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Abstract: This study reviews different lite-
rature addressing the topic of beta-blockers
available for the treatment of cardiovascular
diseases (CVDs) and hypertension (HTN).
CVD:s are the leading cause of global mor-
tality, and HTN is one of the main risk
factors. Blood pressure control is essential
to prevent serious complications, such as
myocardial infarction and stroke. Among
the drugs used, beta-blockers play a cru-
cial role. Beta-blockers are divided into
selective and non-selective. Selective be-
ta-blockers, such as metoprolol, primarily
target beta-1 receptors, while non-selective
beta-blockers, such as propranolol, bind to
beta-1, beta-2, and, in some cases, alpha
receptors. Metoprolol is available in two
formulations: succinate (extended release)
and tartrate (immediate release), with the
choice depending on the patient’s needs. In
addition to metoprolol, other common be-
ta-blockers include carvedilol, bisoprolol,
atenolol, nebivolol, and propranolol. Each
has specific characteristics that influence its
clinical indication. For example, carvedi-
lol is a non-selective beta-blocker that also
blocks alpha-1 receptors, offering additio-
nal vasodilator effects. Beta-blockers have
several physicochemical, pharmacokinetic,
and pharmacodynamic characteristics that
influence their efficacy and safety profile.
Physicochemical characteristics include wa-
ter and lipid solubility, which affect drug
absorption and distribution. Pharmacoki-
netic properties involve the absorption,
distribution, metabolism, and excretion of
beta-blockers. Pharmacodynamic characte-
ristics refer to the mechanism of action of
beta-blockers, which block B-adrenergic re-
ceptors, reducing heart rate and myocardial
contraction force. Chemically, beta-blocke-
rs have structures that allow them to interact
with B-adrenergic receptors. The technical
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data sheet for each beta-blocker provides
detailed information on its composition,
pharmaceutical form, therapeutic indi-
cations, dosage, and administration. The
proper use of these drugs, combined with
lifestyle changes, contributes to reducing
cardiovascular mortality and improving
the quality of life of hypertensive patients.
Beta-blockers exert their pharmacological
action through antagonism of B-adrenergic
receptors in the myocardium, resulting in a
cascade of physiological effects that modu-
late cardiovascular function. The binding of
beta-blockers to B1 receptors attenuates the
heart’s response to adrenergic stimuli, redu-
cing heart rate and myocardial contraction
force. This decrease in cardiac output, to-
gether with the possible reduction in renin
release by the kidneys, contributes to the
effectiveness of beta-blockers in controlling
blood pressure. In addition, the reduction
in myocardial oxygen demand makes the-
se drugs useful in the treatment of angi-
na pectoris. The modulation of heart rate
justifies their use in various arrhythmias.
In summary, the literature review on the
different beta-blockers available highlights
the importance of these drugs in the treat-
ment of CVD and AH. The choice of the
appropriate beta-blocker depends on the
individual needs of patients and adheren-
ce to treatment. The combined use of these
drugs with lifestyle changes is essential for
effective blood pressure control and preven-
tion of serious complications.

Keywords: Cardiovascular diseases, Hyper-
tension, Metoprolol, Beta-blockers, Blood
pressure
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INTRODUCTION

This study aims to review the literature
on the different beta-blockers available on
the market that are used in the treatment
of hypertension (HT). Cardiovascular dise-
ases (CVDs) are the leading cause of global
mortality, and HT stands out as one of the
main risk factors. Blood pressure control is
essential to prevent serious complications
such as myocardial infarction and stroke.
Among the drugs used, beta-blockers play a

crucial role (-3

Beta blockers are divided into two
main categories: selective and non-selective.
Selective beta blockers, such as metoprolol,
primarily target beta-1 receptors, which in-
fluence heart rate and the heart’s effort to
pump blood. Non-selective beta blockers,
such as propranolol, bind to beta-1, beta-2,
and, in some cases, alpha receptors, influen-
cing blood vessels throughout the body “ >

Metoprolol, a drug widely known in
clinical medicine, is available in two formu-
lations: succinate and tartrate. Metoprolol
succinate is based on prolonged release,
which allows for once-daily dosing, making
it the preferred choice in many cases. Meto-
prolol tartrate, on the other hand, has im-
mediate release and requires multiple doses
throughout the day. The choice between
formulations depends on the patient’s needs
and adherence to treatment ©

In addition to metoprolol, other com-
mon beta-blockers include carvedilol, biso-
prolol, atenolol, nebivolol, and propranolol.
Each of these drugs has specific characteris-
tics that influence its clinical indication. For
example, carvedilol is a non-selective beta-
-blocker that also blocks alpha-1 receptors,
offering additional vasodilator effects”!'":
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Beta-blockers have several physicoche-
mical, pharmacokinetic, and pharmacody-
namic characteristics that influence their
efficacy and safety profile. Physicochemi-
cal characteristics include water and lipid
solubility, which affect the absorption and
distribution of drugs in the body. Pharma-
cokinetic properties involve the absorption,
distribution, metabolism, and excretion of
beta-blockers. For example, metoprolol is
metabolized mainly by the liver and excre-
ted by the kidneys. Pharmacodynamic cha-
racteristics refer to the mechanism of action
of beta-blockers, which block B-adrenergic
receptors, reducing heart rate and myocar-

dial contraction force (%14

Chemically, beta-blockers have struc-
tures that allow them to interact with p-a-
drenergic receptors. For example, propra-
nolol has an aromatic ring that facilitates
its binding to receptors. The technical data
sheet for each beta-blocker provides detailed
information on its composition, pharma-
ceutical form, therapeutic indications, dosa-

ge, and administration"> 9.

The proper use of these drugs, com-
bined with lifestyle changes, contributes
to reducing cardiovascular mortality and
improving the quality of life of hypertensi-
ve patients. Beta-blockers exert their phar-
macological action through antagonism of
B-adrenergic receptors in the myocardium,
resulting in a cascade of physiological effects
that modulate cardiovascular function. Spe-
cifically, the binding of beta-blockers to p1
receptors attenuates the heart’s response to
adrenergic stimuli, reducing heart rate (ne-
gative chronotropism) and myocardial con-
traction force (negative inotropism). This
decrease in cardiac output, together with
the possible reduction in renin release by the
kidneys, contributes to the eff flicaciousness
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of beta-blockers in controlling blood pressu-
re. In addition, the reduction in myocardial
oxygen demand makes these drugs useful in
the treatment of angina pectoris. Heart rate
modulation, in turn, justifies their use in va-
rious arrhythmias.

