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Abstract

Verapamil, a calcium channel antagonist, is one of the most commonly prescribed drugs in the treatment of hypertension. In this work, it was
determined in serum and urine samples by a sensitive and precise chromatographic procedure without any pre-treatment step in a C18 column
using a micellar mobile phase of 0.15 M sodium dodecyl sulfate and 5% pentanol at pH 7. Fluorescence detection set at 230 nm (excitation) and
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12 nm (emission) was used. Verapamil is eluted at 12.5 min with no interference by the protein band or endogenous compounds. Linearities
r > 0.998), as well as intra- and inter-day precision, were studied in the validation of the method. LODs were also calculated to be 11.0, 18.5 and
0.2 ng/mL in micellar solution, serum and urine, respectively. Recoveries in the biological matrices were in the 97–99% range. Drug excretion in
rine was studied in a volunteer receiving treatment for hypertension, and verapamil, as an unchanged drug, was separated from other metabolites.
he procedure developed can be useful in the field of toxicology and clinical analysis.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Verapamil hydrochloride (Fig. 1) is a phenylalkylamine-
erivate calcium-channel blocking agent. Chemically, it is

basic (log K = 9.1) and highly hydrophobic compound
log Po/w = 4.6) [1]. Its principal physiological action is to inhibit
he transmembrane influx of extracellular calcium ions across
he membranes of myocardial cells and vascular smooth mus-
le cells, without changing serum calcium concentrations. It
s used in the treatment of hypertension and angina pectoris
2]. Verapamil has also been shown to be effective treatment
or supraventricular tachyarrhythmias, variant angina, and car-
iomyopathy.

In medical practice verapamil is used in conventional tablet
orm with a minimal dose of 40 mg and a maximal dose of
80 mg, as well as in a slow release form in doses of 120 to

� This paper was presented at the 4th International Symposium on Separations
n the BioSciences (SBS ’05), Utrecht, The Netherlands, 18–21 September 2005.
∗ Corresponding author. Tel.: +34 964 728093; fax: +34 964 728066.

240 mg. Only 10–20% of the 90% of the dose absorbed from
the digestive tract penetrates to the circulatory system in an
unchanged form [3]. The remaining part of the verapamil dose
undergoes a first-pass effect, mainly in the liver. In humans, ver-
apamil is metabolized to more than six metabolites, according
to a number of authors, that are excreted mainly in urine [4].

As verapamil is one of the frequently prescribed calcium
channel blockers, results of evaluations of the therapy have led
to reports of toxic effects and overdoses at concentrations above
1000 ng/mL in serum [5]. The potential for high morbidity
and mortality rates with overdosage is significant. Ingestion of
these agents should be suspected in any patient who presents
in an overdose situation with unexplainable hypotension and
conduction abnormalities. The potential for toxicity should be
noted in patients with underlying hepatic or renal dysfunction
who are receiving therapeutic doses. Hemodynamic collapses
with bradyarrhythmias and heart block have been reported with
intentional overdoses as well as with usual therapeutic doses of
verapamil [6].

Methods of determination of verapamil in serum or urine
samples have been developed which make use of conventional
E-mail address: estevej@exp.uji.es (J.S. Esteve-Romero). HPLC. Some of these methods focus on the determination of
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Fig. 1. Structure of verapamil.

the enantiomers [7], its pharmacokinetics [8,9], and the simulta-
neous analysis of verapamil and its metabolites [10–12]. Other
studies based on toxicity and poisoning by verapamil have also
been performed [13–15].

Conventional HPLC using aqueous-organic mobile phases
for the determination of drugs in physiological fluids with direct
injection present many problems. Drugs are often strongly bound
to proteins and in a complex matrix where interference from
numerous endogenous compounds is expected, so this technique
is usually not feasible. Proteins tend to denature and precipitate
in the injection valve or with the column heat thus producing
obstruction or clogging of the system. To solve this problem
the precipitation of proteins and extraction of drugs should be
performed.

