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Abstract [ Liquid-membrane and polyvinyl chloride (PVC)-matrix ion-
selective electrodes (ISE) that respond to the cationic forms of cimeti-
dine and ranitidine are described. The ion-exchangers were the salts of
cimetidine and ranitidine with tetrakis(m-chlorophenyl)borate dissolved
in - p-nitrocumene or entrapped in PVC polymer in the presence of 2-
nitrophenyl octyl ether as plasticizer. The electrodes exhibited a near-
Nernstian response in the range 10 2>~10~¢ M (working pH range 2-7)
for ranitidine, and 1072-2 x 10~° M (pH 2-6) for cimetidine. Very small
PVC-matrix ISE with internal diameters as small as 0.035 inches were
constructed and used in combination with small cuvettes, so that
measurements could be carried out in 250 ulL of stirred solution. The
electrodes were applied successfully for the determination of the pK, of
the protonated bases and for the determination of the drugs in pharma-
ceutical preparations. New selective and effective solid-state extraction
procedures are described for the extraction of ranitidine from urine and
serum samples. Potentiometric methods were developed for the deter-
mination of ranitidine in urine and serum samples during a pharmacoki-
netic experiment.

Cimetidine (N''-cyano-N-methyl-N'-[2-[(5-methyl-1H-imi-
dazol-4-yl)methyl]thiolethyl]-guanidine) is a potent Hy-re-
ceptor antagonist which inhibits gastric acid secretion in
humans and has been proven to be highly effective in the
treatment of duodenal ulcer.l-* Cimetidine, like histamine,
contains an imidazole ring. The newer H,-receptor antago-
nist ranitidine (N-[2-[[[5-[(dimethylamino)methyl]-2-furan-
ylimethyl]thiolethyl]-N’-methyl-2-nitro-1,1-ethenediamine)
does not contain the histamine imidazole nucleus, but is an
aminomethylfuran derivative. Ranitidine is ~5-10 times
more potent than cimetidine, on a molar basis, in inhibiting
histamine-induced gastric acid secretion.>? In addition, it
has fewer side effects and is therefore considered to be the
drug of choice for the treatment of duodenal ulcer patients.

Ion-selective electrodes (ISE) for these two important
drugs have not yet been reported. In this paper we describe
liquid-membrane and polyvinyl chloride (PVC)-raatrix ISE
for the cationic forms of cimetidine and ranitidine. The ion-
exchangers used were cimetidine hydrogen tetra(m-chloro-
phenyl)borate [(Cim H*)(TCPB7)] and ranitidine hydrogen
tetra(m-chlorophenyl)borate [(Ran H*)(TCPB™)], dissolved
either in p-nitrocumene (liquid ion-exchangers) or entrapped
in PVC polymer in the presence of 2-nitrophenyl octyl ether
(NPOE) as plasticizer. The electrodes are very sensitive
(linear response down to 107 M for ranitidine and to 2 X
1075 M for cimetidine) and sufficiently selective. Both elec-
trodes were used for the potentiometric determination of the
ionization constants of the protonated bases and for the assay
of the active compounds in pharmaceutical preparations by
using simple procedures.

Polyvinyl chloride (PVC)-matrix microelectrodes were con-
structed which are suitable for potentiometric measurements
in 250 L of stirred solutions. New methods were devised for
the selective extraction of ranitidine from urine and serum
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samples by using reversed-phase octadecylsilane-bonded sili-
ca. Very sensitive potentiometric methods are proposed for
the determination of ranitidine in urine and serum samples.
The methods have been applied successfully for the determi-
nation of ranitidine in urine in the range 2.5 x 107°-5 X
10"*M, and in serum in the range 1 X 1076-1.5 X 107> M, in
a preliminary pharmacokinetic experiment.

Experimental Section

Apparatus—The electrodes were used with a double-junction
calomel electrode (Radiometer) as the reference. The outer chamber
of the reference electrode was filled with a 100-g/L NaNO; solution.
Potential readings were obtained with a Corning Research pH/mV
meter (model 12) and recorded simultaneously on a strip-chart
recorder. The pH measurements were carried out with a combination
glass electrode and a Metrohm pH meter (model E350B). All mea-
surements were carried out at room temperature (22 = 2 °C) with
constant magnetic stirring.

