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The influence of nifedipine and captopril on liver blood flow
in healthy subjects

J. Burggraaf, R. C. Schoemaker, J. M. Kroon & A. F. Cohen
Centre for Human Drug Research, Zernikedreef 10, 2333 CL Leiden, The Netherlands

Aims Application of single methods to assess liver blood flow (LBF) yielded
conflicting results on the magnitude and duration of effect on LBF of oral nifedipine
and captopril. The aim of this study was to investigate the influence of these drugs
on LBF by simultaneous use of ICG infusion and echo-Doppler.
Methods The study was performed according to a double-blind, placebo-controlled,
randomized, cross-over design in nine healthy male volunteers. After an overnight
fast and an equilibration period, subjects received a continuous i.v. indocyanine
green (ICG) infusion for 4 h. At presumed ICG steady state (t=45 min), subjects
were dosed with oral nifedipine (20 mg), captopril (50 mg) or placebo. During the
experiment, blood sampling for ICG assay and measurement of portal venous blood
flow (echo-Doppler) took place regularly. Treatments were compared using analysis
of variance. Differences are reported with 95% confidence intervals (CI).
Results The area under the curves (AUC) for ICG over 1 h and over 3 h after
nifedipine were 15% (difference in AUC: +0.6, +7.0 mg l−1 min) and 22% (+7.0,
+28.4 mg l−1 min) lower compared with placebo. After captopril, the AUC values
were 8–10% lower compared with placebo but the 95% CIs included zero. Portal
venous flow was 15% (+5, +86 ml min−1) higher compared to placebo after
nifedipine but not after captopril (−3%; −49, +33 ml min−1). The duration of
effect on liver blood flow lasted approximately 2 h but was variable (range:
40–160 min). The time to maximal blood flow increase and the duration of effect
after nifedipine were very similar for both measures of LBF. Changes in ICG
concentrations could be reasonably well predicted from the changes in portal
blood flow.
Conclusions Nifedipine increases LBF for a substantial period of time but the effect
is variable between subjects. This effect could be detected by both the ICG method
and echo-Doppler and the findings of both methods were in agreement. In this
respect it is likely that captopril does not influence LBF in healthy volunteers as no
effect was detected with either method.
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a continuous i.v. infusion [5]. This is, however, debatable
Introduction

since nifedipine is reported to increase LBF from approxi-
mately 10 min [6] up to at least 1 h after administration [2,Liver blood flow (LBF) is an important determinant of the

elimination of endogenous compounds and xenobiotics with 7, 8]. Also, assessment of LBF with Duplex scanning showed
that increases in portal vein and hepatic vein blood flowhigh-hepatic clearance properties. Calcium antagonists and

ACE-inhibitors are widely used cardiovascular drugs with were present up to 3 h after administration [9].
The influence of captopril on LBF is even less clear.possible actions on LBF. The influence of nifedipine on

LBF is well documented [1-3]. Nifedipine can even be Animal experiments showed that ACE inhibition is associated
with redistribution of cardiac output at the expense ofconsidered as a model compound to study the influences of

increased LBF. However, there is doubt concerning the splanchnic blood flow [10]. The effect in humans is
controversial; it has been reported that captopril decreasesduration of increased LBF after nifedipine administration.

In view of the lack of effect of nifedipine (20 mg capsules) LBF or has no influence, both in patients and in healthy
subjects [11, 12]. Enalapril, a more potent ACE inhibitor, isadministration on the plasma concentrations of endogenous

tissue plasminogen activator (tPA) antigen despite a doubling reported to decrease LBF markedly after oral administration
[13]. In contrast, captopril (50 mg orally) in normal subjectsof LBF, it was suggested that the increase in LBF was too

short to influence (r)t-PA clearance [4]. This conclusion was [14] and enalapril (10 mg i.v.) in salt-depleted volunteers
[15] increases splanchnic blood flow. Differences in dosesupported by the observation that nifedipine did not change

steady state indocyanine green (ICG) concentrations during may partly explain the differences of ACE inhibitor-induced
changes in LBF observed in the different studies in man, in
analogy to the observations in animals [16]. It appears fromCorrespondence: J. Burggraaf, Centre for Human Drug Research, Zernikedreef 10,

