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Abstract

A novel solid-phase microextraction (SPME) method was developed for isolation of dextromethorphan (DM) and its main metabolite
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extrorphan (DP) from human plasma followed by GC-MS determination. Three different polymers, poly(dimethylsiloxane) (
oly(ethylenepropyleneglycol) monobutyl ether (Ucon) and polyethylene glycol (PEG) were synthesized as coated fibers usi
ethodologies. DP was converted to its acetyl-derivative prior to extraction and subsequent determination. The porosity of coated

xamined by SEM technique. Effects of different parameters such as fiber coating type, extraction mode, agitation method, sam
xtraction time, and desorption condition, were investigated and optimized. The method is rapid, simple, easy and inexpensive
igh sensitivity and reproducibility. The limits of detection are 0.010 and 0.015 ng/ml for DM and DP, respectively. The precisions
nalytes are below 5% (n= 5). The correlation coefficient was satisfactory (r2 > 0.99) for both DM and DP. Linear ranges were obtained f
.03 ng/ml to 2�g/ml for DM and from 0.05 ng/ml to 2�g/ml for DP.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Dextromethorphan (DM) is a safe perorally adminis-
ered antitussive that is widely available without prescrip-
ion for which the metabolite fate in humans has been well-
haracterized (Fig. 1). The metabolism of DM is primarily by
-demethylation to dextrorphan (DP), a reaction that is medi-
ted by cytochrome P450 enzyme CYP2D6. DM is also me-

abolized to 3-methoxymorphinan and 3-hydroxymorphinan,
ut these appear to be minor pathways mediated by CYP2D6
nd CYP3A3/4, respectively. Because the CYP2D6 enzyme
isplays polymorphism, DM metabolism to DP has been used

o phenotype subjects[1,2].

∗ Corresponding author. Tel.: +98 21 6005718; fax: +98 21 6012983.
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Several methods have been reported for the determ
tion of DM and DP in biological fluids including high
performance liquid chromatography (HPLC) with UV[3,4],
fluorescence detection[5–8,9], and tandem mass spectrom
try (MS/MS)[2,10–12], gas chromatography (GC)[1,13,14],
capillary electrophoresis[15,16] and thin-layer chromatog
raphy (TLC) [17]. However, all of the reported metho
except LC/MS/MS methods suffer from lack of sensitiv
and poor limit of quantification. In most of methods
scribed, liquid–liquid extraction (LLE) and solid-phase
traction (SPE) are the most commonly used technique
isolation and/or enrichment of DM and DP prior to chroma
graphic analysis. These approaches have disadvantag
they are tedious, labor-intensive and time-consuming p
dures. Although, the use of robotics has greatly decre
the level of tediousness, labor and time required for SPE
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Fig. 1. Chemical structures and metabolic pathway of DM.

LLE but usually such equipment is rather expensive and may
not be practical for all laboratories. LLE produces an emul-
sion and requires the use of large amount of highly-purity
solvents, which are often hazardous and result in the produc-
tion of toxic laboratory waste. Prior to the chromatographic
analysis, when LLE and SPE are employed, there is a need
for solvent evaporation, in order to preconcentrate the sam-
ples. Although SPE is less time-consuming than LLE, it still
requires an appreciable amount of toxic solvent for analyte
desorption.

Solid-phase microextraction (SPME) technique, initially
introduced for analysis of volatile compounds, has gained
an increasingly important role for isolation of vast vari-
eties of compounds from aqueous media[18]. SPME over-
comes the above difficulties by reducing or eliminating the
use of organic solvents and by allowing sample extraction
and preconcentration to be performed in a single run. The
technology is more rapid and simple than the conventional
methods. It is also inexpensive, portable and sensitive. In
SPME, sorbent coated silica fibers are used to extract ana-
lytes from solid, aqueous or gaseous samples. After extrac-
tion, the fibers are directly transferred into the injection port
of a gas chromatograph or special interface coupled to HPLC,
via a modified syringe, after which the analytes are des-
orbed, thermally or by solvents, and subsequently analyzed
[
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prepared by physical deposition of the polymer coating on the
surface of the fused silica fiber and that is the most likely rea-
son for the low thermal and chemical stability. Sol–gel chem-
istry offers a simple and convenient pathway for the synthesis
of advanced material systems to overcome this problem, by
providing efficient incorporation of organic components into
the inorganic polymeric structure in solution under quite mild
thermal conditions. Clearly, creating chemical binding be-
tween the solid-phase coating and the substrate surface leads
to more stable performance of the coating and subsequently
extends the SPME application field toward less volatile and
more polar compounds[28–31].

