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a b s t r a c t

A rapid, simple and high sensitive method is described here for extraction of hippuric acid (HA) from
human urine samples by using an automated micro solid phase extraction system (�-SPE). However in
order to increase sensitivity of gas chromatography with flame ionization detector, a post derivatization
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procedure was developed. In this work, a polypyrrole was synthesized by chemical oxidation of the
pyrrole monomer in non-aqueous solution and applied as an excellent and efficient sorbent for �-SPE. The
calibration curves were linear in the range of 0.018–8.95 �g mL−1 for HA, in both water and urine samples
with correlation coefficients 0.9973 and 0.9946, respectively; limits of detections were 12.1 ng mL−1 and
16.5 ng mL−1, respectively. This method was successfully used to analyze trace amounts of HA in human

y int
icro solid phase extraction
rine sample

urine samples without an

. Introduction

Trans-cinnamaldehyde is the main component of the essen-
ial oil in cinnamon bark and it is a popular food flavoring
n Iran. Cinnamon bark is frequently used as a stomachic, an
ntipyretic and an antiallergic drug. It is well known that the
rans-cinnamaldehyde has antifungal [1], antibacterial [2] and
ntitermitic [3] activities. Less is known about the human toxic-
ty of trans-cinnamaldehyde and only limited to primary irritant,
kin sensitization [4] and/or allergic reactions to perfume [5].
rans-cinnamaldehyde is a reactive conjugated allyl aldehyde, and
s rapidly oxidized to cinnamic acid when exposed to air. Also,
innamyl anthranilate and 3,4,5-trimethoxy-cinnamaldehyde are
wo other related compounds to cinnamaldehyde that have been
eported to induce tumors in experimental animals [6,7]. Mereto
t al. demonstrated that the high doses of cinnamaldehyde in rats
nduced genetic alterations at the chromosomal level, and there-
ore, induced micronuclei in rodent liver [8]. However, due to
tructural similarity of cinnamaldehyde to cinnamic acid, cinnamyl
nthranilate and 3,4,5-trimethoxy-cinnamaldehyde, recently the

oxicity and carcinogenicity effects of cinnamaldehyde have been
onsidered [9]. According to Teuchy et al., trans-cinnamaldehyde
s oxidized to cinnamic acid and excreted in the urine as hip-
uric acid (HA) [10]. Peters and Caldwell in a study conducted

∗ Corresponding author. Tel.: +98 831 4276485; fax: +98 8314276493.
E-mail address: fahmadi@kums.ac.ir (F. Ahmadi).

570-0232/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2009.06.036
erference from coexisting substances.
© 2009 Elsevier B.V. All rights reserved.

on metabolism of trans-cinnamaldehyde in male and female Fis-
cher 344 rats and CD1 mice found out that trans-cinnamaldehyde
is excreted primarily as hippuric acid in the urine [11]. They sug-
gested that HA is arising from the oxidation of cinnamaldehyde to
cinnamic acid followed by �-oxidation of the side-chain to yield 3-
hydroxy-3-phenyl propionic acid. Subsequent loss of a two-carbon
fragment yields benzoic acid, which is further conjugated with
glycine to yield HA [11]. A toxicokinetic study of cinnamaldehyde
in male and female F344 rats given 50 mg kg−1, 250 mg kg−1, or
500 mg kg−1 by gavages demonstrated that excretion of HA was
highly correlated (R = 0.999) with the dose of cinnamaldehyde [12].
In addition, Hoskins shows that the oral administration of cin-
namic acid in humans also resulted in the excretion of HA in
the urine [13]. To the best of our knowledge there is not any lit-
erature concerned with the analysis of cinnamaldehyde and/or
cinnamic acid in human blood. Therefore, the best estimation for
assessment of exposure to cinnamic acid and cinnamaldehyde is
the quantitative determination of their metabolites, HA excreted
in urine, which show a good correlation between the level of
exposure and amount of metabolites excreted. There are several
methods used for analyzing urinary HA, such as spectrophotome-
try [14], high-performance liquid chromatography (HPLC) with UV
detector [15–19], liquid chromatography with tandem mass spec-

trometry [20], immunochromatography with ELISA [21], micellar
electrokinetic capillary chromatography with UV detector [22], gas
chromatography (GC) with mass spectrometer [23–26] and FID
detectrors [27,28] and capillary zone electrophoresis with UV detec-
tor [29]. Because HA has a carboxylic group, the direct and efficient

