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easurement of drug concentra-
tion in biological samples (espe-
cially in plasma) from patients

commonly is performed in clinical medi-
cine to ensure a proper therapeutic level
while minimizing the incidence of toxicity.
Sample preparation is an important part of
these analyses when using chromatographic
methods. The aim of a sample preparation
is to eliminate interfering compounds from
the matrix using a minimum number of
steps, resulting in a reproducible methodol-
ogy. Solid-phase microextraction (SPME)
has been evaluated as a suitable sampling
technique for a wide range of applications
(1) and has proven to be a very effective,
highly sensitive, solvent-free approach
(1–3). 

In SPME, sample analytes are extracted
and concentrated by the fiber coating and
then introduced into the chromatograph
(Figure 1). Although this technique was
introduced originally for the extraction of
organic compounds from environmental
samples (1,4), since 1995 it also has been
applied to various biological matrices (5,6).
The use of SPME for assaying drugs in
plasma is summarized in Table I (7–25).

Parameters Affecting the Extrac-
tion of Analytes by SPME
Many variables have been studied for the
optimal extraction of analytes from liquid
matrices by direct immersion SPME and in
liquid and solid matrices by the application
of headspace SPME. When dealing with
the analysis of drugs in biological fluids,
some of these parameters are more impor-
tant than others. We will now discuss these
parameters.

Fiber Coating
The affinity of the coating for an analyte is
the most important factor in the successful
use of SPME. Selection of the coating is
based primarily on the polarity and volatil-
ity of the analyte. Both the coating thick-
ness and distribution constant determine

the sensitivity of the method and the
extraction time. Thick coatings offer
increased sensitivity but require much
longer equilibration times. Therefore, it is
important to use the appropriate coating
for a given application (1–3). 

The main commercially available coat-
ings offer only a few alternatives: polydi-
methylsiloxane of different film thicknesses
(7, 30, and 100 �m), 85-�m polyacrylate,
65- and 60-�m
polydimethylsiloxane–divinylbenzene, 75-
�m Carboxen–polydimethylsiloxane, 65-
�m Carbowax–divinylbenzene, and 50-�m
Carbowax-templated resin. There is a sub-
stantial difference in performance between
liquid and solid coatings. In liquid coat-
ings, the analytes partition onto the extrac-
tion phase, while in solid sorbents, the
coating has a well-defined, dense crystalline
structure that substantially reduces the dif-
fusion coefficients within the structure with
extraction occurring only on the surface
coating (1–3). 

The most popular fibers are those coated
with 7–100 �m polydimethylsiloxane as
the extraction medium. SPME partitioning
equilibrium on this phase has been corre-
lated with octanol–water distribution coef-
ficients (kow) (1, 26). These studies demon-
strated that for solutes with low kow, low
recoveries are obtained. This low recovery is
mainly due to the phase ratio between the
aqueous and polydimethylsiloxane phases.
The amount of polydimethylsiloxane used
in SPME is typically on the order of 
0.5 �L or less, thereby limiting the enrich-
ment on the polydimethylsiloxane fiber.
Based upon this observation, a new
approach using stirring bars coated with
polydimethylsiloxane was developed (27).
This approach uses 50–300 �L polydi-
methylsiloxane coatings. Consequently, the
sensitivity is increased by a factor of from
100 to 1000. Complete recovery is possible
for solutes with kow larger than 500. This
technique, named stir-bar sorptive extrac-
tion, has been applied successfully to the
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3 mL of phosphate buffer (0.01 mol/ L)
was added to 1 mL of the drug-free plasma
spiked with working standards, and the
sample was vortexed for 10 s before extrac-
tion. The fiber, Carbowax-templated resin,
then was immersed in the sample with stir-
ring at room temperature for 10 min. For
the condition in which the solution was
saturated with 40% sodium chloride, the
mass extracted decreased for drugs. Thus,
30% sodium chloride was selected as the
best condition.

Matrix pH
Matrix pH can be adjusted to optimize the
SPME of either acidic or basic drugs. This
is related to the fact that, unless an ion-
exchange coating is used, SPME can extract
only neutral (nonionic) species from the
matrix. By properly adjusting the pH, weak
acids and bases can be converted to their
neutral forms, which enables them to be
extracted by the SPME fiber. The matrix
pH effect on the extraction efficiency of the
anticonvulsants using different pH values
adjusted with phosphate buffer is shown in
Figure 2b. This direct extraction was
achieved with Carbowax-templated resin
fiber (50 �m film thickness) by modifying
1.0 mL of sample plasma matrix to 30%
sodium chloride, adding 3 mL phosphate
buffer (pH 3.0, 5.0, 7.5, 9.0, and 11.0) at
room temperature, and stirring for 10 min.
The majority of anticonvulsants evaluated

analysis of biological samples (28–31).

