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ABSTRACT

In this work a sensitive electrochemical sensorsfarultaneous determination of morphine and codeorestructed
by application of disposable screen printed cartsactrode strips (SPCE) modified by double strads) (calf
thymus DNA. According to the results of the modifsCE strips and experimented parameters, we vbdea
considerable shift between potentials of morphind eodeine current peaks. Related to these obsestviftd, we
studied on the effect of the concentration of niedénd pH value on the anodic oxidation pattermairphine and
codeine in the case of optimize the method to géebsignals with maximum potential distance. oAts boosting
the LODs of this electroanalytical method couplédthven electro-membrane preconcentration (EME) sfEipe
calibration curve which was plotted by the variatiof differential pulse voltammetry (DPV) curreatsa function
of different morphine and codeine concentrationenviémear within the range of 0.7— 40 uM and 2.3-4d for
morphine and codeine respectively. Also the liwfitdetection were 0.07 uM and 0.23 uM, respectirhally, the
proposed method was able to determine morphine cttkine simultaneously and effectively in urinaealr
samples.

Keywords: Differential Pulse Voltammetry (DPV), Codeine, mpbine, DNA

INTRODUCTION

Morphine and Codeine (Fig. 1) are pain medicatiohshe opiate type. These chemical compounds ar@ ma
alkaloids in poppy seeds, and have pharmacologicad toxicological activity [1]. In addition to thei
pharmacological applications, morphine and codamese for illegal is one of the most serious faepoblems of
recent two decades. In this context, drug anabsisdetermination plays an important roles in dyuglity control,
pharmaceutical researches and forensic scienctharefore, efforts in the case of developing simpémsitive, and
accurate methods for the determination of this ébaintompounds in real sample is very important aritical.
Following codeine administration, morphine is orgyesent in low concentrations in plasma and urioé b
contributes substantially to codeine’s analgesfeotf Simultaneous determination of codeine andpfmioe in
biological samples is a common practice in manyiatories involved in forensic and clinical toxiogly. In
addition, it is pharmacologically important to bbleato determine codeine and its metabolite in dgwal
samples|[2].
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Fig. 1: Chemical structure of (a) codeine and (b) wrphine

By today, several reports have been reported adgmplication of analytical techniques and methodsditection
and determination of these compounds such as l@ghrmance liquid chromatography [3-5], gas chragedphy
[6, 7], thin-layer chromatography [8], capillaryeetrophoresis [9, 10] and spectroscopy [11]. Thas¢hods are
very powerful and accurate, and even some of tlrenthe standard techniques for determination proreedf these
types of drugs, but in some cases they are alsp esgensive, time consuming and requires a verypticated
pretreatment steps.

However according to the ongoing needs to developmé new, simple, fast and reasonably price aityt
methods for determination illegal or legal drugs pharmaceutical industries, forensic science aridnsfic

researches, electroanalytical methods have atttamtee attention. In particular in this area, tisesiof modified
electrodes for the sake of increasing the sersitand selectivity have been recently recommenbtethis subject,
use of electroactive compounds with electrostaifizdibg ability to the analytes could be effectiva the
electrochemical behavior of the analytes and miigthtis to achieve more sensitive and specific aditalymethods.
According to the Ensafi et al studies [2] the aleattivity of nucleic acids has allowed the devetemt of more
sensitive and rapid electrochemical techniques.

Using a full range of physical and biochemical noely studies have now established double helicah @S a
medium for the efficient transport of electrons agldctron holes. [12, 13]. Electron conductivity swelearly
demonstrated in recent experiments on aligned DiNsf and this conductivity was found only along ttirection
parallel to the helical axis [12]. The charge tfanphenomenon in the DNA strain could be explaibgdunneling
theory. Based on this theory charges are hoppitwdaa discrete base orbitals (Fig. 2) [13].

