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The second half of the 20th century has seen a constant de-
crease in cardiovascular mortality in the Western indus-

trialised nations [1]. This decrease has occurred concomitantly
with an improved control of hypertension. In the United
States, for example, health examination surveys have indicated
that adequate blood pressure control in hypertensives has tri-
pled from the late seventies to the early nineties. However,
more than 70 % of hypertensive patients are still not subject
to proper treatment and will suffer from secondary organ dam-
age, such as stroke, coronary heart disease, heart failure, renal
disease, ophthalmic disorders, dementia and others [2]. It is
also noteworthy that we are confronted currently with the
rapid development of a “second wave” epidemic of cardiovas-
cular disease that is hitting the developing countries and the
former socialist republics. There is evidence that death and
disability from coronary heart disease and cerebrovascular dis-
ease subsequent to hypertension are rising massively in these
countries and will outnumber the Western industrial coun-
tries by the year 2020 if drastic measures do not occur early
enough [3].

Effects of blood pressure on risk of cardiovascular disease
Coronary heart disease
Elevated blood pressure has been related to the risks of major
coronary events, such as myocardial infarction and coronary
death [4]. It also relates to the amount by which blood pres-
sure is elevated. Patients with a history of previous cerebro-
vascular disease or myocardial infarction show a direct asso-
ciation between blood pressure levels and risk of recurrent
events. Studies which have attempted to distinguish between
the effect of hypertension and other factors influencing the
risk of recurrence have clearly demonstrated continuous posi-
tive associations between blood pressure levels and the longer
term risks of stroke and coronary heart disease occurrence.

Cerebrovascular disease
Blood pressure levels have also been positively and continu-
ously related to the risk of stroke [4, 5]. The association to a
change of only a few millimetres Hg of blood pressure can be

clearly seen from the fact that a prolonged reduction of diastolic
blood pressure by only five millimetres Hg is associated by a 35
to 40% reduction of stroke risk [6]. Blood pressure levels are
also positively related to cerebral haemorrhage, cerebral inf-
arction and dementia [5].

Other relationships
For example, heart failure and renal disease have been related
to elevated blood pressure – while these are not as well estab-
lished as for stroke and CHD, hypertension related left ven-
tricular hypertrophy has been well described as an independ-
ent risk factor for cardiac events. It has, for example, been
shown that lowering diastolic blood pressure by 5 mmHg is
associated with a 25 % lower risk of end-stage renal disease
[7].

Elevated blood pressure in conjunction with other cardiovascular risk
factors
In particular, in patients with mild hypertension, the pres-
ence of other cardiovascular risk factors determine the course
of the patient’s cardiovascular events. Age, gender, pre-exist-
ing cardiovascular disease, renal disease, diabetes, hyper-
insulinaemia and hyperglycaemia, active and passive smok-
ing, obesity, hyperfibrinogenaemia, low socio-economic sta-
tus, ethnic factors, blood type, LDL particle size, apolipo-
proteins, plasma renin activity, blood homocysteine levels,
blood uric acid levels, certain gene polymorphisms, infective
agents, psychological factors etc. are just a few of the factors,
which appear in the symphony that determines the tragedy of
cardiovascular disease. Hypertension severely aggravates such
pre-existing risk factors – differences in the absolute level of
cardiovascular risk between patients at risk will often be de-
termined to a greater extent by other risk factors than by the
levels of blood pressure. Alternatively, UKPDS has taught us
that, in diabetic patients, it is more important to reduce blood
pressure than blood glucose in order to prevent cardiovascu-
lar events [8]. Syst-Eur has also pushed forward the issue of
dementia, which has been diminished in patients with adequate
blood pressure control [9]. The facts which we have briefly
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outlined above corroborate the rationale for adequate blood
pressure control.

