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Abstract: Problem statement: The performance characteristics of Sensitive SeRyérted (SPE) and
Carbon Paste (CPE) electrodes were investigatethéoDetermination of Doripenem (DP) in pure,
pharmaceutical preparations and biological fluidspproach: The proposed electrodes is
characterized in terms of plasticizer type, respotime, pH and temperatur®esults: The two
electrodes showed nearly Nernstian behaviours tneeconcentration range of 2x1®x102 mol/l of

the drug with slopes of 58 and 57 mV/decade for 8RtE CPE electrodes, respectively. The electrodes
exhibited good selectivity for DP with respect tdaage number of inorganic cations and organic
substances present in the biological fluids. Théhotewas precise, as shown by the mean recoveties o
99.49-100 and 98.49-99.49% with mean relative stahdeviations 0.38-0.78 and 0.60-0.90% for SPE
and CPE electrodes, respectivépnclusion: Doripenem was determined successfully in puretisois,

in vials or in biological fluids using the standadidition and potentiometric titration methods.
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INTRODUCTION because these sensors offer the advantage of simple
design and operation, reasonable selectivity, fast

Doripenem (DP) (S-4661) (Fig. 1) is a recently "'eésponse, applicability to coloured and turbid sohs
developed member of the carbapenem class of bet&nd possible interface with automated and comgeri
lactam antibiotics. Similarly to meropenem andSystems (Santinet al., 2008). For these advantages,
ertapenem, but unlike imipenem, doripenem hasa 1- ISEs have found various applications: in clinical
methyl side chain that provides resistance to #relr chemistry, environmental protection, water, soildan
enzyme |-dehydropeptidase. It was approved by tBe Uanalytical chemistry in general (Kormostral., 2008).
Food and Drug Administration (FDA) in 2007 for the ~ Over the past five decades, carbon paste (i.e., a
management of patients with complicated intra-Mixture of carbon (graphite) powder and a binder
abdominal infections (dAls) and complicated Urinary (Pasting liquid)) has become one of the most papula
Tract Infections (cUTIs), including pyelonephritis €lectrode materials used for the laboratory prejmara
(Mori et al., 1996). DP has been shown to have broadof various electrodes, sensors and detectors. Chadni
spectrum activity against Gram-negative and GramModified Carbon Paste Electrodes (CMCPESs) possess
positive pathogens, including strains Rdeudomonas ~ important advantages, such as ease of preparation,
aeruginosa (Joneset al., 2005; Wexleret al., 2005). regeneration and very stable response in additon t
DP, similar to other carbapenems, was developed foféry low Ohmic resistance (Svancaea al., 2009).
the treatment of hospitalised patients with modemat Therefore, CMCPEs have found direct applicatiom in

severe bacterial infections (Joreesl., 2004) variety of analytical situations, such as amperoynet
Doripenem has been determined in its(Ozoemenaet al., 2004; Malongoet al., 2008),

pharmaceutica' formulation and in p|asma usingvoltam-metry (Mashhadizadeh and Akbarian, 2009) and
different techniques, including spectrophotometryPotentiometry (Mostafa and Homoda, 2008).
(Piontek and Ska, 2010) chromatography High In this study, we introduced new potentiometric
Performance Liquid Chromatography (HPLC) with sensors for selective determination of DP in
various detection methods (Sutherland and Nicolaupharmaceutical preparations and biological fluitise
2007; Ikedaet al., 2008) and liquid chromatography present study describes the preparation, charsatiem
(Dailly et al., 2011; Ohmoriet al., 2011). The and application of Carbon Paste (CPE) and Screen-
development and application of ion-selective etm#s  Printed (SPE) electrodes for the continuous
for pharmaceutical analysis continue to be of gger determination of DP in pharmaceutical preparations.
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H 0 0 Preparation of Carbon Paste Electrode sensor
NN “S” (CPE): CPE was prepared by mixing (500 mg) highly
' N~ “NH, pure graphite powder and plasticiser (0.2 mL oef
Q H NPOE, DOP, TCP, DBP and DOS). After mixing this
matrix, the resulting paste was used to fill thecebde
S H body. A fresh surface was obtained by gently pugshin
the stainless steel screw forward and polishingning
carbon paste surface with filter paper to obtashimy
OH new surface (Fragt al., 2011).

