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(Abstract \

Felodipine, a dihydropyridine, is a multiple Ca?* channel blocker approved for clinical use. Felodipine was found to be efficacy
and safe in hypertensive patients, effectively treated hypertensive patients, and six studies have been reported on the trials
conducted with felodipine in hypertensive patients. The pharmacokinetics of felodipine have been studied in healthy subjects
and in hypertensive patients following oral administration. Felodipine is rapidly absorbed as the time to reach the peak plasma
is about 1.5 hours and is rapidly eliminated as the elimination half-life ranges from 18.4 to 28.7 hours and increases with the
age of subjects and patients. Felodipine undergoes a presystemic first-pass metabolism being metabolized by CYP3A4 and the
bioavailability of felodipine is about 15%. The bioavailability of felodipine is reduced by inducers of CYP3A4 and is increased
by inhibitors of CYP3A4. Felodipine is rapidly cleared and the clearance of felodipine ranges from 448 to 821 ml/min and
decreases with the age of subjects and patients. Four studies have been reported on the interaction of felodipine with drugs
or with grapefruit juice and a study showed that an overdose of 250 mg of felodipine kills a man. The aim of this study is to
review the efficacy and safely of felodipine, the treatment of hypertensive patients with felodipine, and the trials conducted
with felodipine in hypertensive patients. Furthermore, the metabolisms of felodipine, the pharmacokinetics of felodipine, the
interaction of felodipine with drugs or with grapeftuit juice, and the toxicity induced by felodipine have been reviewed.
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Introduction

Mechanisms of action of felodipine

Felodipine, a dihydropyridine, is a multiple Ca®* channel block-
er approved for clinical use. An increased concentration of cy-
tosolic Ca®* causes increased concentration in both cardiac and
vascular smooth muscle cells. In cardiac myocytes, the entry
of extracellular Ca®* causes a larger Ca*" release from intracel-
lular stores (Ca**-induced Ca?*release) and thereby initiates the
contraction twitch. In smooth muscle cells, entry of Ca** plays
a dominant role, but the release of Ca?* from the intracellular
storage sites also contributes to contraction of vascular smooth
muscle, particularly in some vascular beds. Cytosolic Ca?" con-
centrations can be increased by diverse contractile stimuli in
vascular smooth cells. Many hormones and autacoids increase
Ca? influx through so-called receptor-operated channels,
whereas increases in external concentration of K* and depolar-
izing electrical stimuli increase Ca*" influx through voltage-
gated or “potential operated” channels. Felodipine produces its
effects by binding to the o, subunit of the L-type voltage-gated
Ca?* channels and lowering Ca?* flux through the channel [1].

Pharmacological actions of felodipine
Depolarization of vascular smooth muscle cells depends pri-
marily on the influx of Ca*". At least three distinct mechanisms

may be responsible for contraction of vascular smooth cells.
First, voltage-gated Ca?" channels open in response to depo-
larisation of the membrane, and extracellular Ca?* moves down
its electrochemical gradient into the cell. After closure of Ca**
channels, a finite period of time is required before the chan-
nels open again in response to a stimulus. Second, agonist-
induced contractions that occur with-out depolarization of the
membrane result from stimulation of the Gg-phospholipase C
(inositol 1,4,5-triphosphate) pathway, resulting in the release
of intracellular Ca** from the sarcoplasmic reticulum. Emp-
tying of intracellular Ca*" stores may trigger further influx of
extracellular Ca?* (store-operated Ca?* entry), but its relevance
in smooth muscle is unresolved. Third, receptor-operated Ca>*
channels allow the entry of extracellular Ca*" in response to
receptor occupancy. An increase in cytosolic Ca’* results in
enhanced binding of Ca?" to calmodulin. The Ca*-calmodulin
complex in turn activates myosin light-chain kinase, with re-
sulting phosphorylation of the myosin light chain. Such phos-
phorylation promotes interaction between actin and myosin and
leads to sustained contraction of smooth muscle. Ca** channel
blockers inhibit the voltage-dependent Ca?* channels in vascu-
lar smooth muscle and decreases Ca** entry. Felodipine relaxes
arterial smooth muscle and thereby decrease arterial resistance,
blood pressure, and cardiac afterload [1].
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Absorption, distribution, metabolism, and elimination of
felodipine

Felodipine undergoes a presystemic first-pass metabolism be-
ing metabolized by CYP3A4 and the bioavailability of felodip-
ine is about 15% and is increased by inhibitors of CYP3A4 such
as macrolide and imidazole antibiotics, antiretroviral agents,
and grapefruit juice and is reduced by inducers of CYP3A4
such as rifampin, carbamazepine, and hypericum. Felodipine
is rapidly eliminated; the elimination half-life ranges from 18.4
to 28.7 hours and increases with the age of patients. In patients
with hepatic cirrhosis, the bioavailability and the half-life of
felodipine is increased and felodipine dosage should be de-
creased accordingly [1].

Felodipine molecular structure (molecular weight = 384.25
grams/mole)

Literature search

The literature search was performed electronically using
PubMed database as search engine and the following key
words were used: “felodipine efficacy, safety”, “felodipine
treatment”, “felodipine trials”, “felodipine metabolism”, “felo-
dipine pharmacokinetics”, “felodipine drug interactions”, and
“felodipine toxicity”. In addition, the book: Goodman@Gil-
man’s. The Pharmacological basis of Therapeutics [1] has been
consulted.

Results

Efficacy and safely of felodipine

Eleven studies have been reported on the efficacy and safely
of felodipine. Felodipine was administered at the daily dose
of 5 to 10 mg for 5 weeks to 56 hypertensive patients. This
treatment effectively lowered the systolic and diastolic blood
pressures and was found to be safe and well-tolerated [2]. Am-
lodipine and felodipine were administered at the daily dose of
5 to 10 mg, respectively, for 6 months to 115 hypertensive pa-
tients. The blood pressure was decreased to < 140/90 mmHg in
87% of patients treated with amlodipine and in 33% of patients
treated with felodipine. Amlodipine and felodipine effectively
and safely lowered the blood pressure in hypertensive patents
but amlodipine was more efficacious than felodipine in low-
ering the blood pressure [3]. Nifedipine and felodipine were
administered at the daily dose of 30 mg and 5 mg, respectively,
for 6 weeks to 122 hypertensive patients who did not react ad-
equately to 5 mg of nifedipine as the diastolic blood pressure
was about 115 mmHg. Sixty-three patients were diagnosed as
hypertensive emergencies and 59 were diagnosed as hyper-
tensive crisis. Nifedipine and felodipine effectively and safely
lowered the blood pressure in more than 90% of patients who
did not respond adequately to 5 mg of nifedipine [4]. Felodip-
ine was administered at the daily dose of 10 mg for 8 weeks
to 23 patients with congestive heart failure. This treatment ef-
fectively increased the cardiac output and the stroke volume,
decreased the systemic vascular resistance and the oxygen con-
summation and was found to be safe and well-tolerated [5].

