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Annotation
This tutorial is necessary for students of the 5th year of general medisine,
pharmacy, and professional education, 6th year of pediatric work, 4th yew of
Dentistry, 2nd year of higher nursing, as well as graduate and clinical residincy
students to thoroughly master the clinical pharmacology of antihypertensive dugs.
Tt includes questions for the theoretical part, the practical part of the topic of Clnical
Pharmacology of antihypertensive drugs, and the control related to this topic, tised

on the science of Clinical Pharmacology.



CONTEXT-SPECIFIC SHORT FORMS
AEB - Angiotensin enzyme blockers
BPRE - Blood pressure -regulating enzyme
MAP - Mean arterial pressure
AVN - AV node

BAB - Beta-adrenoblockers

BBB - blood-brain barrier

VLDLP - very low-density lipoproteins
LDLP - low-density lipoproteins

HDLP - high-density lipoproteins

ISMA - intrinsic sympathomimetic activity
MAO - monoamine oxidase

MCRA - mineralocorticoid receptor antagonists
GIT - gastrointestinal tract

RAAS - renin-angiotensin-aldosterone system
SAS - sympathoadrenal System

ChHF - chronic heart failure

EF is ¢cjection fraction

FD - pharmacodynamics

FC - pharmacokinetics

SGA - supraglomerular apparatus

THD is an ischemic heart discase

HR - heart rate

WPW — Wolff-Parkinson-White




INTRODUCTION

One of the main tasks set out in the National Training Program is the traning
ol highly qualified, all-around, mature medical personnel. An important place ir this
is oceupied by improving the quality of teaching, preparing literature accorditg to
the requirements of the time.

It is of great importance to teach clinical pharmacology to students studyiag in
the medical direction, since it is necessary that future doctors can master the
propertics of drugs and apply this knowledge in clinical practice. The doctor should
know the principles of conducting not only effective, but also safe pharmacotherapy.

According to research, hypertension is one of the main causes of disability on
our planct. One of the most dangerous causes of ischemic heart disease, acute
myocardial infarction, and cerebral stroke is arterial hypertension. Areerial
hypertension problems account for 9.5 million fatalities worldwide each year.
According to research, arterial hypertension affects 20% to 30% of the elderly
population. Effective treatment of arterial hypertension can control blood pressure
and prevent complications. In the treatment of Arterial hypertension, maidy 5
groups of antihypertensive drugs are used. Although the only feature for themis an
effective lowering of blood pressure, each group of drugs has its own characteristics.
When conducting effective and safe pharmacotherapy, when choosing an individual
drug for the patient, it is necessary to know these properties and use them ratiomlly.

In addition to providing detailed information on the pharmacodynanics,
pharmacokinetics, indications for use, adverse effects, contraindications, and
interaction with other drugs, this tutorial also provides up-to-date information on
specific aspects of the use of antihypertensive drugs in clinical practice.

The key to treating arterial hypertension safely and effectively is having a
thorough understanding of the pharmacodynamic, pharmacokinetic, and nonspecific
effects of medications. As a result, it becomes feasible to properly choose
antihypertensive medications, decide on the best way to take them, evaluate their

cfficacy and safety, and avoid any unintended side effects. The manual also sets up
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control questions on the subject so that antihypertensive drugs can be thoroughly
mastered the clinical pharmacology.

The tutorial, created by the authors. is designed for students in the Faculty of
Pediatrics, 5th-year students of general medicine, pharmacy, professional education.
2nd-year students of higher nursing, clinical internships, and master's programs, who
are specializing in Medicine. We hope that it will aid students in thoroughly

understanding the clinical pharmacology of antihypertensive drugs.



CLINICAL PHARMACOLOGY OF p -ADRENOBLOCATORS

p-adrenoblocators (BABs) are medicines that exhibit their effeck by
blocking 3 B-adrenoreceptors located in various organs and tissues B-
adrenoblocators have been used in clinical practice since the 60s of the last certury
[22].

f-adrenoblocators  have  antianginal,  antiischemic., hypotersive,
antiarrhythmic, and organoprotective effects,

The following types of B-adrenareceptors exist - [31-and f2-adrenorecepors.

Blocking pl-adrenoreceptors results in the following pharmacodymmic
effects:

A reduction in heart rate (negative chronotropic or bradycardic effect)

A decrease in myocardial excitability (negative dromotropic, antiarrhytimic
effect)

A reduction in myocardial contractility (negative inotropic, antiarrhytimic
effect) - Reduces pressure in the Portal vein system (at the expense of reducing Hood
circulation in the liver and mesenteric arteries);

- Reduces intraocular fluid formation (decreases intraocular pressure);

- Psychotropic effect (typical for BAB passing through BBB — impotmce,
drowsiness, depression, insomnia, nightmares, hallucinations, etc.;

- When taking a short-acting BAB is suddenly touched, a “cancel” syndiome
develops (hypertensive reaction, recurrence of coronary insufficiency, non-gable
stenocardia, acute myocardial infarction, or sudden death).

As a result of partial or full blockage of f2-adrenoreceptors, the folloving
pharmacodynamic effects arc observed:

- increased tone of the bronchi's smooth muscles, which can lead to
bronchospasm in extreme circumstances [22];

= gluconeogenesis and the stoppage of glycogenolysis, which disrupt the
flow of glucose from the liver to the blood (as a result of enhancing the effet of

insulin and ather blood sugar-lowering medicines);



- Increased arterial smooth muscle tone- arterial vasoconstriction

(resulting in increased peripheral vascular

tone), coronary spasm, decreased blood

circulation in the kidneys, and decreased blood circulation in the limbs [22].

Table 1.1

Location of B-adrenoreceptors in organs and tissues, 1 / B2 ratio,

stimulation result

Stimulation results in

Increased norepinephrine separation

Increased acetylcholine separation

Increased formation of intraocular fluid

Increased tear fluid separation

Increase myocardial contraction force.

number, and excitability, AV-permeability

Increase in myocardial contraction force and

number.

Coronary artery dilation

Expansion of other arteries and veins

Increased Renin secretion

Ingestion of sodium is rcabsorbed in the ducts

Organ and tissue Receptor
In synapses at the B
end of the nerve :
Cholinergic  nerve
. B2
endings
Eye B
Tear glands B2
By > B2
Heart (myocardium)
B2
Blood-vessels sl
B2
Kidneys (JuGA) Bz, B
Bronchi B2> B,
Salivary glands B
— ]
Esophagus B2, B
—_—
Stomach B2, B
Intestines B2, B
Bladder B2
- ]

Bronchodilation

Increased amylase secretion
Decreased esophageal peristalsis, decreased

esophageal inferior sphincter tone

Attenuation of gastric peristalsis, decreased
secretion of hydrochloric acid

Attenuation of intestinal peristalsis

Detrusor contraction

_—




a | Relaxation of the muscles of the uterus (n

Uterus B2 |
\ pregnancy) [22].
Skeletal muscle L B2>B Glycogenolysis and tremor enhancemen
Increased gluconeogenesis and
Liver B>B: |  glycogenolysis (increased blood glucost
levels)

| Increased secretion of Insulin. glucagon

Pancreas B2> P somatostatin, and inhibition of external
secretory function

Adipose tissue ! B2 Increased lipolysis

The molecular structure of B-adrcnoreceptors consists of a sequence of anino
acids. Stimulation of B-adrenoreceptors activate the G-protein, which in turn
stimulates the enzyme adenylate cyclase. This activation of adenylate cyclase kads
to the production of cyclic AMP from ATP. The increase in cyclic AMP actizates
protein kinase, which then phosphorylates calcium channels, enhancing the enty of
calcium into the cell during voltage-gated depolarization, this leads to a calium
“flash" and the release of calcium from the sarcoplasmic reticulum (the starage
depot) increases, as does cytosolic calcium. An increase in cytosolic cakium
increases the frequency and effectiveness of impulse transmission, as well a: the
strength of muscle contraction.

BAB prevents the stimulating effect of B-agonists on B-adrenoreceptors,
causing the development of negative chronotropic, dromotropic, batmo, and
inotropic effects [22].

Pharmacological effects of BAB.

Cardiac effects:

1. Reduced cardiac contraction force (negative inotropic effect)

2. Decrease in the number of heart contractions (negative chronotropic efct)

3. Conduction attcnuation (negative dromotropic effect)



4. Decrease in automatism (negative batmotropic cffect-mainly to the sinus and
AV node)

5. Reduces the release of renin into the blood (by blocking f31-rcceptors in the
Yuga), which reduces blood pressure by reducing the formation of angiotensin II.

6. The left ventricle helps reduce myocardial hypertrophy.

7. Antianginal effect: Tt decreases myocardial oxygen demand by reducing
inflammation and lowering blood pressure [22];

- improves coronary blood circulation (improves diastolic perfusion):

- Collateral improves blood circulation (improves blood supply to the ischemic
zone);

- strengthens cells and lysosomal membranes;

- improves OXygen separation from oxyhemoglobin;

- reduce platelet aggregation.

Lipophilic B-adrenoblocators (lacking internal sympathomimetic activity) can
prevent myocardial infarction, which can develop after stenocardia.

Hydrophilic B-adrenoblocators (with intrinsijc sympathomimetic activity) do
not affect the prognosis of ischemic heart disease,

8. Antihyvpertensive effect:

- reduces blood from the heart (slows down the shortening activity of the left
ventricle and reduces the number of heart contractions)

- reducing renal secretion

-blocks presynaptic |32-adrcnorcceptors to reduce norepinephrine release from

postganglionic sympathetic nerve endings (selective unbranched B-adrenoblocators)

increases the excretion of vascular dilators (E2 and 12 prostaglandins, nitric

oxide, components of natriuretic factor)

adrenoblocators),

9. Vasodilating cffects of f-adrenoblocators include the following linkage:
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- because it has both B-adrenoblocking and «-adrenoblocking effects

(carvedilol, propranolol)

- for causing nitrogen oxide separation from endothelial cells (nebivolol)

- for having intrinsic sympathomimetic activity to f2-receptors of blood vassels

(pindolol) [22].

Extracardial effects:

1.

[

Bronchospasm (blocking B2-adrenoreceptors in the bronchi reduces the
stimulating effect of the GS protein on adenylate cyclase, which redices
cAMP synthesis. Depletion of cAMP within the cell leads to inactivatian of
the cAMP-binding protein kinase, which leads to increased activiy of
myosin light chain kinase. The Light chains of myosin are phosphoryhted
by myosin light chain kinase, causing contraction of smooth muscle. Bind
to actin, causing the ciliary muscles to contract.)

Increases the tone of the uterine muscle (through the same mechanisn as
mentioned above).

Stimulates the gastrointestinal system, leading to abdominal pain, diarhea,

and nausea, and vomiting.

. Narrowing the arterioles and venules increases peripheral resistance (ip to

Reyno syndrome)

. The level of triglycerides in the blood increases, and the level of choleserol

in lipoproteins with low density increases (atherogenic property).

. Hypoglycemia results from an increase in the liver's production of glycsgen
ypog p gly

from glucose.

+ The pancreas blocks B2-receptors in the Langerhans islets, reducing insulin

secretion, leading to hyperglycemia (the effect on carbohydrate metabdism

is not observed in healthy peaple).

