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ABSTRACT

Agarose film micro-electrodriven membrane extract{@\F-p-EME) combined with liquid chromatography as
new microextractiontechnique was developed andieggbr extraction of three selected anti-depressdmugs
from tap water and human urine samples.Using 2epitienyl octyl ether, NPOE as organic liquid memleran
immobilized in the pores of a porous agarose fillaveed the extraction of selective analytes frondi@csample
solution into the acceptor phase. Different inflagiyg parameters such selection of organic liquidnmhbeane,
sample pH, salt addition, extraction time and apglivoltage were optimized.Under the optimal exioast
conditions, the method demonstrated good lineairitythe range of 0.5-500 pg™ Lwithgood correlation of
determinationf> 0.9979,low limits of detection (0.02- 0.20 iY),Lhigh enrichment factors (110-142), good relative
recoveries in the range of (87-109.1%) and satisfigcprecisions with RSDs of <8.9%(n = 3) were obéal. The
validated method was successfully applied for theysis of selected anti-depressantdrugs in tapewand human
urine samples.

Keywords: Agarose film, micro-electrodriven membrane exti@ctianti-depressant drugs, liquid chromatography,
aqueous samples.

INTRODUCTION

Sample preparation based on the liquid phase mittastiontechnique has attracted and has been geglor the
analysis of biological and water samples due toirtliavorable features [1]. The achievements of this
extractionresulted with effective sample cleandapy cost and excellent extraction performance, hog great
promising and demanding in analytical sample prajiar methods[2].Currently, electrical forces haeen utilized
in the sample preparation and received great ceraite attentions by many researchers [3].Electnalonane
extraction (EME) has been introduced by PedersengBprd in 2006 to resolve problem long extractiome
encountered by hollow fiber-liquid phase microesti@n (HF-LPME) technique [4]. EME has been appliedthe
extraction of pharmaceutical compounds [5], wastewgs] and heavy metals [7]. It has been receivetits for
simplicity, minimum organic solvent consumptionstf&xtraction time and powerful enrichment fac{&s Most
reported EMESs studies utilized conventional polygytene supported liquid membrane (SLM) such asolofiber
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(HF) for the extraction. Although, this membranewpded high pre-concentration and excellent efficies, it has
several drawbacks such as inferior stability ansispesed high pressure gradient especially for agusamples to
pass through into membrane pores due to the agpiflarce in hydrophobic membranes [9]. Therefore,
considerable attention has been focused on thefusgdrophilic biopolymer materials to allow morelectivity of
analytes to pass through SLM for better performarfaxtraction efficiencies. In this work, two peasgarose film
micro-electrodriven membrane(AF-pu-EME) extractiorsing hydrophilicagarose film as an interface was
proposedand applied to the analysis of some aptiedsants drugs (imipramine, amitriptyline and
chlorpromazine).Previously, these compounds werecessfully extracted using two-phase EME with a
polypropylene membrane as interface which has leepiored by Sanagi and co-workers [10]. Thus, sk
evaluated potentialofhydrophilic biodegradable agar film served as interface in two phase of AFNIEE
technique in order to achieve better performantmetion efficiencies. Therefore, agarose film i&ME (AF-u-
EME)combinedhigh performance liquid chromatographyaviolet (HPLC-UV) was developed and validated f
quantification of three selected antidepressarmsimtap water and human urine samples.

MATERIALS AND METHODS

Chemical and reagents

Imipramine hydrochloride (IMI) and amitriptyline dgochloride (AMIT) were obtained from Sigma-Aldri¢st.
Louis, USA). Chlorpromazine hydrochloride (CHLO) svabtained from Clearsynth (Mumbai, India). HPL@adg
organic solvents (acetonitrile, methanol, 1-octanmkre obtained from J.T. Baker (Pennsylvania, US2)
nitrophenyl octyl ether (NPOE) was purchased froignta-Aldrich (St. Louis, USA). Reagentgrade sodium
hydroxide (NaOH), hydrochloric acid (HCI) and patiasn dihydrogen phosphate (KPO,) were obtained from
Merck (Darmstadt, Germany).Agarose (molecular gradas obtained from Promega (Madison, USA). Double-
distilled water of at least 18@nwas purified by Nano utra-pure water system (Bitke USA).

