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Potentiometric sensing platform for
selective determination of pregabalin
in pharmaceutical formulations

Abstract

Pregabalin is a structural analogue of, but functionally unrelated to, the naturally occurring
neurotransmitter y-aminobutyric acid (GABA) with potent analgesic, anticonvulsant and anxiolytic activity.
The abuse potential of pregabalin is a well-documented with high risk of addiction that may be fatal with
overdoses particularly, among opiate addicts and polydrug use dependency syndrome, consequently, it
is very pertinent to determine pregabalin in a sensitive and selective manner. Herein, for the first time the
use of B-cyclodextrin:phosphomolybdic acid organic-inorganic hybrid material as a neutral ionophore in
polymeric membrane based selective sensors for the determination of pregabalin in its pharmaceutical
formulations has been reported. The fabricated sensors yielded an excellent performance, with a linear
range from 1.0x107° to 1.0x107'M pregabalin, a response slope closer to the ideal Nernstian value; 59.6 mV
per decade as well as a detection limit was 6.0x10’M and very short response time of about 5 s for high
concentrations. The most interesting feature of the sensors is their remarkably selective recognition for
pregabalin compared with opioids and this is an important issue that is suited to practical applications.
The sensors were effectively used for the determination of pregabalin in pharmaceutical formulations
with a recovery of 100.97%+0.17. On comparison with B-cyclodextrin, the proposed sensors exhibited the

best performance characteristics.

Introduction

Globally, non-medical use of prescription drugs is a
widespread and alarmingly prevalent phenomenon. It is well
known that the abuse of prescription drugs together with its
related significant health consequences and socioeconomic
effects is a complex problematic and multi-faceted issue
that has climbed steadily year on year. Nowadays, there are
numerous concerns regarding their recreational use that is
associated with the risk of intoxication and unexpected death
among younger people who are the main target for these types
of drugs. Pregabalin (PRG); Figure 1 belongs to gabapentinoids
(pregabalin and gabapentin) prescription medications, is an
alkylated analogue of gamma-aminobutyric acid (GABA);
the main inhibitory neurotransmitter in the central nervous
system. Nonetheless, pregabalin has no demonstrated effects
on GABAergic mechanisms.

Pregabalin binds to the a.-2-5 subunit site of voltage-gated
calcium channels in the central nervous system, resulting
in a reduction in calcium-dependent release of excitatory
neurotransmitters; glutamate, noradrenaline, serotonin,
dopamine, and substance P. through modulation of calcium
channel function leading to analgesic, anticonvulsant, and

anxiolytic effects. Pregabalin is recommended as a first-line
approved by Food and Drug Administration (FDA) for the
management of neuropathic pain and partial-onset seizures
“epilepsy” [1], as well as for the treatment of fibromyalgia
in USA in 2007 [2]. Pregabalin is approved as a significantly
efficacious treatment for generalized anxiety disorder (GAD)
that licensed by European Union in 2006 as one of the newer
anxiolytic medications [3]. Interestingly, pregabalin with a
significant effect is one of opioid sparing analgesics (ketamine,
gabapentin, pregabalin, and clonidine) [4]. In addition, PRG
might be a promising efficacious and safe novel candidate in
the treatment of both alcohol and benzodiazepines dependence
[5).

On the other side, special concerns about the potential
risk of the gabapentinoids misuse have recently been raised
concurrent with growing black market and illegal websites,
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Figure 1: Pregabalin (PRG).
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with drawn attention to pregabalin as more desirable than
gabapentin in the recreational use [6]. As described, pregabalin
is an “ideal psychotropic drug” to achieve specific mindsets
such as alcohol/y-hydroxybutyric acid (GHB)/benzodiazepine-
like effects mixed with euphoria, entactogenic feelings and
dextromethorphan (DXM)-like dissociative as well as to cope
with opiate/opioid withdrawal [7]. Most importantly, it is
demonstrated that pregabalin frequently taken as part of a
poly-drug cocktail scenario with high risks of serious adverse
effects that could be fatal particularly in the opioids misuse
population [8,9].