Drug treatment for lowering blood pressure
Basically, there are six main drug classes used in the treat-
ment of blood pressure. Diuretics, beta-blockers, calcium an-
tagonists, ACE-inhibitors, angiotensin II-antagonists and al-
pha adrenergic blockers. While there is no reliable or consist-
ent evidence that reveals substantive differences between drug
classes on the effect on blood pressure, there are important
differences in the side-effect profiles of each class [10]. Fur-
thermore, we do find important differences between classes
in the amount of evidence available from randomised con-
trolled trials on the effect on morbidity and mortality. There
are more data demonstrating the benefits of the older agents,
such as diuretics, beta-blockers and calcium-antagonists, while
there are fewer data available on ACE-inhibitors, angiotensin
II-antagonists and alpha-blockers.

Calcium-antagonists in the treatment of
hypertension

“All subgroups of calcium-antagonists are effective and well
tolerated in lowering blood pressure” (quote from 1999
WHO-International Society of Hypertension Guidelines for
the Management of Hypertension [10]). The same guidelines
suggest that long acting calcium antagonists are preferred over
rapid-onset, short acting calcium-antagonists. The latter
should be avoided. Long acting calcium-antagonists are par-
ticularly recommended for elderly patients with systolic hy-
pertension and for coloured patients. While several studies
have cast an unfavourable light on the use of calcium channel
blockers as first-line antihypertensive agents [11–14], mor-
bidity and mortality results of other trials such as Syst-Eur
[9], Stone [15] and others have evidenced that calcium-an-
tagonists are definitely useful in the treatment of hyperten-
sion.

Lercanidipine – a long acting lipophilic
dihydropyridine

The search for new designs of calcium-antagonists with ex-
tended properties has superseded the earlier search for new
clinical indications for these drugs [16]. Such improved quali-
ties of new dihydropyridines would be prolonged action, less
side effects, single dosing (improved compliance) and less
negative inotropic and chronotropic action. A second genera-
tion of calcium antagonists has addressed this problem with
variable success. While drugs like nitrendipine [17] or
amlodipine [18] have done reasonably well, others such as
mibefradil [19] or isradipine in the MIDAS-trial [20] have
not shown such a favourable outcome.

The third generation of dihydropyridines has added an
additional property to this class of drugs: high lipophilicity.
Currently one of these drugs commercially available is lercani-
dipine. As a result of the lipophilic character this compound
is relatively quickly cleared from plasma building up within
the phospholipide bilayer of cell membranes. The dihydro-
pyridine thus accumulated can interact with its target, the DHP
site of the target, the L-type calcium channel which lies within
the double layer of the cell membrane as well. This phenom-
enon explains on the one hand the slow onset, on the other
hand the long duration of action. Hence, reflex tachycardia is
practically absent and the gentle and slow onset of the antihy-
pertensive effect allows a good control of therapy. The en-
hanced membrane interactions at the arterial wall and smooth

muscle cell provide lercanidipine’s strong attraction to cell
membranes at the molecular level – a vaso-functional tropism
at the tissue site of action [21].

Chemistry of lercanidipine

Lercanidipine is derived from a group of new 4-aryl-2,6-dime-
thyl-1,4 dihydropyridine-3,5-dicarboxylic acids dialkyl esters
with different lipophilic amino-alkyl groups in one of the two
ester-groups [22, 23]. The aim was to improve the duration
of action by increasing the overall lipophilicity. In order to do
so, structural variations at the aryl group at position 4 of the
1,4-dihydropyridine and at the non-basic alkyl-ester were in-
troduced. Furthermore, structural variations in the length and
branching of the alkyl group linking the amino group to the
dihydropyridine nucleus have been introduced. The presence
of a 3,3-diphenylpropylmethylamino-2-methyl-2-propyl chain
improves the lipophilic properties and membrane adherence
of this drug.

