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AN HPLC METHOD FOR THE
DETERMINATION OF VERAPAMIL AND
NORVERAPAMIL IN HUMAN PLASMA

Scott M. Johnson and Shoukry K. Wahba Khalil

College of Pharmacy
Department of Pharmaceutical Sciences
North Dakota State University
Fargo, North Dakota

ABSTRACY

A high performance liquid chromatographic method is presented
for the determination of verapamil and its metabolite norverapamil
in human plasma. Verapamil and norverapamil are extracted from
plasma basified with 0.5M dibasic sodiuwm phosphate (pH 9.5) using
ethyl acetate containing trimipramine as an internal standard. A
reverse~phase cyanopropylsilane column was used with a mobile phase
of 65% acetonitrile and 35% 0.02M acetate buffer (pH 7.0). The
minimum detectable limit was 2 ng/ml of plasma. The effect of the
pH, molarity, and percent acetonitrile of the mobile phase on the
capacity factor was studied. Possible interferences from other
drugs administered concurrently are presented.

INTRODUCTION

Verapamil, o-isopropyl-a-[(N-methyl-N-homoveratryl)-y

~aminopropyll-3,4-dimethoxyphenylacetonitrile, is a member of the
1187
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calcium channel blocking agents useful in the treatment of
vasospastic angina, chronic stable angina, and supraventricular
tachyarrhythmias (1).

Verapamil 1is available in oral and intravenous dosage forms.
Verapamil appears to be well absorbed orally, is highly protein
bound, and is extensively metabolized by the liver to an active
demethylated metabolite, norverapamil (2). The normal therapeutic
plasma levels range from 25-100ng/ml. The incidence and type of
side effects resulting from orally administered verapamil is rela-
tively minor (3), yet verapamil use should be carefully monitored
with patients who have hepatic dysfunction as the liver is a major
metabolic organ (4).

There are several drug~-drug interactions reported in the 1lit-
erature for the combined use of verapamil that include theophylline
(5), quinidine (6), calcium salts (7), and beta blockers 1in general
(8). The major interaction reported is between verapamil and the
cardiac drug digoxin. The elimination of digoxin is decreased
resulting in significant elevation in plasma digoxin levels (9,10).

Chromatographic methods for the determination of verapamil in-
clude gas chromatography (11-15), and high performance liquid
chromatography (16~20). These methods suffer certain limitations
including: 1) the use of a lengthy extraction procedure, 2) the use
of toxic extraction solvents, and 3) limited sensitivity.

The present paper describes verapamil and norverapamil
analysis in plasma using a high efficiency reverse-phase

cyanopropylsilane HPLC column following a single step extraction.
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The method is sensitive and applicable to the daily monitoring

of plasma levels even in the presence of one or more commonly

prescribed drugs.

MATERTALS AND METHODS

Instrumentation

A Hewlett Packard Model 1090 liquid chromatograph equipped
with an automatic injector, a cyanopropylsilane column (Dupont,
Wilmington, DE), 15 cm long and 4.6 mm i.d., and a Schoeffler
fluorescence detector set at an excitation wavelength of 201 nm and
an emission cut off filter type 320. The signal was recorded on a
Hewlett Packard Model 3392A integrator. The degassed mobile phase
was pumped through the column at 3.0 ml/min and the column compart-

o
ment was maintained at 40 C.

Chemicals and Reagents

Sodium hydroxide, dibasic sodium phosphate, and sodium acetate
were reagent grade. Acetonitrile and ethyl acetate were HPLC
grade. Verapamil and norverapamil were supplied by Knoll Phar-
maceutical Co., and G.D. Searle and Co. Trimipramine Maleate was

supplied by Ives Laboratories, Inc.