According to that mentioned earlier, the development of
an appropriate and reliable method for the determination of
PRG is an urgently required. Several reports in literature for
PRG determination in its pharmaceutical formulations and
biological matrices were based mainly on chromatographic
methods including high performance liquid chromatography
“HPLC” combined with fluorescence or UV detection of
derivatized pregabalin [10-12], liquid chromatography-
tandem mass spectrometry “LC-MS-MS” [13,14], however,
the low molecular mass and high polarity of GABA derivatives
present a challenge for this methodology. Only a few gas
chromatography-mass spectrometry “GC-MS” [15,16], has
also been performed with pay attention that derivatization
is a must so as to apply GC—MS method as it is difficult to
analyze pregabalin; an amino acid with amphoteric character
using the conventional GC-MS. Spectrophotometry [17,18] and
spectrofluorimetry [19] have also been developed. Even though
used to a lesser extent, capillary electrophoresis; capillary
electrophoresis and nuclear magnetic resonance technique was
reported for PRG determination involving complexation with
cyclodextrins [20]. Indeed, the determination of PRG is hard
to achieve that challenging tightly related to its amphoteric
nature, as well its structure as an aliphatic substituted
amino acid with lacking of chromophore and fluorophore
functionalities. This is resulted in a poor absorbtivity in the
ultraviolet region as well as no visible absorption which reveals
the need for derivatization protocol with the consumption
of high cost potentially toxic organic solvents, which are
hazardous to health and environment in addition to laborious
sample pre-treatment process.

In comparison, ion selective sensors are electrochemical
transducers that respond directly to the concentration
“activity” of the target analyte through a potentiometric signal
based on the measurement of the phase boundary potential at
the sample/membrane interfaces [21]. Ion selective sensors
have attained tremendous interest for the sensitivity, wide
analyte concentration range, fast response, cost effectiveness of
analysis, minimal matrix effect and reliability of the analytical
information as well as what is most important, they are eco-
friendly and use in situ applications. Therefore, ion selective
sensors are attractive tools offering great opportunities for
monitoring the analytes in many fields. The development of
ion selective sensors is a well-established technique that has
been implemented for the determination of pharmaceuticals
for many years [22,23]. A through literature search has
revealed that only one ion selective sensor has been developed

for the determination of PRG in bulk drug and pharmaceutical
formulations based on p-CITPB as an ion exchanger [24].
However, the main drawback of ion exchanger based selective
sensors is the selectivity mainly correlated with the lipophilcity
of the analyte with respect to the interferents that commonly
related to not optimal selectivity.

On the other hand, ion-ionophore mechanism has attracted
considerable attention in the ion selective sensors, as they are
based mainly on specifically non covalent interactions that
evidently of a considerable importance in the selectivity of
the potentiometric response [25,26]. In this respect, intensive
research has been focused on the design and synthesis of
ionophores with specific properties and functions providing
the affinity and selectivity towards relevant molecules that
resulted in ionophore-based sensors with superb selectivity
[27-29]. So there is a lot of scope for the development of ion
selective sensors for pregabalin, however, it is important
to mention that molecular recognition and determination
of amino acids by artificial receptors is still challenging
because of their highly hydrophilic character as well as their
zwitterionic nature in a wide pH range of aqueous solutions
which makes impossible their ionometric determination. For
that reasons, a great deal of attention has been devoted to the
sensing element “ionophore” that plays the decisive role in the
performance of ion selective sensors as well as the ionophore
must be synthesized according to the nature of target analyte
that providing its strongly entrapped within the hydrophobic
membrane.

In this respect, B-cyclodextrin:phosphomolybdic acid
“B-CD:PMA”  organic-inorganic hybrid material was
synthesized, however, to the best of our knowledge, there have
been no attempts at using this hybrid material as a receptor for
amino acid or a neutral ionophore in electrochemical sensors.
For the sake of simplicity, our approach is the development of
polymeric membrane based sensors incorporating “g-CD:PMA”
hybrid material and conceived it as a neutral ionophore for the
selective determination of pregabalin with the emphasis on the
role of plasticizers. Furthermore, it is of interest to compare
with B-cyclodextrin polymeric membrane based sensor “p-
CD”.