Ionic Strength
Altering the ionic strength of the matrix
also can optimize SPME methods. Salt ions
in solution have two opposing effects on
drugs in solution. As salt is added to solu-
tion, water molecules are tied up in hydra-
tion spheres around the salt ions. This
reduces the availability of free water mole-
cules for dissolving the drugs. As a conse-
quence, the activity, or effective concentra-
tion of drugs in solution, increases and
more drugs will distribute into the fiber
(1–3), according to the salting-out effect.
Conversely, as salt concentration continues
to increase, the salt itself can interact with
the drugs in solution through electrostatic,
covalent (as in the case of organic salts), or
ion-pairing interactions. This reduces the
ability of the drug to move into the fiber
coating, reducing the amount extracted
(12,32). Caution should be taken as a high
salt concentration in the sample matrix
facilitates salt deposition on the fiber, which
decreases extraction efficiency over time.
For anticonvulsants analysis (SPME–liquid
chromatography [LC]) in plasma samples,
the first step to optimize SPME conditions
was to evaluate the influence of ionic
strength of the matrix on extraction (Figure
2a). For that purpose, the addition of
sodium chloride (0, 10, 20, and 30%) was
investigated. In a conic glass tube (5 mL), 

were weakly acidic, so the best results were
obtained at pH 5.0. Care should be taken
when direct-immersion SPME is used,
because extreme pH values (less than 2 and
greater than 10) can damage the coating
and make it difficult to implement large
pH changes (13). The pH of the sample
should be adjusted after adding salt or, if a
small amount of organic additive is used
(see the following), before organic solvent
addition.

Extraction Time
Drug extraction is optimized by determin-
ing the time required for an analyte to
reach equilibrium between the sample
matrix, gaseous headspace, and fiber coat-
ing. Figure 2c shows the effect of the equi-
librium time (5, 10, 20, 30, and 50 min)
on the extraction efficiency of the anticon-
vulsants in a plasma sample (1 mL) that
was modified with 30% sodium chloride
and 3 mL phosphate buffer (pH 5.0) at
room temperature and stirred periodically.
The extraction equilibrium time was
reached at 30 min for all investigated drugs.
When equilibration times are excessively
long, shorter extraction times can be used.
However, in such cases, the extraction time
and mass transfer conditions must be con-
trolled strictly to assure good precision. The
extraction equilibrium time usually is
reached in 15–30 min for most drugs in
plasma; a relatively short extraction time is
one of the main advantages of SPME.

Organic Additives 
The use of a small volume of an organic
additive such as methanol is recommended
for plasma samples. It is suggested that the
binding of target analyte to the protein can
be decreased and therefore, the sensitivity
of the method can be increased substan-
tially (10).

Temperature
By increasing the extraction temperature,
the distribution constant of drug between
the fiber coating and the extraction mixture
decreases. However, in contrast, an increase
in temperature also can increase the analyte
diffusion rate by lowering the viscosity,
which shortens the equilibrium extraction
time. This temperature might be more
important for plasma than for water or
urine because of its higher viscosity. Conse-
quently, SPME methods can be optimized
by selecting extraction temperatures with
which satisfactory sensitivity is achieved in
an acceptable time period. Figure 2d shows
the effect of 30–70 °C temperatures on the

Figure 1:  Schematics of (a) the fiber SPME extraction procedure, (b) thermal desorption on a GC
injection port, and (c) solvent desorption using an SPME interface.
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SPME efficiency of the anticonvulsants in
the plasma sample (1 mL) modified with
30% sodium chloride and 3 mL of phos-
phate buffer (pH 5.0) and stirred for 30
min. Based upon the results shown in Fig-
ure 2, we concluded that the best experi-
mental conditions among those investi-
gated for the SPME procedure were the
following: direct extraction with Car-
bowax-templated resin fiber (50 �m film
thickness), 1.0 mL of sample plasma

matrix modified with 30% sodium chlo-
ride and 3 mL of phosphate buffer (pH
5.0), with the extraction temperature at 
30 °C and stirring for 30 min.

