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Abstract: In this study, a three-phase, hollow-fiber, liquid-phase micro-extract-
ion (HF-LPME) method coupled with high performance liquid chromato-
graphy was successfully developed for the determination of trace levels of the
anti-diabetic drug sitagliptin (STG) in urine samples. Sitagliptin was extracted
from 15 mL of the basic sample solution with a pH of 8.5 into an organic
extracting solvent (n-octanol) impregnated in the pores of a hollow fiber and
then back extracted into an acidified aqueous solution in the lumen of the
hollow fiber with a pH of 3. After extraction, 20 pL of the acceptor phase was
injected into HPLC system. In order to obtain high extraction efficiency, the
parameters affecting the HF-LPME, including pH of the source and receiving
phases, type of organic phase, ionic strength, stirring rate, extraction time, the
volume ratio of donor phase to acceptor phase and temperature, were studied
and optimized. Under the optimized conditions, enrichment factors up to 88
were achieved and the relative standard deviation of the method was in the
range from 3 to 6 %. The results indicated that the HF-LPME method has an
excellent clean-up capacity and a high pre-concentration factor and could serve
as a simple and sensitive method for monitoring the drug in urine samples.

Keywords: anti-diabetic drug; drug analysis; chromatography; biological sample;
pre-concentration.

INTRODUCTION

Type 2 diabetes mellitus is a common chronic condition that causes sig-
nificant morbidity and mortality worldwide and is a growing global public health
concern.

Sitagliptin  (STG), (R)-4-0x0-4-[3-(trifluoromethyl)-5,6-dihydro[1,2,4]tri-
azolo[4,3-alpyrazin-7(8H)-yl]-1-(2,4,5-trifluorophenyl)butan-2-amine, is an orally
active, potent and selective inhibitor of dipeptidylpeptidase-4 (DPP-4 inhibitor),
for the treatment of type 2 diabetes.!-2 STG was the first DPP-4 inhibitor to gain
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the approval of the Food and Drug Administration (FDA) in October 2006 for
both monotherapy and in combination with other anti-diabetic agents for the
treatment of type 2 diabetes mellitus.3 Following oral administration of a 100-mg
tablet, the absolute bioavailability is approximately 87 % and therapeutic con-
centration (cmax) 18 950 nmol L-! in healthy individuals. Eighty seven percent of
STG is eliminated via renal excretion (79 % unchanged) with a renal clearance in
the region of 350 mL min~!.1.24

Several liquid chromatographic methods with ultraviolet and mass spectro-
metric detection have been reported in the literature for the quantitative deter-
mination of STG in biological fluids. Techniques utilizing HPLC alone do not
have an adequate lower limit of quantification (LLOQ) suitable for monitoring
sitagliptin in low concentrations.” Recent LC/MS/MS methods showed improve-
ment in sensitivity, however, a mass spectrometer is very expensive.®7 There-
fore, due to the low concentration of sitagliptin in biological samples, a pretreat-
ment and pre-concentration step is generally required prior to determination of
trace amounts of the drug. Various sample preparation procedures have been
applied for STG in biological fluids, such as liquid-liquid extraction (LLE) and
solid phase extraction (SPE).>-8 The liquid micro extraction method is a relati-
vely new method for sample preparation. This method has some advantages over
conventional extraction methods such as LLE and SPE.2-11 In 1999, Pedersen-
-Bjergaard and Rasmussen suggested using porous hollow polypropylene fibers
as a retainer to maintain the extraction phase, a method known as hollow fiber
liquid phase micro extraction (HF-LPME).12.13

HF-LPME can be performed in two or three micro-extraction phase modes.
The three phases involved in the extraction are the analyte solution (donor), an
organic phase and second aqueous phase into which the extraction is conducted
(acceptor phase). During the extraction, the desired analyte under proper con-
ditions is first transferred into the organic phase and then into the acceptor phase.
The rate of conducting the extraction depends on the rate of mass transfer
between the two interfaces of the donor/organic phase and the organic/acceptor
phase. The main reported limitation of this method is that it is only applicable for
species which are capable of ionization.1415 In the present study, a simple, inex-
pensive and sensitive three-phase hollow fiber micro-extraction technique com-
bined with high performance liquid chromatography-ultraviolet detection (HPLC—
—UV) is described for the extraction and determination of STG in urine samples.