Micellar liquid chromatography (MLC) is an alternative to
these methods for drug determination in physiological fluids.
Micelles tend to bind proteins competitively, thereby releasing
protein-bound drugs and proteins, rather than precipitating into
the column, are solubilized and washed harmlessly away, eluting
with the solvent front. Another advantage is that the use of micel-
lar mobile phases is non-toxic, non-flammable, biodegradable
and relatively inexpensive, in comparison to aqueous-organic
solvents [16]. Two selected studies are an example of using
micellar mobile phases with direct injection applied to the deter-
mination of stimulants in urine [17] and barbiturates in serum
[18].
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2.2. Chemicals and reagents

Verapamil was purchased from Sigma (St. Louis, MO, USA).
Distilled-deionized water was used throughout. Sodium dode-
cyl sulfate, sodium dihydrogen phosphate and methanol were
from Merck (Darmstadt, Germany). Sodium hydroxide was
from Riedel-de Haën (Seelze, Germany). n-Amyl alcohol (pen-
tanol) was from Sharlau (Barcelona).

2.3. Solutions and sample preparation

The micellar mobile phase was prepared using SDS, which
was buffered with sodium dihydrogen phosphate 0.01M at pH 7
using 0.1 M of sodium hydroxide, and lastly pentanol was added
to achieve the desired concentration.

A stock solution of 10 �g/mL of verapamil was prepared.
Adequate amounts of solid standard were weight, dissolved with
methanol, and finally filled up with micellar solution. Frozen
biological samples were taken out before analysis. Several vol-
umes of liquid serum or urine were mixed with an appropriate
volume of stock solution to achieve desired concentration and
1:10 dilution before injection.

2.4. Chromatographic conditions

A reversed-phase Kromasil C18 column (250 mm × 4.6 mm,
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The aim of this paper is to determine verapamil in biological
uids using a new MLC method which is simple and easy to
se. The method was partially validated according to USFDA
uidelines [19], and applied to the determination of verapamil
n real urine samples of a volunteer under treatment for hyper-
ension. The procedure developed here could also be useful in
he area of clinical analysis and forensic sciences.

. Experimental

.1. Instrumentation

The pH of the solutions was measured with a Crison GLP 22
Barcelona, Spain) equipped with a combined Ag/AgCl/glass
lectrode. The balance used was a Mettler-Toledo AX105 Delta-
ange (Greifensee, Switzerland). The vortex shaker and sonifi-
ation unit were from Selecta (Barcelona). The chromatographic
ystem was an Agilent Technologies Series 1100 (Palo Alto,
A, USA) equipped with a quaternary pump, an autosam-
ler and fluorescence detector. A Digicen 20-R centrifuge
Orto Alresa, Madrid, Spain) was utilized to centrifuge serum
amples.
�m particle size) and a pre-column (30 mm) of similar char-
cteristics (Sharlab, Barcelona, Spain) were used. The mobile
hase was 0.15 M SDS, 5% (v/v) pentanol at pH 7. The flow-
ate and injection volume were 1 mL/min and 20 �L, respec-
ively. Experiments were performed at 25 ◦C. Detection was
erformed at 230 nm (excitation) and 312 nm (emission) when
sing fluorescence detection. The retention time for verapamil
as 12.5 min. Chromatographic signals were acquired and pro-

essed with an Agilent ChemStation (Rev. A.10.01).

.5. Serum and urine sampling

Blood samples were collected using a DB SST Tube (BD
acutainer Systems, Plymouth, UK) and centrifuged for 5 min at
000 rpm at 4 ◦C; serum was kept. Urine samples were collected
n a Urine Collection Cup (BD Vacutainer Systems). Analyses
ere performed with 1 mL of serum or urine. Biological sam-
les were injected directly into the chromatographic system after
:10 dilution with the selected mobile phase. Before injection,
olutions were filtered directly through 0.45 �m nylon mem-
ranes into the autosampler vials.