It can be concluded that the literatu-
re review confirms the importance of the
different beta-blockers available on the
market for the treatment of hypertension.
The choice of the appropriate beta-blocker,
such as metoprolol in its succinate and tar-
trate formulations, should be individuali-
zed, taking into account the specific needs
of each patient to maximize therapeutic ef-
ficacy and treatment adherence. In addition
to metoprolol, other beta-blockers such as
carvedilol, bisoprolol, atenolol, nebivolol,
and propranolol offer varied therapeutic
options, each with specific characteristics
that influence their clinical indication. The
combined use of these drugs with lifestyle
changes is essential for effective blood pres-
sure control and prevention of serious com-
plications 17

ATENOLOL

Atenolol, a drug in the aryl ethanolami-
ne class, was launched in 1976 as an alter-
native to propranolol. Its development aimed
to reduce side effects affecting the central
nervous system, since atenolol has a lower
ability to dissolve in fats (liposolubility), whi-
ch limits its passage through the blood-brain
barrier. This drug demonstrates a selective af-

finity for 1 adrenergic receptors”® 1"

With a molecular weight of approxi-
mately 266 g/mol, atenolol has well-defined
physicochemical properties. Its melting
point is between 152 and 155 °C, and it
has a low octanol-water partition coefficient
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(LogP) of 0.16, which reinforces its low li-
posolubility. In terms of solubility, atenolol
is highly soluble in water (above 100 mg/
mL), partially soluble in ethanol, and prac-
tically insoluble in chloroform®”:

The solubility of atenolol in water fa-
cilitates its renal excretion, as it is mainly
eliminated unchanged through the kidneys.
This characteristic is important for its phar-
macokinetic profile, especially in patients
with renal disorders. In addition, the low fat
solubility of atenolol prevents its significant
passage through the blood-brain barrier, re-
ducing side effects on the central nervous
system. Therefore, the partition coefficient
of atenolol is crucial for understanding its
efficacy and safety in the treatment of car-

diovascular conditions®":

Atenolol is a beta-blocker whose che-
mical structure is described by the IUPAC
name: (RS)-2-[4-[2-hydroxy-3-(1-methyle-
thylamino)propoxy]phenyl]acetamide. Its
molecule is composed of several important
functional groups, including a secondary
amine group, a hydroxyl group, and an
ether group. The secondary amine group,
present in the side chain, is responsible for
the interaction of atenolol with beta-adre-
nergic receptors, blocking the action of neu-
rotransmitters such as epinephrine V-

The structure of atenolol also includes
a hydroxyl group attached to a tertiary car-
bon, which contributes to its water solubi-
lity and its ability to form hydrogen bonds.
In addition, the ether group connects the
side chain to the benzene ring, providing
stability to the molecule and facilitating its
interaction with receptors in the heart. The
benzene ring, in turn, is crucial for the phar-
macological activity of atenolol, allowing it
to bind effectively to beta-1 adrenergic re-
ceptors 21
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In summary, the molecular structu-
re of atenolol, with its specific functional
groups, is designed to selectively block beta-
1 receptors in the heart, reducing heart rate
and blood pressure. This selectivity is essen-
tial to minimize side effects in other body
systems, making atenolol an effective and
safe option for the treatment of cardiovas-
cular conditions®" :

CHs

CH3

T n, > 4%“ T

CH3

Figure 1: Atenolol molecule

Source: Own archive

The metabolism of atenolol in the
body is minimal, as it is not significantly
processed by cytochrome P450 enzymes in
the liver. The main route of elimination is
renal, with urinary excretion ranging from
85% to 100% of the administered dose in
unchanged form. A small portion, less than

5%, is eliminated in the feces®>??:

Traces of oxidative derivatives have
been identified as metabolites, but these are
not clinically significant. From a pharma-
cokinetic point of view, atenolol has a plas-
ma half-life ranging from 6 to 7 hours, and
its clearance, predominantly renal, is betwe-
en 100 and 150 mL/min. The drug is ad-
ministered orally and is available in tablets

with concentrations of 25, 50, and 100 mg
(24, 25).

DOl https://doi.org/10.22533/at.ed 1595312530091

It is important to note that concomi-
tant administration of atenolol with cal-
cium channel blockers, such as verapamil or
diltiazem, is contraindicated due to the risk
of potentiating bradycardia (decreased heart
rate). Its administration with verapamil or
diltiazem should be avoided due to the risk
of marked bradycardia®

METOPROLOL SUCCINATE

Metoprolol succinate, a sustained-re-
lease formulation of the selective 31 beta-
-blocker metoprolol, represents an advance
in cardiovascular therapy since its develop-
ment in the 1960s by Astra AB, now Astra-
Zeneca, currently based in Sweden, with the

aim of creating a B1-selective agent®® %",

Chemically, metoprolol succinate has
a molecular weight of 652.8 g/mol and has
well-defined  physicochemical ~properties.
The melting point of metoprolol base is be-
tween 120 and 123 °C. The drug is highly
soluble in water (>100 mg/mL), soluble in
ethanol and chloroform, and has an octa-
nol-water partition coefhicient (LogP) of

approximately 1.8%% 29
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Figure 2: Metoprolol molecule next to the succi-
nate molecule

Source: Own archive
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Administered exclusively orally in ex-
tended-release tablets in various dosages,
metoprolol succinate undergoes significant
first-pass hepatic metabolism, mainly by the
CYP2D6 subunit of cytochrome P450, re-
sulting in a bioavailability of about 50%. Its
plasma half-life ranges from 3 to 7 hours,
with a total clearance of approximately 1 L/

min, predominantly hepatic®**?

Excretion is mainly renal, with appro-
ximately 80% of the dose eliminated in the
urine as inactive metabolites and less than
10% as unchanged drug, while less than 5%
is excreted in the feces. The main metabo-
lites identified are a-hydroxymethoprolol
and a-methoxymethyl-3-[4-(2-hydroxy-3-i-
sopropylamino)propoxy]benzoic acid, both
with reduced beta-blocking activity ®%.