11



Table 1.2
The effect of B1-adrenoblocators on lipid metabolism.
Lipids and lipoproteins in the blood
The density
General triglycerides Chal | al of
olesterol in tota
The drug or triglycerides in cholesterol
cholesterol or low-
lipoproteins with very . in your low-
density lipoproteins .
low density density
lipoproteins
Atenolol 1 0 0/]
Betaxolol 0/1 0 0/y
Bisoprolol 1 0 0/]
Carvedilol 0/ 0/) o/t
Metoprolol 1 0 0/]
Nadolol 1 0 0/]
Pindolol 0 0 170/t
Propranolol 1 0 1
Sotalol 1 0 !
Timolol t 0 !
Celiprolol 0/] 0/ 0/

Note: 1 -increase; | - decrease; |/0/1 -

the information in the literature s different.
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Tible 1.3

Comparative description of the pharmacodynamic effects of f-blockers

== TE
> S s e 2 - 8.8 <
£ € c G| 0= Bl asel|lEs =
< 8353 Sg 8 Sl mo 85| &8 8
The drug § s s5B|€|s5¢8 g% %% 52|53 'Eé
8 & E£%|> |85z SE|fg 2838 |53
2 S ] =% 3] a2 S .Q
%] - ~ S 8 o Z ; é
Atenolol + - - 1 1 1 1/0 l l strong
Metoprolol + - ? ! 1 1 1/0 1 l strong
moderat
Nadolol - - l 1 1 1 1 { strong
e
. Powerle
Pindolol - | strong 0 1 0/} { 1 0/{ | strong
ss
moderat
Propranolol - - { l ] 1 l l strong
e
Talinolol + weak weak l 1 1] 1 i ! strong
Timolol - - - l l l 1 l ! strong

Eslatma: { - depletion;| - increase; 0 — does not affect: 2 - No information.
Factors affecting the pharmacological parameters of Bl-adrenoblocators:
- B1-sclectivity (cardioselectivity) and selectivity levels;
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- membrane-stabilizing effect;

- degree of lipophilicity;

- intrinsic sympathomimetic

activity;

- additional vasodilating effect;

- Duration of action of the drug [22].

Table 1.4
f1-adrenoblocator cardioselectivity index

The drug B1/p2 ratio

Propranolol 1.8:1 (nonselective) ]
Metoprolol 1:20 “—:—_’
Atenolol - 1:35 o ]
| Betaksolol T s _
Bisoprolol 1:75

Nebivalol 1:300 j

Prolonged use of BABs leads to an increase in the number of [3-

which is why the effect of BAB gradually increases,

stopped, a strong symp

of catecholamines in the blood is observed.

Classification of B-adrenoblocators

|
No  specific| Has specific
adrenomime | adrenomime

tic activity | tic activity

e

lol |
POl Oxprenolol
Nadolol Bopindolo]
Sotalol SR g

WNoncalonfon bote A
Nonselective beta-adrenoblocators
—_— - -

Timolol E‘"d""”

e L

Vasodilatin
g effect has

Pindolol

14

adrenoreceplors,
and when they are suddenly

athomimetic (especially in the short-acting BAB) [22] cttect

Table 1.5

Specific Specific
adrenomimetic Intrinsic | has .
T sympathom | Vasodilating
o imetic effect

activity
Atenolol [Carvedilol |
Bisoprolol Alprenolol |Nebivolol
Metoprolol Acebutolol |(Bivolol)
Esmolol Talinolol | Labetalol
B’Eﬁ’ﬂo_lﬁ__ L Proxodolol




Some BAB have intrinsic sympathomimetic activity (ISMA) properties —
alprenolol, ascbutalol, oxprenolol, penbutolol, pindolol, practolol, talinolol. The
intrinsic sympathomimetic activity characteristic is strong in Pindolol. The nature of
BAB's intrinsic sympathomimetic activity prevents the heart from decreasing the
number of contractions in a calm state. This makes it possible to use BAB, which
has a characteristic of intrinsic sympathomimetic activity in patients with a low
number of heart contractions, but such BAB cannot be used in patients with tarly
morning heart attacks.

The sclectivity of selective BAB depends on their dosage, which means that as
the dosc of the drug increases, their selectivity decreases.

BAB — propranolol, betaxolol, bisoprolol, oxprenolol, pindolol, talinolol, which
have antiarrhythmic, membrane-stabilizing effects [22)].

All B-adrenoblocators are divided into 3 groups:

- lipophilus;

- hydrophilic;

- both lipophilic and hydrophilic.

Betaxolol, carvedilol, metoprolol, oxprenolol, propranolol, and timolol are examples
of lipophilic B-blockers.

Sotalol, nadolol, and atenolol are hydrophilic B-blockers.

Ascbutalol, bisoprolol, pindolol, and seliprolol are B-blockers that are both
hydrophilic and lipophilic,

Lipophilic BAB has a short half-life (T':), is metabolized in the liver (80-100%),
and is primarily climinated from the body through the liver. It is also quickly and

nearly entirely absorbed (more than 90%) from the digestive system [22].




Table 1.6

Pharmacokinetic indicators of lipophilic BAB

I Plasma Elimination |
| - ISMA/a- | [ ——- S
! _ TV protein Throug | Throug
The drug | Selec- | adrenob | [
| ! | clock | binding% | h the h the
| Tivity | locada | | )
i | % liver | kidney
Alprenolol | 0 | +2/0 | 23 85 100 0
Bevantolol | +2 | 00 | 244 95 100 0
| | |
Nebivolol | +8 | 0/0 | 10-50 98 99.5 0.5
Betxolol | +2 | 00 | 1622| 50 | 8 | 15
o) S— |- | O | SN ol
Carvedilol +1 0/+1 | 6-7 ? 100 0
[Labetalol | 0 | +1ps+2 | 34 10 w0 | o
Metoprolol | +2 | 00 | 34 10 100 0
Oxprenolol 0 +2B; = B, E 1-4 30 100 0
Propranolol | 0 00 | 25 93 100 0
Enm B ’{'—% 4-5 10 80 | 20

The condition of blood circulation in the liver affects the metabolism of the BAB,

the frequency of delivery and the single dose. When treating individuals with heart

failure, liver cirrhosis, and advanced age, this should be considered. Because the rate

of BAB clearance in severe liver failure is precisely related to the level of liver
function, the rate of BAB elimination falls by the same percentage as the decline in
liver function. Lipophilic BAB reduces blood circulation in the liver when applied

for a long time, as a result of which it reduces both its metabolism and the

metabolism of other lipophilic drugs. This can cause the BAB to extend its half-
release period, reduce the single or daily dose or daily frequency of administration

or increase the effect of the BAB or increase the dose in the blood Taking high

diphenhydramine. and other
hepatoinductors speeds up the metabolism and elimination of BAB Preparati
. Preparations

smoking, alcohol, rifampicin, barbiturates,

that slow blood circulation in the liver, hepatoingibitgys slow down the metabolj
, abolism
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and climination of BAB. Therefore, in severe disorders of liver function, the dae of
BAB is corrected.

The lipophilic BAB passes well from the blood-brain barrier, the histoplasntar
barrier, to the ocular chambers,

Hydrophilic BAB is excreted mostly unchanged (40-70%) by the kidneysand
has a long (6-24 hours) half-release period. They arc poorly absorbed from the
gastrointestinal tract, and are also not absorbed in one rhythm.

A decrease in the rate of ball filtration in the kidneys (in elderly patiens, in
chronic kidney failure) slows the elimination of hydrophilic BAB, which is why it
is required to reduce their dose or frequency of administration, that is, when desing
BAB [22], it is possible to target the amount of creatinine in blood plasmm or
creatinine clearance. How many times the creatinine clearance decreases fron the

norm should the dose or frequency of administration of BAB be reduced so nany

times?
Tabk 1.7
Pharmacokinetic indicators of hydrophilic BAB
ISMA Plasma Elimination
br- la- T protein | Throug | Thraig
The drug Kelggst adrenob | clock | binding% h the h the
Y locada % liver kidrey
Atenolol | +2 0/0 6-9 5 10 90
Carteolol 0 +1/0 5-6 25 10 90
Nadolol 0 0/0 14-24 25 0 109
Penbutolol 0 +1/0 24-27 98 5 95
Sotalol 0 0/0 7-18 0 20 80
Talinolol | +2 +1/0 ? a 10 90
‘Esmolol +2 00 | 9min | 55 0 0




Impaired renal function does not require a dose correction of penbutalol from
hydrophilic BAB. Nadolol does not reduce blood circulation in the kidney and the
rate of blood filtration, as it has a vasodilating effect on renal blood vessels.

BAB, whose effect is very short, breaks down in the blood under the action of
csterase, and they arc only injected intravenously. The half-release period of BAB,
which breaks down under the action of esterase in the blood, is very short, 30
minutes afier the intravenous drip is stopped [22]. After the effect disappears. Such
preparations are mainly used in acute cascs (acute ischemia, during operationalism,
or in control of ventricular rhythm in postoperative ventricular paroxysmal
tachycardia). Patients with hypotonia or heart failure are considered safe to usc the
short-acting BAB, while those with bronchoobstruction are considered safe to use
f1-selective BAB (esmolol).

Amphiphilic BAB (asebutolol, bisoprolol, pindolol, seliprolol) is also fat-soluble in

water [22], which is excreted from the body both through the liver and through the
kidneys.

Table 1.8
Pharmacokinetic indications of amphiphilic BAB
] ISMA I D A e i
Plas Eliminati
l Bl- s v lasma imination
The drug it protein
selektivity | adrenob| clock Through | Through
binding % .
ocada the liver | the kidney
Accbutolol |
+1 +1B4/0 3-4 25 60 40
Bisoprolol | — | ——©—F——
+3 0/0 10-12 30 350 350
Pindolol [ |
0 +3f2 34 57 60 40
| Celiprolol | . 2B_/ N s e T S
+ +2B/+1 | 5-6
30 40 60
]

i8



Since amphiphilic beta-blockers are eliminated from the body via both the
liver and kidneys, they can be safely used in individuals with mild liver o kidney
dysfunction. Excretion of these drugs from the body is only impaired ia severe
kidney and liver failure. In such cases, the daily dose of amphiphilic BAB isreduced
to 1.5-2 barovars. Pindolol from amphiphil BAB can increase blood circulation in
the kidneys in chronic kidney failure [22].

The number of heart contractions, blood pressure, AV-permeability, and
clinical effect are all taken into consideration while choosing the dosage »f BAB.
BAB should be administered at a starting dose of 1/8 to 1/4 of the typical therapeutic
dose. The drug's dosage is raised every three to seven days to an average therapeutic
level when there is insufficient clinical effect. In this instance, when the patient is
vertical, the heart contracts 55-60 times per minute, and the systolic blood pressure
is 100 mm, which shouldn't be lower [22]. When BAB is taken consistently, its full
cffects are shown after four to six weeks. The hypotensive and bradycardiac effects

of BAB last longer than the antianginal effects.