Felodipine was administered at the daily dose of 5 to 10 mg
for 8 weeks to 13 patients with heart failure. One hour after
felodipine administration, the echocardiographic ejection frac-
tion (%), the cardiac index, and the pulmonary wedge pres-
sure (mmHg) significantly changed from 21£2 to 26+2, from
2,350+150 to 2,790+160, and from 24+4 to 17+4, respectively.
Therefore, felodipine increases the echocardiographic ejection
fraction and the cardiac index and decreases the pulmonary
wedge pressure [6]. Felodipine was administered at the dose
of 10 mg twice-daily for 3 weeks to 18 patients with chronic
congestive heart failure. Felodipine lowered the mean arterial
pressure by 9%, the systemic vascular resistance by 24% and
increased the stroke volume by 25% and the cardiac index by
23%. The heart rate and the right and left ventricular filling
pressures were unchanged. Therefore, three weeks of treatment
with felodipine at the dose of 10 mg twice-daily effectively
and safely improved haemodynamic function in patients with
chronic congestive heart failure [7]. Patients with mild to mod-
erate hypertension received either felodipine extended-release
(N = 59) or amlodipine (N = 59). The starting dose of both
drugs was 5 mg daily and after 2 weeks of treatment the dose of
both drugs was increased to 10 mg daily in patients whose dia-
stolic blood pressure was > 90 mmHg. After 2 weeks of treat-
ment with felodipine extended-release or with amlodipine, the
seated systolic and diastolic blood pressures were lowered by
18 and 13 mmHg, respectively, and after 6 weeks of treatment
the systolic and diastolic blood pressures were lowered by 25
and 18 mmHg, respectively. Felodipine extended-release low-
ered the systolic and diastolic blood pressures in hypertensive
patients as amlodipine and both treatments were found to be
safe and well-tolerated [8]. A total of 502 hypertensive patients
received the combination of 5 mg daily of enalapril plus 2.5
mg daily of felodipine extended-release. If the diastolic blood
pressure was > 90 mmHg after 4 weeks of treatment the dose
of enalapril and felodipine extended-release was increased
to 10 mg daily. The combination of enalapril plus felodipine
extended-release resulted in mean diastolic blood pressure of
85 to 89 mmHg (decrease of 13 to 16 mmHg from baseline)
and the systolic blood pressure was 137 to 140 mmHg (de-
crease of 13 to 21 mmHg from baseline). Overall, 407 of 502
patients (81%) achieved a diastolic blood pressure <90 mmHg
or a reduction from baseline > 10 mmHg. The combination of
enalapril plus felodipine extended-release effectively lowered
the diastolic and systolic blood pressures and was found to be
safe and well-tolerated [9]. A total of 130 hypertensive patients
received either felodipine or nitrendipine at the initial dose of
10 mg once-daily and the dose of both drugs was increased to
20 mg once-daily or 20 mg twice-daily if the seating diastolic
blood pressure was > 90 mmHg 24 hours after the previous
dose. Felodipine was found more efficacious than nitrendip-
ine in lowering the blood pressure and both drugs were found
to be safe and well-tolerated [10]. The efficacy and safely of
felodipine and barnidipine were assessed in 59 patients with
mild to moderate hypertension. Patients received either barni-
dipine or felodipine at the dose of 5 mg once-daily and the dose
of both drugs was increased to 10 or 15 mg once-daily if the
blood pressure was not properly lowered. Barnidipine and felo-
dipine lowered the blood pressure in > 68% of patients. The
mean reduction in systolic and diastolic blood pressures was
23.7413.5 and 12.7+£7.9 mmHg, respectively, in patients treat-
ed with barnidipine and was 24.3+8.4 and 14.5+10.0 mmHg,
respectively, in patients treated with felodipine. Felodipine and
barnidipine were similarly efficacious in lowering the blood
pressure and were found to be safe and well-tolerated [11].
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Treatment of hypertensive patients with felodipine

Ten studies have been reported on the treatment of hyperten-
sive patients with felodipine. Elmfeldt D, Hedner T, and West-
erling S reviewed the dosing and the adverse-effects of felodip-
ine in hypertensive patients. The antihypertensive effect of
felodipine is dose related. In patients with moderate hyperten-
sion a dose regimen of 5 mg twice-daily is usually sufficient
and doses greater than 10 mg twice-daily are not often required.
Felodipine is generally well-tolerated and the most common
adverse-effects are ankle swelling, headache, and dizziness
which are usually transient or diminish in intensity with contin-
ued treatment [12]. In 56 patients with mild to moderate hyper-
tension the mean supine and standing blood pressures were
significantly reduced by felodipine administered at the dose of
5 mg once-daily. This treatment reduced the supine blood pres-
sure from 27 to 21 mmHg (P-value < 0.0001) and the standing
blood pressure from 25 to 19 mmHg (P-value < 0.0001). Of 56
treated patients 54 (96%) achieved the diastolic blood pressure
of < 90 mmHg. The treatment was discontinued in 6 patients
because of headaches and this adverse-effect was not reported
in the remaining 50 patients who completed the study. Felodip-
ine administered at the dose of 5 mg once-daily effectively
lowered the blood pressure in patients with mild to moderate
hypertension [13]. The effects of felodipine on blood pressure
and on heart activity were studied in 10 male hypertensive pa-
tients, aged 25 to 62 years, and felodipine was administered at
the dose of 10 mg twice-daily for 8 weeks. The diastolic blood
pressure was reduced in supine and in upright positions where-
as the systolic blood pressure was reduced only in upright posi-
tion. During dynamic exercise the blood pressure was reduced.
The heart rate was unchanged in supine position and it was
decreased in upright position. [14]. The effects of felodipine on
blood pressure and on heart activity were studied in 600 hyper-
tensive patients who received felodipine at the daily dose of 10
mg. The diastolic blood pressure was decreased and ranged
from 90 to 94 mmHg in 86 patients (11%), from 80 to 89
mmHg in 186 patients (31%), from 80 to 84 mmHg in 180
patients (30%) and it was < 80 mmHg in 148 patients (25%).
The overall blood pressure fell from 175/103 to 137/83 mmHg
(P-value < 0.001). Felodipine decreased the dimension of the
left ventricle from 0.4% to 0.8% (P-value < 0.0001) and the
greatest decrease was observed in patients with lower diastolic
blood pressure. The function of the left ventricle improved by
0.8% (P-value < 0.0001) and the improvement was depending
on diastolic blood pressure fall and the cardiac output de-
creased by 2.4% (P-value < 0.0001). The wall of the left ven-
tricle and the total peripheral resistance fell by 18% and 14%,
respectively (P-value < 0.0001). The aortic root distensibility
was reduced by 55% (P-value < 0.0001). It is concluded that
felodipine, administered at the daily dose of 10 mg, reduces the
systolic and diastolic blood pressures and improves the cardio-
vascular structure and function which are directly related to the
diastolic blood pressure levels [15]. The effects of felodipine
on blood pressure and on heart activity were studied in 450
hypertensive male patients who received felodipine at the dose
of 5 mg twice-daily (N = 250) or placebo (N = 200) and the
treatments lasted 18 months. Patients had cardiac dysfunction
and impaired exercise performance. Felodipine significantly
lowered the blood pressure (P-value < 0.001), and after 3
months of treatment, the ejection fraction was increased by
2.1% with felodipine and by 0.1% with placebo. Therefore,
felodipine increased the ejection fraction more effectively than
placebo (P-value = 0.001). Felodipine, administered at the dose
of 5 mg twice-daily, is more efficacious than placebo in reduc-

