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Abstract

A configuration of in-tube solid-phase microextraction (SPME) coupled to HPLC was constructed by using a pump and a six-port valve
combined with a PEEK tube as the pre-extraction segment. The extraction capillary was fixed directly on the HPLC six-port valve to substitute
for the sample loop. The whole system could be handled easily to perform accurate on-line extraction, and the possible inaccurate quantification
caused by sample/mobile phase mixing when using an autosampler could be eliminated.

A B-cyclodextrin coated capillary, prepared by sol-gel method, was used as the extraction capillary for in-tube SPME. Three non-steroidal
anti-inflammatory drugs, ketoprofen, fenbufen and ibuprofen, were employed to evaluate the extraction performance of the capillary. After
optimizing the extraction conditions, satisfactory extraction efficiency was obtained and detection limits for ketoprofen, fenbufen anal ibuprofe
in diluted urine samples were 38, 18 and 28 ng/mL, respectively. The extraction reproducibility was evaluated with intra-day and inter-day
precision, and the R.S.D.s obtained were lower than 4.9 and 6.9%, respectively. The capillary was proved to be reusable and the extraction
efficiency did not decrease after 250 extractions.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction 1995[2], providing an alternative choice for sample clean
up and enrichment for the analysis of non-volatile analytes.
The main purpose of sample pretreatment methods areSPME has gained wide acceptance due to its better sensi-
sample clean-up and analyte enrichment, which will lead to tivity compared to direct injection, adequate extraction re-
higher sensitivity and better accuracy of analysis. In coping producibility and commercial availability of SPME devices
with samples in complicated matrices or analytes at low con- for combining with GC, LC, and CH3,4]. The original
centrations, such as biological and environmental samples,forms of SPME-HPLC and the automated form of in-tube
traditional treatment methods such as liquid—liquid extrac- SPME-HPLC, introduced at 1993], have been widely used
tion (LLE), protein precipitation and so on, cannot satisfy all since then in the analysis of environmental and biological
the analytical requirements. This situation has propelled the samples and determination of food and drug samples. Its
development of new sample pretreatment techniques, suchapplications were reviewed recently by Katag&h
as solid-phase extraction (SPE), solid-phase microextraction In-tube SPME-HPLC can be automated by the modifica-
(SPME), membrane extraction, microwave assisted extrac-tion of a commercial LC autosampler into an automated ex-
tion, etc. traction devicd5]. It provides shorter sample analysis time,
SPME was introduced by Arthur and Pawliszyn in the more accurate quantification and better reproducibility and
beginning of 199041] and was combined with HPLC in  thus has good potential for routine analysis. However, lit-
tle improvement was made since the device was first de-
+ Corresponding author. Tel+86 27 87867564; scribed. An inherent systema}tlc error of this cpnﬁguraﬂon
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six-port valve is allowed to be situated at the LOAD po- [3-(4-biphenylylcarbonyl)propionic acid], and ibuprofen
sition during extraction, and there is residual mobile phase (IBP) [2-(4-isobutylphenyl)propionic acid], obtained from
contained in both the pre-extraction, including the sample Pharmacy Administration of Hubei Province (Wuhan,
loop, metering valve, tube prior to the metering valve, and China). The stock solution of the drugs was 1 mg/mL, pre-
the extraction segment. When the sample solution is drawn,pared in methanol, with which the sample solution was
traces of analyte migrate to these segments causing contamspiked to a certain concentration. Sodium acetate (NaAc),
ination of the mobile phase that resides inside the segmentssodium chloride (NaCl), methanol and other solvent were
Thus the concentration of analyte cumulatively increases aspurchased from Shanghai Chemical Reagent Co. Ltd.
a result of sample/mobile phase mixing as the number of (Shanghai, China), and were of analytical grade.
draw/eject steps increa$g]. This will result in inaccurate B-Cyclodextrin was purchased from Sigma (St. Louis,
quantitative information and overestimation of the limit of MO, USA); 3-glycidoxypropyltrimethoxysilane (KH-560)