Pharmacology of lercanidipine

Calcium antagonists with a long clinical half life
Several different agents with calcium antagonistic activity,
dihydropyridine-derivatives, have emerged on the market
during the recent years. The first of these drugs, which I re-
member working on in Albrecht Fleckenstein’s laboratories
in Freiburg, was amlodipine, a DHP with 30 to 50 hours clini-
cal half life [16, 24]. While in the early days such an extremly
long half life appeared useless, in particular when aiming at
coronary spasm and angina pectoris, the situation has changed
and long acting calcium channel blockers have become an im-
portant tool for the treatment of systemic hypertension [25].
Further drugs of this kind which have entered the market are
lacidipine and lercanidipine [26]. Distinct molecular proper-
ties form the basis of a long plasma half life like amlodipine or
a long action via a membrane kinetic control mechanism de-
rived from high lipophilicity. Amlodipine possesses a rate lim-
iting transport across membranes which is much slower than
that of the earlier DHP compounds [27].  This drug shows a
slow and gradual onset of action. However, the exact pharma-
cological reasons for this have not been elucidated as yet. In
this context, it should be noted that it equilibrates to rela-
tively high levels in membranes as measured by the mem-
brane partition coefficient (log Kb(min) = 4.3). While
amlodipine has proven to be a useful antihypertensive drug
(note that there are no large endpoint studies) in hyperten-
sive patients with normal renal function, in the older patient,
in contrast, who suffers from end-organ damage as a result of
long persistent systemic hypertension (in particular, with  re-
nal impairment), the half life of amlodipine can increase up
to sixty and more hours. This may result, of course, in an accu-
mulation of the drug in the plasma, a drawback well known
for amlodipine.

The pharmacokinetics of lercanidipine are clearly distinct
from those of amlodipine: it is primarily controlled by the
tissue cell compartment via a membrane kinetic control
mechanism. Its in vitro calcium antagonistic activity is clearly
related to a gradual block of calcium entry into smooth mus-
cle cells via L-type calcium channels. The antihypertensive
effect was tested experimentally in several models: it was ef-
fective in two-kidney, two-clip model of Goldblatt hyperten-
sion in dogs [28] and in spontaneously hypertensive rats [29].
The effect of lercanidipine in animals is gradual in onset and
persists for many hours. Displacement binding studies on dif-
ferent membrane preparations showed that lercanidipine was



J Clin Basic Cardiol 1999; 2: 171Lercanidipine

FOCUS ON  CA-ANTAGONISTS

more potent than both nifedipine and amlodipine [30, 31].
The affinity of lercanidipine for the L-type calcium channel
labelled by the tritiated ligands translates into a functional cal-
cium antagonistic activity. Furthermore, lercanidipine
promptly and lastingly inhibited guinea-pig ileal longitudinal
smooth muscle when precontracted in high K+ solution [31].
It has also been shown that lercanidipine selectively inhibits
the influx of extracellular calcium through voltage-gated cal-
cium channels, but not through receptor-operated calcium
channels [30]. The increase of calcium-antagonistic action of
lercanidipine is gradual over a period of 3 hours, more slowly
than with any DHP ever studied [30, 31]. The smooth onset
of lercanidipine’s action plays an important role in the pre-
vention of potentially lethal side effects seen with fast acting
DHPs [13, 14].

In chronically catheterised dogs with experimental reno-
vascular hypertension lercanidipine decreased diastolic blood
pressure in a dose-dependent manner (ED25 = 0.9 mg/kg p.o;
[32]). In the same animals, long term application of lercani-
dipine showed permanent decrease of diastolic blood pres-
sure indicating no tolerance of the antihypertensive effect.

