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Abstract

A high-performance liquid chromatographic procedure with two detectors is presented for the determination of verapamil in
pharmaceutical dosage forms. The procedure is based on the use of reversed-phase high-performance liquid chromatography with
UV and fluorimetric detectors. Each analysis required no longer than 6 min for both detection procedures. Quantification was
achieved by measurement of the ratio of the peak area of the drug to the internal standard (fluoxetine) and the detection limit
was 10 ng/ml for the UV detector and 750 pg/ml for the fluorimetric detector. There was no significant difference between inter-
and intra-day studies for verapamil determined for two different concentrations (0.05 and 1.00 pg/ml). This process could be used
to determine verapamil concentrations in the range 0.025-50 and 0.0008-20 pg/ml for UV and fluorimetric detection, respectively.
These methods were applied, without any interference from the excipients, for the determination of the drug in tablets and in drug
dissolution studies. It is suggested that the proposed HPLC procedures could be used for routine quality control and dosage form
assay of verapamil hydrochloride. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction The molecule contains an asymmetric carbon
(Scheme 1) and is clinically administered as a racemic

Verapamil  [( £ )-5-[N-(3,4-dimethoxyphenethyl)-N- mixture of the (+ )-R- and (—)-S-enantiomers.

methylamino]-2-(3,4-dimethoxyphenyl) -2 - iso - propyl-
valeronitrile] is a calcium-channel blocker and is
classified as a class IV anti-arrhythmic agent [1]. It is
used in the control of supra ventricular tachyarrhyth-
mias, and in the management of classical and variant
angina pectoris. It is also used in the treatment of
hypertension [2]. The disposition of verapamil is de-
scribed as being subject to extensive metabolism with a
relatively high systemic clearence, and as such, due to
high presystemic elimination, has a relatively low oral
systemic bioavailability.

* Corresponding author. Fax: + 90-312-3520?50.
E-mail address: yozkan@obs.gata.edu.tr (Y. Ozkan).

It has been determined by spectrophotometry [3], gas
chromatography [4] and capillary electrophoresis [5].
Several high-performance liquid chromatographic
(HPLC) methods have been developed for the determi-
nation of verapamil and its metabolite. They involve
UV detection [6-9] or more frequently fluorescence
detection [10—-13] owing to the native fluorescence
properties of this compound.
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Scheme 1. Structure of verapamil.
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These chromatographic methods were developed for
the determination of verapamil and its primary metabo-
lites in biological fluids. However, these methods were
not applied to pharmaceutical combinations of vera-
pamil except in a recent work of El Ghany et al. dealing
with the high-performance thin-layer chromatographic
analysis [6].

The main purpose of an oral solid pharmaceutical
dosage form is to make available a certain and defined
amount of active substance to human body through the
gastrointestinal system [14]. The pharmaceutical indus-
try and the regulatory agencies focus on the evaluation
of the release kinetics from dosage forms, and this
study is generally performed on official or nonofficial
dissolution devices [15]. The in vitro dissolution profiles
obtained from dissolution rate studies have also been
used in an attempt to characterise the in vivo behaviour
of drugs with little success [16—18].

Up to date the dissolution rate studies of verapamil
in tablet dosage forms has not been reported. The
aim of the present work is to develop a simple and
direct HPLC method with UV and fluorimetric detec-
tors available for the quantitation of verapamil
in dosage forms for quality control purposes. The
developed HPLC method and the comparative spec-
trophotometric method were applied to the in vitro
dissolution rate studies of the drug from the tablet
dosage forms.

The main purpose of this investigation is to develop
reversed phase high-performance liquid chromato-
graphic methods simpler, cheaper and faster than USP
XXIIT [9] and the other HPLC methods found in
literature. These methods were used to determine either
formulation drug content and verapamil release from
the solid dosage forms.

2. Experimental
2.1. Chemicals and reagents

Racemic Verapamil hydrochloride was kindly sup-
plied by Knoll-Deutsche Drugs Inc. (Istanbul, Turkey).
HPLC grade acetonitrile was purchased from Merck.
All other chemicals (analytical grade) were obtained
from Sigma or Merck. Bidistilled water was used.

The potassium dihydrogen phosphate buffer solu-
tion, prepared with bidistilled water, was filtered
through WTP 0.5 pum filters (Whatman, Maidstone,
UK). The internal standard fluoxetine was received
from Lilly Drug Inc. (Istanbul, Turkey). For dissolu-
tion studies, working solutions of 0.1 M HCI (pH 1.2),
which is similar to the physiological conditions in gas-
tric fluids, were used.