ing the blood pressure and 1 1mproving the cardiac function
[16]. It was compared the antihypertensive efficacy of felodip-
ine to that of the diuretic combination hydrochlorothiazide/tri-
amterene in a group of 65 elderly hypertensive patients aged >
70 years with a blood pressure > 160/95 mmHg. It was also
assessed the ambulatory blood pressure at morning and the
changes in the metabolic parameters caused by felodipine or by
hydrochlorothiazide/triamterene. After 6 months of treatment,
the ambulatory blood pressure was controlled in 62% of pa-
tients who received felodipine and in 74% of patients who re-
ceived hydrochlorothiazide/triamterene (P-value = 0.4). Felo-
dipine reduced the episodes of ischemic type ST-segment
depression from 49 to 9 (P-value < 0.001) whereas hydrochlo-
rothiazide/triamterene reduced these episodes from 24 to only
21 (P-value = 0.5). Both felodipine and hydrochlorothiazide/
triamterene decreased the left ventricle wall thickness (P-value
< 0.05) whereas the decline in the mass of the left ventricle
muscle was significant (P-value < 0.05) only with felodipine.
Felodipine did not induce any change in metabolic parameters
whereas hydrochlorothiazide/triamterene significantly (P-val-
ue < 0.05) increased the concentration of serum creatinine and
uric acid, the plasma concentration of prorenin, and the plasma
activity of renin. Therefore felodipine and hydrochlorothia-
zide/triamterene have similar antihypertensive efficacy, both
felodipine and hydrochlorothiazide/triamterene decrease the
left ventricular wall thickness, felodipine but not hydrochloro-
thiazide/triamterene reduces the episodes of ischemic type ST-
segment depression, and hydrochlorothiazide/triamterene but
not felodipine alters metabolic parameters [17]. It was com-
pared the efficacy of felodipine to that of minoxidil in manage-
ment of severe hypertension in a group of 17 men. Satisfactory
control of blood pressure was achieved in patients who re-
ceived felodipine or minoxidil. The blood systolic and diastolic
blood pressures were 150+19 and 88+8 mmHg, respectively, in
patients who received felodipine and they were 148423 and
87+11 mmHg, respectively, in patients who received minoxi-
dil. The supine heart rate was lower (P-value < 0.05) in patients
who received felodipine than in patients who received minoxi-
dil. Therefore, felodipine raises the plasma enzymes (P-value <
0.001) whereas minoxidil does not. Felodipine is effective as
minoxidil in lowering the systolic and diastolic blood pressures
whereas felodipine is more efficacious than minoxidil in reduc-
ing the supine heart rate. Furthermore, felodipine but not min-
oxidil raises plasma enzymes [18]. It was compared the antihy-
pertensive efficacy of felodipine-metoprolol to that of enalapril
in 32 hypertensive patients. After 8 weeks of treatment, the
average reduction of diastolic blood pressure was significantly
greater (P-value < 0.05) in patients who received felodipine-
metoprolol than in patients who received enalapril. The cost of
treatment (costs of drugs and physician visits) was somewhat
higher (P-value < 0.05) in patients who received felodipine-
metoprolol. After 16 weeks of treatment, the diastolic blood
pressure was decreased by an extra 4.8 mmHg in patients treat-
ed with felodipine-metoprolol and an additional 22% of pa-
tients treated with felodipine-metoprolol reached target dia-
stolic blood pressure. In conclusion, felodipine-metoprolol is
more efficacious than enalapril in lowering the diastolic blood
pressure and the cost of treatment is higher in patients who re-
ceived felodipine-metoprolol [19]. It was investigated the ef-
fects of amlodipine or those of felodipine or those of isradipine
on the blood pressure in 73 males and 45 females aged 45+10
years and weighing 67+10 kg with diastolic blood pressure of
95 to 115 mmHg. Amlodipine was administered to 41 patients,
felodipine was administered to 38 patients, and isradipine was

3



ijclinmedcasereports.com

Volume 50- Issue 4

administered to 39 patients and the treatment with these drugs
lasted 8 weeks. The mean seated systolic and diastolic blood
pressures lowered by 23 and 17 mmHg, respectively, in pa-
tients treated with amlodipine, they lowered by 30 and 17
mmHg, respectively, in patients treated with felodipine, and
they lowered by 20 and 15 mmHg, respectively, in patients
treated with isradipine and these reductions were statistically
significant. The blood pressure was controlled (defined as dia-
stolic pressure < 90 mmHg or decreased from baseline of > 10
mmHg) in 85%, 74%, and 74% of patients who received amlo-
dipine, felodipine, and isradipine, respectively. These drugs
did not change the heart rate but mild adverse-effects including
headaches, flushing, tachycardia, dizziness, and oedema, were
reported in 1 patient (2%) who received amlodipine, in 6 pa-
tients (16%) who received felodipine, and in 5 patients (13%)
who received isradipine. Therefore amlodipine, felodipine, and
isradipine effectively lower the blood pressure in patients with
mild to moderate hypertension and the adverse-effects occur in
higher frequency in patients treated with felodipine and isra-
dipine than in patients treated with amlodipine [20]. It was
compared the efficacy of isradipine to that of felodipine in low-
ering the systolic and diastolic blood pressures in 143 patients
with mild to moderate hypertension. Patients were randomized
to receive either isradipine (N = 72) or felodipine (N = 71) and
both drugs were administered at the dose of 2.5 mg twice-daily
for 12 weeks. The systolic and diastolic blood pressures were
165+13 and 1046 mmHg, respectively, at baseline. Isradipine
lowered the systolic and diastolic blood pressures to 144+13
and 88+8 mmHg (P-value < 0.001), respectively, and felodip-
ine lowered the systolic and diastolic blood pressures to 150£19
and 92+9 mmHg (P-value < 0.001), respectively. The adverse-
effects such as headache, flushing, dizziness and tachycardia
occurred with similar rate in patients treated with these two
drugs. However, the ankle oedema occurred in 14% of patients
treated with isradipine and in 30% of patients treated with felo-
dipine (P-value < 0.028). Therefore isradipine and felodipine
effectively lower the systolic and diastolic blood pressures, the
rate of adverse-effects is similar with these drugs, but the rate
of ankle oedema is lower in patients treated with isradipine
than in patients treated with felodipine [21].

Trials conducted with felodipine in hypertensive patients

Six studies have been reported on the trials conducted with
felodipine in hypertensive patients. A prospective, multicen-
tre, double-blind, randomized, placebo-controlled trial was
conducted in 9,800 hypertensive patients of either sex, aged
50-79 years, with one or two additional cardiovascular risk
factors or disease. In these patients, the systolic blood pres-
sure ranged from 140 to 180 mmHg and the diastolic blood
pressure ranged from 90 to 100 mmHg. A 57.7% of patients
received a low dose of hydrochlorothiazide-felodipine and
42.3% of patients received a low dose hydrochlorothiazide-
placebo and patients were followed at 3 month interval for an
average of 40 months. In patients treated with hydrochlorothi-
azide-felodipine, the blood pressure lowered from 154.2/91.0
to 137.3/82.5 mmHg (P-value < 0.01) and in patients treated
with hydrochlorothiazide-placebo the blood pressure low-
ered from 154.4/91.3 to 142.5/85.0 mmHg (P-value < 0.05).
In patients treated with hydrochlorothiazide-felodipine, the
primary endpoint (fatal and non-fatal stroke) was reduced by
27% (P-value = 0.001). Among secondary endpoints, the rate
of all cardiovascular events was reduced by 27% (P-value <
0.001), that of death by any cause was reduced by 31% (P-
value = 0.006), that of coronary events was reduced by 32%