Table 1.9
Pharmacokinetic indications of BAB

ez e T,,i, RSO v 5
| =)
3 =
:5.; Release g
= . 5 =
= = i =
= g £ |3 |2 <

The drug E ic:__ »:_-_ 3 _E =

= =] = = = 5 g

] 2 = = s | = £

a < 8 5 = =

g R S 2

2 % | =

(23] = =]

E | 2

= | £
Alprenolol 400 90-100 10 2-3 85 100 0 +
 Atenolol 100 46-62 | 40-50 | 69 5 10 90 .
Asebutalol 600-1200 90-100 40-60 3-4 25 60 40 +
Betaxolol — - 80-90 | 1520 | 50 85 15 2
 Bisoprolol | : - 85 1002 | 30 | 50 50 ?
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TGl |- [ - [ 7 [er [ 2w o | @
Labetolol 600-1200 | 90-100 ? 3-4 50 100 0 \ -
Metoprolol 150-300 95-100 50 34 10 100 0 i -
Nadolol 80-240 13-25 30 14-24 25 0 100 ‘L -
Oxprenolol 120-400 | 70-95 30-50 1-4 80 100 0 -
Penbutolol - . 2 24.27 98 3 93 -
Pindolol 75225 | 90100 | 9 | 34 | 57 | 60 | 40 | -
Propranolol 120-400 | 95-100 30 2-5 93 100 0 i+
Sotalol - - 60-70 7-18 0 20 80 -
Talinolol 100300 | 7075 | 2 1014 | 60 | 40 | 60 | -
Timolol 15-45 90-100 70 4-5 10 80 20 -
Seliprolol - - 30-70 5-6 30 40 60 +
Esmolol R 9min | 55 | 0 | o | -

Effects of bab in ischemic heart disease and stenocardia.

BAB has antianginal and antiischemic effects. The mechanism of origin of
these cffects is due to their action on hemodynamic parameters, that is, BAB lowers
blood pressure, reduces heart function and the number of heart contractions,
prolongs the diastole period, resulting in a decrease in myocardial oxygen demand.

A decrease in systemic blood pressure reduces myocardial contraction,
reduces the central adrenergic effect (drugs passing through GEB), and renin activity
in blood plasma (up to 60%).

Internal simpatomimethicity reduces overall mortality, sudden death, and
risk of re-myocardial infarction by having cardioprotective effects in patients with
lipophilic BAB (regardless of sclectivity), acute myocardial infarction without

activity. The cardioprotective effect is mainly characteristic of metoprolol

propranolol, and timolol. Lipophilic BAB with intrinsic sympalhomimcthici(y

activity has few cardioprotective effects. The cardioprotective effects of carvedil |
_ edilo

and bisoprolol arc the same as metoprolol. Hydrophilic BAR (atenolol ang lol)
sotalo

does not affect the rate of sudden death a
nd overall mortality in i
Ity 1 ischemj
disease. o
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Table 1.10

Cardioprotective effect of BAB in patients with myocardial infarction

— Reduced risk of
death

Hydrophilic BAB (atenolol and sotalol) 10
' ISMA BAB (alprenolol. oxprenolol. pindolol. practolol) | 11 B
ISMA mortality BAB o | 28 (p<0.05)
‘Non-selective BAB (propranelol. sotalol. thymolol) 27 (p < 0.05)
Pr-selektivity BAB [22] (atenolol va metoprolol) 31 (p<0.05) |

Lipophilic BAB (metoprolol. propranolol, timolol) 30 (p <0.05) _J

Bela-blockers are recommended for secondary prevention in all patientswith
ischemic heart disease, with Q-tooth myocardial infarction, for at least 3 years
without indication against this group of drugs, especially in patients over 50 years
of age, left ventricular anterior wall infarction, carly postinfarct stenocardia, when
the number of heart contractions is high, cardiac ventricular rhythm disturbances,
when there are manifestations of stable heart failure [22].

Effects of bab in chronic heart failure.

Tn the treatment of chronic heart failure, BAB enters the main group of drugs
when the volume of ejection fraction (EF) is equal to or small at 35% (proof rak a).

The therapeutic effect of BAB in the treatment of chronic heart failure is due
to the additional effects of the neurogumoral mechanism, sympathoadrenal (§AS)
and renin-angiotensin-aldosterone systems (RAAS) in the development of chionic
heart failure. Activation of SAS can lead to increased myocardial oxygen needs,
increased ischemia, cardiac arrhythmias, myocardial remodeling, hypertrephy,
apoptosis, and necrosis. The additional effect of BAB also includes the positive
effect on left ventricular remodeling and the volume of ejection fraction . BAB has
an anti-ischemic effect, which means it is effective in reducing the risk of sudden
death (bisoprolol), as well as its use in chronic heart failure, leading to a rapid
decrease in mortality (for any reason).
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The positive effects of beta-adrenoblockers (BAB) in chronic heart failure

include:

- Reduces the death and dysfunction of cardiomyocytes caused by
necrosis and apoptosis.
- Decreases the number of cardiomyocytes in a  dormant
(hibernating) state.
- Increases fi-adrenoreceptor activity;
- reduces myocardial hypertrophy.
- Reduces the number of heart contractions, especially in the swinging
arrhythmia observed in physical exertion:
- Reduces myocardial ischemia in peace and especially in physical
exertion;
- Slightly reduces the frequency of ventricular arrhythmias;
- Has an antifibrillator effect, reducing the risk of sudden death.
Several randomized clinical trials have shown that the carly addition of beta-
adrenoblockers (BAB) to standard therapy — including diurctics, digoxin, and

angiotensin-converting enzyme (ACE) inhibitors — is cffective in treating stable

mild to moderate chronic heart failure, as well as severe cases, prolongs patient life

expectancy, reduces the frequency of inpatient treatment, improves patient quality

of life, improves patient condition (discase severity A). The best results in reducing
the incidence of sudden death in chronic heart failure were reported in BAR-
bisoprolol, metoprolol (with prolonged effect), and carvedilol.

It should be noted that BAB is not among the “ambulance”™ tools: jt cannot

exclude patients from the state of decompensation and hyperhydration BAB can be

used in the treatment of chronic heart failure as a supplement to ACE inhibitors I
s when

the patient's condition is stable.

Contraindications to the use of BAB in chronie heart fajj
ailure;

- Severe bronchial pathologies accompani
54 panied by exacerbati 3
ation of symptoms of

bronchoobstructive syndrome when bronchial asthma or BAR ;
1S used;

- Bradycardia (<50pcs / min;
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- Hypotonia (<85 mmHg.);

- Grade IT and higher AV-blockade:

- Severe obliterating endarteritis.

BAB is an indication for patients with chronic heart failure and type 2 diabetes
mellitus, in which all their positive effects are maintained. Carvedilol, from
nonselective f3-adrenergic blockers with al-adrenoblocking action, is the choice
drug for such patients, as carvedilol increases the sensitivity of peripheral tisswes to
insulin (degree of provability A).

Indications for the use of BAB:

- Arterial hypertension

- Ischemic heart disease

- Exertional (stable) angina
- Chronic heart failure

- Cardiac arrthythmias

In the treatment of arterial hypertension, BABs help prevent the longterm
complications of the discase. However, in recent years, their usage has become nore
selective due to observed negative metabolic effects — such as an increased risk of
metabolic syndrome and the development of diabetes mellitus in monotherapy or

combination with thiazide diuretics in patients at high risk of developing diabeks in

the treatment of arterial hypertension is limited.

Tablel.11
Basic guidelines for the use of f-adrenoblocators
Degreeof

Instruction provaliley
Arterial hypertension A
Tension stenocardia: A
- Anamnesis has no myocardial infarction: prolongs life CB
expectancy, prevents myocardial infarction, and controls
ischemia:

A
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- - Anamnesis had myocardial infarction: prolongs life
cxpectancy. prevents re-myocardial infarction. and controls

ischemia.

In acute myocardial infarction, beta-adrenoblockers (BAB)

provide several benefits: A
- Reduce the size of the infarcted (damaged) arca A
- When administered intravenously. they help relieve pain.
control blood pressure. and reduce heart rate
- Prevent sudden death; B
- Intravenous  administration  for the treatment of C
tachyarrhythmia.
Had myocardial infarction (secondary prevention): A
- prolongs life expectancy: A
- prevents myocardial infarction again: A
- Prevents sudden death: A
- Prevents arrhythmia. B
| Acute coronary syndrome (ST-segment not elevated. B
(reduces ischemia, prevents acute myocardial infarction.
secondary preventiof )
Chronic heart failure A
Asymptomatic dysfunction of the left ventricle after acute A
myocardial infarction
Vcntﬁcula?an_hﬁm_‘ B =
Compartment fibrillation (prevention, control of the number of A
heart contractions)
Sinus rhythm revival
Supraventricular arrhythmia(non-paroxysmal tach i N
yeardia, Wpw
Q-T syndrome
%&E‘Gﬁlf S

A Based on a-analyvses or oSS
meta-analyses or multiple Ta"mtjﬁéﬂ}iﬁ"?‘l* L
* 1cal trials,
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Grade BB: Based on a single randomized clinical trial or non-randomized clinical studics.

Grade C: Based on expert opinions or small-scale studies.

BAB. which has a vasodilating effect when an aortic aneurysm is at risk of
stratification against the background of increased blood pressure. is the choice drug.
Labetalol in the treatment of hypertonic crisis. which is complicated by acute
coronary insufficiency. is a nonselective BAB selective drug used parenterally in
cardiac rhythm disturbances or tachycardia-induced. Labetalol and esmolol are the
drugs of choice in cranial trauma. which is complicated by hypertensive cisis.
Labetalol and oxprenolol are the choice drugs when blood pressure rises in pregnant
people (methyldopa is used if the patient is unable to tolerate labetalol and
oxprenolol). Prolonged use of atenolol in pregnant people with Arterial hypertersion
leads to a decrease in fetal and placental weight, which is due to the increase
(narrowing) of the tone of the aorta of atenolol and the umbilical artery of the fetus.

In the treatment of stenocardia, BAB is among the main antianginal drugs that
improve the symptoms and prognosis of the disease.

In the treatment of chronic heart failure, BAB enters the main group of drugs
when the volume of rapidly crupting blood (FE) is equal to or less than 35% (proof
rate a).

Only 3 BABs (bisoprolol, methoprolol with prolonged action, carvedilol) can
improve the prognosis of chronic heart failure: efficacy, safety are confirmed,
carvedilol (a-p-adrenoblocator) has a positive effect on left ventricular relaxation
rates in heart failure with rapid cardiac output (FE) [22].

BAB is used as a neurohormonal modulator in functional classes II-IV of
chronic heart failure, and with ACE inhibitors ar¢ indicated when the ejertion
fraction (EF) — the volume of blood pumped out of the heart — is equal to orless
than 35%. In the treatment of chronic heart failure, atenolol and metoprolol tartrate
are contraindicated (evidence level A).

For elderly patients over 70 years of age with chronic heart failure, nebivolol

may be used. This is a Grade IT recommendation, supported by Grade C (expert

opinion or limited evidence).
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Other indications for the use of BAB:
- For the Prevention of ischemia and arrhythmia in surgical procedures in patients at
high risk of cardiovascular discase (degree of provenance a):- In the treatment of
Arterial hypertension, ischemia, and arrhythmia (degree of provability V)
- In hypertrophic cardiomyopathy (to relieve svmptoms, control heart rate, treat
arrhythmia and chronic heart failure, and reduce the risk of sudden death):
- In tyrotoxicosis (to relicve the symptoms of tyrotoxicosis):
- For the Prevention of Migraines.

Negative effects of BAB:

The origin of the negative effects of BAB depends on their selectivity,
lipophilicity (observed by the central nervous system).