Chemicals—All chemicals used were of reagent grade. All solu-
tions were prepared in distilled deionized water.

Stock solutions of cimetidine hydrochloride and ranitidine hydro-
chloride (0.100 M) were prepared in water. The pure substances used
were of the highest quality available and were gifts from Glaxo
Laboratories, Athens, Greece. Pharmaceutical preparations were
obtained from local drugstores. Sodium tetra(m-chlorophenyl)borate
was a gift from Dr. C. Moore and it can be synthesized as described
by Jarzembowski et al.l° It is also commercially available from
Fluka. 2-Nitrophenyl octyl ether (NPOE), p-nitrocumene (4-isopro-
pylnitrobenzene), and polyvinyl chloride (high molecular weight for
ion-selective electrodes) were obtained from Fluka. Sep-Pak Cg
cartridges were purchased from Waters Associates, Inc. (Milford,
MA).

Liquid Ion-Exchangers—Cimetidine and ranitidine were precip-
itated by mixing 0.5 mL of a 0.1 M cimetidine hydrochloride or
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ranitidine hydrochloride solution with 5 mL of a 0.01 M sodium
tetrakis(m-chlorophenyl)borate solution. The precipitate was ex-
tracted with 5 mL of p-nitrocumene and the organic phase was
washed three times with water. The organic solution was dried by
adding 0.5 g of Na,SO, which was subsequently removed by centrifu-
gation. The liquid ion-exchangers were ~10~2 M in (CimH*)(TCPB")
or (RanH*)(TCPB™).

The ion-exchanger for the PVC-matrix electrodes was prepared
exactly as described above with NPOE as the organic solvent instead
of p-nitrocumene. For the PVC membrane, 0.085 g of PVC was
dissolved in 3 mL of tetrahydrofuran (THF). In this solution, 0.25 mL
of the liquid ion-exchanger in NPOE was added, and the mixture was
kept in a well-capped glass vial until use.

Electrode Construction—Liquid-Membrane Electrodes—An Ori-
on liquid-membrane electrode body (model 92) was used as the
electrode assembly with a Millipore LCWPO 1300 PTFE membrane;
the PTFE membranes were cut to the appropriate size, and a stack of
four was used to avoid any leakage of the liquid ion-exchanger. All
the internal aqueous reference solutions were 0.010 M in cimetidine
or ranitidine and 0.10 M in NaCl, and they were saturated with
AgCl. The operating life of the electrodes was ~2 months.

Polyvinyl Chloride (PVC)-Matrix Electrodes—A new procedure for
the preparation of dip-type microelectrodes was developed as follows.
An autoanalyzer plastic tube (e.g., the color code purple-black, i.d.
0.090 inches, was generally used in this study) was cut to a length of
~2 cm (Figure 1). A metal wire was inserted into the tube and
positioned ~1 mm below the tube ending. The tube with the wire was
set in an upright position, and one drop of the mixture of the liquid
ion-exchanger in NPOE and PVC in THF was added. After the THF
was evaporated (~1 h), another drop was added. The procedure was
repeated until the gap at the top of the tube was filled with PVC
(~6-10 drops are required). For PVC tubing of narrower diameter
(e.g., 0.035-inch i.d.), the internal supporting metal wire was not
required. The drops of the ion-exchanger were placed directly at the
top of one end of the tube. The constructed ion-selective electrode
modules were either left overnight to dry and then stored in a well-
capped glass vial or used to construct the ion-selective electrode as
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follows. The metal wire was removed, and the module was filled with
internal reference solution and fitted to the end of a glass tube which
surrounds an Ag/AgCl wire as shown in Figure 1. The PVC-matrix
electrodes were ready to use just after preparation. When stored in
102 M cimetidine or ranitidine solutions, their operating life was ~1
week.