Pharmacodynamically, = metoprolol
succinate acts by selectively blocking f1-a-
drenergic receptors in the heart, reducing
heart rate and myocardial contraction force.
This results in a decrease in the hearts oxy-
gen demand, making it effective in treating
angina pectoris and reducing blood pres-
sure. In addition, metoprolol improves left
ventricular function and increases survival

in patients with chronic heart failure 4%

The pharmacokinetics of metoprolol
succinate are little affected by decreased liver
function. However, in patients with severe
liver cirrhosis and portacaval shunting, bio-
availability may increase and total clearance
may be reduced. The drug is released in a
controlled manner, ensuring a prolonged ef-

fect for more than 24 hours @73 35

Metoprolol succinate is also used in
the prophylaxis of migraine, due to its abi-
lity to reduce neuronal excitability and the
release of pain-related neurotransmitters.
Administration should be adjusted indivi-
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dually, considering the clinical response and
tolerance of the patient ®*%.

METOPROLOL TARTARATE

Metoprolol tartrate, developed in the
1960s by researchers at Astra AB, now As-
traZeneca, based in Sweden as a selective
B1 beta-blocker, has a molecular weight of
327.83 g/mol and a melting point for the
metoprolol base of around 120-123 °C.
With an octanol-water partition coeflicient
(LogP) of approximately 1.7, it demonstra-
tes moderate fat solubility and is highly so-
luble in water (>100 mg/mL), ethanol, and

chloroform®83,
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Figure 3: Metoprolol molecule next to tartrate

Source: Own archive

Administered mainly orally in imme-
diate-release tablets, and occasionally intra-
venously, metoprolol tartrate has a plasma
half-life of 3 to 7 hours and a total clearance
of about 1 L/min, with extensive hepatic
metabolism by the CYP2D6 subunit of cy-
tochrome P450. Excretion is predominantly
renal, with approximately 95% of the dose
eliminated in the urine as metabolites and
less than 10% as unchanged drug, while fe-

cal excretion is less than 5%%“% 4D,

The main metabolites include a-hy-
droxymetoprolol and a-methoxymethyl-
-3-[4-(2-hydroxy-3-isopropylamino)pro-
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poxy]benzoic acid, both of which have less
pharmacological activity than metoprolol.
Metoprolol tartrate is mainly available in
oral tablets of various dosages and, in some

formulations, for injection®-42.

Pharmacodynamically, =~ metoprolol
tartrate acts by selectively blocking [1-a-
drenergic receptors in the heart, reducing
heart rate and myocardial contraction force.
results in a decrease in the heart’s oxygen de-
mand, making it effective in treating angina
pectoris and reducing blood pressure. In ad-
dition, metoprolol improves left ventricular
function and increases survival in patients

with chronic heart failure “3-4),

The pharmacokinetics of metoprolol
tartrate are little affected by decreased liver
function. However, in patients with severe
liver cirrhosis and portacaval shunting, bio-
availability may increase and total clearance
may be reduced. The drug is released in a
controlled manner, ensuring a prolonged ef-
fect for more than 24 hours 9.

Metoprolol tartrate is also used in the
prophylaxis of migraine, due to its ability to
reduce neuronal excitability and the release
of pain-related neurotransmitters. Adminis-
tration should be adjusted individually, con-
sidering the clinical response and tolerance
of the patient*V.

In addition, metoprolol tartrate is in-
dicated for the treatment of hypertension,
cardiac arrhythmias, and maintenance after
myocardial infarction. The recommended
dose for hypertension ranges from 100 to
200 mg daily, which can be divided into
morning and evening doses. For angina pec-
toris, the recommended dose is 100 to 200
mg daily, also in divided doses®®.
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Finally, it is important to note that
metoprolol tartrate should be used with
caution in patients with congestive heart
failure, bronchospasm, and renal or hepa-
tic dysfunction. Abrupt discontinuation of
treatment may cause adverse effects, such as
exacerbation of angina and cardiac arrhyth-

mias ©%3),

BISOPROLOL

Bisoprolol, a selective 1 beta-blocker
patented in 1976 and approved for medical
use in 1986, was developed with the aim of
providing effective treatment for cardiovas-
cular diseases, exhibiting broad selectivity
for B1 adrenergic receptors®*>>.

Chemically, bisoprolol has a molecular
weight of 325.4 g/mol (for the base) and a
melting point between 100-103 °C, with a
boiling point of approximately 445 °C. Its
octanol-water partition coefhicient (LogP)
ranges from 1.9 to 2.3, indicating modera-
te fat solubility. Bisoprolol is highly solub-
le in water, with approximately 10 mg/mL
for the hemifumarate, the commonly used
form, ethanol, chloroform, dimethyl sul-

foxide (DMSO), and dimethylformamide

(DMF) 657,
HQ, HN4<
0

Figure 4: Bisoprolol molecule

Source: Own archive
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Administered orally, mainly in tablets
containing bisoprolol fumarate in dosages
of 1.25 mg, 2.5 mg, 5 mg, and 10 mg, biso-
prolol has a long plasma half-life of 9 to 12
hours, allowing once-daily administration.
Its clearance is approximately 15 L/h, with
about 50% of the dose metabolized in the li-
ver by oxidative pathways involving mainly
CYP3A4 and, to a lesser extent, CYP2DO,
generating inactive metabolites. Excretion is
balanced between the renal and non-renal
(hepatic) routes, with approximately 50%
of the dose excreted unchanged in the uri-
ne, together with inactive metabolites, while

less than 2% is eliminated in the feces®®>?.,

Pharmacodynamically, bisoprolol
acts by selectively blocking B1-adrenergic
receptors in the heart, reducing heart rate
and myocardial contraction force. results
in a decrease in the heart’s oxygen demand,
making it effective in treating angina pecto-
ris and reducing blood pressure. In addition,
bisoprolol improves left ventricular function
and increases survival in patients with chro-

nic heart failure ©% ¢V,

Bisoprolol is indicated for the treat-
ment of hypertension, angina pectoris, and
stable chronic heart failure with reduced
left ventricular systolic function. In patients
with heart failure, bisoprolol is often used in
combination with ACE inhibitors, diureti-
cs, and, optionally, cardiac glycosides. The
recommended starting dose for hyperten-
sion and angina is 5 mg once daily, which
may be increased to 10 mg or even 20 mg,
depending on the clinical response and me-

dical evaluation®* %,

The pharmacokinetics of bisoprolol
are linear and independent of age. Absorp-
tion is almost complete (>90%) from the
gastrointestinal tract, and due to the redu-
ced first-pass effect (approximately 10%), it
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has high bioavailability. Bisoprolol reaches
its maximum effect 3-4 hours after oral ad-
ministration, and the maximum antihyper-
tensive effect is usually achieved after 2 we-

eks of treatment©4%®,

In addition to its main indications, bi-
soprolol can also be used in migraine pro-
phylaxis due to its ability to reduce neuronal
excitability and the release of pain-related
neurotransmitters. Administration should
be adjusted individually, considering the pa-

tient’s clinical response and tolerance! .