In the continuation of our research interests on
trace determination of organic compounds in aqueous
media [32–34], a simple, rapid, sensitive and repro-
ducible SPME-GC-MS method for the determination of
DM and DP in plasma is described. Three different
coated fibers including poly(dimethylsiloxane) (PDMS),
poly(ethylenepropyleneglycol) monobutyl ether (Ucon) and
PEG were prepared, based on sol–gel technology, and eval-
uated for the SPME of these analytes from human plasma
followed by GC-MS analysis.

2. Experimental

2

M-
H ne
( lo-
r an-
19–24,25].
SPME is predominantly performed on commerci

vailable SPME fibers coated with different sorbents
ng various polarities[20]. The recommended operating te
eratures for these fibers are generally within the rang
00–270◦C [26,27], which is not suitable for analysis
ome polar compounds. Moreover, all these fibers are
.1. Chemicals and reagents

Tetramethoxysilane, poly(methylhydrosiloxane) (P
S), trifluoroacetic acid (TFA), hexamethyldisilaza

HMDS), polyethylene glycol 4000 (PEG), methylene ch
ide, methanol, sodium hydroxide, hydrochloric acid,
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hydride acetic acid, benzoyl chloride, 2,4-dinitro benzoyl
chloride and pentaflourobenzoyl chloride (PFBC), were
purchased from Merck (Darmstadt, Germany). Hydroxy-
terminated PDMS, trimethylmethoxysilane, poly(ethylene-
propylenglycol) monobutyl ether (Ucon HTF 14) were pur-
chased from Fluka (Buchs, Switzerland). Dextromethorphan
hydrobromide and dextrophan tarterate (>99%) were kindly
provided by Toulid daru (Tehran, Iran).

2.2. Preparation of standards

Stock solutions (100�g/ml as free base) of DM and DP
were prepared in methanol, and stored at−20◦C. Other stan-
dard solutions were prepared daily by diluting these solutions.
Blank plasma samples were spiked with different concentra-
tions of DM and DP solutions, in a way that, final concentra-
tion of DM and DP were achieved as desired. After SPME of
spiked samples the calibration curves for DM and DP were
plotted using the GC-MS response for each analyte against
its corresponding concentration.

2.3. Apparatus

An SPME syringe was purchased from Azar Electrode
Co. (Uromieh, Iran). All samples were extracted from 4 ml
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icate culture tube. A 100�L volume of tetramethoxysilane
(precursor) and 200�L of 95% TFA (acid catalyst contain-
ing 5% water) were then sequentially added with thoroughly
mixing. The mixture was then transferred into an Eppen-
dorf micro centrifuge tube and centrifuged at 15,000 rpm for
5 min. The clear liquid (sol) from the top was transferred to
a clean vial and used for fiber coating.

2.4.3. Preparation of the polyethylene glycol sol solution
A volume of 400�L of tetramethoxysilane (precursor),

200 mg of polyethylene glycol (coating polymer), 200�L
acetone and 150�L of 95% TFA (acid catalyst containing
5% water) were thoroughly mixed in an Eppendorf micro
centrifuge tube and centrifuged at 15,000 rpm for 5 min. The
top clear liquid (sol) solution was transferred to a clean vial
and used for fiber coating.

2.4.4. Sol–gel coating of SPME fiber
Details of sol–gel coating were previously described

[29,30]. The total length of an SPME fiber was 2 cm, from
which a 1.2-cm end segment was chosen to be coated by the
sol–gel methodology. Prior to sol–gel coating, it was impor-
tant to remove the polyimide layer from a 1.2 cm segment of
the fiber at one of its ends. This was performed by burning
off the polyimide layer using a naked flame. The burnt sec-
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lear glass vials with silicon septa and open-top phen
aps. Samples were heated in a homemade glass wate
onnected to a refrigerated circulating water bath (Nes
nd stirred using a Snijders hot plate stirrer (Tilburg, H

and). A Heraeus Sepatech Model Labofuge 1500 centr
Osterode/Harz, West Germany) was used to separate t
olution from any possible precipitate. The scanning elec
icroscopy (SEM) experiments on the sol–gel fiber coat
ere carried out on a JEOL JXA-840 (Tokyo, Japan) s
ing electron microscope.

.4. SPME fiber preparation

Three different fibers with different polarities were p
ared. The sol solution for each polymer was prepared
ately.

.4.1. Preparation of the PDMS sol solution
A volume of 300�L of tetramethoxysilane (precurso

80 mg of hydroxyl-terminated PDMS (coating polym
0 mg of PMHS (deactivation reagent), and 200�L of 95%
FA (acid catalyst containing 5% water) were thoroug
haken in a borosilicate culture tube. The mixture was
ransferred into an Eppendorf micro centrifuge tube and
rifuged at 15,000 rpm for 5 min. The precipitate at the bot
f the tube was removed and the top clear sol solution
sed for fiber coating.