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:fahmadi@kums.ac.ir
dx.doi.org/10.1016/j.jchromb.2009.06.036
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Fig. 1. Scheme of m

nalysis of HA is not suitable by GC and needs one-step derivatiza-
ion. Methylation [27,28,30] and extractive isopropylation [27] have
een used for the derivatization and GC separation of HA and its
erivatives. Methylation with diazomethane requires highly toxic
eagent and the silyl derivatives are moisture sensitive. Methylation
ith hydrogen chloride in methanol (HCl–MeOH), a low-cost and

ess toxic reagent, gives good peak shape and complete separation
f HA and its derivatives on the GC [30]. In order to increase the
ensitivity of procedure for determining the low concentration of
A, we used solid phase extraction method. Recently in our labora-

ory we developed a new automated micro solid phase extraction
ased on polypyrrole as a suitable sorbent for extraction of pes-
icides [31]. Due to multifunctional properties of polypyrrole, it
as attracted a great interest in the development of chemical sta-
ionary phase for the separation and extraction of non-polar, polar
nd ionic compounds [32,33]. The polypyrrole extracted the ana-
ytes via the �–�, acid–base and hydrogen bonding interactions.
n spite of wide application of SPE with different type of sorbents,
t is established that the SPE is time-consuming (wetting, wash-
ng, conditioning, loading, cleaning and elution [34]), and requires
igh purity of organic solvents [35] that are potentially toxic and
xpensive. Recently, the micro solid phase extraction (�-SPE) was
eveloped for extracting per-O-methylated monosaccharides and
isaccharides [36], persistent organic pollutants in tissue samples
37], acidic drugs in wastewaters [38], etc. The automated �-SPE
evices have some advantages over traditional SPE [31,39–41]. The
urpose of the present study was to develop an on-line automatic
ethod for extraction of HA from urine samples using a �-SPE with

olypyrrole system, post derivatization of hippuric acid by conver-
ion to its methyl ester form with methanol in hydrochloric acid
nd monitoring by GC.

. Experimental
.1. Chemical reagents

All chemicals used were from commercial sources. Methanol
MeOH), ethanol (EtOH), acetonitrile (ACN), ethyl acetate (EA),
ydrochloride acid (HCl), ortho-phosphoric acid (H3PO4), boric acid
olid phase system.

(HBO2), sodium hydroxide, hippuric acid (HA), and FeCl3·9H2O
were purchased from Merck (Darmstadt, Germany). Stock solution
of 0.1 mol L−1 of HA was prepared in absolute methanol. Pyrrole was
obtained from Fluka (Buchs Switzerland) and was used as received
without any distillation.

2.2. Apparatus

For optimization of analytical conditions a Varian CP-3800 (Var-
ian, Walnut Creek, CA, USA) gas chromatograph equipped with an
automatic split-splitless injector and a FID system was used. A fused
silica capillary column (CP-Sil 8 CB) with 30 m × 0.25 mm i.d. and
0.25 �m film thickness, supplied by Varian (Chrompack capillary
column No.CP8752) was used with helium as carrier gas at a con-
stant pressure of 10 psi. According to the instrument manual of
Varian CP-3800 GC at this pressure the column efficiency reaches its
maximum level. Other GC conditions employed for determination
of HA were: injector temperature 280 ◦C, column temperature pro-
gram 80 ◦C (hold for 1 min), 20 ◦C min−1 to 140 ◦C (hold for 1 min),
20 ◦C min−1 to 280 ◦C and stay at 280 ◦C for 10 min. FID Temperature
was 280 ◦C. pH measurements were performed with a model 780
Metrohm (Switzerland) pH meter using a combined glass electrode.
A Windaus two-channel peristaltic pump model D-38678 was used
for simultaneous pumping of sample and eluent. A four-way injec-
tion valve (Supelco Rheodyne Model 5020) was used as a multiport
valve.