(P-value = 0.024), that of heart failure was reduced by 30%
(P-value = 0.239), that of cardiovascular death was reduced by
33% (P-value = 0.019), and that of cancer was reduced by 36%
(P-value = 0.017). The treatments with hydrochlorothiazide-
felodipine and with hydrochlorothiazide-placebo were well-
tolerated. Therefore, hydrochlorothiazide-felodipine is associ-
ated with substantial reduction in the incidence of most types
of cardiovascular events and lowers the blood pressure more
effectively than hydrochlorothiazide-placebo. Furthermore,
hydrochlorothiazide-felodipine reduces the rate of cardiovas-
cular death, that of death by any cause, and that of cancer [22].
A randomized, double-blind, parallel-group, multicentre, clini-
cal trial compared the efficacy of extended-release felodipine
administered at the daily dose of 2.5, or 5, or 10 mg to that of
placebo in lowering the blood pressure and in assessing the
effects on heart. The trial included 171 patients with average
age of 66.7 years and the treatments lasted 52 weeks. The sys-
tolic and diastolic blood pressures were 137+11.7 and 80+6
mmHg, respectively, in patients treated with extended-release
felodipine and they were 147451 and 83+7 mmHg, respec-
tively, in patients treated with placebo and both the systolic
and diastolic blood pressures were higher (P-value = 0.01) in
patients treated with placebo. The incidence of left ventricle
hypertrophy was 7% with extended-release felodipine and was
24% with placebo (P-value < 0.04) and the quality of life was
higher (P-value < 0.001) in patients treated with extended-
release felodipine. There were no clinically significant dif-
ferences between treatments in tolerability or adverse-effects.
Therefore, extended-release felodipine reduces the systolic
and diastolic blood pressures, reduces the incidence of left
ventricular hypertrophy, and improves the quality of life more
effectively than placebo [23]. A clinical trial compared the ef-
ficacy of felodipine extended-release to that of the diuretic
combination triamterene/hydrochlorothiazide in lowering the
blood pressure in 216 hypertensive patients (86 men and 130
women), aged 60 to 85 years, with a systolic blood pressure of
160 mmHg or a systolic and diastolic blood pressures > 140
and > 90 mmHg, respectively. Felodipine extended-release
was administered at the daily dose of 2.5 mg and triamterene/
hydrochlorothiazide was administered at the daily dose of
25/12.5 mg and the treatments lasted 8 weeks. The mean seated
blood pressure lowered from 168/91 to 151/84 mmHg (P-value
<0.05) in patients treated with felodipine extended-release and
it was lowered from 168/92 to 147/84 mmHg (P-value < 0.05)
in patients treated with triamterene/hydrochlorothiazide. The
clinical chemistry measurements taken before treatment and at
the end of the study showed that more patients who received
triamterene/hydrochlorothiazide developed abnormal values of
blood urea nitrogen, uric acid, and creatinine. The incidence of
adverse-effects was similar in both treatments, but 9 patients
treated with felodipine extended-release and 3 patients treated
with triamterene/hydrochlorothiazide discontinued treatment
owing to an adverse-effect. Therefore, felodipine extended-
release is effective as triamterene/hydrochlorothiazide in low-
ering the blood pressure but more patients treated with felo-
dipine extended-release discontinue the treatment owing an
adverse-effect. Furthermore, triamterene/hydrochlorothiazide
alters clinical chemistry tests values [24]. A randomised, dou-
ble-blind trial compared the efficacy and tolerability of felo-
dipine administered at the daily dose of 5 to 20 mg to those of
metoprolol administered at the daily dose of 50 to 200 mg or to
their combination in 21 patients (13 men and 8 women) with a
median age of 71 years (range, 29 to 85). Felodipine lowered
the systolic and diastolic blood pressures by 40 and 20 mmHg,

4



ijclinmedcasereports.com

Volume 50- Issue 4

respectively, and metoprolol lowered the systolic and diastolic
blood pressures by 15 and 9 mmHg, respectively. At 12 hours
postdose, felodipine lowered the supine systolic blood pres-
sure by 17 mmHg (P-value < 0.001) whereas no significant
effect was observed with metoprolol and the combination of
two drugs had an additive effect on lowering the systolic and
diastolic blood pressures. Four patients treated with felodipine
discontinued the treatment because the adverse-effects and 6
patients treated with felodipine or with felodipine plus meto-
prolol required dosage reductions. Therefore in hypertensive
elderly patients felodipine effectively lowers the blood pressure
but causes some adverse-effects whereas metoprolol is better
tolerated than felodipine but is less efficacious than felodipine
in lowering the blood pressure. The combination of felodipine
plus metoprolol has an additive effect in lowering the blood
pressure without causing adverse-effects [25]. In an open trial,
the antihypertensive efficacy of felodipine and its effects on
lipid metabolism were investigated in 117 Nordic patients with
mild to moderate hypertension and hyperlipidaemia. After a
treatment of 24 weeks, the mean blood pressure of 157/100
mmHg dropped to 145/92 mmHg in supine position (P-val-
ue < 0.01) and to 145/96 mmHg in erect position (P-value <
0.01). No relevant differences were seen in the pulse rate. The
concentration of total cholesterol and triglycerides remained
unchanged, whereas the concentration of HDL-cholesterol
increased from 1.30 mmol/l to 1.33 mmol/l (P-value < 0.02).
The concentration of LDL and VLDL-cholesterol, apolipopro-
tein A1, and apolipoprotein B remained unchanged during the
treatment. Therefore, felodipine lowers the blood pressure in
hypertensive patients and proves to possess positive effects on
lipid metabolism [26]. In an open trial, the antihypertensive
efficacy of felodipine and its effects on lipid metabolism were
investigated in 117 Nordic patients with mild to moderate hy-
pertension and hyperlipidaecmia. After 24 weeks of treatment,
the mean blood pressure of 157/100 mmHg dropped to 145/92
mmHg in supine position (P-value < 0.01) and to 145/96
mmHg in erect position (P-value < 0.01). No relevant differ-

ences were seen 1n the pulse rate. The concentration of total
cholesterol and triglycerides remained unchanged, whereas the
concentration of HDL-cholesterol increased significantly from
1.30 mmol/l to 1.33 mmol/l (P-value < 0.02). The concentra-
tion of LDL- and VLDL-cholesterol, apolipoprotein A1 and
apolipoprotein B remained unchanged during the 24-weeks of
treatment. Therefore, felodipine lowers the blood pressure in
hypertensive patients and proves to possess positive effects on
lipid metabolism [27].

Metabolism of felodipine

Eriksson et al. [28] studied the metabolism of felodipine in
liver microsomes from rats, dogs, and humans. The bioavail-
ability of an oral dose of felodipine is about 15% because of
high presystemic first-pass metabolism. Oxidation of the dihy-
dropyridine ring to the corresponding achiral, pharmacologi-
cally inactive, pyridine metabolite is the predominant meta-
bolic step. The metabolism of felodipine is catalysed by the
cytochrome CYP3A4. The metabolic rate of (R)-felodipine
and (S)-felodipine was compared in human liver microsomes
and the (R)-enantiomer is metabolized more readily than (S)-
felodipine. The mean value of Km is lower for (R)-felodipine,
while the Vmax values of two enantiomers are similar. The in-
trinsic clearance, defined as the ratio of Vmax to Km, is about
two-times higher for (R)-felodipine. In humans, the bioavail-
ability of (S)-felodipine is about two-times higher than that of
(R)-felodipine.

Pharmacokinetics of felodipine

Blychert et al. [29] studied the pharmacokinetics of felodip-
ine in 140 individuals, aged 20 to 80 years, of which 67 were
hypertensive patients and 73 were healthy subjects. The num-
ber of men was 126 and the number of women was 14. The
healthy subjects did not receive any medication whereas the
majority of hypertensive patients received other antihyperten-
sive drugs. Twelve patients took a diuretic, 11 patients took
a B-adrenoceptor antagonist, and 21 patients took a combina-

Table 1: Characteristics of the subjects and patients included in the study. Values are
the mean+SD by Blychert et al. [29].

Age range (years) | Number of subjects | Age (years) | Body weight (Kg) | Body mass index | Number of
and patients (Kg/m™) subjects/patients
20 to 80 140 43+19 79+13 25+4 73/67
20 to 39 70 26+4 7648 2312 64/6
40to 59 30 52+6 88+15 28+4 0730
60 to 80 40 68+6 7745 27+4 9/31

Table 2: Pharmacokinetic parameters of felodipine which have been obtained in subjects
and patients included in the study. Values are the mean—+SD, by Blychert et al. [29].