.4.2. Preparation of the Ucon sol solution
An amount of 0.187 g of Ucon HTF 14 (coating polym

as dissolved in 500�L of methylene chloride in a boros
h

l

ion of the fiber was cleaned with methanol, dried, and
ipped into the 1 M sodium hydroxide solution for an ho
ashed with double distilled water and put into hydrochl
cid 0.1 M for 20 min then washed with double distilled w

er and dried. The fiber was then dipped vertically into the
olution. It was held inside the sol solution for 20 min, dur
hich a sol–gel coating was formed on the bare outer su
f the fiber end. For each fiber, this coating process wa
eated three times, using a freshly prepared sol solution

ime. This was followed by the end-capping process. For
he coated fiber end was dipped into a trimethylmethox
ane/methanol solution (4:1, v/v). After one min the fi
as removed from the end-capping solution and placed
esiccators at room temperature for 24 h. The end-cap
rocedure was carried out just on PDMS coated fiber.

.4.5. Conditioning of the fiber
The sol–gel coated fiber was initially conditioned

50◦C under a stream of helium for approximately 2–
n the GC injection port. After removal from the injector,
ber was cooled to room temperature. The fiber was
onditioned again at desired temperature using the sam
ondition, for 30 min. The 30-min conditioning cycle w
epeated a few more times until a stable GC baseline
btained. The fiber was then ready for SPME and SP
C-MS experiments.

.5. Derivatization of DP and SPME sampling

All vials were silanized prior to use according to the
owing procedures: the vials were rinsed with 5% solutio



150 H. Bagheri et al. / J. Chromatogr. B 818 (2005) 147–157

HMDS in methylene chloride, followed by placing them in
an oven at a temperature of 250◦C for 8 h. The vials were
then sequentially rinsed with methylene chloride, methanol,
and double distilled water. Sample vials prepared by first
introducing 0.5 ml of plasma, containing DM and DP, into
empty vials. Then, 1.5 ml of sample modification solution
containing 0.4 g sodium chloride, 0.3 g potassium carbon-
ate and 5�l of methanol were added, using an adjustable-
volume pipetter. The derivatizing agent, anhydride acetic
acid, was added directly to the sample using a Hamilton
syringe. The acetyl form of DP was formed after continu-
ous stirring for 2 min. The vials were sealed with a phenolic
hole cap and silicon septum. Sample vials were heated in
a glass water bath, connected to a circulating water bath,
and mixed by magnetic stirrer. The SPME fiber was ex-
posed to the headspace by piercing the septum with the nee-
dle of the fiber assembly and then depressing the plunger.
Care was taken to prevent any direct contact between the
fiber and the liquid sample. After extraction, the fiber was
withdrawn into the needle and removed from the sample
vial.

2.6. SPME-GC-MS analysis

All gas chromatographic separations were performed on
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3. Results and discussion

3.1. Sol–gel coating in SPME

Nowadays, SPME is regarded as a well-established
methodology predominantly performed on commercially
available SPME fibers coated with different sorbents. To
extend this technique to the analysis of polar compounds
and less volatile substances, there is a need to make stable
stationary-phase coatings at the fibers end. Polysiloxanes are
the most popular SPME coating materials due to their high
thermal stability and enhanced solute diffusion capabilities.
Mostly, the thermal stability of such coatings is less than
270◦C, which limits the molecular weight range of analytes
that can be analyzed by SPME-GC[26,27]. Nevertheless,
SPME has been coupled with liquid chromatographic meth-
ods in order to analyze larger molecular weight analytes,
however, there are some problematic issues[19,20,35–37].
In those techniques, liquid solvents are being used to des-
orb the analytes from the fiber, suffering from the lack of
adequate speed for analyte diffusion in liquid and long sam-
ple desorption/introduction process. Instability of coating in
these cases is mostly due to the use of solvents rather than
exposing the fiber to high temperatures.