Drug and Metabolite Solutions

Separate solutions of verapamil and norverapamil were made
containing 5 mg/100ml of methanol. Working dilutions of 1 and

10 g/ml methanol were prepared from the stock solutions.
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Internal Standard Solutions

A stock solution of trimipramine maleate was prepared at
5 mg/100ml methanol. A working dilution of 2 ug/ml methanol was

prepared trom the stock solution.

Extraction Solutions

The extraction solution consisted of a 1.2ml aliquot of the working

solution of the internal standard in 1000wl ethyl acetate.

Mobile Phase
Sodium acetate solution, 0.02M was prepared in deionized dis-
tilled water and the pH was adjusted to 7.0. The mobile phase con-
sisted of 65% acetonitrile and 35% buffer and pumped at 3.0 ml/min.
The effect of changes in the mobile phase pH, percent
acetonitrile, and the ionic strength of the acetate buffer on the

capacity factor (k”) were studied.

Preparation of Plasma Standards

To 1.0ml of plasma in a 15ml screw capped centrifuge tube,
aliquots of working drug and working metabolite solutions were
added to simulate drug and metabolite concentrations (20-~100 ng/ml
of plasma). The spiked plasma was basified with 0.5ml Na HPO
buffer (0.5M, pH 9.5), and 10ml of the extraction solutioi coﬁtain-
ing the internal standard was added. The tubes were vortexed for

20 seconds and centrifuged for 10 minutes at 900Xg. A 9ml volume

of the organic phase was transferred to an open top centrifuge tube
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and evaporated to dryness under a gentle stream of nitrogen while
partially submerged in a constant 400C temperature bath. The
residue was dissolved in 100 pl of acetonitrile and transferred to
a borosilicate glass vial (Wheaton Industries, Millville, NJ), with
a polypropylene vial insert (Sunbrokers, Inc., Wilmington, NC). A
30 yl aliquot was injected onto the column.

Several solvents and buffers were tried for extracting the

drug and its metabolite.

Quantitation

Standard curves were constructed utilizing four replicates at
each concentration. The peak heights were measured, and the ratios
(drug/internal standard and metabolite/internal standard) were cal-
culated and plotted against concentration in nanograms per mil-

liliter of plasma.

Recovery

Plasma samples containing a known concentration of verapamil
and norverapamil were carried through the analysis. An equivalent
concentration of drug and metabolite was added to 9ml of extraction
solution, vortexed, evaporated to dryness, and reconstituted in
acetonitrile for injection into the chromatograph. The peak
heights of the drug, metabolite, and internal standard in the
plasma samples were measured for comparison against the samples

without extraction to estimate recovery.
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Interferences

Possible interferences from normal plasma constituents has
been studied by injecting extracts prepared as previously described
of drug free plasma samples. Solutions of other common concur-
rently prescribed drugs were injected under the same

chromatographic conditions.

RESULTS AND DISCUSSION

Verapamil and norverapamil can be readily extracted from
basified plasma at pH 9.5 using an organic solvent in 8 single ex-
traction step. The choice of extraction conditions were based on
the highest recovery of the drug and its metabolite with minimum
interference from plasma constituents. The percent recovery for
the described method was 54% for verapamil and 79% for nor-
verapamil. Alterations in the extraction solvent or a double ex-
traction procedure did not significantly increase the extraction
efficiency. Typical chromatograms from plasma extracts under
isocratic elution conditions are found in Figure 1.

Higher sensitivity for the detection of verapamil and nor-
verapamil was achieved using fluorescence detection at an excita-
tion wavelength of 201 nm, and an emission cutoff filter at 320 nm.
The limit of detection for both the drug and its metabolite was
2 ng/ml of plasma.

