A NH2 LiChroCart
olumn (4 mm × 4 mm, 5 �m particle size, Merck, Darmstadt, Ger-
any) was used as guard column. The best resolution was achieved

sing hexane–isopropanol–ethanol (95:4:1, v/v/v) plus 0.3% diethy-
amine as the mobile phase, at a flow rate of 0.9 mL min−1.

.3. Standard solutions and quality control samples

OXY and DEO stock (1 mg mL−1) and working solutions (25–400
nd 20–400 �g mL−1, respectively) were prepared in methanol,
tored frozen at −20 ◦C and protected from light, remaining stable
or at least 3 months.

Drug-free human plasma samples were obtained from healthy
olunteers and stored frozen at −20 ◦C. Prior to use, the diluted
lasma samples were allowed to thaw at room temperature. Diluted
lasma samples spiked with 400, 1250 and 3500 ng mL−1 of each
XY enantiomer and 325, 1000 and 3500 ng mL−1 of each DEO
nantiomer were prepared to measure the accuracy and precision
f the method (quality control samples).

.4. Optimization of the liquid-phase microextraction procedure

To minimize the use of animals, the development and val-
dation of the method was performed using drug-free plasma
btained from healthy human volunteers instead of microsomal
raction from rat liver homogenate. Differences in extraction behav-
or between plasma and microsomal fraction were not expected
ecause the amount of plasma and microsomal fraction used were
ery small (less than 1% of the total sample) and the protein con-
entration in the sample was similar using plasma or microsomal
raction. The plasma was diluted with 1 mol L−1 sodium phosphate
uffer, pH 7.4 (17 �L plasma/983 �L buffer) in order to achieve pro-
ein concentrations similar to those of the microsomal incubation

ixtures [22].
Diluted plasma samples (1000 �L) spiked with OXY and DEO

olutions were transferred to amber tubes followed by the addi-
ion of 400 �L perchloric acid 6% (v/v). The buffer and perchloric
cid solutions were added to simulate the conditions used in
he incubation experiments, i.e., the pH adjustment to assure
nzymatic reaction and the perchloric acid addition to stop the
ncubation reaction. Finally, 200 �L sodium hydroxide 2 mol L−1

as also added to alkalinize the samples to pH 8.0, required for
he extraction of the basic analytes. Next, the volume was adjusted
o 4.0 mL with 1 mol L−1 sodium phosphate buffer, pH 8.0. For each
xtraction, a new 6 cm length polypropylene hollow membrane was
laced in the system, and 1-octanol and di-n-hexyl ether were eval-
ated as organic solvents immobilized in the pores. The excess of
olvent in the membrane was removed by 10 s of stirring in water.
hree acid solutions were evaluated as acceptor phase: perchlo-
Factorial experiments were used to optimize other parameters
hat can interfere in the LPME extraction. A fractional factorial
esign was first developed (Tables 1 and 2) with six factors and two
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Table 1
Factors and their levels in the fractional factorial design

Factor Level

Low High

Extraction time (min) 20 (A) 40 (a)
Acid concentration in the acceptor phase (mol L−1) 0.05 (B) 0.2 (b)
Methanol (%, v/v) 0 (C) 5 (c)
Agitation (rpm) 1500 (D) 4500 (d)
NaCl (%, w/v) 0 (E) 20 (e)
Donor phase pH 7 (F) 8 (f)

rpm: rotation per minutes.

Table 2
Combinations studied in the fractional factorial design

Factor level Combination

1 2 3 4 5 6 7 8

A or a A A A A a a a a
B or b B b B b B b B b
C or c C C c c c c C C
D or d D d D d d D d D
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Table 4
Combinations studied in the central composite design

Experimental numbers X1 X2 X3 X4

1 −1 −1 −1 −1
2 1 −1 −1 −1
3 −1 1 −1 −1
4 1 1 −1 −1
5 −1 −1 1 −1
6 1 −1 1 −1
7 −1 1 1 −1
8 1 1 1 −1
9 −1 −1 −1 1

10 1 −1 −1 1
11 −1 1 −1 1
12 1 1 −1 1
13 −1 −1 1 1
14 1 −1 1 1
15 −1 1 1 1
16 1 1 1 1
17 0 0 0 0
18 0 0 0 0
19 0 0 0 0
20 −� 0 0 0
21 � 0 0 0
22 0 −� 0 0
23 0 � 0 0
24 0 0 −� 0
2
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evels: donor phase pH, acid concentration in the acceptor phase,
xtraction time, methanol percentage, sample agitation and salt
oncentration. The response evaluated in these experiments was
he sum of the peaks areas of OXY and DEO enantiomers.