Our primary investigations revealed that using routine
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n Hewlett-Packard (HP) 6890 series gas chromatog
quipped with an HP 5973 mass selective detector (M
Hewlett-Packard, Palo Alto, CA, USA), and split–splitl
njector. Helium was used at a flow-rate of 1 ml/min as
arrier gas. The injection port temperature was 280◦C. The
lectron impact (EI) ion source, quadrupole mass anal
nd the interface temperature were maintained at 230,
nd 280◦C, respectively. The MS was operated in the

al ion current (TIC) mode, scanning fromm/z 25 to 350
or quantitative determination, the MS was operated in

ime-scheduled selected ion monitoring (SIM) mode. A
well time of 100 ms, two sets of characteristic ions atm/z
71, 150, 59, and 214 within 15–16.2 min and 150, 299,
nd 157 after 16.2 min were selected for GC-MS ana
f DM and derivatized DP, respectively. The fiber, wh
nalytes were extracted on, was inserted into the GC

ection port. A duration of 5-min was allowed for the a
ytes to be desorbed from the fiber and transferred into
C column for analysis. The thermal desorption step
arried out in the splitless mode, maintaining the colu
emperature at 50◦C. Low column temperature ensured
ective solute focusing at the column inlet. On comple
f the thermal desorption step, the split vent was op
nd kept in that position for the remainder of the chrom
raphic run. All separations were performed using an
column (Hewlett-Packard, Avondale, PA) with a 0.25�m

lm, 30 m× 0.25 mm. After completion of the sample
roduction step, the column temperature was raised to
al temperature of 280◦C at a rate of 20◦C/min and re
ained at this temperature for 10 min. The total run t
as 26 min.
DMS fibers, prepared by physical deposition process,
ot the suitable choice. Sol–gel technology, on the other h
eemed to be a feasible option to enhance the opera
tability of SPME fibers. In sol–gel approach the station
hase coating is chemically bonded to the surface of the
nder extremely mild thermal conditions[27–31]. The thick-
ess of chemically bonded polymeric layer can be contr
y varying the dipping time and the concentrations of
olution ingredients. Higher film thickness can be achie
hrough repeated dipping operations. Sol–gel coating
ology leads to a higher degree of flexibility in coating co
osition and selectivity. The surface coating obtained f
ol–gel chemistry has a composite nature. The compo
f this organic–inorganic coating can be controlled by v

ng the proportions of the sol solution ingredients, leadin
uch higher selectivity in SPME.
The PDMS coated fibers, prior to any conditioning, w

reated with a solution of trimethylmethoxysilane in
er to reduce the silanol contents of the coating. As

rimethylmethoxysilane molecules have a smaller molec
ize than PMHS or hydroxyl-terminated PDMS, they sho
ave greater access to the porous structure of the co
roviding added deactivation to sol–gel coating[27]. De-

ailed structures of surface-bonded sol–gel PDMS (de
ated by PMHS), Ucon, and PEG coatings are illustrate
ig. 2.

The surface characteristics of the sol–gel coated fi
ere investigated by scanning electron microscopy (S

echnique. The SEM micrograph provided an estimated
hickness of 10�m for the sol–gel PDMS, Ucon and PE
oatings. This thickness is almost ten times smaller tha
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Fig. 2. Structures of surface-bonded sol–gel: (A) PDMS (deactivated by
PMHS), (B) Ucon, and (C) PEG coatings.

conventional 100-�m coating thickness used on commercial
fused-silica fibers. From this perspective, sol–gel coatings
might have some disadvantageous for SPME. On the other
hand, as it is seen from the SEM of the coated surface pre-
sented inFig. 3, the sol–gel coatings possess porous struc-
tures, which should significantly increase the surface area
availability on the fiber. Consequently, even an apparently
thinner coating will be able to provide enhanced stationary-
phase loading and, therefore, high fiber sample capacity.
It should be also mentioned that even using the untreated
fiber substrate with a diameter of 200�m, providing higher
stationary-phase loading, was not satisfactory. Higher surface
area of the sol–gel coating should also provide enhanced ex-
traction efficiency in SPME. The smaller coating thickness
should help much faster mass transfer during extraction as
well as analyte desorption process during sample introduc-
tion as will be seen in our results. Sol–gel coated PEG coating
was not as porous as PDMS and Ucon coatings. This might
be due to the facts that PEG 4000 is solid under ambient
condition.

3.2. SPME optimization

In SPME, the rules based on the equilibrium between var-
ious phases can be employed. In a three-phase system, the
e ases

Fig. 3. Scanning electron micrograph of sol–gel coated fibers at 11,000-fold
magnification (surface view), (A) PDMS, (B) Ucon, and (C) PEG.

can be written:

Kfw = Cf

Cw
; Khw = Ch

Cw
; Kfh = Cf

Ch
(1)

whereCf is the equilibrium concentration of the analyte in
the fiber coating;Cw, equilibrium concentration of the analyte
in the aqueous medium; andCh, equilibrium concentration
of the analyte in the headspace. It is possible to replace the
quilibrium constants of analyte between each two ph
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molar concentrations by the number of analyte in the cor-
responding phase volume. Also, considering thatnf is the
number of molecules in the fiber;nw, number of molecules
in the aqueous phase; andn0, initial number of molecules in
the aqueous phase and replacing their corresponding equilib-
rium constants and phase volumes,nf can be written:

nf = KfhKhwVfn0

KfhKhwVf + KhwVh + Vw
(2)

whereVw is the volume of aqueous phase;Vf , volume of coat-
ing; andVh, volume of headspace. Considering the Henry’s
Law constants, it would be possible to reach to the following
equation.

