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Abstract

Imipramine hydrochloride (IMIP) is a tricyclic antidepressant utilized in the treatment of depression and chronic pain in some
certain cases together with pain medication. The side effects of anxiety, insomnia, crying attacks, personality change and
tachycardia are seen in imipramine overdose; therefore, determination of imipramine is an important issue. In this study, a
novel potentiometric PVC membrane ion-selective sensor (ISE) was developed for monitoring of IMIP. MIL-53(Al) metal—
organic framework was utilized for the first time as an electroactive material in the construction of imipramine-selective PVC
membrane sensor. The sensor membrane consisting of 3.0% MIL-53(Al), 64.0% dibutylphthalate (DBP), 32.0% polyvinyl-
chloride (PVC) and 1.0% potassium tetrakis(4-chlorophenyl)borate (KT,CIPB) exhibited the most satisfied potentiometric
performance characteristics. The sensor displayed a linear response for imipramine hydrochloride in the concentration range
of 1.0x 1077 M-1.0x 10~! M with a slope of 57.7 mV/decade and detection limit of 5.0 x 10~® M. The operational pH range
of the sensor was determined as 3.7-8.5. The sensor showed highly reproducible and stable potentiometric responses with
the response time of less than 5 s. The IMIP content of a pharmaceutical used in the treatment of depression was successfully
determined with the proposed imipramine-selective sensor. Additionally, the analytical applicability of the sensor in real bio-
logical samples was demonstrated by performing imipramine determinations in spiked human blood serum and urine samples.
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Introduction

Imipramine (3-(10,11-dihydro-5H-dibenzo[b,f]azepin-
5-yl)-N,N-dimethylpropan-1-amine) hydrochloride (IMIP)
(Scheme 1) is a tricyclic antidepressant. It is a drug active
ingredient used in the treatment of depression, attention
deficit hyperactivity disorder, and chronic pain in combi-
nation with pain medication in some cases (Dargan et al.
2005; Breaud et al. 2010). Common side effects of imipra-
mine use are blurred vision, xerostomia, dizziness, loss of
weight and appetite. Moreover, anxiety, insomnia, crying
attacks, personality change and tachycardia are among
the potential side effects of imipramine overdose (Fayez
and Gupta 2021). Therefore, dose setting of imipramine
throughout the treatments is quite vital. The therapeutic
doses of IMIP vary considerably; however, the maximum
proposed daily dose is between 100 and 300 ng/mL. It was
reported that the daily intake more than 500 ng/mL eventu-
ated in overdose and more than 1 pg/mL daily intake could
be even fatal (Bailey et al. 1978; Brunton et al. 2012). The
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monitoring of IMIP levels in blood and pharmaceutical
preparations has crucial significance for its safe and effec-
tive use because its therapeutic and harmful dose levels are
close to each other (Amitai and Frischer 2004).
Imipramine hydrochloride can be determined by several
analytical techniques such as spectrophotometry (Man-
sour et al. 2017; Azmi et al. 2022; Patel and Patel 2010;
Soni et al. 2011; Susmitha et al. 2013; Deepakumari et al.
2013), spectrofluorimetry (Sobhani et al. 2019; Azmi et al.
2017), atomic absorption spectrophotometry (EI-Ansary
et al. 2001), flow injection methods (Acedo-Valenzuela
et al. 2005; El-Gendy et al. 2006), gas chromatography
(Monney et al. 2019), capillary electrophoresis (Quirino
and Breadmore 2012; Wu et al. 2014; Sanagi et al. 2014),
high-performance liquid chromatography (Zhao et al.
2016; Zilfidou et al. 2019) and high-performance thin-
layer chromatography (Patel and Patel 2010; Srivastava
et al. 2016). However, most of these techniques have some
limitations such as the needs of time-consuming, tedi-
ous and complex pre-treatment processes, sophisticated
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Scheme 1 Chemical structure of imipramine hydrochloride

instruments, skilled technicians, large volume of organic
solvents and expensive consumables. In this aspect, it is
important to develop a fast, simple, delicate and inexpen-
sive alternative methods for the determination of imipra-
mine hydrochloride.