Construction of the Measuring Cells—A measuring cell with a
capacity of ~1.5 mL was constructed by embedding the bottom part
of a round plastic tube in Epofix resin, a casting plastic obtained
from H. S. Struers, Scientific Instruments, Copenhagen. The dimen-
sions of the cell are shown in Figure 1. This cell was used for the
determination of ranitidine in urine. A smaller cell, with maximum
capacity of ~300 uL, was constructed by embedding the flat bottom
of a round glass tube in Epofix resin (Figure 1). This cell was used for
the determination of ranitidine in serum.

Preparation of Calibration Graphs—A 20.00-mL volume of wa-
ter or other appropriate solution was pipetted into a 50-mL beaker,
the electrodes were immersed in it, and, after the potential had
stabilized, various increments of a 0.0100 or 0.100 M solution of
cimetidine hydrochloride or ranitidine hydrochloride were added.
The electromotive force (emf) readings were recorded after stabiliza-
tion following each addition, and the potential (E) versus log [cation]
plot was constructed. The slope of the electrode response was found
by regression analysis of the linear part of the graph.

Construction of the Measuring Cells—A measuring cell with a
capacity of ~1.5 mL was constructed by embedding the bottom part
of a round plastic tube in Epofix resin, a casting plastic obtained
from H. S. Struers, Scientific Instruments, Copenhagen. The dimen-
sions of the cell are shown in Figure 1. This cell was used for the
determination of ranitidine in urine. A smaller cell, with maximum
capactiy of ~300 uL, was constructed by embedding the flat bottom
of a round glass tube in Epofix resin (Figure 1). This cell was used for
the determination of ranitidine in serum.

Preparation of Calibration Graphs—A 20.00-mL volume of wa-
ter or other appropriate solution was pipetted into a 50-mL beaker,
the electrodes were immersed in it, and, after the potential had

Ag/AgCI wire

glass

Plastic tube

Internal reference
solution

lon-selective
PVC membrane

(b)

Hamilton
microsyringe

Reference
Electrode
Ranitidine
Electrode

g

I0.5cm

. r

1

i
cm

Magnetic
Glass stirrer
tube
bottom

(b)

Figure 1—Upper panel. (a) preparation of an ion-selective module; (b) fitting the module to the end of a Ag/AgCl wire. Lower panel: measuring cells
with total capacity of ~1.5 mL for urine analysis (a) and ~300 uL for serum analysis (b).
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stabilized, various increments of a 0.0100 or 0.0100 M solution of
cimetidine hydrochloride or ranitidine hydrochloride were added.
The electromotive force (emf) readings were recorded after stabiliza-
tion following each addition, and the potential (E) versus log [cation]
plot was constructed. The slope of the electrode response was found
by regression analysis of the linear part of the graph.

Effect of pH—A 25.00-mL aliquot of a solution consisting of 3 x
1073 or 3 x 10~* M in cimetidine or ranitidine, respectively, 1072 M
in HCI, and 1073 M in H;PO,, was pipetted into a 50-mL beaker. The
electrodes (ISE, reference, and a combination glass electrode) were
immersed in the solution and, after the potential had stabilized, the
emf and pH readings were recorded. The pH was altered by adding
small volumes of a 2 M NaOH solution. The emf and pH readings
were recorded after stabilization following each addition. The E
versus pH plot was constructed for each concentration.

Direct Potentiometric Assay of Pharmaceutical Preparations
(Standard Addition Method)—Cimetidine for Injection—A 2.00-mL
aliquot of the commercial product was diluted with 0.1 M acetate
buffer (pH 5.2) to a final volume of 500 mL; 20.00 mL of the resulting
solution (V,) was used for analysis. A first potential reading was
recorded for this solution. Subsequently, a second potential reading
was obtained after the addition of a small volume (V) of concentrat-
ed standard drug solution of concentration C,. The initial concentra-
tion, C,, of the sample was calculated from?1°

Cy = CVJ10°E5(V, + V) — V,] (1)

where AE is the change in potential and S is the slope of the electrode
response.

Cimetidine Tablets—At least five tablets were made into a powder.
An appropriate amount of the powder was weighed and dissolved in
500 mL of a 0.1 M HCI solution by stirring for 1 h. The amount
weighed was selected so that the final solution was ~3 x 107 *-3 X
1073 M in cimetidine. Fifteen milliliters of the cimetidine unknown
solution was mixed with 3.00 mL of a 1 M acetate buffer (pH 5.2), and
the resulting solution was analyzed as described above by the
standard addition method.