2.3. Polypyrrole preparation

The polypyrrole was prepared according to literature [31] as fol-
lows: 0.67 g of pyrrole was dissolved in 10 mL ACN and was added
slowly to 20 mL ACN containing 6.48 g (0.02 mol) FeCl3·9H2O by
slow stirring (150 rpm at room temperature). A black precipitate

with small and homogenized particle size was formed and after half
an hour stirring of reaction mixture, the solid product was filtered
and well washed with water, ACN and MeOH several times. The sor-
bent was placed in a beaker containing double distilled water for
24 h, then filtered, dried and stored in a glass dark vessel.
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.4. �-SPE system

The �-SPE system used to extract HA is prepared as follows:
fritted disk of polypropylene was placed in one side end of a

artridge (5 mm diameter) containing a lure tip. The cartridge was
lled with 20 mg of synthesized polypyrrole particles, packed and
xed by another fritted disk (5 mm diameter). A glass tube (3 mm
iameter) was used to introduce the sample and eluent to the car-
ridge. All sections of this system were fixed by using rubber rings
Fig. 1).

.5. Urine sample preparation and extraction of HA

The urine samples were collected from healthy volunteers just
rinking the cinnamon-tea after 5 h in the morning. Any pre-
ipitated material in exactly 10 mL of the samples was removed
sing centrifugation at 4500 rpm for 10 min, and then the super-
atant of the urine (0.1 mL) was considered for analysis with the
roposed procedure as follows: firstly the �-SPE system was pre-
onditioned with 3.0 mL MeOH and 3.0 mL of Britton–Robinson
uffer (3.0 × 10−3 mol L−1, pH 2); then an aliquot of the sample
0.1 mL) was pipetted into a 10 mL volumetric flask and diluted with
ritton–Robinson buffer (3.0 × 10−3 mol L−1, pH 2) up to the mark

ine. The samples were subsequently passed automatically through
he preconditioned cartridge containing 20 mg of polypyrrole with
flow-rate of 3.0 mL min−1. Then the cartridge was washed with

.0 mL of Britton–Robinson buffer (3.0 × 10−3 mol L−1, pH 2), 0.5 mL
f double distilled water, and dried by passing of air. Finally, the HA
as automatically stripped with 1.0 mL of MeOH at flow-rate of

.0 mL min−1 by changing the valve of �-SPE system.

.6. Derivatization procedure

After �-SPE of HA, the extract was collected in a 1.5 mL of micro
entrifuge tube, and the organic phase was evaporated to dryness
nder a compressed N2 flow at 70 ◦C temperature. The residue was
edissolved in 150 �L of MeOH containing 0.33 M HCl; the cap of

icro centrifuge tube was sealed and placed in a water bath at
0 ◦C for 20 min. Then the mixture was dried by N2 at 70 ◦C and the
esidue was dissolved in 50 �L of MeOH. Finally 1.0 �L was injected
o the GC systems with adopted split ratio of 80.

. Result and discussion

Polypyrrole is one of the most multifunctional materials that are
idely used in various scientific fields [42]. The preparation, charac-

erization and properties of polypyrrole depend on its preparation
onditions [43]. Polypyrrole has high extraction efficiency toward
olar and aromatic compounds. High efficiency can also be achieved

or anionic compounds due to the ion exchange property of polypyr-
ole. For example in a study by Wu et al. organoarsenic compounds
ere extracted from aqueous samples using in-tube solid phase
icroextraction coated with polypyrrole. In this study, it was shown

hat the PPY coated capillary, exhibited better extraction efficiency
or most of the compounds studied, especially for the anionic
pecies due to the inherent multifunctionality of pyrrole poly-
er [44]. However these multifunction interactive properties of

olypyrrole such as non-polar interactions, acid–base interactions,
ipole–dipole interactions, ion exchange properties and H-bonding
ake it a unique polymer when used as sorbent in solid phase and
icro solid phase extraction systems. Bagheri and Mohammadi [35]
pplied polypyrrole as a sorbent for SPE of environmental pollu-
ants from water. Wu et al. [45] applied polypyrrole for in-tube solid
hase microextraction in order to determine the amphetamine,
ethamphetamine and their methylenedioxy derivatives in urine

nd hair. Yu and Lai [46] used polypyrrole modified stainless steel
Fig. 2. The effect of HCl concentration on the derivatization of HA (the final deriva-
tized residue was dissolved in 100 �L of MeOH).