Finally, it is important to note that
bisoprolol should be used with caution in
patients with congestive heart failure, bron-
chospasm, and renal or hepatic dysfunction.
Abrupt discontinuation of treatment may
cause adverse effects, such as exacerbation of

angina and cardiac arthythmias.”%7".

ESMOLOL

Esmolol, an ultra-short-acting selec-
tive B1 beta-blocker developed by DulPont
Pharmaceuticals and approved in 1986, is
distinguished by its rapid onset and termi-
nation of action, which is crucial in acu-
te situations. It has a molecular weight of
266.36 g/mol (for the base), with esmolol
hydrochloride having a melting point of
approximately 167-173 °C %7279-,

)\/Y\

Figure 5: Esmolol molecule

Source: Own archive
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Its low octanol-water partition coef-
ficient (LogP) of approximately 0.42 indi-
cates high hydrophilicity. Esmolol is highly
soluble in water (>100 mg/mL) and is for-
mulated exclusively for intravenous admi-
nistration as a solution for injection or infu-
sion. Its plasma half-life is extremely short,
around 9 minutes, with a very high clearan-
ce of approximately 22.9 L/h/kg, due to ra-
pid metabolism by plasma esterases into an

inactive acid metabolite 74 7.

Excretion is mainly renal, with the
inactive metabolite being eliminated in the
urine and less than 10% of esmolol excreted
unchanged, i.e., fecal excretion is minimal.
The main metabolite is methyl ester acid,
which is pharmacologically inactive. Esmo-
lol is available in solutions for intravenous
injection with common concentrations of
10 mg/mL and 20 mg/mL and is not availa-

ble in oral formulations 7% 77,

Pharmacodynamically, esmolol acts
by selectively blocking f1-adrenergic recep-
tors in the heart, reducing heart rate and
myocardial contraction force. This results
in a decrease in the heart’s oxygen demand,
making it effective in the treatment of su-
praventricular tachycardias and intraopera-
tive hypertension. In addition, esmolol is
used to control heart rate in patients with
atrial fibrillation or atrial flutter 7357,

The pharmacokinetics of esmolol are
characterized by rapid distribution and
elimination. The distribution half-life is
approximately 2 minutes, while the elimi-
nation half-life is approximately 9 minutes.
The acid metabolite has an elimination hal-
f-life of approximately 3.7 hours. Esmolol
binds to human plasma proteins by appro-
ximately 55%, while the acid metabolite
binds by 100678159,

DOl https://doi.org/10.22533/at.ed 1595312530091

Esmolol is particularly useful in emer-
gency situations due to its rapid onset and
short duration of action. It is often used du-
ring surgery to help regulate blood pressure
and heart rate. Intravenous administration
allows for precise and rapid control of the
pharmacological effects, making it ideal for

use in hospital settings®).

In addition to its main indications,
esmolol can also be used to treat noncom-
pensatory sinus tachycardia and intraope-
rative and postoperative tachycardia. The
recommended initial dose ranges from 500
mcg/kg administered as a bolus, followed
by a continuous infusion of 50 to 200
mcg/kg/min, adjusted according to clinical

response®’5

Finally, it is important to note that es-
molol should be used with caution in pa-
tients with congestive heart failure, bron-
chospasm, and renal or hepatic dysfunction.
Abrupt discontinuation of treatment may
cause adverse effects, such as exacerbation of

angina and cardiac arrhythmias”*92.

NEBIVOLOL

Nebivolol is a selective beta-blocker
for P1 receptors with vasodilator proper-
ties mediated by the release of nitric oxide.
It was developed by Janssen Pharmaceutica
and approved for use in 1997. This drug has
a molecular weight of 367.89 g/mol (for the
base) and a melting point for the hydrochlo-
ride between 224-227 °C. With an octanol-
-water partition coefficient (LogP) ranging
from 3.3 to 3.7, it has moderate to high fat
solubility. Its solubility in water is slightly
soluble (approximately 0.1 to 1 mg/mL for
the hydrochloride), being soluble in etha-

nol, chloroform, and propylene glycol 3%

DIFFERENT BETA-BLOCKERS USED IN THE TREATMENT OF CARDIOVASCULAR DISEASES AND ARTERIAL HYPERTENSION: A COMPREHENSIVE REVIEW

<
S
£
<




F F
mNm
H

OH OH

Figure 6: Nebivolol molecule

Source: Own archive

Administered orally in tablets in dosa-
ges of 2.5 mg, 5 mg, 10 mg, and 20 mg,
nebivolol exhibits a highly variable plasma
half-life (10 to 50 hours) due to CYP2D6
polymorphism, with extensive hepatic me-
tabolism mainly by CYP2D6 and, to a les-
ser extent, by CYP3A4, generating active
and inactive metabolites. Excretion occurs
mainly via the renal (approximately 38% as
metabolites, less than 5% unchanged) and
fecal (approximately 44% as metabolites)
routes(lo, 97-100).