Experimental
Reagents and materials

All chemicals used were of analytical reagent grade,
unless otherwise specified and doubly distilled water was
used throughout. phosphomolybdic acid (PMA, H3PM012040),
o-nitrophenyl octyl ether (0-NPOE), potassium tetrakis
(p-chlorophenyl) borate (KTpCIPB) and lanthanum chloride
LaCl,.7H,0 were obtained from Sigma Chemical Co., St. Louis,
MO, USA. Tetrahydrofuran (THF) and dioctylphthalate (DOP)
were purchased from British Drug Houses, Poole, England.
High molecular weight poly (vinyl chloride) (PVC) and
B-cyclodextrin (B-CD) were obtained from Aldrich Chemical
Co. Milwaukee, WI. Pregabalin (PRG) was kindly supplied by
International Advanced Pharmaceutical Ind. “INAD” Pharma,
Giza, Egypt and Lyrica® capsules (150 mg/capsule) from
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Pfizer Ltd was obtained from a local community pharmacy.
A stock solution of PRG (1.0x107'M) was prepared by dissolving
the calculated weight of PRG in 5 ml of 1.0x10"M HCI and
diluted to the mark with distilled water and series of working
standard solutions at concentrations of (1.0x1077 to 1.0x107>M)
were prepared by successive dilutions of the stock solution.
Solutions of interferents (1.0x10™M) were prepared for the study
of potentiometric selectivity by dissolving an accurate weight of
the interferent in a minimum volume of doubly distilled water,
followed by dilution to 100 ml and pH was adjusted with 1x10™M
citrate buffer at pH 2.5+0.05.

Apparatus

Potentiometric measurements were performed at 25+1°C
using an ORION model Star 4 digital pH/mV meter and
pregabalin membrane sensors in conjunction with an Orion
double junction Ag/AgCl reference electrode (90-02) containing
10% (w/v) potassium nitrate in the outer compartment. An
Orion Ross pH electrode (Model 81-02) was used for pH
adjustment. The cell assembly was: Ag/AgCl/10°M KCl-10*M
PRG//sensor membrane//sample test solution/Orion double
junction reference electrode.

Synthesis and characterization of sensing element;
B-cyclodextrin:phosphomolybdic acid organic-inorganic
hybrid material [La(H,0).{[PMo,,0, ]<[B-CD],} "B-CD:
PMA"

The hybrid material “ionophore” was synthesized as
described in the literature, a mixture of p-CD (1.13 g, 1 mmol)
and H,PMo 0, (0.91 g, 0.5 mmol) in deionized H,0 (10 mL)
was stirred at room temperature for 30 min. A solution of
lanthanum chloride; LaCl3-7HZO (0.56 g, 1.5 mmol) in H,0
(5 mL) was added to the aqueous solution, and the resulting
mixture was cooled at 4 °C in a refrigerator overnight. The
yellow microcrystals that formed were collected by filtration,
washed with ethanol, and in air to afford the final product
“p-CD:PMA”; [La(H20),]{[PMo,,0, 1<[p-CD],} which have
a sandwich-like structure, wherein one [PMo,0,,]*- trianion
is encapsulated by the primary faces of two CD tori through
intermolecular hydrogen bonding interactions and [La(H,0),]**
as counter cations [30]. The synthesized hybrid material was
characterized with Fourier-transform infrared “FTIR”; Figure

2 and energy-dispersive X ray spectroscopy (EDX).

As shown from Figure 2, FTIR spectral signature of
“B-CD:PMA” exhibited four characteristic bands for PMA
around 1030, 941, 856 and 755 cm™ with a shift to lower
frequencies instead of 1064, 962, 869 and 787 [31], probably
due to the formation of hydrogen bond C-H---0O=Mo] [30].
Meanwhile, the strong peaks present at 2926, 1640, 1157
cm™ are characteristics of B-CD and the broad peak with high
intensity around 3413 cm™ is corresponding to—OH of B-CD
[32]. Additionally, the EDX analysis spectrum of “g-CD:PMA”
includes five elements C, O, P, Mo and La as expected.

