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Abstract Objective: The activity of the human cyto-
chrome P450 and P-glycoprotein (P-gp) changes accord-
ing to gender. The present study evaluated the effect of
gender on the influence of carvedilol on serum digoxin
levels in patients with heart failure. Methods: Twenty-
four patients (12 female and 12 male) with New York
Heart Association class II-IIT heart failure were included in
the study. Patients were taking oral digoxin (0.0625—
0.25 mg, once a day) and were administered oral
carvedilol (6.25 mg, two times daily) for 7 days.
Results: In the male group, carvedilol led to statistically
significant increases in the area under the concentration
time curve to 16 h (AUCy_;4,) and the peak concentration
(Cax) for digoxin, with no change in time to peak (tyax)
(AUCy_16p= 24.149.2 ng.h/ml vs. 15.4+£5.8 ng.h/ml,
p<0.001, C,0x=2.2%1.0 ng/ml vs. 1.6£0.6 ng/ml, p<0.01,
tmax=2.4£2.2 h vs. 2.1£1.0 h, p>0.05). In the female
group, carvedilol administration did not cause statistically
significant change in the AUCq 16n, Craxs OF tmax
for digoxin (»p>0.05). In the male group, carvedilol
resulted in a significant increase in the AUCy ¢
and C,,x for digoxin compared with the female group
(AUCy_16p=24.1= 9.2ng.h/ml vs. 17.0+6.8 ng.h/ml,
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Cax=2.2%1.0 ng/ml vs. 1.5+0.6 ng/ml, p<0.05, respec-
tively). Conclusion: Men seem to have a higher activity
relative to women for the drug efflux transporter P-gp. Our
results suggest that carvedilol will cause drug interaction
with digoxin following the inhibition of P-gp-mediated
transcellular transport of digoxin in males.

Keywords Digoxin - Carvedilol - Cytochrome P450 -
P-glycoprotein

Introduction

The effects of digoxin on survival in patients with heart
failure were tested by the Digitalis Investigation Group
(DIG) trial [16]. Subgroup analysis from the DIG trial
showed a relationship between serum digoxin concentra-
tion and mortality. In this empirical observation, the risk of
death increased significantly if the digoxin level exceeded
1 ng/ml [6].

Serum digoxin concentration is increased by various
therapeutic compounds, including quinidine, verapamil,
spironolactone, nitroprusside, alprazolam, and captopril [3,
5, 8, 10, 19]. Pharmacokinetic interaction between
carvedilol and digoxin has been previously reported;
carvedilol increased serum digoxin levels when carvedilol
and digoxin were orally administered [4, 20]. Both
carvedilol and digoxin are substrates of P-glycoprotein
(P-gp). Carvedilol is metabolized by the cytochrome P450
(CYP) isoenzymes CYP2D6 and CYP2D9 [1, 12]. It has
been known that gender differences affect the pharmaco-
kinetics of some drugs, such as verapamil, beta blockers,
and selective serotonin reuptake inhibitors. Gender-related
pharmacokinetic differences include the generally lower
body weight and organ size, higher percentage of body fat,
lower glomerular filtration rate (GFR), different gastric
motility, and different activity of drug transporters and
drug-metabolizing enzymes in women compared with men
[12]. The aim of this study was to evaluate the effect of
gender on the influence of carvedilol on serum digoxin
levels in patients with heart failure.
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Methods

The protocol was approved by the Dokuz Eylul University
School of Medicine and the National Ethics Committee of
Drug Investigations, and informed consent was obtained
from each patient included in the study. Twenty-four
patients (12 male and 12 female) with New York Heart
Association class II-1II heart failure were enrolled in the
study. All patients were nonsmokers. The mean patient age
was 67.848.2 years. Renal clearance was calculated with
the Cockcroft-Gault formula [(140—age in years) X body
weight in kg x K/serum Cr (umol/l), where K is a constant:
1.23 for males and 1.04 for females] for all patients [17].
Individuals with GFR <30 ml/min or other systemic
chronic disease were excluded from the study.

