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Ethnic differences in the pharmacokinetics of oral nifedipine
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Clinical Pharmacology Group, University of Southampton, Medical and Biological Sciences Building, Bassett Crescent
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The pharmacokinetics of a single oral dose of 20 mg nifedipine, given as capsules, has
been compared in five South Asian volunteers with data for 27 Caucasian volunteers.
The area under the plasma concentration-time curve (AUC) of nifedipine was three
fold higher in South Asians (989 + 166 ng ml~! h) than in Caucasians (323 + 116 ng
ml~! h).

The ratio of the AUC of nifedipine to that of the nitropyridine analogue, which is
formed largely as a first pass metabolite, was significantly higher in South Asians (4.6
+ 1.9) than in Caucasians (2.3 *+ 1.1) indicating a lower first pass metabolism in South
Asians.

The terminal half-lives of nifedipine and the nitropyridine metabolite were significantly
greater in South Asians than in Caucasians.

Consumption of a spicy curry diet for 3 days by Caucasians did not significantly affect
the pharmacokinetics of a single oral dose of nifedipine.

The treatment of patients of South Asian origin with nifedipine should be initiated with
lower doses than would be given to Caucasians.
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Introduction

Nifedipine is a dihydropyridine calcium channel blocker
that is used widely in the treatment of hypertension and
angina. The drug undergoes extensive first pass meta-
bolism resulting in an oral bioavailability of about 45%
(Foster et al., 1983; Waller et al., 1984). Nifedipine
shows a high plasma clearance which is primarily due to
hepatic extraction and metabolism (Challenor et al.,
1987) with initial oxidation to the pyridine analogue
followed by formation of acid metabolites which are
excreted in urine (Horster et al., 1972). High concen-
trations of the pyridine analogue are present in plasma
after oral but not intravenous administration (Waller et
al., 1984).

Interest in the metabolism of nifedipine was intensified
by the report by Kleinbloesem et al. (1984a) that almost
20% of a European population showed impaired meta-
bolism of nifedipine following a single oral dose of 20
mg as capsules. The cytochrome P450 responsible for
the oxidation of nifedipine (cytochrome P450IIIA3;
Nebert et al., 1987) has been purified from human liver
(Guengerich et al., 1986) and shown to oxidise several
dihydropyridines as well as performing a limited number
of other xenobiotic oxidations (Guengerich et al., 1987).
Subsequent studies in European populations have failed
to detect polymorphic metabolism of nifedipine following
10 mg as capsules (Renwick et al., 1988) or 20 mg as the
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slow release formulation (given together with sparteine
and phenytoin) (Schellens ez al., 1988). In the latter
paper the authors concluded that their earlier publication
(Kleinbloesem et al., 1984a) may have represented a
false positive result due to the limited size of the pop-
ulation studied. Recently Hoyo-Vadillo ez al., (1989)
reported that about one half of a Mexican population
were poor metabolisers following a single oral dose of
nifedipine using the criteria for a poor metaboliser
defined by Kleinbloesem et al. (1984a).

During studies on the influence of dose on the pharma-
cokinetics of nifedipine (unpublished data) we observed
a high area under the plasma concentration-time curve
following oral administration of 20 mg as capsules to an
individual from Bangladesh. The present paper investi-
gates the influence of ethnic origin and spicy diets on the
pharmacokinetics of nifedipine.

Methods

The influence of ethnic origin on the pharmacokinetics
of nifedipine was studied in 27 adult Caucasians (26
males; average age 25 years (range 19-46); average body
weight 74 kg (range 60-92)) and five South Asians (four
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males; four from Bangladesh and one from India; average
age 28 years (range 25-32); average body weight 66 kg
(range 59-84)). The South Asians had retained their
original dietary practices including abstention from
alcohol in four of the subjects, whereas the Caucasians
all consumed a typical Western diet.

The influence of diet was studied in six Caucasians
(five males; average age 25 years (range 19-46); average
body weight 69 kg (range 60-77)). These subjects were
studied once while on their normal diet and on a second
occasion following 3 days of intake of Indian meals
consumed at midday and in the evening. The ‘minimum
spice content’ for each meal was set as the ‘medium’
defined on the restaurant menu although in most cases
the curries consumed were much spicier, e.g. Madras
and Vindaloo.

None of the subjects had received medication, except
for paracetamol or ibuprofen, in the week preceding the
study. The studies had been approved by the local Ethics
Committee, and subjects gave their written, informed
consent.