Table 1.12
Negative effects of BAB

| Clinical: coldness of the limbs. heart failure. occasionally

bronchospasm. and bradycardia

Bi-receptor Biochemical: a slight change in the amount of potassium, uric

blocking acid, sugar, and triglycerides in the blood. an increase in

insulin resistance. and a slight decrease in the amount of high-

density lipoproteins

Clinical:

weakness. cooling of the limbs. bronchospasm.

hypertensive reactions
Ba-receptor

Blocking Biochemical: higher levels of potassium. uric acid, sugar. and

triglycerides in the blood, increased insulin resistance

slightly lower levels of high-density

and
lipoproteing [22]

. — "
Negative effects observed by the central ncrrc)agl§

S

Lipophilicity

stem,

including sleep disturbances, depression, and ¢

—_—

reaming

Sinus bradycardia, AV-blockade development o elevate

d bl :
latent heart failure manifestat _——l

ion, excitation of brong

hial asthma or 3
lung diseases, hypoglycemia * Or other obstructive

» male g ;
sexual dysfuncuou, angiospasm (in different
26
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forms), general weakness, drowsiness, depression, dizziness, impaired reactons,
and the development of "withdrawal" syndrome (primarily in short-acting BAB) are
the main adverse effects of BAB [22].

Control of therapy with BAB

In patients with angina pectoris (stenocardia), the target heart rate should be
55-60 beats per minute, measured 2 hours after taking the medication while atrest,
In cases of chronic heart failure, the target heart rate may vary depending on clhical
condition and treatment goals. The target heart rate should be 65-74 beats per
minute; in most patients, around 70 bpm is optimal. It is recommended to be. When
the drug is taken regularly, a hypotensive cffect is observed afier 3-4 weeks. Since
BAB reduces AV permeability, It is advised that BAB sufferers have their HOGs
controlled. For patients who exhibit symptoms of latent heart failure (fatigue, weight
gain, hoarseness, and wheezing in the lungs), the duration of BAB dwage
(therapeutic dose determination) should be extended to avoid decompensation.

Principles of bab dosage in chronic heart failure.
In chronic heart failure, initiating treatment with selective Bl-adrenoceptor blodkers
is considered appropriate, particularly in cases characterized by severe tachycirdia
and normal or low systolic blood pressure. In such cases, ACE inhibitors may be
added to the pharmacotherapy at a later stage. Small doses of BAB cause incrased
peripheral vascular resistance, decreased myocardial systolic function in the fist 2-
3 months, which requires a re-dosing of BAB [22]. The application of BAB requires
dynamic monitoring of the course of the disease. If symptoms of decompensition
are manifested by diuretics, it is recommended to increase the dose of ACE inhititors
22], use drugs with positive inotropic effects (small doses of cardiac glycosids or
calcium sensitizers - levosimendan), and taper the dose of BAB more slowly. The
goal of using BAB in chronic heart failure, where rapid cardiac output (FE) has

decreased or maintained blood volume, is to reduce the number of heart contradions

and left ventricular hypertrophy.
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In the treatment of chronic heart failure, treatment with BAB should begin with
1/8 of the therapeutic dose, and an overdose should be carried out 1 time every 2
weeks (in which the patient must have taken the previous dose well):

Bisoprolol: 1.25 mg — 2 weeks: 2.5 mg — up to 4 weeks; 3.75 mg — up to 6
Weeks; 5 mg — up to 8 weeks: 7.5 mg - up to 10 weeks: then 10 mg dan every day.

Carvedilol: 3,125 mg. from 2 times, then 6.25 mg. from 2 times, then 12.5 mg.
from 2 times; then 18.75 mg. from 2 times; then 25 mg. from 2 times every day.

Metoprolol Succinate: 12.5 mg - 25 mg - 50 mg - 75 mg - 100 mg - 200 mg
1 time per day.

Nebivolol: 1.25mg ~2.5mg - Smg - 7.5 mg 10 mg | time per day.

Table 1.13

Dosage of -adrenoblocators for the treatment of chronic heart failure

Dosag_e, mg, and frequencifo?ﬁ_"
The drug administration
initial ; therapeutic | Max.
Bisoprolol 1,25 % | | 10 % 1 e
Metoprolol Succinate 12,5 % 1 I‘ 100x1 | 200x]

Carvedilol 3,125 x | J' 25x1 | 25 x |
! |
Nebivolol (In patients over 70 years : ‘
L25%1 | 1ox J 10 1
of age)

Tactics of ordering BAB,

- Before treatment with BAB. the patient must be taking ACE inhibitors,

mineralocorticoid receptor antagonists (MCRA - spironolac

tone I eplerenone), and
diuretics. Usually, i

BAB is prescribed (to titrate the dose of BABs). )
- Itis always necessary to start with the initial dose:

- The dose of BAB should be incroased sradvally (L time every 3 weeg)
weeks);
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- All the time, it is necessary to try to achicve the targeted dose; if this it not

- It is better to preseribe them at the minimum dose than not to prescribe BAB.

- It is necessary to constantly monitor the patient's personality, the number of
heart contractions, and blood pressure.

- Biochemical analysis of the patient should be carried out after 1-2 weets of
sung at the beginning of treatment, and 1-2 weeks after the last dosage is carriedout.

- The patient needs to be measured in body weight; if the body weight increases
sharply, the dose of diurctics and ACE inhibitors should be increased (until the body
weight returns to the norm again).

Extensional measures.

1. Increased symptoms of chronic heart failure (e.g., wheezing, mpid
fatigue, increased swelling, increased body weight):

- Increase the dose of diuretics and/or reduce the dose of beta-adrenablockers
(BAB) by half if swelling increases and diuretics are ineffective at higher doset.

- If severe weakness develops, consider reducing the BAB dose.

- If the symptoms of chronic heart failure worsen and the patient's condtion
worsens after the prescription of BAB, reduce or cancel the dose of BAB by 2 tines.

- After 1-2 weeks of treatment, a cardiologist should consult again if the
patient's condition does not improve.

2. Bradycardia:

- Reduction of the dose of BAB by 2 times, cancellation in severe cases, i the
symptoms of acute heart failure are increased < 50 pes/min, and in chronic deart
failure.

- Of course, to conduct an ECG examination (to exclude AV-blockade and

conduction disorders);

- Consider prescribing other medications (e.g., ivabradine, digxin,

amiodarone).
3. Asymptomatic hypotonia: No change in Pharmacotherapy is requred.
4. Symptomatic hypotonia:
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- Revision of the need to take other drugs that dilate blood vessels:

- Consider reducing diuretics and the dose of ACE inhibitors in the absence of
signs of edema:

- If the above does not help to consider a cardiologist's consultation again.

BAB is contraindicated in bronchial asthma. can be used in chronic pulmonary
obstructive discase and chronic bronchitis. especially selective [3;-adrenoblocators
(bisoprolol, metoprolol Succinate, nebivolol) can be used. BAB should be canceled
if bronchoobstruction is triggered when BAB is applied. The choice in BOS is the
drug bisoprolol (degree of provability S).

Table 1.14
These interactions involve changes in the absorption, distribution,
metabolism, or excretion of f-adrenoblockers, affecting their overall

effectiveness or toxicity.

Drug group Co-operation

Nitrorvazodilators The potentiation of antianginal and antiischemic

effects occurs when beta-adrenoblockers (BAB)

and nitrates are used together. This combination
helps reduce the negative side effects associated
with cach drug group: Tachycardia and headache

(common negative effects of nitrates)

Bradycardia and limb numbness (common

negative effects of BAB)

Cardiac glycosides, clonidine | Negative Chrono and Dromotropic cffects of

drugs are enhanced (potentiated)

Slow calcium channel | Conduction. cmmy

-
functions of the heart are

blockers: verapamil, | weakened, the number of heart contracti is
o ¢ ractions is
diltiazem reduced (th i

CT€ 1S a possibility of i
Antiarrhythmics ol dth.loplﬂg

asystole, high-leye] AV-bIockadc, bradycardia,

R S ienaelu e O S gllapse. chCIOp]‘nQnI
e

of heart failur

—_—
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Diuretics.  slow  calcium

channel blockers
u-

ACE

(dihydropyridines),
adrenoblocators,

inhibitors. A2RA [22].

The hypotensive effect | iisrpci)rlc'n_tiﬂail‘cd.

MAOQO inhibitors

Risk of impaired conduction activity of the heart.
collapse. increased blood pressure (BAB can be
prescribed 15 days after the abolition of MAQO

inhibitors) [22

Insulin., hypoglycemic drugs

Exacerbation of hypoglycemic effects. symptoms
of hypoglycemia (nivelirovanie): tachycadia,

sweating. muscle tension

lodine-contrast agents

Attenuation of cardiovascular compensatbory

reactions in hypotonia

NSAIDS, corticosteroids,

sympathomimetics

Reduced hypotensive effect

Neuroleptics, antidepressants

Increased hypotensive effect

Liver metabolism enhancers
(hepatoinducers). such as
smoking, alcohol. rifampicin,
barbiturates. and
diphenhydramine. accelerate
the metabolism of lipophilic
drugs in the liver, thereby
reducing the effectiveness of
beta-adrenoblockers (BAB)

ele.

Metabolism of lipophilic drugs in the liver is

accelerated. and the effect of BAB is reduced.

Liver metabolic attenuators

(hepatoingibitors)

BAR's effect increases

31



Remedies for narcosis | BAB's effect increases

(except fluorotane)

Verapamil. diltiazem, | 1t is not recommended to prescribe at the same
digoxin. amiodarone [22] time as BAB.

Control questions.

1. What pharmacodynamic effects are observed as a result of blocking -
adrenoreceplors?
2. What pharmacodynamic effects are observed as

aresult of partial or full blockage
of B:-adrenoreceptors?

3. Tell us the classification of B-adrenoblocators.
4. State the pharmacodynamics of BAB.
5. What pharmacological effects does BAR have?

6. What hemodynamic indicators does BAB affect, and how do they change?
7. Explain the clinical significance of the pharmacokinetic indicators of BAB.
8. List the instructions for applying BAB.

9. What effects does BAB have in ischemic heart discase and stenocardia?
10. What effects does BAB have in chronic heart failure?

11. List the negative effects of BAB.

12. List the instructions against applying BAB,

13. Give examples of BARs ' interactions with other drugs,
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CLINICAL PHARMACOLOGY OF A-ADRENOBLOCATORS

Drugs that influence the adrenergic system in regulating vascular tone are

classified into two groups: u-adrenoblockers, which reduce vascular tone by asting

on the central nervous system. al-adrenoblockers, which lower blood pressue by

targeting the peripheral nervous system.

Adrenoreceptors are common in various organs and tissues of the body,

performing various functions. a-adrenoblocators are of 2 types:

a-and [3-

adrenoblocators. There will also be 2 types of each of them. They differ fromeach

other in the number of organs and tissues, the function they perform, and their

sensitivity to norepinephrine and adrenaline [22].

Tabk 1.1

Location of adrenoreceptors in various organs and tissues

_:]?;Sguigs and Receptor type Function to perform
~ Postsynaplic a-adrenoreceptors

Blood-vascular o Vasoconstriction
smooth muscle | - postsynaptic ~ Vasoconstriction
Urogenital tract o A (uroselective Contraction
smooth muscle receptor) [22].
Heart o Inotropic effect
Liver (V8] Glycogenolysis
Adipose tissue o Glyconeogenesis

w2~ postsynaptic Activation of lipolysis
CNS a Stimulation

az- postsynaptic Arterial pressure drop
| Endocrine glands | @ | Sccretion stimulation
B-cells  of the 0~ postsynaptic Insulin secretion thinning
| pancreas
Intestinal o Stimulation of fluid and
EHIETOCYIES . w-postsynaptic | electrolyte transport |
Platelets - postsynaptic | Aggregation

* Presynaptic a--adrenoreceptors [22].