Gradual onset and selectivity
Lercanidipine is, in comparison to other DHPs characterised
by a peculiarly gradual onset and long-lasting duration de-
spite decreasing plasma levels. In chronically catheterised ani-
mals, the time to the maximal effect of lercanidipine was sig-
nificantly longer than that for nicardipine, felodipine and
nitrendipine [32, 33]. The antihypertensive effects persisted
up to nine hours after oral administration of 3 mg/kg. Sironi
and co-workers [34] demonstrated this slow onset of anti-
hypertensive action by intravenous administration of lercani-
dipine and showed that the peak effects of this drug occurred
up to 30 times later than those of, eg, nitrendipine. These in-
vivo findings seen in animals confirm the in-vitro data related
in the previous section [30, 31]. The most striking observa-
tion with lercanidipine is that the recovery of isolated rat aorta
contractile response to high K+ solution after incubation with
lercanidipine was null, most remarkably, even at six hours af-
ter removal of the drug from the bath [35]. This has not been
seen with any other DHP. The mechanism underlying these
observations involves binding properties and drug partition-
ing in the bilayer matrix of the cell membrane, followed by
lateral diffusion to its specific receptor site. Prolonged storage
in membrane compartments may contribute to the long du-
ration of action. It has been shown that lercanidipine is en-
dowed with the highest membrane partition coefficient of
DHPs. Furthermore, its release from its vesicle membrane is
very slow, ie, long permanence in the phospholipidic bilayer
[36].

Therapeutic use in essential hypertension

The unique profile of lercanidipine enables the drug to con-
trol systemically elevated blood pressure over a long time-
window. The time to peak-hypertensive effect ranges from 5
to 7 hours after administration of lercanidipine [35]. The
trough-to-peak ratio for the drug is high, above 0.80 for 10
mg lercanidipine – once corrected for placebo, the ratio is fur-
ther increased, indicating a smooth antihypertensive activity
of doses between 10 and 20 mg [37]. In elderly patients, the
trough-to-peak-ratio was 0.77 [38]. Testa et al. [35] also re-
port that a dose as low as 5 mg does not suffice for the treat-
ment of even mild to moderate hypertensive patients. Doses
of 10, 20 and 30 mg have been tested, given as single and once
daily repeated doses, administered for one to four weeks in
various randomised, double-blinded [35] studies.

Response to the drug

The rate of responding patients hovers between 66 and al-
most 90 % – on a dose range going from 10 mg/day up to 20
mg/day [37]. In 8 different controlled trials the drug consist-
ently showed response rates over 60 % [35]. In a randomised,
double-blind and placebo-controlled trial on 132 patients
lercanidipine was tested with placebo in 10 and 20 mg single-
doses a day. Concerning tolerability the drug was excellent
and adverse effects reported in the study were minimal [37]
(Figure 1).

The study lasted four weeks and the changes in the heart
rate observed were negligible. The authors concluded that a
dose of 10 mg is the most appropriate for the majority of pa-
tients and is associated with no reflex cardiostimulation and
with a side-effect profile not significantly different from that
of placebo. In another study [39], lercanidipine was compared
with atenolol and a combination of atenolol and lercanidipine
in 217 patients with moderate hypertension. The authors could
show that lercanidipine lowered systolic and diastolic blood
pressure by 12 mmHg and 10 mmHg respectively, atenolol
by 12 and 15 mmHg. There were no significant differences
between  atenolol and lercanidipine on systolic and diastolic
blood pressure within a time frame of four weeks. Doses have
been titrated up from 10 to 20 mg of lercanidipine and from
50 mg to 100 mg atenolol and the response rate was between
80 and 90 %. The combination of the two drugs in non-re-
sponders after 8 weeks of treatment elicited only a modest
increase in the overall percentage of responders. This means
that in both groups, the number of patients who required a
combination of the drugs was very small. Heart rate changes
were absent with lercanidipine. The same study also tested
the effectiveness of once daily administration of lercanidipine
by comparing the blood pressure values after 24 hours and 4
hours after the last administration. These two were similar,
demonstrating the long duration of antihypertensive effect.
Similarly, Policicchio [40] tested the efficacy and tolerability
of lercanidipine in patients, comparing it with slow-release
nifedipine in a 3 week placebo run-in study. 130 patients were
randomised receiving either 10 mg of lercanidipine or 20 mg
of slow-release nifedipine twice-daily for four weeks. Dose-
doubling and addition of 12.5 mg hydrochlorothiazide were
allowed in non-responding patients or when diastolic blood
pressure persisted higher than 90 mmHg. In this study both
drugs significantly reduced blood pressure in patients with
mild to moderate hypertension and it has been demonstrated