The protocol on the study days was the same on each
occasion. Following an overnight fast each subject was
given a single oral dose of 20 mg of nifedipine (two
Adalat capsules) with 100 ml water. They remained
semi-recumbent and continued to fast for a period of 4 h.
Venous blood samples (10 ml) were withdrawn into
heparinised tubes prior to the dose and at 0.25, 0.50,
0.75,1,1.5,2,3,4, 6,8, 12 and 24 h after the dose. The
samples were centrifuged immediately and plasma sep-
arated and stored at —20° C until analysis. A urine
sample was collected prior to the dose and the complete
urine output collected at 2 hourly intervals for 8 h and
then from 8-12 and 12-24 h after the dose. Some of the
subjects in each study group received soluble paracetamol
(1 g) during the study period, for relief of headache.

The plasma samples were analysed for nifedipine and
its nitropyridine metabolite by the reverse phase h.p.l.c.
method described previously (Waller et al., 1984). All
procedures involving plasma samples were undertaken
using precautions to prevent photo-decomposition as
described previously (Waller et al., 1984). The principal
acid metabolite in urine was measured using a published
modification (Renwick ef al., 1987) to the method de-
scribed by Kleinbloesem et al. (1984b).

The terminal half-life was derived by least squares
regression analysis applied to the post-peak, log-linear
part of the plasma concentration-time curve. The area
under the plasma concentration-time curve (AUC) was
determined by the linear trapezoidal method with extra-
polation to infinity by dividing the last measurable plasma
concentration by the terminal slope. The area under the
curve to the last measurable plasma concentration rep-
resented 95 + 3,91 + 3,93 + 4and 90 * 4% of the AUC
to infinity for nifedipine in the Caucasian, South Asian,
pre-curry and post-curry groups and 91 + 5, 81 * 10,
89 = 3 and 84 *+ 6% of the total AUC for the metabolite
in these groups. The terminal half-life of the acid met-
abolite was determined by linear least squares regression
analysis applied to the amount remaining to be excreted
(sigma-minus method; Gibaldi & Perrier, 1982). Stat-
istical significance (taken as P < 0.05) was determined
by Wilcoxon’s rank sum test or signed rank test as
appropriate.

Results

Higher plasma concentrations of nifedipine were detected
in the South Asian volunteers at each time point after
the dose (Figure 1). The differences up to 1.5 h were not
statistically significant due to the wide interindividual
variations in the time taken to reach the maximum
plasma concentration (Table 1). The significantly higher
concentrations of nifedipine from 1.5 h after the dose
resulted in an approximately three fold greater AUC
and terminal half-life in South Asians compared with
Caucasians (Table 1). The AUC of nifedipine in each of
the South Asians was higher than the maximum value
detected in the Caucasians (Figure 2).

The plasma pharmacokinetics of the nitropyridine
metabolite in South Asians showed a slightly, but not
significantly lower maximum plasma concentration but a
significantly greater AUC and terminal half-life com-
pared with Caucasians. There was some overlap in the
AUC of the metabolite between the two groups (Figure
2). The absence of an inverse relationship between the
AUC of nifedipine and that of the nitropyridine met-
abolite meant that calculation of the drug metabolite
ratio (Figure 3) did not enhance the separation of the
South Asians and Caucasians, although the ratio was
significantly higher in South Asians (Table 1).

The total amount of the principal acid metabolite
excreted in urine within 24 h was similar in Caucasians
and South Asians, although there was evidence of a
slower elimination of this metabolite by South Asians
(Table 1). The terminal half-life calculated for one of the
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Figure1 Plasma concentration-time curves of nifedipine follow-
ing the administration of 20 mg as capsules to Caucasian (@) and
South Asian (O) volunteers. The data are the means with
standard errors indicated by vertical bar lines. The differences
were statistically significant at 1.5 h (P < 0.05) and at all
subsequent times (P < 0.01) by Wilcoxon’s rank sum test.
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Table1 Ethnic differences in the pharmacokinetics of nifedipine following a single oral dose of

20 mg as capsules

Caucasians South Asians

Nifedipine
Crax (ng ml™1) 172 + 107 (32-460) 250 + 189 (84-551)
tmax (h) 0.8 = 0.8 (0.25-3.0) 1.2 +£1.1 (0.25-3.0)
AUC (ng mi~! h) 323 + 116 (165-567) 989 + 166 (766-1221)***
Half-life (h) 2.8 £ 1.1 (1.2-5.6) 8.3 £ 1.4 (6.1-9.8)***
Nitropyridine metabolite
Crnax (ng m1™1) 68 +33 (11-126) 48 +40 (17-110)
tmax (h) 1.0 + 1.0 (0.254.0) 1.3 £1.2(0.25-3.0)
AUC (ng ml~! h) 154 + 56 (56-279) 233 +55 (157-310)*
Half-life (h) 3.4 £1.7(0.9-7.6) 10.2 + 3.0 (7.2-14.9)***
Ratio AUC nifedipine 2.3 £1.1(1.1-6.5) 4.6 *+1.9(3.0-7.8)**