detection. Raghani and Schultz demonstrated this by sub-andn-tetraethoxylsilane (TEOS) (95%) were obtained from
stituting the extraction capillary with an inert stainless steel Chemical Plant of Wuhan University (Wuhan, China).
tube and obvious analyte enrichment was found when in-
creasing the draw/eject cycles. As to the solution of the prob- 2.2. In-tube SPME-HPLC instrument
lem, they suggested the insertion of an air plug into the ex-
traction step to minimize the sample/mobile phase mixing.  The configuration of the in-tube SPME-HPLC is shown
However, the attempt to construct other forms of the in-tube in Fig. L The whole system consisted of the pre-extraction
SPME-HPLC configurations that satisfy the same extraction segment, which included a Shimadzu LC-4A six-port valve
requirement could be taken. (valve 1), a Shimadzu LC-6A pump (pump A) (Shimadzu,
Common coatings applied in SPME are PDMS, Tokyo, Japan) and a PEEK tube (0.03in. i.d., pI5total
PDMS-DVB, PA and CAR-TPR, which are mainly trans- volume), and the analytical segment, which included a Shi-
planted from GC capillary coatings. In the past several madzu LC-10AT pump (pump B) (Shimadzu, Tokyo, Japan),
years, the polypyrrole coating, introduced by Pawliszyn and Rheodyne 7125 six-port valve (valve 2) with a2 loop
co-workers, has been employed in a wide range of research(Cotati, CA, USA) and a Shimadzu SPD-10A UV detector
works[8—14]. Besides, biocompatible restricted-access ma- (Shimadzu, Tokyo, Japan). Valve 1 and valve 2 were con-
terials (RAMs)[15,16] and chemical bonded silica mono- nected by a stainless steel tube.
lith [17] were also introduced. However, the development  The analytical column was 150 mr¥.6 mm i.d., packed
of further coatings for SPME would be useful. with Kromasil ODS (5.m),which was purchased from Eka
B-Cyclodextrin has been widely used in separation and Chemicals (Bohus, Sweden). The optimized mobile phase
analytical chemistry due to its abilities to form inclu- was 70% methanol and 30% 0.025 mol/L NaAc buffer solu-
sion complexes with certain analytes. As to non-steroidal tion with the pH adjusted to 5.0. The flow rate of the mobile
anti-inflammatory drugs (NSAIDs), the research on com- phase was kept at 1 mL/min, and detection was performed
plex formation[18,19] and chromatographic separations at 223 nm with the UV detector for all the analytes.
[20,21]involving B-cyclodextrin have been reported, which
provides the possibility of using@-cyclodextrin coating 2.3. Preparation of8-cyclodextrin coated capillary
for extraction. However, the use dB-cyclodextrin in
SPME-HPLC has not been reported as yet. It is expected The inner surface of the capillary was coated with
that satisfactory extraction efficiency towards these analytesp-cyclodextrin by a sol-gel method in order to obtain rela-
could be obtained witl-cyclodextrin contained capillary tively high -cyclodextrin content. The fused silica capillary
coating. (60 cmx 0.25mm, i.d.), obtained from Yongnian Fiber Plant
In the present paper, we describe a configuration of in-tube (Hebei, China), was first activated by 1 mol/L NaOH and
SPME-HPLC. A capillary coated witig-cyclodextrin us- then 1 mol/L HCI. After rinsing with double distilled water,
ing a sol-gel method was employed for the determination it was dried at 160C under N flow for several hours.
of three non-steroidal anti-inflammatory drugs. The results 0.1 mL of TEOS was added to 0.1 mL of 0.01 mol/L HCI
indicate that this system can be used for quantitative analy-and the mixture was allowed to stir at 80 in water bath
sis and has the potentiality for extraction of real biological until a homogenous solution (A) was obtained. KH-560
samples. derived B-cyclodextrin (synthesized according to refer-
ence[22]) 0.05¢g was dissolved in a solution of 0.5mL of
0.01 mol/L HCI and 0.3 mL of acetonitrile, and the whole

2. Experimental mixture (B) was stirred to thoroughly dissolve the materi-
als. Then A and B were mixed, and the whole mixture was
2.1. Chemicals and reagent stirred at room temperature for 5 min before centrifugation.

The supernatant was used for coating. The solution was
The three investigated NSAIDs were ketoprofen (KEP) first allowed to fill capillary and left static for 20 min, and
[2-(3-benzoylphenyl)propionic  acid], fenbufen (FEP) then it was driven out slowly with the aid ofJNfollowed
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