Ranitidine Tablets—The procedure was the same as described for
the cimetidine tablets, but the powder was dissolved in 0.07 M
phosphate buffer (pH 6.0). A 20.00-mL aliquot of the resulting
solution was analyzed as described above by the standard addition
method.
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Determination of Ranitidine in Urine—A 20.00-mL aliquot of
urine was pipetted into a 100-mL beaker and mixed with 2.00 mL of
a 1 M acetate buffer (pH 4.6). The Sep-Pak cartridge was mounted in
a 20-mL syringe barrel and was prepared for use as follows. The
cartridge was washed with 5 mL of methanol followed by 10 mL of
water. The 22.00-mL sample was applied to the Sep-Pak and passed
through slowly by using the syringe plunger (flow rate ~1 drop/s).
The Sep-Pak was washed with 4 mL of a 0.1 M acetate buffer (pH 4.6)
followed by 1 mL of water. Ranitidine was eluted with 5.00 mL of a
20% (v/v) acetonitrile solution in a 5 X 10~3 M phosphate buffer (pH
6.5). For the measurement, 1.00 mL of the eluant was pipetted into
the measurement cell shown in Figure 2A, the electrodes were
immersed (reference and PVC-matrix ranitidine electrode), and
stirring was started. The potential reading was obtained for this
solution. Subsequently, a second potential reading was obtained
after the addition of a small volume (10-50 uL) of a concentrated
standard ranitidine solution (1072 or 10~ ! M). The initial concentra-
tion was calculated as described above.

Determination of Ranitidine in Serum—A 5.00-mL aliquot of
serum was mixed with 0.5 mL of a 1 M acetate buffer (pH 4.6) in a
glass tube. The Sep-Pak cartridge was prepared as described above,
and the 5.5-mL sample was applied. The Sep-Pak was washed
exactly as described above and ranitidine was eluted with 3.00 mL of
methanol. The eluant was evaporated to dryness under a stream of
nitrogen at 60 °C. The residue was redissolved in 0.6 mL of 5 X
107 3M acetate buffer (pH 4.6) by thorough vortexing. For the
measurement, 250 uL of the eluant was pipetted into the microcell
shown in Figure 1. For the standard addition technique, 10-25 uL of
a 107 or 1072 M standard ranitidine solution was added.

Results and Discussion

Electrode Construction—Two types of ion-selective elec-
trode configurations were used for these studies: the conven-
tional Orion series 92 liquid-membrane electrodes and new
dip-type PVC-matrix electrodes. The PVC-matrix electrodes
were constructed in a manner similar to that described by
Spaciani and Fowler!! and by Meyerhoff and Kovach!2 for
flow-through electrodes. In all configurations, the ion-selec-
tive membrane becomes part of a PVC tube. Our technique
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Figure 2—Left panel: calibration curves for the ranitidine electrode in water (A), 5 x 10~ 3 M acetate buffer of pH 4.6 (B), and 20% acetonitrile in 5 x
10~ 3 M phosphate buffer of pH 6.50 (C). Regression analysis: (A) slope = 58.40 + 0.18, E° = 162.2 + 0.6; (B) slope = 58.57 = 0.17, E° = 164.9 =
0.6; (C) slope = 57.26 + 0.31, E° = 156.2 = 1.0. Right panel: calibration curves for the cimetidine electrode in water (A), 5 x 10~ 3 M acetate buffer
of pH 4.6 (B), and at pH 2.1 HCI (C). Regression analysis: (A) slope = 50.7 = 0.3, E° = 145.7 = 0.9; (B) slope = 50.8 + 0.8, E° = 147.2 + 2.5; (C)

slope = 50.7 + 0.7, E° = 144.5 + 2.1.
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for preparing dip-type PVC-matrix electrodes has the follow-
ing advantages over the classical technique described by
Craggs et al.’3 First, there is no need to attach the PVC
membrane at the end of the tubing, which is time-consuming
and may present the problem of leakage. Second, microelec-
trodes can be constructed easily (we were able to construct
modules with i.d. of 0.035 inches with the same technique).
Third, many modules can be constructed simultaneously and
stored for future use, and the modules can be replaced in a
few minutes. Finally, the liquid-membrane and PVC-matrix
electrodes have similar response characteristics.