frits for on-line micro solid phase extraction of Ochratoxin A. To
study metabolites in urine, the sample preparation is a crucial task
since metabolites often appear at very low concentrations present
in complex matrices containing potential interfering such as pro-
teins, salts and other small organic molecules of less interest. The
challenge of the analytical chemist is therefore to extract the high-
est possible amount of analytes, preferably with a rapid, simple and
automated method. HA is an acidic molecule, therefore, for �-SPE
of HA, several experimental parameters were optimized to achieve
the highest efficiency determination and extraction. These parame-
ters include derivatization conditions, pH of sample, type of striping
solvent, flow-rate of sampling and breakthrough volume. The rate
of elution was constant (1.0 mL min−1) throughout the experiment;
therefore it will not be discussed in detail.

3.1. Derivatization of HA

In all pervious studies when HA was analyzed by gas chro-
matography, difficulties were encountered in sensitivity and
reproducibility, because of high boiling point, adsorption and inter-
action with the column caused poor peak signals [23–28]. Thus,
one-step chemical derivatization reaction was carried out as an
essential step for analyzing HA by GC. However, some of derivatiz-
ing reagents that have already been used are carcinogen or moisture
sensitive; therefore, in this study, in order to define a significant
peak of HA by GC, the carboxyl group of HA was methylated by
MeOH–HCl solution. For optimization of derivative conditions, the
reaction was carried out with different concentrations of HCl and
incubation for 20 min at 70 ◦C. As it is observed from Fig. 2, the
methylation and sensitivity of HA was completed at 0.33 M of
HCl–MeOH within 20 min. At higher concentrations of 0.33 mol L−1

of HCl the peak area of HA decreased. This is due to the cleavage
of amide bond and decomposition of HA at high concentration of
HCl. This derivatization is stable and completely reproducible under
0.33 mol L−1 HCl–MeOH at 70 ◦C. Therefore the HCl concentration of
0.33 mol L−1 in MeOH was chosen for derivatization of HA at 70 ◦C.
Recently Kataoka et al. used the same procedure for derivatization
of HA and its derivatives [25].

3.2. Effect of pH

The magnitude of the distribution constant of analyte between

sample solution and sorbent can be influenced by the sample pH
[43,47,48]. Therefore, in this study, the effect of pH on the extrac-
tion of HA was evaluated using a series of 3.0 × 10−3 mol L−1 of
Briton–Robinson buffer solution with pH 2.0–11.0. As shown in
Fig. 3, the extraction efficiency of polypyrrole to the HA decreased
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ig. 3. The effect of sample solution pH on the extraction of HA from sample (the
nal derivatized residue was dissolved in 100 �L of MeOH).

ignificantly when the sample pH increased from 3.0 to 11.0. This
ay be explained by the fact that HA is a weak acid and by adjusting

he pH to the acidic level; it can be maintained in a neutral form
or better extraction by the polypyrrole on �-SPE. However, the HA

as expected to be more efficiently extracted in its anionic form
han the neutral form, based on the anion versus cation exchange
roperties of polypyrrole [47], but a higher recovery was found at

ow pH (2.0). This result suggested that the extraction of HA by the
olypyrrole might not be controlled by the ion exchange proper-
ies of polypyrrole, but it is controlled by hydrophobic interactions
nd H-bonding. Therefore, a 3.0 × 10−3 mol L−1 of Briton–Robinson
uffer with pH 2.0 was selected in this work for all samples.