Membrane and sensor preparation

The general procedure for casting the membranes is as
follows: PVC (67 mg), a plasticizer (124 mg), a sensing element
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Figure 2: The FTIR spectrum of “B-CD:PMA” organic-inorganic hybrid material.

(4 mg), and a lipophilic additive (50 wt% of p-CD:PMA or
B-CD as an ionophore) were dissolved in THF (ca. 3 ml). The
membrane cocktail was poured into a flat Petri dish (28 mm
i.d.). Gradual evaporation of the THF at ambient temperature
afforded an elastic, transparent membrane with a thickness
of about 0.1 mm. A ‘blank’ membrane refers to the same
membrane cocktail described above, however omitting the
presence of a sensing element. Disks (~4 mm o.d.) were
punched from the master membrane and glued with a PVC/
THF slurry to plasticized PVC tubing fixed onto a 1000 ml
pipette tip. The tube was then filled with equal volumes of
1.0x107>M PRG and 1.0x107>M KCl (internal solution) and an Ag/
AgCl wire (~1 mm diameter) was immersed in this solution as
an internal reference electrode. Before calibration, all sensors
were conditioned by soaking in 1.0x103M PRG solution for
~1h before use. During the intervals between the individual
measurements the sensors can be stored in the dry state after
rinsing with distilled water.

EMF measurement and sensor calibration

The sensors were calibrated by spiking with successive
aliquots of PRG standard solutions (1.0x10 °~1.0x10*M) intoa 9.0
ml citrate buffer at pH 2.5+0.05. Alternatively, the calibration
was carried out by immersing the PRG membrane sensors
in conjunction with a double-junction Ag/AgCl reference
electrode into a 50-ml beaker containing 20 ml aliquots of
1.0x107-1.0x10'M PRG solutions starting from low to high
concentrations at constant pH value. The potential response
of the stirred solutions was measured after stabilization to
+0.2 mV, and a calibration plot was constructed by plotting the
emf readings against the logarithm of PRG* concentrations.
The plot was used for subsequent determination of PRG in
pharmaceutical formulation.

Determination of pregabalin in pharmaceutical formula-
tion

Five capsules (Lyrica, 150 mg/capsule) powdered and the
required weight equivalent to one capsule was dissolved in
the 5 ml 1.0x10™'M HCI. The solution was filtered into a 50-ml
calibrated flask and diluted to the mark with distilled water. A
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1.0 ml aliquot of the drug solution was added to 9.0 ml citrate
buffer solution and potentiometrically measured as described
then the potential readings were compared with the calibration
plot. Alternatively, the standard addition method was used by
measuring the potentials displayed by the drug test solution
before and after the addition of a 0.1 ml aliquot of 1.0x10™'M
standard PRG solution. The change in the electrode potential
(AE) was recorded and used to calculate the concentration of
the drug applying equation 1.

-1
V. V,.,V
C.=C s 1OAE/S _| Yo+Vs 1
° S[Vs +V M Vo -

Where, C, and V, are the concentration and the volume of
the unknown, respectively, and C, and V, are the concentration
and the volume of the standard solution, respectively and S is
the slope of calibration plot.

Results and Discussion

Performance characteristics of pregabalin selective
sensors

Given the fact that, pregabalin as an amino acid derivative
with amino, carboxylic groups and hydrophobic moiety, must
to be taken into consideration to be recognized, attention will
be turned toward a multitopic receptor approach [33,34].

Itis well known that cyclodextrins (CDs) are a class of natural
host molecules obtained from the enzymatic degradation of
starch, referred as “all-purpose molecular containers” due to
their abilities for the formation of inclusion complexes with
various organic and inorganic guest molecules including drugs
that make them especially attractive materials. Importantly,
considerable attention may be paid to the unique character of
cyclodextrins that form inclusion complexes with diverse guest
molecules by encapsulating the non-polar part of the guest
into its hydrophobic cavity and stabilizing the polar part by the
polar “hydrophilic” rims [35], which is the carboxylate group
as the most dominant one in the complexation of PRG with
B-cyclodextrin [36].

