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Abstract

A Barnidipineisan antihypertensive drug belonging
to thedihydropyridine (DHP) group of calciuman-
tagonigts. It is available in a modified-release for-
mulation which has a gradual onset of action and
iseffectiveinasingledaily ord doseof 10to 20mg.

A Barnidipine has selective action against cardiovas-
cular calcium antagonist receptors and its antihy-
pertensive action is related to the reduction of
peripherd vascular resistance secondary to its vaso-
dilatory action.

A The clinical antihypertensive efficacy of barnidi-
pineissimilar to that of other DHP calcium antag-
onists such as nitrendipine and amlodipine, and
antihypertensives belonging to other drug classes
such as atenolol and enalapril.

A Barnidipinehasbeenfound to beasefficaciousand
well tolerated as hydrochlorothiazide in the man-
agement of hypertension in elderly patients.

A Barnidipine is generadly well tolerated. As with
other DHP calcium antagonigts, vasodilator adverse
events such as headache, flushing and peripheral
oedema account for most of the adverse events
reported with its use and are usually transient. Oe-
dema is less frequent than with amlodipine and
nitrendipine. Its use is not associated with reflex
tachycardia

Features and properties of barnidipine

(mepirodipine, YM097305, LY198561)

Indications
Treatment of mild to moderate hypertension

Therapeutic class
Antihypertensive Highly selective dihydropyridine
calcium antagonist with gradual

onset of action
Dosage and administration (modified-release formulation)
Recommended dosage 10-20 mg/day
Route of administration Oral
Frequency of administration Once daily

Special patient groups No dosage modification
required in elderly and patients
with diabetes mellitus

Pharmacokinetic profile (after single 10mg dose, modified-
release formulation)
Peak plasma concentration

Area under the plasma
concentration-time curve

0.48 pg/L
2.85pug/L*h

Tolerabilty

General Well tolerated; does not

produce reflex tachycardia

Most frequent adverse events Headache, flushing, peripheral
oedema
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Cal cium antagonists(cal cium channel blockers)
have been extensively used for thetreatment of hy-
pertension. Their antihypertensive efficacy is sim-
ilar to that of B-blockers, angiotensin converting
enzyme (A CE) inhibitors and thiazide diuretics.!!]
Dihydropyridine (DHP) calcium antagonists have
been shown to reduce the incidence of stroke among
elderly patients with systolic hypertension and are
particularly recommended in this group of pa-
tients.[14 They arealso useful asalternativesto ACE
inhibitors in patients with hypertension and sys-
tolic heart failure.lBl DHP calcium antagonists
make effective drug combinations with 3-blockers
and with ACE inhibitors for the treatment of pa-
tients with hypertension.[2 Association of an in-
creasein cardiovascular events with the use of short-
acting nifedipine has not been observed with
long-acting DHP calcium antagonists.!!

Barnidipine is a DHP calcium antagonist that,
like other members of this drug class, is selective
for L-type calcium channels. It is composed of a
single optical isomer (SS configuration) and is
available in a modified-release formulation for
once daily oral administration in the treatment of
patients with mild to moderate hypertension.

1. Pharmacodynamic Profile

Barnidipine producesits antihypertensive effect
by selective blockade of calciumion influx viathe
L-subtype‘ voltage-operated’ channelsintheexcit-
able membranes of vascular smooth muscle cells,
as a result of interaction with specific L-type cal-
cium channel receptors.

0 Adis International Limited. All rights reserved.

Receptor Binding

e Orally administered barnidipine produced se-
lective and sustained occupancy of cardiovascular
calcium antagonist receptors in spontaneously hy-
pertensive rats (SHR).[4 This effect was maximal
(69%) at 0.5 hours and was still evident at 6 hours
(41%). The maximum occupancy of receptors in
the cerebral cortex wasonly 34%. Thefall in blood
pressure in these rats correlated significantly with
the occupancy of cardiac cal cium antagonist recep-
tors by barnidipine (r = 0.98, p < 0.05).