Agitation
The SPME of plasma samples was per-
formed in two different ways: by direct
extraction and by headspace extraction
(Table I). In direct extraction mode, the
coated fiber is inserted into the liquid sam-

ple, and analytes migrate between the sam-
ple matrix, gaseous headspace, and fiber
coating until equilibrium is reached. Drug
equilibration time depends upon its mass
transfer rate in sample matrix. Stirring,
fiber vibration, and sonication enhances
drug transfer from the matrix to fiber coat-
ing, which then reduces the effect of the
“depletion zone” produced close to the
fiber as a result of slow diffusional trans-
port of analyte through the stationary layer

Analyte Extraction Mode Analytical System Remarks References

Fiber Coating (LOQ or LOD)

(thickness, mm)

Valproic acid Direct immersion GC–FID Equilibrium Krogh et al., 1995 (7)
PDMS (100) (LOD: 1 mg/mL) dialysis followed SPME

Aniline, phenols, Direct immersion GC–MS Protein binding study, Vaes et al., 1996 (8) 
nitrobenzenes PA (85) determination of free concentrations
Antidepressants Direct immersion GC–NPD, Theoretical model for Ulrich and Martens, 1997 (9)

PDMS (100) GC–MS influence of proteins
(LOQ:90–200 ng/mL)

Diazepam Direct immersion GC–FID 1-Octanol-modified PA Krogh et al., 1997 (10)
PA (85) (LOQ:0.25 nmol/mL) fiber, pretreated plasma (TCA)

PDMS (7, 100)
Benzodiazepines Direct immersion GC–FID 1-Octanol-modified PA Reubsaet al., 1998 (11)

PA (85) (LOQ: 0.01–0.48 mmol/mL) fiber, pretreated plasma (TCA)
Clozapine Direct immersion GC–NPD Influence of proteins and Ulrich et al., 1999 (12)

PDMS (100) (LOD: 30 ng/mL) triglycerides
Lidocaine and three Direct immersion GC–NPD Effect of different fiber coating Abdel-Rehim et al., 2000 (13)
of its metabolites CW-DVB (65) (LOQ: 8–21 ng/mL) 

PA (85)
PDMS (100)

Lidocaine Direct immersion GC–FID Analysis of free, protein-bound, Koster et al., 2000 (14)
PDMS (100) (LOD: 5 ng/mL) and total amount of lidocaine

in human plasma
Anesthetics Direct immersion GC–NPD Study of protein-binding Abdel-Rehim et al., 2000 (15)

CW-DVB (65) (LOQ: 0.5 mmol/mL) ultra filtrate plasma
PA (85)

PDMS (100)
Gamma- Derivatization GC–PICI-MS Conversion of gamma-hydroxybutyric Frison et al., 2000 (16)
hydroxybutyric acid headspace (LOQ: 1 mg/mL) to gamma-butyrolactone
Methadone and its Direct immersion GC–MS Application to methadone Bermejo et al., 2000 (17)
main metabolite PDMS (100) (LOD: 40 ng/mL) -treated patients
Levomepromazine Direct immersion GC–NPD Application to therapeutic Kruggel and Ulrich, 2000 (18)

PDMS (100) (LOQ: 5 ng/mL) drug monitoring
Midazolam PA (85) GC–MS (SIM) Application to therapeutic Frison et al., 2001 (19)

(LOD: 1.0 ng/mL) drug monitoring
Anticonvulsants Direct immersion LC–UV Off-line Queiroz et al., 2002 (20)

CW-TPR (50) (LOQ:0.05–1.0 mg/mL) desorption
Anticonvulsants Direct immersion GC–TSD Application to Queiroz et al., 2002 (21)

CW-DVB (65) (LOQ:0.05–0.2 mg/mL) therapeutic monitoring
Thymol Headspace GC–FDI Enzymatic cleavage of Kohlert et al., 2002 (22)

PDMS-DVB (65) (LOQ: 8.1 ng/mL) thymol sulfate
Sulfentanil Direct immersion GC–MS Influence of pH and Paradis et al., 2002 (23) 

PDMS-DVB (65) (LOQ: 6.0 ng/mL) ionic strength
Amitraz Direct immersion GC–TSD Application to toxicity Queiroz et al., 2003 (24)

PDMS (100) (LOQ: 20 ng/mL) studies in dogs
Busulphan Direct immersion GC–MS In-vial derivatization Abdel-Rehim et al., 2003 (25)

CW-DVB (65) (LOQ: 20 ng/mL)

PDMS � polydimethylsiloxane, PA � polyacrylate, CW � Carbowax, DVB � divinylbenzene, FID � flame ionization detection, NPD � nitrogen–phosphorus
detection, TSD � thermionic specific detection, LOQ � limit of quantitation, LOD � limit of detection, TCA � trichloroacetic acid, PICI-MS � positive ion chemical
MS, SIM � selected ion monitoring

Table I:  Application of SPME in plasma samples
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of liquid matrix surrounding the fiber
(22,1).