EXPERIMENTAL

Chemicals and materials

Sitagliptin reference standard was kindly donated by the Food and Drug Organization
(Tehran, Iran). A stock solution containing 200 ug mL™! of sitagliptin was prepared in HPLC
grade methanol and stored at 4 °C. Working solutions (from 2 to 300 pg L'!) were freshly
prepared in HPLC grade water by dilution of the stock solution and filtered using a Millipore
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filter (0.45 um) each day prior to use. All chemicals were of analytical reagent grade unless
otherwise stated. The urine samples were obtained from the Taleghani Clinic (Tehran, Iran).
The samples were diluted using deionized water and were used for method development and
calibration. The working standards for real sample analysis were prepared by spiking STG to
15 mL of urine samples, which were diluted 1:1 with ultra-pure water.

Apparatus and chromatographic conditions

The chromatographic separations were realized on a Youngling HPLC instrument equip-
ped with a YL 9110 quaternary HPLC pump, a 20 pL sample loop and YL 9120 UV-Vis
detector. The chromatographic data were collected and analyzed using a Younglin Autochro-
3000. The separations were performed on a C;g column (150 mmx4.6 mm, with 5 pm particle
size) from Teknokroma (Barcelona, Spain). A mixture of methanol and 0.1 % perchloric acid
(40:60) at a flow rate of 1.0 mL min'! was used as the mobile phase. The injection volume
was 20 pL for all the standards and samples, and the detection was performed at a wavelength
of 268 nm. The pH measurements were performed using a GPHR 1400A pH meter (Berlin,
Germany). A magnetic stirrer model MR Hei-Standard (Heidolph Company, Germany) and a
25 pL syringe model 702 NR from Hamilton (Bonaduz, Switzerland) were also used. The
ultrapure water was from a MilliQ Ultrapure water purification system (Millipore, Bedford,
MA, USA). All extractions were realized using a Q3/2 Accrual polypropylene hollow fiber
membrane from Membrana (Wuppertal, Germany) with a 0.2 um pore size, 600 pm internal
diameter and 200 pm wall thickness.

Extraction procedure

Initially, the polypropylene fibers were cut to the size of 8.5 cm (the volume of these
fibers was approximately 22 pL). The fibers were completely washed with acetone in an
ultrasonic bath for 10 min and then dried at room temperature before use for extraction. In
order to avoid any possible memory effects, a new fiber was used for each extraction. In the
extraction procedure, 15 mL of the sample solution with a known concentration and alkaline
pH was transferred to a 20-mL sample vial containing a magnetic stirring bar. The sample vial
was placed on a Heidolph MR 3001 K magnetic stirrer. Thirty pL of an acceptor phase with
an acidic pH was withdrawn by a 25 pL. Hamilton micro-syringe and the syringe needle was
inserted into the hollow fiber segment. The fiber was immersed in an organic solvent for 10 s
(n-octanol) to impregnate the fiber pores with the organic solvent. The fiber was then placed
in distilled water for 30 s in order to wash the extra solvent from its surface. The acceptor
phase inside the syringe was injected into the lumen of the fiber. The end of the fiber was
blocked by a piece of aluminum foil. The U-shaped fiber was placed in the sample vial. The
sample solution was agitated at 1000 rpm. At the end of the extraction (after 50 min), the fiber
was removed from the sample solution and the acceptor phase was then retracted back into the
syringe. Finally, the extraction phase (20 pL) was injected directly into the HPLC system in
order to analyze the drug. In 2006, Pawliszyn and co-workers successfully automated the
HF-LPME technique with a CTC CombiPal autosampler, and a new device was designed for
the automation of HF-LPME in this study.!®

RESULTS AND DISCUSSION

In this study, a three-phase hollow-fiber micro-extraction technique com-
bined with HPLC-UV was used for the extraction and determination of STG in
biological samples. Furthermore, the effect of different experimental parameters
on the efficiency of extraction, such as the type of organic solvent, the pH of the
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donor and acceptor phases, the stirring time, the ionic strength of the donor
phase, temperature, the stirring rate and the volume ratio of donor phase to
acceptor phase were all investigated and optimized to obtain the best analytical
performance.