Electrode suﬁﬂm_/lqm_m_

Electroactive species

Fig. 2: Charge traveling from electrode to electroative compound by hopping between discrete molecularbitals on the DNA
skeleton

In the case of DNA electrochemical biosensors ThABrapped compounds can either be detected dirddthey
are electroactive molecules or via changes in melsemical DNA signal [13-17]. DNA association irgetions are
of interest for chemistry, molecular biology, and editine, particularly for drug discovery and
environmental/medical processes [18, 19]. They ennassociation with both inorganic and organic poumds as
well as various types of assisted interactions aasimetal and metal complex—DNA chemistry. Theseraation
which results in detection/preconcentration of giesl on the DNA biosensors surfaces are mainly ovalent
host-gust interaction and are represents gendrgil{a) Intercalation between the stacked bases phidsDNA, (b)
binding at major or minor grooves of the DNA doub#dix (electrostatic interactions) [20].
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In the past decade, the study of DNA-mediated @h#m@nsport has been of great interest. While ither kinetic
and mechanistic issues surrounding DNA-mediatedgehtiansport chemistry are still being debatebag become
apparent that these reactions are extremely semsitiDNA=n-stacking [21].

Intercalation and groove binding are the two mashmon modes by which small molecules bind direeathy
selectively to DNA. Intercalation, which is an eatlhically driven process, results from the insertaf a planar
aromatic ring system between DNA base pairs witlhcomitant unwinding and lengthening of the DNA keln
contrast, groove binding, which is predominantlytrepically driven, involves covalent or non-covalen
(electrostatic) interactions that do not perturb diaplex structure to any great extent [22].

In this study we report a DNA modified screen pihtelectrode (SPE) biosensor based on differeptide
voltammetry (DPV) technique (Fig. 3) coupled witlkeadro membrane microextraction (EME) technique for
simultaneously determination of morphine and cogl@inurine samples.

positively charged
amino group

positively charged analytes
molecules

negatively charged
phosphate back bone

Fig. 3: A schematic diagram for potential sensing ®chanism of proposed dsDNA biosensors

In the case of DNA biosensor we apply an optimarastrategy for DPV simultaneous determination ofphine
and codeine based on different electrochemical \letsaof these compounds in the existence of imiirsa
dsDNA on the surface of electrodes and various gldes.

EME technique is a selective extraction method Whiic perform by applying an electrical voltage asrdhe
supported liquid membrane (SLM) [23]. In EME, tlomized target compound(s) migrate from an aqueangpke,
donor phase, through an organic solvent locatederpores of a porous hollow fiber into an aqueseeptor phase
inside the lumen of hollow fiber [24]. The chemigature of the SLM is highly critical for a successand
selective electrokinetic crossmembrane extractiesic analytes are successfully extracted withonitromatic
solvents like 2-nitrophenyl octyl ether (NPOE) [2@ile, acidic compounds are extracted by aliphaltohols like
1-octanol [25]. It has also been demonstratedtti@telective extraction of polar drugs in the pneg of non-polar
ones can be improved by means of applying cariietise composition of SLM [26]. Thus, selectiveraxtion can
be obtained if an appropriate composition of SLMhesen and regarding to our analytes we adoptexgptamized
composition of di-(2-ethylhexyl) phosphate as thméomic carrier and 2-nitrophenyl octyl ether as trganic
solvent from similar reported study [27].
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MATERIALS AND METHODS

Experimental

Reagents and materials:All reagents used were of analytical grade. Patassmonohydrogen phosphate,
potassium dihydrogen phosphate, perchloric acigtid@cid, Sodium acetateglke(CN), K4Fe(CN), NaOH and
HCI were obtained from the Merck Company (Darmst&idrmany). 1-octanol and di-(2-ethylhexyl) phosphas
the supported liquid membrane, purchased from HBk&hs, Switzerland). dsDNA salt was purchasethfBigma
(St. Louis, USA) and was dissolved in 0.1 mdi phosphate buffer solution (prepared using,R8, and KHPO,,
pH=5.0) and was kept in refrigerator at 4°C. Monghiand Codeine phosphate were kindly donated biiealpp
research center of anti narcotic police of Iranll gther chemicals were of analytical reagent gradd double
distilled water (DDW) was used throughout.