All patients were taking oral digoxin (0.0625-0.25 mg,
once a day) and were administered oral carvedilol
(6.25 mg, two times daily) for 7 days. On days O (the
day before carvedilol administration) and 7 (the day of the
end of the carvedilol administration), venous blood
samples were collected at 0, 1, 2, 4, 8, and 16 h after
digoxin administration to measure serum digoxin concen-
trations. On days 1-6, serum digoxin levels were measured
only in the morning before the daily digoxin dose was
given. Serum digoxin concentrations were measured by
enzyme-multiplied immunoassay technique (CEDIA
Digoxin II Assay, Hitachi 912 analyzer, Germany). The
minimum detectable concentration of the assay is 0.15 ng/ml

Fig. 1 Mean plasma concentra-
tion time curve for digoxin at
the end of the carvedilol treat-
ment period

Serum digoxin concentration

In a female group

Serum digoxin concentration
(ng/ml)

Table 1 Patient characteristics (EF left ventricular ejection fraction,
GFR glomerular filtration rate, 4ST aspartate amino transferase, ALT
alanine amino transferase, BUN blood urea nitrogen)

Patient characteristics Female group (n=12) Male group (n=12)

Age (years) 69.0+7.4 66.7+£9.2
Weight (kg) 69.1+7.0 75.4+13.0
EF 36.6+7.5 31.2+7.2
GFR (ml/min) 56.0+15.2 65.6+£10.6
Hemoglobin (g/dl) 12.7£1.6 13.2+1.4
Hematocrit (%) 38.2+5.0 38.9+3.8
AST (U/) 25.5+8.7 24.0£11.2
ALT (U/) 24.4+8.6 26.5+13.4
BUN (mg/dl) 23.0+6.7 22.6+9.4
Creatinine (mg/dl) 1.06+0.1 1.14+0.1

Conversion factors of SI units: x10 for hemoglobin, x88.40 for
creatinine

(0.19 pmol/l). Other concomitant medications included
furosemide, acetylsalicylic acid, isosorbide mononitrate,
lisinopril, enoxaparin, perindopril, sertraline, gliclazide, and
acarbose.

The pharmacokinetics of digoxin were evaluated using
the area under the 16-h digoxin concentration time curve
(AUCq_6 1), the peak concentration (C,,,y), and the time to
peak (tynax). The area under the curve of serum digoxin
concentration versus time was measured by trapezoidal
methods [10].
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Statistical analysis of the pharmacokinetic parameters
between groups was done with Student’s #-test. Compar-
ison of patient characteristics was assessed by analysis of
variance followed by Tukey-Kramer multiple comparison
tests for among-group comparison (GraphPad InStat,
1990-1994, GraphPad Software). All results are expressed
as mean+SD. A p-value <0.05 was accepted as the level of
statistical significance.

Results

Patient characteristics are presented in Table 1. Both
groups were comparable for age and weight (p>0.05).
There were no significant differences (p>0.05) between the
groups in blood values (hemoglobin, hematocrit), liver
function tests (alanine amino transferase, aspartate amino
transferase), or renal function tests (blood urea nitrogen,
creatinine). Clinical signs or symptoms of digoxin toxicity
were not observed in any patient during the study.

The mean plasma concentration time curve for digoxin at
the end of the carvedilol treatment period is shown in Fig. 1.
There were no significant differences between groups in the
AUCq 16 h» Craxs OF tmax Values before carvedilol was added
to the treatment (Table 2). In the male group, carvedilol led to
statistically significant increases in the AUC_4 1, and C,.x
for digoxin, with no change in t.., at the 7th day. In the
female group, carvedilol administration did not cause
statistically significant change in the AUCy ¢ p, Cnax, OF
tmax for digoxin (Table 2). In the male group, carvedilol
resulted in a significant increase in the AUC_;¢ 1, and Cpax
for digoxin compared with the female group (AUC,_
16 1=24.1£9.2 ng.h/ml vs. 17.0+£6.7 ng.h/ml, p<0.05, 95%
CI 0.27-13.95; Chax=2.2%1.0 ng/ml vs. C,,,,=1.5+0.6 ng/
ml, p<0.05, 95% CI 0.01-1.35, Table 2). Trough digoxin
concentrations during the intervening 6 days of digoxin and
carvedilol treatment did not differ significantly in either
group (male group: range 0.9+0.5-1.3+£0.8 ng/ml; female
group: range 0.9+0.5-1.1£0.6 ng/ml).