Placebo
(n=40)

Lercanidipine
10 mg oad (n=41)

Lercanidipine
20 mg oad (n=35)
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Figure 1. Mean decrease in systolic blood pressure (SBP) after 4
weeks of treatment as seen by Circo in 132 patients (redrawn
according to [37]; grey: 24 ± 2 hours post-dose; black: 4–5 hours
post-dose)
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that the efficacy of 10 mg lercanidipine is comparable to 20 mg
of slow-release nifedipine. The efficacy of both drugs was
equally improved when they were combined with 12.5 or 25
mg of hydrochlorothiazide. At the end of the treatment-period
almost all patients were normalised in both treatment groups.
Finally, the study demonstrates that a single dose of lercanidipine
per day is as effective as the twice-daily dose of slow-release
nifedipine, indicating an important advantage of the drug (sin-
gle-dose-compliance!). Placebo-controlled studies showed that
a single10 or 20 mg of lercanidipine was more effective than
placebo. In comparison with other antihypertensive agents also
nitrendipine and amlodipine have been studied effectively [35].
Barbagallo and co-workers [41] showed that 10 mg of
lercanidipine is effective in lowering blood-pressure in patients
with mild and moderate hypertension as a single dose whereas
captopril 50 mg achieved a similar reduction in blood pressure
only in two divided doses. Captopril was demonstrated as
equally effective in reducing blood pressure and in the per-
centage of normalised and responding patients. The tolerabil-
ity of the two doses was also similar. Neither drug significantly
altered heart rate. They also showed a very low incidence of
adverse effects. Ninci and co-workers [42] showed in a multi-
center randomised double-blind and placebo-controlled trial
in elderly patients (60 to 85 years) that a single dose of 10, 20 or
30 mg of lercanidipine had a 24 hour lasting effect and was well
tolerated. The trough-to-peak ratio referred to diastolic blood
pressure measurements taken 24 + 2 (trough) and 4 to 5 (peak)
hours of lercanidipine and was 0.77 (see above) which is one of
the highest observed amongst calcium-antagonists [43] and
reflects a balanced and durable antihypertensive effect [44].

In a particular situation of increased systolic blood pres-
sure typical of the elderly lercanidipine proved to be effective
namely “In a double blind randomized controlled study ver-
sus placebo in patients with isolated systolic hypertension
Lercanidipine was efficacious in lowering systolic blood pres-
sure from mean initial values of 172.6 ± 5.6 mmHg to 140.2
± 8.7 mmHg.” [45]

Lercanidipine was also tested in the treatment of severe hy-
pertension. Several studies are devoted to this question and
lercanidipine in doses of 20 mg were administered once or twice
daily with an increase up to a maximum of 40 mg daily in 50
patients with severe hypertension (diastolic blood pressure above
110 mmHg). For ethical reasons there was no placebo-com-
parison. The full course of treatment lasted 90 days with fol-
low-up visits performed every 5 days. Lercanidipine adminis-
tered once or twice daily led to a significant decrease in diastolic
blood pressure within 60 days (Figure 2). The efficacy was con-
firmed with a high percentage of response (over 90 %). The
authors show that the once daily regimen is also very effective
in patients with severe hypertension both from the point of
view of patient’s compliance and from the point of view of de-
tectable blood pressure drop [46]. In another controlled,
randomised, double-blind study in 80 patients with uncon-
trolled severe hypertension, lercanidipine was administered over
12 weeks in doses between 10 and 30 mg once daily and com-
pared to nitrendipine 10 to 30 mg once daily in association with
a preexisting antihypertensive therapy (diuretics, ACE-inhibi-
tor or beta-blocker). Lercanidipine reduced diastolic blood pres-
sure by 13 mmHg after 4 weeks, similar to nitrendipine (12
mmHg). In this study lercanidipine showed less side effects
than nitrendipine [47]. In over 400 patients, lercanidipine has
been tested for a long period of time (12 months; [48]). The
patients did not develop any tolerance for lercanidipine. The
antihypertensive effect could be maintained throughout the
study. In the same study, it was been demonstrated that 10 mg
as a single dose was a good choice, only 48 of 355 patients treated
with this dose needed an increase of the dose to 30 mg a day.