To establish the best chromatographic resolution of verapamil
and norverapamil, the pH, percent acetonitrile and the molarity of

the buffer in the mobile phase were varied independently. A
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Figure 1. Typical chromatograms of verapamil (a), norverapamil

(b), and trimipramine (c) from plasma. Key: &,
plasma blank; B, 50 ng of drug and metabolite/1.0ml
plasma; and C, 80 ng of drug and metabolite/1.0ml
plasma,

mobile phase pH of 5 and 6 eluted both verapamil and norverapamil
too close to the solvent front, whereas at pH 7.5 the capacity fac~
tor increased (Figure 2) accompanied by significant peak broaden-
ing. Increase in buffer molarity decreased the capacity factor
(Figure 3). Slight in:rease in the percentage of acetonitrile
produced a significant effect on the capacity factor (Figure 4). A
mobile phase consisting of 65% acetonitrile and 35% acetate buffer
(0.02M, pH 7) afforded good chromatographic resolution and
reasonable retention times using a cyanopropylsilane column in a

reversed-phase mode. The choice of the acetate buffer increased
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Figure 2. Effect of pH on k” (Molarity = 0.02M, and 65%
acetonitrile).

Key: 1

= k” for Verapamil
Il = k” for Norverapamil
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Figure 3. Effect of Molarity on k” (pH = 7, and 65%
acetonitrile).

Key: I = k” for Verapamil
II = k™ for Norverapamil
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Figure 4. Effect of Percent Acetonitrile on k’
Molarity = 0.02M, and pH = 7).

Key: I = k” for Verapamil
11 = k" for Norverapamil
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the useful life of the column and minimized the column to column
variation.

Trimipramine was chosen as an internal standard as it is
coextractable with the drug and metabolite, it resolves well from
the drug, metabolite, and endogenous plasma constituents, and is
detectable under the same fluorescence conditions.

The ratio of peak height of verapamil or its metabolite to the
peak height of the internal standard was plotted versus concentra-
tion. Statistical analysis indicates good reproducibility and
linearity (Tables 1 and 2).

No interference from drugs which might be administered concur-
rently when chromatographed under the same conditions was observed.

Retention times of these drugs are presented (Table 3).

TABLE 1. STATISTICAL ANALYSIS OF A STANDARD CURVE FOR VERAPAMIL.

Theoretical Concentration Observed Concentration (ng/ml plasma)

(ng/ml plasma) + Standard Error#

20 21.2 + 1.6

10 4.1+ 1.3

60 64.9 + 3.6

80 78.4 + 1.6

100 97.4 + 3.9
®  Correlation coefficient = 0.9967
r< = 0.9935
slope = 0.9485
y-intercept = 3.6900

n = 19 points
(minimum of three replicates per concentration)
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TABLE 2. STATISTICAL ANALYSIS OF A STANDARD CURVE FOR NORVERAPAMIL.

Theoretical Concentration
(ng/ml plasma)

Observed Concentration (ng/ml plasma)

+ Standard Error®

20
4o
60
8o

100

®  Correlation coefficieng
r
slope
y-intercept
n = 19 points

19.2 + 0.9
37.8 + 0.5
63.2 + 2.7
76.4 + 2.7
100.6 + b.4

0.9966

0.9933

1.0070

-0.9800

(minimum of three replicates per concentration)

TABLE 3. RETENTION TIMES OF DRUGS TESTED FOR POSSIBLE INTER-
FERENCES WITH VERAPAMIL AND NORVERAPAMIL USING FLUORES-
CENCE DETECTION WITH EXCITATION AT 2071 nm AND EMISSION
CUTOFF FILTER TYPE 320.

Drug Retention Time in Minutes
Procainamide 2.54
Verapamil 3.92
Quinidine 6.10
Norverapamil 7.56
Propranol ol 8.71
Trimipramine 9.66
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CONCLUSIONS

This HPLC method using a cyanopropylsilane column un
der isocratic conditions offered excellent separation of the drug,
metabolite, and the internal standard, with a reasonable analysis
time, and appropriate sensitivity for detection within the drug”’s
normal therapeutic range.

The described method is simple and rapid as it requires a
single extraction step prior to injection. The method is linear
and reproducible and can be recommended and utilized for routine

patient monitoring and pharmacokinetic studies.
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