2.2. Equipment

The chromatographic apparatus (Waters, Milford,
MA, USA) consisted of a model 510 solvent delivery
system, and model 481 spectrophotometric and 470
scanning fluorimetric detectors. The chromatograms
were analysed with a chromatographic workstation
(Baseline 810). A model 717 plus autosampler and 50 ul
injection volume were used. Spectrophotometric mea-
surements were carried out using a Shimadzu 2100
double beam UV-Vis spectrophotometer. Dissolution
rate studies were carried out at a wavelength of 276 nm.
The dissolution rate of verapamil from tablets was
performed on Caleva 7ST dissolution apparatus (GB
Caleva Inc., UK).

2.3. Chromatographic conditions

The separation was performed on a reversed-phase
Supelcosil LC-18 (250 x 4.6 mm, Sum particle size)
column. The mobile phase consisted of a mixture of
0.05 M potassium dihydrogen phosphate:acetonitrile:o-
phosphoric acid (69.5:30:0.5) (pH 3.60). The mobile
phase was prepared daily, filtered, sonicated before use,
and delivered at a flow rate of 1.5 ml/min. The UV
detector was set at a wavelength of 276 nm; for fluores-
cence detection an excitation wavelength of 280 nm and
an emission wavelength of 313 nm were selected.

2.4. Preparation of the standard solutions

2.4.1. Internal standard solution

The internal standard was prepared by dissolving 10
mg of fluoxetine in 10 ml of methanol in a 10 ml
volumetric flask. Although modern injectors have gen-
erally overcome the need for an internal standard we
preferred to use an internal standard to eliminate any
possible interference due to the excipients of the dosage
forms.

2.4.2. Standard solutions and calibration curves

A stock solution of verapamil was prepared by dis-
solving 10 mg of verapamil in 10 ml of methanol in a 10
ml volumetric flask. For fluorimetric detection, stan-
dard solutions for HPLC were prepared with mobile
phase by varying the concentration of verapamil in the
range 0.0008-20 pg/ml and maintaining a constant
concentration of fluoxetine (internal standard) at 20
pg/ml. The concentration of verapamil was varied in
the range 0.025-50 pg/ml and the concentration of
fluoxetine (internal standard) was maintained at a con-
stant level of 10 pg/ml for UV detection.

For the spectrophotometric method, standard solu-
tions were prepared in 0.1 N HCI (dissolution medium)
within the concentration range 4.9-39.3 pg/ml.
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Fig. 1. Typical chromatogram of verapamil hydrochloride (1 pg/ml)
and internal standard fluoxetine (10 pg/ml) obtained with UV detec-
tion.

The calibration curve for HPLC analysis was con-
structed by plotting the ratio of the peak area of the
drug to that of internal standard against the drug
concentration. Using the results of dissolution rate
studies the calibration curve for spectrophotometric
analysis was obtained by plotting the drug concentra-
tion against the peak-through amplitude at 276 nm in
the UV spectrum.

2.5. Analysis of tablets

Ten tablets were weighed, crushed and combined. An
amount of powder equivalent to about 10 mg verapamil
was accurately weighed, transferred in to a 10 ml
volumetric flask, diluted with methanol, sonicated
for 10 min and then completed to volume with the
same solution. After filtration, appropriate solutions
were prepared by taking suitable aliquots of clear
filtrate and adding of the appropriate internal standard,
diluting them with mobile phase in order to obtain a
final solution. Final solutions were used at both detec-
tors.

Table 1
Characteristics of verapamil calibration plots

2.6. Recovery studies

In order to establish the reliability and suitability of
the proposed method, recovery experiments were car-
ried out. The known amounts of the pure drug and
internal standard at a constant level were added to the
verapamil formulation and the mixtures were analysed
by the proposed method. After three repeated experi-
ments the recoveries were calculated.