.3. Effect of salting out

The salting out effect has been commonly used in solid phase,
iquid–liquid extraction methods. Generally, salt addition can
ecrease the solubility of analytes in the aqueous phase (and
an also reduce the solubility of organic solvents in water) while
nhancing their partitioning into the organic phase. To improve
he extraction of HA, we tried salting out of sample with sodium
hloride. The efficiency of extraction of HA from aqueous solution
ontaining different amounts of sodium chloride (0–10%, w/v) was
nvestigated. However, salt addition had an adverse effect on the
verall efficiency of the method and was therefore abandoned. This
ay be due to the reduction of active site of sorbent. Djozan et al.

49] reported the same salting out behavior for the extraction of
ethamphetamine form aqueous solution at neutral pH.

.4. Effect of stripping solvent

The HA is relatively hydrophobic and its solubility in organic
olvents is better than water [28], therefore, it may not be eas-
ly desorbed. Thus, a suitable organic solvent was needed for this
rocess. The HA could be desorbed from the sorbent with organic
tripping phase by simply switching the six-port valve to the inject
osition. Therefore, various organic solvents such as EA, ACN, EtOH
nd MeOH were tested (Fig. 4).

As it is observed from Fig. 4 MeOH was able to completely desorb
A from the sorbent, therefore, MeOH was selected as stripping

olvent.
.5. Breakthrough volume

An important parameter to control in SPE is the breakthrough
olume, which is the maximum sample volume that should be per-
Fig. 4. The effect of stripping solvent on the elution of HA from �-SPE (the final
derivatized residue was dissolved in 100 �L of MeOH).

colated through a given mass of sorbent after which analytes start
to elute from the sorbent resulting in non-quantitative recoveries.
The breakthrough volume is strongly correlated to the chromato-
graphic retention of the analyte on the same sorbent and depends
on the nature of both the sorbent and the trace analyte, as well as
on the mass of sorbent considered and the analyte concentration in
the sample. This volume may be determined experimentally or esti-
mated using several methods [50]. In order to determine the volume
of the sample that can be concentrated with acceptable recovery for
HA, the breakthrough volumes were measured. Therefore, differ-
ent volumes (20 mL, 50 mL, 75 mL and 100 mL) of sample with pH
2.0 (3.0 × 10−3 mol L−1 of Briton–Robinson buffer) were spiked with
1.0 mL solution containing 1.5 �g mL−1 of HA, and passed through-
out the cartridge with a velocity of 3.0 mL min−1, then the trapped
HA was stripped with 1.0 mL of MeOH and follow the proposed
procedure was followed. The results revealed that the acceptable
recoveries were obtained for HA by using 75 mL of sample.

3.6. Sample flow-rate

In on-line �-SPE, the sorption of HA into the stationary phase is
a dynamic process and flow-rate of sample is an important factor in
SPE efficiency. Therefore the sample flow-rate should be optimized
to ensure quantitative retention along with minimization of the
time required for sample processing. This parameter may have a
direct effect on the breakthrough volume, and elevated flow-rates
may reduce the breakthrough volume [50,51]

In this work, the flow-rate of stripping solvent (MeOH)
was selected 1.0 mL min−1 throughout the study. The flow-rate
used to introduce the sample was stepwise increased between
0.4 mL min−1 and 10 mL min−1 until the efficiency extraction of �-
SPE system was reduced (Fig. 5). As it can be observed from Fig. 5 the
loading flow-rate of 3.0 mL min−1 was selected for the next steps.

3.7. Evaluation of extraction efficiency of �-SPE

Urine usually contains a lot of organic and inorganic contam-
inates which may affect the results of clinical urinary analysis.
Therefore the efficiency of �-SPE system for extraction of ana-
lyte from urine and water sample was studied. According to the
experimental process from both water and urine samples, the
extracted HA should be absorbed and desorbed with �-SPE sys-
tem by switching the six-port valve. The entire �-SPE extraction,

washing and stripping processes were accomplished automatically
within 7.0 min. As in solid phase micro extraction (SPME), the
amount of analyte extracted and the extraction efficiency of �-SPE
depend on the interactions between the HA and polypyrrole, which
include �–�, electrostatic and hydrophobic interactions [52]. The
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Table 1
Extraction efficiency of �-SPE of HA from buffered water and urine samples.