Studies on the developments and applications of ion-
selective electrodes (ISE) started at the end of the 1960s and
are still continuing to attract attentions day by day (Pretsch
2007). In recent years, potentiometric ion-selective elec-
trodes with improved performance characteristics (Rama-
navicius and Ramanavicius 2021; Ramanavicius et al. 2021)
have been used in numerous areas for the determinations of
various species as alternative to above-mentioned expensive
detection methods because of their advantages, such as high
selectivity, wide operating range, low detection limits, high
accuracy and precision, short analysis time, simple design,
low cost, no damage to the measured material, no pre-treat-
ment steps, determination even in colored and turbid solu-
tions (Coldur et al. 2016).

The literature survey indicates that all-solid-state PVC
membrane-type potentiometric sensors constitute a major
class of potentiometric sensors. In this type of sensors, the
most important component responsible for the selective and
sensitive potentiometric response of the electrode toward
target species is electroactive substance, called as ionophore.
Up to now, various materials have been used as ionophore
substances for a large number of different chemical spe-
cies. In most of the drug selective electrodes reported in the
literature, the ion-pair complexes of the target drug active
substances were the most preferred ionophore type among
the others. However, the drug selective electrodes based on
ion-pair type ionophores have usually some limitations such
as high detection limit, short life-time and low selectivity.

A new group of functional material called metal-organic
frameworks (MOFs) was firstly reported by Yaghi et al.
(1995). MOFs are porous crystalline hybrid materials
including metal centers and electron-donating multifunc-
tional organic ligands (Zhou et al. 2012). MOFs are largely
utilized in the applications of gas storage (Xiao and Yuan
2009), drug delivery (Liao et al. 2018), sensors (Kukkar
et al. 2018; Li et al. 2018), catalysis (Joharian et al. 2018;

Joharian and Morsali 2019) and adsorption and separation
(Chen et al. 2013; Wang et al. 2016; Ma et al. 2016, 2018)
owing to their ultra-high level of porosity, large specific sur-
face area, adjustable pore size and volume, stable framework
structure, tailorable structure and functionality, wide range
of thermal and chemical stability, non-toxic nature, chemical
functionality, perfect biocompatibility and unsaturated metal
sites (ZareKarizi et al. 2018).

The MIL-53(Al) MOF structure was comprised from
the chains of trans-corner-sharing [AlO,(OH),] octahedral
which are connected to each other by 1,4 benzenedicarbo-
xylate (BDC) ligands, and thus, three-dimensional frame-
work in which one-dimensional channels run parallel to the
inorganic backbone of the structure is constructed. Several
studies have been conducted on the use of aluminum-based
metal-organic framework in adsorption (Trung et al. 2008;
Patil et al. 2011; Zhou et al. 2013; Xie et al. 2014), gas
adsorption and isolation processes (Himsl et al. 2009; Hu
and Zhang 2010; Maes et al. 2010).

In recent years, in parallel to technological advances in
nanoscience and nanotechnology, significant advances have
been made for the use of nanostructured MOFs in electro-
chemical sensor applications (Zhao et al. 2019). Hence,
MOFs as highly sensitive platforms in sensor studies have
recently attracted increasing interest of electrochemical sci-
entists. The redox and catalytically active sites formed by the
active metals and/or ligands bring electrochemical sensing
capabilities to MOFs (Lei et al. 2014; Wang et al. 2015;
Kumar et al. 2017; Liu et al. 2018). Although MOFs have
been broadly used in electrochemical sensor field recently,
the use of MOFs in potentiometric sensor applications
remained limited. There are a few studies related to use of
MOFs in potentiometric sensors. In one of them, a synthe-
sized two-dimensional conductive MOF was utilized as an
ion to electron transducer on a glassy carbon electrode to
enhance the potentiometric performance characteristics of
the sensitive membrane covered on MOF layer (Mendecki
and Mirica 2018). In a very recent study, a new cadmium-
based metal-organic framework (Cd-MOF) was synthesized
and incorporated as an ionophore into a Cu(Il)-selective car-
bon paste electrode (Deghadi et al. 2021). In another recent
study, an Al(IIT)-selective carbon paste electrode has been
developed based on a novelly prepared Cu-MOF as iono-
phore (Mahmoud et al. 2021). In addition, a novel nano-
composite based on boron-doped graphene oxide-aluminum
fumarate metal-organic framework has been also reported
for the fabrication of a bromide-selective electrode (Kaur
et al. 2020).

