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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• The pharmacokinetics of verapamil have

been assessed in a number of studies.
• As a substrate of P-glycoprotein (P-gp),

verapamil shows a large inter-individual
variability in terms of plasma
concentrations.

• It has been confirmed that polymorphisms
of the ABCB1 gene at positions 2677 and
3435 are related to the expression and
function of P-gp.

WHAT THIS STUDY ADDS
• This study has confirmed that

polymorphisms of ABCB1 gene may
influence the pharmacokinetics of verapamil
among healthy Chinese Han ethnic subjects.

AIMS
To assess the association between polymorphisms of the ABCB1 gene
and the pharmacokinetics of verapamil among healthy Chinese Han
ethnic subjects.

METHODS
Based on polymorphisms of the ABCB1 gene at positions 2677 and
3435, 24 healthy male participants were divided into three groups:
2677GG/3435CC (n = 6), 2677GT/3435CT (n = 12) and 2677TT/3435TT (n
= 6). Each subject had received a single oral dose of verapamil (80 mg)
under fasting conditions. Multiple blood samples were collected over
24 h, and plasma concentrations of verapamil were determined by
HPLC. Pharmacokinetic characteristics were compared between the
different genotypic groups.

RESULTS
The pharmacokinetics parameters of verapamil differed significantly
among the three genotypic groups. AUC(last) was significantly lower
among individuals with the 2677TT/3435TT (159.5 � 79.0 ng ml-1 h)
and 2677GT/3435CT (189.3 � 73.1 ng ml-1 h) genotypes than those
with the 2677GG/3435CC genotype (303.1 � 83.7 ng ml-1 h) (P = 0.004
and P = 0.008, respectively). However, the CL/F value was higher among
subjects with the 2677TT/3435TT (523.0 � 173.7 l h-1) genotype than
those with the 2677GT/3435CT (452.2 � 188.6 l h-1) or 2677GG/3435CC
(265.4 � 72.8 l h-1) genotypes. A significant difference was also found
between the latter two groups (P = 0.034). In addition, the Cmax tended
to be higher among subjects with the 2677GG/3435CC genotype than
those with the 2677GT/3435CT or 2677TT/3435TT genotypes (42.2 �
3.9 vs 32.2 � 16.2 vs 38.1 � 13.7 ng ml-1).

CONCLUSIONS
Our study showed for the first time that verapamil pharmacokinetics
may be influenced by particular genetic polymorphisms of the ABCB1
gene among healthy Chinese Han ethnic subjects. An individualized
dosage regimen design incorporating such information may improve
the efficacy of the drug whilst reducing adverse reactions.
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Introduction

Verapamil is one of the most widely used calcium ion influx
inhibitors with anti-arrhythmic, anti-anginal, and antihy-
pertensive properties, and is approved for the treatment of
angina (including vasospastic and unstable types), atrial
arrhythmias, and hypertension. Clinical use of the drug,
however, has been complicated by a narrow therapeutic
range and highly variable pharmacokinetics in individual
patients [1, 2]. Various factors including age, gender and
drug interactions may influence the efficacy of verapamil
[3–6], among which genetic factors are thought to contrib-
ute substantially to inter-individual variations in the dispo-
sition of the drug. Identification of genetic parameters
predictive of optimal dosage is therefore of great clinical
interest.

Verapamil is a substrate for P-glycoprotein (P-gp, a
multi-drug resistance transporter), product of the ABCB1
(ATP-binding cassette 1) gene. P-gp is widely expressed in
tumour cells, but is also found on the apical surface of
intestinal epithelial cells, the biliary canalicular membrane
of hepatocytes, the luminal surface of the capillary cells
forming the blood brain barrier, the brush border mem-
branes of proximal tubules in the kidneys, and the adrenal
cortex and placenta. As a transporter, it plays a significant
role in drug disposition, i.e. absorption, distribution, and
excretion, and may also be involved in secretion of steroids
[7–9]. Although comparison of the uptake of two P-gp sub-
strates, verapamil and vinblastine, showed that the intesti-
nal absorption profile of verapamil was not affected by
P-gp [10], several groups have concluded that the effect of
P-gp on intestinal absorption of the drug may not be pre-
dicted based on in vitro data [11, 12].