In this study the influence of each factor in the OXY and DEO
xtraction was analyzed by the difference between the means of
he analyte chromatographic areas in the studies using low and
igh levels; the factor was considered important in the extraction
rocedure when this difference was a high number. The equation
ellow describes how the influence of each factor was calculated:

actor = |mean of OXY or DEO areas of low levels|
−|mean of OXY or DEO areas of high levels|

ccording to the factorial fraction design results, a new study
sing a central composite design (CCD) with four factors and five

evels was developed (Table 3). This study was outlined with 27
xperiments (Table 4). Since OXY and DEO had similar extraction
haracteristics, only the sum of the peaks areas of OXY enantiomers
as used to evaluate the results obtained in CCD experiments.

he “General Linear Model” software “Statistica 99 Edition—Kernel
elease 5.5” (Statsoft Inc., Tulsa, OK, USA) was used to evaluate the
CD results.

.5. Method validation
Calibration curves were constructed by analyzing diluted
uman plasma samples (1000 �L, n = 3 for each concentration)
piked with 25 �L of OXY and DEO standard solutions, to obtain
oncentration ranges of 312–5000 ng mL−1 for each OXY enan-

able 3
actors and their levels in the central composite design

evels Time (min) (X1) % Methanol (X2) Agitation (rpm) (X3) % NaCl (X4)

� 14.5 1.87 1500 2.25
1 20 2.98 2000 5.00

30 5.00 3000 10.00
40 7.02 4000 15.00
45.5 8.13 4500 17.75

pm: rotation per minutes.

b
D
t
w
W
t
t
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5 0 0 � 0
6 0 0 0 −�
7 0 0 0 �

iomer and 250–5000 ng mL−1 for each DEO enantiomer. Plots of
eak height versus OXY and DEO concentrations were constructed
nd the linear regression lines were used for determination of the
nantiomers concentration in the samples. The linearity of the ana-
ytical method was determined in a similar way.

The DEO quantification limit was assayed by analyzing aliquots
f diluted human plasma (n = 5) spiked at concentrations of
50 ng mL−1 of each enantiomer against a calibration curve in the
oncentration range of 250–5000 ng mL−1.

The precision and accuracy of the method were evaluated by
ithin-day (n = 5) and between-day (n = 3) assays using spiked
iluted plasma with OXY and DEO at concentrations of 400, 1250
nd 3500 ng mL−1 of each OXY enantiomer and 325, 1000 and
500 ng mL−1 of each DEO enantiomer.

The recovery of OXY and DEO enantiomers extracted from
iluted plasma samples (n = 3) spiked with 400, 1250 and
500 ng mL−1 of each OXY enantiomer and 325, 1000 and
500 ng mL−1 of each DEO enantiomer was determined using cali-
ration curves obtained by the direct analysis of the analytes in the
obile phase.
Freeze-thaw cycle and short-term room temperature stability

ssays were also evaluated. To perform the freeze-thaw cycle sta-
ility assay, three aliquots at low (400 and 325 ng mL−1 for OXY and
EO enantiomers, respectively) and high (3500 ng mL−1) concen-

rations of the control samples (prepared in microsomal fraction)
ere stored at −20 ◦C for 24 h and thawed at room temperature.
hen completely thawed, the samples were refrozen for 12 h under

he same conditions. This cycle was repeated twice more. Finally,
he samples were extracted and analyzed. For the determination
f short-term room temperature stability assay, three aliquots of
amples (at the same concentrations as described above) were
repared and kept at room temperature (23 ◦C) for 12 h. After
his period the samples were analyzed. The peak height ratio

btained from both stability assays were compared to the peak
eight ratio obtained with freshly prepared samples. Student’s
-test was applied, with the level of significance set at p < 0.05
23].
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Fig. 2. Chromatograms referring to the analysis of (A) drug-free microsome prepa-
ration obtained from rat liver homogenates, (B) microsome preparation spiked with
O
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OXY peak area for all NaCl concentrations in the range studied. The
effect of NaCl content is clearly more pronounced and the surface
curvature shows a quadratic effect. The increase in NaCl content
caused a decrease in OXY peak area, which seems to be more pro-