Preparation of the screen-printed and carbon paste
electrodes. SPEs were printed in arrays of six couples

The method described here is based on the ion-pafionsisting of the indicator and the reference edelets
formation between doripenem and sodium tetraphenyi€ach 5x35 mm). A flexible polyvinyichloride sheet
borate as electroactive materials and Tricresy(0-2 Mm), which was not affected by the curing

Phosphate (TCP) as a placticiser in the doripenerffMperature or the ink solvent and easily cut by
matrix. ~ These sensors  exhibited analyticalSCISSOrS, was used as the substrate. A pseudo &f-Ag

characteristics with near-Nernstian sensitivity dmey ~ €/€Ctrode was first printed using a homemade pogvi

detection limit and were therefore useful as intica Chloride ink containing silver/silver chloride (85)
electrodes in potentiometric titrations of doripenen ~ @nd cured at 60°C for 30 min. The indicator eledi

pure form, in vials, in urine and in serum samples. were prepared depending on the method of fabrieatio
The indicator electrode was printed using homemade

MATERIALSAND METHODS carbon ink (prepared by mixing 200 mg DOS, 0.55 g o
polyvinyl chloride (8%) and 0.4 g carbon powderilan

Apparatus. The potential measurements were cured at 50°C for 30 min. A layer of insulator when

performed using an Orion model 378A instrument. APlaced on the printed electrodes, leaving a defined
digital pH/mV meter with a Ag-AgCl saturated réctangularly shaped (5x5 mm) working area with a
reference electrode was used for the measureménts gmilar area (for electrical contact) on the otiséte.
potential differences at 25.0+1.0°C. Elemental psial | fé€ types of the indicator electrodes were pezpar
was performed using a Vario E1 CHNOS Analyser. depending on the method of fabrication. The fabeida
electrodes were stored at 4°C and used directlyhfer
Reagents and materials. All Chemicals were of potentiometric measurements (Khaletl al., 2008;
analytical reagent grade. Double-distilled waterswa Mohamedet al., 2010a; 2010b).
used to prepare all the experimental solutions.
Doripenem was provided by Merck, Sharp and DohmePotentiometric deter mination of DP: Doripenem was
Relatively high molecular weight polyvinyl chloride determined potentiometrically using the prepared
(PVC), graphite powder (synthetic 1-2 um) andelectrodes by the standard additon method. Small
Cellulose Acetate (CA) were purchased from Fluka. increments of 13 mol/L standard DP solution were added
Nitrophenyloctylether ¢ NPOE), Dibutylphthalate to 50 ml aliquot of samples of various DP conceiaina.
(DBP),  Dioctylphthalate  (DOP), Dioctylsebacate The change in the cell potential due to the in@éaDP
(DOS), Tricresylphosphate (TCP), sodium concentration was recorded and used to calculae th

Tetraphenylborate (TPB) and Tetrahydrofuran (THF)cqncentration of DP in the sample solution.
were obtained from  Sigma-Aldrich. Sodium

phosphotungstate (Na-ph) and ammonium reineckat
were obtained from Fluka.

Fig. 1: The chemical structure of doripenem

Botentiometric titration of DP: An aliquot of DP

Phosphate buffer was prepared by mixing aqueousolution was pipetted into a 100 mL titration véssel
e solution was diluted to 50 mL with double-diet

solutions of 0.1 M sodium dihydrogenphosphate an water. The resulting solution was titrated with ™0

0.1 .M disodium .hydrogenphosphate 0 aCI'"evemolll NaTPB solution and the change in cell potnti
solutions at the required pH values.

upon addition of NaTPB was recorded. The volume of

Pharmaceutical preparations. The contents of 10 the titrantatthe end point was recorded.

ampoules were mixed. Accurately measured aliqubts o

the injection solution equivalent to 50 mg/2 mL of Determination of DP in biological fluids: Five

doripenem were analysed by the proposed electrodes. millilitres of plasma or urine were collected from
2
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healthy persons and different amounts of DP (1.72- 21 SPE
5.17 mg) were added. The resulting solutions were s |
diluted to 50 mL with double-distilled water and
subjected to potentiometric analysis using the
proposed electrodes.