» The binding of calcium antagonist receptors by
barnidipine correlateswell with its plasma concen-
tration.[5! The plasma concentration required to oc-
cupy calcium antagonist receptors in brain tissue
was 20 times that required for cardiac tissue, sug-
gesting selectivity towards cardiovascul ar receptor
binding by the drug.

Haemodynamic Studies

» The barnidipine molecule contains 2 chiral cen-

tres and can therefore have 4 enantiomers.[®l The
3'S4S enantiomer (barnidipine) produced much
more potent relaxation of guinea-pig aortain vitro
(33- to 118-fold) and dilatation of the coronary ar-
tery in anaesthetised dogs in vivo (2.8- to 16-fold)
than the other enantiomers.

e The effect of barnidipine on vascular smooth
musclein guinea-pig isolated aortawas 7, 8 and 13
times greater than that with nicardipine, nitrendip-
ine and nifedipine, respectively (fig. 1.).8! The
vasodilatory effect on the coronary artery in an-
aesthetised dogs was slower in onset and had a
longer duration of action than with these calcium
antagonists.[®! In astudy on isolated mesenteric ar-
tery preparations in Wistar rats, barnidipine
showed a more potent vasodilator effect and a
slower onset of action than the other cal cium block-
ers!” The gradual onset of action of the drug is
because of its lipophilic nature and the modified-
release formulation. (8!

» Barnidipine significantly reduced peripheral
vascular resistance by 21.1% (p < 0.01) while
achieving amean reduction of 13.8%inblood pres-
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Fig. 1. Comparison of relative potency of inhibitory effects of var-
jous calcium antagonists on potassium chloride-induced con-
tractions in guinea-pig isolated aorta.®!

surein 10 patientswith hypertension who received
15mg of thedrug daily for 4 weeks.[¥! Theregional
renal (—19.2%, p < 0.01) and hepatic (—17.6%, p <
0.01) vascular resistance fell considerably and re-
ductions in mean arterial pressure correlated with
those in renal vascular resistance (r = 0.699, p <
0.05).

» Barnidipine did not produce any reflex tachy-
cardial®1 or any fall in left ventricular gection
fraction(19 in patients with hypertension receiving
the drug over variable periods of time.

* Ininvitro studies with canine isolated perfused
heart preparations, barnidipine showed a 7-fold
higher selectivity against cardiac contractility but
was less selective against sino-atrial automaticity
and atrio-ventricular nodal conduction than nifed-
ipine.[12

Renal Effects

« Barnidipine 107 mol/L significantly dilated both
afferent and efferent arterioles and increased glo-
merular blood flow in hypertensive rats by use of
the in vivo split hydronephrotic kidney model.[23]

0 Adis International Limited. All rights reserved.

 Barnidipine reduced proteinuriaand the expres-
sion of messenger RNA of platelet derived growth
factor B-chain, a factor involved in hypertensive
rena injury, in the glomeruli of SHR.[MI This is
probably related to the antihypertensive effect of
the drug.

Effect on Neurohumoral Activation

» Barnidipine 10to 20 mg/day, given over 4to 12

weeks to patients with mild to moderate hyperten-
sion, produced a significant fall in plasma nor-
adrenaline levels. There was no significant change
in plasma noradrenaline levels in patients receiv-
ing nitrendipine 10 to 20 mg/day.

Barnidipine and nitrendipine had no significant
effect on plasma levels of adrenaline, dopamine,
aldosterone or vasopressin in patients with hyper-
tension.[19

Metabolic Effects

 Barnidipine, when studied in non-obese hyper-
tensive patients over 12 weeks, improved insulin
sensitivity as measured using the euglycaemic
hyperinsulinaemic clamp technique.[5]

* No significant changes in serum levels of total
cholesterol, triglycerides or high density lipopro-
tein cholesterol were observed in 18 patients with
hypertension receiving barnidipine 15mg once
daily for 12 weeks.[1%]

2. Pharmacokinetic Profile

Absorption and Distribution

» Barnidipineisreadily absorbed from the gastro-
intestinal tract but undergoes extensive first-pass
metabolism.[1®! The absolute bioavailability of the
modified-release formulation of barnidipine stud-
ied following asingle 6-hour, 0.75mg infusion and
asingle 20mg oral dose in healthy volunteers was
1.1%.[8l

