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Ion-Selective Electrodes for Some Beta-Adrenergic
and Calcium Blockers
Larry Cunningham and Henry Freiser
: Department of Chemistry
University of Arizona
Tueson, Arizona 85721

ABSTRACT

* Potentiometric sensors based on dinonylnapthalene sulfonic

1 acid (DNNS) were prepared for several recently developed drugs
used in the treatment of cardiovascular disorders. Thus,
| incorporation of DNNS along with the beta-adrenergic blocker
| Acebutalol, or calcium-channel blockers Verapamil,
Diltiazem, Nicardipine, or Lidoflazine into a plasticized
polyvinyl chloride membrane resulted in coated-wire ion
selective electrodes whiéh displayed nearly Nernstian
response in the concentration range of 10'3 to 1075 ™
and analytically useful responses down to 1078 . ﬁ

Selectivity behavior for each set of electrodes was

accurately predicted from calculated distribution constants
for the respective drugs. Use of these electrodes in
analyses of pharmaceutical preparations is discussed, as

well as their utility in pharmacokinetic studies.
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INTRODUCTION

Incorporation of dinonylnapthalene sulfonic acid as an
extractant in PVC membranes plasticized with dioctylpthalate has
led to coated-wire electrodes (CWE) having extremely high
selectivity for organic cations over common inorganic cationie
species.1 Previous work in this area has focused on the
role of analyte structure on the selectivity behavior of these

2 and on development of electrodes selective to many

3 and other pharmaceuticalst™®, %

devices
important drugs of abuse
In each of these studies it was shown that the selectivity of an
electrode increases with the analyte extractability, i.e. with

its distribution constant. Therefore, the selectivity depends

not only on molecular weight, but on the degree of nitrogen ]

substitution and branching of hydrocarbon chains. A more

important consideration with pharmaceutical compounds is the ]
influence of hydrophilic substituents, because among a group of |
drugs similar in size such factors prevail in determining
overall membrane selectivity with respect to either metabolites
or other potential interferents. A more interesting yet
unexplained result from earlier work was the lack of correlation
between electrode selectivity and electrode sensitivity.

In this work, CWE's were prepared for several drugs used in

treatment of cardiovascular diseases.s’7

Among them are

drugs awaiting FDA approval for commercial introduction as well
as those already available for presceription. The existence of
widely varying structures (Fig. 1) among the calcium channel

blockers has puzzled researchers in this area in trying to
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elucidate a well-defined mechanism of action. The CWE's
described here could prove useful in future investigations due
to their low cost, small size, durability, as well as their
sensitivity and selectivity. All of these compounds are
monovalent cations at physiological pH values which make them
amenable to analysis via ion-selective electrode methodology.
Structural differences will influence drug extractability and
hence electrode response characteristics. Response
characteristics were critically evaluated in this study in light
of their potential application to pharmaceutical assay and
in-vivo or in-vitro drug monitoring. In anticipation of routine
analysis of pharmaceutical preparations, the effect of high
background levels of alpha-lactose, a common packing material,
was also determined.

Though previous work did not entail a complete evaluation of
electrode pH response, recent studies by other workersa'9
have shown that incorporation of a lipophilie base such as
tridodecylamine into plasticized PVC results in a pH responsive
electrode having little or no interference from inorganiec
anions provided that sufficient amounts of a lipophilic
anion such as tetraphenylborate are also included. Because the
electrodes reported here are analogous to these systems, having
a lipophilic amine in the form of a high-molecular ﬁeight
pharmaceutical and a lipophilic anion as DNNS, some kind of pH
response might be expected., If so, an optimum pH region for

analysis would exist for each electrode.

-3-




Beagents

The drugs investigated here were Acebutalol (Ives)(I), a

beta-adrenergic blocker; and the calcium-channel blockers
Lidoflazine (Janssen)(Il), Verapamil (Searle,Knoll)(III),
Nicardipine (Syntex)(IV), and Diltiazem (Marion)(V). We are
grateful to these manufacturers for kindly supplying us with
samples., These were dried over CaCl2 prior to use.LFree

bases were converted to their hydrochloride form by dissolving
in a minimum of conc. HCl; all solutions were prepared at pH 4.0
in 0.01 M acetate buffer. Chromatographic grade polyvinyl
chloride (Polysciences, Warrington, Pa.) was used as obtained,
as was practical grade dioctyl pthalate (J.T. Baker,
Phillipsburg, N.J.). Dinonylnapthalene sulfonic acid (Henkel
Chemical) was purified by the ion-exchange method of

Danesil®. All other chemicals were reagent grade.

Electrode P S { Handli
All ISE's were of the coated-wire type constructed as

deseribed earlier12

, With the exception that PVC insulated
copper wires were substituted for co-axial cables. This
facilitated the fabrication of large numbers of electrodes (20
for each drug) with a negligible increase in noise due to
absence of shielded wire. After manufacture it was necessary to
bathe electrodes in 1073 M to 107* M solutions of the

protonated analyte species for several days before stable

responses could be obtained, during which time hydration of the

polymer membrane occurred. As was the case in earlier works,




soaking in blank buffer for several minutes prior to calibration

%f resulted in best reproducibility.
i

Apparatus and EMF Measurements
$
i Previously described micro- and minicomputer systems were

used to perform all calibrations within user-specified

RS

concentration limits.z'11 Except for pH measurements, all
potentials reported were measured against a double-junetion
calomel elecirode having 0.1 N NH4N03 in the

‘ external junction. Electrode equilibrium was assumed when a
; maximum of 0.4 mV/min drift was measured.