Sample type Added (�g mL−1)a Amount of analyte extracted Extraction efficiency(%)b

Water 0.1 0.99 99.0
0.2 2.0 100.0
0.3 3.01 100.3

Urine 0.1 1.00 100.0
0.2 1.98 99.0
0.3 2.99 99.6

a 10 mL of sample (pH 2.0; 0.003 mol L−1 Britton–Robinson buffer) containing different amount of HA (�g mL−1), amount of HA extracted (nA) as in Eq. (1).
b The percentages of extracted amount of analyte by �-SPE procedure were measured by Eq. (2).

Table 2
Characteristics parameters of calibration and analytical features of determination of HA, using the proposed procedure.

Sample L.R.a L.E. R2 RSD% (n = 4) RR% (n = 4) LOD LOQ

Water 0.018–8.95 Y = 13792X + 3213.6 0.9973 1.2 100.5 12.1 40.3
Urine 0.018–8.95 Y = 13932X + 3393.7 0.9946 1.56 99.8 16.5 55
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a 10 mL of sample (pH 2.0; 0.003 M Britton–Robinson buffer) containing different
nd 1.0 �L was injected to the GC. L.R. (�g mL−1): Linear Range; L.E. (�g mL−1): Line
imit of Quantification.

mount of analyte extracted and the extraction efficiency of SPME
ay be evaluated by the following equation [53]:

A = FA =
(

m

Ad

)
A (1)

The amount of analyte extracted nA can easily be obtained from
xperimental measurements with the above expression. nA is the
mount (mass) of analyte extracted by SPME, F is the detector
esponse factor, which can be calculated by comparing the amount
f analyte (m) injected to the area counts (Ad) obtained by liquid

njection, A is the response obtained by SPME. Since, in �-SPE,
A was desorbed with MeOH as an organic solvent, the volume
f desorption solvent Vd and volume of solvent injected (Vi) into
he GC were used to calculate the response factor F. The percentage
xtraction efficiency (E) was calculated as follows [31]:

E = nA

Ci
(2)

here Ci is the initial concentration (nA and Ci have the same
imensions). The buffered (Britton–Robinson, 3.0 × 10−3 mol L−1,

H 2) samples of water and urine were spiked with three differ-
nt amounts of the HA and were analyzed by the proposed method
Table 1). The results revealed that the recoveries of the spiked HA
rom urine samples are very closed to those obtained from water
amples.

ig. 5. The effect of flow-rate of sample on extraction efficiency of �-SPE (the final
erivatized residue was dissolved in 100 �L of MeOH).
nt of HA (�g mL−1), after extraction and derivatization the final volume was 50 �L
uation; RR%: Relative Recovery; LOD (ng mL−1): Limit of Detection; LOQ (ng mL−1):

3.8. Validation method

The GC-FID method for the determination of HA was validated
by determining its performance characteristics regarding linearity,
repeatability, selectivity and precision. To test the FID response lin-
earity, a series of standard solutions of HA in the concentration
range 0.0018–8.95 �g mL−1 was analyzed from water and urine
solutions (at least seven samples covering the whole range were
used). The relationship between peak area and concentration was
linear for HA, as shown by the fact that the regression coefficients
were higher than 0.99 in both water and urine samples. The regres-
sion equations and other characteristic parameters such as LOD,
LOQ are shown in Table 2. The relative standard deviation (RSD)
within a day, tested using four identical solutions of the HA at
2 �g mL−1 concentration level were less than 1.2% for water and
1.56% for urine solutions.