270 A

265 1 CPE

E(mV)

260 A

RESULTS 2ss |

Elemental analysis: The elemental analysis of the
formed doripenem-TPB ion pair was performed and the **° ¢ ] T . : - M
results were determined to be %C = 53.38, %H = pH

495, %N = 16.14 and %S = 21.50, while the

expected values were %C = 54.62, %H = 5.04, %N Fig. 2: Effect of pH using 0.01 mol/l SPE and 0.01
16.32 and %S = 21.34. mol/l CPE

Analytical parameters Effect of pH: The pH dependence for a f0M
Electrode response: Five different plasticisers (DBP, doripenem solution is shown in (Fig. 2). The pHueal
0-NPOE, DOP, DOS and TCP) were considered in théiad a negligible effect within the pH range of 4T
selective membrane preparation. The plasticisetecon thus, the electrode could be used safety for DP
was 70% of the total mass of the membraneletermination within this range. At pH values highe
components and the ionic strength of the solutias w than 7, the DP base precipitated and consequemgly t
adjusted with 0.1 M NaCl solution. The influence of concentration of the protonated species decredsed.
solvent mediators on the potentiometric responsegesult, lower e.m.f. readings were recorded. It ala®
characteristics of the doripenem ion-selectivetedele  clear from the obtained pH profile that the regidpH
are summarised in Table 1. The best characteriftics independence was mildly concentration- dependeat an
the determination of doripenem were exhibited by th the potential did not fluctuate by more than 2 mv i
membranes plasticised witb-NPOE or TCP, with this region (pH 4-7).
slope values of 55 and 58 np@, for SPE and 54 and
57 mVpC for CPE, respectively. Selectivity: Selectivity is clearly one of the most
important characteristics of an SPE sensor in which
Effect of plasticizer: The nature of the plasticiser reliable measurement of the target drug is required
(based on its polarity) did not affect the sensitivity of The selectivity coefficientglogK?’,) of the SPE and

the detection of the investigated ions but didCPE were determined employing Separate Solution
significantly contribute to the value of the elede Methods (SSM) with a rearranged Nicolsky equation
function slope. The effect of the plasticiser itseh  (Hassaret al., 1997):

the electrode function slope, its linearity and the

detection limit was then investigated. The ratio of o _E,—E, z,

plasticiser to the added PVC in the membrane WaéogKDIB—S+(1+22]Ioga

varied from 1:1 to a 2:1. The optimal componeniorat
was found to be 1.0 plasticiser to 1.0 PVC, as a

T > _Where, g is the potential measured in 1.0%1@nol/l
membrane of sufficient elasticity and homogeneltyDP (D), B the potential measured in 1.0%1@nol/l of
could not be produced at any other ratio. y

the interfering compound (B); and z are the charges

The effect of plasticiser content on the ot the pp (D) and interfering species (B), respey
electrochemical characteristics of selective etelds is 54 S is the slope of the electrode calibration. flbe

function dependence on the polymer:plasticizerorati reasonable selectivity towards DP in the preserfce o
was found; therefore, the matrix did not affect themany carbohydrates and nitrogenous compounds was
selectivity of the film membranes. This assumpticas  observed. The results also showed no significant
indirectly corroborated by the similar values ob&al interference from a number of pharmaceutical
for the electrode parameters of the ISEs (linearitthe  excipients, diluents and active ingredients commyonl
electrode function and detection limits) as theused in drug formulations at concentrations as high
PVC:plasticiser ratio increased. 10-100-fold molar excess over DP.
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Table 1: Response characteristics of DP- sengte@rodes plasticised by different solvents

SPE CPE

Pasticizer Slope Linearity Detection Respnse Slope Linearity Detection Respnse
70% (mV/pC) range(mol/l) limit (mol/l)  time (sec) my//pC) range (mol/l) limit, (mol/l) time (sec)
0o-NPOE 55+2 1x16-5x10? 6.5 x10° 10 5442 1x10 -5x10° 6.0 x10° 9

