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Abstract: Problem statement: The performance characteristics of Sensitive Screen-Printed (SPE) and
Carbon Paste (CPE) electrodes were investigated for the Determination of Doripenem (DP) in pure,
pharmaceutical preparations and biological fluids. Approach: The proposed electrodes is
characterized in terms of plasticizer type, response time, pH and temperature. Results: The two
electrodes showed nearly Nernstian behaviours over the concentration range of 2×10−4-5×10−2 mol/l of
the drug with slopes of 58 and 57 mV/decade for SPE and CPE electrodes, respectively. The electrodes
exhibited good selectivity for DP with respect to a large number of inorganic cations and organic
substances present in the biological fluids. The method was precise, as shown by the mean recoveries of
99.49-100 and 98.49-99.49% with mean relative standard deviations 0.38-0.78 and 0.60-0.90% for SPE
and CPE electrodes, respectively. Conclusion: Doripenem was determined successfully in pure solutions,
in vials or in biological fluids using the standard addition and potentiometric titration methods.
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because these sensors offer the advantage of simple
design and operation, reasonable selectivity, fast
response, applicability to coloured and turbid solutions
and possible interface with automated and computerised
systems (Santini et al., 2008). For these advantages,
ISEs have found various applications: in clinical
chemistry, environmental protection, water, soil and
analytical chemistry in general (Kormosh et al., 2008).
Over the past five decades, carbon paste (i.e., a
mixture of carbon (graphite) powder and a binder
(pasting liquid)) has become one of the most popular
electrode materials used for the laboratory preparation
of various electrodes, sensors and detectors. Chemically
Modified Carbon Paste Electrodes (CMCPEs) possess
important advantages, such as ease of preparation, or
regeneration and very stable response in addition to
very low Ohmic resistance (Svancara et al., 2009).
Therefore, CMCPEs have found direct application in a
variety of analytical situations, such as amperometry
(Ozoemena et al., 2004; Malongo et al., 2008),
voltammetry (Mashhadizadeh and Akbarian, 2009) and
potentiometry (Mostafa and Homoda, 2008).
In this study, we introduced new potentiometric
sensors for selective determination of DP in
pharmaceutical preparations and biological fluids. The
present study describes the preparation, characterisation
and application of Carbon Paste (CPE) and ScreenPrinted (SPE) electrodes for the continuous
determination of DP in pharmaceutical preparations.

INTRODUCTION
Doripenem (DP) (S-4661) (Fig. 1) is a recently
developed member of the carbapenem class of betalactam antibiotics. Similarly to meropenem and
ertapenem, but unlike imipenem, doripenem has a 1-βmethyl side chain that provides resistance to the renal
enzyme I-dehydropeptidase. It was approved by the US
Food and Drug Administration (FDA) in 2007 for the
management of patients with complicated intraabdominal infections (dAIs) and complicated Urinary
Tract Infections (cUTIs), including pyelonephritis
(Mori et al., 1996). DP has been shown to have broadspectrum activity against Gram-negative and Grampositive pathogens, including strains of Pseudomonas
aeruginosa (Jones et al., 2005; Wexler et al., 2005).
DP, similar to other carbapenems, was developed for
the treatment of hospitalised patients with moderate or
severe bacterial infections (Jones et al., 2004)
Doripenem has been determined in its
pharmaceutical formulation and in plasma using
different techniques, including spectrophotometry
(Piontek and Ska, 2010) chromatography High
Performance Liquid Chromatography (HPLC) with
various detection methods (Sutherland and Nicolau,
2007; Ikeda et al., 2008) and liquid chromatography
(Dailly et al., 2011; Ohmori et al., 2011). The
development and application of ion-selective electrodes
for pharmaceutical analysis continue to be of interest
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Preparation of Carbon Paste Electrode sensor
(CPE): CPE was prepared by mixing (500 mg) highly
pure graphite powder and plasticiser (0.2 mL of oNPOE, DOP, TCP, DBP and DOS). After mixing this
matrix, the resulting paste was used to fill the electrode
body. A fresh surface was obtained by gently pushing
the stainless steel screw forward and polishing the new
carbon paste surface with filter paper to obtain a shiny
new surface (Frag et al., 2011).
Preparation of the screen-printed and carbon paste
electrodes: SPEs were printed in arrays of six couples
consisting of the indicator and the reference electrodes
(each 5×35 mm). A flexible polyvinylchloride sheet
(0.2 mm), which was not affected by the curing
temperature or the ink solvent and easily cut by
scissors, was used as the substrate. A pseudo Ag-AgCl
electrode was first printed using a homemade polyvinyl
chloride ink containing silver/silver chloride (65:35)
and cured at 60°C for 30 min. The indicator electrodes
were prepared depending on the method of fabrication.
The indicator electrode was printed using homemade
carbon ink (prepared by mixing 200 mg DOS, 0.55 g of
polyvinyl chloride (8%) and 0.4 g carbon powder) and
cured at 50°C for 30 min. A layer of insulator was then
placed on the printed electrodes, leaving a defined
rectangularly shaped (5×5 mm) working area with a
similar area (for electrical contact) on the other side.
Three types of the indicator electrodes were prepared
depending on the method of fabrication. The fabricated
electrodes were stored at 4°C and used directly for the
potentiometric measurements (Khaled et al., 2008;
Mohamed et al., 2010a; 2010b).