Type of organic solvent

It is important to select a suitable solvent in order to achieve maximum
extraction, good sensitivity, selectivity and high accuracy. The chosen solvent
should enter easily into the fiber pores, be non-toxic, and ultimately have a high
boiling point (be non-volatile) and a proper viscosity to be stable during the ext-
raction process.!0:17.18

In order to select a proper solvent, several solvents (n-octanol, n-octane,
1-decanol, 4-methyl-2-pentanone and benzyl alcohol) were examined. The high-
est extraction efficiency was obtained using n-octanol (Fig. 1).

Fig. 1. The effect of organic solvent on HF-LPME efficiency in the determination of
sitagliptin.

pH of acceptor phase and donor phase

The pH values of the donor and acceptor solutions are important factors in a
three-phase LPME. For ionizable analytes, acid-base dissociation is the most
common reaction utilized to facilitate the extraction of the analyte from the donor
to the acceptor phase.!820 The pH difference between the donor and acceptor
phases can promote the transfer of analytes. For practical applications, the pH
should differ from the pK, value of the analyte (the pK, of STG is 7.7) by at least
3 units.2!

To promote extraction, the pH of the donor solution was adjusted in order to
deionize the analyte. Therefore, the effect of the donor phase pH on the extract-
ion efficiency was studied by changing the sample pH from 8.0 to 12.5. The
maximum efficiency of the analyte extraction was achieved at pH 10.5.
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The effect of the pH of the acceptor phase from 2.0 to 4.0 was studied. At
pH of 3, the extraction rate increased because STG had an ionic structure at this
pH and transferred easily into the aqueous phase.

Accordingly, pH values of 10.5 and 3 were selected as optimum values for
the donor and acceptor phases respectively.

Stirring rate of analyte solution

Stirring the sample during extraction reduces the thermodynamic equilib-
rium time and increases the extraction efficiency as stirring provides a fresh
donor solution for the organic phase to extract and enhances analyte transport
from the donor phase to the organic solvent. To evaluate the effect of sample
stirring, the aqueous donor sample was stirred for 50 min at different rates (from
250 to 1200 rpm). The efficiency of extraction increased with increasing stirring
speed. However, at 1200 rpm there was a decrease in the extraction efficiency,
probably due to the high speed creating air bubbles on the surface of the hollow
fiber that ultimately leads to poorer precision and possible failure of the experi-
ment.10.22.23 Finally, a stirring speed of 1000 rpm was adopted for the sub-
sequent experiments.

lonic strength of the donor phase

In this stage, the effect of adding salt to the donor phase on the extraction
rate was investigated. Generally, two phenomena occur simultaneously when salt
is added to water. The first phenomenon is known as salting-out (this can inc-
rease the efficiency of the extraction) and the second phenomenon is electrostatic
interactions between the analyte molecules and the salt,!8:19 which reduces the
mobility of the analyte molecules and increases the thickness of the emission
layer between the sample solution and fibrated organic layer, that reduces the
extraction efficiency. Furthermore, the addition of salt could increase the visco-
sity of the sample solution and change the physical properties of the fiber wall,
which could reduce the movement of analyte from the donor to solvent phase.
Overall, it is fair to comment that the addition of salt depends on the nature of the
analyte and could increase, decrease or, in some cases, not change the efficiency
of extractions.2425

In this study, the effect of salt addition (NaCl) from 0 to 350 g L-! was
investigated on the extraction rate. NaCl addition significantly increased the drug
extraction. The concentration of 350 g L1 was selected as the optimum value for
further studies.

Thus, according to the nature, structure and the pK, value (7.7) of STG, the
salting out phenomenon was dominant in this process and, therefore, increasing
the salt concentration, increased the extraction rate of the drug.
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Extraction time

The extraction and recovery of an analyte is affected by the stirring time of
the sample solution, which facilitates the transfer of an analyte from the donor
phase to the organic phase and finally to the acceptor phase. In this study, the
effect of extraction time between 20 and 60 min was examined.

Normally, if the extraction time is too long, the loss of solvent and the for-
mation of air bubbles may occur, both of which affect the extraction effi-
ciency.17:10.26.27

The obtained results showed that with increasing time, the extraction rate
increased. Based on thee results, an extraction time of 50 min was selected as a
suitable extraction time.