Calibration Curves—Typical calibration curves of the
electrodes under different experimental conditions are shown
in Figure 2. For the ranitidine electrode, the response in
water was linear down to a concentration of 107% M. Most
liquid-membrane ISE for anions and cations described in the
literature have lowest linear response ranges down to 107°
M. In 5 X 1072 M acetate buffer (pH 4.6), the linear response
was evident down to a concentration of 2.5 X 10" M due to a
slight interference by Na* cations. The limit of linear re-
sponse in 20% acetonitrile solution in 5 X 10~3 M phosphate
buffer of pH 6.50 (measurements in urine are carried out in
this medium) was 5 X 107% M. The slope of the calibration
curve was (in mV per decade) 58.4 for water, 58.6 for acetate
buffer, and 57.3 for 20% acetonitrile.

The limit of linear response of the cimetidine electrode was
2 X 10™® M in water and 4 X 107> M in 5 x 10™% M acetate
buffer of pH 4.6. The slopes of the calibration curves were
50.7 mV for water and 50.8 mV for acetate buffer.

Effect of pH—To check the pH dependence of the potential
of the ranitidine and cimetidine electrodes, potential-pH
curves at two concentrations were constructed. The plots
(Figure 3) show that the potential is practically unaffected by
changes in pH over the ranges 3-7 for ranitidine and 3-5.5
for cimetidine. At higher pH values, there is a gradual
decrease in potential because of the gradual increase in the
concentration of the unprotonated drug. For ranitidine, be-
low pH 3 and especially at higher concentrations, there is a

20

gradual decrease in potential which is probably due to the
response of the electrode of the biprotonated cation of the
drug. A similar phenomenon has been observed with the
nicotine-selective electrode.!*

The potential-pH plots can be used to calculate the disso-
ciation constant, K,, of the cationic acid'® which, for raniti-
dine, is equal to

_ [Ran][H"]
¢ [Ran H') @

The plot of [Ran)/[Ran H*] versus 1/[H"] is a straight line
which passes through the origin and has a slope of K,. The
ratio [Ran)/[Ran H*] can be calculated at each pH value from

[Ran)/[Ran H*] = antilog(AE/S) — 1 3)

where AE is the potential difference, E, — E,, between the
potential E; at the plateau of the E versus pH plot and the
potential E; which corresponds to a certain pH value. The
results for the calculation of K, for ranitidine are shown in
Figure 4.

The pK, of ranitidine was found to be 8.37. A value of 8.2
has been reported in the literature.’® The pK, of cimetidine
was found with the same technique to be 6.91 ([Cim] = 3 x
107* M) or 7.05 ([Cim] = 3 x 10~ 3M); the mean was 6.98. A
value of 6.80 has been reported in the literature.*

Selectivity—The interference of various cations was stud-
ied by the mixed-solution method. Negligible interference
was found by the common cations Na®, Ca%*, and Mg?".
Weak interference was detected for the K* and NH; cations.
The potentiometric selectivity coefficients, KP*, were 7 X
1073 and 5 X 1073 (cimetidine electrode), and 5 x 10™* and 7
X 107* (ranitidine electrode) for K* and NHJ, respectively.
The interference from K* becomes a problem when measur-
ing in the microcell (Figure 1) with a single-junction, satu-
rated calomel electrode as reference. For this reason, all
measurements were carried out with a double-junction refer-