Apparatus and instrumentations: CVs and DPVs were performed with a Palm Sens (Rabtruments BV,
Netherland). Three-electrode screen-printed elebtmical strips were provided by DropSens (Ovi&fmin). The
extractions were done by using a HY3005F D.C posugply (Hua Yi Electronic, China) with programmable
voltage within the range of 0—400 V and currentgeamf 0-5 A. The electrodes used in EME procedusesw
platinum wires with diameters of 0.2 mm and 0.5 fiemcathode and anode, respectively, and were rodadairom
Pars Pelatine (Tehran, Iran). The porous hollowrfillsed for immobilizing the SLM and housing the i&s a PP
Q3/2 polypropylene (Membrana, Wuppertal, Germanyth van internal diameter of 0.60 mm, 200 mm wall
thickness and 0.2 mm pores.

Preparation of the biosensor (DNA/SPCPE)The SPCE surface was pretreated by applying a paterfi +1600
mV for 120 s and +1800 mV for 60 s in 10 mL freslpisepared acetate buffer, under stirred conditiohis;
procedure was necessary to oxidize all contamirfanetsent on the electrodes surface and also teagéetihe carbon
ink surface and make it more hydrophilic and susceptible to ds®NA immobilization[28]. In the proposed
condition DNA adsorption was performed by electatistadsorption mainly from one end of helical str§29, 30].
The electrochemical strip was then immersed in BNA solution for immobilization onto the screensged
electrode surface at fixed potential of +0.5 V vg #creen-printed pseudo-reference electrode for sla@der
stirring. After that a cleaning step was perfornigdimmersion of the strip in a clean acetate buff@ution, at
open-circuit for 30 s.

Preparation of real samples:A total volume of 50 ml urine samples were collecfeom 3 young persons who
were not consumed codeine or morphine at all iremed0 days. Urine samples were stored in refrigera
immediately after collection.

Electrochemical measurementsin all electrochemical measurements the SPCE stvigre first activated in the
blank solution (NaOH 0.1 M (20 ml),HCI 0.1 M (20 Ynby cyclic voltammetric sweeps between 0 mV af@ 6
mV. The intended solvent with specific amount oélgtes and pH were introduced to the working eteltgras a
droplet (60 uL). Unless stated, otherwise scan B&temV s* and potential step (Ep 5 mV were used in CV
measurments. The pulse amplitudg.E+50 mV (anodic scan) or =50 mV (cathodic scam)se width 100 ms,
scan rate 20 mV'%, and Ewep5 MV were used in DPV.

Procedure for EME: Three milliliters of sample solution containing tlamalyte with a determined pH was
transferred into the sample vial. To saturate theep of hollow fiber wall by the organic solutioh,cm piece of
hollow fiber was cut out and dipped in the 1-octaswution containing 0.1 V/V di-(2-ethylhexyl) pbphate for 5 s
and then the excess of organic solution was gevifhed away by blowing air with a medical syringéeTupper
end of hollow fiber was connected to a medical fe&g as a guiding tube which was inserted throtighrubber
cap of the vial. 15 pl of 200 mM HCI (acceptor $win) was introduced into the lumen of the hollabef by a
microsyringe and the lower end of hollow fiber wamaled with a small piece of aluminum foil. Onetloé
electrodes, the cathode, was introduced into theetuof the fiber. The fiber containing the catha8elM and the
acceptor solution was afterward directed into thme solution. The other electrode, the anode, ledslirectly
into the sample solution. The electrodes were spEsgly coupled to the power supply and the extraatnit was
placed on a stirrer with stirring speed of 1000 rfine power supply was turned on and extraction peaformed
for 15 min. After the extraction was completed, #teeptor solution was collected by a microsyriagd after pH
adjustments, transferred to the SPCE surface fthiduelectromeasurments.

209



Mahmoud Ebrahimi et al Int J Med Res Health Sci. 2016; 5(1)206-218

RESULTS AND DISCUSSION

Characteristics of modified SPCE with dsDNA by Cydk-voltammetry of KiFe(CN)g)/K4Fe(CN)]: The
modification step could be investigated based omysbf electron transfer of ferricyanide througke timodified
electrodes. As it represented in Fig. 4, cycliccammimograms obtained for modified and unmodified EPG 1

mM [Fe(CN)}]*™ and 0.1 M PBS solution (pH 5.0, 0.1 M KNt the scan rate of 50 mV/S [31]. A pair redox
peaks can be seen at the bare SPCE (fig 4-a). Tdesdes could be definitely assigned to the reddxabiers of
[Fe(CN)]*™. In the dsDNA modified SPEs there are significdetreases of the peak height and increases of the
peak to peak potential separation. This induceaigbs are significantly related to the immobilizedoant of DNA