* Invitro binding of barnidipinewith plasmapro-
teinswas between 92.4 and 98.9%, and was mainly
with albumin.[*8l Protein binding assays showed

Drugs 2001; 61 (7)
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no interaction with drugs such asamitryptyline, di-
azepam, diclofenac, phenytoin and warfarin. [l

 Bioavailability of the modified-rel easeformula-
tion of barnidipine was not significantly affected
by food intake (including grapefruit juice) in
healthy volunteers, nor were the pharmacokinetics
of thisformulation affected by age, gender or renal
function.[16]

» Areaunder the plasmaconcentration-time curve

(AUC) achieved with the modified-release formu-
lation (2.85 pg/L - h) was 97% of that with the
conventional formulation in a crossover study of 6
healthy volunteers.[1”] Peak plasma concentration
of barnidipine after asingle 10mg dose of the mod-
ified-release formulation was 0.48 pg/L.[17]

« After administration of single oral doses of
radiolabelled barnidipinein rats, levels of radioac-
tivity were found to be higher in the kidney, liver
and gastrointestinal tract than in plasma, whereas
the brain showed the lowest level of radioactiv-
ity.[8]

Metabolistn and Elimination

« Barnidipine is extensively metabolised to a
number of metabolites, al of which areinactive.!16]
The primary metabolic pathwaysin humansare ox-
idation of the dihydropyridine ring and ester hy-
drolysis of the side chain.[18l Urinary excretion of
unchanged drug was negligible (<0.003% of an ad-
ministered dose) after single dose administration of
barnidipine 5 to 20mg in healthy volunteers.!18 On
the basis of animal data, the drug does not appear
to be excreted in the bile unchanged.[*¢! The drug
is detected in breast milk.[8]

* The median termina elimination half-life of
barnidipine was 20 hours after repeated adminis-
tration, according to a 2-compartment analytical
model.[®!

e In vitro studies involving incubation of
radiolabelled and unlabelled barnidipine with hu-
man liver microsomes under various conditionsre-
vealed the involvement of cytochrome P450 3A
isoenzymes in the primary as well as secondary
metabolic pathways.[19

0 Adis International Limited. All rights reserved.

» Therate of formation of the primary metabolites

of barnidipinein vitro in ahuman microsomal sys-
tem was not affected by high concentrations (200
pmol/L) of warfarin, theophylline, phenytoin, di-
clofenac or amitriptyline.l¥ However, it was in-
hibited by glibenclamide (glyburide), simvastatin
and cyclosporin in concentrations that were 200,
6000 and 50 times higher than their respective thera-
peutic plasma levels.

e Plasmabarnidipinelevelsare 3to 4 timeshigher
in patients with mild to moderate hepatic dysfunc-
tion than in healthy volunteers. Barnidipine is
therefore contraindicated in patients with hepatic
insufficiency.[®] However, no dosage modification
is required in elderly patients and those with dia-
betes mellitus.[®!

3. Therapeutic Trials

The antihypertensive efficacy of barnidipine
has been evaluated in a number of dose-ranging,
placebo-controlled and comparativetrials. Patients
with mild to moderate hypertension, generally de-
fined as diastolic blood pressure (DBP) of 95 to
114mm Hg at the end of a 2- to 4-week placebo
run-in period, were included in most studies. All
studies involved once daily administration of the
drug with changes from baseline in trough (end of
dosage interval) sitting DBP as the primary end-
point in most. Several studies reported response
rate, which was usually defined as trough sitting
DBP of <90mm Hg or >10mm Hg reduction from
baseline.

Dose-Ranging and Noncomparative Studies

» A trend towards a dose-response relationship
was demonstrated with barnidipine in a dose-rang-
ing, multicentre, placebo-controlled, double-blind
study in 190 patients with mild to moderate hyper-
tension.[29 Barnidipine 10 and 20 mg/day achieved
reductionsin DBP of up to 8.5mm Hg and antihy-
pertensive response rates of 44 and 49%, respec-
tively, after 6 weeks of treatment.