TCP 58+1 2x10 -5x102 7.0 x1¢f 5 57+2 1x1¢ -5x10° 7.3 x10° 7

DBP 52+1 2x10 -5x10? 6.0 x1¢f 8 50+1 1x1¢ -5x10° 5.5 x10° 15

DOS 47+2 3x10 -5x10° 5.5 x10° 15 49+1 2x10 -5x10° 5.5 x10° 15

DOP 54+1 2x10 -5x10° 6.2 x10° 10 5242 2x10 -5x10° 6.0 x10° 20

Table 2: The effect of plasticiser content on tleeteochemical characteristics of a DP-sensitieetebde

SPE CPE

Content Linearity Detection Linearity Detection

of TCP Slope range limit Respnse Lifetime Slope ngm limit Respnse  Lifetime
(%) (mV/pC)  (molll) (mol/l) time (sec) (day) (mVv/pC (molll) (mol/l) time (sec) (day)
70 58+1 2x10 -5x10° 6.5x10° 5 31 57+2 1x10-5x10° 7.0x10° 8 30

60 5542 2x10d -5x10° 6.0x10° 8 30 53+2 1x10-5x10° 6.6x10° 10 30

50 52+1 2x10 -5x10° 6.0x10f 8 25 50+1 1x10-5x10? 6.2x10° 10 27

40 49+1 2x1d -5x10° 5.8x10° 10 25 462 1x16-5x10? 5.7x10° 15 25

30 4612 2x10 -5x10° 55x10° 10 21 45+1 1x16-5x10? 5.5x10° 15 20

Analytical applications: The electrodes were Table 3:Potnetiometric selectivity coefficient SPE and CPE

demonstrated to be useful in the potentiometric plasticised with TCP
determination of DP in pure solutions by both the Kbe
standard addition and the potentiometric titration
methods. The collective results are shown in Table Interferent SPE CPE
Five replicate determinations at different concation ~ N& | 1.0x10 1.2x10
: : NH, 1.9x10° 3.6x10*
levels were performed using the two studied elegso | . 0.8x10° 1.6x10°
to test the precision of the method. The standargg- 1.7%10° 7 8x10°
deviations were found to B€l.0, indicating reasonable cz* 2.3x10* 7.3x10°
repeatability and reproducibility of the selectedthod.  Sucrose 4.0x18 3.1x10°
The proposed potentiometric method was appliedlucose 6.5x10 5-1"102
to the determination of DP in biological fluids,cbuas ~ -2ctose 1.1x10 6.3x10°
. . Maltose 6.4x10 4.5x10
human serum and urine. The results obtained arg, .. 3.8x10° 6.5x10°
summarised in Table 5. The accuracy of the proposegznine 8.1x10° 3.5x10°
SPE and CPE sensors was investigated through th®arch 5.2x10 4.5x10°
determination of DP in doripenem monohydrateDextrose 5.7x10 6.0><1(16
samples prepared from serial concentrations of DPscorbic acid 1.3x10 5.5 10

reference standards. The results summarised ireTabl
5 show that the proposed potentiometric method was 3%
accurate for the determination of DP in urine and 250
serum samples without interference from the
coformulated adjuvants.

SPE

200

150

E(mV)

Effect of temperature: Thermal stability of the
electrodes was tested by constructing calibratiaplys

100

for the electrode potential, (&, versus pDP at 50

temperatures covering ranging from 10-60°C. The e ,
electrode potentials from these graphs at pDP =@w & 200
obtained and plotted versus (T-25), where T was the i (e

temperature of the solution. A straight line was
obtained for the electrode, the slope of which @@/ Fig. 3: Dynamic responses of different DP sens(ak:
represented the thermal coefficient of the ele@rod 1x10-5, (b) 1x10-4, (c) 1x10-3, (d) 1x10-2 and
(Arvandet al., 2008). (e) 1x10-1 mol/l DP
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Table 4: Precision of the standard addition antem@metric determination methods on pure doripene

Standard addition Potentiometric titration
Electrode Taken (mg/L) Found (mg/L) Recovery (%) DR®%) Found (mg/L) Recovery (%) RSP0)
SPE 19.9 19.8 99.49 0.78 19.9 100 0.38
CPE 19.9 19.6 98.49 0.90 19.8 99.49 0.60