Table 5
Evaluation of each factor studied in fractional factorial design

Factor Differences between the higher and lower levels

OXY DEO

Time −15084 −7574
64 P. da Fonseca et al. / J. Chr

.6. In vitro biotransformation study

The microsomal fraction was obtained from male Wis-
ar rat (180–200 g) liver homogenates by ultracentrifugation
rocedures [24] and it was stored frozen at −70 ◦C. The incu-
ation system consisted of 0.4 mg mL−1 of protein, racemic OXY
10 �g mL−1), 716 �L sodium phosphate buffer 1 mol L−1 (pH 7.4)
nd 250 �L NADPH-regenerating system (NRS) (1.7 mg mL−1 NADP,
.8 mg mL−1 glucose-6-phosphate and 1.5 units mL−1 glucose-6-
hosphate dehydrogenase in Tris–HCl buffer (50 mmol L−1/KCl
.154 mol L−1, pH 7,4). The incubation was carried out in a 37 ◦C
haking water bath for 3 min. The incubation was stopped by adding
00 �L of perchloric acid 6% and then the samples were submitted
o extraction and chromatographic analysis. Product formation was
inear under the conditions described above.

. Result and discussion

.1. Chromatographic resolution of OXY and DEO enantiomers

Initially, the chiral resolution of OXY and DEO was developed
sing a chiralpak AD column and hexane: isopropanol (9:1, v/v) as
obile phase at a flow-rate of 1.0 mL min−1, but in this condition the

eparation was not satisfactory. After changing several parameters,
he separation of OXY and DEO enantiomers through this column
as possible using hexane: isopropanol: ethanol (95:4:1, v/v/v)
lus 0.3% DEA as mobile phase. Under this condition, we succeeded
separation in 20 min (Fig. 2B).

The elution order was determined by the analysis of individual
nantiomers (previously separated and collected according to the
roposed method) under the chromatographic conditions estab-

ished by Alebic-Kolbach and Zavitsanos [12]. The first OXY and DEO
nantiomer peaks analyzed correspond to (R)-enantiomers and the
ast ones correspond to (S)-enantiomers.

.2. Optimization of the LPME procedure

In LPME the analytes are transferred from large sample vol-
me (1–5 mL) to micro-sample volume (5–50 �L), so this technique
llows high preconcentration of the analytes; in addition, excel-
ent cleanup has been observed even from biological samples [13].
mong the several factors that potentially affect LPME extraction,

he most important were investigated here: organic solvent type,
cceptor phase type, time extraction, stirring rate, sample pH, salt
nd methanol addition to donor phase.

In preliminary experiments, we established the organic sol-
ent and the acceptor phase. The organic solvent used in LPME
ust be compatible with the membrane, immiscible in water

s well as it must have low volatility [25]. Two solvents with
hese characteristics were evaluated, i.e., 1-octanol and di-n-hexyl
ther. The last one resulted in higher recoveries for OXY and DEO
nantiomers, so it was selected for subsequent experiments. For
xtraction of basic compounds the maximal trapping of extracted
nalyte in ionized form requires low pH value of the acceptor phase
26]. Three acid solutions were selected to be studied: perchlo-
ic acid 0.1 mol L−1, acetic acid 0.1 mol L−1 and trifluoracetic acid
.1 mol L−1. The highest analyte recoveries were obtained using
rifluoracetic acid 0.1 mol L−1.