Pharmacodynamically, nebivolol acts
by selectively blocking f1-adrenergic recep-
tors in the heart, reducing heart rate and
myocardial contraction force. In addition,
it promotes vasodilation through the release
of nitric oxide, which contributes to lowe-
ring blood pressure. This dual mechanism
of action makes nebivolol effective in the
treatment of hypertension and chronic he-
art failure(101109),

Nebivolol is indicated for the treat-
ment of essential hypertension and stable,
mild to moderate chronic heart failure, in
combination with standard therapies in el-
derly patients over 70 years of age. The re-
commended starting dose for hypertension
is 5 mg once daily, which may be increased
to 10 mg or up to 20 mg, depending on cli-
nical response and medical evaluation. For
heart failure, the starting dose is 1.25 mg
once daily, which may be gradually adjusted

to a maximum dose of 10 m]%4106),

DOl https://doi.org/10.22533/at.ed 1595312530091

The pharmacokinetics of nebivolol are
linear and independent of age. Both enan-
tiomers of nebivolol are rapidly absorbed
after oral administration, reaching peak
plasma concentrations within 0.5 to 2 hours
after ingestion. The absorption of nebivolol
is not affected by food, allowing the drug to
be administered with or without meals. In
plasma, nebivolol enantiomers are predomi-
nantly bound to albumin, with plasma pro-
tein binding of 98.1% for SRRR-nebivolol
and 97.9% for RSSS-nebivolo]!® 107:108),

In addition to its main indications, ne-
bivolol can also be used in the prophylaxis of
migraine, due to its ability to reduce neuro-
nal excitability and the release of pain-related
neurotransmitters. Administration should be
adjusted individually, considering the clinical

response and tolerance of the patient®!'".

Finally, it is important to note that
nebivolol should be used with caution in
patients with congestive heart failure, bron-
chospasm, and renal or hepatic dysfunction.
Abrupt discontinuation of treatment may
cause adverse effects, such as exacerbation of
angina and cardiac arrhythmias'*!">.

NADOLOL

Nadolol, a long-acting non-selecti-
ve beta-blocker developed by Squibb (now
Bristol-Myers  Squibb) and approved in
1978, is characterized by its long duration
of action, allowing once-daily administra-
tion. This drug has a molecular weight of
309.40 g/mol and a melting point between
126-132 °C. Its low octanol-water partition
coeflicient (LogP) of approximately 0.17 in-
dicates high hydrophilicity and low fat solu-
bility. It is soluble in water (approximately
10 mg/mL) and slightly soluble in ethanol,

being practically insoluble in chloroform
and(93, 116—119).
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Figure 7: Nadolol molecule

Source: Own archive

Administered orally in tablets of 20
mg, 40 mg, and 80 mg, nadolol has a long
plasma half-life of 14 to 24 hours and a low
clearance of approximately 0.3 L/h/kg due
to its minimal hepatic metabolism, as it is
not significantly metabolized by cytochrome
P450 enzymes. Excretion is predominantly
renal, with 70-80% of the dose eliminated
unchanged in the urine, while 20-30% is
excreted in the feces, mainly as unabsorbed
drug. Minimal amounts of metabolites have
been identified, with no significant clinical
relevance2*-122,

Pharmacodynamically, nadolol acts by
blocking B1 and P2-adrenergic receptors,
reducing heart rate and myocardial contrac-
tion force. This results in a decrease in the
hearts oxygen demand, making it effective
in treating angina pectoris and reducing
blood pressure. In addition, nadolol is used
in the treatment of cardiac arrhythmias and

in the prophylaxis of migraine!#!%.

Nadolol is indicated for the treatment
of hypertension, angina pectoris, and car-
diac arrhythmias. The recommended star-
ting dose for hypertension is 40 mg once
daily, which can be gradually increased to
a maximum of 240 mg per day, depending
on clinical response and medical evaluation.
For angina pectoris, the initial dose is 40
mg once daily, which may be adjusted up to

121, 123, 126, 127)

160 mg per day' .
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The pharmacokinetics of nadolol are
linear and independent of age. Absorption
is rapid and almost complete after oral ad-
ministration, with a bioavailability of appro-
ximately 30-50% due to the first-pass effect.
Nadolol reaches maximum plasma concen-
trations 3 to 4 hours after administration.
Plasma protein binding is low, about 30%,

which facilitates its distribution in tissues2*

128, 129)

In addition to its main indications, na-
dolol can also be used to prevent esophageal
varices in patients with liver cirrhosis and
portal hypertension. Administration should
be adjusted individually, considering the pa-

tient’s clinical response and tolerance!3*?.

Finally, it is important to note that
nadolol should be used with caution in pa-
tients with congestive heart failure, bron-
chospasm, and renal or hepatic dysfunction.
Abrupt discontinuation of treatment may
cause adverse effects, such as exacerbation of
angina and cardiac arrhythmias33-13%).

TIMOLOL

Timolol, a non-selective beta-blocker
developed by Merck & Co. and approved
in 1974, initially for ophthalmic use and
later in oral formulations, has a molecular
weight of 317.4 g/mol (for maleate) and a
melting point of maleate around 202-204
°C. With an octanol-water partition coefhi-
cient (LogP) ranging from 0.2 to 0.6, it has
low to moderate fat solubility, being soluble
in water (approximately 200 mg/mlL for the
maleate) and ethanol, and slightly soluble in

chloroform and ethanol ©3 136-138).
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Figure 8: Timolol molecule

Source: Own archive

Administered orally in tablets (5 mg,
10 mg, and 20 mg) and ophthalmically as
a solution (eye drops), timolol has a plasma
half-life of 3 to 4 hours after oral adminis-
tration and a clearance of approximately 0.4
L/h/kg, undergoing extensive hepatic me-
tabolism mainly by CYP2D6 and also by
CYP3A42. Excretion is mainly renal, with
60-80% of the oral dose eliminated in the
urine as inactive metabolites and about 20%
as unchanged drug; a small percentage is ex-
creted in the feces. Several metabolites have
been identified, some with some beta-blo-

cking activigy!!?-141),

Pharmacodynamically, timolol acts by
blocking B1 and P2-adrenergic receptors,
reducing heart rate and myocardial contrac-
tion force. This results in a decrease in the
heart’s oxygen demand, making it effective
in the treatment of hypertension, angina
pectoris, and cardiac arrhythmias. In addi-
tion, timolol is widely used in the treatment
of open-angle glaucoma and ocular hyper-

tension, reducing intraocular pressure 414,

Timolol is indicated for the treatment
of hypertension, angina pectoris, cardiac ar-
rhythmias, and open-angle glaucoma. The
recommended starting dose for hyperten-
sion is 10 mg twice daily, which may be
gradually increased to a maximum of 60
mg per day, depending on clinical response

DOl https://doi.org/10.22533/at.ed 1595312530091

and medical evaluation. For angina pectoris,
the starting dose is 10 mg twice daily, whi-
140,

ch may be adjusted up to 40 mg per day"

146-148)

The pharmacokinetics of timolol are li-
near and independent of age. Absorption is
rapid and almost complete after oral adminis-
tration, with a bioavailability of approxima-
tely 60% due to the first-pass effect. Timolol
reaches maximum plasma concentrations wi-
thin 1 to 2 hours after administration. Plas-
ma protein binding is low, about 10%, which

facilitates its distribution in tissues!4> 4% 159

In addition to its main indications, ti-
molol can also be used to prevent esophage-
al varices in patients with liver cirrhosis and
portal hypertension. Administration should
be adjusted individually, considering the pa-

tient’s clinical response and tolerance™'>%.