Derivatization
Derivatization can be performed as follows:
directly in the sample by adding appropri-
ate reagents followed by extraction (33);
into the gas chromatography (GC) injector
by extracting and derivatizing within the
GC inlet (34); and in the SPME fiber by
extracting, then exposing the fiber-contain-
ing extract to the derivatizing reagent (35).

Influence of Plasma Protein 
on SPME
Plasma proteins decrease the extraction
recovery, which indicates a disturbance of
the extraction process. High molecular
weight compounds such as proteins can
adsorb irreversibly to the fiber, thus chang-
ing the properties of the stationary phase
and rendering it unusable. Protein precipi-
tation has been used to release drugs from
the plasma by acidification (9,11,14,19,22)
and the addition of methanol (10). When
the plasma samples were spiked with drugs
after protein precipitation (remaining
aqueous phase from plasma), the peak

Figure 2:  Effect of the major experimental variables (a) extraction time, (b) pH, (c) sodium chlo-
ride concentration, and (d) temperature on the efficiency of direct SPME of anticonvulsants in a
plasma sample. Fiber: Carbowax-templated resin (50 �m film thickness). (See text for further
details.) Drugs: 1 � phenylethylmalonamide, 2 � phenobarbital, 3 � primidone, 4 � lamotrigine,
5 � carbamazepine epoxide, 6 � phenytoin, 7 � carbamazepine.

Figure 3:  Capillary GC-thermionic specific
detection chromatogram for the SPME extracts
of dog plasma that was dipped in an amitraz
bath, 292 mg/kg of body weight, resulting in
plasma levels of 41.29 ng/mL. Peaks: 1 � inter-
nal standard (chlorpyrifos),2 � amitraz.
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areas obtained were comparable to those
values obtained by spiking pure water
(9,21).

The high protein binding of antidepres-
sants (9), clozapine (12), and anticonvul-
sants (21) appeared to be the main limiting
factor concerning a faster extraction and
higher recovery in plasma (9,12,21). 

The sensitivity of SPME can be
improved considerably by dilution of
plasma samples with either buffer solution
or water (12,16–18,20,21,24). The dilu-
tion increases the diffusion coefficient of
the drugs from plasma samples to the poly-
meric coating. Compared with water, dif-
fusion coefficients are smaller in the more
viscous protein solution. 

Analyte Desorption
Gas chromatography: When GC is used
for analyte separation and quantitation, the
fiber is inserted into a hot injector, where
thermal desorption of the trapped analytes
takes place (Figure 1b). Opening the split
line during SPME injection is not practical
because it results in reduced sensitivity.
Efficient desorption and rapid transfer of
the analytes from the injector to the col-
umn require high linear flow rates of the
carrier gas around the coating. This can be
accomplished by reducing the internal

diameter of the injector insert, matching it
as closely as possible to the outside diame-
ter of the coated fiber. Narrow-bore inserts
for SPME are available commercially for a
range of GC instruments (1–3). Tempera-
ture, time of desorption, and the position
of the needle in the GC injector are the
main factors affecting the thermal desorp-
tion of analytes from the SPME fiber.
SPME desorption of drugs usually uses an
injection temperature close to 250 °C and
a normal desorption time in the splitless
mode from 2 to 4 min. An example of a
successful SPME–GC application for the
analysis of a drug in dog plasma can be
seen in Figure 3.

Liquid chromatography: In LC, a spe-
cially designed desorption interface is used
for the analysis of nonvolatile and ther-
mally liable compounds with SPME pre-
concentration. A typical SPME–LC inter-
face consists of a desorption chamber and a
six-port injection valve (Figure 1c). The
optimization of the desorption conditions
is the most critical step in SPME–LC. One
of the main difficulties that limits the wide
application of SPME–LC is imposed by
the on-line coupling of these methods, as
well as their subsequent operation (36),
and absence of a suitable commercially
available stationary phase that not only has
high extraction ability for polar analytes
but also is stable in solutions of various
matrices.

The number of SPME–LC applications
is substantially lower than for SPME–GC,
despite its potential for plasma analysis.
However, most LC applications were devel-
oped in recent years, clearly indicating
increasing interest in the technique. 