nf = KfwVfn0

KfwVf + KhwVh + Vw
(3)

A linear relationship betweennf andn0 can be derived from
Eq.(3). However, due to the non-exhaustive nature of SPME,
the maximum recovery of SPME in equilibrium,Rmax, can
be defined:

Rmax = nf

n0
= Kfw Vf

KfwVf + KhwVh + Vw
(4)

The equilibrium constants values in Eq.(4) are affected by
temperature, addition of salt, pH and organic solvent and
m ges.
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(PFBC) were used for derivatization of phenolic compounds
and their determination were carried out using GC or HPLC.
In some instances, DP was derivatized by PFBC and subse-
quently determined by GC-ECD by Salsali et al.[1]. Deriva-
tization of DP using benzoyl chloride and 2,4-dinitro benzoyl
chloride was not successful but the derivatization process was
fully accomplished using PFBC and anhydride acetic acid.
Both of these derivatzing agents were used in SPME sam-
pling of DM and DP employing 1 ml of sample containing
100�g/L of DP in alkaline condition. It should be noted that
PFBC showed adverse effects on fiber coating, leading to an
increased background. Due to the mild and rapid derivatiza-
tion condition, anhydride acetic acid was preferred for this
purpose. Mass spectrum of acetyl-derivative of DP (Fig. 4)
confirms the derivatization process as it contains a base and
molecular ion peak atm/z 299, which is due to the replace-
ment of hydrogen in the hydroxyl group of DP (C17H22NO,
m/z257) by the acetyl group (OC CH3, m/z43).

3.2.2. Sample volume
Due to the nature of biological samples and considering

Eqs.(3) and(4), a volume of 2 ml in a 4 ml vial was selected.
This provided enough space for the fiber to be positioned
in the headspace above the sample, without contacting the
sample. Considerations were made to use the sample volume
c sed
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odifiers. SPME method often involves a number of sta
univariate approach was employed to optimize influ

ial factors, including fiber coating selection, extraction m
nd conditions, agitation method, sample volume, extra

ime, and desorption condition, in the developed metho
ome aspects, prior knowledge with the procedure or an
cal requirement will influence decisions to be made. In o
ases, experimental work will be required to determine
ost suitable condition[38–43].

.2.1. Extraction mode
It was possible to use direct or headspace samplin

M and DP analysis, however, headspace extraction wa
erred. Firstly, it was important to analyze the free form
hese drugs if they would have adequate vapor pressu
enetrate into the headspace. Secondly, isolating the
oating from direct contact with the sample matrix wo
revent and/or minimize adverse effect due to harsh
le conditions. AsFig. 1 shows, DM and DP have tertia
mine group on one side while on the other side, DM h
ethoxy group whereas, DP has a hydroxyl group. Di
nt conditions for headspace sampling of DM and DP

herefore, required. Also, for headspace sampling, acid
atrix should be different for analytes in order they are

itioned into headspace. Thus, for performing simultan
xtraction of both analytes in a single step, the derivatiza
f DP into a more volatile form was necessary.

Several methods for derivatization of phenolic groups h
een reported[44–48]. In these methods anhydride ace
cid, benzoyl chloride and some of its derivatives such
,4-dinitro benzoyl chloride, pentaflouro benzoyl chlo
losely controlled at 2 ml/vial, and identical vials were u
or all samples. The method optimization was performe
eveloping an extraction time profile based on following c
itions: An amount of 0.5 ml plasma containing 2�g DP and
�g DM, 1.5 ml solution containing 0.3 g potassium carb
te, 0.3 g sodium chloride, and 10�l methanol were trans

erred to a silanized glass vial, then 15�l anhydride aceti
cid was added and stirred for 2 min in order to comp

he derivatizatization of DP into its acetyl form. Since c
on dioxide was liberated during derivatization of DP, the
as not sealed, completely. Samples were stirred at 100
ciency of magnetic stirrer at 70◦C for different times rang
ng from 10 to 60 min. Sol–gel coated PDMS was used
xtraction. Desorption was 5 min at 280◦C. The results ob
ained were used as an indication to assess improveme