Finally, it is important to note that ti-
molol should be used with caution in pa-
tients with congestive heart failure, bron-
chospasm, and renal or hepatic dysfunction.
Abrupt discontinuation of treatment may
cause adverse effects, such as exacerbation of

angina and cardiac arrhythmias>> 1.

SOTALOL

Sotalol, a non-selective B-adrenergic
receptor blocking agent with Class III an-
tiarrhythmic properties, developed by Mead
Johnson (now Bristol-Myers Squibb) and
approved in 1974, has a molecular weight of
272.34 g/mol (for the base), with the hydro-
chloride having a melting point of appro-
ximately 205-207 °C with decomposition.
Its low octanol-water partition coefficient
(LogP) of about -0.24 indicates high hydro-
philicity. It is very soluble in water (&gt; 100
mg/mL for the hydrochloride) and soluble
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in ethanol, being practically insoluble in

chloroform and7? 74 157159

OH

Figure 9: Sotalol molecule

Source: Own archive

Administered mainly orally in tablets in
dosages of 40 mg, 80 mg, 120 mg, and 160
mg, and also available in injectable formula-
tions for intravenous use, sotalol has a plas-
ma half-life of approximately 12 hours and a
predominantly renal clearance of about 120
mL/min, undergoing no significant hepatic
metabolism. Excretion is mainly renal, with
80-90% of the dose eliminated unchanged
in the urine, and a small portion (10-20%)
excreted in the feces, mainly as unabsorbed
drug. Minimal amounts of metabolites have
been identified, with no significant clinical

relevance%% 100,

Pharmacodynamically, sotalol acts by
blocking p1 and P2-adrenergic receptors,
reducing heart rate and myocardial con-
traction force. In addition, it has Class III
antiarrthythmic properties, prolonging the
duration of the cardiac action potential and
the refractory period, which helps prevent
arrhythmias. This dual mechanism of ac-
tion makes sotalol effective in the treatment
of various ventricular and supraventricular

arrhythmias6>16%,

Sotalol is indicated for the treatment
of severe ventricular tachyarrhythmias,
symptomatic non-sustained  ventricular
tachyarrhythmias, symptomatic prematu-
re ventricular contractions, prophylaxis of

paroxysmal atrial tachycardia, paroxysmal
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atrial fibrillation, ~paroxysmal reentrant
atrioventricular node tachycardia, paroxys-
mal atrioventricular reentrant tachycardia
via accessory pathways, and paroxysmal su-
praventricular tachycardia after cardiac sur-
gery. It is also used to maintain normal sinus
rhythm after conversion of atrial fibrillation

or ﬂutter (162, 165-167)

The pharmacokinetics of sotalol are li-
near and independent of age. Absorption is
rapid and almost complete after oral admi-
nistration, with a bioavailability of approxi-
mately 90-100%. Sotalol reaches maximum
plasma concentrations within 2 to 4 hours
after administration. Plasma protein bin-
ding is low, approximately 0-10%, which
facilitates its distribution in tissues">” 165169,

In addition to its main indications, so-
talol can also be used to prevent arrhythmias
caused by excess circulating catecholamines
and those due to increased sensitivity to ca-
techolamines. Administration should be ad-
justed individually, considering the patient’s

clinical response and tolerance!!®> 170171,

Finally, it is important to note that
sotalol should be used with caution in pa-
tients with congestive heart failure, bron-
chospasm, and renal or hepatic dysfunction.
Abrupt discontinuation of treatment may
cause adverse effects, such as exacerbation of
angina and cardiac arrthythmias® 172

CARVEDILOL

Carvedilol, a non-selective - and
al-adrenergic receptor blocker with an-
tioxidant properties, was patented in 1978
and approved in the US in 1995. This drug
has a molecular weight of 406.48 g/mol
and a melting point of 114-115 °C. It has
high liposolubility (LogP 3.3-3.6), being

practically insoluble in water, but soluble
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in DMSO, chloromethane, and methanol,

and slightly soluble in ethanol and isopro-
panol16 173175

/\(\ NH
o)
OH \\\
1
H,CO

Hs;CO
1
OH
O\/& /J
NH

H
Figure 10: Carvedilol molecule

Source: Own archive

Administered orally in tablets (3.125
mg, 6.25 mg, 12.5 mg, 25 mg) and exten-
ded-release capsules (10 mg, 20 mg, 40 mg,
80 mg), carvedilol has a plasma half-life of 6
to 10 hours and a clearance of 500-700 mL/
min, undergoing extensive hepatic metabo-
lism by the CYP2D6 and CYP2C92 enzy-
mes. Excretion is predominantly biliary and
fecal, with less than 2% of the dose unchan-
ged in urine and about 16% of metabolites
in urine, with most metabolites excreted in
feces. Several metabolites are formed, some
with beta-blocking activity!7¢150.