After these experiments, a fractional factorial design was used

nd the results obtained are demonstrated in Table 5. The factor that
emonstrated the lowest influence in the OXY and DEO extraction
as the concentration of the acid in the acceptor phase, so triflu-
racetic acid 0.1 mol L−1 was selected for subsequent experiments
nd this factor was not evaluated in the CCD. The donor phase pH

A
M
A
N
D

XY and DEO enantiomers and (C) microsome preparation after incubation proce-
ure: (R)-OXY (1) and (S)-OXY (2); (R)-DEO (3) and (S)-DEO (4). Chromatographic
onditions as in Section 2.2. Incubation condition: 3 min of incubation, 0.4 mg mL−1

f protein and 5000 ng mL−1 of each OXY enantiomer in incubation system.

xerted great influence in the extraction of the analytes, but it was
ot evaluated in the CCD because OXY has stability problems in pH
alues higher than 8.0 [3]. So, the CCD study was outlined with four
actors: extraction time, sample agitation and salt and methanol
ddition to donor phase.

The microsomal fraction proteins can interact with drugs and
ake difficult their extraction. So, the addition of organic sol-

ents to the samples, such as methanol, could be used to suppress
hese interactions increasing the analytes recoveries. The effect
f methanol and NaCl in the donor phase is shown in Fig. 3; the
esponse surface shows that methanol content did not affect the
cceptor phase −1865 −1067
ethanol −7994 −6127

gitation −3772 2460
aCl 6906 33824
onor phase pH 10780 −6712
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ig. 3. Response surface (methanol and NaCl percentage) obtained by CCD where
he response was total OXY chromatographic peak area.

ounced for lower concentrations and an asymptotic tendency for
igh NaCl concentrations. The results observed in Fig. 3 were con-
rmed by the analysis of variance (ANOVA) using response surface
ethodology, as shown in Table 6. Neither linear nor quadratic

erms of methanol were significant, although there is an inter-
ction with extraction time with lower OXY peak area in longer
xtraction time, which is possibly related to methanol evaporation
uring extraction. However, the linear term of NaCl concentration

s significant at 1% level, which attests a strong negative effect of
his factor for OXY extraction. The effect of time and agitation are
hown in Fig. 4; the response surface shows the great influence
f those factors on OXY extraction. In this figure, OXY peak area
ncreased strongly with both factors, reaching a maximum for the
ighest agitation speed and longer extraction time. The effect of
gitation speed seems to be linear while there is a remarkable cur-
ature in the extraction time effect. Those results were confirmed
y the analysis of variance showed in Table 6. The linear terms of
ime and agitation were both significant at 0.1%, while the quadratic
erm of time was significant at 10% level. As mentioned before, time

lso showed an interaction with methanol content. The effects of
hose factors on OXY extraction could be reliably evaluated by anal-
sis of variance on the experimental data, as shown in Table 6, since
any factors presented high significance levels.

t
A
t
l

able 6
nalysis of variance on LPME data

actor Sum of square Degree of freedom

115,443 × 104 1
581,441 × 102 1
144,768 × 104 1
491,194 × 103 1

2 164,353 × 103 1
2 2,118,332 1

2 137,678 × 102 1
2 104,067 × 103 1
× M 166,014 × 103 1
× A 110,864 × 102 1
× N 444,339 × 102 1
× A 110,481 × 102 1
× N 756,683 1
× N 84,754 1
rror 422,566 × 103 12

otal 408,136 × 104 26

: time, M: methanol, A: agitation, N: NaCl, *0.1%, **1% and ***10%.
ig. 4. Response surface (agitation and time extraction) obtained by CCD where the
esponse was total OXY chromatographic peak area.

The ANOVA showed that the linear effects of time, agitation and
aCl concentration, the quadratic effect of time and the interaction
etween time × methanol were significant at 10% level. In this work,
nly factors with significance levels higher than 10% were consid-
red. The fitted equation, with correlation coefficient r2 = 0.9145, is
iven by

XY = 20220.99 + 7419.93
(

T − 30
10

)
+ 3766.03

(
T − 30

10

)2

+8341.66
(

A − 6
2

)
− 4858.95

(
N − 10

5

)

−3221.16
(

T − 30
10

)(
M − 5
2.02

)

here T: time, A: agitation, N: NaCl concentration and M: methanol
ercentage.

In this study it was not possible to find the optimum values
or extraction by canonical analysis, but the greatest OXY and DEO
ecoveries were obtained with highest extraction time and agita-

ion speed and lowest methanol and NaCl concentration in samples.

new study was not outlined due to equipment limitation (agita-
ion at 4500 rpm is the highest level of the equipment) and time
imitations (long extraction time turns the analyses impracticable).