Norepinephrine release

Noradrenergic o2 1
neurons thinning
Cholinergic o Inhibition of acetylcholinz
ncurons release
Serotoninergic a2 Serotonin release inhibitian
neurons 2] —
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« - and (-adrenoreceptors located at the end of the vascular narrowing ncrve are
involved in the regulation of vascular tone. From the ends of such a nerve,
norepinephrine is released [22]. Norepinephrine released from the presynaptic nerve
endings into the synaptic cleft causes vasoconstriction by stimulating postsynaptic
al-adrenoreceptors, which are more numerous than {31-adrenorcceptors in the
vascular walls. Presynaptic a2 and B2-adrenoreceptors regulate the reuptake and
release of norepinephrine. Stimulation of o2-adrenoreceptors  promotes  the
reaccumulation of norepinephrine into vesicles at the presynaptic nerve endings,
thus preventing its release (a negative "re-binding" mechanism). Stimulation of p2-
adrenoreceptors, on the other hand, enhances the release of norepinephrine into the
synaptic cleft (a positive “re-binding" mechanism) [22). a-Adrenoblockers are

classified into two groups: Nonselective a-adrenoblockers (acting on both al and a2

adrenorcceptors), such as fentolamine. Selective al

acting on al-adrenoreceptors),

-adrenoblockers (primarily

such as prazosin, doxazosin, and terazosin.

Fentolamine, a nonselective o-adrenoblocker, causes a temporary decrease in blood

pressure because it blocks both ] and u.2-adrcnorcceptors, preventing the normal

wever, its effect is short-lived, so it is
€ crises.

negative re-binding of norepinephrine, Ho
mainly used in the treatment of hypertensiv

Ist generation of selective -adrenoblocators (short acting) - prozazine; 2nd
generation (long acting)-doxazosin, terazosi

n; uroselective aia — adrenoblocators-
alfuzosine, tamsulosine,

Pharmacodynamics of al-adrenohlocators.

Pharmacological effects of u.—adrenoblocators.

Pharmacodynamic effects of ;-adre

noblocators: hypotensive, hypolipidemic,
and improve urine output (flow) [22].
Of selective a;-adrenoblocalors:
- Hypotension
- Reduces total cholesterg) leve

Is in the blood,
- Increases the amount of |

Poproteins with high density.
- Reduced triglyceride levels
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- Increases tissue sensitivity to insulin.

- Breaks platelet aggregation.

- Improves urination in prostate adenoma..

- Improves sexual activity (improves erectile disorders in erection)

- Prolonged use of al-adrenoblockers, such as doxazosin, may lcad ta the
regression of left ventricular hypertrophy. However, in some cases, long-termr use
may contribute to the development of heart failure.

The hypotensive effect of al-adrenoblockers results from their ability to dilate
both arterial and venous blood vessels, leading to a reduction in peripheral vascular
resistance and a subsequent decrease in blood pressure. Tachycardia (reflectar) is
observed as a result of the simultancous expansion of both the artery and the venous
blood vessels, but the force of the outflow of blood from the heart does not increase.

The hypotensive effect of a;-adrenoblocators does not increase the activity of renin

in the blood.
Tabk 1.2

Comparison of hemodynamic effects of a - and p-adrenoblocators

Hemodynamic indicators a- adrenoblocators | B- adrenoblocaters
Heart rate 1 U
blood pressure | J
AV-conductivity “ I

| Myocardial contractility i 1l
Total peripheral resistance 11 |
Blood circulation in the kidneys 1 !

Note: 1 - increases; | - declines; < - does not affect.

Blood pressure drops well when dose 1 is taken, especially if taken vhile
standing. Reflector tachycardia is observed when a-adrenoblocators are tdken,
especially if dose 1 is taken standing. while the heart rate contractions remains
virtually unchanged when subsequent doses are taken. When Arterial hypertersion
is accompanied by left ventricular hypertrophy, o,-adrenoblocators call for left
ventricular hypertrophy regression (reverse) when used long-term in monotherapy

(not more than 10% on average), but are next to sluggish calcium channel blodkers
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and ACE inhibitors in terms of calling left ventricular hypertrophy regression. w)-
adrenoblocators do not affect blood circulation and clectrolyte excretion in the
Kidneys, but doxazosin reduces  microalbuminuria (as  evidenced by its

nephroprotective effects). w;-adrenoblocators have a positive effect on lipid and

carbohydrate metabolism, meaning that they reliably (up to 30%) lower total

cholesterol, very low density lipoproteins, and especially triglycerides, while

simultancously increasing the amount of very high density lipoproteins. The

hypolipidemic mechanism of

methyl-glutaryl (GMG), w

action reduces CoA-reductase Activity 3-hydroxy-3-
hich plays a key role in cholesterol synthesis in the liver

by blocking ;-adrenoreceptors, resulting in reduced cholesterol and triglyceride

formation, as well as increased activity of receptors that bind very low density

lipoproteins, decreased endothelial lipoproteinlipase activity involved in triglyceride
catabolism, stimulated apolipoprotein A synthesis (high density being the main
component of lipoproteins, high density leads to an increase in the
lipoproteins),

40% [22).

amount of

and at the expense of these, cholesterol levels are reduced by up to

ai-adrenoblocators reduce blood glucose and insyljn levels by increasing tissue

sensitivity to glucose when used long-term, as well a5 increasing insulin-dependent

sues [
an be arterial hypotension on the

circulation in the muscles on the other,

utilization (transfer) of glucose to tis

22]. The mechanism of origin of this
condition ¢

Pharmacokinetics of ul-adrenoblncators.

a-adrenoblocators are lipophilic drugs. When they are
stomach is well and completely absorbed from the intestinal trac, Biological uptake
is 50-90%. The i

taken for drinking, the

" tion under the action of microsomal
n )
enzymes (cytochrome R450). The patient's age

pharmacokinetics of G-adrenoblocatorg
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Tablke 1.3

Comparative pharmacokinetic indicators of ai el-drenoblocators

| g ¢ | o
. | S E |8 3
=X =2 = = 2 4
__; % | 3 g 2 | Z | Occurren <8
2| £ |588.JF, ceof | g g2
. - ] = - 19 () . = o
I'he drug g 2 £ | 28 5‘ g s ’g bmlmfml 2 = ::'c\c
S s = | = é’ 35 2 2| ormation | £ 3
me|l 2 |Eg2 2 inthe | & ES
2| £ FEE R | =F:
| 4% | A 2
[ | §= — =
Prozazin ' ¥
! (active L
50-85 |97 | 1-3 (24 |7-10 |¥ . 12-3 11%)/6-
metabolit
10
| cs)
Terazosin . 5 + (active 60
90 90-94 |1 |2-3 |24 | metabolit | 12 (20%)/40
| [ es) (10%]
Doxazosin + (active
- [ 1,5- | - . 63-65
99 | .’ -6 -22 &
65 98-99 | 36 5 24 metabolit | 19-2 (5%)9
€s)
Note: * - the drug undergoes metabolism metabolized [22].
Tablz 1.4
ai-adrenoblocator exposure time indicators
The way to send | The beginning of Maximum Duration of
its influence exposure start action
time
Prozazine
Into admission | 30-180 min 2-4 hours 6-8 hours
Doxazosin

| Into admission ~ 1-2 hours 2-6 hours 18-36 hours

Terazozine
Into admission | 5-10 min 15-30 min 12-24 hours

Alfumzmc

Tamsulozine

- Hng, o e i ot R
Into admission T ? 6-12 how
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Instructions for use.
In Arterial hypertension (is a 2nd line drug):
In Benign Prostatic Hyperplasia (doxazosin, alfuzosin, tamsulosin).

Contraindications.

dose™ phenomenon, this negative effect depends on the dose
hours after taking the drug (during the period when the
is developed), from this lesson the fi

be taken whi

- High sensitivity (hypersensitivity) to the drug
- Advanced coronary and cerebral atherosclerosis (increased risk
of ischemic events)
-Severe  tachycardia. especially  with  nonsclective -
adrenoblockers
- Aortic stenosis (risk of sudden drop in blood pressure)
- Patent ductus arteriosus (open Botallov duct)
- Severe hypotension
- Heart valve defects — particularly when left ventricular outflow
is impaired (c.g., with prazosin)
-Severe renal failure - caution with fentolamine
- Severe hepatic failure - caution with doxazosin
- Pregnancy and lactation - relative contraindications for prazosin
and doxazosin
- Systolic dysfunction of the left ventricle (risk of worsening heart
failure)
- Elderly patients — increased risk of orthostatic hypotension

- Diabetic nephropathy — requires careful monitoring due to renal
involvement

Negative effects.

Hypotension and orthostatjc hypotension (in 2-10% of cases) (mainly

observed when taking dose 1 of prozasin), this negative effect is called the “first

and is observed 2-0
maximum hypotensive effect
rst dose of ul-adrenoblocators (prozasin) should

le the patient is lying down, and; tumors can be observed (in 4% of
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cases), mainly swelling of the nasal mucosa (runny nose, the development of rhmitis

symptoms); rapid heartbeat (in 2% of cases); the development of “cancellaton”

syndrome when the drug is canceled (mainly when it is quickly canceled) (5-10%).

Interaction with other drugs.

Antihypertensive drugs and  diuretics increase the action of -

adrenoblocators; NSAIDs, estrogens, and sympathomimetics reduce the actien of

a-adrenoblocators (Table 1.4).

Prazosin.

Doxazosin

Prazosin

Terazosin

hypotension
p-adrenoblocators Pharmacodynamic interaction involves the

Tabl: 1.4
Benzogexonium, !
| Pharmacodynamic interaction. summation of
dibazole,
. effects-decreased vascular smooth muscle
guanetidine. .
) | tone. increased hypotensive effect
papaverine |

a - drenomimetiklar. | Pharmacodynamic  interaction. reduced
|
angiotensinamide | interactions

l Reduced hypotensive effect

Calcium antagonists | Pharmacodynamic interaction. summation of
effects — increased hypotensive efiect,

increased risk of developing orthosttic

summation of antihypertensive effects [22].
reducing pre- and post-cardiac strain and
| minute volume, The antagonistic effect on
heart rate leads to a decrease in the risk of

reflex tachycardia. However, this 1lso

“increases the risk of the "first-dose effect”.
]

which may cause a sudden drop in bbod

pressure.
Ln O
interaction. the

N e
Sotalol In pharmacodynamic

antihypertensive effect is enhanced.
- e R

BN
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Control questions.

1. state the classification of al-adrenoblocators.

2

. explain the the pharmacodynamics of al-adrenoblocators.

[

. wp-what pharmacological effects do ul-adrenoblocators have?

4. ay-what hemodynamic indicators do al-adrenoblocators affect, and how do they
change?

5.ay-explain the clinical significance of pharmacokinetic indicators of al-
adrenoblocators.

6. ai-list instructions for the use of al-adrenoblocators.

7. ay-list the negative effects of ol -adrenoblocators,

8. w)-list instructions against the use of al-adrenoblocators.

9

. ur-give examples of interactions of ul-adrenoblocators with other drugs.
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SLUGGISH CALCIUM CHANNEL BLOCKERS OR CALCIUM
ANTAGONISTS.

