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ABSTRACT

Hypertension is one of the well-studied risk factors for cardiovascular diseases and the oldest class of
hypertensive drugs is the calcium channel blockers. Amlodipine besylate (ADB) belongs to the dihydropyridine
family and is known as an effective initial treatment for hypertension and angina. It has a gradual onset
of action and is administered in concomitant diseases with minimal side effects. Its basic mechanism of
action is the blockage of calcium ions influx into cardiac muscles and vascular muscles. The physical
appearance of ADB is white crystalline with a molecular weight of 567.1. Its 6.9 mg is equivalent to 5 mg
of amlodipine (AM) free base. This review focuses on all the basic aspects of ADB which is one of the
initial treatment regimens for cardiovascular diseases since last two decades.
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1. INTRODUCTION

Amlodipine besylate (ADB) is an important second-
generation calcium channel blocker that belongs to
the dihydropyridine family. It is used for the treatment
of hypertension and angina. It is more selective for
arterial vascular smooth muscle than for the cardiac
tissue. It is approved for the treatment of hypertension
and for variant and stable angina and may also be
used for dilated cardiomyopathy. ADB has
ameliorating effects on the plasma and myocardial
catecholamine levels and significantly reduces
calcium deposition. It has a negative inotropic effect

on the heart that results in a decrease in heart work
load'™.

ADB possesses unique pharmacological properties
that distinguish it from other agents of this class
such as more prolonged half-life, high volume of
distribution, and gradual elimination. ADB has slow
absorption and prolonged effect, which makes it
suitable for convenient once-daily administration®’.
These properties are attributed to a high degree of
ionization (>90% at physiological pH) due to the
presence of a basic side chain at the dihydropyridine
ring'. ADB is an effective free base but in practice,
it is administered in the form of racemate as a salt
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with the acids containing pharmaceutically acceptable
anions. These acidic salts are prepared for improving
its bioavailability®.

2. PHYSICOCHEMICAL PROPERTIES
ADB is 3-ethyl 5-methyl (4RS)-2-[(2-
aminoethoxy)methyl]-4-(2-chlorophenyl)-6-methyl-
1,4-dihydropyridine-3,5-dicarboxylate
benzenesulfonate which is a dihydropyridine
derivative with calcium antagonist activity. Some
of its basic physicochemical properties are described
as follows'*'*:
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Chemical Formula: C20H2 5C1N205,C6H603S

Molecular Mass: 567.1

CAS No.: 111470-99-6

State: 97.0-102.0% (anhydrous substance)

Color: White or almost white powder

Solubility: Slightly soluble in water, freely soluble in methanol, sparingly soluble in anhydrous
ethanol, slightly soluble in 2-propanol.

pK.: 8.6

Hygroscopicity: Amlodipine (AM) free base is not hygroscopic. The ability of ADB to uptake water

strongly depends on the crystalline form of the material. The stable anhydrous form
of ADB was stored for almost 2 months at 92% relative humidity and 25 °C without
a significant water uptake. Slow transformation of the anhydrous ADB or its
monohydrate form to the dihydrate occurs if the material is placed directly in water.
However, if water has been gently removed from the monohydrate form leaving the
crystal structure intact, the rehydration takes in only a few minutes if stored at 92%
relative humidity.

Amlodipine free base (methanol): 210 nm (¢ = 1 9x10*M 'ecm™),
237 nm (¢ = 2.0x10* M!' cm™'), 360 nm (¢ = 6.8x10° M! cm™);
ADB (1.1 N HCI): 213 nm (¢ =2.4x10* M "' cm™), 238 nm (¢ = 1.9x10* M em™),
360 nm (¢ = 6.6x10° M cm™).

UV maxima:

3. MECHANISM OF ACTION

ADB is a dihydropyridine calcium antagonist that
prevents the transmembrane influx of calcium ions
into the vascular smooth and cardiac muscle. It attaches
to both dihydropyridine and non-dihydropyridine
binding sites. The contractile manners of cardiac and
vascular smooth muscle are dependent on the
movement of extracellular calcium ions into these
cells through specific ion channels. ADB inhibits
calcium ion influx across cell membranes selectively,
with a superior effect on vascular smooth muscle
cells than on cardiac muscle cells'.

4. PHARMACOKINETICS

4.1. Absorption

ADB is well absorbed after oral administration with
peak blood concentrations occurring after 612 h.
The bioavailability often varies but is usually about
60—65% with plasma protein binding of around

97.5% 11314 Absorption of ADB from a capsule
is equivalent to that from a solution, suggesting that
the slow transfer of ADB into the blood is a property
of the drug and not of the dosage form. The
absorption of ADB is not affected by food'"'>.

4.2. Distribution

The apparent volume of distribution, observed in
healthy volunteers following administration of 10
mg intravenous dose was reported to be 21.4+4.4
lit/kg. The large volume of distribution indicates
that the drug distributes extensively into tissue
compartments. ADB is about 97% bounded to plasma
proteins. (—)-(S)-ADB has the higher binding
capability to human serum albumin and plasma as
compared to (+)-(R)-enantiomer"'®!”.

