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DEVELOPMENT AND VALIDATION
OF A LIQUID CHROMATOGRAPHIC

METHOD FOR THE DETERMINATION
OF TRANDOLAPRIL AND VERAPAMIL

IN CAPSULES

A. Gumieniczek and H. Hopkala

Department of Medicinal Chemistry, Medical Academy,
6 Chodźki Str., 20-093 Lublin, Poland

ABSTRACT

The development and validation of an isocratic high perfor-
mance liquid chromatographic procedure for the determination of
trandolapril and verapamil in capsules is reported. The drugs were
analysed on a LiChrosorb RP18 column with a mobile phase com-
posed of acetonitrile-methanol-phosphate buffer pH 2.7 (40:40:20)
and UV detection at 220 nm. Peak height ratios were linearly related
to amounts of the drugs in the range 4–20 µg/mL.

The inter-day precision (CV) obtained for the standard so-
lutions ranged from 0.40 to 2.18% for trandolapril and from 0.35
to 2.57% for verapamil. The inter-day coefficients of variation for
replicate analyses in capsules ranged from 0.5 to 2.49% for tran-
dolapril and from 0.33 to 1.61% for verapamil.

The recovery of analytes after extraction from formulations
using the described method, was 99.94 ± 1.69% and 98.13 ± 1.20%
(mean ± SD) for trandolapril and verapamil, respectively.
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INTRODUCTION

Trandolapril ([2S-[1-[R*(R*)],2α,3aα,7aβ]]-1-[2-[[1-(ethoxycarbonyl)-3-
phenyl-propyl]amino]-1-oxopropyl]octahydro-1H-indole-2-carboxylic acid), the
esterified prodrug of the active metabolite trandolaprilat, is a nonsulfhydryl an-
giotensin converting enzyme (ACE) inhibitor used in hypertension and congestive
heart failure therapy.

Verapamil (α-[3-[[2-(3,4-dimethoxyphenyl)ethyl]methyl-amino]propyl]-3,
4-dimethoxy-α-(1-methylethyl)benzene-acetonitrile), a slow Calcium channel an-
tagonist, was introduced as an antianginal agent but now it is widely used in cardiac
dysrhythmias. Preclinical trials showed that the combination of trandolapril and
verapamil not only had additive effects in reducing elevated blood pressure, but
also had a marked beneficial effect on concomitant cardiovascular diseases (1,2).

Therefore, pharmaceuticals containing the combination of both drugs were
recently introduced into therapy. The fixed-dose combinations consist of a
sustained-release (SR) tablet formulation of verapamil and an instant-release gran-
ulation of trandolapril.

We have developed an HPLC method for determination of trandolapril and
verapamil, in order to use it for quality control of the final product (capsules).

Pharmaceutical literature about determination of trandolapril is poor. So far it
was only analysed by potentiometry using enantioselective membrane electrodes
(3,4). Pharmaceuticals containing verapamil are very common, so a variety of
methods have been reported so far. Verapamil was determined by UV and VIS
spectrophotometry (5–7) and by electrochemical methods (8–10). For estimation
of verapamil in drugs, HPLC has been also employed.

Several authors have worked out analysis of enantiomers of verapamil on
chiral stationary phases (11–13). Lacroix et al. have modified the USP XXII-
method for the assay of purity of verapamil-HCl, and applied this method for the
determination of drug content and related compounds in drug raw material (14).

Garcia et al. (15) and Simmons et al. (16) have improved the methods for
the separation of selected cardiovascular agents (including verapamil) on C18
and underivatized silica columns, respectively. Kastusi et al. (17) and Tsilifonis
et al. (18) have evaluated the determination of verapamil in dosage forms using
C18 columns and mobile phases containing acetonitrile, ammonium acetate, and
methanol, acetic acid, triethylamine, respectively.

EXPERIMENTAL

Reagents

Trandolapril and Tarkar� capsules (containing 2 mg of trandolapril in granu-
lation and 180 mg of verapamil hydrochloride in tablet) were obtained from Knoll
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(Germany). Verapamil hydrochloride from Alfa Chemicals Italiana (Italy) and
acetazolamide (the internal standard) from Polfa Starogard (Poland) were applied.