Calcium antagonists have antihypertensive, antianginal, anti-ischaanic,
antiarrhythmic, and organ protective effects.

Pharmacodynamics,

Calcium channels:

L-type (located in the cytoplasmic membrane of the respiritory
cardiomyocytes, sinus node cells, AV node, tuberculosis, and skeletal muscles)

T-type fetal heart, sinus node cell, Purkinje fibers, and smooth muscle celk are
located in the cytoplasmic membranc.

P-type

N-type located in neurons, they are little studied.

R-type
Calcium antagonists are present in various organs and tissues, including the
sinoatrial node. atrioventricular node, Purkinje fibers, cardiomyocytes, vassular

smooth muscle, and skeletal muscle. They act as selective blockers of slow calsium

channels (L-type. or voltage-dependent).

It is divided into 3 groups according to its chemical structure:
Calcium antagonists are classified based on their chemical structure into:

Phgnylglkylamincs ¢.g., verapamil Benzothiazepines — ¢.g. diltiezem

Dihydropyridines - divided into three generations: st generation: ¢.g., nifedpine

e.g., felodipine 3rd generation: e.g., amlodipine, nitrendipine,

2nd generation:
nimodipine, lercanidipine/

ying chemical SWICTES, these cale
in distinct selectivity and

Due to their var jum antagonists bird to
<

calcium channels in different ways, resulting

on different tissues. For example, verapami
whereas calsium

: : diltizzem
pharmacological effects  and

both affect calcium channels in the myocardium as well,

yridine group mainly affect calcium channels in the Hood

antagonists in the dihydrop

vessels.
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While the blockage of slow calcium channels in cardiomyocytes. conductive

pathways of the heart, causes cardio depressive effects, the blockage of calcium

channels in smooth muscles in the blood vessel wall causes vasodilation. Vcrupumll

has negative inotropic, Chronotropic, and dromotropic effect with weak vasodilating

propertics. Diltiazem exhibits weak cardiodepressant and weak vasodilating effects.

Table 1.1
Tissue selectivity of calcium antagonists -
I - 7,1,._...(7';@}‘“'0,, | Smooth muscles
The drug Cardiomyocytes I system of the of the blood
I heart vessels
Vcrépamil + + ]
Diltiazem + + =
Nifedipine n o T+
N iﬁcﬁdipihc - R ot g
Nicardipine T L P
Nisoldipin + . o (@L
Nimodypine + . 444+ (brain)
Felodipine 4 R N 7
| Amlodipine + L i .
Lasidipine |+ ) R g
Lerkanidipine _H;__“J_ﬁ‘————-_ R
e
Table 1.2
Pharmacodynamic effects of calcium antagonists
Effect Verapamil Nifedipine Di,ﬁ_.,’zéf
Sine node £ |
automatism e f (%) i
| Myocardial | N e ==
contractility i “— 1
AV-node R e ey (S
conduction a — !
~ Peripheral | A —— —
vasodilation ) 1 1
¥ & _____*——L,_
Note: 1 - increases; | - declines; « - does not affect; * specific for long-acting

dihydropyridine unums,
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Tabk 1.3
Classification of calcium antagonists (Toyo-Oka T., Mayer W. G., 1995, modifed).

Ist | 2nd generation
Group generati | 2a 2b 3rd‘
| = i generatien
Dihydropyridines Nifedipi | Nifedipine | Benidipine Amlodipne
Artery > myocardium ne | SR/GITS | Felodipine Lasidipn
| Felodipine | Nikardipine | Lercanidipine
- or [sradipine
| Nikardipine Manidipine
' SR Nilvadipine
Nimodipine
Nisoldipine
, Nitrendipine
Benzodiazepines Diltiaze | Diltiazem - -
Afery=myocardium | m | SR __} 1
Phenylalkylamines Verapam | Verapamil - -
| Artery < myocardium | il | SR

Note: SR — sustained release; ER - extended release; GITS — gaslrointeainal

therapeutic system.
Tabk 1.4

Comparative description of pharmacolngical propertics of 3rd generation calaum

antagonists

I |
Amlodipine Lasidipin Lercanidipine

Feature

| Feature
Lipophilicity | High ~ High | High
Binding to Y Slow Slow Slow
receptors

Gradual onset and

long duration of + oF e

action: present (+)

Lack of effect on the

sympatho-adrenal + + it
system

Hemodynamic

pressure  gradient igh {0 L

between pre- and

post-capillaries = i L LT o,
Additional featurcs Powerful Vasodilation 0} the
antioxidant afferent and efferent

effect arterioles of the kidney
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Pharmacological effects of calcium antagonists.
Cardiac effects.
For phenylalkylamines:

1.

2.

Z

egative inotropic (reduces myocardial contractility

gative batmotropic (reduces excitability in pacemaker cells in the sinus node)

)

Ne
. Negative Dromotropic (AV reduces permeability in the Node
LA

4. Antiarrhythmic effeet.

For dihydropyridines:

1. Blood vessels (including coronary vessels) dilate,

2. Reflex tachycardia is commonly induced. especially in carlier generations.
For benzothiazepines-similar to phenvialkylanines.
Extracardiac effects.

5 . es
. Antiatherosclerosis (smooth muscle slow e

s the proliferation of cells, reli
hyperplasia of the intima layer of vessels, reduces monocyte adhesion, stabilizes
the cytoplasmic membrane, and limits free cholesterol aceess to the vessel walh
improves the HDL/LDL cholesterol ratio).

2. Verapamil has a nephroprotective effect, improving blood circulation 11 th

kidneys. Phenylalkylamine (e.g., verapamil) reduces proteinuria in diabetic and

hypertensive nephropathy,  while a

amlodipine  also  demonstrates
nephroprotective effect,

3. Hyperglycemia (dihydropyridine unums-reduce  jnsulin  sccretion

phenylalkylamines-have g good effect on carbohydrate metabolism-hepatocyt€s

have increased glucose retention colic),

It has an antihypercholesterolemic effect (density reduces micdorin of oW

lipoproteins by 8%, density decreases micdorin of very low lipoproteins by ! Yo,

density increases the amount of high lipoproteins by 6-15%)

5. Antiplatelet agents act by reducing the synthesis of thromboxane A2, increasing

the synthesis of prostacyclin in the endothelium, ang stimulating the production
of endothelial-derived vasodilator factors, leading 1 4 strong antiplatelet effect:
6. The brain dilates bloo( vessels (nimodipine

-himotope, synnarizine, flunarizine)-
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Clinical effects of calcium antagonists: antianginal, antiischamic,
antiarrhythmic, hypotensive, organoprotective, antiatherogenic, extracardial.

The Antianginal effect is related to the direct pharmacodynamic effeds of
calcium antagonists, i.c., cardiodepressive, vasodilating (also coronary bood
vessels), and effects on peripheral hemodynamics. By preventing calcium ions from
entering cardiomyocytes, calcium antagonists decrease myocardial contractility and
Increased coronary circulation improves myocardial oxygenation, while the dilation
of peripheral arteries reduces peripheral resistance and lowers blood pressure. This
leads to a decrease in cardiac workload and oxygen demand, Verapamil and
diltiazem reduce the number of heart contractions (pulsc), which also leads to a
decrease in heart function.

The antiarrhythmic effect is obscrved when verapamil and diltiazem are 1sed.
In cardiomyocytes, the blocking of slow calcium channels reduces automatismand

permeability, prolonging the sinoatrial and AV-node refractory period.

The hypotensive effect of calcium antagonists is primarily due to peripheral

vasodilation, which not only decreases peripheral resistance and arterial pressure,

but also improves blood flow to vital organs (such as the heart, brain. and kidnzys).

This effect is accompanied by a mild natriuretic and diuretic effect, further

contributing to the reduction in peripheral resistance and circulating blood volame.

Additionally. calcium antagonists have a beneficial impact on the structural and

functional changes in both the blood vessel walls and target organs in arerial

hypertension. organoprotective (cardioprotective, nephroprotedive,

a result of the drop in blood
oadrenal and renin-angiotensin-aldosteron sysems.
cardia. This efect

cerebroprotective). As pressure, calcium antagonis can

trigger activation of the sym path
This triggering effect may lead to the reflex development of tachy
is especially characteristic of the short-acting nifedipine, which can not only cuse
tachycardia but also exacerbate stenocardial attacks. Trigger effects on the
sympathoadrenal system are hardly observed in long-acting diuretics (Generation 1

and Generation IIT).



The cardioprotective effects of calcium antagonists are associated with the
regression of left ventricular hypertrophy in patients with arterial hypertension and
an improvement in diastolic myocardial function. These effects are based on the
hemodynamic impact of calcium antagonists and the reduction of cardiomyocyte
overload with calcium ions.

Table 1.5

Comparison of the effect of antihypertensive drugs of different groups on

the regression of the left ventricle (meta-analysis results)

e Left ventricular regression (Decrease in index LVMM,%)
e VT OARRESSION (MecrEaseinInRe L
Drugclasses | 109taCS  39ta CS  32ta (S | 50ta CS  80taCS
2003)
- _kil_992) (1:;96) ) (1997) (19?2)_W_ L__-——
Calcium S i ]

_ 8.5 9 14.3 1.1 '
antagonists [ .
ACE inhibitors 15 | 13 | 119 [ 1| |U”__
Diurctics n3 [ 7 101 | 86 | 8

o _ B
-blockers 8 6 5 5 6
p 65 | 45 o

Note: left ventricular myocardial mass index.
Nephroprotective effects of calcium antagonists include:

It has a positive effect on intra-renal hemodynamics, exerting a direct vasodilatory

effect on renal blood vessels by blocking the vasoconstrictive action of angiotenst?

IT (AT II). It reduces the proliferation and hypcnrophy of mesangial cells in the renal

glomerulus and prevents nephrocalcinosis by ular

inhibiting the periglomet

migration of renal parenchymal cells with calcium iong
The antiatherogenic effpe sl : . : iple)s
genic effects of calcium antagonists are pleiotropic (multipl )

and calcium antagonists, when applied for 2 long time, break the exacerbation of th
atherosclerotic process in the coronary arteries (in ischemic heart discase) and

carotid arteries (in arterial hypertension). The mechanism of antiatherogenic action
-alci . : . .

of calcium antagonists comes at the €xpense of antioxidant (reducing inflammation):

antiproliferative (i

p (in smooth muscles), and endothelig] dysfunction enhancement (at
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the expense of NO production) effects. Meta-analysis results showed that BABwith
calcium antagonists, thiazide diuretics, and calcium antagonists were fourd to
prevail when comparing ACE-inhibitors with calcium antagonists according to a
reduction in the thickness of the carotid artery wall (intima-media) [22].

The cerebroprotective effects of calcium antagonists (mainly dihydropyridnes)
are manifested by preventing the origin of stroke in patients with arerial
hypertension (reducing by 10%, mostly typical of dihydropyridines). While it is
superior to Bab in preventing the origin of stroke. ACE is next only to inhibitorsand

diuretics. The effect of calcium antagonists on blood vessel stiffness and

ocesses explains their therapeutic benefits. Treatment with calsium

we, which in turn redices

atherosclerotic pr
a decrease in central aortic pressy

antagonists leads to
al region. Additionally, calcium antagonistshelp

complications observed in the crani

prevent and mitigate the development and exacerbation of dementia and vassular

encephalopathy in patients with arterial hypertension. Extracardial effects of caliium

ularly those specific to dihydropyridines,
dilating the bronchi, and reducing plaelet

antagonists, partic include lowrring

pressure in the pulmonary arterics,
aggregation.