Fig. 1: The chemical structure of doripenem
The method described here is based on the ion-pair
formation between doripenem and sodium tetraphenyl
borate as electroactive materials and Tricresyl
Phosphate (TCP) as a placticiser in the doripenem
matrix.
These
sensors
exhibited
analytical
characteristics with near-Nernstian sensitivity and low
detection limit and were therefore useful as indicator
electrodes in potentiometric titrations of doripenem in
pure form, in vials, in urine and in serum samples.
MATERIALS AND METHODS
Apparatus: The potential measurements were
performed using an Orion model 378A instrument. A
digital pH/mV meter with a Ag-AgCl saturated
reference electrode was used for the measurements of
potential differences at 25.0±1.0°C. Elemental analysis
was performed using a Vario E1 CHNOS Analyser.
Reagents and materials: All Chemicals were of
analytical reagent grade. Double-distilled water was
used to prepare all the experimental solutions.
Doripenem was provided by Merck, Sharp and Dohme.
Relatively high molecular weight polyvinyl chloride
(PVC), graphite powder (synthetic 1-2 µm) and
Cellulose Acetate (CA) were purchased from Fluka. oNitrophenyloctylether (o-NPOE), Dibutylphthalate
(DBP), Dioctylphthalate (DOP), Dioctylsebacate
(DOS),
Tricresylphosphate
(TCP),
sodium
Tetraphenylborate (TPB) and Tetrahydrofuran (THF)
were obtained from Sigma-Aldrich. Sodium
phosphotungstate (Na-ph) and ammonium reineckate
were obtained from Fluka.
Phosphate buffer was prepared by mixing aqueous
solutions of 0.1 M sodium dihydrogenphosphate and
0.1 M disodium hydrogenphosphate to achieve
solutions at the required pH values.

Potentiometric determination of DP: Doripenem was
determined potentiometrically using the prepared
electrodes by the standard addition method. Small
increments of 10−3 mol/L standard DP solution were added
to 50 ml aliquot of samples of various DP concentrations.
The change in the cell potential due to the increase in DP
concentration was recorded and used to calculate the
concentration of DP in the sample solution.
Potentiometric titration of DP: An aliquot of DP
solution was pipetted into a 100 mL titration vessel and
the solution was diluted to 50 mL with double-distilled
water. The resulting solution was titrated with 10−2
mol/l NaTPB solution and the change in cell potential
upon addition of NaTPB was recorded. The volume of
the titrant at the end point was recorded.

Pharmaceutical preparations: The contents of 10
ampoules were mixed. Accurately measured aliquots of
the injection solution equivalent to 50 mg/2 mL of
doripenem were analysed by the proposed electrodes.

Determination of DP in biological fluids: Five
millilitres of plasma or urine were collected from
2
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healthy persons and different amounts of DP (1.725.17 mg) were added. The resulting solutions were
diluted to 50 mL with double-distilled water and
subjected to potentiometric analysis using the
proposed electrodes.
RESULTS
Elemental analysis: The elemental analysis of the
formed doripenem-TPB ion pair was performed and the
results were determined to be %C = 53.38, %H =
4.95, %N = 16.14 and %S = 21.50, while the
expected values were %C = 54.62, %H = 5.04, %N =
16.32 and %S = 21.34.