2333 CL Leiden, The Netherlands. the literature that low dose ACE-inhibitor therapy has less
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influence on LBF than high dose therapy. Alternatively, (QRPV) was measured with an echograph (Toshiba SSA
250A, Toshiba, Tokyo, Japan) equipped with a 3.75 MHztotal LBF does not change because increases in portal vein

blood flow as observed with echo-Doppler after captopril pulsed Doppler transducer by one of the investigators using
previously reported methodology [17].The measurements[14] are accompanied by a decrease in hepatic arterial blood

flow rendering the net change for total LBF zero. were done before (twice) and at 15, 30, 45, 60, 75, 105,
135, 165 and 195 min after drug intake.Previous experiments were carried out using a single

experimental technique (either ICG pharmacokinetics or After completion of the infusion, the subjects were
allowed to eat and to move freely. Measurements of bloodecho-Doppler). Simultaneous application of both techniques

should theoretically offer the advantage of checking for pressure and heart rate continued until 7 h after the start of
the ICG administration. If no significant alterations ininternal consistency of experimental findings and thus

reducing the degree of uncertainty. Therefore, the present haemodynamics were noted at this time point, the subjects
were discharged from the unit.study was designed to assess the influence of oral nifedipine

and captopril on liver blood flow with a continuous ICG
infusion and Duplex scanning.

Data analysis

The analyses were performed for two time spans during the
Methods

period of assumed ICG steady state. The first period
evaluated was the first hour after drug administration and

Design
the second time span was the period from drug administration
until completion of the ICG infusion (t=240 min). ForThe study was executed according to a double-blind,

randomized (3×3 Latin squares), cross-over design, with a both time spans the area under the ICG plasma concentra-
tion-time curve (AUC) was calculated using trapezoidalwashout period between treatments of 1 week. The study

was performed in nine, non-smoking healthy male volun- integration. Mean arterial pressure (MAP) was calculated
from the blood pressure measurements as: MAP=teers, aged between 18–35 years and with a body weight

within 20% of ideal body weight according to the Geigy (SBP+(2×DBP))/3. Blood flow volume in the portal vein
branch was calculated as QRPV=CSA×vmean, in whichscientific tables. Each subject participated after giving written

informed consent and the study protocol was approved by CSA is the cross-sectional area of the vessel calculated from
the vessel diameter and vmean is the time-averaged andthe Medical Ethics Committee of Leiden University Hospital.
intensity-weighed blood flow velocity. For all haemo-
dynamic parameters the area under the effect curve (AUEC)Study days
was calculated using trapezoidal integration over the indicated
time spans. Parameters are reported as mean and standardThe subjects were studied after an overnight fast from

24.00h. Following i.v. cannulation in suitable antecubital deviation. Drug effects were assessed using factorial ANOVA
with subject, study day and treatment as factors and in theveins (one cannula to infuse ICG and a second cannula in

the contralateral arm for blood sampling), blood was drawn case of the haemodynamic measures the pre-intervention
values were used as covariate. Contrasts are reported asas a ICG-assay blank and for the determination of the

subject’s haematocrit. The sampling cannula was kept patent mean differences with its 95% confidence intervals (95%CI).
Data management was performed using SPSS for Windowswith a slow i.v. 0.9% saline drip. Following a supine rest

period of at least 15 min after cannulation, a continuous v6.1.2 (SPSS, Inc., Chicago, IL), AU(E)Cs were calculated
using BMDP/Dynamic version 7.0 (BMDP statisticalICG infusion (CardiogreenA, Hynson, Westcott & Dunning,

Baltimore, MD, USA) was started. A total dose of 95 mg software Inc., Los Angeles, CA) and statistical analysis was
performed using SAS for Windows V6.10 (SAS Institute,(38ml) ICG was infused intravenously in 240 min, using a

calibrated infusion pump (Harvard Pump 22, Harvard Inc., Cary, NC)
Apparatus, South Natick, Mass., USA), concomitant with
an equal volume of 0.9% saline to prevent irritation at the

Results
infusion site. Throughout this period the subjects remained
supine. Forty-five min after the start of the ICG infusion Nine male subjects (age: 21–29 years; weight 59–84 kg)

participated in the study. All subjects completed the studydrug/placebo administration took place. Nifedipine (20 mg),
captopril (50 mg) and placebo were administered as ident- and no adverse events were noted.
ically appearing capsules containing powdered drug, which
were prepared at the Leiden University Hospital pharmacy.