Age (years) Tmax (h) | Peak concen- | Cmin Vss AUC Half-life | Bioavailability | Clearance
tration (nM) (nM) (L/kg) | (nM*h) (h) (%) (ml/min)
All subjects | N =140 N=140 N=140 | N=42 | N=140 N=1I8 N=42 N=42
and patients | 1.4+0.7 23.1+11.4 5.043.6 | 9.243.2 | 100.9£53.2 | 23.1+10.4 | 14.5+£7.5 6554285
20 to 39 N=70 N=70 N=70 [N=17 [N=70 N =351 N=17 N=17
1.5+0.8 19.149.0 32417 | 9.943.4 | 74.6+34.2 | 18.4+10.1 | 13.64+9.0 8214325
40 to 50 N=30 N=30 N=30 [N=12 [N=30 N=28 N=12 N=12
1.240.6 23.3+10.1 6.143.4 | 9.3£3.9 | 110.2+455.3 | 23.848.5 | 13.9+6.2 644+145
60 to 80 N=40 N=40 N=40 [N=13 [N=40 N=39 N=13 N=13
1.5+0.6 30.0+12.9 7.3+4.5 | 8.6+2.7 | 140.1£53.7 | 28.749.3 | 16.3+6.5 448+176

Tmax = time to each the peak concentration; Cmin = trough concentration; Vss = Distribution volume at the steady-state; AUC =
area under the concentration-time curve.
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tion of diuretic plus a f-adrenoceptor antagonist. Forty-four of
subjects/patients received felodipine orally at the dose of 5 mg
twice-daily and the remaining 96 subjects/patients received
felodipine orally at the dose of 10 mg twice-daily and the dura-
tion of treatment varied from 6 to 30 days. Table 1 provides
the characteristics of the subjects and patients included in the
study and table 2 summarizes the pharmacokinetic parameters
of felodipine.

Table 2 shows that felodipine is rapidly absorbed as the time to
reach the peak concentration is about 1.5 hours and is similar
in subjects and patients with different age intervals. The peak
concentration of felodipine ranges from 19.1 to 30.0 nM and
increases with the age interval of subjects and patients includ-
ed in the study. The trough concentration of felodipine ranges
from 3.2 to 7.3 nM and increases with the age interval of sub-
jects and patents included in the study. The distribution volume
of felodipine ranges from 8.6 to 9.9 L/kg suggesting that the
distribution volume of felodipine is lower than the water vol-
ume and the distribution volume of felodipine lowers with the
age interval of subjects and patients included in the study. The
area under the concentration-time curve of felodipine ranges
from 74.6 to 140.1 nM*h and increases with the age interval
of subjects and patients included in the study. The elimination
half-life of felodipine ranges from 18.4 to 28.7 hours suggest-
ing that felodipine is rapidly eliminated and the elimination
half-life of felodipine increases with the age interval of sub-
jects and patients included in the study. The bioavailability of
felodipine ranges from 13.6% to 16.3% suggesting that felo-
dipine undergoes a presystemic first-pass metabolism and the
bioavailability of felodipine increases with the age interval of
subjects and patients included in the study. The clearance of
felodipine ranges from 448 to 821 ml/min suggesting that felo-
dipine is rapidly cleared from the body and the clearance of
felodipine lowers with the age interval of subjects and patients
included in the study. These results indicate that the elimina-
tion and the clearance of felodipine decrease with the age of
subjects and patients. Furthermore, there is a remarkable inter-
individual variability in the pharmacokinetic parameters and
this variability is accounted by a wide variation in the vital data
of subjects and patients included in the study, by the disease of
patients, and by the drugs token by patients.

Interaction of felodipine with drugs or with grapefruit juice
Four studies have been reported on the interaction of felodip-
ine with drugs or with grapefruit juice. A 13-year-old boy with
renal dysplasia received tacrolimus at the dose of 4 mg twice-
daily and the plasma trough concentration of tacrolimus was
16.2 ng/ml. After receiving felodipine at the daily dose of 5 mg
the plasma trough concentration of tacrolimus became higher
than 30 ng/ml [30]. Enalapril and felodipine were co-adminis-
tered at the dose of 5 mg twice-daily for 6 days to 12 healthy
subjects. Enalapril increased the area under the concentration-
time curve and the plasma peak concentration of felodipine
whereas felodipine did not alter the pharmacokinetic param-
eters of enalapril. Therefore, enalapril co-administered with
felodipine affects the pharmacokinetics of felodipine whereas
felodipine does not alter the pharmacokinetics of enalapril
[31]. Coffee (2x300ml) was co-administered with felodipine
at the daily dose of 10 mg to middle-age normotensive sub-
jects and this co-administration lasted 2 days. After ingestion
of coffee the diastolic pressure increased (P-value < 0.001) and
the systolic pressure increased (P-value < 0.001). Therefore,
coffee hinders the antihypertensive effect of felodipine [32].

Felodipine extended-release was administered at the daily dose
of 10 mg and 240 ml of Seville orange juice or grapefruit juice
were ingested. The area under the concentration-time curve
of felodipine increased by 76% and by 93% after the inges-
tion of Seville orange juice or grapefruit juice, respectively.
The increase of the area under the concentration-time curve
of felodipine caused by Seville orange juice or by grapefruit
juice was due to the inhibition of CYP3A4. Therefore, Seville
orange juice and grapefruit juice interact with felodipine by
a common mechanism which is the inactivation of intestinal
and hepatic CYP3A4 [33]. Felodipine is completely absorbed
from the gastrointestinal tract following oral administration.
However, felodipine undergoes a high presystemic first-pass
metabolism resulting in low absolute bioavailability averaging
to 15%. Both the gut wall and the liver appear responsible for
presystemic elimination of felodipine and CYP3A4 is the cy-
tochrome which metabolizes felodipine. Grapefruit juice selec-
tively inactivates CYP3A4 in apical enterocytes and elevates
the peak plasma concentration of felodipine. The interaction
of felodipine with grapefruit juice results from the inactiva-
tion of CYP3A4 with consequent inhibition of presystemic
metabolism of felodipine Therefore, grapefruit juice increases
the peak plasma concentration of felodipine [34].

Toxicity induced by felodipine

Felodipine is a safe drug and only one study has been reported
on the toxicity induced by felodipine and the toxicity caused by
felodipine was due to an overdose of felodipine. A 54-year-old-
man was admitted to hospital within 4 hours of taking an over-
dose of felodipine tablets of approximately 250 mg. The initial
management comprised fluid resuscitation, calcium chloride
and glucagon. He remained hypotensive and the hypotension
persisted with the development of progressive metabolic aci-
dosis despite increasing inotropic support, hemofiltration, and
high dose insulin-dextrose infusions but the patient died 60
hours after the ingestion of the overdose [35].