Fig. 2: Effect of pH using 0.01 mol/l SPE and 0.01
mol/l CPE
Effect of pH: The pH dependence for a 10−3 M
doripenem solution is shown in (Fig. 2). The pH value
had a negligible effect within the pH range of 4-7 and
thus, the electrode could be used safety for DP
determination within this range. At pH values higher
than 7, the DP base precipitated and consequently the
concentration of the protonated species decreased. As a
result, lower e.m.f. readings were recorded. It was also
clear from the obtained pH profile that the region of pH
independence was mildly concentration- dependent and
the potential did not fluctuate by more than 2 mV in
this region (pH 4-7).

Analytical parameters
Electrode response: Five different plasticisers (DBP,
o-NPOE, DOP, DOS and TCP) were considered in the
selective membrane preparation. The plasticiser content
was 70% of the total mass of the membrane
components and the ionic strength of the solution was
adjusted with 0.1 M NaCl solution. The influence of
solvent mediators on the potentiometric response
characteristics of the doripenem ion-selective electrode
are summarised in Table 1. The best characteristics for
the determination of doripenem were exhibited by the
membranes plasticised with o-NPOE or TCP, with
slope values of 55 and 58 mV/рС, for SPE and 54 and
57 mV/рС for CPE, respectively.

Selectivity: Selectivity is clearly one of the most
important characteristics of an SPE sensor in which
reliable measurement of the target drug is required.
The selectivity coefficients (log K pot
D,B ) of the SPE and

Effect of plasticizer: The nature of the plasticiser
(based on its polarity ε) did not affect the sensitivity of
the detection of the investigated ions but did
significantly contribute to the value of the electrode
function slope. The effect of the plasticiser itself on
the electrode function slope, its linearity and the
detection limit was then investigated. The ratio of
plasticiser to the added PVC in the membrane was
varied from 1:1 to a 2:1. The optimal component ratio
was found to be 1.0 plasticiser to 1.0 PVC, as a
membrane of sufficient elasticity and homogeneity
could not be produced at any other ratio.
The effect of plasticiser content on the
electrochemical characteristics of selective electrodes is
illustrated in Table 2. No cation or mixed electrode
function dependence on the polymer:plasticizer ratio
was found; therefore, the matrix did not affect the
selectivity of the film membranes. This assumption was
indirectly corroborated by the similar values obtained
for the electrode parameters of the ISEs (linearity of the
electrode function and detection limits) as the
PVC:plasticiser ratio increased.

CPE were determined employing Separate Solution
Methods (SSM) with a rearranged Nicolsky equation
(Hassan et al., 1997):
log K pot
D,B =