* 91% of 106 patientswho had initially responded
to the drug after 6 to 12 weeks of therapy main-
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Fig. 2. Patients maintaining an antihypertensive response with
continued use of barnidipine 10 to 40 mg/day at end of 1, 2
and 3-year follow-up periods. All patients had initially re-
sponded to 6 to 12 weeks of barnidipine therapy.[Zl]

tained the response at the end of a 1-year follow-up
period with dosages ranging from 10 to 40 mg/
day.[21 The antihypertensive response was main-
tained in 91% of 79 patients who completed a 2-
year follow-up, with over 60% of patients remain-
ing on barnidipine monotherapy (10 or 20 mg/day)
at the end this period. 81% of the 32 patients who
completed a 3-year follow-up continued to have
well controlled blood pressure (fig. 2).

* Inastudy measuring 24-hour ambulatory blood
pressure in 34 patients with mild to moderate hy-
pertension, nocturnal systolic blood pressure
(SBP) and daytime DBP did not fall in patients
with false hypertension.[22

 In a placebo-controlled, double-blind, cross-
over study measuring 24-hour ambulatory blood
pressurein 20 patients, barnidipine 20 mg/day for
6 weeks, significantly reduced mean 24-hour, day-
time and night-time blood pressure compared with
placebo.[23] The mean trough to peak ratios of anti-
hypertensive efficacy were 0.82 for SBP and 0.71

0 Adis International Limited. All rights reserved.

for DBP, reflecting well balanced blood pressure
control over 24 hours.

» Barnidipine produced adequate reduction in
blood pressure (defined as a reduction of >20mm
Hg in SBP or >10mm Hg in DBP) in 25 of 31
(80.6%0) patientswith renal parenchymal hyperten-
sion (mean baseline SBP and DBP levels of 170
and 110 mm Hg, respectively) at the end of an 8-
week treatment period.[24

Comparison with Other
Calcium Antagonists

» Barnidipine has been compared with nitren-
dipine and amlodipine in 2 European multicentre,
randomised, double-blind trialsof 12 weeks' dura-
tion in patients with mild to moderate hyperten-
sion.[?% | n the nitrendi pine comparative study in 142
patients, the mean fall in DBP with barnidipine 10
to 20 mg/day was similar to that with nitrendipine
10 to 20 mg/day (11.6 vs 12.5mm Hg) [fig. 3].
The percentage of patients who responded with a
reduction in DBP to 90mm Hg or less was also
similar in the 2 groups (61 vs 62%).

* In the amlodipine comparative study (n = 116),

the mean reduction in DBP with barnidipine 10 to
20 mg/day (16.6mm Hg) was similar to that with
amlodipine 5 to 10 mg/day (16.9mm Hg) [fig. 3;
p-values not provided].[25] The response rate was
similar in the 2 groups (data not provided).

Comparison and Use with
Other Antihypertensives

 Inamulticentre, double-blind, randomised study
involving 247 patients with mild to moderate hy-
pertension, the response rate with barnidipine 20
mg/day was similar to that with atenolol 50mg/day
(53 vs 58%) after 6 weeks.[28 Barnidipine, when
added to atenolol in patients not responding to the
latter, produced a further mean reduction of 11.3
and 5.5mmHgin SBP and DBP, respectively, over
another 6-week period.

» The response rate with barnidipine 20 mg/day
was similar to that with enalapril 20 mg/day (60 vs
73%) in a randomised, double-blind trial in 155

Drugs 2001; 61 (7)
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Fig. 3. Mean reduction in diastolic blood pressure (DBP) in
patients with mild to moderate hypertension in 2 double-blind,
randomised, multicentre studies of 12 weeks’ duration com-
paring barnidipine with nitrendipine and amlodipine.[25]

patients with mild to moderate hypertension over a
12-week period.[26] Addition of enalapril produced
a response in 57% of patients not responding to
barnidipine monotherapy. In patients who did not
respond to enalapril, switching to barnidipine
monotherapy resulted in a response in 68%.

Use in Elderly

» A response rate of 84% was achieved with bar-
nidipine 10 to 20 mg/day or hydrochlorothiazide
12.5to 25 mg/day at the end of 18 weeksin adouble-
blind study in 315 elderly patients (aged =75 years)
with mildto moderate hypertension.[27] Reductions
from baseline in sitting DBP were 14.5 and
14.9mm Hg, respectively.