.2.3. Temperature effect and equilibrium time
According to SPME theory the fiber equilibration proc

s an exothermic process and any increase in sampling
erature will decrease both analyte recovery and equilib
xtraction time[19–22]. The headspace/sample partition
fficient of the analyte increases with enhanced tempera
hile at the same time, the fiber coating/headspace

ion coefficient decreases. The first phenomenon leads
igher concentration of the analyte in the headspace an

atter results in a lower equilibrium amount of analyte
he fiber coating is able to extract. Because the mass o
yte required to transfer from the headspace to the coat
maller, a shorter equilibration time results. When samp
emperature are elevated, and the samples are equilib
rior to the introduction of the fiber, the fiber coating extra
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Fig. 4. Electron impact mass spectrum of acetyl-derivative of DP.

a smaller amount of analyte from a headspace containing a
higher concentration of analyte and the amount of analyte
required to move from the liquid sample to the headspace
in order to satisfy the three-phase equilibrium balance is re-
duced. As the mass transfer of analyte from the liquid sample
to the headspace is often the limiting factor in equilibration,
the equilibrium extraction time will be further reduced with
higher sampling temperatures.

However, comparing the extraction time profiles obtained
at different temperatures (Fig. 5) reveals that shorter extrac-
tion times and higher sampling temperatures will increase
the speed of equilibrium in comparison with those of lower
sampling temperatures, having a non-equilibrium status. At
40–50◦C, neither compound was extracted at equilibrium
levels. At temperatures between 60 and 90◦C, equilibrium
extraction is achieved in 30 min. A temperature of 60◦C
was, therefore, selected as the extraction temperature for fu-
ture work, as it gave a higher recovery level. Sampling under
equilibrium condition is preferred as extractions performed
under non-equilibrium conditions suffer from poor precision.
Under the extraction conditions selected, the equilibrium ex-
traction time has been reduced to a practical level.

3.2.4. Selection of fiber coating
ME

fi tion
r re of
p ib-
i ach
t

not
s fer-
e l–gel
c ional
d nven-

tional PDMS coating contains a thick film of PDMS material,
which is inherently non-polar. Normally, this non-polar coat-
ing has less affinity toward polar compounds. The situation
is significantly different for sol–gel coated PDMS coatings.
Firstly, individual molecules of hydroxy-terminated PDMS
used for sol–gel coating contain terminal silanol groups that

Fig. 5. Temperature effect on absorption time profile, analyte recovery and
equilibration time. Condition was as described in Section 3.2.3. (a) DM and
(b) acetyl-derivative of DP.
Among the sol–gel coated PDMS, Ucon and PEG SP
bers, the PEG coated fiber showed insufficient extrac
ecovery, which could be due to the nonporous structu
olymeric coating (Fig. 3). The sol–gel coated Ucon exh

ted slightly higher recoveries than PDMS, but it did not re
he equilibrium in the 30-min time experiment.

As is known, conventionally coated PDMS fibers do
how sufficient selectivity for polar compounds. The dif
nce between PDMS coatings (conventionally and so
oated) can be explained by comparing the composit
ifferences between these two types of coatings. The co
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are absent in PDMS molecules used for conventional coat-
ings. These hydroxyl groups are meant for chemical bond-
ing of the polymer to the sol–gel network through conden-
sation reaction. Such a chemical bonding requires only one
hydroxyl group per molecule. So the second terminal hy-
droxyl group might be free, at least for some of the bonded
PDMS molecules. The presence of such a hydroxyl group will
make the coating more polar compared with analogous coat-
ings used on conventionally coated PDMS fibers. Secondly,
the sol–gel PDMS coating is an organic–inorganic composite
material in which the hydroxyl-terminated PDMS molecules
are attached to the polar silica network through chemical
bonding. The polarity of inorganic and organic components
of the composite sol–gel PDMS coating makes it suitable for
extraction of polar compounds. The sol–gel PDMS fiber was,
therefore, used for the further experiments and the other two
coatings were excluded from further investigations.

3.2.5. Effect of agitation
Usually, sample agitation enhances extraction efficiency

and reduces extraction time. For the purpose of the present
study various stirring efficiency of magnetic stirrer, from 10
to 100% of maximum efficiency was performed. This was ac-
complished using the method described in Section3.2.3and
a 60◦C sampling temperature and 30 min sampling time. Our
r were
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Fig. 6. Influence of sodium chloride quantities on extraction efficiencies.

of potassium carbonate per vial. The results (data not shown)
showed that using 0.3 g of potassium carbonate per vial, ini-
tially was chosen, results the maximum efficiency. Due to
the medium polarity of DM and acetyl-derivative of DP, ex-
cess amount of potassium carbonate will increase the ionic
strength of solution causing a reduction in analytes volatility
and extraction efficiency.