E1 − E 2 
z 
+  1 + 1  log α
S
z
2 


where, E1 is the potential measured in 1.0×10−3 mol/l
DP (D), E2 the potential measured in 1.0×10−3 mol/l of
the interfering compound (B), z1 and z2 are the charges
of the DP (D) and interfering species (B), respectively
and S is the slope of the electrode calibration plot. The
results obtained are summarised in Table 3. A
reasonable selectivity towards DP in the presence of
many carbohydrates and nitrogenous compounds was
observed. The results also showed no significant
interference from a number of pharmaceutical
excipients, diluents and active ingredients commonly
used in drug formulations at concentrations as high as a
10-100-fold molar excess over DP.
3
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Table 1: Response characteristics of DP- sensitive electrodes 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)
(mV/pC)
range (mol/l)
limit, (mol/l)
time (sec)
o-NPOE
55±2
1×10-4 -5×10-2
6.5 ×10-6
10
54±2
1×10-4 -5×10-2
6.0 ×10-6
9
-4
-2
-6
-4
-2
TCP
58±1
2×10 -5×10
7.0 ×10
5
57±2
1×10 -5×10
7.3 ×10-6
7
DBP
52±1
2×10-4 -5×10-2
6.0 ×10-6
8
50±1
1×10-4 -5×10-2
5.5 ×10-6
15
-4
-2
-6
-4
-2
-6
5.5 ×10
15
49±1
2×10 -5×10
5.5 ×10
15
DOS
47±2
3×10 -5×10
DOP
54±1
2×10-4 -5×10-2
6.2 ×10-6
10
52±2
2×10-4 -5×10-2
6.0 ×10-6
20
Table 2: The effect of plasticiser content on the electrochemical characteristics of a DP-sensitive electrode
SPE
CPE
--------------------------------------------------------------------------- ------------------------------------------------------------------------------------Content
Linearity
Detection
Linearity
Detection
of TCP Slope
range
limit
Respnse
Lifetime Slope
range
limit
Respnse
Lifetime
(%)
(mV/pC) (mol/l)
(mol/l)
time (sec) (day)
(mV/pC) (mol/l)
(mol/l)
time (sec) (day)
70
58±1
2×10-4 -5×10-2 6.5×10-6
5
31
57±2
1×10-4 -5×10-2
7.0×10-6
8
30
60
55±2
2×10-4 -5×10-2 6.0×10-6
8
30
53±2
1×10-4 -5×10-2
6.6×10-6
10
30
50
52±1
2×10-4 -5×10-2 6.0×10-6
8
25
50±1
1×10-4 -5×10-2
6.2×10-6
10
27
40
49±1
2×10-4 -5×10-2 5.8×10-6
10
25
46±2
1×10-4 -5×10-2
5.7×10-6
15
25
10
21
45±1
1×10-4 -5×10-2
5.5×10-6
15
20
30
46±2
2×10-4 -5×10-2 5.5×10-6
Table 3: Potnetiometric selectivity coefficient of SPE and CPE
plasticised with TCP

Analytical applications: The electrodes were
demonstrated to be useful in the potentiometric
determination of DP in pure solutions by both the
standard addition and the potentiometric titration
methods. The collective results are shown in Table 4.
Five replicate determinations at different concentration
levels were performed using the two studied electrodes
to test the precision of the method. The standard
deviations were found to be ≤1.0, indicating reasonable
repeatability and reproducibility of the selected method.
The proposed potentiometric method was applied
to the determination of DP in biological fluids, such as
human serum and urine. The results obtained are
summarised in Table 5. The accuracy of the proposed
SPE and CPE sensors was investigated through the
determination of DP in doripenem monohydrate
samples prepared from serial concentrations of DP
reference standards. The results summarised in Table
5 show that the proposed potentiometric method was
accurate for the determination of DP in urine and
serum samples without interference from the
coformulated adjuvants.

K pot
D,B
Interferent
Na+
NH4+
K+
Fe3+
Ca2+
Sucrose
Glucose
Lactose
Maltose
Glycine
Alanine
Starch
Dextrose
Ascorbic acid

Effect of temperature: Thermal stability of the
electrodes was tested by constructing calibration graphs
for the electrode potential, Eelect, versus pDP at
temperatures covering ranging from 10-60°C. The
electrode potentials from these graphs at pDP = 0 were
obtained and plotted versus (T-25), where T was the
temperature of the solution. A straight line was
obtained for the electrode, the slope of which (dE/dT)
represented the thermal coefficient of the electrode
(Arvand et al., 2008).

---------------------------------------------------------SPE
CPE
1.0×10−6
1.2×10−5
1.9×10−6
3.6×10−4
0.8×10−5
1.6×10−6
1.7×10−6
7.8×10−5
−4
2.3×10
7.3×10−5
3.1×10−5
4.0×10−6
−6
6.5×10
5.1×10−6
1.1×10−6
6.3×10−6
−6
4.5×10−5
6.4×10
3.8×10−5
6.5×10−5
−5
8.1×10
3.5×10−6
5.2×10−5
4.5×10−5
5.7×10−4
6.0×10−6
1.3×10−5
5.5 10−5

