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Effect of age and gender on the pharmacokinetics of eprosartan
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Aims To compare the pharmacokinetics of eprosartan between young (18–45 years)
and elderly (65 years) men and between young men and young, premenopausal
women (18–45 years).
Methods Twenty-four subjects (eight subjects/group) received a single 200 mg
eprosartan oral dose followed by serial blood sampling over 24 h.
Results Eprosartan was safe and well tolerated. There were no apparent differences
in the pharmacokinetics of eprosartan between young females and young males or
in the plasma protein binding of eprosartan (#98%) for the three groups. On
average, AUC (0,2) and Cmax values were #2-fold higher in elderly men than
young men [AUC (0,2) 95% CI: 1.22, 4.34; Cmax 95% CI: 0.98, 4.00]. Similarly,
unbound AUC (0,2) and Cmax values were, on average, #2-fold higher in elderly
men than young men [unbound AUC (0,2) 95% CI: 1.29, 4.44; unbound Cmax

95% CI: 1.02, 4.12]. tmax was delayed in the elderly men compared with young
men, with a median difference of 2.5 h (95% CI: 1.00, 3.01 h).
Conclusions No gender differences were observed in the pharmacokinetics of
eprosartan. There were # two fold higher AUC and Cmax values for eprosartan
observed in elderly men as compared with young men, most likely due to increased
bioavailability of eprosartan in the elderly. Based on the excellent safety profile in
the elderly in Phase III clinical trials (doses up to 1200 mg eprosartan) eprosartan
can be safely administered to elderly hypertensive patients without an initial dose
adjustment. Subsequently, the dose of eprosartan, as for other antihypertensive
agents, may be individualized based on tolerability/response.
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Introduction Methods

The study was conducted at the SmithKline BeechamA recent advance in the treatment of hypertension and heart
failure is the development of a new class of pharmacologic Clinical Pharmacology Unit, Presbyterian Medical Center

of the University of Pennsylvania Health System,agents, angiotensin II receptor antagonists, which block the
effects of the renin-angiotensin system directly at the Philadelphia, Pennsylvania. The protocol and statement of

informed consent were approved by the Presbyterian Medicalangiotensin II receptor level. Angiotensin II, the primary
mediator of the renin-angiotensin system, plays a major role Center Institutional Review Board prior to the start of the

study, and the study was conducted in accordance with thein the regulation of fluid and electrolyte balance, blood
pressure, and blood volume [1]. Eprosartan (Teveten (SK&F Declaration of Helsinki. Subjects gave written informed

consent prior to enrolling in the study.108566)), a new nonpeptide, nonbiphenyl, nontetrazole
orally active angiotensin II receptor antagonist that is highly Eight young males [mean age 28 years (range 20–39

years); mean weight 79 kg (range 72–90 kg)], eight elderlyselective for the AT1 receptor subtype [2], has been approved
for the treatment of essential hypertension in a number of males [mean age 73 years (range 68–78 years); mean weight

80 kg (range 66–101 kg)], and eight young, premenopausalEuropean countries. This study was undertaken to investigate
the pharmacokinetics and protein binding of eprosartan in females [mean age 27 years (range 19–36 years), mean

weight 63 kg (range 53–73 kg)] were enrolled in the study.elderly men, young (premenopausal) women, and young
men. All subjects had a complete medical/medication history,

physical examination, ECG, and clinical laboratory tests
performed prior to the start of the study. The reference

Correspondence: Dr David M. Tenero, SmithKline Beecham Pharmaceuticals, Drug range for serum creatinine was 0.8–1.4 mg dl−1 in the
Metabolism and Pharmacokinetics, 709 Swedeland Road, King of Prussia,

young and elderly males and 0.6–1.2 mg dl−1 in youngPennsylvania, USA.
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females. Subjects could not have had any clinically relevant transformation. A nonparametric analysis of median tmax

values was performed using Wilcoxon’s method.abnormalities at screening and they had to have a negative
urine drug screen. The reference range for serum creatinine
was 0.8–1.4 mg dl−1 in the young and elderly males and

Results
0.6–1.2 mg dl−1 in young females. Female subjects had to
have a normal gynaecological examination and a negative Eprosartan was safe and well tolerated by all subjects. A total

of 12 adverse experiences were considered by the investigatorserum pregnancy test. Female subjects were scheduled for
study so that eprosartan was administered during the luteal to be possibly related to eprosartan administration (mild

headache: five young males and three young females;phase of the menstrual cycle, the 2-week interval following
the time of ovulation (estimated based on menstrual history). lightheadedness: one elderly male and three young females).