Pharmacodynamically, carvedilol acts
by blocking 1, f2, and al-adrenergic re-
ceptors, reducing heart rate and myocardial
contraction force, and promoting periphe-
ral vasodilation. This results in a decrease
in peripheral vascular resistance and oxygen
demand by the heart, making it effective in
the treatment of hypertension, angina pec-
toris, and congestive heart failure. The an-
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tioxidant properties of carvedilol also con-
tribute to protection against cellular damage
74,176, 181, 182)

caused by free radicals ¢

Carvedilol is indicated for the treat-
ment of essential hypertension, angina pec-
toris, and stable, mild, moderate, and severe
symptomatic congestive heart failure. The
recommended starting dose for hyperten-
sion is 12.5 mg once daily, which may be
gradually increased to a maximum of 50 mg
per day, depending on clinical response and
medical evaluation. For angina pectoris, the
starting dose is 12.5 mg twice daily, which
may be adjusted up to 100 mg per day. For
congestive heart failure, the initial dose is
3.125 mg twice daily, which may be gradu-

ally increased to 25 mg twice daily!®> 17618

184).

The pharmacokinetics of carvedilol
are linear and independent of age. Absorp-
tion is rapid and almost complete after oral
administration, with a bioavailability of
approximately 25-35% due to the first-pass
effect. Carvedilol reaches maximum plasma
concentrations within 1 to 2 hours after
administration. Plasma protein binding is
high, around 98%, which facilitates its dis-

tribution in tissues!!77> 185-18%),

In addition to its main indications,
carvedilol can also be used to prevent eso-
phageal varices in patients with liver cirrho-
sis and portal hypertension. Administration
should be adjusted individually, considering
the patients clinical response and toleran-

Ce(lSl, 189, 190).

Finally, it is important to note that
carvedilol should be used with caution in
patients with decompensated heart failure,
bronchospasm, and renal or hepatic dys-
function. Abrupt discontinuation of tre-
atment may cause adverse effects, such as
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exacerbation of angina and cardiac arrhyth-
mias©3 19119

LABETALOL

Labetalol, a non-selective - and al-a-
drenergic receptor blocker developed by
Allen & Hanburys (later GlaxoSmithKli-
ne) and approved in 1977, has a molecular
weight of 328.4 g/mol and a melting point
of approximately 190 °C for the hydrochlo-
ride. It has moderate liposolubility (LogP
0.77-1.15), being soluble in water (appro-
ximately 100 mg/mL for the hydrochloride)
and ethanol, and slightly soluble in chloro-

form and ethanol (155 194-198))

2T

HO HCI

Figure 11: Labetalol molecule

Source: Own archive

Administered orally in tablets (100
mg, 200 mg, 300 mg) and intravenously
as an injectable solution (5 mg/mL), labe-
talol has a plasma half-life of 5 to 8 hours
and a high clearance of approximately 1500
mL/min?. It undergoes significant first-pass
hepatic metabolism by conjugation with
glucuronic acid, without extensive involve-
ment of cytochrome P450. Excretion occurs
mainly via the renal (55-60% as glucuroni-
dated metabolites, less than 5% unchanged)
and fecal (20-30% as metabolites) routes.
The main metabolite, labetalol glucuronide,
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has minimal pharmacological activity 6> 8>

199-202)

Pharmacodynamically, labetalol acts
by blocking 1, 2, and al-adrenergic re-
ceptors, reducing heart rate and myocardial
contraction force, and promoting periphe-
ral vasodilation. This results in a decrease
in peripheral vascular resistance and oxygen
demand by the heart, making it effective in
the treatment of hypertension, angina pec-
toris, and congestive heart failure. Labetalol
can also be used to achieve controlled hypo-

tension during anesthesia*®! 203209,

Labetalol is indicated for the treat-
ment of severe hypertension, including se-
vere hypertension of pregnancy, when rapid
control of blood pressure is essential. The re-
commended starting dose for hypertension
is 100 mg twice daily, which may be gradu-
ally increased to a maximum of 2400 mg
per day, depending on clinical response and
medical evaluation. For severe hypertension
during pregnancy, the initial dose is 20 mg
intravenously, which may be adjusted as ne-

CesSary(ZOO, 201, 206).

The pharmacokinetics of labetalol are
linear and independent of age. Absorption
is rapid and almost complete after oral
administration, with a bioavailability of
approximately 25% due to the first-pass
effect. Labetalol reaches maximum plasma
concentrations within 1 to 2 hours after
administration. Plasma protein binding is
high, around 50%, which facilitates its dis-
tribution in tissues®’’-2%-

In addition to its main indications, la-
betalol can also be used to prevent esopha-
geal varices in patients with liver cirrhosis
and portal hypertension. Administration

should be adjusted individually, considering
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the patients clinical response and toleran-
cel194,210-212)

Finally, it is important to note that
labetalol should be used with caution in
patients with decompensated heart failure,
bronchospasm, and renal or hepatic dys-
function. Abrupt discontinuation of tre-
atment may cause adverse effects, such as

exacerbation of angina and cardiac arrhyth-
miaS(ZOO, 213, 214).

PROPANOLOL

Propranolol, the first clinically useful
beta-blocker synthesized by James Black
and colleagues at ICI and launched in 1964,
is a non-selective blocker of 1 and 2 adre-
nergic receptors. This drug has a molecular
weight of 259.34 g/mol and a melting point
of approximately 96 °C, as well as a boiling
point of about 267 °C and high liposolu-
bility (LogP ~3.65). Its solubility in water
is slightly soluble (4 mg/mL), but increases
in acidic solutions, being soluble in ethanol,

chloroform, and acetone®@!5219

*mr\o

Figure 12: Propranolol molecule

Source: Own archive

Administered orally in tablets (10 mg,
40 mg, 80 mg) and extended-release capsu-
les (60 mg, 80 mg, 120 mg, 160 mg), and
also intravenously as an injectable solution
(1 mg/mL), propranolol has a plasma hal-
f-life of 3 to 6 hours and a clearance of 10-
20 mL/min/kg. It undergoes extensive firs-
t-pass hepatic metabolism by the enzymes

CYP2D6, CYP1A2, and CYP2C19. Excre-
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tion is mainly renal as metabolites, inclu-
ding the active 4-hydroxypropranolol, with
less than 1% excreted unchanged in the uri-
ne and a small portion in the feces 121922