& Average of four dtermination

Table 5: Standard addition and potentiometricttdiramethods for the  found to be chemically inert to other substances in

determination of doripenem |n vials and in b|qlmj;@|d§ : matrix of interest.
Standard addition Potentiometric titration
Electrode Sample Mean recovery +°SD Mean recovery + SD
SPE Vials (Doribax) 100.1% 0.8 100.05:0.33 DISCUSSION
Urine 99.6+1.05 99.88+0.67
Plasma 98.9+0.70 99.67+0.88 . .. .
CPE Vials (Doribax) 101+0.90 100 +0.41 Analytical parameters. The plasticiser content is
Urine 100.6x0.84 100.04+0.33 related to the lifetime of the electrode, which is
Plasma 99.78+0.34 99.89+0.44

determined by the frequency of its use. It was
established that electrodes with lower plasticiser
content lasted for a shorter time than those wigfinér
plasticiser content. The solvent content in the
membrane decreased with time, which led to strectur
failure and loss of elasticity and limiting the etl®@de’s
lifetime. We perused the literature (Kormosh al.,

& Mean * standard deviation of five determinations

Response time: The response time was recorded by
increasing the DP (1) ion concentration in solutfoom
1.0x10° to 1.0x10" M, with subsequent measurement
of the corresponding stable potentials. To evaltia¢e

reversibility of the electrode, a similar procedurehe ) : .
versibity miiar p gOOQ) to investigate the change in the electrode

opposite direction was adopted with measurement " . :
performed in the sequence of high-to-low sz;tmpleCh"’“aCterIStICS _Of prepared donpenem-sglect!ve
concentration. The results, depicted in Fig. 3wsth electrodes over time and found that membrane #tabil

that the response times of the fabricated SPE & C WaS (_:hECKEd at intervals. S_ensors with 50'70%
were 5 and g s, respectively plasticiser content had a shelf life of 31 daysliken

sensors with a lower (30-50%) plasticiser content

Selectivity: The mechanism of selectivity is primarily (Kormoshetal., 2010).

based on the stereo specificity and electrostati

environment and is dependent on how much matchi Effect of pH: The decrease in mV readings at pH<4

. . . . . nﬁway have been due to interference from hydronium
is present between the location of the lipophiltessin ions. At higher pH values (pH>7.0), free base

the two competing species in the bathing solutide s precipitated in the test solution and the conceintnaof

and those present in the receptor of the ion exgdgran . .
The inorganic cations did not interfere due to theunprotonated species gradually increased (fteg.,

differences in ionic size and, consequently, inirthe 2011). As a result, lower e.m.. readings were réeg.
L ' Therefore, a pH value of 5 was recommended for

mobilities and permeabilities. Additionally, the alter subsequent studies

the energy of hydration of the cation, the gredter '

response of the membrane. In the case of sugars al

amino acids, the high selectivity was primarily

attributed to the difference in polarity and lipdjgh

E(Ffect of temperature: The slope was found to be
0.0001 V/°C. This indicated fairly high thermallsiiy
for the electrodes within the investigated tempeaeat

Charzﬁ:]ec:uomigrgoifgurf:nrelfé;ﬁéﬁoaz'that must b range and showed no deviation from the theoretical
9 y q\lernstian behaviour.

taken into consideration when using the separate

solution method (Antropov, 2001) to determinate of

selectivity coefficients, especially in the casentuked CONCLUSION

ion solutions of different charges, this methodstid

the simplest way to demonstrate interference. In In the present study, a carbon-paste electrode was

pharmaceutical analysis, it is important to testused for the simultaneous determination of DP aisvi

selectivity towards excipients and fillers added totogether with SPE. The CPE and SPE investigations

pharmaceutical  preparations.  Fortunately, suctshowed effective electrocatalytic — activity in

materials often do not interfere, which was evidentdetermining DP in pure and pharmaceutical

from the results obtained for the pharmaceuticaformulations. High sensitivity and selectivity, ydow

preparations (Table 3). Therefore, the sensors werdetection limit, ease of preparation, surface
5
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regeneration of the electrode and reproducibilityhe  Khaled, E., G.G. Mohamed and T. Awad, 2008.
electrodes responses made the proposed electreges v Disposal screen-printed carbon paste electrodes for
useful for the accurate determination of DP in the potentiometric titration of surfactants. Sens.

pharmaceutical preparations. Actuators, B., 135: 74-80. DOI:
10.1016/j.snb.2008.07.027
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