Materials

For this extraction, four glass tubes of differsizes made up in our glass-blowing laboratory weesiuA voltmeter
of a dc power supply 0-300V (Delta Elektronika BVoael ES 0300-0.45) instrument (Zierikzee,
Netherlands),providing a direct current in the ®of (0-0.45 A) was used.Three cable wires, witliacodile clip
at each end and three platinum wires (Guangdonmalhvith diameter of 0.2 mm were used as elecsdde
auto-ranging picoammeter 9103 (Oregon, United Sfat@s used to monitor the current measuremenesghgA

to 2 mA.

Preparation of standard solutions, tap water and hman urine samples

Standard solutions of IMI, AMIT and CHLO (1000 pd/nwere prepared separately in methanol. All statidand
sample solutions were stored at°@ and protected from light. Tap water was collecfesn Faculty of
Science,UniversitiTeknologi Malaysia. The samplesrev pre-filtered with nylon filter due to the pdsbiy
particles. Human urine samples were collected fadnealthy volunteer with no recent history of dtaging. Urine
samples were prepared by dilution to 1:1 with watdter dilution, the pH of the urine sample waguasted to 6.0
with 0.1 M hydrochloric acid (HCL) and the solutiaras spiked with the drug mixture for further asaly. Human
urine samples collection and experimental procetae performed in compliance under guidelines amgroved
by the Research Ethics Committee, UniversitiTekgoMalaysia.

HPLC-UV analysis

HPLC separations were carried out on a Zorbax Eeljplus Ggcolumn (2.1 x 100 mm, 3.5 pm) using an Agilent
Technology HPLC system (California, USA) equippethwaltraviolet detector and a 20 uL sample loopakites
peaks were detected at 240 nm and chromatograpldcveere recorded using Agilent Chemstation soffw@he
eluent was acetonitrile-methanol-phosphate buffer §.0, 25 mM) (55: 15:30) (v/v) and the flow ratas set at 0.2
mL/min.

Preparation of Agarose Film

Agarose film wasprepared by dissolving of 0.1 cagérose in 10 mL deionized water and mixed thortyughd
stirred for 20 min. The warm solution of the aligqueas spread immediately into a 9 cm diameter ghess-dish
and it was allowed to cool and get at room tempieeadt least 30 min. The agarose film was cuat intertain size
(ca. 2.5 cm x 2. 5 cm) and attached at the lowdrodma glass tube.

Agarose film-microelectrodriven membrane extraction(AF-u-EME) procedure

The equipment use forAF-u-EME is illustrated in .EigAsample solution (10-mL) pre-adjusted to pH @iés
introduced into a 12-mL sample vial.Agarose filmsveait into (2.5 cm length and 2.5 cm width) and a@ached at
the lower end of glass tube and sealed with thefii@r The surface area of the agarose film expdsdtie sample
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solution was approximately 0.13 &nThe pores of the membrane were impregnated hyirdjpin 2-nitrophenyl
octyl ether (NPOE). The acceptor solution was ohiiced into the glass tube that attached with agdiite. The

cathode and anode was subsequently coupled tmthersupply. The power voltage supply was turnecrmh the
extraction was performed for a prescribed time §531in) with constant stirring using a magnetic bér at a rate
of750 rpm. During extraction, the current flow wasnitoredby the auto-ranging current measurememtake sure
it was executed under low voltage system. At thek @frthe extraction, the power supply was turnddaofl 2 pL of

the acceptor phase was withdrawn with a micro ggriand transferred to HPLC-UV system for separasiod

guantification.

(anode) (cathode)

Current measurement

Cations— o
——Organic liquid membrane

(o EEEET—Agarose film

Stir bar— O (_O“O'

Anions

Fig. 1 Schematic representation of AF-pu-EME system

RESULTS AND DISCUSSION

Optimization of AF-u-EME procedure

Several important parameters namely (organic liquieimbrane, sample pH, salt addition, extractiore tiamd
applied voltage) were studied and optimized. Thémapation was evaluated by using deionized watan@es
spiked with each TCA at a concentration of 0.5 ugnach experiment was performed in triplicates @).