Discussion

Felodipine, a dihydropyridine, is a multiple Ca?>" channel
blocker approved for clinical use and is generally administered
by oral route [1]. The efficacy and safely of felodipine have
been reviewed. Felodipine administered at the daily dose of 5
to 10 mg for 5 weeks to hypertensive patients effectively low-
ered the systolic and diastolic blood pressures and was found to
be safe and well-tolerated [2], amlodipine and felodipine were
administered at the daily dose of 5 and 10 mg, respectively, for
6 months to hypertensive patients and the blood pressure was
decreased in 87% of patients treated with amlodipine and in
33% of patients treated with felodipine. Amlodipine and felo-
dipine effectively and safely lowered the blood pressure but
amlodipine was more efficacious than felodipine in lowering
the blood pressure [3], nifedipine and felodipine were adminis-
tered at the daily dose of 30 mg and 5 mg, respectively, for 6
weeks to hypertensive patients who did not react adequately to
5 mg of nifedipine. Nifedipine and felodipine effectively and
safely lowered the blood pressure in more than 90% of patients
who did not respond adequately to 5 mg of nifedipine [4], felo-
dipine administered at the daily dose of 10 mg for 8 weeks to
patients with congestive heart failure effectively increased the
cardiac output and the stroke volume, decreased the systemic
vascular resistance and the oxygen consummation and this
treatment was found to be safe and well-tolerated [5], felodip-
ine was administered at the daily dose of 5 to 10 mg for 8
weeks to patients with heart failure. One hour after felodipine
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administration, the echocardiographic ejection fraction and the
cardiac index were increased whereas the pulmonary wedge
pressure was decreased. Therefore, felodipine affectively and
safely treated patients with heart failure [6], felodipine was ad-
ministered at the dose of 10 mg twice-daily for 3 weeks to pa-
tients with chronic congestive heart failure and this treatment
lowered the arterial pressure and the systemic vascular resis-
tance and increased the stroke volume and the cardiac index.
Therefore, felodipine affectively and safely improves the hae-
modynamic function in patients with chronic congestive heart
failure [7], patients with mild to moderate hypertension re-
ceived either felodipine extended-release or amlodipine and
the initial dose of both drugs was 5 mg daily. After 2 weeks of
treatment the dose of both drugs was increased to 10 mg daily
in patients who’s the diastolic blood pressure was > 90 mmHg.
Felodipine extended-release and amlodipine lowered the sys-
tolic and diastolic blood pressures and the treatment with these
drugs was found to be safe and well-tolerated [8], hypertensive
patients received the combination of 5 mg daily of enalapril
plus 2.5 mg daily of felodipine extended-release and the dose
of enalapril and felodipine extended-release was increased to
10 mg daily if the diastolic blood pressure was > 90 mmHg.
The combination of enalapril plus felodipine extended-release
lowered the systolic and diastolic blood pressures in 81% of
patients and this combination was found to be safe and well-
tolerated [9], hypertensive patients received either felodipine
or nitrendipine at the initial dose of 10 mg once-daily and the
dose of both drugs was increased to 20 mg once-daily or to 20
mg twice-daily if the seating diastolic blood pressure was > 90
mmHg 24 hours after the previous dose. Felodipine was found
more efficacious than nitrendipine in lowering the blood pres-
sure and booth drugs were found safe and well-tolerated [10],
patients with mild to moderate hypertension received either
barnidipine or felodipine at the dose of 5 mg once-daily and the
dose of both drugs was increases to 10 or 15 mg once-daily if
the blood pressure was not properly lowered. Barnidipine and
felodipine lowered the systolic and diastolic blood pressures in
> 68% of patients. Felodipine and barnidipine were similarly
efficacious in lowering the systolic and diastolic blood pres-
sures [11]. The treatment of hypertensive patients with felodip-
ine has been reviewed. Emfeldt D, Hedner T, and Westerling S
reviewed the dosing and the adverse-effects of felodipine in
hypertensive patients. The antihypertensive effect of felodipine
is dose related. A dose of felodipine of 5 mg twice-daily is usu-
ally sufficient to treat patients with mild to moderate hyperten-
sion and a dose of 10 mg twice-daily is not often required.
Felodipine is generally well-tolerated and the most common
adverse-effects are ankle swelling, headache, and dizziness and
these adverse-effects are transient or diminish in intensity with
continued treatment [12], a dose of felodipine of 5 mg once-
daily reduced significantly the supine and standing blood pres-
sures in patients with mild to moderate hypertension. Of 56
treated patients 54 (96%) achieved the diastolic blood pressure
<90 mmHg. This treatment was discontinued in only 6 of 56
patients (11%) because headache. Felodipine administered at
the dose of 5 mg once-daily effectively lowered the blood pres-
sure in patients with mild to moderate hypertension [13], the
effects of felodipine on blood pressure and on heart activity
were studied in male hypertensive patients. A dose of felodip-
ine of 10 mg twice-daily was administered for 8 weeks to hy-
pertensive patients with heart failure. The diastolic blood pres-
sure was lowered in supine and upright positions whereas the
systolic blood pressure was lowered only in upright position.
During dynamic exercise the blood pressure was lowered. The