Mean plasma concentration-time curves are shown inAll subjects received a single 200 mg (2×100 mg) oral
dose of eprosartan with 240 ml of tepid water #20 min Figure 1 and mean (s.d.) pharmacokinetic parameter values

for eprosartan and statistical results are summarized inafter consuming a standardized breakfast (consisting of cereal,
milk, fruit juice and a muffin). Blood samples were collected Table 1. There were no apparent differences in pharmaco-

kinetics [AUC (0,2), Cmax, tmax, and t
D
] between younginto heparinized tubes predose and 0.5, 1, 1.5, 2, 3, 4, 6, 8,

10, 12, 18, and 24 h postdose. Additionally, blood samples women and young men. On average, AUC (0,2) values
were 2.3-fold higher (95% CI: 1.22, 4.34) and Cmax valueswere obtained prior to eprosartan dosing and at 1, 6, and

12 h after dosing for the determination of in vitro ( predose were 2.0-fold higher (95% CI: 0.98, 4.00) in elderly men
than in young men. In elderly men, tmax was delayedsample) and ex vivo ( postdose samples) plasma protein

binding of eprosartan. compared with that observed in young men, with a median
difference of 2.5 h (95% CI: 1.00, 3.01 h). TerminalPlasma samples were assayed for eprosartan concentrations

using reversed-phase h.p.l.c. with u.v. detection [3]. The elimination half-life in elderly men was, on average, 3.4 h
greater (95% CI: 1.80, 4.95 h) than in young men.calibration curve was linear up to 5000 ng ml−1, with a

lower quantification limit of 10.0 ng ml−1. Quality control The individual half-lives of the earlier common disposition
phase were estimated in the elderly and ranged from(QC) samples were assayed with each batch of experimental

samples against separately prepared calibration standards. The #2–3.5 h (data not shown). The rate constant for this initial
disposition phase in the elderly was derived from the log-low (30.1 ng ml−1), medium (2958 ng ml−1), and high

(4923 ng ml−1) QC concentrations gave within-study linear disposition phase of the concentration-time curve
with visual inspection of the data to determine thecoefficients of variation of 7.8, 3.8, and 3.5%, respectively.

The in vitro and ex vivo plasma protein binding of eprosartan appropriate data points following exclusion of data points
on the apparent terminal phase (>12 h postdose). Thesewas determined using an ultrafiltration method and [3H]-

eprosartan. The percentage fraction unbound (% fu) was half-life values are comparable to the half-life values observed
in young men. Additionally, a comparison of the AUCdetermined from the concentration of radioactivity in the

ultrafiltrate compared to the concentration of radioactivity (0,12 h) to AUC (0,2) in the elderly group showed that
the majority (80%) of the AUC is related to the earlierin unfiltered plasma.

Plasma concentration-time data for each subject were disposition phase (data not shown).
There were no apparent differences in the meananalysed by noncompartmental methods. Pharmacokinetic

parameters determined included the maximum observed percentage fu (#2%) between young women and young
men or between elderly men and young men. Likewise,eprosartan concentration (Cmax), the time to reach Cmax

(tmax), the apparent terminal elimination rate constant (lz),
and the apparent terminal elimination half-life (t

D,z
). Area

under the eprosartan concentration-time curve from time
zero to infinity [AUC (0,2)] was calculated using the linear
trapezoidal rule for each incremental trapezoid and the log
trapezoidal rule for each decremental trapezoid.

Using analysis of variance (anova), an exploratory
statistical analysis did not show a trend in the percentage fu
determinations (0, 1, 6, and 12 h). Therefore, an average
percentage fu value (mean of the 0, 1, 6, and 12 h samples)
was calculated for each subject. Individual unbound AUC
(0,2) and Cmax values for eprosartan were calculated by
multiplying individual AUC (0,2) and Cmax values by the
mean fu value for each subject.

AUC (0,2) and Cmax were ln-transformed and analysed
by anova fitting a single term for group (elderly men,
young men, and young women). Point estimates and 95%
confidence intervals (CIs) for the differences (elderly men—
young men; young women—young men) were calculated. Time (h)
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The point and interval estimates on the ln-scale were back- Figure 1 Mean plasma concentration-time profiles of eprosartan
transformed to give estimates of the corresponding ratios. t

D
in young males (6), young females (,), and elderly males (#)
following a single 200 mg oral dose of eprosartan.and percentage fu were similarly analysed without prior
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Table 1 Pharmacokinetic and statistical results.