Sensitivity was obtained from calibration curves in the

following manner: The linear segment of the Nernstian response

region was extrapolated to meet another taken from the points in
the region of no response, typically at concentration levels
below 10”84, The limit of detection is then given by the

Log (concentration) value at the intersection of the two linear

segments.]'3

At the end of a calibration run, electrodes were situated
in a solution of known primary ion concentration. Specified
ratios of primary to interfering ion concentration were made by
adding standard interferent from a second digital burette, after
which responses of each electrode were measured and stored.
Selectivity coefficients were then calculated using software

based on the two-solution method of Srinivasan and

Rechnitz.l4

The pH responses were also evaluated under computer

-5-
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control. Readings of CWE potentials were made vs. a Ag/AgCl
reference contained in a Radiometer/Copenhagen glass combination
electrode, which was used to simultaneously monitor pH. Starting
at a low initial pH value (< 4.0) , small increments (0.2 ml.)

of 0.1 N NaOH were added to the blank buffer solution until a

minimum specified pH change was realized, at which point

electrodes were sampled until each equilibrated. This process

was repeated until a desired pH limit was reached. Electrode pH

profiles were then plotted as mV vs pH on a digital plotter.
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Results and Discussion

All electrodes displayed linear response of nearly
Nernstian character in the concentration of analyte above
approximately 10”3 M as shown in Table I. Because som_
of these pharmaceuticals have low water solubility, an upper
limit of 1073 M was selected for each calibration. Detection
limits of at least 10”3 M were observed for all electrodes.
Somewhat greater sensitivity was obtained with electrodes for
111 and IV with detection limits down 1:0’1.()'6 ¥ (Fig.

2). Response times ranged from a few seconds for concentrations
greater than 10°9 M to several minutes for lower
concentrations.

It is expected that'these electrodes would be exposed to a
variety of matrices during analysis of pharmaceutical
preparations. The effects of high background levels of neutral
compounds were assessed by comparison of calibrations in absence
and in presence of 103 to 104-fold éxcess concentrations
of alpha-lactose relative to the highest concentration of the
drug of interest. It was found that repeated calibrations of

various electrodes were virtually identical, demonstrating that

~no interference is measurable from high levels of this substance

in the sample matrix.

Relative selectivity was determined by measuring responses
in solutions containing various ratios of tributylammonium to
the primary ion. Log k??;'valuos which were calculated from
the electrode responses and known activities of each ion are

given in Table Il along with respective Log KD values

«7-
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calculated by the Hansch correlation methodls. The increase
in-selectivity with drug lipophilicity was consistent with prior
investigations of homologous series of alkylated ammonium ion
interferents and for electrodes selective to other drugss.
Because drug metabolites are usually more hydrophilie than their
parent compounds, they would exhibit negligible interference,

Electrode pH response was also a function of the primary
ion. A decrease in CNE EMF readings with increasing pH was
observed (Fig. 3), though these were not linear over the entire
pH range studied and sub-Nernstian in regions where there was a
highly pH dependent response (50 mV/pH unit maximum) . Because
PH can be accurately maintained to +/- 0.02 units, an
uncertainty of +/- 1 mV is expected for the latter region. This
corresponds to a concentration error of +/- 4%. However, errors
of less than 1% would be expected in regions of less pH
dependence, i.e., 10 ~ 1§ mV/bH unit.

The electrodes reported here provide a rapid, inexpensive,
and reliable method for analysis through minimum sample
preparation, low cost, and high selectivity. Detection limits
of 1075  or lower along with stability in various
matrices further enhances their practicality in assays of these
and other pharmaceuticals which are protonated amimes. Though no
commercial preparations were tested here, a suitable procedure
would simply involve sample dissolution into an appropriate pH
buffer followed by potentiometric measurement. As demonstrated,
neutral fillers need not be extracted or accounted for during

analysis. It is, of course, recommended that electrode

-8-




calibration be confirmed periodically between measurements via a
procedure analogous to standardizaton of a glass pH electrode,
i.e. a "two-point" calibration, thereby avoiding errors due to
drift.

Perhaps of greater interest is the use of potentiometric
sensors for in-vivo monitoring of these drugs during
pharmacological or related studies. The way in which which each
of these drugs inhibit Ca+2 uptake by smooth muscle cells, a
required step for cellular contraction, is as yet
unknown.le’17 For this reason a drug monitor would be

beneficial in investigations aimed at resolving such problems.

Credit. This research was funded by a grant from the

Office of Naval Research
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Drug
Acebutalol 57.7
Diltiazem 60.1
Lidoflazine 60.0
Verapamil 58.7
Nicardipine 58.8

156
274
311
310
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Table 11
Drug Log kpot +/- St.Dev Lo
i,TBA -Dev. € Ep
Acebutalol 2.44 +/- 0.2 ~0.2
Diltiazem 0.71 +/- 0.02 2.3
Lidoflazine 0.30 +/- 0.02 5.3
Verapamil - 0.32 +/- 0.02 §.9
Nicardipine - 0.89 +/=- 0.02 6.3
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LEGENDS FOR FIGURES

Figure 1. Structures of drugs.

Figure 2. Calibration curves of CWE's for Nicardipine (A),
Lidoflazine (B), Verapamil (C), Diltiazem (D), and
Acebutalol (E)

Figure 3. pH responses of CWE's for Nicardipine (A), Acebutalol
(B), Verapamil (C), Diltiazem (D), Lidoflazine (E).
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