This study aims to develop imipramine-selective elec-
trode by using Mil-53 (Al) electrodes from metal—organic
frameworks as ionophore material. The developed PVC
membrane electrode was successfully used for determining
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the imipramine hydrochloride content of some curatives
applied in depression treatment.

Experimental
Chemicals and apparatus

Tetrahydrofuran (THF), imipramine hydrochloride (IMIP-
HCl), Mil-53 (Al), high-molecular-weight-poly (vinyl
chloride) (PVC), o-nitrophenyloctylether (NPOE), and
dibutylphthalate (DBF) were obtained from Sigma-Aldrich
(Germany). The epoxy (TP3100) and hardener (Desmodur
RFE) used in solid-contact preparation were obtained from
Denlaks (Turkey)) and Bayer (Germany) companies, respec-
tively. All chemicals used for the preparation of the solutions
throughout this study were obtained from Sigma-Aldrich
(Germany). Analyzed pharmaceutical (Tofranil®, 25 mg)
was purchased from a local pharmacy. The human blood
serum and urine samples employed in the potentiometric
applications were obtained from Van Yuzuncu Yil Research
Hospital. Deionized water (18.3 MQ) used in the study
was obtained from the Human Corporation Zeener Power
IT (Korea) water purification system. All potentiometric
measurements were performed by using a laboratory-made

computer-controlled potentiometric measurement system.
Gamry (USA) brand saturated Ag/AgCl electrode was used
as reference electrode in all potential measurements.

Fabrication of the electrodes and measurement
procedure

Fabrication of the electrodes generally consisted of two
steps. The first step was the preparation of the solid contacts
to obtain conductive interfaces compatible for membrane
covering. For the preparation of solid contacts, a homog-
enized mixture composed of 50% (w/w) graphite (250 mg),
35% (w/w) epoxy (175 mg) and 15% (w/w) hardener (75 mg)
in 2.5 mL was formed in THF. The mixture was mixed for
5-8 min to let to reach the appropriate consistency. In follow,
one open end of copper wires was dipped into this mixture
several times and let to dry at room temperature for one
night. At the second step, membrane cocktails consisting
of the studied compositions (the masses of the membrane
ingredients were 100 mg in total) were prepared by dissolv-
ing in 2 mL THF. The surfaces of the previously fabricated
solid contacts were coated with the studied membrane cock-
tails by dipping into the membrane cocktails several times.
The electrode membranes attained on the solid contact sur-
faces were dried at room temperature at least 12 h (Fig. 1).

Fig.1 Schematic representa-
tion of the general structure
and preparation process of the
proposed potentiometric sensor

Solid Contact

Hardener

Graphite
Epoxy resin powder

Electrical contact

electrode body

conductive
connection wire

solid contact
(transducer)

lon-selective
PVC-membrane

@ Springer

Membrane Cocktail
PVC
q Plasticizer

m lonic Additive

lonophore




Chemical Papers (2022) 76:5105-5117

5109

Finally, the fabricated electrodes were conditioned in 1072M
20 mL imipramine hydrochloride solution for 12 h. The
potentiometric measurement cell used in the current study
can be represented as in follow.

Preparation of the samples

For the preparation of the pharmaceutical sample, 10 tab-
lets of the pharmaceutical were taken, crushed in a mortar
and homogenized. Afterward, a mass corresponding to the
amount of one tablet on average is weighed and dissolved
in 100 mL of deionized water. The attained pharmaceutical
solution was analyzed by using direct calibration method.