AUC metabolite
Urinary excretion of
acid metabolite
0-8 h (% dose) 46.5 + 13.6 (26.6-75.1) 36.3 £+ 3.7 (30.5-40.5)
8-24 h (% dose) 9.5+ 8.4(0-37.4) 22.7 £ 9.4 (7.3-32.0)*
0-24 h (% dose) 51.6 + 15.6 (29.6-97.6) 47.3 £ 6.2 (39.7-52.8)
Haif-life (h) 2.6+ 1.3(0.9-7.6) 5.4 +2.4(1.47.7)*

The results are the mean + s.d. with the range in parentheses for 27 Caucasians and five South

Asians.

* P <0.05, ** P < 0.01, *** P < 0.001, by Wilcoxon’s rank sum test.

South Asians (1.4 h) was considerably shorter than the
values for the other four subjects (5.8-7.7 h) and was
inconsistent with the plasma elimination of the pre-
cursors, i.e. nifedipine and the nitropyridine metabolite,
in this individual. Only one Caucasian had a terminal
half-life of the acid metabolite greater than 4.1 h.

101 Nifedipine

1,

|
200 400 600 800 1000 1200 1400

Number
o

Nitropyridine metabolite

! L = L1
0 100 200 300 400 500 600 700
AUC (ng mi~" h)
Figure2 Areaunder the plasma concentration-time curve for

nifedipine and its nitropyridine metabolite in 27 Caucasians
(plain) and five South Asians (hatched blocks).

There was no indication that the consumption of a
spicy diet by Caucasians was associated with higher
plasma concentrations of nifedipine or of its nitropyridine
metabolite as was found in the South Asian volunteers.
The AUC of nifedipine was slightly lower in six Cauc-
asians following 3 days of consumption of a spicy curry
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Figure 3 Ratio of the amount of nifedipine in plasma to the
amount of the nitropyridine metabolite calculated using the
AUC or the observed Cpax.
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Table2 The influence of a spicy diet on the pharmacokinetics of nifedipine as a single oral dose

of 20 mg as capsules

Western diet

Spicy diet

Nifedipine

Cuax (ng ml™1) 125 + 67 (59-218)
tmax (h) 0.8 + 0.6 (0.5-2.0)
AUC (ngml~! h) 317 £ 93 (217-439)
Half-life (h) 3.3 +£0.8 (2.24.7)

Nitropyridine metabolite
Crnax (ng ml™?)

59 +39 (24-116)

119 + 48 (43-172)
0.8 + 1.1 (0.25-3.0)
283 + 82 (201-405)
4.2 +0.9 (3.0-5.6)

58 +34 (15-101)

tmax (D) 1.3 +£1.4(0.54.0) 0.8 +1.1(0.25-3.0)

AUC (ng ml~! h) 169 + 45 (111-242) 162 +22 (125-187)

Half-life (h) 4.1 + 0.8 (2.64.7) 5.1 +1.0(3.9-6.8)

Ratio AUC nifedipine 1.9 +£ 0.6 (1.4-3.0) 1.8 +0.5(1.2-2.5)
AUC metabolite

The results-are the mean * s.d. with the range in parentheses for six Caucasians on their
normal diet and after 3 days of spicy Indian food.

diet but neither this nor any of the other differences
detected was statistically significant (Table 2).

Discussion

The three fold greater AUC of nifedipine in South
Asians than in Caucasians probably arose from both an
increased bioavailability and decreased plasma clearance.
The bioavailability of nifedipine in Caucasians is about
0.45 and therefore an increase in bioavailability alone
would not be sufficient to account for the magnitude of
the difference in the AUC. The significantly longer
terminal half-life in the South Asians is consistent with a
lower systemic clearance; although a greater apparent
volume of distribution cannot be ruled out. Similar, but
less extensive differences in nifedipine pharmacokinetics
have been reported in elderly Caucasians (> 73 years),
although there was a far less pronounced effect on half-
life (Robertson et al., 1988).