Pharmacodynamically,
acts by blocking f1 and (2-adrenergic re-
ceptors, reducing heart rate and myocardial

propranolol

contraction force. This results in a decrea-
se in the heart’s oxygen demand, making it
effective in the treatment of hypertension,
angina pectoris, and cardiac arrhythmias.
In addition, propranolol is widely used in
the prevention of migraines and in the tre-

atment of essential tremors®@?> 229,

Propranolol is indicated for the tre-
atment of hypertension, angina pectoris,
cardiac arrhythmias, essential tremors, pre-
vention of migraines, and anxiety. The re-
commended starting dose for hypertension
is 40 mg twice daily, which can be gradually
increased to a maximum of 320 mg per day,
depending on clinical response and medical
evaluation. For angina pectoris, the initial
dose is 40 mg twice daily, which may be ad-
justed up to 240 mg per day. For migraine
prevention, the initial dose is 80 mg per day,
which may be increased up to 240 mg per

(165, 225, 226)

day

The pharmacokinetics of propranolol
are linear and independent of age. Absorp-
tion is rapid and almost complete after oral
administration, with a bioavailability of
approximately 25-35% due to the first-pass
effect. Propranolol reaches maximum plas-
ma concentrations within 1 to 2 hours after
administration. Plasma protein binding is
high, around 90%, which facilitates its dis-

tribution in tissues??%> 2% 228

In addition to its main indications,
propranolol can also be used to prevent eso-
phageal varices in patients with liver cirrho-
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sis and portal hypertension. Administration
should be adjusted individually, considering

the patients clinical response and toleran-
Ce(53, 229—231).

Finally, it is important to note that
propranolol should be used with caution in
patients with congestive heart failure, bron-
chospasm, and renal or hepatic dysfunction.
Abrupt discontinuation of treatment can
cause adverse effects, such as exacerbation of
angina and cardiac arrhythmias®?* 9.

GENERAL CONSIDERATIONS

PHARMACEUTICAL CONTEXT

Pharmacotechnical tests applied to
tablets, as in the case of beta-blockers, are
essential to ensure their quality and efficacy
in manufacturing. The average weight of the
tablets is checked to ensure that each unit
contains the correct amount of drug and
excipients, avoiding variations that could
compromise patient treatment. The drug
content of the tablet is analyzed to con-
firm that the dosage is as specified, ensuring
therapeutic efficacy. Content uniformity is
another critical parameter, as it ensures that
each tablet has a homogeneous distribution

of atenolol, avoiding inconsistent doses**.

In addition, the hardness and friabi-
lity of the tablets are tested to assess their
physical resistance during transport and
handling. The disintegration resistance test
checks the time required for the tablet to
disintegrate in the body, influencing the re-
lease of the drug. Dissolution is analyzed to
ensure that atenolol dissolves properly in the
gastrointestinal tract, allowing for successful
absorption. Finally, the stability of the tablet
is tested to ensure that the drug maintains
its efficacy and safety over time under dif-
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ferent storage conditions. These tests are es-
sential to ensure that the drug provides safe
and effective treatment to patients without
degradation of its active ingredients and ex-
cipients in the formulation®?.

The shelf stability of tablets is guaran-
teed by strict standards that establish specific
conditions for stability testing. These tests
are essential to ensure that drugs maintain
their efficacy, safety, and quality over time.
Accelerated stability studies simulate rapid
aging of the product by exposing it to extre-
me temperature and humidity conditions,
such as 40°C + 2°C and 75% RH + 5% for a
period of 6 months. These tests help predict
how the product will behave under normal
storage conditions, allowing for adjustments
to the formulation or packaging, if neces-

sary @39,

To ensure the long-term stability of ta-
blets in the pharmaceutical industry, studies
are conducted under typical storage con-
ditions, such as 25°C + 2°C and 60% RH
+ 5% for up to 24 months. In the case of
specific climate zones, such as Brazil (zone
IVb), long-term stability tests are adjusted
to reflect local environmental conditions,
using 30°C + 2°C and 75% RH + 5%,
with bimonthly sampling over 24 months.
These standards are essential to ensure that
medicines remain safe and effective throu-
ghout their shelf life, regardless of climatic
variations®?.

CONCLUSION

The literature reviewed confirms the
importance of the different beta-blockers
available on the market for the treatment of
hypertension (HTN). Cardiovascular dise-
ases (CVDs) are the leading cause of global
mortality, and HTN stands out as one of
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the main risk factors. Blood pressure control
is essential to prevent serious complications,
such as myocardial infarction and stroke.
Among the drugs used, beta-blockers play

a crucial role.

Beta-blockers are divided into two
main categories: selective and non-selective.
Selective beta-blockers, such as metoprolol,
primarily target beta-1 receptors, which in-
fluence heart rate and the heart’s effort to
pump blood. Non-selective beta-blockers,
such as propranolol, bind to beta-1, beta-2,
and, in some cases, alpha receptors, influen-
cing blood vessels throughout the body.

The choice of the appropriate beta-blo-
cker, such as metoprolol in its succinate and
tartrate formulations, should be individua-
lized, taking into account the specific needs
of each patient to maximize therapeutic ef-
ficacy and treatment adherence. In addition
to metoprolol, other beta-blockers such as
carvedilol, bisoprolol, atenolol, nebivolol,
and propranolol offer varied therapeutic
options, each with specific characteristics
that influence their clinical indication. The
combined use of these drugs with lifesty-
le changes is essential for effective blood
pressure control and prevention of serious
complications.

FUTURE PERSPECTIVES

The future outlook for beta blockers is
promising, with several areas of research and
development underway. Precision medicine
is becoming increasingly relevant, allowing
for the personalization of treatments based
on patients’ genetic characteristics and bio-
markers. This may lead to greater efficacy of
beta blockers and a reduction in side effects.
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In addition, research into new beta blo-
ckers with additional properties, such as an-
tioxidant and vasodilator effects, is progres-
sing. These new drugs may offer additional
benefits in the treatment of CVD, especially
in patients with complex comorbidities.

The integration of advanced techno-
logies, such as cardiac monitoring devices
and controlled drug delivery systems, is also
being explored. These advances may impro-
ve treatment adherence and allow for more
precise control of blood pressure and cardiac
function.

Finally, ongoing collaboration betwe-
en clinical research and technology will be
essential to overcoming current challenges
in the treatment of hypertension and other
CVDs. Innovation in gene therapies and the
discovery of new biomarkers offer new hope
for more targeted and effective treatments.

In summary, beta-blockers will conti-
nue to play a crucial role in the treatment
of hypertension and other CVDs, with on-
going advances in research and technology
promising to further improve their efficacy

and safety.
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