20| 3x1073Mm

3x10°"M
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Figure 3—Left panel: effect of pH on the potential of the ranitidine-sensitive electrode. Right panel: effect of pH on the potential of the cimetidine-

sensitive electrode.
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ence electrode which contained a 10% NaNOj solution as the
salt bridge, instead of saturated KC1. Organic cations which
form insoluble ion pairs with TCPB™ may interfere with the
response of the two electrodes. For applications different from
those reported, targeted interference studies may be useful.
Assay of Cimetidine and Ranitidine in Pharmaceutical
Preparations—Ion-selective electrodes have already been
applied successfully to the assay of drugs in pharmaceutical
preparations.!”!® In Table I, results are presented
for the assay of cimetidine and ranitidine in injection solu-
tions and tablets. It can be seen that the electrodes are
suitable for application in pharmaceutical analysis.
Extraction of Cimetidine and Ranitidine with Sep-Pak
Cartridges—Solid-phase extraction techniques are an effec-
tive tool for the separation of drugs and other substances
from aqueous and biological fluids.2-22 They are rapid,
reproducible, and give recoveries which are comparable to
those expected from classical liquid-liquid extraction. We
used the C;g Sep-Pak reversed-phase cartridge to extract
cimetidine and ranitidine from aqueous solutions. By using 3
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Figure 4—Calculation of the K, of ranitidine at Cra, = 3% 10" 3M(A) or
3 x 10~ * M (B). Regression analysis: (A) slope = 4.06 X 10~ °+ 3.3 x
107" yintercept= —2.47 x 10”2+ 1.72 X 10" 2 r= 0.9996; (B) slope
=443 x 107°* 4.62 x 107", y intercept = 8.18 x 1072+ 1.99 x
1072 r = 0.9997. The pK, values are 8.39 for (A) and 8.35 for (B).

Table |—Assay of Cimetidine and Ranitidine in Pharmaceutical
Preparations by Direct Potentiometry (Standard Addition Method)

Content, mg/tablet or mg/mL

Compound ) CV, % Reference Recovery,
Nominal Found (n=5) Method? o,b ry
Tamper
(cimetidine
injection) 100 100 3.1 — 99 + 3
Tagamet
(cimetidine
tablet) 200 203 23 194 102 = 4
Baroxal (ranitidine
tablet) 150 157 1.6 155 106 = 2
Zantac (ranitidine
tablet) 150 160 23 153 105 + 1

2High-performance liquid chromatography (HPLC). °Addition of a
known amount of the drug in the unknown solution after the dissolution
of the tablet in the appropriate medium as described in the Experimental
Section.

mL of methanol as eluant, we obtained a recovery of 102 =
5% for additions of 2-20 umol of the drug in a 20-mL sample
size. We conclude that the solid-state technique is a simple
and effective way of extracting the drugs from aqueous
solutions. Based on this observation, we devised methods for
the determination of ranitidine in urine and serum.

Determination of Ranitidine in Urine—Most of the proce-
dures for the determination of ranitidine and its metabolites
in urine and serum are based on high-performance liquid
chromatography!6-23-25 and radioimmunoassay.?6 In all
HPLC procedures, ranitidine and/or its metabolites are ex-
tracted from the biological fluid with various organic sol-
vents.

It is now established in the literature that in urine,
ranitidine is the main species present and its metabolites
represent only a minor fraction.'¢ For this reason, no effort
was made to study the possible interference of ranitidine
metabolites in the urine analysis.

After the application of the urine sample to the Sep-Pak,
ranitidine and other unidentified substances are retained on
the cartridge. Our purpose was to elute ranitidine selective-
ly, leaving the interfering substances on the Sep-Pak. For
this reason, we tried the eluants methanol, acetone, ether,
and acetonitrile, and mixtures of the organic solvents with
water (where possible) or buffers of various pH values. The
best results were obtained by using a 20% (v/v) mixture of
acetonitrile with 0.1 M acetate buffer of pH 4.6. The optimum
elution volume was 5.00 mL. With this eluant, the blank
determination of normal urine samples (analysis of urine of
individuals not receiving the drug) is minimal and can be
neglected without serious error if urine of individuals who
take the drug is analyzed (see results of the pharmacokinetic
experiment below). Another advantage of using this eluant is
that measurements can be carried out directly, without the
need of evaporating and reconstituting the eluant in a
suitable solvent. As we have already shown (Figure 2), the
ranitidine electrode response is satisfactory in this medium.