Pharmacokinetics of calcium antagonists.

The majority of calcium antagonists are taken orally, while nimodipine isalso

y. Lipophilia is a property of calcium antagonists. When

given intravenous!
oves through the liver, it experienes a

consumed, it is quickly absorbed, but as it m
ct" (presystemic metabolism), which makes it

"primary transition effe
affinity for blood proteins,

biodegradable. Calcium antagonists have a strong

form and generation determine the maximum

particularly albumins. The drug
T'4), and the time to reach maximum

plasma concentration (Cmax), half-life (
¢ climinated by tle

ntagonists. These drugs ar

concentration (Tmax) of calcium a
he liver. Typically, lose

ve metabolites after being metabolized in t

kidneys as inacti
chronic renal failure. The hemodynamt

adjustments are not required in cases of

onists depend on the drug's concentration in the blood,with

effects of calcium antag

cach pharmacokinetic parameter playing a crucial role.
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Comparative pharmacokineti

¢ parameters of CaS

Table 1.6

Bl(]]ﬂgl‘(till T %,  Eliminati |  Reception
The drug appropriaten ——r— .
ess, % |
‘Verapamil SR 1035 59 Liver L |
Diliazem SR | 3045 58 | liver | _Ti o
Nifedipin SR.GITS | 3050 45 I CLiver =
GradpineSRO | 52058 | pher | 12
Felodipine ER .‘ 22 | 15 } Liver 1-2
Amlodipine [ 60-65 35-43 ] Liver re
i,asiaipin 10 13-19 J Liver ](f_____
Lercanidipine 90 810 ‘_ CLiver | !l‘___,

Indications for the use of calcium antagonists,

Basic guidelines:

1. Ischemic heart disease:

- Stable stenocardia (mainly phenylalkylamine and benzathiazepine unums arc
used. Short-acting nifedipine is not used);

— Vasospastic stenocardia (variant stenocardia, Prinsmetal stenocardia) - 1, 1L
11T generations of dihydropyridine products are used (mainly II, 111 gcncmtions)
(their effects dilating blood vessels, especially coronary blood vessels. are stronger):

-Non-stable stenocardia (verapamil and diltiazem can be used when indiclltcd
against -blockers;

-Myocardial infarction (verapamil and diltiazem can be used when indicated
against B-blockers).

2. Arterial hypertension:



-In cases of myocardial infarction, the effects of long-acting verapamil and
diltiazem can be utilized (especially when B-blockers are contraindicated).
- When arterial hypertension is accompanied by stenocardia (particularly when -
blockers are contraindicated).
-In patients with diabetic nephropathy (when ACE inhibitors are contraindicated
or if they cause serious adverse effects).3. Heart rhythm disturbances.

3. Hypertrophic cardiomyopathy.

Further instructions:
I. In primary and secondary pulmonary hypertension (dihydropyridine

derivatives).

2. In Reyno syndrome (to prevent vasospastic  attacks) (dihydropyridine

derivatives).
3. In the Prevention of migraine attacks (verapamil).

4. In the treatment of ischemic and hemorrhagic (complications) stoke

(nimodipine).
5. Diffuse spasm of the esophagus and in Cardial achalasia (nifedipine and
diltiazem).

6. Colon irritation syndrome is accompanied by diarrhea (vera
y used to treat arterial hypertersion,

pamil).

Calcium antagonists arc commonl
ardia. and vasospastic discases. Calcium antagonists are used to
and they are listed in line 1 formulations

nal and national

stenocardia, tachyc
treat arterial hypertension and stenocardia,

(both monotherapy and combination therapy) in both internatio

recommendations
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Table 1.7
Indications for the use of calcium antagonists (zccording to the degree of

provability)

— S— - |
[ o _—L:#ﬁ - _ Ni-f"c;_dipvinc and
Instructions Verapamil = dihydropyridin | Diltiazem
; | es 1
Arterial hypertension T +A ' FA tA -
T : i f v
I'ension stenocardia 7 3 +A ! +A = _’L__,
Vasuspaslig.stcno&uifi:]m R if T+ j LYI_/
To prevent  coronary blood-| |
vessel spasm during surgical or . - ' +V +5
diagnostic prgiurcs ' ] e
Reyno syndrome - +V ’r_ﬁfj_?__/
m:uricular superior Y ) ¥
tachyarrhyvthmia I
Bubble swing (mersanic) i +A | - :/,\__/
Hypertrophic cardiomyopathy | + - k. o
Pulmonary hypertension | 45 | Ly —#v |
Note: the degree of provability isﬁdcrivrcd l';m’n iarg; ranlluﬁi:;cd ;Iisuical trials where A-der

i ed: the SRR P y - number
is controlled: the degree of provability is derived from randomized clinical trials where the nUf

5 ; e ys o a non-
of V—data controlled patients is limited: the degree of provability is derived from g—data 1

randomized trials,

e N . he
In arterial hypertension, calcium antagonists haye a beneficial effect on L

outcomes of the disease, reducing overall mortality d with

complications associate
the cardiovascular system, and the incidence of stroke,

i . c
In recommendations for (he treatment of stenocardia, calcium antagonists ar
They

listed among the drugs that redyce myocardial ischemia and stenocardia.

reduce the fl‘qulcncy of myocardial ischemia episodes nt with

hospital treatme

stenocardia, and the neeq for revascularization (reliable). They are CSPCCi‘q”y
a).

effective in vasospastic stenocardia (Prinzmeta| stenocardi
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In ventricular superior rhythm disturbances (tachyarrhythmias), muinly
verapamil is used. Verapamil is effective in cardiac rhythm oscillating (erial

fibrillation) arrhythmia type disorders.
Contraindications for the use of calcium antagonists include:

- Arterial hypotension.

Severe heart failure or a significant decrease in myocardial function (except

for amlodipine).
Acute myocardial infarction (with left ventricular insufficiency).
Nifedipine is not used in aortic and subaortic stenosis. or in unstable aigina

due to its significant effect on hemodynamics.

In severe dysfunction of the left ventricle, WPW syndrome, sinus node

retardation  syndrome, AV conduction disorders, bradycardia, verapamil and
diltiazem are contraindications.

Calcium antagonists fall under category S under the FDA classification of dugs

that can be used in pregnancy. There is little data on the safety of calcium antagausts

in pregnancy: they are considered relatively safe in the 11T trimester of pregnmcy,
toxic effects detected in the I trimester. Calium

1ave a tocolytic effect and prevent the risk of fetal miscarriage. In the

during pregnancy, Nifedipine SR can be usxd in

with no teratogenic and embryo
antagonists |
treatment of arterial hypertension

the I and TIT trimesters.

Common adverse effects associated with calcium antagonists include:

lated to peripheral blood vessel vasodilation, sudl as

- Negative effects r¢
1eck and face, coughing, overheding.

headache. redness of the skin on the 1
swelling, and arterial hypotension.

tachycardia. ankle
aand AV block.

- Conduction disorders. including bradycardi

- Gastrointestinal disturbances, most commonly constipation.
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. . . s ishemic
When short-acting forms of nifedipine are used. tachycardia and proishe

) . ; annlicd for a lon
reaction (stenocardial syndrome) can be observed. while when applied for ¢ g

. ) ) . . cardiovascular
time, the risk of death increases, or complications observed by the cardiova

. L . . n be observed
system come with extimoli kupaydi. Bradycardia. AV-blockade can be abserv

. e . . " crved in
when Verapamil and diltiazem are used. Arterial hypotension can be obser

. . Y e i ;istct’cd
acute cardiovascular discases as well as when the drug (verapamil) is admir

. ; : G : « hetter tolerated
parenterally. Drug forms in which the effect of Kalar is prolonged are betier toler:

by patients than their normal forms.

g £ . e, especially
The most commonly observed adverse effect from dihydropyridines, espeti

. . : c e Laative effect
amlodiping, is swelling of the ankles. The mechanism of origin of this negative

is due to the high pressure gradient in the pre- and posteapillarics ol the le

gs. S

v . : ot this pegative
amlodipine (levamlodipine) was produced in an attempt to counteract this neg

0 - o S . ; served.
effect. Such negative effects from Lasidipin and lercanidipin are poorly observ

Adverse effects of calcium antagonists

Adverse effects

Table 1.8

_—"_—/

—

Frequency of occurrence, %

" Diltiazem

- Verapamil [ Nifedipine
‘Overheating. i o 7_'1‘77_' j '6_’)5
redness of the face =
Headache T R 034
Feant  play,|
tachycardia g 7-25
Bradycardia | 14 | —— T
e e e
Dizziness = T
Constipation B S g—-igfd, s
el ‘—_‘0‘2_—* sometimes
Swellings T i o
e TR
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Tabk 1.9

Comparison of negative effects of amlodipine and lercanidipine (%)

A - T
etveras et mlodipine 5-10 | Lerkanidipine Biedh
mg 10-20 mg e
Heel spur 3-10 0.9 0.6-1.3
Dimness 1 34 | 04 | 0415
Casting | 1426 | T | o4
leart pr7ors R AN o |
1.4-4.5 4
tachycardia e i
,,,,, S B B —
Table1.10
Interaction of calcium antagonists with other drugs.
The drug used in :
——io Result Calcium antagonist
icooperation, = B [

[-adrenoblockers

a-adrenoblockers.

diuretics. nitrates. ACE
inhibitors, ARA

Class | antiarrhythmic
drugs

sympathomimetics
Means  for inhalation
qn}cslhesia
Ncurolf:pﬁtic—s.i
antidepregsan’s

Hepatoinhibitors

Hepatoinducers

]
NSalDS, corticosteroids,

Pharmacokinetic interactions

Phdrchodymmlc ¢ interaction

Cardiodepressive effect
increases (bradycardia,
AV block. heart 1 failure) |
" Antihy pulmmw effect
increases

increases, QT interval
lengthens.

Antihypertensive effect
decreases

i T[?polonia increases

—7\;1?}_1;[;;1;:}15\&' effect

increases

The metabolism of CAs
in the liver slows down
Metabolism of CAs in

-
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Cardiodepressant effect

B x e I -
All calcium antagonsts

Verapamil, diltiazen

" All calcium antagonBts

Verapamil. diltiazen,
felodipine

All calcium antagonits

L
All calcium antagonits

All calcium antagonBts

IS

All calcium antagonsts

the liver is accelerated



' Cardiac glycosides The

concentration  of
cardiac glycosides in the
blood increases. and the
(risk of poisoning  and
negative effects increases.,

7’I‘hcnph_\'I|ThE _q-ugr;idi;cj '

valproates,

fl carbamazepine

[

| Drug  metabolism slows
down, blood

| concentration rises. and
| the danger of poisoning
and negative side effects
| increasces.

Drugs that bind a lot 1]
blood plasma
(quinidine,
anticoagulants, NSAIDs,
amiconvulsams)

proteins | plasma proteins is

disrupted. blood

concentration  increases, |
and the risk of poisoning I
and  negative  effeets |
o o | increases,

Review questions.

1. Tell the classification of calcium antagonists,

Binding of drugs with

Verapamil. diltiazem.

felodipin

T

Verapamil. diltiazem

2, State the phammcodynamics of calcium antagonists.