Other beneficial effects of lercanidipine

Myocardial protection during ischaemia
a.) Antagonism to the vasopressor activity of endothelin-1:
Rossoni and co-workers have shown that Lercanidipine in-
fused for 5 min before flow rate reduction in isolated rabbit
hearts prevented in a dose-dependent manner the increase of
ischaemic resting tension (ventricular contracture) and fa-
voured a graded recovery of cardiac contractility with regular
pacing at reperfusion. Lercanidipine also shifted to the right
the dose-dependent curve of endothelin-1 on coronary
perfusion pressure and the Ng-mono-methyl-L-arginine in-
duced hyper-responsiveness of the coronary arteries to ET-1
was markedly reduced by Lercanidipine [49]. The data indi-
cate a potent antiischaemic protection by lercanidipine.

b.) Effects of Lercanidipine on mitochondrial lipid-peroxydation:
Bernocchi and co-workers, using myocardial mitochondria
from New Zealand white rabbits, showed that 10-7 M
Lercanidipine exerted a significant protection against Fe2+-
induced lipid-oxidation, improving all indices of mitochon-
drial function and prevented Fe2+-mediated changes in mi-
tochondrial calcium accumulation [50].

Baseline 30 days 60 days 90 days

Figure 2. Mean supine systolic and diastolic blood pressure and
heart rate at baseline and after 30, 60 and 90 days treatment with
lercanidipine 20–40 mg once (n = 16; �) or twice daily (n = 20;
�)(redrawn according to [46])
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Unusual effects of Lercanidipine

In a study in hypertensive patients with non-insulin depend-
ent diabetes mellitus, the drug showed a slight decrease in
fasting blood-glucose, glycosylate-haemoglobin, fructosamin,
and improved oral glucose tolerance [35]. Lercanidipine was
also effective in inducing proliferation and migration of rat
arterial myocytes [51], thus exhibiting a potent antiarterio-
sclerotic action.

Clinical safety

Practically no vasodilation related adverse effects such as an-
kle oedema, headache, flush or dizziness could be reported.
Data derived from double-blind studies in which lercanidipine
was compared to other calcium channel blockers, beta-
blockers, ACE-inhibitors and diuretics also showed that
lercanidipine had equal or less adverse effects than the others
[47]. The cardiovascular safety of lercanidipine is guaranteed
by the stable blood-pressure control over 24 h without marked
hypotension during the night-time. These may be linked to
coronary events and strokes [52]. The overall side-effects are
minimal and mostly less than with other drugs.

Conclusion

The recently published large endpoint-trials on antihyperten-
sive treatment have clearly established the importance of a
proper control of blood pressure. Calcium channel blockers,
despite former debates on side-effects and safety-problems,
still hold an important position in the treatment of systemic
hypertension.

While earlier developments have focused on increasing
potency and selectivity of calcium channel blockers the most
recent developments have brought about drugs which are par-
ticularly slow in onset and have a long duration of action. The
latest “designer-drug” in this context is lercanidipine. This
calcium channel blocker combines practically all desired ef-
fects through its high lipophilicity. It has, furthermore, an
unique binding profile, which guarantees constant calcium
antagonistic action independent of serum concentration
changes. The available literature shows a brilliant antihyper-
tensive effect of the drug tested in many thousands of pa-
tients. A further important advantage of the drug is the sin-
gle-dose daily application which improves the compliance and
therefore control of blood pressure.
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