For the preparations of urine samples, a volume of the
supplied imipramine-free urine enough for the preparation
of the studied samples was centrifuged at 4500 rpm for
5 min. The obtained supernatant was employed directly for
the preparation of imipramine-spiked urine samples which
contain imipramine hydrochloride at the studied concentra-
tion levels. The resultant urine samples were analyzed by
using standard addition method without any pre-treatment
step. The procedure similar to preparation of spiked urine
sample was followed for the preparation of imipramine-
spiked serum samples.

Results and discussion
Investigation of optimum membrane composition

Potentiometric characteristics of a PVC membrane ion-
selective electrode largely depend on the membrane
composition. The ratios of ionophore, plasticizer, ionic
additive and PVC as far as plasticizer and ionic additive
type are substantial factors that affect the potentiometric
performance characteristics of an electrode. Therefore,
these membrane parameters were investigated by taking
into account 22 different membrane compositions. The
potentiometric performance characteristics of the prepared
membrane compositions were compared to each other in
terms of slope, detection limit, linear working range, and
R? value to determine the membrane composition per-
formed the best potentiometric performance features. The
studied membrane compositions and their potentiometric
performance characteristics are given in Table S1 and
Table S2, respectively. The data in Table S2 show that
Electrode 6 exhibits the best potentiometric performance
characteristic as the optimum membrane when compared
to the other studied membrane compositions in terms of
sensitivity, detection limit and linear operating range.

Fig.2 Potentiometric
responses of imipramine- 3000i| 10'M
selective electrode depend- =
ing on varying imipramine
hydrochloride concentrations 2950 102 M
(in the concentration range of
—1_ -8
1.0x107-1.0x107° M) 2500 10°M
T 2850 104 M
w
2800
10°M
2750
10° M
2700
107 M
108 M
2650 - i
340 345 350 355 360 365 370
Time,s
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Fig.3 Calibration plot of the imipramine-selective electrode con-
structed from the standard imipramine hydrochloride solutions in the
concentration range of 107'-107" M

Figure 2 illustrates the potentiometric responses of the
imipramine-selective electrode toward the standard imi-
pramine hydrochloride solutions within the concentration
range of 1.0x 107'-1.0x 1078 M.

Determination of linear working range, detection
limit and slope

The measurements taken in the series of imipramine hydro-
chloride standard solutions (1.0x 107'=1.0x 1078 M) were

used to construct the calibration plot, and the obtained
calibration plot was employed for the calculations of the
slope, linear concentration range and detection limit of
the imipramine-selective electrode according to [IUPAC
recommendations (Buck and Lindner 1994). For this,
potential measurements were performed at 25 + 1 °C from
low to higher concentrations of imipramine hydrochlo-
ride. The recorded potential values were plotted versus the
logarithm of the corresponding imipramine hydrochloride
concentrations (log [IMIP]). The resulting calibration plot
is illustrated in Fig. 3. Electrode exhibited linear response
within the concentration range of 1.0x 107-1.0x 10~' M
with a slope of 57.7 mV/decade. The detection limit of the
proposed electrode was also calculated as 5.0 1078 M.

Determination of response time

For the investigation of its response time, the electrode was
dipped into each calibration solution from low to high con-
centration and vice-versa, and the potential changes were
monitored depending on time. While the measurement
solutions were stirred at a constant speed, the required time
period for the potential stabilization after each solution
change was documented (ty5). The average time period in
which the potentials stabilized was expressed as response
time of the electrode (Buck and Lindner 1994). The recorded
real-time continuous potentiometric responses of the pro-
posed electrode in 107> M and 10~ M imipramine hydro-
chloride solutions are illustrated in Fig. 4. As seen, the
response of the electrode to imipramine is quite rapid. This
fact proves the presence of a fast equilibrium between the

Fig.4 The real-time potentio-
metric response of the proposed 2880
electrode depending on time
when the concentration of the 2870
imipramine hydrochloride
changed from 107 M to 107> M 2860
2850
>
= 2840
wi
2830
2820
2810
2790
2780

104 M

2800 MWWMWWMW e
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W«mewwmwm
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@ Springer

588 590 592 594 596 598 600

Time, s



Chemical Papers (2022) 76:5105-5117

5111

2950
102M
2900
z 103 M
w e
2850
2800
104 M

500 505 510 515 520 525 530 535

540 545 550 555 560 565 570 575

Time, s

Fig.5 Repeatability of IMIP-Selective electrode in 1072, 107> and 10~ M IMIP solutions
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Fig.6 Potentiometric response of the IMIP-selective electrode in
10~* M imipramine hydrochloride solution depending on pH change

aqueous and membrane phases. The average response time
of the electrode was calculated as about 3 s.