The ABCB1 gene has been found to be highly polymor-
phic between individuals and different ethnic groups.
Three most frequently occurring single nucleotide poly-
morphisms (SNPs) of the gene included 1236T in exon 12,
2677T/A in exon 21 and 3435T in exon 26 [13]. In recent
years, clinical studies have been conducted worldwide to
investigate the association between polymorphisms of the
ABCB1 gene, expression and function of P-gp and pharma-
cokinetics of its substrates. Discrepancies, however, seem
to exist between the results [14–23]. As genotypes com-
prising particular SNPs may be responsible for the alter-
ation in the functions of P-gp [16, 24, 25], two SNPs of the
ABCB1 gene, i.e. 2677T/A and 3435T, are currently consid-
ered as the main genetic factors implicated. In this study,
we attempted to assess the influence of such SNPs on the
pharmacokinetics of verapamil among Chinese Han ethnic
subjects.

As verapamil is also known to be a substrate of CYP3A4,
oral clearance of the drug, therefore, may be influenced by
not only its absorption and/or transportation via P-gp, but
also metabolic pathways. Considering the relatively low
prevalence of the mutant alleles in the Chinese popula-
tions and uncertain in vivo function(s) [26, 27], we did not

assess the effect of CYP3A4 polymorphisms in present
study. On the other hand, CYP3A5 genotypes have recently
been associated with oral clearance and verapamil
response in healthy subjects as well as patients [28, 29].The
CYP3A5*3 allele is characterized by an A→G SNP in intron 3
of the gene, which has created a cryptic consensus splice
site and exon 3B.The mRNA of this splice variant contains a
premature stop codon that can result in almost complete
absence of CYP3A5 protein [30]. As a common mutant, the
allelic frequency of CYP3A5*3 reached 93% in Caucasians,
72% in Asians, and 32% in African Americans. To exclude
the effect of the CYP3A5*3 allele on our result, we also
detected the CYP3A5*3 allele in our samples.

Methods

Subjects
Among 202 subjects who had been previously genotyped
for ABCB1 exons including polymorphisms 2677T/A and
3435T, 24 healthy males (Han ethnics) were enrolled.These
included six individuals with 2677GG/3435CC (age 22.3 �
0.8 years, BMI 21.54 � 1.99 kg m-2), six with 2677TT/3435TT
(age 22.2 � 1.0 years, BMI 21.22 � 1.47 kg m-2) and 12 with
2677GT/3435CT (age 21.9 � 1.1 years, BMI 21.24 �
1.71 kg m-2) genotypes, and no significant difference was
detected between different genotypic groups. The study
protocol was approved by the ethics committee of
Shengjing Hospital affiliated to China Medical University
and performed according to the rules of the Helsinki dec-
laration. Participants were given both oral and written
information about the study protocol before a written
consent was obtained.

All subjects were non-smokers and in good health as
determined by medical history, physical examination, ECG
evaluation and routine laboratory tests (blood chemistry,
haematology and urine analysis). They were asked not to
take any prescription or non-prescription medication from
2 weeks before and throughout the study, and were
instructed to abstain from grapefruit, grapefruit juice,
herbal dietary supplements, and caffeine-containing bev-
erages including coffee and green tea 3 days before and
throughout the study.Only subjects fulfilling above criteria
were included.