ICG pharmacokinetics
Blood samples for ICG assay (2.5 ml; lithium heparin

tubes (MonovetteA Sarstedt, Germany) were drawn at 15, The average ICG concentration time-profiles for the three
treatments are given in Figure 1. The placebo curve indicates5 and 1 min before oral drug intake at and 8–9 min intervals

thereafter. Plasma, obtained by centrifugation (6000g for that at the time of the intervention, which occurred 45 min
after the start of the ICG infusion, ICG levels were still6 min) immediately after blood collection, was stored at

−40° C until analysis. ICG plasma levels were measured increasing. In the first hour after placebo administration the
average concentrations rose 17% (s.d.: 22%) and levels wereusing a validated h.p.l.c. method [3]. Blood pressure and

heart rate were measured using an automated oscillometric another 5% (s.d.: 8%) higher in the following time span.
This was however mainly due to an increase in ICGblood pressure monitor (MPV 1072, Nihon Kohden, The

Netherlands). Blood flow volume in a portal vein branch concentrations in one subject, in whom the average ICG
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concentration over the first hour was 73% higher compared Haemodynamics
with the pre-intervention levels. When the data from this
subject were left out the increase in the first hour after Both captopril and nifedipine slightly decreased MAP

compared with placebo (Figure 2). The differences fromadministration was 10% (s.d.: 7%). We have no explanantion
for the aberrant pattern in the single subject and could not placebo reached statistical significance only for the average
identify possible factors. Therefore, the entire data set was
analysed including the data from this subject (Table 1). The
AUC over the first hour after nifedipine intake was
3.8 mg l−1 min (95%CI: +0.6, +7.0 ng ml−1 min) lower,
approximately 15%. For the AUC over the period from
drug intake to completion of the infusion this difference
amounted to 17.7 (+7.0, +28.4) ng ml−1 min, a 22%
decrease. After captopril the AUC value over the first hour
after administration was 2.1 ng ml−1 min (95%CI: −1.1,
+5.2; 8%) lower compared with placebo. For the longer
time interval a 10% lower AUC value was obtained
(8.4 ng ml−1 min) but the 95% CI included zero (−2.3,
+19.0 ng ml−1 min). Also for the comparison between
captopril and nifedipine non-significant differences (7% and
13% for the short and long time span respectively) were
observed.
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Figure 1 Average ICG (s.d.; n=9) concentrations (ng ml−1)
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Figure 2 Haemodynamic profiles; a) the average mean arterialfollowing oral administration of the respective treatments (&
nifedipine 20 mg, # capatopril 50 mg and $ placebo). Drug pressure (MAP) profiles b) the average heart rate (HR) profiles

after oral administration (arrow) of nifedipine 20 mg (&),intake (t=45 min) is indicated by the arrow and the i.v. ICG
infusion (95 mg in 240 min,) is indicated by the box. The error capatopril 50 mg (#) and placebo ($). The box indicates the i.v.

ICG infusion.bars for the captopril treatment have been omitted for clarity.

Table 1 Summary of ICG pharmacokinetics and haemodynamic parameters.

Placebo Captopril Nifedipine
Parameter Pre 1 h 3 h Pre 1 h 3 h Pre 1 h 3 h

ICG concentration 0.338 0.386 0.408 0.378 0.358 0.366 0.373 0.336 0.323
(ng ml−1) (0.083) (0.078) (0.094) (0.069) (0.046) (0.047) (0.065) (0.083) (0.080)
QRPV 276 280 292 298 304 291 298 341 345
(ml min−1) (161) (138) (132) (129) (166) (158) (175) (194) (197)
MAP 82.6 83.5 83.2 82.1 80.1 79.8 82.3 81.5 81.6
(mm Hg) (7.1) (6.4) (6.0) (6.3) (7.2) (7.3) (6.5) (5.6) (5.6)
HR 56.1 55.5 56.1 55.1 56.0 57.6 56.4 59.6 62.0
(beats min−1) (7.3) (6.3) (5.5) (5.0) (4.7) (4.9) (7.5) (8.9) (8.8)

Mean (s.d.) values of ICG concentrations and haemodynamic parameters. For each parameter the pre value indicates the average value before the
intervention and the 1 h and 3 h value are the time-averaged AU(E)C for the indicated period. (QRPV: intrahepatic portal venous blood flow, MAP:
mean arterial pressure and HR: heart rate)
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are representative for total LBF, changes in echo flow can
be used to predict changes in ICG levels [17]. If these
assumptions hold for the average values, the measured
increase in flow from baseline (approx. 15–17%) would
theoretically lead to a 10% decrease in ICG level, which
corresponds well with the observed 10–13% decrease.