The analytical sensitivity was assessed by determination of the
limit of detection (LOD) and the limit of quantification (LOQ). As
defined by European Pharmacopoeia [54], the LOQ and LOD are
the concentrations at which the signal to noise ratio is 3 or 10,
respectively, and the results were given in Table 2. To determine the
specificity of the method, three blank human urine samples were
analyzed by proposed procedure. The chromatograms (not shown)
obtained from the analysis of blank human urine samples did not
show any peaks close to or at the retention time of the HA [55].
The �-SPE method gave a concentration factor of 200 and is very
higher than those reported previously (Table 3). The relative recov-
ery was obtained from urine and water samples according to the

literature [56] as follows: the blank urine and water samples were
spiked at three concentration levels, analyzed according to the pro-
cedure outlined above, and their concentrations determined. For
each concentration level, four replicate samples were used. Relative

Table 3
Comparison of the linear range and detection limits of pervious works with proposed
work.

Analyte Linear range (�g mL−1) LOD (ng mL−1) Ref.

HA 4.47–35.8 9.0 × 102 [15]
HA 8.95–179 21.5 × 102 [22]
HA 1.0–100 50.0 × 102 [23]
HA 0.05–25 1.7 [27]
HA 5.0–70 25.0 × 102 [28]
HA 62.5–2000 125.0 × 1021 [55]
HA 0.018–8.95 16.5 This work
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Fig. 6. A typical chromatogram of HA extracted from uri

Table 4
Concentration of HA in three human urine samples (0.1 mL of urine were diluted to
10 mL with buffer (pH 2.0; 0.003 mol L−1 Britton–Robinson buffer).

Volunteers No. Added (�g mL−1) Found (�g mL−1)

1 0.0 15.6
5.0 21.4

10.0 25.5

2 0.0 18.2
5.0 23.5

10.0 28.1
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0.0 12.5
5.0 17.5

10.0 22.1

ecovery (sometimes called accuracy) was determined as the slope
f a linear regression analysis of a plot of measured concentration
ersus spiked concentration. A 100% relative recovery is indicated
y a slope of 1.00 (Table 4).

.9. Analytical application

Hippuric acid was detected in the urine of three healthy
olunteers. A typical chromatogram of urine analysis is shown
s an example (Fig. 6). The quantitative results were placed in
able 4. From the data given in Table 4 the HA have a range of
2.5–18.2 �g mL−1 at urine samples. In addition the human urine
amples were spiked with appropriate volumes of HA solution to
etermine that the proposed procedure has no significant influence
n the recovery of the HA from real samples and recovery is quanti-
ative. In earlier studies, the average value which was obtained for
A was 0.222 mg mL−1 [57], 0.344 mg mL−1 [58], and 0.34 mg mL−1

59]. This discrepancy between our quantitatively low results of HA
n the present work and pervious studies [57–59] is due to the fact
hat the concentration of trans-cinnamaldehyde in cinnamon-tea
s low (see Section 2.5).

. Conclusion
In this work a polypyrrole was synthesized by chemical oxida-
ion of the pyrrole monomer in ACN solution containing FeCl3 and
pplied as an excellent and efficient sorbent for �-SPE. According to
ection 2.4, exactly 20 mg of synthesized polypyrrole particles was
acked and fixed in a �-SPE (Fig. 1). After treatment of urine sam-

[

ne by proposed procedure at optimum conditions.

ples, the pH of samples were adjusted by Britton–Robinson buffer
(3.0 × 10−3 mol L−1) at 2.0 and passed through the cartridge by flow-
rate of 3.0 ml min−1. After stripping of HA from sorbent by 1.0 mL of
MeOH, the organic phase was evaporated to dryness under a com-
pressed N2 flow at 70 ◦C temperature. The residue was redissolved
in 150 �L of MeOH containing 0.33 M HCl and placed in a water
bath at 70 ◦C for 20 min. Then, the mixture was dried by N2 at 70 ◦C
and the residue was dissolved in 50 �L of MeOH. Finally 1.0 �L was
injected to the GC systems with adopted split ratio of 80.

The results demonstrate that the �-SPE analysis of HA from urine
samples is an excellent method for estimation of exposure to cin-
namic acid and cinnamaldehyde. In addition, this system offers a
practical potential for extraction and determination of HA, having
special advantages of high sensitivity, low detection limit, simplic-
ity, and speed that have not been present together in the previously
reported systems (Table 3). The derivatization procedure described
here is even more sensitive than HPLC and even other GC–MS meth-
ods based on the silylation [24].
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