. Results and discussion

.1. Selection of mobile phase composition

Verapamil is a basic compound (log K = 9.1) with an equi-
ibrium between two forms, one molecular and another that is
ositively charged. In the normal pH working range of C18
olumns (3–7), the positively charged form of verapamil is pre-
ominant from pH 3 to 7 and there will be no changes in the
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retention behavior in this pH range. On the other hand, ver-
apamil is a highly hydrophobic substance (log Po/w = 4.6) and
this means that by using C18 columns and pure micellar mobile
phases of SDS retention of this substance would be too high.

Experimentally, the high retentions of drug were confirmed
using pure mobile phases of high concentration of surfactant.
The addition of a short chain alcohol (butanol and pentanol) was
needed to reduce the run time for this hydrophobic compound
[20]. Two mobile phases with different pH (3 and 7) were tested
to corroborate the behavior of verapamil in the system, being
the retention the same in both cases. Finally, pH 7 was selected
to extend the column life.

Several mobile phases were checked with the aim of select-
ing the optimum one. Composition of SDS (M)-alcohol (%) of
the mobile phases that were studied are the following: 0.05–2
butanol, 0.2–2 butanol, 0.15–5 butanol, and 0.15–5 pentanol all
buffered at pH 7, and the results of retention factors, efficiencies
and asymmetries were: 60.9, 450 and 1.1; 22.1, 915 and 1.1;
21.9, 1013, and 1.4; and 12.2, 995, and 1.3, respectively.

Using a medium concentration of SDS, 0.15M, and a high
concentration of butanol, 5%, the retention achieved was sim-
ilar than using an extreme concentration of surfactant and low
concentration of butanol, moreover the efficiency in the first
mobile phase was better. This is the usual behavior observed in
MLC when the concentration of alcohol is increased, efficien-
cies are also increased. With the aim of reducing the retention
t
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show a band of proteins and endogenous compounds placed
in the first few minutes called the protein band. Fig. 2A and
B show the chromatograms of blank serum and urine samples,
respectively. The profile of the protein band is similar in both
cases, the drug should be eluted after 3 min in the biological
fluids tested. The protein band observed with direct injection is
a drawback of the procedure when using less strongly retained
hydrophilic substances because of possible overlaps between
them. In this work, the high background signal at the beginning
of the chromatogram consisting of proteins is not a problem due
to the high hydrophobicity of the compound that was eluted far
away from this band.

3.3. Method validation

3.3.1. Linearity
Calibration curves were constructed using the areas of the

chromatographic peaks measured at eight increasing concentra-
tions, in the range from 100 to 2000 ng/mL, in three different
matrices: micellar solution, serum and urine. For the physiolog-
ical fluids, freshly prepared solutions were spiked. To study the
variability of the calibration parameter, the curves were obtained
for 5 days over a period of two months for a different set of stan-
dards. Standard curves were calculated by the equation y = mx + c
using least square regression. A correlation of more than 0.99
was desirable for all the calibration curves. Table 1 shows the
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ime, the type of alcohol was changed to pentanol holding the
ame concentration. Retention time was decreased by 10 min,
nd the other chromatographic parameters were similar.

The effect of SDS concentration and the type and concentra-
ion of alcohol on the separation of verapamil from the protein
and was studied. In the whole mobile phase studied the separa-
ion was achieved, while a second step to be taken into consid-
ration was to obtain a minimum analysis time. The two mobile
hases with the highest strength, 0.15 M SDS-5% butanol and
.15 M SDS-5% pentanol, were compared. Using the same con-
entration of SDS and alcohol, the difference between them is
nly the nature of the organic modifier. The strength of the alco-
ol can be known by using butanol and pentanol, since their
arbon chain increases by one unit. Pentanol was finally selected
ue to its reducing the analysis time by 50%. Efficiency is usu-
lly better using butanol, but in the drug under study here it
roved to be similar for both alcohols, as was the asymmetry.

The mobile phase finally used to perform the analysis was
.15 M SDS-5% pentanol at pH 7, which allows the drug to be
uantified in an adequate analysis time without any interference
y the proteins or endogenous compounds.