We assessed our method for urine by carrying out recovery
experiments (Table II). For urine containing 0.5—-10 umol of
ranitidine per 20 mL of sample, the mean recovery was
102.7%.

Determination of Ranitidine in Serum—The therapeutic
concentration of ranitidine in serum is very low (<2 x 1076
M). For a successful potentiometric determination, ranitidine
has to be extracted selectively and preconcentrated. For this
reason, we have eluted ranitidine from the Sep-Pak with
methanol. The eluant was then evaporated, and the residue
was redissolved in 0.6 mL of 0.1 M acetate buffer of pH 4.6.
With this procedure, the sample is preconcentrated 8.33-fold.
In the reconstituting medium, the electrode response is
linear down to 2.5 X 107® M (Figure 2) so that the minimum
theoretical concentration which can be detected is 3 X 1077
M. For accurate results, the blank value of the serum must be

Table li—Recovery of Ranitidine from Urine after Extraction with
Sep-Pak

Amount of Ranitidine per 20-mL

Sample, pmol Percent Recovery

Added Found = SD (n = 3)

0 0.61 = 0.04° —

0.50 0.50 = 0.09° 100

1.00 1.11 = 0.10° 111

5.0 481 + 0.16° 96
10.0 10.3 =+ 0.3° 103
20.0 16.2 =+ 0.4° 81¢

aThis is the blank reading of a urine sample. ° After blank subtraction.
°Ranitidine is not eluted quantitatively at this concentration level.
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determined and subtracted from the measurements. The
final eluant (0.60 mL) is sufficient for duplicate analysis.

We assessed our method for serum by carrying out recov-
ery experiments (Table III), and the mean recovery was
103.2%.

Pharmacokinetic Experiment—A 36-year-old female (57
kg) collected a 1-h timed urine sample for the determination
of the blank. At time zero, blood was withdrawn for the
determination of blank and two tablets of ranitidine (Bar-
oxal, 2 X 150 mg) were taken. Blood samples were with-
drawn every 1 h (for 5 consecutive hours). Urine samples
were collected every 1 h for 8 h. Ranitidine was determined
in serum and urine, and the results are presented in Table IV
and Figure 5.

Detailed pharmacokinetic data on ranitidine have been
published.>2” We found peak values in serum somewhat
later than those described in the literature (2—-3 h)2¢ because
of the higher dose administered. The ranitidine renal clear-
ance, RRC, calculated by the formula RRC, mL/min = (urine
flow, mL/min)(urinary ranitidine, M)/(serum ranitidine, M),
where serum ranitidine is the mean concentration of the
drug during the interval period, was calculated for the
interval periods 2-3, 3—4, and 4-5 h. The results were 411,
342, and 339 mL/min, respectively, with a mean of 364
mL/min or 6.38 mL/min'kg. This value is close to that
reported in the literature (7.2 mL/min-kg for an intravenous
dose and 5.6 mL/min-kg for an oral dose).5 The total excretion
of ranitidine at 8 h (190 umol or 22% of the oral dose) is in
close agreement with values given in the literature.5.1¢

In conclusion, we have described ion-selective electrodes
for the Hy-receptor antagonists cimetidine and ranitidine.
We have studied their response characteristics and applied
them for the determination of the pK, of the protonated bases
and the assay of the drugs in pharmaceutical preparations.
For the more difficult assays of ranitidine in urine, and
especially in serum, we had to combine the excellent re-

Table lll—Recovery of Ranitidine from Serum after Extraction
with Sep-Pak

Amount of Ranitidine per 5-mL
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Figure 5—Resuits of the pharmacokinetic experiment. Key: (1) concen-
tration of ranitidine in serum versus time after a 300-mg oral dose; (2)
rate of excretion of ranitidine in urine (umol per h) versus time; (3)
cumulative excretion of ranitidine (wmol) versus time.

sponse characteristics of the ranitidine electrode, the micro-
electrode configuration, and the effective and selective solid-
state extraction. We hope that further development of new
and of high quality potentiometric sensors will lead to their
more frequent application to the analysis of drugs in biologi-
cal fluids, an important part of biochemical analysis.
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