Mean square Fcalc p

115,443 × 104 32.5278 0.0001*
581,441 × 102 1.6512 0.2230
144,768 × 104 41.1111 0.00003*
491,194 × 103 13.9490 0.0028**
164,353 × 103 4.6673 0.0517***
2,118,332 0.0602 0.8104
137,678 × 102 0.3910 0.5435
104,067 × 103 2.9553 0.1113
166,014 × 103 4.7144 0.0507***
110,864 × 102 0.3148 0.5851
444,339 × 102 1.2618 0.2833
110,481 × 102 0.3137 0.5857
756,683 0.0215 0.8859
84,754 0.0024 0.9617
352,138 × 102
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Table 7
Precision and accuracy for the analysis of OXY enantiomers

Within-day (n = 5) Between-day (n = 3)

Concentration (ng mL−1) CV (%) E (%) Concentration (ng mL−1) CV (%) E (%)

400 (ng mL−1)
(R)-OXY 454 9.3 13.4 452 12.5 12.9
(S)-OXY 448 10.0 12.0 458 7.8 14.6

1250 (ng mL−1)
(R)-OXY 1380 5.2 10.5 1414 9.7 13.1
(S)-OXY 1323 5.5 5.9 1382 6.6 10.6

3500 (ng mL−1)
14.
14.

n
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t
c
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r
b
d

3

t
s
a
a
e
e

e
f

3
o
t
f
y
r
a
l
t

r
T
D

T
P

3

1

3

n

T
S

N

F

S

(R)-OXY 3995 4.3
(S)-OXY 4024 4.9

: number of samples; CV: coefficient of variation; E: relative error.

Based on the experiments discussed above, the best LPME con-
ition was established as no salt and methanol in donor phase,
ample agitation at 4500 rpm, 45 min of extraction, trifluoracetic
cid 0.1 mol L−1 as acceptor phase, di-n-hexyl ether as the extrac-
ion solvent and donor phase pH adjustment to 8.0. Under these
onditions excellent cleanup of the samples was obtained as shown
n Fig. 2A.

The LPME optimization using multivariable design allowed a
eduction in the amount of required experiments, making it possi-
le to distinguish interactions among the factors that would not be
etectable by classical optimization procedure.

.3. Method validation

In order to evaluate the practical applicability of the LPME
echnique, optimal extraction conditions were validated analyzing

ome important parameters, such as linearity, recovery, precision,
ccuracy, quantification limit and stability. Coefficients of variation
nd relative errors of less than 15% were considered acceptable,
xcept for the quantification limit, for which these values were
stablished at 20%, as recommended in the literature [27–29].

(
t
c
o
s

able 8
recision and accuracy for the analysis of DEO enantiomers

Within-day (n = 5)

Concentration (ng mL−1) CV (%) E (%

25 (ng mL−1)
(R)-DEO 293 14.8 −9.
(S)-DEO 300 14.7 −7.

000 (ng mL−1)
(R)-DEO 944 10.3 −5.
(S)-DEO 970 9.8 −2.

500 (ng mL−1)
(R)-DEO 4021 6.2 14.
(S)-DEO 3922 7.7 12.

: number of samples; CV: coefficient of variation; E: relative error.

able 9
tability test for the analysis of OXY and DEO enantiomers in microsomal fraction

ominal concentration (ng mL−1) p-Values

(R)-OXY (S)-OXY

reeze-thaw cycles
400 0.9711 0.2847
3500 0.8553 0.1063

hort-term room temperature
400 0.8577 0.1621
3500 0.2842 0.6610
1 3684 11.2 5.3
8 3982 10.2 13.8

During method validation, the area and height of OXY and DEO
nantiomers peaks were used. The height of the peaks was chosen
or the calculations because of better reproducibility.

The method proved to be linear over the concentration range of
12–5000 ng mL−1 of each OXY enantiomer and 250–5000 ng mL−1

f each DEO enantiomer, with typical calibration curve equa-
ions determined as y = 1.5727x − 87.263 and y = 1.2082x + 245.25
or (R)-OXY and (S)-OXY, respectively, and y = 0.8764x − 51.496 and
= 0.728x + 67.788 for (R)-DEO and (S)-DEO, respectively. The cor-

elation coefficients obtained (r2 ≥ 0.98) show that the method
ttends the criteria for methods used in the analysis of drugs in bio-
ogical samples [27–29]. In addition, the coefficients of variation on
he slopes and intercepts were lower than 15%.