Discussion

Altered hepatic blood flow can potentially influence plasma
levels of endogenous and exogenous substances. As infor-
mation on the influence of nifedipine and captopril on LBF
with regard to magnitude and duration measured with aTime (min)
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Figure 3 Average portal venous blood flow following oral single experimental technique is ambiguous, the effects of
administration nifedipine 20 mg (&), capatopril 50 mg (#) and these drugs on splanchnic blood flow in the present study
placebo ($). Drug intake (t=45 min) is indicated by the arrow was assessed by two independent measures. The echo-
and the i.v. ICG infusion (95 mg in 240 min,) is indicated by the Doppler methodology used in this study has previously been
box. shown to be sensitive enough to detect increases in portal

venous flow [17] and to possess acceptable reproducibility
[18]. Although it is recognised that the technique measuresvalue over the first hour after administration following

captopril during which MAP was 3 mm Hg (+1, +5 mm only one component of LBF, it is thought that with the
simultaneous application of both techniques it should beHg) lower. Heart rate was higher after nifedipine during

both time spans. The average heart rate was 4 beats min−1 possible to relate changes in one measure to changes in the
other measure in order to obtain consistent information on(+2, +6 beats min−1) and 6 beats min−1 (+3, +9

beats min−1) higher over the first hour after administration the effects of the employed drugs.
Both the ICG method and the echo-Doppler measure-and over the entire period of ICG infusion respectively.

After captopril HR remained unaltered. ments showed that oral nifedipine increased hepatic flow.
More important however is the finding that the magnitudeAverage intrahepatic portal venous blood flow (QRPV;

Figure 3) increased following nifedipine over both time and the time course of the change in flow corresponded
well. It was found that the maximal changes and the durationspans. The differences in AUEC compared with placebo

treatment were 17% (49 ml min−1; CI: −9, of changes correlated well providing evidence that they both
measure the same phenomenon. The fact that the maximal+107 ml min−1) over the first hour and 15% (45 ml min−1;

CI: +5, +86 ml min−1) over the 3 h time span. Following changes were measured somewhat earlier with the echo
technique is compatible with the notion that it takes somecaptopril the average difference in flow compared with

placebo were 3% (7 ml min−1; CI: −50, +65 ml min−1) time for changes in flow to be translated into changes in
ICG concentrations. The high correlation between the twofor the 1 h period and −3% (−8 ml min−1; CI:-49,

+33 ml min−1) for the entire study period. Flow values measures of the period of elevated LBF also strengthens the
agreement of the two methods. The similarity between theafter nifedipine were higher when compared with the

captopril treatment; 14% (42 ml min−1; CI: −13, observed and predicted decreases in ICG concentrations
based upon the change in portal blood flow corroborates+96 ml min−1) for the first interval and 19% (54 ml min−1;

CI: +14, +93 ml min−1) for the entire experiment. these findings. Furthermore, it was shown with both
methods that the increase in flow was already apparent
within the first hour after administration and lasted for a

Relationship between ICG levels and echo-Doppler flow
substantial period. It cannot be easily explained why others
have failed to find changes in other high clearanceSince flow changed only after the nifedipine treatment, the

relationship between the two measures of LBF was compounds after nifedipine while using more or less
continuous methods of assessment [5]. The presented datainvestigated for this treatment. Firstly, the time course of

changes was investigated. The lowest ICG concentrations refute the suggestion that the increase in LBF after nifedipine
is too short to achieve such change. Alternatively, it may bewere noted at 79 min (s.d.: 38; range 26–150 min ) after

drug intake and the highest portal flow values occurred related to the use of different nifedipine formulations with
differential effects on LBF. It has been shown that i.v. andslightly earlier at 73 min (s.d.: 38; range 15–135 min). In

view of the different precision with which they were oral administration of the dihydropyridine calcium antagonist
nisoldipine, resulting in comparable drug levels and systemicestimated a reasonable correlation between the parameters

existed (r=0.78). The duration of the period of elevated effects, differed markedly with regard to their effect on liver
blood flow. Oral administration resulted in a substantialflow values above baseline was 113 min (s.d.: 45; range

30–165 min). This was slightly shorter than the time span increase while i.v. administration hardly changed liver blood
flow [19]. Also, if it is assumed that drug concentrationsover which lower ICG levels were noted of 128 min (s.d.:

39; range 40–162 min). These parameters were highly within the portal circulation are important for splanchnic
vasodilation, it is conceivable that formulations with identicalcorrelated (r=0.93). Secondly, on the assumption that the

average values over the different time spans reflect steady doses but different profiles of drug input into the splanchnic
circulation may differ in magnitude and duration of effect.state ICG levels, and also that changes in portal venous flow
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