Temperature

In this study, the effect of temperature on extraction rate was investigated in
the range from 22 to 45 °C. The results demonstrated that the extraction effi-
ciency was reduced on increasing the temperature. This could be due to solvent
evaporation and bubble formation on the fiber wall.19 Therefore, 25 °C was
chosen as the optimum temperature for the extractions.

Volume ratio of donor phase to acceptor phase

In the three phase HF-LPME, an analyte transfers from an aqueous donor
phase to an organic solvent and finally to an acceptor phase existing in the fiber
during an emission process. Pre-concentration factor (PF) in this process is cal-
culated based on the equation:

_100V4R
Va

where Vg and V, are the volumes of the donor phase and acceptor phase, res-
pectively, and R is the extraction efficiency.20-25

In this study, the volume of the acceptor phase was kept constant (20 pL),
and the volume of donor phase was altered and the effects of these changes on
the extraction rate were investigated. Based on the obtained results, 15 mL was
selected as the optimum volume of the donor phase.

PF

Validation method

The calibration curve for STG in aqueous solutions was plotted in the con-
centration range from 0.05 to 10 mg L-!. For each level, three replicate extract-
ions were performed under the optimum pre-concentration conditions (Table I).

TABLE I. Optimum conditions for the pre-concentration of sitagliptin

Vd/mL T/°C [NaCl]/gdL! ¢/min Stirring rate, pm pH of AP pH of DP Solvent
15 25 35 50 1000 3 10.5  n-Octanol
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The corresponding regression equation, coefficient of determination (R2),
dynamic linear range (DLR), limit of detection (LOD) and pre-concentration
factor (PF) of STG were calculated and are summarized in Table II. The LOD
was calculated at a signal-to-noise ratio of 3 and was obtained by adding the
standard STG solution to drug-free urine samples. The results indicated that the
proposed method displayed good reproducibility to determine sitagliptin with
intra-day RSD value of 3.4 % and inter-day RSD value of 5.25 % (for 3 conse-
cutive days, the extraction was performed at an STG concentration of 1 mg L-1).
Under the optimized conditions, enrichment factors of up to 88 were achieved.

TABLE II. The values of the corresponding regression equation and the analytical charac-
teristics of the proposed HF-LPME method; PF, pre-concentration factor; LOD, limit of
detection; LOQ, limit of quantification; R2, coefficient of determination; DLR, dynamic linear
range and RSD %: relative standard deviation; Analyzed concentrations, mg L!: 0.05, 0.2,
0.5,3,5,7,9and 10
Inter-day Intra-day DLR range Slope LOQ LOD
RSD /% RSD/% ngmL’! mVsLmg! ngmL! ngmL"!
5.25 34 2.5-200 0.999 25.881 328.09 3.0 1.0 88

R?  Intercept PF

Extraction of sitagliptin from urine samples

Under the optimized conditions, the developed HF-LPME-HPLC technique
was applied to the pre-concentration and determination of sitagliptin in urine
samples. The pH of the real samples was adjusted to 10.5 by the addition of 0.1
mol L~ NaOH solution. Prior to the spiking and extraction of the target drug, the
urine samples were diluted 1:1 with water. Typical chromatograms for spiked
and non-spiked urine samples obtained by the HF-LPME-HPLC method are
shown in Figs. 2 and 3, respectively.

.

700 C00

4,00
{/min
Fig. 2. Representative HF-LPME-HPLC chromatograms of urine sample spiked with 10
ng/mL of sitagliptin under the optimum conditions (z-octanol as organic solvent; the donor
phase pH of 10.5; the acceptor phase pH of 3; stirring speed of 1000 rpm; concentration of
NaCl 35 g dL!; extraction time of 50 min; temperature of 25 °C;
volume of donor phase of 15 mL).
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N
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Fig. 3. Representative HF-LPME-HPLC chromatograms of control urine sample.

Comparison of the present method with other reported methods

The present method was compared with other studies in terms of the method
of extraction, validation, and precision. The method compares well with those
mentioned in Table III. As can be seen, the LOD value of this method is
comparable with those obtained in previous studies, and even lower than those
reported in the literature. In addition, due to the simplicity and low cost of the
extraction device, the hollow fiber, it can be discarded after each extraction to
avoid carry-over and cross-contamination.