on the surface of working electrode and could iatdid that the dsDNA has been successfully immauilian the
working electrode surface. The peak current deereasid be well assigned to the repellence of [RB{E"* by

the negatively charged phosphate backbone of DA [2
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Fig. 4:  Cyclic voltammograms of the bare SPCE (anodified SPE with immobilized dsDNA (0.4 mg mt) (b) and (1 mg mi*) (c) in
1M [Fe(CN)g]*™* and 0.1M KNO; at the scan rate of 50 mV/S

Electrochemical behavior of codeine and morphine westigation with dsDNA modified SPCE strips:To study
the electrochemical reaction of morphine and casleim the surface of modified and unmodified SPCEapglied
CV measurements. The cyclic voltammograms of SRCHEe absence and presence of 0.85 uM morphin@.86d
UM codeine are shown in Fig.6. These CV’s were naamb at pH of 5. As it is represented in figureaGnodified
SPE with pure dsDNA displays no electrochemicahaig under the experimental conditions and appliential
range. This is mainly due to the merging of thedm@eak at low amount of immobilized dsDNA and the
background discharge [32] (Fig. 6-a). In the oth&nd, three oxidation peaks at 0.39 \\){(0.68 V (Q) and 0.82

V (Oy) were obtained for the SPCE after the additioomofphine and codeine. There is no significant aditho
peak observed.
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Fig. 5: The cyclic voltammograms of SPCE in the a®nce and presence of 0.85 pM morphine and 0.90 pdddeine in pH 5
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Fig 6: Differential pulse voltammograms of 0.9 uM odeine and 0.85 UM morphine in different buffer saltion with pH intervals
from 3 to 10

Codeine is a complex molecule and fairly stableghi@ solid state, but in agueous solutions degraelesively
rapidly in the presence of strong acids and balseshis degradation process, isomerization reastiplay an
important role and it is closely depended to the[®B]. Anodic oxidation of codeine solution follewa complex
mechanism according to its degradation proceduar¢hé case of investigation of pH effect on codgiogidative
pathways a detailed differential pulse voltammaeatnigasurement was carried out. As shown in FigQy&hanging
the pH from 3 to 10 the anodic oxidation pathwaycofleine changes dramatically. At pH 4 there am tell-
defined anodic peaks for codeing=8.99 V and E=+1.05 V (Fig. 6-a); these waves should result faxitation of
the tertiary amine and 6-hydroxy groups [34] . &ctf the decrease of peak potential with increapldigbserved
for the oxidation of the tertiary amine group tduetwith the pH independent potential correspondingxidation
of the hydroxy group until pH 5 means there is pasation between the two peaks[34]. Based on these
explanations, we can say that the anodic wave vedet pH 2, E=1.09 is might be a result of the sum of two close
peaks related to oxidation of the hydroxy and aeytiamine functional groups. The identification tbése two
anodic waves, involving the tertiary amine and @+oyy group, was confirmed by Brett et al [34]. # 8.0, three
anodic peaks for codeine could be observed (Fid). 6-he appearance of a new wave can be attribtatetie
oxidation of the 3-methoxy group [2]. Finally aktipH 10 there are four anodic waves are observigd §Fe). A
small shoulder is seen near the second peak, whéezns that probably the second peak is, for lowkratso the
result of the sum of two anodic waves. This newkpéa probably related with a subsequent oxidafivecess
involving the secondary amine group from the oxalabf the tertiary amine group present in cod¢s4g.

In the other hand, morphine was electrochemicallgined with one anodic peak in the entire apppétiinterval at
E,=+0.25 V. This peak might be related to the oxinlatof the phenolic group [34]. As it obvious in Fiy the
highest DPV peak for morphine in the pH intervabétong to pH 5.

Proton is always involved in the electrochemicalctn of organic compounds and exerts signifigeupact on the
reaction speed. Decrease in Morphine oxidationadighlower and higher pHs can be related to thealdation of
electrostatic interaction between dsDNA and morphbecause protonation of phosphate groups of DNlawer
pH or diminish the positive charge of morphineighler pH [22].