The LPME recoveries were 61 and 55% for (R)-OXY and (S)-OXY,
espectively, and 70 and 76% for (R)-DEO and (S)-DEO, respectively.
he differences between recoveries of the enantiomers of OXY and
EO are within the experimental errors expected for this procedure
≤15%). Comparing the literature information on microextraction
echniques [30], these recoveries were considered very good, espe-
ially taking into account the limitations of pH (≤8.0) because
f the stability of OXY. The quantification limit determined from
piked plasma was 250 ng mL−1 for each DEO enantiomer and

Between-day (n = 3)

) Concentration (ng mL−1) CV (%) E (%)

8 295 13.6 −9.1
6 307 14.8 −5.5

5 944 14.1 −5.6
9 980 9.5 −1.9

9 3760 14.2 7.4
0 3950 6.8 12.9

Nominal concentration (ng mL−1) p-Values

(R)-DEO (S)-DEO

325 0.7274 0.9562
3500 0.6037 0.4340

325 0.0924 0.1275
3500 0.9284 0.9910
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his limit was considered to be the lowest concentration quanti-
ed with a relative error lower than 20%. The quantification limit
as not determined for OXY due to the high concentration of

he drug used in the biotransformation experiments. The three
ethods described in literature for the analysis of DEO enan-

iomers use liquid chromatography/tandem mass spectrometry
LC–MS–MS). Because LC–MS–MS is a very sensitive technique,
hese authors reached low values of limit of quantification (approx-
mately 0.5 ng mL−1 for each OXY and DEO enantiomer) [5]. In our
tudy, we find higher limits of quantification for DEO enantiomers;
owever, these values were sufficient to allow the application of
his method in an in vitro biotransformation study.

The analytical precision of the method was expressed as within-
ay and between-day CV (%) whereas the accuracy was expressed
s relative error (%). The results are summarized in Tables 7 and 8.
he stability of OXY and DEO at pH 8.0 was assured in these exper-
ments, because the results obtained for samples prepared and
mmediately extracted were not significantly different than those
btained for sample prepared and extracted up to 6 h.

The stability study showed no statistical difference between
reeze-thaw cycle and short-term room temperature stability
ssays with p-values > 0.05 (Table 9).

.4. Method application

The validated method was applied to an in vitro biotransforma-
ion study using rat liver microsomal fraction. Fig. 2C shows the
hromatogram obtained by the analysis of OXY submitted to the
iotransformation procedure. The protein concentration, time of

ncubation and substrate concentration were optimized in order
o evaluate the linear OXY biotransformation and the established
onditions were 3 min of incubation, 0.4 mg mL−1 of protein and
000 ng mL−1 of each OXY enantiomer in the incubation system.
nder this incubation condition Km of 9.3 and 7.9 nmol L−1 for (R)-
XY and (S)-OXY, respectively, were observed indicating greater
nzyme affinity to (S)-OXY and consequently, the enantioselective
XY biotransformation by rat liver microsomes. Previous studies
ave clearly demonstrated the enantioselective pharmacokinetic
haracteristics of OXY and DEO after oral or transdermal admin-
stration in man [5,6], however only one recent report described
he in vitro stereoselective biotransformation of OXY using human

icrosomal fraction [9] as well as recombinant human P450-
xpressing microsomes. Comparing our preliminary results with
hose reported by Mizushima et al. [9], the R/S ratio Km of OXY is
imilar in human and rat microsomes.

. Conclusion
A three phase LPME method for the enantioselective analy-
is of OXY and DEO in microsomal preparations was described.
PME proved to be a powerful technique for sample preparation,
roviding high recoveries, efficient cleanup and low consume of
rganic solvent. The use of experimental design in LPME optimiza-
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ion was very useful, since it reduced the number of experiments
nd it made possible the study of the interactions between factors.
inally, the validated method has a proven viability for quanti-
ative analysis of OXY and DEO enantiomers in liver microsomal
raction.
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