Mean (s.d.) Point estimate (95% CI)
Young Young Elderly Female vs Elderly vs

Parameter males females males male young

AUC (0,2) 2171 2322 4572 0.99** 2.31**
(ng ml−1 h) (1544) (1806) (1653) (0.53,1.87) (1.22,4.34)

Cmax 498 599 914 1.04** 1.98**
(ng ml−1 h) (347) (509) (353) (0.51,2.10) (0.98,4.00)

tmax* (h) 3.00 4.00 5.04 1.00 h+ 2.53 h+

(2.00–3.02) (2.03–4.07) (2.98–6.03) (0.00,1.07 h) (1.00,3.01 h)
t
D
,z (h) 2.81 3.76 6.19 0.95 h++ 3.38 h++

(0.49) (2.04) (1.58) (−0.63,2.53 h) (1.80,4.95 h)
fu (%) 2.11 2.15 2.17 0.04%++ 0.06%++

(0.31) (0.22) (0.22) (−0.23,0.31%) (−0.21,0.33%)
free AUC (0,2) 44.7 49.7 98.5 1.02** 2.39**

(ng ml−1 h) (30.5) (40.5) (34.6) (0.55,1.90) (1.29,4.44)
free Cmax 10.2 12.9 19.8 1.07** 2.05**

(ng ml−1 h) (6.7) (11.2) (7.9) (0.53,2.14) (1.02,4.12)

*Presented as median (range).
**Ratio of the geometric means (young females5young males or elderly males5young males).
+Median difference (young females — young males or elderly males — young males).
++Mean difference (young females — young males or elderly males — young males).

there were no apparent differences in unbound AUC (0,2) the average systemic plasma clearance following intravenous
administration was #150 ml min−1 and the bioavailabilityand unbound Cmax values between young women and

young men. Similar to results for total plasma concentrations of orally administered eprosartan was #15% [4]. Given its
low systemic clearance and lack of appreciable metabolism,of eprosartan, the unbound parameters were, on average,

#2-fold higher in elderly men than in young men [unbound the low oral bioavailability of eprosartan is most likely the
result of incomplete absorption due the physicochemicalAUC (0,2) 95% CI: 1.29, 4.44; unbound Cmax 95% CI:

1.02, 4.12]. properties of the drug. Eprosartan exhibits pH-dependent
aqueous solubility and lipophilicity [6] which may result in
variable absorption as the compound passes through the

Discussion
gastrointestinal tract. There are a number of age-related
changes in gastrointestinal physiology including a reducedNo apparent differences in the pharmacokinetics and plasma

protein binding of eprosartan were found between young gastric emptying rate, decreased gastric acid secretion, and
reduced gastrointestinal motility with increasing age [7].women and young men. In a previous study investigating

the metabolism and elimination of radiolabelled eprosartan These age-related changes may favour a more prolonged
absorption phase for a poorly soluble drug such as eprosartan.in human subjects, eprosartan was primarily eliminated

unchanged with only a small fraction of the dose accounted Consistent with a longer absorption phase in elderly men as
compared with young men, the tmax of eprosartan wasfor by an acyl glucuronide (corresponding to #7% of the

intravenous dose and 2% of the oral dose) [4]. Biliary and prolonged in the elderly.
It is unlikely that a decreased elimination of eprosartanrenal excretion contributed to the elimination of eprosartan

as about 61% of drug-related material was recovered in the was responsible for the increases in AUC (0,2) and Cmax

observed in the elderly in this study. Although the mean t
D

faeces and about 37% in the urine following intravenous
[14C]-eprosartan. Although gender related differences in was longer in the elderly group, suggesting a decreased

elimination rate, this phenomenon is more likely to beglucuronidation have been reported for a few compounds
[5], there does not appear to be a difference between males related to the fact that quantifiable concentrations were

measurable for a longer period of time in the elderly thanand females in the glucuronidation of eprosartan. The effect
of gender on biliary and/or renal elimination of drugs has in the young groups resulting in the appearance of a slower

terminal phase in the elderly rather than a change innot been well addressed [5], but sex-differences in these
excretory pathways appears unlikely for eprosartan. elimination. A comparison of the AUC (0,12 h) with AUC

(0,2) in the elderly group showed that the majority (>80%)No differences in the plasma protein binding of eprosartan
were observed between elderly men and young men. There of the AUC is related to the earlier disposition phase. This

suggests that the AUC under the terminal phase seen in thewere # two-fold higher AUC and Cmax values for
eprosartan (both free and total) observed in elderly men as elderly is low and does not contribute significantly to the

increases in AUC (0,2) observed in elderly males.compared with young men. The most likely explanation for
the differences in pharmacokinetics found between young Additionally, the individual half-lives of the earlier common

disposition phase were estimated in the elderly subjects andand elderly men is an increased bioavailability. In a previous
study in which four healthy male volunteers were adminis- ranged from #2–3.5 h. These half-life values are comparable

with the half-life values observed in young men suggestingtered single intravenous and oral doses of [14C]-eprosartan,
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that there were no obvious differences in the clearance of can be safely administered to elderly hypertensive patients
without an initial dose adjustment. Subsequently, the doseeprosartan between elderly and young men. Thus, the most

likely explanation for the higher AUC (0,2) and Cmax of eprosartan, as for other antihypertensive agents, may be
individualized based on tolerability/response.values observed in the elderly appears to be an increased

absorption of eprosartan rather than a decreased elimination.
However, since an intravenous arm was not included in this
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