Genotyping of ABCB1 polymorphism
A blood sample (2 ml) was obtained from each subject,and
DNA was extracted from peripheral whole blood of each
subject using an EZ-10 Spin Column Genomic DNA Mini-
preps Kit (for blood) (Bio Basic Inc.). The genotypes of
2677T/A,3435T and CYP3A5*3/*3 were determined,respec-
tively, with allele-specific polymerase chain reaction (AS-
PCR), polymerase chain reaction-restriction fragment
length polymorphism analysis (RFLP-PCR), and direct
sequencing [31].
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To verify the results obtained from gel electrophoresis
analysis of AS-PCR or RFLP-PCR, samples of each genotype
(homozygous wild-type, heterozygous, and homozygous
polymorphism, a total of 15 samples) were sequenced.The
confirmed genotypes allowed us to use the common
nomenclature 2677T/A, and 3435T for such sites (GenBank
accession numbers NC000007, NM000927).

Pharmacokinetic study
After overnight fasting for 10 h, each subject received a
single oral dose of 80 mg verapamil with 240 ml of water
(verapamil (immediate-release tablet, 40 mg, Batch no.
061001, Central Pharmaceutical Co., Ltd of Tianjin, China)).
Standardized meals were served 4 h and 10 h after dosing.
Venous blood samples were collected at pre-dose (0 h) and
0.33, 0.67, 1, 1.5, 2, 3, 4, 6, 8, 12 and 24 h post-dosing. All
blood samples were collected into lithium heparin-coated
tubes and centrifuged immediately. Plasma samples were
stored at -20°C until use.

Plasma verapamil concentrations were analyzed
using validated high-performance liquid chromatography
(HPLC) with fluorescence detection as described previ-
ously with a slight modification. A linearity calibration
curve in the range of 1–100 ng ml-1 was established for
verapamil (r2 = 0.9973). Intra- and inter-day coefficients of
variation (CV) were < 15% and < 10%, respectively.

The peak plasma concentration (Cmax) and the time to
reach Cmax (tmax) were estimated directly from the observed
data.The plasma concentration–time curve for time 0–24 h
(AUC(last)) was calculated using the linear trapezoidal rule.
The AUC from time 0 to infinity (AUC(0,•) was calculated as
AUC(0,•) = AUC(last) + Ct/ke, where Ct was the last-
measured plasma concentration and ke was determined
using linear regression analysis of the logarithm-linear part
of the plasma concentration–time curve. The half-life (t1/2)

of verapamil was calculated as t1/2 = ln2/ke. The apparent
oral clearance (CL/F) of verapamil was calculated as CL/F =
dose/AUCinf.

Statistical analysis
All data were expressed as mean � SD. Normally distrib-
uted data were analyzed with one-way ANOVA (for multi-
group comparison) or LSD or S-N-K-test (for two-group
comparison). Non-normally distributed data were ana-
lyzed with Mann-Whitney U-test (for two-group compari-
son) or Kruskal-Wallis H-test (for multi-group comparison).
Statistical analysis was carried out using the SPSS package
(version 11.0; SPSS Inc., Chicago, IL, USA). A P value < 0.05
was considered to be statistically significant.

Results

All subjects had completed the study without clinically
important adverse effects.

Genotype-phenotype correlations
Pharmacokinetic parameters of verapamil for different
genotypic groups were summarized. As shown in Table 1,
plasma concentrations in the 2677GT/3435CT and 2677TT/
3435TT groups were lower than those of the 2677GG/
3435CC group (Figure 1). A statistical difference (P < 0.01)
was observed between all paired groups except for the
2677TT/3435TT and 2677GT/3435CT groups (P > 0.05).
Average values of AUC(last) were significantly higher
(P < 0.01) in the 2677GG/3435CC group (303.1 �
83.7 ng ml-1 h) as compared with the 2677GT/3435CT
(189.3 � 73.1 ng ml-1 h) and 2677TT/3435TT groups (159.5
� 79.0 ng ml-1 h). In addition, apparent oral clearance of
verapamil was, respectively, 44% and 52% lower in the

Table 1
Pharmacokinetic profiles of verapamil in different genotypic groups following administration of a single dose of verapamil (80 mg)

Parameter

Genotype group Multiple comparison
2677GG/3435CC
(Group I, n = 6)

2677GT/3435CT
(Group II, n = 12)