2.7. In vitro dissolution studies

Drug release tests were carried out according to the
USP 23 dissolution procedure for single-entity products
with use of a USP by means of a paddle apparatus in
900 ml of 0.1 M HCI (pH 1.2, gastric medium) at a
stirring rate of 75 rpm. The temperature of the cell was
maintained at 37 4+ 0.5°C by use of a thermostatic bath.
At each sample time interval, an exact volume of
sample was withdrawn from each flask and immediately
replaced with an identical volume of fresh medium. A
correction factor was included in the calculations to
account for the drug lost in the samples. At predeter-
mined time intervals (2, 4, 6, 10, 15, 20, 30, 45, 60, 75,
90 min), the concentration of verapamil in the dissolu-
tion medium was determined by HPLC using both
detectors. Furthermore, to obtain comparative dissolu-
tion rate results, a UV spectrophotometric method at
276 nm was also applied. This spectrophotometric
method was very similar to that described in the USP
23 for single-entity products. Dissolution test data were
obtained on the average of six tablets.

3. Results and discussion
3.1. Development and validation of the HPLC methods

Using the described chromatographic conditions, ver-
apamil and the internal standard, fluoxetine were well
separated and their retention times were 3.47 and 4.67
min, respectively. Fig. 1 shows a typical chromatogram
obtained for verapamil tablets with UV detector. For
both compounds, sharp and symmetrical peaks were
obtained with good baseline resolution and minimal

Method Linearity range Equation Correlation Standard error Standard error
(ng/ml) coefficient of slope of intercept
HPLC with fluorimetric detection 0.0008-20 (n=12) »=22.03x+0.075 0.999 5.27x1073 0.034
HPLC with spectrophotometric 0.025-50 (n = 10) y=1.51x+0.039 0.999 2.22x1073 0.041
detection
Spectrophotometric method 4.9-39.3 (n=16) y=1.602x—0.036 0.998 6.28 x10~* 0.015
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Fig. 2. Typical chromatogram of verapamil hydrochloride (0.050
pg/ml) and internal standard fluoxetine (20 pg/ml) obtained with
fluorimetric detection.

tailing, thus facilitating the accurate measurement of
the peak area. No interfering peaks were found in the
chromatogram due to tablet excipients.

Table 1 represents a calibration plot for the peak
area ratio of varying amounts of verapamil (0.025-50
pg/ml) to a constant amount of fluoxetine (10 pg/ml).
Calibration characteristics are given in Table 1.

A typical HPLC chromatogram of the analysed
tablet formulation with fluorimetric detector is shown
in Fig. 2; the retention times were 3.62 min (verapamil)
and 5.03 min (fluoxetine, internal standard), respec-
tively. The ratio of peak area of verapamil to the
internal standard versus concentration of drug plot was
linear over the concentration range 0.0008—-20 pg/ml.
The linear regression analysis results for this detector
are given in Table 1.

For the HPLC method, the lower detection limit of
verapamil, defined as three times the level of the base-
line noise, was 750 pg/ml for the fluorimetric detector
and 100 ng/ml for the UV detector.

The results obtained for intra- and inter-day variabil-
ity studies of verapamil samples are reported in Table

Table 2

Intraday and interday precision of verapamil standards for both detectors

2. The within-day precision for the studied concentra-
tions (0.05 and 1.0 pg/ml) showed RSD of 1.11 and
1.39%, and 0.82 and 0.34% for the UV and fluorimetric
detectors, respectively. These results show the accuracy
and reproducibility of the assay. Thus, it was concluded
that there was no significant difference for the assay
which was tested within day and between days.

3.2. Analysis of verapamil tablet dosage forms

On the basis of above results, the proposed method
using both detectors was applied to the direct determi-
nation of verapamil in different tablet formulations.
The results obtained from the analysis of tablet dosage
forms and their recovery studies are summarised in
Table 3. These results were obtained by commercially
analysing available samples. The results of the analysis
of verapamil tablets indicate that the proposed assay
can be used for quantitation of verapamil in commer-
cial samples.

In order to check the accuracy and precision of the
developed method, we also carried out a recovery
study. The results of the recovery tests, presented in
Table 3, which average 98.94 and 98.18% for the UV
and fluorimetric detectors, respectively, confirmed the
accuracy of the proposed HPLC methods. It can be
concluded from Table 3 that the proposed method is
sufficiently accurate and precise to be applied to phar-
maceutical dosage forms within a short analysis time
( < 6 min). The method is very simple and rapid and it
does not involve use of any complex instrument or
complicated sample preparation. The high percentage
recovery indicates that the method is not affected by
the interference due to the excipients used of in the
formulations. Therefore, the method can be useful in
routine quality control analysis of verapamil.