The buffer was prepared with 0.067 M potassium dihydrogen phosphate
by adjusting to pH 2.7 with ortophosphoric acid. HPLC grade acetonitrile and
methanol were purchased from E.Merck (Germany).

Apparatus and Chromatographic Conditions

The chromatographic system was comprised of a Model 306 pump and
a Model 170 diode array detector (Gilson, USA). Analyses were performed at
ambient temperature on a LiChrosorb RP-18 column (250 × 4 mm i.d., 10 µm).
The mobile phase was a mixture of acetonitrile-methanol-buffer pH 2.7 (40:40:20,
v/v), filtered and degassed prior to use, and flowing at the rate of 1 mL/min.

The samples were introduced into the column through a high pressure injec-
tion valve fitted with a 20 µL sample loop from Rheodyne (USA). The detection
wavelength was 220 nm. The data was collected and analysed with UniPointTM

system software, version 1.80 (Gilson, USA), on Pentium-S 133 MHz computer.

Preparation of the Standard Solutions

The stock solutions (1.0 mg/mL) of trandolapril, verapamil hydrochloride,
and acetazolamide were prepared by dissolving adequate amounts of these sub-
stances in methanol. They were stored at 4◦C and were stable for at least one
month. The working solutions were prepared by diluting the stock solutions with
acetonitrile (0.1 mg/mL for trandolapril and verapamil hydrochloride, 0.2 mg/mL
for acetazolamide).

For both drugs, 0.2–1.0 mL volumes were pipetted, mixed in 5 mL volumetric
flasks with 0.5 mL of acetazolamide solution, and made up with acetonitrile (the
calibration standards).

Preparation of the Capsule Solutions

A group of 20 capsules was accurately weighed. Then each capsule was
opened and a tablet with verapamil was accurately separated from granulation
containing trandolapril. The tablets and the empty shells were weighed again. For
trandolapril, the mean mass of preparation was 0.1008 g, for verapamil hydrochlo-
ride, the mean mass of tablet was 0.5653 g. The granulations and the tablets were
ground separately to fine powders.

The amounts equivalent to 1 mg of trandolapril were extracted with methanol
in 10 mL volumetric flasks and filtered.
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For verapamil hydrochloride, the amounts equivalent to 10 mg of the drug
were extracted with 10 mL volumes of methanol. The filtered extracts were diluted
ten times with acetonitrile.

The prepared solutions of both drugs in volumes of 0.2, 0.6, 1.0 mL and
0.5 mL of the internal standard solution, were mixed in 5 mL volumetric flasks
and completed with acetonitrile (in the same manner, but separately). All samples
were injected five times into the column.

RESULTS AND DISCUSSION

Optimization of the Chromatographic Conditions

The chromatographic conditions were optimized to obtain an adequate sep-
aration of the eluted substances. The influence of percentage of acetonitrile in
the binary acetonitrile-phosphate buffer mixtures, and the effect of addition of
methanol were investigated. A mixture of acetonitrile-methanol-buffer in the ratio
40:40:20 (v/v) was selected as optimal.

The active substances and the internal standard were quickly eluted and
sufficiently separated from each other, and from the solvent front. The retention
times were 3.65, 5.01, and 2.65 min for trandolapril, verapamil, and acetazolamide,
respectively.

Calibration and Validation

The linearity of the method was maintained over the concentration range
4–20 µg/mL for both drugs. The data was subjected to linear-regression analysis
in order to obtain the appropriate calibration factors. The calibration curves, based
on the peak high ratios, were obtained by triplicate determinations of each of the
calibration standards.

The average regression equation for trandolapril was .y = 0.1023x
( ± 0.0017) − 0.011 ( ± 0.0021); the corresponding correlation coefficient was
0.9995. The same factors for verapamil hydrochloride were y = 0.0738x ( ± 0.001)
+ 0.021 ( ± 0.0138); r = 0.9996.