In the case of study the effect of the immobilizsdount of dsDNA on DPV pathway of morphine and doele
some SPCE strips were prepared by different coratiort of dsDNA. As it displayed in the Fig. 7, thraximum
currents of the codeine anodic oxidation are stifte positive potentials. Also the maximum currehtDPVs is
changed with the dsDNA concentration; the besteniris belonging to the SPCE strip modified withgomi“DNA
solution. According to these observations, it sedms decreases in the peak currents of codeiee thi¢ addition
of the dsDNA are caused by the binding of codeirit the bulky, slowly diffusing the dsDNA, resulgnn a
considerable decrease in the apparent diffusiofficieat [2]. The shifting to positive potentialsight be the result
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of merging two anodic peaks of codeine incorporatieligh concentrations of the dsDNA. Since these dnodic
waves might be related to the oxidation of theiagytamine and the 6-hydroxyl groups, differentenaictions of
these groups with the dsDNA are expected to gise to different shifts in their peak potentials d@odtheir
different merging patterns in the presence of $i2MA [35].
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Fig. 7: Differential pulse voltammograms of 0.9 pMcodeine and 0.85 pM morphine (pH= 5) for differenSPCE strips modified by
0.2,0.5, 0.8, 1.0 and 1.2 mg thisDNA solution

As shown in Fig. 7, the oxidation signal of morghis decreased with increasing the dsDNA conceaotraflso
there are obvious negative changes in the pealnipate by increasing the DNA concentration. It sedimat the
decrease of the oxidation signals is caused byedserof the diffusion coefficient. Additionally, fhe studied pH
condition both morphine and codeine according &rtpKs (8.2 and 8.15 respectively) are charged. Basdegn
7, by increasing the immobilized dsDNA amount oe surface of the SPCE, the codeine peaks arenghifti
negatively. Also the behavior of the morphine pe&ksompletely different and they are shifting piosiy.
According to the literatures, the negatively shifteeak potential is characteristic of an electtastenode of
interaction and positively shifting is a result afintercalative interaction behavior [35]. It mag blaimed that
codeine is bound to DNA mainly through an elecatistmode and morphine interaction with DNA is lthes
intercalative interaction mode.
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Optimization strategy: To achieve the best condition for simultaneousrdatetion of morphine and codeine we
considered two important parameters, the maximutential space between morphine and codeine DPVspiak
reduce the potential of interference in higher emiations, and the best current signals, in tlse of improving
the LODs. According to the previous section tothetbest situation we controlled these parameteepplying pH
adjustment and different immobilized dsDNA amouwts.it represented in the Fig. 8 the best optimigede for
pH and dsDNA amount is 5 and 0.4 mg'méspectively.

EME optimization: In order to optimize the EME condition we investagh four effective parameters on the
extraction procedure including donor phase pH, iagpbotential, extraction time and hollow fiber dgin. In this
case we got the sum of peak heights as the nurheesonse. As it represented in figure 7, the pithe donor
phase was investigated between 2.5 and 7.0 tondiei=the optimum pH condition for simultaneous astion of
morphine and codeine. The results are summaris&igin8. The variations of total current by pH ches had a
maximum point in pH=5. In this pH the positivelyasijed form of both analytes are predominate andrthjerity

of the analytes molecules could transfer from ddogshase SLM and subsequently transfer to thepaocehase
through the electrical field. In the lower pH amtaithe higher concentration of proton can interferéhe oxidation
mechanism of analytes and hinder the signals height

In EME, the electrokinetic migration of the anab/@cross the SLM into the acceptor solution is tyekependent
upon the applied voltage. In a recent paper, Kielseal. reported that the flux of analytes is ctffe by the

magnitude of the applied voltage [36]. Increasevdiiage causes an increases in the number of dorssing

through the membrane, as it shown in Fig. 9 thpaeses were increased until the voltage of 40 e Uipleasant
decrease in the total current after this point ddag caused by creation of hydrogen gas bubblédeiise hollow

fiber lumen as products of uncontrolled electralysf water. Also, the generated heats due to ttreased number
of crossing molecules through the membrane in higlodtages leads to loss of membrane organic lagea

function of time and subsequently decrease theetkbn yields.