Discussion

In this study we observed that gender differences exist
regarding the influence of carvedilol on serum digoxin
levels in patients with heart failure. There were statistically
significant differences between the male and female groups
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in the area under the curve (AUCy 1 ) and the peak
concentration of digoxin (C,,y) after 1 week of carvedilol
administration. Carvedilol caused a statistically significant
increase in the AUCq_4 1, and C,,,,, for digoxin in the male
group, whereas it produced no significant effect on these
parameters in the female group. The time to peak (t.,.x) of
digoxin showed no difference after carvedilol administra-
tion in either group.

Previous reports in pediatric and adult patients have
documented interaction between digoxin and carvedilol [4,
13, 20]. De Mey et al. investigated the interaction by using
both oral and intravenous preparations of digoxin with
carvedilol. They observed that carvedilol increased serum
concentrations of digoxin only after oral administration,
not after intravenous administration. Carvedilol did not
alter the plasma or urinary kinetics of intravenously
administered digoxin, indicating that in adults this inter-
action is caused mainly by enhancement of the extent of
digoxin absorption [4]. Wermeling et al. evaluated the
effects of multiple oral doses of carvedilol on steady-state
plasma digoxin pharmacokinetics in patients with mild to
moderate hypertension. They found that carvedilol in-
creased AUC and C,,,x for digoxin, with no change in t;,«
[20]. But Grunden et al. reported that carvedilol adminis-
tration was associated with a 26% increase in steady-state
serum digoxin concentration. This small increase in serum
digoxin concentration was not statistically significant
versus placebo [7]. In a study of children, carvedilol
increased serum concentrations of digoxin. These investi-
gators suggested that its dose may need to be reduced to
avoid toxicity [13].

Carvedilol is metabolized by the cytochrome P450
(CYP) isoenzymes CYP2D6 and CYP2C9. CYP2D6 is the
second most important CYP isoenzyme for drug metabo-
lism. CYP2D6 activity is highly variable and is indepen-
dent of gender and age [2, 11]. Hagg et al. demonstrated
that women of fertile age have slightly higher CYP2D6
activity compared with men [9]. CYP2C9 activity does not
seem to be gender-dependent, at least not to a clinically
significant extent [12]. In our study, the carvedilol and
digoxin combination did not induce any significant change
in the pharmacokinetic parameters of digoxin in females.

The multidrug transporter MDR1 (P-glycoprotein, P-gp)
appears to play a significant role in drug absorption and
disposition. Digoxin and carvedilol are Pg-p substrates.
The tubular secretion of digoxin has been found to be
mediated via P-gp [15, 18]. The potential role of carvedilol

Table 2 Pharmacokinetic parameters of digoxin before and after carvedilol administration (4UC,_,¢ area under plasma concentration time
curve to 16 h of digoxin, Cp,x peak plasma concentration of digoxin, #,.x time to peak of digoxin)

Male group (n=12)

Female group (n=12)

Before carvedilol (day 0)

After carvedilol (day 7)

Before carvedilol (day 0)  After carvedilol (day 7)

AUCy 1 n(ngh/ml)  15.4458 24.149.2°
Conax(ng/ml) 1.6+0.6 2.241.0°
tmax(h) 2.1£1.0 24422

13.7£5.9 17.0+6.7
1.5+0.8 1.540.6
1.4+0.5 2.34£2.2

Values are mean+SD
2»<0.001 and °p<0.01 different from day 0 in the male group
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in inhibiting the renal tubular secretion of digoxin was
studied by Takara et al. in porcine kidney epithelial cells
transfected with MDR1 complementary DNA. In this
model, carvedilol inhibited basal-to-apical transport of H-
digoxin [14]. Aiba et al. demonstrated that the intestinal
absorption of digoxin is primarily dominated by the efflux
process on the luminal side of the intestine and that
carvedilol inhibits the transporters and suppresses digoxin
efflux on the apical membrane [1]. Men seem to have a
higher activity relative to women for the drug efflux
transporter P-gp [12]. Therefore, it is likely that P-gp
inhibition by carvedilol increased the absorption of digoxin
(by inhibiting its efflux) and decreased the renal secretion
of digoxin (by inhibiting efflux into the urine) in the male
group.

Finally, these findings indicate that gender affected the
influence of carvedilol on the serum digoxin level in
patients with heart failure. Carvedilol increased the area
under the curve and peak concentration of digoxin in men
but not in women. When these agents are combined, it is
recommended that serum digoxin levels be monitored.

Study limitation

The power of our study is not so high because the number
of our population was relatively low. A larger study might
be necessary.
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