The inter-day precision was assumed by injecting one set of samples (three
concentrations) on five separate days. The precision was determined by injecting
the samples containing low, medium, and high concentrations of trandolapril and
verapamil hydrochloride. The obtained values were compared with theoretical
amounts. The assay in the standard solutions showed a sufficient precision of
the HPLC system. The coefficients of variation ranged from 0.4 to 2.18% for
trandolapril and from 0.35 to 2.57% for verapamil hydrochloride. The results of
determinations in the standard solutions are presented in Table 1.
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Table 1. Precision of the HPLC System

Amount Found Coefficient
(Mean ± SD)a of Variation

Amount (µg/mL) (%)
Declared
(µg/mL) T V T V

4.0 4.12 ± 0.09 3.89 ± 0.10 2.18 2.57
12.0 11.84 ± 0.08 11.92 ± 0.12 0.68 1.01
20.0 20.02 ± 0.08 20.11 ± 0.07 0.40 0.35

an = 5, T-trandolapril, V-verapamil hydrochloride.

The precision of the method was determined from one lot of the finished
product. The assay of contents of both of the drugs in formulations was carried out
according to the procedure described in the Experimental section. The inter-day
coefficients of variation ranged from 0.5 to 2.49% for trandolapril and from 0.33
to 1.61% for verapamil hydrochloride. The results of determinations are shown in
Table 2.

The accuracy of the method was assessed on the basis of determination
of trandolapril and verapamil hydrochloride in the model mixtures. They were
obtained by inserting known amounts of trandolapril and verapamil hydrochlo-
ride into the weighed portions of adequate formulation. The procedure was per-
formed separately, but in the same manner for the both analytes. For each model
mixture, determinations were carried out according to the procedure given in
the Experimental section. The contents of particular components were deter-
mined, and their recoveries were calculated. The results are presented in
Table 3.

Table 2. Results of Determinations of Tarka� Capsules (2 mg of Trandolapril
and 180 mg of Verapamil Hydrochloride per Capsule)

Amound Found Coefficient
(Mean ± SD)a of Variation

Amount (mg per Capsule) (%)
Expected
(µg/mL) T V T V

4.0 2.01 ± 0.05 178.04 ± 2.86 2.49 1.61
12.0 1.99 ± 0.01 176.42 ± 1.40 0.50 0.78
20.0 2.00 ± 0.01 175.65 ± 0.57 0.50 0.33

an = 5, T-trandolapril, V-verapamil hydrochloride.
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Table 3. Results of Recoveries of Trandolapril and
Verapamil Hydrochloride from the Model Mixtures

Recovery (Mean ± SD)a

(% of Added)
Standard Added
(µg/mL) T V

4.0 99.75 ± 2.55 101.05 ± 1.59
8.0 101.10 ± 1.23 100.18 ± 1.25

an = 5, T-trandolapril, V-verapamil hydrochloride.

Application of the Method

The elaborated method renders a good separation of trandolapril, verapamil,
and the internal standard possible. Because of large differences in concentrations
of the drugs in the target pharmaceuticals (2 mg of trandolapril and 180 mg of vera-
pamil hydrochloride in capsule), the content of each capsule was readily separated.

Multicomponent analysis with UV detection at different wavelengths was
tested, but the results of these determinations had not been perfect. This was
probably due to the UV absorption properties of both compounds. Trandolapril
shows the absorption spectrum only in the range 200–300 nm, meanwhile, the
absorbance of verapamil in that range is too high. Besides, the portions of the mass
capsule (taken as a whole) needed to obtain equivalent amounts of trandolapril were
very large and difficult to elaborate.

Figure 1. Chromatogram of trandolapril (T), verapamil (V) and the internal standard (A)
after extraction from granulation and tablet. Peaks correspond to 12 µg/mL of trandolapril
and verapamil-HCl and to 20 µg/mL of acetazolamide; HPLC conditions are described in
the text.
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Methanol was chosen for extraction of the substances from formulations
because it is a good solvent for the analytes. The recoveries after extraction were
found to be 99.94 ± 1.69% and 98.13 ± 1.20% (mean ± SD) for trandolapril and
verapamil hydrochloride, respectively.

All samples were found to meet the official requirements for labeled drug
content. No interferences were noted from excipients, or other inert ingredients,
present in the capsules tested. Figure 1 shows typical chromatograms obtained
after extraction from the formulations.

In summary, a new, simple, and selective HPLC assay was developed and
validated for quantitation of trandolapril and verapamil in combined formulations.
The method showed sufficient accuracy and precision, and was successfully applied
for pharmaceutical analysis.
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