Determination of repeatability

To demonstrate the repeatability of the IMIP-Selective elec-
trode consecutive measurements were also taken in 1072 M,
1073 M and 10~* M imipramine hydrochloride solutions. The
obtained potential measurements are shown in Fig. 5. The
mean and standard deviation values for 107> M, 107> M and
10=* M IMIP solutions were calculated as 2916.6 + 1.3 mV,
2862.2+2.1 mV and 2802.5 +0.7 mV, respectively.

Determination of pH working range

In order to examine the pH working range of the electrode
25 mL 1073 M solutions of imipramine hydrochloride were
prepared. The solution was stirred by a magnetic stirrer
at 300 rpm. The reference electrode and IMIP-selective
electrode were dipped into this solution. Moreover, the

combined pH meter was also simultaneously immersed into
the same solution. The pH of the solution was altered by
gradual addition of concentrated HC1 and NaOH solutions.
The pH of the solution with pH electrode and the potential
values from the potentiometric cell were recorded after each
addition. The measured mV values were plotted versus the
corresponding pH values. The obtained graph is displayed in
Fig. 6. The graph indicates that the potential values obtained
from the ion-selective electrode system in the pH range of
3.7-8.4 did not changed significantly. This finding proves
that the potentiometric response of the electrode in the pH
range 3.7-8.4 is not influenced by the pH of the measure-
ment media. Below the pH 3.7, the increase in the measured
potential can be attributed to the interference effect of hydro-
nium ions which present in the measurement media at high
level. On the other hand, it was observed that the electrode
potentials begin to decrease rapidly above the pH=28.4. The
reason for this decrease may be explained by the gradual
decrease in the amount of protonated imipramine at higher
pHs, as expected.

Determination of selectivity

The general potentiometric response curves of the present
electrode for imipramine hydrochloride and some studied
interferents are shown in Fig. 7. Potentiometric selectiv-
ity coefficient defines the ability of an ISE to distinguish
between the primary and interfering ions in the same solu-
tion. In the current study, separate solution method (E, =Ep)
(Umezawa et al. 2000) was preferred in the calculation of
selectivity coefficients for certain organic molecules such
as cysteamine, sunset yellow, fructose, glucose, maltose,
lactose and sucrose, some common alkali metals, alkaline
earth metals and heavy metals. For the calculation of the
selectivity coefficients, the potential values in 1.0x 107> M
solutions of the interfering ions were obtained and the
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obtained potential values were used for the calculations
of corresponding imipramine hydrochloride concentra-
tions from the linear equation of the calibration line. The
determined imipramine hydrochloride concentration values
and 1.0x 1072 M concentration value of interferents were
replaced by the equation employed for the calculation of
selectivity coefficients, and thus, the selectivity coefficients
of the electrode were determined for each interferent. The
calculated selectivity coefficients are presented in Table S3.
The obtained selectivity coefficients revealed that the elec-
trode is very selective against the studied chemical species.