3.2.7. Effect of sodium chloride
The influence of salt addition on the efficiency of SPME

was also investigated. Usually, the presence of salt increases
the ionic strength of aqueous solution and would affect the
solubility of organic solutes. This can be explained by the en-
gagement of water molecules in the hydration spheres around
the ionic salt. These hydration spheres reduce the concen-
tration of water available to dissolve solute molecules. This
should, then, drive additional solutes into a non-polar sorbent
or extractant. In this experiment, sodium chloride concentra-
tions of 0.2–0.7 g/vial were tested. Other conditions were as
used forFig. 5 except that extractions were performed at
60◦C for 30 min. An increase in extraction efficiency was
observed (Fig. 6) by adding sodium chloride and the effi-
ciency started to decrease when amounts higher than 0.4 g of
NaCl/vial were employed. An amount of 0.4 g of NaCl/vial
was, therefore, used the optimum quantity. DM and acetyl-
d ex-

F itions
w

esults showed that the maximum responses for analytes
btained at above 70% of maximum stirring efficiency.
elative standard deviation (%RSD) values for this sec
as ranged from 10 to 15%.

.2.6. Effect of pH and selection of base
Due to the higher polarity of DP, its conversion to m

olatile derivative by anhydride acetic acid was neces
erivatization of phenolic groups with anhydride acetic a
sually needs to be carried out under basic condition an

s why potassium carbonate is usually used. Also, asFig. 1
hows, DM should be extracted under alkaline condition.
ition of potassium carbonate could adjust the pH valu

he range of 11.5–12, which led to satisfactory extraction
iency. This might be due to the pH and ionic strength eff
aused by this divalent species. In order to check the w
lkaline pH range, sodium hydroxide, in the absence of p
ium carbonate, was used. A decrease in extraction effic
f both analytes was observed for the alkaline pH ranges

ect of potassium bicarbonate was also examined to o
rather lower pH, ranging from 8 to 9, but the results w

oorer in comparison with the data obtained when potas
arbonate was used. Potassium carbonate was, therefo
ected for the pH adjustment because a buffered solutio
e formed while, due to its doubly charged ionic structure
an have greater ionic strength as well. It must be noted
or SPME of biological fluids, the extraction solution sho
e buffered by appropriate buffer because from samp
ample pH is different, and potassium carbonate is one o
est choices. Effect of potassium carbonate quantity o

raction efficiency was also tested using a range of 0.1–
-

erivative of DP are not completely polar in character and

ig. 7. Effect of desorption temperature on extraction efficiency; cond
ere as described in the text.
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cess amount of sodium chloride will increase ionic strength
resulting a decrease in analytes volatility and extraction effi-
ciency. The %RSD values for this section ranged from 8 to
12%.

3.2.8. Effect of organic modifier on extraction efficiency
The use of organic additives has been recommended for

matrices with polymer components such as plasma. It is sug-
gested that the binding of target analyte to the proteins can be
decreased and, therefore, the sensitivity of the method can be
substantially increased. Four modifiers including methanol,
ethanol, acetone and acetonitrile (10�l) were tested in our
work. Results showed an increase of extraction efficiency
when methanol was used as organic modifier. An amount
of 5�l of methanol led to higher extraction efficiency. The
%RSD values for this section were ranged from 8 to 10%.

3.2.9. Effect of desorpton temperature and time on
extraction efficiency

It is quite important to keep the time interval required
for the desorption as short as possible and carryover effects
must be avoided. Thus, using the highest possible temperature

without damaging the fiber coating and the smallest diameter
of the injector insert should be applied. This is due to the fact
that partition coefficient between fiber coating and headspace
is decreased with increased temperature, and the linear flow-
rate is increased with smaller diameter of the insert. In all
cases an insert with diameter of 0.75 mm was, therefore, used
for SPME-GC-MS.Fig. 7shows the effect of desorption tem-
perature on extraction efficiency, condition was as described
in Section3.2.3with the exceptions that sodium chloride was
0.4 g, extra amount of methanol was 5�l and stirring rate was
70% of maximum stirring efficiency. Clearly, the maximum
efficiency is obtained at 290◦C. Also, desorption time was
optimized and after each desorption process, carry over effect
was evaluated. A desorption temperature of 290◦C for 5 min
was, finally, selected.