.2. Serum and urine blanks behavior

To study the conditions of drug-free serum and urine sam-
les, 6 different serum and urine samples from volunteers were
hecked, the profile of the protein band being similar to that
hown in Fig. 2 in all cases. No other peaks were found in the
atrices that were studied.
When serum and urine samples are injected directly into an

LC system with fluorescence detection, the chromatograms
lopes, intercepts and regression coefficients of the calibration
urves, and the calibration parameters for intra-day reproducibil-
ty using the same set of standards injected on the same day.
oefficients of regression were always r > 0.998.

.3.2. Limit of detection (LOD) and limit of quantification
LOQ)

Limits of detection (3s criterion) were evaluated by injecting
series of 10 solutions containing verapamil at the lowest con-

entration of the calibration curve. Results were based on the

able 1
ay-to-day calibration parameters of verapamil in three different matrices

atrix Day Slope Intercept r

icellar media 1 0.249 ± 0.003 3.3 ± 0.7 0.9992
2 0.277 ± 0.003 5.1 ± 1.2 0.9993
3 0.265 ± 0.003 3.8 ± 2.4 0.9998
4 0.273 ± 0.002 5.2 ± 1.3 0.9994
5 0.271 ± 0.001 6.1 ± 0.7 0.9997
Mean 0.267 ± 0.011 4.7 ± 1.1

erum 1 0.251 ± 0.004 4.8 ± 0.8 0.9990
2 0.293 ± 0.004 1.7 ± 0.4 0.9986
3 0.274 ± 0.005 3.7 ± 0.8 0.9991
4 0.291 ± 0.008 2.6 ± 0.6 0.9994
5 0.266 ± 0.002 6.5 ± 1.5 0.9997
Mean 0.275 ± 0.018 3.9 ± 1.9

rine 1 0.257 ± 0.001 3.0 ± 1.7 0.9991
2 0.309 ± 0.001 1.9 ± 0.5 0.9984
3 0.279 ± 0.002 3.2 ± 0.7 0.9993
4 0.293 ± 0.001 4.0 ± 0.6 0.9994
5 0.287 ± 0.003 3.0 ± 0.5 0.9998
Mean 0.285 ± 0.019 3.0 ± 0.8
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Fig. 2. Chromatograms of serum (A) and urine (B) blanks and spiked LOQ concentrations (100 ng/mL) in serum (C) and urine (D).

standard deviation of the response and on the slope of a specific
calibration curve containing the drug in a range of low concentra-
tions. Results of LODs in ng/mL were 11, 19, and 21 in micellar
media, serum and urine, respectively. Limit of quantification
was accepted as the lowest standard on the calibration curve. A
concentration of 100 ng/mL was qualitatively determined with
good precision and accuracy, being this concentration the lower
limit of quantification (LLOQ), according to the FDA guideline.

3.3.3. Selectivity
Six randomly selected control drug-free human serum and

urine samples were processed directly into the chromatographic
system and analyzed to determine the extent to which endoge-
nous components may contribute to interfere with the retention
time of the drug. No interference for endogenous compounds
was found in the physiological matrices that were studied.

3.3.4. Accuracy and precision
The accuracy and precision of the analyses were evaluated in

assays performed during the same day and on consecutive days.

The values showed in Table 2 correspond to intra-day and inter-
day analyses for five determinations at three concentrations for
the three matrices under study.

The intra-day precision of the method was determined by
preparing spiked serum and urine samples at three different
concentrations of verapamil within the calibration range. Five
replicates were performed at each concentration (low, mid and
high quantification concentration sample). Inter-day precision
was checked with the same concentrations as in the intra-day
assay and the determination was repeated daily for 5 days. The
results are shown in Table 2.