On the other hand, inorganic anions with oxygen-rich
surfaces; polyoxometalates (POMs) are diverse class of anionic
metal-oxo clusters continue to engage significant attraction
due to their remarkable molecular and electronic structural
diversity, unexpected functionalities, and their applications
in diverse scientific fields. Interestingly, the ability of
host’s network of Keggin anions; the most attractive type of
polyoxometalates for the selective affinity of intermolecular
interactions with the amino group in the amino acids through
hydrogen bonding interactions; N*—H......O has been reported
[37]. It is important to mention that hydrogen bonding
interactions play a prominent role in the performance of
ionophore based sensors [38]. More important, POMs open a
wide scope for the design of hybrid materials that accumulate
synergistic functionalities and the organic-inorganic hybrid
materials based on POMs have received a special concern in
potential applications for sensors in the recent years [39].
However, little is known about drug determination, the
advantage of the hybrid PMA-crown ether moieties lies in
the novel properties that can combine the key merits of both

sources and might be relevant for the sensitivity as well as
selectivity of electrochemical sensors [40].

Accordingly, B-cyclodextrin:phosphomolobdic acid
organic-inorganic hybrid material was synthesized with the
specific purpose of studying this hybrid material as a neutral
ionophore immobilized in a PVC plasticized membrane designed
for PRG based selective sensors. To ensure permselectivity for
neutral ionophore based sensors, the addition of a lipophilic
ion exchanger (anionic additive); KTpCIPB to the membrane
bulk of PRG sensors is necessary for proper functioning. This
additive lowers the electric membrane resistance and reduces
interference by lipophilic anions [41]. Moreover, the anionic
additives diminish the activation barrier for the cation-
exchange at the membrane-solution interface that improving
theinterfacial ion-exchange kinetics resulting in a fast response
time [42]. The performance characteristics of the developed
sensors were electrochemically evaluated according to IUPAC
recommendations at 25°C [43], typical calibration plots of the
sensors and their characteristic responses are presented in
Figure 3 and Table 1, respectively. It is of important to note first
that the blank membrane exhibited no significant response
towards PRG. As can be seen, “p-CD:PMA” ‘not just molecule’
but ‘works’ and carries out tasks that it seemed to be effective
enough as an ionophore for the response of PRG. It was shown
that the DOP plasticized based sensors incorporating f-CD:PMA
respond to PRG with a cationic Nernstian response slope
closer to the ideal Nernstian value; 59.6+0.49 mV per decade
and the detection limit as the intersection of the extrapolated
linear regions of the calibration plot was 6.0x107M. As well it
exhibited a good linear response within the range of 1.0x10°°
-1.0x107'M (r2= 0.9998).

Quite on the contrary, p-CD based sensor plasticized
with O-NPOE displayed the worse one; narrow linear range;
1.0x107*-1.0x107>M with a limit of detection which was about
two decades poorer than “p-CD:PMA” based sensor; 5.0x10°M.
This distinction is thought to be due to the synergistic hybrid
material effect that resulting in an enhancement of the non-
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Figure 3: Calibration plots of polymeric membrane based selective sensors for

Pregabalin.
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covalent interactions providing a strong complexation process
between p-CD:PMA and PRG at membrane-solution interface
that dominates “induce” a sensor potentiometric signal; phase
boundary potential. Additionally, the comparison with p-CD
evidently revealed the significant role of PMA in the potential
determining process. Consequently, the results are consistent
with the expected multifunctional molecular design of the
proposed ionophore; the reason for the very good performance
as it is necessary to introduce more than binding site in one
molecule to interact effectively with all of the recognition sites
of amino acid in the aqueous phase as stated earlier as well as
to radically change the properties of a sensor usually requires
structural modifications of the ionophore itself.