4.3. Metabolism
ADB is extensively but slowly metabolized in the
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liver. The metabolites are mostly excreted in the
urine along with <10% of a dose as unchanged drug.
It is usually not eliminated through dialysis'!'>'*,
The initial metabolic aromatization of the
dihydropyridine ring is followed by further
metabolism involving side-chain oxidation and
hydrolysis of the side-chain ester groups''"'*!?,

4.4. Excretion

ADB has a prolonged half-life of 35-50 h, which is
the longest among all other calcium channel blockers.
When radioactively labeled ADB was administered
intravenously, 62% of the dose was recovered in the
human urine and the remainder in the feces. Only
about 5-10% of the dose was excreted unchanged
in the human urine. A similar excretion pattern was
observed after oral administration'.

5. USES AND ADMINISTRATION

ADB is a dihydropyridine calcium-channel blocker
with actions similar to those of nifedipine. It is used
in the management of hypertension and angina
pectoris. AM is given orally as besylate salt but doses
are usually expressed in terms of the base. ADB 6.9
mg is equivalent to about 5 mg of AM. The camsilate,
maleate and mesilate salts and (S)-isomer of ADB
are also used. In hypertension, the usual initial dose
is 5 mg once daily. The dose can be increased to 10
mg once daily, if necessary. Similar doses are given
in the treatment of stable angina and Prinzmetal’s
angina. Lower initial doses may be used in elderly
patients and those with hepatic impairments''2%2',

5.1. Administration in Children

ADB has been used to reduce blood pressure in
children and adolescents with hypertension. Various
studies have shown a significant reduction in the
blood pressure after using a once-daily dose of
about 20-340 pg/kg in age groups between 13
months to 20 years. Based on the findings of those
studies, higher doses or twice daily dosing of ADB
were suggested in younger children as compared
to older ones''***°,

5.2. Administration in Hepatic Impairment
The clearance of ADB is reduced in patients with
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hepatic impairment; therefore, lower doses should
be administered with an initial dose of 2.5 mg
once daily'".

6. ADVERSE EFFECTS

6.1. Heart Failure

Calcium-channel blockers are normally avoided in
patients with heart failure but ADB has not been
found to have any adverse effects on morbidity or
mortality in patients with severe heart failure.
Therefore, it may be a suitable treatment option for
angina pectoris or hypertension in such patients.
However, a study on hypertensive patients found
that ADB was less effective than the diuretic
chlorthalidone in the prevention of heart failure®’.

6.2. Porphyria

Although there have been reports of the successful
use of ADB in patients with porphyria, some studies
have reported the occurrence of acute exacerbation
in such patients®*~°.

6.3. Miscellaneous Adverse Effects

A number of other adverse events occurring in
response to the regular use of ADB in 1091 patients
with hypertension have been reported. Around 12%
(128) patients stopped the intake of the drug due to
the appearance of adverse effects. The most common
reported adverse effects include ankle edema,
flushing, headache, skin rash, and fatigue®'.

7. INTERACTION OF ADB

7.1. Interaction with Excipients

ADB is reported to interact with lactose in
pharmaceutical formulations. A study on the stability
of ADB in solid dosage form revealed that the
mixtures of lactose, magnesium stearate and water
induce some instability. The major degradation
product was found to be amlodipine besylate
glycosyl. Therefore, use of lactose-free ADB
formulation is recommended for the safety, quality,
efficacy, and low cost of the product’.

7.2. Interaction with Food
The absolute bioavailability of AM upon oral
administration is usually unaffected by food.
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However, grapefruit juice can alter the oral
pharmacokinetics of AM due to irreversible
inactivation of the intestinal CYP3A4 enzyme as
well as by inhibiting P-glycoprotein. This results in
the subsequent reduction of the intestinal and/or
hepatic efflux transport'.

7.3. Interaction with Combination Drugs
The evaluation of pharmacokinetic interactions
between ADB, valsartan and hydrochlorothiazide
revealed no clinically relevant interactions. Similarly,
combination of ADB and olmesartan medoxomil is
also known to have no impact on the pharmacokinetic
profiles of individual drugs. Concomitant use of
ADB and atorvastatin in patients with hypertension
and dyslipidemia has shown to be well tolerated
without any adverse pharmacodynamic interaction.
The use of triple combination i.e. ADB + Olmesartan
Medoxomil + hydrochlorothiazide has also
demonstrated to be safe'.

8. CONCLUSION

ADB is considered a more selective drug for arterial
vascular smooth muscle than for the cardiac muscles.
ADB is marketed in the form of racemate as a salt
with acids which helps in improving its bioavailability.
Lactose-free ADB formulation is recommended for
the efficacy, stability of the product, as it reportedly
produces some instability with ADB and magnesium
stearate in a solid form. ADB has no negative effect
with other antihypertensive drugs. However, in this
review, it is discussed that its intestinal and hepatic
efflux transport is decreased due to the intake of
grapefruit juice. Large randomized controlled trials
performed for cardiovascular effects gave good
evidence for ADB’s good efficacy and safety. ADB
should be considered a first-line antihypertensive
agent because it has such better pharmacokinetic
advantages over other calcium antagonists in the long-
term cardiovascular diseases.
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