Selection of organic liquid membrane

Three types of organic solvents were evaluated hafrectanol, heptanol and 2-nitrophenyl octyl etlPOE)
were investigated. The results revealed that NP&¥e the highest peak area compared to the othaniorgolvents
(Fig. 2). This might probably due the compatibildfy NPOE impregnated in the pores of the agardseds SLM
for the determination of basic drugs. NPOE is kn@sra very efficient organic solvents for electngitic migration
of non-polar basic drugs through the SLM while, ctamol has been reported to be suitable for theaetibn of
acidic drugs[11]. Therefore, NPOE was chosen aed ussubsequent experiments.
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Fig. 2Effect of selection organic liquid membrane oAF-u-EME of anti-depressant drugs ( =3). Error bars represent the standard
deviations

Effect of sample pH

INAF-u-EME procedure, the analytes must be possessintended in ionized form due to the electratkine
migration process.As the target compounds are lolasgs (pKa = 9.2-9.53), the pH of donor aqueolistisms was

adjusted in the acidic range so as to deionizeatget compounds.The basic analytes with the diggor constant
pKa ranging around 9.5 were completely ionizedoat bH [12]. Therefore, the sample pH was evaludigd
varying the pH in the range of 3.0-7.0 (Fig. 3).efdfore, when the pH of sample solution is morentiathe

ionization efficiency was decrease. Result showleel,highest peak area obtained at pH 6. Therefdie§.0 was

selected and used in further analyses.
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Fig. 3Effect of sample pH on AF-pu-EME of anti-depresant drugs 6 =3). Error bars represent the standard deviations
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Effect of salt addition, %(w/v)

The effect of sample solution ionic strength on AMEME efficiency was determined by adding different
concentration of sodium chloride (0, 1, 2, 3 anth4v/v) in the sample solution.Results showed tldalitaon of
sodium chloride (NaCl) to the sample solution diot significantly increase the extraction efficieeiof all
analytes (Fig. 4). The presence of salt in the $ausplution will increase the value of the ion Imala in the system,
which will decrease the flux of analytes across $tév [13]. Therefore, the presence of salt may ease the
extraction efficiencies.Thus, no addition of sal0&6 (w/v) to the sample solution was not perforriredubsequent
analysis.

1200 ~ @ |mipramine
B Amitryptline
" 1000 1 ¢ @ Chlorpromazine

<< 800 1
o 60017
] ot
©
¢ . L
g 400717
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0 i A

Salt addition, % (w/v)

Fig. 4Effect of salt addition on AF-u-EME of anti-depressant drugs 1§ =3). Error bars represent the standard deviations

Effect of extraction time

The effect of extraction times from 5 to 15 min evexamined to determine the equilibrium time regplifor the

analytes to partition into the acceptor phase. &s be seen (Fig. 5), the extraction efficienciesewdightly

increased of response until 10 min extraction. Hexeextending the reaction time after 10 min,ighsldecrease
in peak areas observed for all three selected dfsTahalytes. It shows that AF-pu-EME is a non-extimegnethod

in which it was a time-dependent system [14]. Hei@emin was adopted to be the most suitable eidratime.

Effect of applied voltage

AF-u-EME is based on the driving force for electngiic migration of the analytes, applied voltageetectrical
potential differences is one of the most imporfentameter that affect the performance of the etitmaefficiency
that should be optimized. In this study, the effetapplied voltage was examined in the range ef6d V. As
illustrated in Fig. 6, there was sharp increaspeaak area for TCAs analytes up to 10 V, but afet & slightly
decreased response of peak area was observed.hAchigent may generate electrolysis at the bothtreldes
(anode and cathode) and this can lead a bubbleafmmdue to the higher voltage [15]. The highestkparea for
TCAs analytes was obtained at 10 V. Therefore, 1 &pplied voltage was chosen for the subsequalyses.
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EMEextraction

=3). Error bars represent the standard deviations
-l'l-

10 min

oV

Optimum Condition
2-nitrophenyl octyl etidéPOE

0 (%w/v), no salt addition

Applied voltage,V
www.scholarsresearchlibrary.com

Operating parameters
Organic liquid membrang

Salt addition
Sample pH

Extraction Time
Applied Voltage

Table 1Summary of the optimum conditions of AF

Fig. 6Effect of applied voltage on AF-pu-EME of antidepressant drugs i
(organic liquid membrane, NPOE, pH of sample sohyti6, salt addition, 0% (w/v) or no salt additioextraction