Plasticizer is of a core importance in the optimum
performance of ion selective sensors, they improve the
working stability, the detectable concentration range by
decreasing the zero-current ion diffusion from the membrane
into the solution as well as the lifetime [44]. For this fact, DOP
and O-NPOE are representatives of low and high dielectric
constant plasticizers, respectively have been investigated. As
can be seen from Table 1, Figure 4, both plasticizers gave close-
Nernstian response to PRG with rather similar detection limits.
This indicated that PRG sensors with high sensitivity can easily
be designed irrespective of the nature and dielectric constant
of the plasticizer. DOP was used for further studies because
it showed relative better selectivity towards PRG as described
later.

One of the most relevant characteristics of an ion selective
sensor is its response time; the time required to achieve a
steady-state potential of PRG sensors within +1.0 mV of the final
equilibrium value after successive immersion of the sensors in
a series of PRG solutions, each has a 10-fold difference from
low to high concentrations. It is obvious that g-CD:PMA based
sensors achieved the equilibrium response in a very short
time of about 5 s for high concentrations from 1.0x10-% to
1.0x107'M indicating reversible and fast exchange Kkinetics
process. However, a relatively long time of 25 s for 8-CD based
sensors has been showed. Apart from the specific binding sites,
it is obvious that the ionophore has been possessed sufficient
lipophilicity as well as chemically stablility inside the membrane

Table 1: Potentiometric performance characteristics of pregablin polymeric
membrane based selective sensors.

B-CD:PMA/p-CITPB B-CD/p-CITPB,

Slope, mV per decade 59.6+0.49 58.7+0.54 49.42+2.21
Correlation coefficient (r?) 0.9998 0.9999 0.9994
-6 -6 -4
Linear range, (M) 11'[.)();)1(10 o 1i ?(;:100"_ 11.c.1(>)<)1(10 07
Detection limit, (M) 6.0x10 8.0x10”' 5.0x10°
Working range (pH) 1.5-3.7 1.5-3.7 1.5-3.7
Response time (s) 5 5 25
Lifespan (week) 4 4 2
Precision CVw (%) 1.29 1.91 4.48
Between-day variability CVb (%) 0.82 0.92 3.77
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Figure 4: Effect of plasticizer on the potentiometric response of B-CD: PMA/B-

CITPB ionophore based sensors.

that preventing it from leaching out of the membrane within
four weeks providing that both -CD:PMA based sensors could
be used within this period without significant divergence in the
performance characteristics of the sensors. On the other hand
B-CD based sensor exhibited a lifetime of two weeks.

Because of the charged species of the analyte have to be
transported into a lipophilic polymeric membrane from the
water phase to allow its potentiometric detection with ionophore
based ion selective sensors, the requirement of strongly acidic
media for the PRG to achieve their full protonation is necessary.
The influence of the pH on the potential response of proposed
sensors was tested using 1.0x10™ and 1.0x10>M PRG solutions
over the pH range 0.5-4.5. Adjustment of pH was carried out
using either HCl or NaOH. The pH-potential profiles show
that PRG sensors display good stability and potential remains
constant over the pH range 1.5-3.7. At lower pH values < 1.5,
the proposed sensors respond to PRG and hydronium ions
simultaneously, while at higher pH values > 3.7, the formation
of carboxylate moiety excludes PRG from the membrane, hence
decreasing the potential response of the electrode. Therefore,
a pH value of 2.5 was chosen in which PRG remains mainly
as cationic species and this pH value was maintained using a
citrate buffer (0.01M) for further measurements.

Selectivity

kl”)gtc, ; s
of paramount importance of an electrochemical sensors
particularly for practical applications as it measures the
relative affinity of target ion (PRG) and interfering ion (j)
toward the ion selective sensor. It is well established that
the selectivity of ionophore based sensors is a concerning
issue of ionophore design [27]. Likewise, plasticizer acts as a
membrane solvent that may significantly affect the membrane
selectivity through both extraction of ions into organic phase
and influencing their complexation with the ionophore [41,45].
Consequently, the relative influence of the neutral ionophore
as well as plasticizers on the selectivity of PRG based sensors

The potentiometric selectivity coefficient;
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was performed using the separate solution method [46], and
the obtained data was illustrated in Table 2. The concentrations
of PRG and the interferents are kept at a level of 1.0x10°M
solutions and the potentiometric selectivity coefficients were
evaluated according to equation 2.