Fig. 3: Dynamic responses of different DP sensors: (a)
1×10-5, (b) 1×10-4, (c) 1×10-3, (d) 1×10-2 and
(e) 1×10-1 mol/l DP
4
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Table 4: Precision of the standard addition and potentiometric determination methods on pure doripenem
Standard addition
Potentiometric titration
---------------------------------------------------------------------------------------------------------------------------a
Found (mg/L)
Recovery (%)
RSDa (%)
Electrode
Taken (mg/L) Found (mg/L)
Recovery (%)
RSD (%)
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
a
: Average of four dtermination
Table 5: Standard addition and potentiometric titration methods for the
determination of doripenem in vials and in biological fluids
Electrode Sample
SPE
Vials (Doribax)
Urine
Plasma
CPE
Vials (Doribax)
Urine
Plasma
a

Standard addition
Mean recovery ± SDa
100.1± 0.8
99.6±1.05
98.9±0.70
101±0.90
100.6±0.84
99.78±0.34

found to be chemically inert to other substances in a
matrix of interest.

Potentiometric titration
Mean recovery ± SDa
100.05±0.33
99.88±0.67
99.67±0.88
100 ±0.41
100.04±0.33
99.89±0.44

DISCUSSION
Analytical parameters: The plasticiser content is
related to the lifetime of the electrode, which is
determined by the frequency of its use. It was
established that electrodes with lower plasticiser
content lasted for a shorter time than those with higher
plasticiser content. The solvent content in the
membrane decreased with time, which led to structure
failure and loss of elasticity and limiting the electrode’s
lifetime. We perused the literature (Kormosh et al.,
2009) to investigate the change in the electrode
characteristics of prepared doripenem-selective
electrodes over time and found that membrane stability
was checked at intervals. Sensors with 60-70%
plasticiser content had a shelf life of 31 days, unlike
sensors with a lower (30-50%) plasticiser content
(Kormosh et al., 2010).

; Mean ± standard deviation of five determinations

Response time: The response time was recorded by
increasing the DP (I) ion concentration in solution from
1.0×10−5 to 1.0×10−1 M, with subsequent measurement
of the corresponding stable potentials. To evaluate the
reversibility of the electrode, a similar procedure in the
opposite direction was adopted with measurements
performed in the sequence of high-to-low sample
concentration. The results, depicted in Fig. 3, showed
that the response times of the fabricated SPE and CPE
were 5 and 7 s, respectively.
Selectivity: The mechanism of selectivity is primarily
based on the stereo specificity and electrostatic
environment and is dependent on how much matching
is present between the location of the lipophilic sites in
the two competing species in the bathing solution side
and those present in the receptor of the ion exchanger.
The inorganic cations did not interfere due to the
differences in ionic size and, consequently, in their
mobilities and permeabilities. Additionally, the smaller
the energy of hydration of the cation, the greater the
response of the membrane. In the case of sugars and
amino acids, the high selectivity was primarily
attributed to the difference in polarity and lipophilic
character of their molecules relative to DP.
Although there are many restrictions that must be
taken into consideration when using the separate
solution method (Antropov, 2001) to determinate of
selectivity coefficients, especially in the case of mixed
ion solutions of different charges, this method is still
the simplest way to demonstrate interference. In
pharmaceutical analysis, it is important to test
selectivity towards excipients and fillers added to
pharmaceutical
preparations.
Fortunately,
such
materials often do not interfere, which was evident
from the results obtained for the pharmaceutical
preparations (Table 3). Therefore, the sensors were

Effect of pH: The decrease in mV readings at pH<4
may have been due to interference from hydronium
ions. At higher pH values (pH>7.0), free base
precipitated in the test solution and the concentration of
unprotonated species gradually increased (Frag et al.,
2011). As a result, lower e.m.f. readings were recorded.
Therefore, a pH value of 5 was recommended for
subsequent studies.
Effect of temperature: The slope was found to be
0.0001 V/°C. This indicated fairly high thermal stability
for the electrodes within the investigated temperature
range and showed no deviation from the theoretical
Nernstian behaviour.
CONCLUSION
In the present study, a carbon-paste electrode was
used for the simultaneous determination of DP in vials
together with SPE. The CPE and SPE investigations
showed
effective
electrocatalytic
activity
in
determining DP in pure and pharmaceutical
formulations. High sensitivity and selectivity, very low
detection limit, ease of preparation, surface
5
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regeneration of the electrode and reproducibility of the
electrodes responses made the proposed electrodes very
useful for the accurate determination of DP in
pharmaceutical preparations.
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