The proposed of AF-EME method was evaluated urttentost favorable extraction parameters determaaglier

Method Validation
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time, 10 min and applied voltage, 10 V). The reswere tabulated in Table 1. Good linearity of oese (peak
area) for each analyte with coefficients of detetibn,r? of > 0.9979 over the concentration range of 0.8-f@
L™ (Table 2). The LODs were calculated based onitirasto-noise ratio (S/N) of 3.The LODs obtairiad0.02-
0.08) pg [! and(0.10-0.20)ug t for tap water and human urine samples, respectivéily relative standard
deviations (RSDs) of <7.5% indicating good repi@tility.

The accuracy and the precisions of inter-day RSDeeoproposed method were measured with TCAs spikeo
different concentrations (10 ug'land 100 pg L) in tap water and urine samples. The resultssanemarized in
Table 3. The average recoveries were between8710%% % and 86.1% -108.3 % for tap water and huuanare
samples respectively. The inter-day precisionsodh lanti-depressants were evaluated with the iaguRSDs less
than 8.9 %. Figure 7 shows the typical HPLC/UV chadograms of spiked tap water and human urine syl
three selected of TCAs at spiking with TCAs mixtstandard solution at concentration (a) non-spaauple (b)
10 ug L'and (c) 100 pug tThe chromatogram revealed that all blank samplesaddave contaminants of TCAs.
Meanwhile, all peaks in spiked tap water and humare were demonstrated well separated.

Table 2: Validation data of AF-u-EME of TCAs from tap water and human urine samples

Sample TCAs Llrzﬁzr[%nge Coefficient of determinationr?) (;IIEEI) EF '(?nS:D;f)
IMI 0.5-500 0.9993 0.08 134 6.6

Tap water AMIT 0.5-500 0.9984 0.02 142 74
CHLO 0.5-500 0.9985 0.06 114 4.9

IMI 0.5-500 0.9991 0.18 12 5.4

Human urine| AMIT 0.5-500 0.9983 0.10 139 3.6
CHLO 0.5-500 0.9979 0.20 110 6.5

EF=Enrichment factor

Table 3Extraction relative recovery (%) and methodprecision(RSD, %n = 3) at two different concentrations of the anti-dpressant
drugs in tap water and human urine samples

Analvtes Spiked concentration Average relative recoveries, %(RSD, %X 3)
Wt (Mg LY Tap water Human urine
Imipramine(IMI) 10 102.7 (5.1) 89.0 (5.3)
100 105.8 (8.8) 108.3 (3.6)
S 10 87.0 (2.2 86.1 (5.1
Amitriptyline(AMIT) 100 109.1 27.8)) 945 ((2.8§
. 10 99.2 (6.1 95.1 (4.5
Chlorpromazine(CHLO)) 100 107.0 22.8)) 108.2((6.%)
A
A o NG (B) 60 NPOE
% 50 % 50
: . AMIT
3 40 IMI . CHLO g 40 I gt
@ ©
L a8
$ 30 © & 30] _AAL (€
o o
(b)’ _h
10 _A N oy W A (a)
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Time, min Time, min

Fig.7 HPLC-UV chromatograms obtained after extracton of three TCAs drugs from (A) tap water and (B) luman urine samples at
concentration level of (a) non-spiked sample (b) 109 L™ and(iii) 100 pug L*. HPLC conditions: separations were carried out ora
ZORBAX Eclipse plus Cgcolumn (2.1 x 100 mm, 3.5 pm thickness); detecta240 nm

CONCLUSION

A new proposed method two phasemicroelectrodriveembrane extraction (AF-u-EME) was successfully
developed for the analysis and quantification ofA8Gn tap water and human urinesamples. In thiskwagarose
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film has been prepared and utilized as interfacihénextraction. The suitability of agarose filmasinterface in
EME extraction was successfully applied to the ysialof TCAs from tap water and human urine sampléss
method exhibited provided a valuable value of thérbphilic of agarose film (biodegradable polymas)interface,
fast time extraction, good limit of detection, higte-concentration, acceptable repeatability apdoducibility, and
minute of organic solvent consumption.
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