3.4. Analysis of serum and urine samples

The applicability of the method developed to determine ver-
apamil was verified by its analysis in spiked serum and urine
samples. The recovery was calculated by comparing the peak
areas of the spiked samples with those obtained using a micellar
media at the same concentration. The results shown in Table 3
indicate that determination in biological samples is possible
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Table 2
Inter-day and intra-day accuracy, and precision of verapamil in three different
matrices (n = 5)

Added concen-
tration (ng/mL)

Mean concen-
tration found
(ng/mL)

CV (%) Accuracy
(%)

Micellar mediaa

Intra-dayb

Low 300 319.7 1.4 106.6
Mid 800 831.8 1.2 103.9
High 1500 1556.9 1.2 103.8

Inter-dayb

Low 300 315.4 2.2 105.1
Mid 800 836.9 1.3 104.6
High 1500 1527.9 0.89 101.9

Seruma

Intra-dayb

Low 300 288.3 3.9 96.1
Mid 800 802.5 0.56 100.3
High 1500 1551.1 0.62 103.4

Inter-dayb

Low 300 313.3 2.5 104.4
Mid 800 813.1 1.3 101.6
High 1500 1517.3 1.0 101.2

Urinea

Intra-dayb

Low 300 323.9 3.8 107.9
Mid 800 815.3 2.2 107.9
High 1500 1505.1 1.2 101.9

Inter-dayb

Low 300 313.8 1.6 104.6
Mid 800 791.2 1.0 98.9
High 1500 1489.1 0.56 99.3

a Matrix
b QC samples

with no matrix interference. Results were consistent, precise and
reproducible, and recoveries obtained were in the range from 97
to 99%, which represented the total amount of the tested drug.

Fig. 2C and D show the chromatograms for verapamil in
spiked serum and urine samples at LLOQ concentration, respec-
tively. No interference is observed and the verapamil peak is
separated from the protein band and large enough to be quanti-
fied.

3.5. Drug control in real urine samples

The pharmaceutical formulation contained a mixture of a cal-
cium channel blocker (verapamil) and angiotensin-converting

Table 3
Recovery of verapamil spiked in serum and urine samples (n = 5)

Matrix Added (ng/mL) Recovery (%) CV (%)

Serum 100 98.3 2.9
500 99.0 0.82

1000 97.2 1.4

Urine 100 97.8 2.1
500 98.9 1.2

1000 98.3 1.1

enzyme inhibitor (trandolapril) for use as drugs to treat hyper-
tension. Following oral administration of a single conventional
tablet containing 180 mg of verapamil to volunteer, urinary stud-
ies were conducted. Samples of urine were taken 6 times a day,
approximately every 2 h, and the volume was measured. Dilution
of urine samples by 1:10 in 0.05 M SDS was performed and the
solution was injected directly into the chromatograph without
any other treatment than filtration. No interference from tran-
dolapril was observed, since this compound is not fluorescent at
the selected wavelength.

Two hours after oral administration, the concentration of
verapamil in urine started to rise (1.8 �g/mL). The maximum

Fig. 3. Chromatograms of verapamil excreted in urine as unchanged drug 4 h
after oral ingestion (A), and residual verapamil (B) (VR, verapamil).
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concentration excreted in urine was found at 4 h after oral admin-
istration, this concentration being 7.1 �g/mL. It has to be noted
that in all the intervals studied there is a residual concentration
of verapamil in the range from 0.69 to 1.2 �g/mL due to the long
period of treatment.

Fig. 3 depicts a chromatogram of verapamil in unchanged
form excreted at the maximum concentration; the urine sam-
ple was taken 4 h after oral administration (A), and the resid-
ual concentration (B) is an example of the minimum level
excreted during the day. As can be seen in the figure, there
are three additional peaks corresponding to dealkylated or
demethylated metabolites, and it is well known that verapamil
is rapidly metabolized in the liver. The final quantity of vera-
pamil eliminated was 5.04 mg, that is to say 2.8% of the dose
taken.

4. Conclusions

The main advantage of the procedure developed is the possi-
bility of direct injection of biological (serum and urine) samples
due to the fact that proteins and other components in the matrix
are solubilized by the surfactant. The limit of quantification
achieved using the fluorescence detector is sensitive enough to
check levels of toxicity in serum and can be used in the area of
clinical or forensic sciences. The use of a mobile phase consist-
ing of 0.15 M SDS-5% pentanol at pH 7 allows the elution of
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