E,-E
logkB%: = JSPRG+[1 ;]loglx 103 M PRG (2]
J

Where E; and Eppg are the electrode potential for interfering

ions and PRG, respectively, z; is the charge of interfering ions
and S is the slope of calibration plot.

The results providing that sensors plasticized with less
polar plasticizer DOP displayed better selectivity to a little
extent with respect to the selected ions of interest than that
of high dielectric one; o-NPOE and both are superior than
B-CD based sensors. This reflects the efficiency of the binding
affinity of the proposed neutral ionophore towards pregabalin.
Additionally, the most interesting feature of 3-CD:PMA is that
it enables remarkably selective recognition of PRG compared

with opioids, the kP2¢ ; values showed that the response of

B-CD:PMA/p-CITPB based sensors toward pregabalin is about

Pt of PRG membrane

Table 2: Potentiometric selectivity coefficients -logk

PRG, j
sensors.
Interferent B- CD/p-CITP,
0-NPOE
Pregabalin 0.0 0.0 0.0
Morphine 2.430 2.318 1.282
Codeine 2.577 2.101 1.581
Dextromethorphan "DXM" 2.400 2114 1.534
Alanine 2.305 2.168 2.043
Glycine 2.466 2.340 1.693
Na* 3.343 2.266 1.405
NH,* 3.375 2.235 1.567
K* 3.278 2.968 2.075
Ca* 2.976 2.684 1.489
Lactose 3.298 3.698 3.075

hundred times more selective in the presence of opioids, and
this is an important issue that is suited to practical applications.

Analytical applications

The acceptable performance characteristics as well as high
selectivity of proposed sensors make them more favorable for
determining PRG in its pharmaceutical preparation without
pretreatment. Direct potentiometric determination of PRG by
DOP plasticized B-CD:PMA/p-CITPB based selective sensors
using the calibration plot method gave mean recovery of
99.16%+0.25. At the same time, mean recovery of 100.97%+0.17
was obtained applying the standard addition method.

Method validation

The validation of the proposed potentiometric sensors for
determining pregabalin was assessed by measuring the range,

lower limit of detection (LOD), precision or repeatability (CVw),
between-day variability (CVb) “determined as relative standard
deviation (RSD)”, linearity (correlation coefficient) and the
sensitivity (slope). Data obtained with eight batches (eight
determinations each) of PRG solutions are shown in Table
1. As well as accuracy (trueness or recovery), was expressed
as the percentage of the average measured concentration of
three replicates of lyrica samples compared to the nominal
(theoretical) concentration and this gave satisfactory results
as shown earlier. The sensors based on B-CD:PMA/p-CITPB
exhibit response towards PRG closer to the theoretical
Nernstian value with a slope of 59.6+0.49 mV (r*>= 0.9998) and
58.7+0.54 mV (r>= 0.9999) per decade over a linear working
range of concentrations 1.0x107° to 1.0x10™'M and low detection
limits of 6.0x1077 and 8.0x10’M for membranes plasticized
with DOP and o-NPOE, respectively. On the other hand,
B-CD/p-CITPB based sensors plasticized with 0o-NPOE showed
the worse performance; slope of 49.42+2.21 mV (r>= 0.9999)
per decade over a linear range 1.0x10“-1.0x10°M. The results
asserted that the sensors can easily be designed irrespective of
the nature and dielectric constant of the plasticizer, however,
multifunctional ionophore is a crucial requirement for the
selective determination of PRG as an amino acid derivative.

Conclusion

Taking advantage of the hydrogen-bonding interaction
together with the synergetic effect of the p-CD:PMA organic-
inorganic hybrid material, potentiometric sensors for the first
time have been designed for the determination of pregabalin
in pharmaceutical formulations. The synthesized ionophore
yielded sensors with analytically attractive properties and
significant advantages over other techniques already described
in the literature for determination of PRG. The detection limit
is much more enough than the toxicological concentration
range as well as this platform is a simple, fast and cost effective
promising perspective for the determination of pregabalin even
in biological matrices of opioid addicts.
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