MIL-53(Al) is an infinite octahedral chain formed by
coordination of AI(IIT) with terephthalate and OH- groups.
The terephthalate ligands point in four directions, making
1D lozenge-shaped pores. The reason of this very high
selectivity of the sensor toward IMIP is the synergistic
effect emerged from some structural properties of MIL-
53(Al) (high porosity, suitable pore size, internal pore
accessibility through tunnel structure, flexibility, and high
adsorption capability) and membrane ingredients. The
main mechanism for selective interaction between IMIP
and MIL-53(Al) is the electrostatic interactions between
the protonated IMIP and negatively charged MIL-53(Al)
centers (OH- groups) in addition to n—r interaction/stack-
ing between the aromatic parts of IMIP and aromatic part
of terephthalate on MOF. The presence of metallic centers,
OH- groups, and shape-sensitive channels in MOF struc-
ture may be the causation of selective interactions between
MIL-53(Al) and IMIP. Even so, we should express that
the mechanism of this selective behavior of MIL-53(Al)
for IMIP has been not clarified yet and more research is
required on this fact.
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Fig.8 The change in the slope of the IMIP-selective electrode
depending on time (Error bars were plotted for N=3 repetition based
on standard deviations)

Determination of life-time

For the evaluation of the sensor’s life-time, the changes in the
slopes of the sensor were monitored depending on time. For
this, potentiometric measurements were taken on sequen-
tial days by using the electrode in imipramine hydrochlo-
ride standard solutions which have imipramine hydrochlo-
ride in the concentration range of 1.0x 107'-1.0x 10~/ M.
The obtained data were utilized for the construction of the
regarding calibration plots, and the slopes of the calibration
plots were calculated. Before each daily calibration study,
IMIP-selective electrode was conditioned in 1.0x 1072 M
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Fig.9 The measured poten- p
tials for the standards and 3000 {| 10" M
the prepared pharmaceutical
solution containing imipramine 2950 102 M
hydrochloride (T) for just one
repetition
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imipramine hydrochloride solution. The electrode was kept
in room temperature in a closed and dark environment when
not in use. The plot indicating the slopes of the proposed
electrode (for three repetitions) depending on time is given
with their error bars in Fig. 8. Figure 8 shows that excluding
the slight decrease in the first a few days, there is no sig-
nificant change in the slope of the electrode within a period
of 55-days. After the slight decrease in the first 4 days, the
electrode slope stayed nearly unchanged and quite stable
until 55th day. After this day, slope and stability of the elec-
trode started to decrease significantly. We can express that
the proposed electrode can be used without any sensitivity
problem for about two months.

Analytical application of IMIP-selective electrode

Following the evaluation of potentiometric performance
characteristics of the produced electrode, its analytical appli-
cation was carried out by performing the determinations
of imipramine contents of an antidepressant drug, spiked
human serum and urine samples.

The imipramine content of the prepared pharmaceuti-
cal solution was determined 5 times by the constructed
calibration plot with the use of direct calibration method.
Potentiometric responses for the calibration standards
and pharmaceutical sample are illustrated in Fig. 9. The
average imipramine content of the corresponding drug
tablet (containing 25 mg Imipramine) was calculated as

25.08 +0.09 for N=5 replicates with a recovery value of
100.32% (Relative Error % = 0.32).

Before the imipramine determinations in serum and
urine samples, we examined whether the electrode
behavior in serum and urine samples differed signifi-
cantly compared to the aqueous solution matrix due to
the matrix effect. The concentration range studied was
chosen considering the therapeutic concentration range
of imipramine. For this, we compared the slope values of
the electrode response in these matrices in the concentra-
tion range of 2.0 x 107°~1.0 x 107 M. The potentiometric
responses of the electrode and related calibration plots are
illustrated in Fig. 10. As can be seen in Fig. 10, the slope
values for serum and urine matrix are 26.5 and 28.8 mV/
decade, respectively, and these are lower compared to that
obtained in aqueous solutions (39.0 mV/decade). These
results indicate that the calibration plots constructed with
the aqueous external standards cannot be employed for
the accurate imipramine determinations in serum and
urine matrixes. Therefore, standard addition method was
applied for the determination of imipramine contents of
spiked serum and urine samples. The spiked imipramine
amounts and the imipramine amounts attained by standard
addition method are summarized with the recovery val-
ues in Table 1. As can be seen in Table 1, the recovery%
values for serum samples and urine samples are changed
between 82.6—116.3 and 84.2—-110.3, respectively.
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Fig. 10 The potentiometric response plots and corresponding recorded potentiometric responses obtained from a serum and b urine matrix in

the concentration range of 2.0x 107°~1.0x 10~7 M IMIP

Table 1 The analysis results of the IMIP-spiked human serum and
urine samples performed with the proposed sensor