2677TT/3435TT
(Group III, n = 6) II vs I III vs I III vs II

Cmax (ng ml-1) 42.2 � 3.9 32.2 � 16.2 38.1 � 13.7 0.156 0.607 0.396
(95% CI) (30.6, 53.8) (24.0, 40.3) (26.5, 49.6)
tmax 3.00 � 1.79 2.29 � 0.92 1.75 � 0.76 0.234 0.075 0.360
(95% CI) (2.00, 3.98) (1.60, 2.99) (0.77, 2.73)

Half-life (h) 7.33 � 2.18 6.23 � 1.55 6.48 � 1.35 0.204 0.391 0.769
(95% CI) (5.91, 8.76) (5.23, 7.24) (5.06, 7.91)
AUC(last) (ng ml-1 h) 303.1 � 83.7 189.3 � 73.1 159.5 � 79.0 0.008 0.004 0.449
(95% CI) (237.6, 368.6) (142.9, 235.6) (94.0, 225.0)

AUC(0, •) (ng ml-1 h) 322.4 � 93.7 203.0 � 73.8 172.1 � 74.1 0.007 0.003 0.443
(95% CI) (255.3, 389.5) (155.5, 250.5) (105.0, 239.0)
CL/F (l h-1) 265.4 � 72.8 452.2 � 188.6 523.0 � 173.7 0.034 0.013 0.399
(95% CI) (125.6, 405.1) (353.4, 551.0) (383.3, 662.7)

Data are shown as mean � SD. tmax is given as median (range). Cmax, Peak plasma concentration; tmax, time to Cmax; AUC(last), area under the concentration–time curve from 0 to
24 h; AUC(0,•), area under the concentration–time curve from 0 to infinity; CL/F, oral clearance.
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2677GG/3435CC group than in the 2677GT/3435CT and
2677TT/3435TT groups (P < 0.01). The elimination half-life
(t1/2) of verapamil also appeared to be greater in the
2677GG/3435CC group (7.33 h vs 6.23 h and 6.48 h). This
difference, however, was not statistically significant (P >
0.05), possibly due to inter-individual variability as well as
the small number of recruited subjects. No significant dif-
ference was found with other pharmacokinetic parameters
among the three groups.

As shown by the result, all subjects had a CYP3A5*3/*3
genotype. This frequency (24/24, 100%) was higher than
that reported (72%) partly because our subjects were non-
randomly recruited.

Discussion

Inter-individual variability in drug efficacy and toxicity,
which may result in unpredictable drug responses, is
common in clinical settings. This may be due to sequence
variants in genes encoding drug metabolism enzymes,
drug transporters and/or drug targets [32]. At least 105
variants have been identified with the ABCB1 gene,
together with significant differences in their frequencies
among different ethnic groups. Given the known inter-
population differences in drug response for verapamil, it
may be important to consider variability among ethnic
groups by characterizing variability in genotypes, linkage
disequilibrium and recombination within and between
ethnic populations. 1236T has been regarded as one of the
most frequent SNPs contributing to the ABCB1-related
phenotypes [33]. During the past few years, researchers
have studied the effect of ABCB1 haplotypes on the phar-
macokinetics of digoxin [16, 34], cyclosporin [24, 35], tac-
rolimus [36] and amlodipine [37]. Notably, in such studies,
all haplotype construction had been limited to two SNPs,
i.e. 3435T and 2677T/A. Therefore, we decided to recruit
subjects simultaneously featuring wild, heterozygous or
mutant types for such polymorphisms in present study.

Pharmacokinetics parameters of verapamil (Cmax 36.14
� 13.73 ng ml-1, AUC 210.3 � 92.7 ng ml-1 h, tmax 2.3 �
1.2 h, and t1/2 6.6 � 1.7 h) from our results were consistent
with those reported by McAllister et al. [38], but with lower
Cmax and AUC when compared with those reported by
Horne et al. and Hla et al. [39, 40].This may be due in part to
factors such as ethnicity, sample size and the large inter-
individual variability of the drug.