« Barnidipine 10to 20 mg/day, given for 8 weeks,
was effectivein lowering DBP to below 90mm Hg
in 74% of 236 elderly patients (aged =75 years)
with hypertension in a nonblind multicentre
study.[28 Another 10.1% of patients responded with
the addition of an ACE inhibitor or adiuretic. The

0 Adis International Limited. All rights reserved.

overall mean sitting DBP fell by 18.4mm Hg, from
102.1mm Hg to 83.7mm Hg.

4. Tolerability

» Barnidipine has been well tolerated in clinical
trials. Combined data from 5 pivotal European
studiesin atotal of 634 patients with hypertension
showed the following adverse events with barni-
dipine 10 mg/day: headache (4.3%), flushing (4.3%),
peripheral oedema (2.7%), dizziness (2.3%) and
palpitations (1.9%6).12° The incidence was higher
with a starting dose of 20 mg/day but lower if the
dose was titrated from 10 to 20 mg/day. Most ad-
verse effectsweremildto moderateinintensity and
between 2 and 9% of patients receiving a dose of
10 mg/day withdrew from the studies. Most adverse
eventsoccur early inthe course of barnidipinether-
apy and are often transient. [l

 Inamulticentre study inwhich 106 patientswho
initially responded to 6 to 12 weeks of barnidipine
were followed up for 1 year, 23 (22%) reported at
least 1 adverse event considered to berelated to the
drug.[2 Of the 79 patients who completed a 2-year
follow-up period, 11 (14%) reported drug-related
adverse events during the second year.

» Adverse events reported with the use of bar-
nidipine were similar to those with nitrendipine
and amlodipine in multicentre, double-blind stud-
ies.[25] Oedema was less frequent with the use of
barnidipine than with nitrendipine (2.1 vs 10.9%,
respectively) and amlodipine (3.8 vs 5.4%, respec-
tively). Adverse events such as palpitations, rash
and diarrhoea that occurred in patients receiving
amlodipine were not observed with the use of
barnidipine.[23

 In a multicentre, double-blind study, the inci-
denceof at least 1 reported adverse event waslower
when barnidipine was used in combination with
atenolol than when used as monotherapy (24 vs
39%, respectively).[28] Similarly, fewer patients
(7%) receiving a combination of barnidipine and
enalapril experienced adverse eventsthan those re-
ceiving barnidipine monotherapy (24%).[28!

Drugs 2001; 61 (7)
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* In a 2-year follow-up study in 236 elderly pa-
tientswith hypertension receiving up to 20 mg/day
of barnidipine (an ACE inhibitor or diuretic was
added in 58 patients), 89 patients (37.7%) experi-
enced an adverse event related to therapy.[28 The
pattern of these adverse events was similar to that
observed in other studies in younger patients. Se-
rious events occurred in 50 patients (21.2%) but
the majority (86%) of them were considered to be
unrelated to the study medication. The drug was
withdrawn because of adverse eventsin 52 patients
(22%).

* Inanother study in 315 elderly patientswith hy-
pertension comparing barnidipinewith hydrochl o-
rothiazide, the incidence of adverse events was
similar between the 2 drugs (69.2 vs 60.3%).127]
Serious adverse events occurred in 24 patients
(7.6%) but in only 2 (tachycardia crisisand an ep-
isode of chest pain) were they attributable to
barnidipine.

5. Barnidipine: Current Status

BarnidipineisaDHP calcium antagonist that is
available in a modified-release formulation for
once daily administration in the treatment of pa-
tients with mild to moderate hypertension. It has
shown clinical antihypertensive efficacy which is
similar to that of other DHP calcium antagonists,
as well as atenolol and enalapril. It has also been
shown to be as efficacious as hydrochlorothiazide
in the management of hypertension in the elderly.
Barnidipine is well tolerated and adverse effects
with its use are similar to those associated with
other DHP calcium antagonists. Oedema is less
frequent with barnidipine than with nitrendipine or
amlodipine. It does not producereflex tachycardia.
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