heart rate was unchanged 1n supine position and 1t was de-
creased in upright position [14], the effects of felodipine on
blood pressure and on heart activity were studied in hyperten-
sive patients who received felodipine at the daily dose of 10
mg. The diastolic blood pressure lowered and the overall blood
pressure fell from 175/103 to 137/83 mmHg (P-value < 0.001).
This treatment significantly decreased the dimension of the left
ventricle and the greatest decrease was observed in patients
with lower diastolic blood pressure. The function of the left
ventricle significantly improved, the improvement was de-
pending on diastolic blood pressure fall, and the cardiac output
significantly decreased. The wall of the left ventricle, the total
peripheral resistance, and the aortic root distensibility were
significantly reduced. Felodipine administered at the daily
dose of 10 mg lowers the systolic and diastolic blood pressures
and improves the cardiovascular structure and function which
are directly related to the diastolic blood pressure [15], The ef-
fects of felodipine on blood pressure and on heart activity were
studied in hypertensive male patients who received felodipine
at the dose of 5 mg twice-daily or placebo and the treatments
lasted 18 months. Patients had cardiac dysfunction and im-
paired exercise performance. Felodipine significantly lowered
the blood pressure, and after 3 months of treatment, the ejec-
tion fraction was increased by 2.1% in patients treated with
felodipine and by 0.1% in patients who received placebo
Therefore, felodipine increased the ejection fraction more ef-
fectively than placebo (P-value = 0.001). Felodipine adminis-
tered at the dose of 5 mg twice-daily is more effective than
placebo in lowering the blood pressure and in improving the
cardiac function [16], the antihypertensive efficacy of felodip-
ine was compared to that of diuretic combination hydrochloro-
thiazide/triamterene in elderly hypertensive patients whose
blood pressure was > 160/95 mmHg. It was also assessed the
ambulatory blood pressure at morning and the changes in met-
abolic parameters caused by felodipine or by hydrochlorothia-
zide/triamterene. After 6 months of treatment, the control of
ambulatory blood pressure was similar in patients who re-
ceived felodipine and in those who received hydrochlorothia-
zide/triamterene. Felodipine significantly reduced the episodes
of ischemic type ST-segment depression whereas hydrochloro-
thiazide/triamterene did not. The decrease of the left ventricu-
lar wall thickness was significantly reduced by both felodipine
and hydrochlorothiazide/triamterene whereas the decline in the
ventricular mass was reduced by only by felodipine. Felodip-
ine did not induce any change in metabolic parameters whereas
hydrochlorothiazide/triamterene significantly increased the
concentration of serum creatinine and uric acid, the plasma
concentration of prorenin, and the plasma activity of renin.
Therefore, felodipine and hydrochlorothiazide/triamterene
have similar antihypertensive efficacy, both felodipine and hy-
drochlorothiazide/triamterene decrease of the left ventricular
wall thickness, felodipine but hydrochlorothiazide/triamterene
reduces the episodes of ischemic type ST-segment depression,
and hydrochlorothiazide/triamterene but not felodipine alters
metabolic parameters [17], it was compared the efficacy of
felodipine to that of minoxidil in management of severe hyper-
tension in 17 men. Felodipine and minoxidil were similarly ef-
ficacious in controlling the blood pressure in hypertensive
male patients and the supine heart rate was significantly low-
ered in patients who received felodipine than in patients who
received minoxidil. Felodipine raised the plasma enzymes
whereas minoxidil did not. Therefore, felodipine is effective as
minoxidil in lowering the blood pressure, felodipine is more
efficacious than minoxidil in reducing the supine heart rate,
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and felodipine but not minoxidil rises plasma enzymes [ 18], 1t
was compared the antihypertensive efficacy of felodipine-
metoprolol to that of enalapril in hypertensive patients. After 8
weeks of treatment, the reduction of diastolic blood pressure
was significantly greater in patients who received felodipine-
metoprolol and the cost of treatment was significantly higher in
patients who received felodipine-metoprolol. After 16 weeks
of treatment, the diastolic blood pressure was decreased by an
extra 4.8 mmHg in patients treated with felodipine-metoprolol
and an additional 22% of patients treated with felodipine-
metoprolol reached target diastolic blood pressure. Therefore,
felodipine-metoprolol is more efficacious than enalapril in
lowering the diastolic blood pressure and the cost of treatment
is higher in patients who received felodipine-metoprolol [19],
it was investigated the effects of amlodipine or those of felo-
dipine or those of isradipine in patients with diastolic blood
pressure of 95 to 115 mmHg. The seated systolic and diastolic
blood pressures were significantly lowered with these three
drugs. The treatment with amlodipine or with felodipine or
with isradipine was well-tolerated, did not change the heart
rate, but mild adverse-effects were reported in 1 patient treated
with amlodipine, in 6 patients treated with felodipine, and in 5
patients treated with isradipine. Therefore, amlodipine, felo-
dipine, and isradipine effectively lower the blood pressure but
felodipine and isradipine induce more adverse-effects than am-
lodipine [20], it was compared the efficacy of isradipine to that
of felodipine in lowering the systolic and diastolic blood pres-
sures in patients with mild to moderate hypertension. Isradip-
ine and felodipine were administered at the dose of 2.5 mg
twice-daily and the systolic and diastolic blood pressures were
significantly lowered with these drugs. Similar incidence of
headache, flushing, dizziness, and tachycardia was reported
with both drugs. However, the incidence of ankle oedema is
lower in patients treated with isradipine than in patients treated
with felodipine. Therefore, isradipine and felodipine lower the
systolic and diastolic blood pressures, both drugs cause similar
adverse-effects, but the incidence of ankle oedema is lower in
patients treated with isradipine than in patients treated with
felodipine [21]. The trials conducted with felodipine in hyper-
tensive patients have been reviewed. A prospective, multicen-
tre, double-blind, randomized, placebo-controlled trial was
conducted in hypertensive patients with one or two additional
cardiovascular risk factors or disease whose systolic blood
pressure ranged from 140 to 180 mmHg and the diastolic blood
pressure ranged from 90 to 100 mmHg. A 57.7% of patients
received a low dose of hydrochlorothiazide-felodipine and
42.3% of patients received a low dose hydrochlorothiazide-
placebo. The blood pressure lowered from 154.2/91.0 to
137.3/82.5 mmHg (P-value < 0.01) in patients treated with
hydrochlorothiazide-felodipine and lowered from 154.4/91.3
to 142.5/85.0 mmHg (P-value < 0.05) in patients treated with
hydrochlorothiazide-placebo. The rate of fatal and non-fatal
stroke, that of all cardiovascular events, that of death by any
cause, that of coronary events, that of heart failure, that of car-
diovascular death, and that of cancer significantly lowered in
patients treated with hydrochlorothiazide-felodipine. The treat-
ments with hydrochlorothiazide-felodipine and with hydro-
chlorothiazide-placebo were well-tolerated. Therefore, hydro-
chlorothiazide-felodipine causes a substantial reduction in the
incidence of most types of cardiovascular events and hydro-
chlorothiazide-felodipine lowers the blood pressure more ef-
fectively than hydrochlorothiazide-placebo. Furthermore, hy-
drochlorothiazide-felodipine reduces the rate of cardiovascular
death, that of death by any cause, and that of cancer [22], a