The results obtained from both detectors were com-
pared with the reversed-phase HPLC method, which is
recommended by USP 23 [9] (Table 3). It is evident that
the proposed method is as sensitive as the official
method. According to the Student z-test, the calculated
¢t values did not exceed the theoretical value for a
significance level of 0.05. These results indicate that

Theoretical concentration

Intraday measured concentration *

Interday measured concentration ®

Mean RSD (%) Mean RSD (%)
UV detector 50 ng/ml 49.5 ng/ml 1.11 50.1 ng/ml 3.14
1 pg/ml 0.992 pg/ml 1.39 0.995 pg/ml 1.45
Fluorimetric detector 50 ng/ml 50.46 ng/ml 0.82 50.18 ng/ml 0.95
1 pg/ml 1.004 pg/ml 0.34 0.99 pg/ml 0.63

# Mean value of five different verapamil standards for each concentration.
® Interday reproducibility was determined from five different runs over a period of 3 weeks.
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Table 3

Results of the determination and the recovery analysis of verapamil in tablet dosage forms

UV detector

Fluorimetric detector

Official method [9]

Tablet Film-coated tablet Tablet Film-coated tablet Tablet Film-coated tablet
Label claim (mg) 80.0 80.0 80.0 80.0 80.0 80.0
Mean of amount 79.43 80.58 79.52 79.78 79.33 79.75
found (mg) *

RSD (%) 1.36 1.21 0.47 0.37 1.51 1.46

Student ¢-test result  Zcuaeat 0-152 Zearcutatea: 132 teateutated: 0-327  eaicutatea: 0-068 Theoretical ¢ value:  Theoretical ¢ value:
2.228 2.228
Not significant Not significant

Added (mg) 10 10 10 10

Recovered (mg) ® 9.73 9.84 9.84 9.93

Recovery (%) 98.64 99.24 99.2 99.16

RSD (%) 0.39 0.53 0.85 0.32

4 Each value is the mean of six experiments.
® Each value is the mean of five experiments.

there is no significant difference between the proposed
and official methods with respect to precision and
accuracy. However, the proposed HPLC methods are
simple, inexpensive and rapid in comparison with the
official method. No treatment of the sample is required
before the proposed HPLC analyses. Excipients present
in the tablet do not interfere with the analyses.

3.3. In vitro dissolution studies

The proposed HPLC method with fluorimetric and
UV detectors and the comparative spectrophotometric
method was applied to the quantitation of verapamil in
dissolution rate studies. The results of linear regression
analysis from standard verapamil in 0.1 M HCI (pH
1.2, artificial gastric medium) obtained with a proposed
comparative spectrophotometric method are given in
Table 1. Two different tablet formulations which were
produced by different companies were tested according
to the paddle dissolution method. The release profiles
were drawn as a percentage of the drug dissolved from
the tablets versus time (Fig. 3(a,b)).

In order to determine the dissolution kinetics of the
tablets dissolution data were fitted according to the
different models, namely zero order, first order, Q — \ﬂ
and the Weibull distribution function (RRSBW)
[19,20]. All the kinetic and related rate constants and
statistical parameters of the various models are sum-
marised in Table 4. The most proper release kinetic was
found to be RRSBW, since the highest determination
coefficient and the lowest sum of weighed squared
deviations (Table 4) were obtained for this model.

Differences between tablets and film-coated tablets
were obtained as far as the Tg;,, and S values are
concerned (Table 4). The 63.2% release of active mate-
rial was attained to, after 1 h, from tablets whilst from

film-coated tablets the same result was achieved after a
few minutes. It may be that this result is due to the use
of different excipients, and to different tableting tech-
niques. The results obtained also show that, if no strict
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Fig. 3. Dissolution profiles obtained for: (a) film-coated tablets, and
(b) tablet formulations using the HPLC method with UV detection
(---O---); with fluorimetric detection (— ¥ —); and using the spec-
trophotometric method (— @ —).
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requirements on dissolution control of final product are
issued, drugs with a large difference in dissolution
characteristics can reach the market. The need of disso-
lution control in drug production is indispensable to
ensure drug quality. It is necessary to consider the
behavioral differences of tablet dosage forms in an in
vitro method when judging the applicability of a disso-
lution test. The physical-chemical properties of drug
substances have also great importance.

4. Conclusions

The proposed HPLC methods are simple, rapid, ac-
curate, precise, sensitive and easy to apply for the
determination of verapamil in pharmaceuticals, as can
be seen from validation data. Hence it can be easily and
conveniently adopted for routine quality control
analysis.

It was shown that these HPLC methods can be
successfully applied to the determination of dissolution
rate studies of verapamil in tablet dosage forms.
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