Sample IMIP concentra- Found IMIP con-  Recovery%
tion in spiked centration +SD, M
sample, M (N=5)

Human serum 10.0x 1077 94+1.2x1077 94.1
5.0x1077 5.8+1.0x1077 115.7
2.5%1077 29+04x1077 116.3
1.0x1077 0.83+£0.18x1077  82.6

Human urine  10.0x 1077 8.4+1.2x1077 84.2
5.0x1077 52+09x%1077 104.5
2.5%1077 2.8+0.5%x1077 110.3
1.0x1077 0.98+0.20x1077  97.8

@ Springer

Conclusions

We have proposed a MOF (MIL-53 (Al))-based potentio-
metric PVC membrane sensor for the selective determina-
tion of imipramine hydrochloride drug active substance.
The membrane consisting of 3% Mil-53, 64% DBF, 32%
PVC and 1% KTpCIPB was determined as the optimum
membrane composition in terms of potentiometric perfor-
mance characteristics. The sensor allows highly accurate
determination of imipramine in complex matrices due
to that it exhibits high selectivity for imipramine in the
presence of commonly found potential interferents in the
measurement media. The sensor has a broad linear work-
ing range of 1.0x 1077 M-1.0x 10~! M with a sensitivity
and detection limit of 57.7 mV/decade and 5.0 x 1078 M,
respectively. The analytical performance characteristics
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Table2 Comparison of

. . Chemical method
detection limits and linear

Linear range

Detection limit Reference

ranges obtained from the UHPLC-Q-TOF-MS 5-1.000 ng/mL 5 ng/mL Zhao et al. (2016)

present work and some RP-HPLC 25-150 pg/mL 0.03 pg/mL Srikantha and Raju (2015)

imipramine detection methods

previously reported in the Stripping voltammetry 28- 2240 ng/mL 0.28 ng/mL Khodari et al. (1997)

literature FIA-chemiluminescence 10-1000 ng/mL 5 ng/mL Paz and Townshend (1996)
RP-UPLC 0.2-3 ug/mL 0.25 ng/mL Deepakumari et al (2013)
SWvV 84-638 ng/mL 0.058 ng/mL Toledo et al. (2015)
Spectrofluorimetry 3.0-0 pg/mL 0.079 pg/mL Azmi et al. (2017)
LC-MS/MS 20-500 ng/mL Not available Berm et al. (2013)
Spectrophotometry 1-14 pg/mL 0.04 pg/mL Azmi et al. (2017)
GC-MS 10- 100 ng/mL 2 ng/mL Monney et al. (2019)
EME-HPLC 0.5-1000 ng/mL 0.05 ng/mL Sanagi et al. (2014)
Potentiometry 28 -2.8x 107 ng/mL 14 ng/mL Present work

of the proposed sensor and various imipramine detection
methods available in the literature are comparatively sum-
marized in Table 2. As can be seen in Table 2, the proposed
sensor has potential use as an alternative to sophisticated
measurement techniques that require more expensive,
time-consuming processes due to its ease of preparation,
low cost, short response time, sensitivity and selectivity,
wide linear operating range and low detection limit. Par-
ticularly, the short response time of the sensor makes it a
convenient candidate for the employment as a detector in
automated systems such as flow injection analysis. The
ability of the sensor to detect imipramine in a very wide
linear concentration range is also its another important fea-
ture when compared to the other existing methods in the
literature. The developed sensor was successfully applied
for the determination of the imipramine in the pharmaceu-
tical, spiked human blood serum and spiked human urine
samples. The most prominent aspect of the current work
is that we manufactured a drug selective potentiometric
sensor by using MOFs as ionophore for the first time. The
satisfactory results show the potential usability of MOFs
as ionophore in potentiometric sensor development and
encourage the attempts to develop potentiometric sensors
with lower detection limit and wider working range. In this
context, the current study can be considered as a promising
and pioneering work in the potentiometric sensor field for
the future studies.
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