The nitropyridine metabolite is detected in plasma to
a far greater extent after oral than after intravenous
dosing (Waller et al., 1984) and therefore it represents a
first pass metabolite. The nitropyridine analogue is
reported to be the primary metabolite of the single
pathway of nifedipine metabolism which itself undergoes
biotransformation to the acidic urinary metabolites.
Thus the AUC for the nitropyridine metabolite would
depend on both the amount which is formed in and
released from the liver, mostly during absorption, and
the plasma clearance of the metabolite. The higher
AUC of the metabolite in South Asians compared with
Caucasians is probably due to lower clearance rather
than increased formation. The longer terminal half-life
of the metabolite in South Asians is consistent with this.

The poor metabolisers of nifedipine identified in a
Caucasian population by Kleinbloesem et al. (1984a)
showed both a high AUC for nifedipine (500-800 ng
ml™ h) and a low urinary excretion of the principal acid
metabolite (< 25% of the dose in 8 h). The very high
AUC in the South Asian subjects was not associated
with a low excretion of the acid metabolite (30.5-40.5%

of the dose in 8 h) although there was evidence of slower
excretion compared with Caucasians.

It has been suggested by Schmid et al., (1986) that
calculation of the ratio of the AUC of nifedipine to that
of its first pass nitropyridine metabolite would enhance
the separation and identification of any poor metabolisers
in a Caucasian population. However, the results in
Figures 2 and 3 demonstrate clearly that the lower
metabolising ability of South Asians was not associated
with a low AUC of the primary metabolite and that
calculation of the metabolite ratio based on AUC or
even maximum plasma concentration (Figure 3) did not
enhance the separation of the two groups.

All of the South Asian volunteers complained of
marked palpitations which were not reported by the
Caucasians, indicating that there may have been ethnic
differences in pharmacodynamic response. However,
cardiovascular parameters were not measured in this
pharmacokinetic study and this observation requires
proper validation. In this context it is interesting to note
that ethnic differences between South Asians and Cauc-
asians in their response to B-adrenoceptor blockers
have been reported recently by Rahman & Bennett
(1990).

The biological basis for the higher AUC and longer
half-life in South Asians could be either i) a genetically
determined difference in cytochrome P450IIIA3, arising
from a difference in enzyme affinity or a decreased
amount of enzyme expression, ii) increased plasma
protein binding or iii) the presence of a component of
spicy diets which inhibits cytochrome P450IIIA3. Ni-
fedipine is highly bound to plasma proteins (Otto &
Lesko, 1986) and therefore an increase in albumin and
or og-acid glycoprotein concentrations in South Asians
could give higher plasma concentrations. However,
nifedipine is a high clearance drug and therefore an
increased plasma protein binding would give a lower
apparent volume of distribution and a shorter half-life.
The longer half-life detected indicates a decrease in
metabolism not an increase in protein binding.

The possibility of an inhibitory dietary component,
which would be consistent with the high AUCs of nifed-
ipine in Mexicans (Hoyo-Vadillo et al., 1989), was in-



vestigated by studying the pharmacokinetics of nifedipine
in Caucasians on a normal western diet and following 3
days of consumption of a spicy curry diet. There was no
evidence of any trend towards an increased AUC of
nifedipine following the curry diet (Table 2) or other
changes consistent with the ethnic differences shown in
Table 1. Although this study is of low power, the AUC
of nifedipine following the curry diet was actually lower
than following the normal diet and this difference ap-
proached statistical significance by 2-way analysis of
variance; therefore even if many more subjects had been
studied a highly statistically significant increase in AUC
is very unlikely to have been detected. A further possible
criticism of this study concerns the duration of dietary
modification. If an inhibitory spice component had a
half-life greater than 1 day, then steady-state would not
have been approached in the Caucasians, and this could
have resulted in the failure to detect an increase in the
AUC. Thus if the postulated inhibitory component had
a half-life of 10 days, the Caucasians would have reached
less than 20% of the steady state concentration that
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would be present in the South Asians, all of whom had
retained their original dietary practices. Nevertheless
the absence of any suggestion of an increase in the AUC
of nifedipine indicates that the consumption of a spicy
diet is unlikely to be the source of the ethnic differences
detected. An alternative explanation of the data is that
the Western diet contains an inducer of cytochrome
P450I11A3, a possibility that cannot be excluded from
the data presented in this paper.

In conclusion, these observations indicate that indi-
viduals of South Asian origin show a lower ability to
metabolise nifedipine than Caucasians. This difference
would result in higher plasma concentrations following
chronic administration and therefore lower doses of
nifedipine should be given to South Asians to obtain
therapeutic benefits without excessive side effects.
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