3.3. Method validation

Choosing a suitable separation and detection technique
depends on many parameters[49]. In this work, GC-MS was
chosen as separation and detection technique because it is
robust, rapid, highly sensitive and selective. In addition, cou-

F
d

ig. 8. Mass chromatograms obtained after SPME of (A) blank human pla
escribed in Section 3.3. DP was derivatized into its aceryl form.
sma, and (B) plasma spiked with DM and DP (0.05 ng/ml), conditions were as
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Table 1
Regression equations, correlation coefficients, accuracy, intra- and inter-day precision obtained after SPME-GC-MS determination of DM and DP in plasma
samples

Analyte Concentration (ng/ml) Regression equation r2 Accuracy (%) Intra-day R.S.D. (%) (n= 5) Inter-day R.S.D. (%) (n= 15)

DM 10 y= 28.759x+ 3887.8 0.999 104.5 4.49 4.57
50 99.86 4.23 4.51

500 100.2 3.54 3.63

DP 10 y= 21.689x+ 318.51 0.994 103.8 4.81 4.98
50 99.94 4.58 5.04

500 100.7 3.29 3.38

pling of SPME to GC-MS is rather convenient and there is no
need to any particular interface in comparison with HPLC.

Preliminary works were carried out using the GC-MS in
the full scan mode to check the retention times of analytes
and any other possible co-extracted compounds. However, no
interferences from co-extracted compounds were observed
and eventually the GC-MS was operated in the SIM mode to
enhance the sensitivity.

The optimized method was examined for the extraction
and determination of DM and DP in plasma samples. The
SPME-GC-MS analysis was performed using a 30 min ex-
traction time at 60◦C, samples were stirred at 70% of maxi-
mum stirring efficiency, sodium chloride was 0.4 g/vial, 5�l
extra amount of methanol was also added to the vial and
desorption temperature was 290◦C for 5 min. A typical chro-
matogram obtained under these conditions is shown inFig. 8.
Plasma samples were spiked with different concentrations
of DM and DP solutions, in a way that, final concentration
of DM and DP in vials were in the range of 1 pg/ml up to
4�g/ml. After extraction and GC-MS analysis, calibration
curves for DM and DP were plotted. A linearity range of
0.03 ng/ml to 2�g/ml for DM and 0.05 ng/ml to 2�g/ml
for DP was obtained. The correlation coefficient was satis-
factory (r2 > 0.99) for both analytes. Detection limits, based
on a signal-to-noise ratio ofS/N= 3, were at 0.01 ng/ml and
0 ter-
d with
t them
fi
t early,
t sis of
r car-
r

4

ere
s fiber
c DM
a ina-
t of
c iffer-
e s due
t re,

and lower lifetimes, while pretreatment of samples are al-
most essential prior to the extraction process[38–43]. Sol–gel
chemistry offers a simple and convenient methodology for the
production of advanced material systems with desired struc-
ture, composition, and properties. Both polar and non-polar
surface-bonded coatings can be made using this technology.
Because of chemical bonding between sol–gel coatings and
fused-silica fibers, sol–gel coated fibers exhibit higher ther-
mal stability. Enhanced thermal stability of sol–gel coated
fibers allowed us to analyze DM and its metabolite, under
higher temperature and strong basic conditions. Sol–gel coat-
ings possess a porous structure and reduced coating thick-
ness that provide enhanced extraction and mass transfer rates
in SPME. High-temperature conditioning of sol–gel-coated
PDMS fibers leads to consistent improvement in peak area
reproducibility. Influential parameters such as fiber coating
type, extraction mode, agitation method, sample volume, ex-
traction time, and desorption condition, were investigated and
optimized. Among different agents tested for derivatization
of DP, for the first time, anhydride acetic acid was success-
fully applied and the converting reaction was proceed under a
gentle condition within 2 min. The proposed method provides
a rather easy, simple, rapid and inexpensive SPME method
for the determination of DM and its metabolite DP with suf-
ficient sensitivity and reproducibility. The use of automated
S d to
b usly
d d
s s are
m nical
p

A

the
R T).

R

999)

Bris-
.015 ng/ml for DM and DP, respectively. Intra- and in
ay precision were evaluated by spiking plasma samples

hree different amounts of each analyte and extracting
ve times in a day and three different days. AsTable 1shows
he R.S.D. values for both analytes are less than 5%. Cl
he proposed method can be easily used for the analy
eal clinical samples because; method optimization was
ied out using real plasma samples.

. Conclusion

In this work, three different sol–gel based polymers w
ynthesized and, for the first time, applied as the SPME
oatings for extraction of semi volatile drugs such as
nd DP from plasma samples followed by their determ

ions by GC-MS. Since the invention of SPME, variety
ommercial fibers have been employed for analysis of d
nt drugs, however, these fibers exhibit carryover effect

o the limitation of relatively lower desorption temperatu
PME would definitely increase the speed of the metho
e comparable with the dilute and shoot method previo
eveloped for LCMS/MS[2,10,11]. Due to the use of hea
pace sampling the matrix effect from biological sample
inimized and the method can be used easily for real cli
lasma samples as well as pharmacokinetic studies.
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