randomized, double-blind, parallel-group, multicentre, clinical
trial compared the efficacy of extended-release felodipine ad-
ministered at the daily dose of 2.5, or 5, or 10 mg to that of
placebo in lowering the blood pressure and assessing the ef-
fects on heart and the treatments lasted 52 weeks. The systolic
and diastolic blood pressures were 137+11.7 and 80+6 mmHg,
respectively, in patients treated with extended-release felodip-
ine and they were 147+£51 and 8347 mmHg, respectively, in
patients treated with placebo and both the systolic and diastolic
blood pressures were higher (P-value = 0.01) in patients treated
with placebo. The incidence of left ventricle hypertrophy was
significantly lower and the quality of life was significantly
higher in patients treated with extended-release felodipine and
the treatments with extended-release felodipine and with pla-
cebo were well-tolerated. Therefore, extended-release felodip-
ine lowers the systolic and diastolic blood pressures, reduces
the incidence of ventricle hypertrophy, and improves the qual-
ity more effectively than placebo [23], a clinical trial compared
the efficacy of felodipine extended-release to that of diuretic
combination triamterene/hydrochlorothiazide in lowering the
blood pressure in hypertensive patients who had the systolic
blood pressure of 160 mmHg or the systolic and diastolic blood
pressures were > 140 and > 90 mmHg, respectively. Felodipine
extended-release was administered at the daily dose of 2.5 mg
and triamterene/hydrochlorothiazide was administered at the
daily dose of 25/12.5 mg and the treatments lasted 8 weeks.
Felodipine extended-release lowered the mean seated blood
pressure from 168/91 to 151/84 mmHg (P-value < 0.05) and
triamterene/hydrochlorothiazide lowered the blood pressure
from 168/92 to 147/84 mmHg (P-value < 0.05). More patients
treated with triamterene/hydrochlorothiazide developed abnor-
mal values of blood urea nitrogen, uric acid, and creatinine.
The treatments with felodipine extended-release and with tri-
amterene/hydrochlorothiazide were well-tolerated but 9 pa-
tients treated with felodipine extended-release and 3 patients
treated with triamterene/hydrochlorothiazide discontinued the
treatment owing to adverse-effects. Therefore, felodipine ex-
tended-release and triamterene/hydrochlorothiazide effectively
lower the blood pressure, are well-tolerated, but more patients
treated with felodipine discontinued the treatment owing to
adverse-effects [24], a randomised, double-blind trial com-
pared the efficacy and tolerability of felodipine administered at
the daily dose of 5 to 20 mg to those of metoprolol adminis-
tered at the daily dose of 50 to 200 mg or to their combination.
Felodipine lowered the systolic and diastolic blood pressures
by 40 and 20 mmHg, respectively, and metoprolol lowered the
systolic and diastolic blood pressures by 15 and 9 mmHg, re-
spectively. At 12 hours postdose, felodipine reduced the supine
systolic blood pressure by 17 mmHg (P-value < 0.001) where-
as no significant effect was observed with metoprolol or with
the combination of two drugs. Four patients treated with felo-
dipine discontinued the treatment because the adverse-effects
and 6 patients treated with felodipine or with felodipine plus
metoprolol required reduction of dosage. Therefore, felodipine
effectively lowers the blood pressure but causes some adverse-
effects whereas metoprolol is better tolerated but is less effica-
cious than felodipine in lowering the blood pressure. The com-
bination of felodipine plus metoprolol has an additive effect in
lowering the blood pressure without causing adverse-effects
[25], an open trial assessed the antihypertensive efficacy of
felodipine and its effects on lipid metabolism in Nordic pa-
tients with mild to moderate hypertension and hyperlipidae-
mia. After a treatment of 24 weeks, the mean blood pressure of
157/100 mmHg dropped to 145/92 mmHg in supine position
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(P-value < 0.01) and to 145/96 mmHg 1n erect position (P-
value < 0.01). The concentration of total cholesterol and tri-
glycerides remained unchanged, whereas the concentration of
HDL-cholesterol increased significantly from 1.30 mmol/l to
1.33 mmol/l (P-value < 0.02). The concentration of LDL and
VLDL-cholesterol, apolipoprotein Al, and apolipoprotein B
remained unchanged during the treatment. Therefore, felodip-
ine lowers the blood pressure in hypertensive patients and
proves to possess positive effects on lipid metabolism [26], an
open trial assessed the antihypertensive efficacy of felodipine
and its effects on lipid metabolism in Nordic patients with mild
to moderate hypertension and hyperlipidaemia. After 24 weeks
of treatment, the mean blood pressure of 157/100 mmHg
dropped to 145/92 mmHg in supine position (P-value < 0.01)
and to 145/96 mmHg in erect position (P-value < 0.01). The
concentration of total cholesterol and triglycerides remained
unchanged, whereas the concentration of HDL-cholesterol in-
creased significantly from 1.30 mmol/l to 1.33 mmol/l (P-value
< 0.02). The concentration of LDL- and VLDL-cholesterol,
apolipoprotein Al and apolipoprotein B remained unchanged
during the 24-week treatment period. Therefore, felodipine
lowers the blood pressure in hypertensive patients and proves
to possess positive effects on lipid metabolism [27]. Eriksson
et al. [28] studied the metabolism of felodipine in liver micro-
somes from rats, dogs, and humans and after oral dosing the
bioavailability is about 15% because of high presystemic first-
pass metabolism caused by CYP3A4. Oxidation of the dihy-
dropyridine ring to the corresponding achiral, pharmacologi-
cally inactive, pyridine metabolite is the predominant
metabolic step. In human liver microsomes the (R)-enantiomer
is metabolized more readily than (S)-felodipine. The mean
value of Km is lower for (R)-felodipine, while the Vmax val-
ues of two enantiomers are similar. The intrinsic clearance, de-
fined as the ratio of Vmax to Km, is about two-times higher for
(R)-felodipine. In humans, the bioavailability of (S)-felodipine
is about two-times higher than that of (R)-felodipine. Blychert
et al. [29] studied the pharmacokinetics of felodipine in 140
subjects 67 were hypertensive patients and 73 were healthy
subjects and the patients token a diuretic (N = 12) or a
B-adrenoceptor antagonist (N = 11) or a combination of a di-
uretic plus a B-adrenoceptor antagonist (N = 21). Felodipine
was administered orally at the dose of 5 mg twice-daily to 44
subjects and patients or at a dose of 10 mg twice-daily to 96
subjects and patients and the treatment lasted 6 to 30 days.
Felodipine is rapidly absorbed as the time to reach the peak
concentration is about 1.5 hours and the bioavailability of felo-
dipine ranges from 13.6+9.0% to 16.3+6.5% and increases
with the age interval of the subjects and patients included in the
study Therefore, felodipine undergoes a presystemic first-pass
metabolism. The elimination half-life of felodipine is 18.4+10.1
hours in subjects and patients aged 29 to 39 years, is 23.8+8.5
hours in subjects and patients aged 40 to 50 years, and is
28.749.3 hours in subjects and patients aged 60 to 80 years
Therefore, the elimination half-life of felodipine increases with
the age interval of the subjects and patients included in the
study. The distribution volume of felodipine at the steady state
ranges from 9.9+3.4 to 8.6+2.7 L/kg and decreases with the
age interval of the subjects and patients included in the study
suggesting that the distribution volume of felodipine is lower
than the water volume. The clearance of felodipine ranges
from 448+176 to 821+£325 ml/min and decreases with the age
interval of the subjects and patients included in the study sug-
gesting that felodipine is rapidly cleared. These results indicate
that there is a remarkable interindividual variability in the

pharmacokinetic parameters of felodipine and this variability
is accounted by the wide variation in vital data of the patients
and subjects included in the study, by the diseases of patients,
and by the drugs token by patients. The interaction of felodip-
ine with drugs or with grapefruit juice has been reviewed. A 13
year-old boy with renal dysplasia received tacrolimus at the
dose of 4 mg twice-daily and the trough plasma concentration
of tacrolimus was 16.2 ng/ml and after receiving felodipine at
the daily dose of 5 mg the plasma trough concentration of ta-
crolimus became higher than 30 ng/ml [30], enalapril and felo-
dipine were co-administered at the dose of 5 mg twice-daily
and enalapril increased the area under the concentration-time
curve and the peak plasma concentration of felodipine whereas
felodipine did not alter the pharmacokinetic parameters of
enalapril [31], coffee (2x300 ml) was co-administered with
felodipine at the daily dose of 10 mg and after ingestion of cof-
fee the diastolic and systolic blood pressures significantly in-
creased Therefore, coffee hinders the antihypertensive effect of
felodipine [32], felodipine extended-release was administered
at the daily dose of 10 mg and 240 ml of Seville orange juice or
grapefruit juice were ingested. After the ingestion of Seville
orange juice or grapefruit juice the area under the concentra-
tion-time curve of felodipine increase by 76% and by 93%,
respectively. The increase of the area under the concentration-
time curve of felodipine is due to the inhibition of cytochrome
CYP3A4 [33], felodipine administered orally undergoes a high
presystemic first-pass metabolism and both the gut wall and the
liver are responsible for the presystemic elimination of felodip-
ine and the CYP3A4 is the cytochrome that metabolizes felo-
dipine. The interaction of felodipine with grapefruit juice re-
sults from the inactivation of CYP3A4 with consequent
inhibition of the presystemic metabolism of felodipine [34].
Felodipine is a safe drug and only one study has been reported
on the toxicity induced by felodipine and the toxicity caused by
felodipine was due to a felodipine overdose. A 54 year-old-
man ingested approximately 250 mg of felodipine and he was
admitted to hospital within 4 hours after taking the overdose.
This man underwent resuscitation but remained hypotensive
and 60 hours after the ingestion of felodipine overdose he died
[35].

Conclusion

Felodipine, a dihydropyridine, is a multiple Ca** channel
blocker approved for clinical use and felodipine is generally
administered by oral route. Following oral administration,
felodipine undergoes a presystemic first-pass metabolism be-
ing metabolized by CYP3A4. The bioavailability of felodipine
is about 15% and is reduced by inducers of CYP3A4 and is
increased by inhibitors of CYP3A4. Felodipine has been found
to be efficacy and safe in hypertensive patients, felodipine ef-
fectively treats hypertensive patients, and six trials conducted
with felodipine have been reported in hypertensive patients.
Felodipine consists in two enantiomers and in humans and the
(R)-enantiomer is metabolized more rapidly than the (S)-enan-
tiomer. The pharmacokinetics of felodipine have been studied
in healthy subjects and in hypertensive patients following oral
administration and felodipine is rapidly absorbed as the time
to reach the peak concentration is about 1.5 hours and felodip-
ine is rapidly eliminated as the felodipine elimination half-life
ranges from 18.4 to 28.7 hours and increases with the age of
subjects and patients and felodipine is rapidly cleared as the
felodipine clearance ranges from 448 to 821 ml/min and de-
creases with age of subjects and patients. Therefore, the elimi-
nation and the clearance of felodipine reduce with the age of

9



ijclinmedcasereports.com

Volume 50- Issue 4

subjects and patients. Four studies on the interaction of felo-
dipine with drugs or with grapefruit juice have been reported
and one study showed that an overdose of 250 mg of felodipine
killed a man. The aim of this manuscript is to review the clini-
cal pharmacology of felodipine.
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