As suggested from our results, individuals carrying two
copies of mutant ABCB1 alleles (2677TT/3435TT) have an
increased apparent oral clearance of verapamil when com-
pared with heterozygotes (2677GT/3435CT) or carriers of
wild-type alleles (2677GG/3435CC).Meanwhile,AUC values
in such subjects were 47.3% and 37.5% lower than in those
with 2677GT/3435CT or 2677GG/3435CC genotypes. This
seems to suggest that 2677/3435 genotypes are likely to
be a major factor responsible for the inter-individual dif-
ferences in pharmacokinetics of verapamil.

In accordance with our results, higher amlodipine
plasma concentrations, AUC and lower clearance have also
been associated with the 2677GG/3435CC genotype in
healthy Korean volunteers [38]. In another report, it was
shown that patients with the 2677G/3435C genotype had
significantly better response to chemotherapy when com-
pared with those with other genotypes [41]. By contrast, in
a recent study, Pan et al. showed that 2677TT/3435TT sub-
jects had slightly, but not significantly higher Cmax and AUC
and lower tmax for verapamil than did 2677GG/3435CC
subjects [42]. The absorption/first-pass effect of oral
immediate-release tablets of verapamil is characterized by
a saturable process that results in nonlinear pharmacoki-
netics and may show considerable inter- and intra-subject
variability [43]. Therefore, the discrepancy between Pan
et al. and our results may be attributed to saturable trans-
porter kinetics with higher verapamil doses. Similar results
have been shown with digoxin [15, 16, 44].

Clinically available verapamil is a racemic mixture of
equal amounts of the R- and S-verapamil. In vitro and
in vivo studies, however, have shown that the R-verapamil
is 10-fold less potent than the S-verapamil as a calcium
antagonist. Due to stereoselective first-pass metabolism,
the plasma R-verapamil concentration was five times
greater than that of the S-verapamil following oral admin-
istration. On the other hand, Hollt et al. found that both
enantiomers had almost equivalent P-gp-inhibitory activi-
ties [10]. In this study, the calculated EC50 of the R-verapamil
appeared to be less than that of S-verapamil, i.e. 2.6 mM vs
2.9 mM, but this was not statistically significant. Enantiose-
lective interactions with P-gp were also observed in a
study that had determined the IC50 values associated with
the P-gp binding affinities of the R- and S-verapamil [45].
These seemed in keeping with earlier findings by Gruber
et al. [46], Plumb et al. [47] and Keilhauer et al. [48]. Based
on the above findings, we may expect that the effects of
the R- and S-verapamil on P-gp are similar to verapamil
enantiomers among different genotypic groups.
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Figure 1
Plasma concentration–time curve following oral administration of 80 mg
verapamil. Values are given as mean � SD. 2677GG/3435CC (�);
2677GT/3435CT( ); 2677TT/3435TT(�)
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Additional studies involving a larger sample size and
stratification based on haplotypes may still be necessary
for the understanding of the influence of ABCB1 gene
variants on the disposition, therapeutic response and tox-
icity of verapamil. To reduce the risk of spurious associa-
tion between ABCB1 genotypes and in vivo phenotypes,
demographic data of the selected subjects as well as
sample size and environmental factors should also be
considered carefully. Notably, factors other than the inves-
tigated genotypes may also contribute to the observed
inter-individual variations. Although most nucleotide vari-
ants, including the studied ones, are mapped within the
coding regions of ABCB1, variations in the promoter
region of the gene have also been suggested to be
important for inter-individual differences in terms of P-gp
expression, luciferase activity, and placental and hepatic
mRNA levels [49].

In conclusion, we have provided the first evidence that
ABCB1 gene polymorphism may have a considerable
impact on the pharmacokinetics of verapamil among
healthy Chinese Han ethnic subjects. Genotyping the gene
may provide useful information for individualizing the
treatment by optimizing drug dosage.
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