Queiroz and colleagues (20) described a
specific and very simple set up for off-line
coupling SPME and LC that does not
require any interface. Currently it is
employed successfully in the determination
of lamotrigine simultaneously with car-
bazepine and carbamazepine 10,11-epox-
ide, the main metabolite of carbamazepine,
an antiepileptic drug (Figure 4). The
SPME–LC off-line desorption of anticon-
vulsants in plasma samples was achieved by
exposing the fiber to 50 �L of the mobile
phase for 10 min using a 0.1-mL glass vial
(V-shape). This volume enables the fiber
coating to be immersed completely in the
solvent. This off-line desorption procedure
also was used to analyze tricyclic antide-
pressants in plasma samples by
SPME–LC–UV (Figure 5).

Moreover, an SPME–LC approach
known as in-tube SPME was developed

recently using an open tubular fused-silica
capillary column with an internal coating
as the SPME device instead of SPME fiber.
The combination between in-tube SPME
and HPLC or LC–MS can be done easily
by fixing this capillary column as the
SPME device between the injection loop
and injection needle of the HPLC
autosampler. The in-tube SPME technique
has been applied sucessfully to polar and
nonpolar compounds in biological samples
(37).

Analytical Validation
Most of the described methods (Table I)
showed high chromatographic selectivity,
linearity, precision (coefficient of variation
less than 15%), and high sensitivity, in-line
with the international criteria for valida-
tion such as for therapeutic drug monitor-
ing (7,10,12–14,16,18–21,23,25), clinical
toxicology (9,16,18,24), forensic toxicol-
ogy (10,16), social toxicology (17),
bioavailability, and pharmacokinetics (22). 

SPME of drugs in plasma samples
(Table I) showed low recoveries in most
cases. Namara and colleagues (38) showed
that SPME analysis of drugs from biologi-
cal fluids gave recoveries ranging from 0.03
to 12.9%. Low recovery does not necessar-
ily imply insufficient precision of the
method. Changes in the recovery due to
changes in the matrix, changes in the fiber,
or due to small deviations from the stan-
dard procedure (for example, extraction
time or properties of the fiber) are com-
pensated for by the use of an internal stan-
dard quantitation procedure (12). The
choice of the internal standard is critical
for the development of the SPME method
for human plasma because it requires a
chemical structure and physicochemical
properties similar to those of the analyte.
The calibration curve should be con-

Figure 5:  SPME–LC–UV (off-line) chro-
matogram of a plasma sample spiked with tri-
cyciclic antidepressants at 250 ng/mL. Peaks:
1 � desipramine, 2 � nortriptyline, 3 �
imipramine, 4 � amitriptyline, 5 �
clomipramine (internal standard).

Figure 4:  SPME–LC–UV (off-line) chro-
matogram of human plasma collected from a
patient with epilepsy. The drugs were adminis-
trated orally at concentrations of 4.44
mg/kg/day (lamotrigine) and 31.10 mg/kg/day
(carbamazepine), resulting in plasma levels of
2.24 �g/mL of the lamotrigine, 10.2 �g/mL of
the carbamazepine, and 4.16 �g/mL of the car-
bamazepine 10,11-epoxide. Peaks: 1 � lamot-
rigine, 2 � internal standard, 3 � carba-
mazepine 10,11-epoxide, 4 � carbamazepine.
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structed by using blank plasma samples
(free from the analytes to be quantified)
spiked with analytical standards of the tar-
get drugs at different concentrations. 

Conclusion
For the analysis of drugs in plasma, SPME
has many advantages over conventional
extraction methods, such as simplicity —
all of the sample preparation is integrated
in one step and in one device — low cost,
compatibility with most analytical systems,
automation, the absence of extraction sol-
vent, and a relatively short extraction time.

The sensitivity of SPME methods can be
improved considerably by protein precipi-
tation or dilution of plasma samples with
buffer solution or water, as well as adjust-
ing extraction parameters such as fiber
type, extraction time, ionic strength, pH,
temperature, and agitation.

The number of SPME–LC applications
is substantially less than SPME–GC at the
moment. This is due to difficulties
imposed by the on-line coupling of these
methods, as well as their subsequent opera-
tion, and the absence of a suitable station-
ary phase that not only has high extraction
ability for the polar analytes but also is sta-
ble in solutions of various matrices.

The SPME methods described here sup-
port the international criteria for validation
of the analysis of drugs in plasma in several
areas, including clinical toxicology (thera-
peutic drug monitoring, bioavailability,
and pharmacokinetics), forensic toxicology,
and social toxicology (abuse drugs). 
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