TABLE III. Comparison of the proposed method with other developed methods for deter-
mination of sitagliptin in biological samples

Determination ~ Extraction LOD DLR LOQ RSD Real Ref
method method pgmL!  pgmL! pgmL! % sample o
HPLC-UV HF-LPME 0.001  0.0025-0.2 0.003 34 Urine  Present
work
HPLC LLE - 0.75-100  0.75 10> Plasma 28
LC/MS/MS LLE - 0.001-1 0.001 2-6.1 Plasma 6
HTLC/MS/MS TFO? - 0.1-50 0.1 2.3-6.5 Urine 29
RP-LC - 0.02 0.25-200  0.075 0.93-1.62 Plasma 30
LC/MS/MS LLE - 0.001-0.25 0.001 <6 Plasma 7
LC MISPEP 0.03 0.1-100 0.1 0.4 Urine 8

(mgLh  (uglh (ugl™h
2TFO: turbulent flow online, PMISPE: molecularly imprinted solid-phase extraction

CONCLUSIONS

This work introduced a three-phase HF—-LPME method combined with
HPLC-UYV for the extraction, pre-concentration and determination of STG in
urine samples. The LPME technique proved to have several advantages over the
other extraction methods such as liquid-liquid extraction (LLE) and solid phase
extraction (SPE). A simple, fast and inexpensive HF-LPME-HPLC-UV with
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high accuracy and good sensitivity for the extraction and determination of STG
in human urine samples was developed and validated.
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Iran) for donating the sitagliptin reference standard for this study. We gratefully acknowledge
the support and generosity of the Pharmaceutical Sciences Research Center, without which the
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U3BOJ
EKCTPAKLIMJA IIYIT/JBUM BJJAKHUMA KOMBMHOBAHA CA HPLC 3A OJPERUBAILE
CUTAITIMIITUHA Y Y30PUUMA YPUHA

RAHEME REZAEE, MAHNAZ QOMI u FOROOZAN PIROOZI

Medicinal Chemistry Department, Pharmaceutical Sciences Research Center, Pharmaceutical Sciences
Branch, Islamic Azad University, Tehran, Iran

Y oBOM papy je ycreurHo pa3sujeHa TpodasHa MUKPOEKCTpaKLHja UIyI/bUM BIaKHUMA Y
teuHoj ¢a3u (HF-LPME) cripernyTa ca BucokoedHKkacHOM Te4HOM Xpomarorpadujom (HPLC)
3a onpehuBame TparoBa seka, aHtuadjadervka cutarmuntuHa (STG), y y3opuMma ypHuHa.
CUTarIunTHH je ekctpaxoBaH U3 15 mL ocHoBHoOr pacTtBopa, Ha pH 8,5 y opraHcky pacTBapau
(n-oxTaHOM) y nopaMa IIYIUbeT BjaKHA U Pe-€KCTapXOBaH y 3aKHULIEHEH pacTBOP Y JTyMEHY
mwymsser BrakHa Ha pH 3. Ilocne excrpakuuje, 20 pL akuentopcke ¢dase je MHjeKTHpaHO y
HPLC cuctem. ¥ uwmy dome eUKacHOCTH eKCTpaKlfje, UCIUTHBAHU Cy W ONTHMH30BAHU
napameTtpH koju yruuy Ha HF-LPME, kao wro cy pH nmoHopcke u akuenTtopcke (ase, THI
opraHcke (ase, jOHCKA jaunHa, Op3WHA Mellawa, BpeMe eKCTpakiuje, 3allPEMUHCKHA OITHOC
DIOHOPCKE W akuenrtopcke ase W Temneparypa. [log onTMManHUM YCJIOBUMA je IOCTUTHYT
(aKkTop NMpeKoHLeHTpuCcawa of 88 U JodujeHa penaTUBHA CTaHAApAHA JEeBHjalUja y OICery
3—6 %. PesynraTtu ykasyjy na HF-LPME meTona uma ofnuyaH KanalWTeT 3a mpedrirhaBame
¥ BUCOK (haKTOp NPEKOHLIeHTPHUCAka, Ila MOXKe OUTH ITPUMemeHa Kao jeIHOCTaBHa U OCET/bHBA
MeToza 3a npaheme 1exKoBa y y3opliMma ypHHa.

(ITpummeno 27. neunemdpa 2014, pesupupano 14. maja, mpuxsaheno 24. maja 2015)
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