Extraction time is a very critical parameter in ffresented extraction procedure. By increasingeteaction time
the transferred molecules population of the taagetlytes from the sample solution to the SLM (ia gores of the
fiber) and, subsequently, from the organic solwer&cceptor phase increases. On the other hattte éxtraction
time is long, solvent losses and formation of aibldes may occur, which would compromise the ektracAs it

presented in Fig. 9 the responses were increas@tctsasing the extraction time till 15 minutesisThoint is the
equilibrium condition of the mass transfer rateAmn SLM, donor phase and acceptor phase.
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Fig. 9: Simultaneous investigation of pH, applied ptential, Time and hollow fiber length effect on tle responses

According to the constant diameter of lumen of tielow fiber the length of HF is an indicator ofetlacceptor
solvents volume. Generally in the hollow fiber hsaicroextraction methods, a smaller volume of ptmephase
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causes a higher analyte concentration in that pf@&e However, the acceptor phase volume shouldabge

enough to promote analyte transport to the acceptase [38]. As seems in Fig. 8 the response ammadociteases
with HF length in the range of 3—7 cm, whereashierrtincrease of HF length results in decreasetaf torrent due
to dilution effect. Based on results the optimurmpfor all four investigated parameters are repnéed in table 1.

Table: 1. The optimum condition for EME procedure

Paramete pH | Applied potential (V | Time (min' | Hollow fiber length (crr
Optimized leve | 5 50 15 7

Simultaneous Differential Pulse Voltammetry determnation of morphine and codeine: Under optimized
conditions, simultaneous deferential pulse voltatnimeetermination of morphine and codeine has loegried out
on the SPCE for mixture of extracted morphine andetme with same concentration from blank urinerixdty
means of EME method. The results show that the pea&ntial separation of 0.75 V and the peak heafht
morphine or codeine in the presence of differemceatration of each other is linearly dependany @ml their
concentrations (Fig. 10).

65 1=1.090C+17.26

1=0.992C+ 2.32

I[/uA

10 4 codeine

« morphin
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0 5 10 15 20 25 30 35 40 45

C/uM

Fig. 10: Plots of |, vs. morphine and codeine concentrations in the simtaneous determination after EME procedure (underoptimized
pH and modifier concentration)

Table: 2. Comparisons of various electroanalyticanethods proposed for detection of morphine and codtee

Working electrod Method Linear range far LOD for LOD for Linear range for Reference
morphine morphine codeine codeine
(1M) (M) (1M) (uM)
Glassy Carbon SWVb 0.5-150 0.2 - - [39]
Electrode/
MWCNTS
PB/Pd-AFf DPV 10-50 3 - - [40]
PSi/Pd—NS/CNTPE DPV - - 1-700.0 0.3 [41]
Boron doped DPV - - 0.01-01 0.8 [42]
diamonc
PB/Pd-Al hydrodynamic 2-30 0.8 2-30 0.8 [43]
amperometry
modified-palladized | CV-amperometric - - 2-50 0.8 [44]
aluminum electrode
dsDNA/SPCE EME-DPV 0.25-40 0.07 0.9-40 0.26 Thiskwvo

3Multiwalled carbon nanotube®Square wave voltammetrfrussian blue film modified-palladized aluminumctiede
“dpencil graphite electrode modified by double strandA, Poly(diallyl dimethyl ammonium chloride) amdiltiwall carbon nanotubes
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Figure of merit and analytical performance: The optimized EME configuration which was adoptedhis work
performed a very well extraction for only the pa&ty charged compounds with logarithmic molecuipophilicity
(log p) values lower than 1.4 (the log p of morghand codeine are 0.89 and 1.19 respectively)niéan that the
neutral and negative compounds remain in the samptex and cannot be transferred into the accqutase. The
detection limit of the method (LOD) for morphinedanodeine, from the first range of the calibratmmve, was
calculated to be 0.07 uM and 0.23 uM respectivalyhe case of comparison the proposed method préttiously
similar works showed that the EME-dsDNA/SPCE-DPVthmd has a reasonable lower detection limit, an
acceptable linear dynamic range, better selectivitgre effective cleanup, lower cost and easieraijn of the
detection system (table 2).

Selectivity of the method:In the case of removing the potential electroactiterference compounds in the real
samples we applied a clean-up procedure couplddtivt DPV technique. The main parameters affe¢tiegEME
selectivity are the SLM composition, log p of thealte, applied extraction voltage and extractiomet Optimal
conditions can be used in order to increase thextety of extraction [24]. According to the optinm condition of
EME procedure which were applied in this work, théraction step lead to specific extraction of pgusitively
charged compounds with log p values lower than Hiénce, the negative and neutral drugs remainersémple
solution and cannot be transferred into the acceyitase.

In order to investigate the selectivity of the noetlsome common commercial drugs and natural uricamypounds
(Table 3) which are electroactive compounds and draat potential to be a major interference in DRV
measurements had been selected and investigated.

Table: 3. List of investigated electroactive potemal interferes

Name of drug Chemical structure Log p pKa
Vitamine C HO -1.85 4.7
Ho\/'\’gifo
HO _ OH

Tramadole Q\/ | 24 9.41
g AN

Ibuprofen 3.97 491

OH

Cocaine :{L CHy 2.30 8.61

HCH -/ ﬂ//[/]

)N,O Ty
T

Uric acid o -2.17 5.4
. 'l“NH
6=
N “N‘ﬂl“o
H 3
Acetaminophene “ I 0.46 9.38
BOR
Ethanol ~OH -0.32 15.9
Citric acid o FaoUH, -1.64 2.79
A
[1i%) - OH‘ ol
Citric acid o PagUHg -1.64 2.79
A A
H¥ - H

The tolerance limit was taken as the maximum comaBon of the foreign substances, which caused an
approximately +5% relative error in the determioati The results after the experiments revealednbiher 300-
fold citric acid, uric acid and ethanol nor 150efdbuprofen, cocaine, vitamin C, tramadole and H@® fold of
acetaminophene were interfered with the deternanaif morphine and codeine.
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Real sample analysisTo assess the method applicability, we run the widgtermination procedure on various
spiked urine samples by repetition of 3 (n=3).His regard, the samples were prepared as desdrlibd sample
preparation section. The results are listed inet@blPresented results indicate that the modifiectrede retained its
efficiency for the simultaneous determination ofrgione and codeine in real samples with satisfga@sults.

Table: 4. Simultaneous determination of morphine ad codeine in urine samples using our proposed semso

Sample¥ Morphine Codeint

Addec Founde: RSC’ Recover Addec Founde: RSC Recover
Person 1 - <LOD - - - <LOD - -

3.00 2.94+0.09 3.06% 98% 1.50 1.48+0.14 8.30% 98%

1.00 1.03+0.02 2.01% 103% 5.00 4.97+0.05 1.01% 99%
Person 2 2.30 2.26+0.07 3.19% 98% 2.30 2.36+0.04 | 0892. 102%

7.50 7.36+0.04 0.61% 98% 7.50 7.36+0.26 3.63% 98%

0.5C 0.5440.: 19.6% 108% 0.8C 0.87+0. 6.08% 108%
Person 3 - <LOD - - 3.50 3.53+0.04 1.14% 100%

- <LOD - - 7.50 7.48+0.03 0.51% 99%

3.80 3.78+0.05 1.45% 99% - <LOD - -

a. Samples are collected from 3 healthy males whickrrdy didn’t take any type of drug or painkiller.
b. RSDs are based on 3 measurements (n=3).

CONCLUSION

In this work we applied calf thymus dsDNA as a SP§lEps modifier to develop a sensitive biosensar f
simultaneous determination of morphine and codiirtee urine real samples. Accordingly, we evalubte effect
of the amount of immobilized dsDNA on the CV and\D&Xxidation pattern of morphine and codeine. Simita
dsDNA study, the effect of pH on the characteristiddifferential pulse voltammograms of the two qmunds
were analyzed. In the case of obtaining a wellmjziéd configuration we applied the biggest potémistance of
morphine and codeine peaks and maximum currenigofils. These parameters were controled by adgistia
dsDNA concentration and pH. In the case of imprthee LODs and applying a matrix cleanup we coupleal t
current method with EME technique.

Finally, the proposed electrochemical biosensor waed successfully for simultaneously determinatain
morphine and codeine in urine real sample witts&attory results.
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