3. Tell the cardiac anq eXtracardj

4. What is the mechanigy, of the

hypotensive eftect
S. What is the mech

anism ofantianginal action of ¢

6. Explain the clinical signifi

ac cffects of calejum antagonists.

i g
SIS’
of calcium antagoit

e
alcium antagonists-

. ) I PNt &)
. cance of the pharmacokinetic indicat
calcium antagonists,
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CLINICAL PHARMACOLOGY OF NITROVASODILATORS.

Nitrovasodilators (NV) are drugs that show their effect by producing nitric xide

(NO), which include glyceryl trinitrate (nitroglycerin), isosorbide dinirate,

isosorbide mononitrate, and sympathomimetics.

Classification of nitrovasodilators.

- Nitroglveerin preparations:

- Short-acting: Nitroglycerin.

- Prolonged effect: Sustak. Sustonit. Nitrong, Trinitrong. Nitroderm TTS.
- Isosorbide dinitrate preparations:

- Short-acting: Nitrosorbide. Iso Mak. Isodinitrate.

- Prolonged effect: Cardix. Cardiket. Cardonite. Cardiograd SR. Iso Mak

Retard.

Isosorbide mononitrate preparations:

Short-acting - mono mak;
Extended effect - cardix mono, mono mak depo.

Nitrate-like compounds - molsidomine. sodium nitroprusside.

Action mechanism of NV.
NV has a similar cffect to the effect of endothelial relaxing factor. When

endothelial dysfunction occurs, endogenous nitric oxide production from the

endothelium decreases (except for septic shock), as a result of which an imbahnce

develops between reducing and relaxing factors. Nitropreparations are exogamous

donors of nitric oxide. Nitric oxide stimulates guanylate cyclase. Cyclic guanesine

monophosphate is formed from guanosine triphosphate under the action of guanylate

anosine monophosphate reduces the amount of calcium i1 the

cyclase, and cyclic gu
cell, as a result of which the muscle relaxes.
Pharmacological effects of NV.

1. Dilates blood vessels.

2. Inhibits platelet aggregation.




3. Increases the formation of prostacyclin in the walls of blood vessels (improves
microcirculation).

4. Reduces the pre- and post-load of the heart, and reduces the oxygen demand
of the heart.

5. Lowers blood pressure.

6. Causes reflex tachycardia (not observed in heart failure).

7. It has an antianginal effect. which includes expanding coronary vessels,
opening collateral vessels, reducing the heart's oxygen demand, decreasing neuronal
activity in the brain, and inhibiting sympathetic impulscs.

&. Dilates blood vessels of the brain (headache and dizziness arc observed).

9. Having a sympatholytic effect on internal organs, it relaxes the muscles of the
OIT, bronchi, urinary tract, and uterus.

10. Increases the secretion of catccholamines during long-term use.

The primary effect of nitrates is the relaxation of smooth muscles in various
organs (such as blood vessels, the gastrointestinal tract, an the respiratory tract). By

dilating blood vessels (mainly veins), nitrates reduce preload and afterload on the

heart, leading to decreased cardiac workloag and reduced oxygen demand.
: o

Also, the end-diastolic pressure of the left ventricle decreases (by 25% at rest,
by 19% during stress), and the volume of blood

increases (from 50% to 60%

¢jected from the left ventricle
atrest, from 36% to 489,

Decreasing preload in the ventricles and reducing the filling of heart chambers

during stress).

small doses.



Nitrates also have an antiplatelet effect (by reducing the amount of calcium in
platelets). Nitric oxide also acts as an antithrombotic barricr. The antiaggregition
effect is common to all nitrates. In patients with angina pectoris, the antiaggregitory
effect of nitrates is reduced (up to 100 times in vivo). Also, the antiplatelet effect is
related to the synergism of nitrates in the local production of prostacyclin. that is,

prostacyclin is an activator of adenylation cyclase, adenylation cyclase increases the

amount of cyclic adenosine monophosphate (¢AMP), and an increase in the amount
of ¢cAMP in platelets blocks the receptor-dependent incrcase in the amount of

calcium and prevents aggregation and adhesion. Nitrates also have anticoagulans and
o < o u it

fibrinolytic cffects.

C ydnunilnmmincs differ from nitrates in terms of their chemical structure; that
is, they have several nitrogen atoms in their molecule.
Nitro vasodilators are prodrugs, which are converted into the active substmce,
nitric oxide. in the smooth muscle cells of blood vessels.
Description (characteristics) of nitrovasodilators.
Nitrates are available in  various forms, including parenteral, acwsol,

transdermal, buccal, and oral. Nitroglycerin and isosorbide dinitrate are used to

hile isosorbide mononitrate is primarily used to

relieve and prevent anginal pain, W
ate relief). In

prevent angina attacks (parenteral forms can also be used for immedi

crin also has extended-release forms, i.c., microcapsules

addition to tablets, nitroglyc
venous solution for parenteral use.

for drinking, application forms, and intra
modymmic

¢ dinitrate is average, and its he

The duration of action of isosorbid
s (isosobide

and antianginal effect is directly related to itself and its metabolite
mononitrate, isosorbide-2-mononitrate, and isusurbidc—S-mononitl‘ulc).
Isosorbide dinitrate is available as an infusion solution, oral form (tablets and

capsules), and transdermal drug forms (plasters and discs).

n active metabolite of isosorbi
orbide dinitrate. After a short

Isosorbide mononitrate is @ de dinitrate ard is

of presystemic metabolism of isos
isosorbide dinitrate

formed as a result
and its metabelites

time after taking isosorbide dinitrate,

orbide-5-mononitrate) are present in the blood

(isosorbide-2-mononitrate and 1508
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plasma in the following ratio - 1:4:18. Isosorbide-2-mononitrate is a "short-lived"
metabolite of isosorbide dinitrate and. like the intravenous form of nitroglveerin, has
a rapid, potent, and shon-lived antianginal cffect. Isosorbide dinitrate is due 10
isosorbide-2-mononitrate. which develops a rapid antianginal cffect when used
sublingually to relieve an attack of angina pectoris.

Isosorbide-5-mononitrate is g long-acting metabolite of isosorbide dinitrate,
providing a prolonged antianginal and anti-ischemic cffect, extending the benefits

of isosorbide dinitrate.

Isosorbide-5-mononitrate drugs are available in the form of simple and slow-
dissolving (matrix tablets. microgranule capsules with the active substance) dosage
forms for oral administration (providing a long-term clfect), as well as in the form
of intravenous solution,

Pharmacokinetics of nitrates,
Nitroglycerin, isosorbide dinitrate, and isosorbide-5-mononitrate preparations

from the group of nitrates are widely used in practice. They difter from cach other

in their pharmacokinetic parameters,
Table 1.1

Comparison of pharmacokinetic Parameters of nitrates

Parameters Nitroglycerin Isosorbide Isosorbi w
5 dinitrate mononitrate
_'_'Pﬁary pass effect" ‘_ i i SN | S ——
in the liver ecurs Occurs does not occur
Biologeal ™ ess fsublngunt~ | Tess g ———
i ' high 100%
absozuron__ | 50%) 50%. oral - 22%) hig
Duration of effect short (sublingual (sublingual - 30- long (oral - 300-
‘ -10-30 min) 60 min, orgl - 360 min)
: 180-360 min)
EL i i

| 2-4 min

—____*—A-_-_________'*—___
30-40 min 240-360 min
—\\JKJ%—J
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With sublingual and buccal administration, nitrates are well absorbed through

the ora ‘084 e e onass effeet” | : :
| mucosa, do not undergo a "first-pass effect” in the liver, and quickly snter

the large blood circulation and quickly reach the coronary vessels.

\V C e " r Htrates T "y o . 3
hen given orally, nitratcs undergo a "first-pass cffect” in the liver, which

reduces their bioavailability.

Pharmacokinetics of nitroglycerin.

n sublingually. it is detected in the bloodafter

When nitroglycerin 0.5 mg is take
g¢/ml). andafter

ches its maximum concentration (3 1
2 times (1.4 ng/ml). When

5 seconds. after 3 minutes it rea
entration in the blood decreases by

taken sublingually, 1ts bioavailability is 50%. T v - 2-5 min. It is metabolized n the

Letabolism when taken orally).

7.5 minutes its conc

liver (undergoing presystematic n and its metabdlites

are excreted through the urine.

The duration of the effect of nitroglycerin is short, 10-30 minutes.

istered intravenously ata rate of 10 pg/min, with

Nitroglycerin is initially admin
inutes until the desired

the dose increased by 3-10 pg/min every 5-10 m
The clinical effect may take some time to beawme

hemodynamic effect is achieved.
erin prcdomimmly

oses of 30-40 pg/min, nitroglyc
ily dilates arterioles.
typically does not

apparent. When administered at d
s of 150-500 pg/min. it primar
m dose for nitroglycerin. it

dilates veins. At dose While here

is no officially recommended maximu

exceed 200 pg/min.

Isosorbide Dinitrate Pharmacokine
administered sublingually, perorall
5-20 minutes and reache

ng its firstpass

tics Isosorbide dinitrate s rapidly and

completely absorbed when y, or transdernmally.
When taken orally, it is detectable in the blood within 1
maximum concentration after approximately | hour. However, duri
ergoes significant metabolism. The half-life (T%) of

and approximatcly 7 hours after multiple doses.

s its

through the liver, the drug und
a single dosc is 30-60 minutes,

Pharmacokinetics of isosorbide-5 _mononitratc.
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Stmple tablets of isosorbide-5-mononitrate are quickly and completely absorbed
from the gastrointestinal tract and are detected in the blood after 15-20 minutes, and
after 1 hour, they form a maximum concentration. The therapeutically cffective
concentration in the blood is maintained for 10-13 hours. Isosorbide-5-mononitrate
is 100% bioabsorbable when given orally because it does not undergo the "first pass
cffect" in the liver, The drug is mainly excreted in the urine in the form of

mctabolites. Retarded forms ul"isosnrhidc-S-mmI(milr;ilc are taken I time a day.

Transdermal drug forms of nitrates.

Nitrate transdermal drug forms (TTDF) are in the form of ointment, patch, disk,
and have different technical specifications. TTDF is placed on healthy skin. where
the integrity of the skin is not damaged. In this case. nitrates enter the blood
continuously in a dose close to the minimum therapeutic dose. Their disadvantage is
that the bioavailability of TTDFs js unstable. Long-term use of TTDFs leads to the

development of tolerance to nitrates, so TTDFs should not be used for more than 12

hours.

Molsidomine. Molsidomine is absorbed orally. When isosorbide dinitrate passcs

through the liver for the first time, approximately 30% js converted into various

metabolites. The drug’s effect begins within 15-20 minutes, though food may delay

the onset of its effect without affecting jis bioavailability. The maximum

concentration in the blood js typically reached within 30-60 minutes, [n liver

diseases, the amount of the drug in the blood may increase slightly, The drug is 2-4
mg. Antianginal effect lastg for an average of 3-4 hoyrg (from 1 hour to 6 hours).
The effective dose

en higher). 2 mg when

S necessary (o start with a dose, and if the

patient accepts the drug wel), then the dose can be increased to 6-8 mg. The



Nitrovasodilators are effective in preventing and climinating myocadial

ischemia, in emergencies related to arterial hypertension, and in heart failure.

Indications for Nitroglycerin Infusion:

- Unstable Angina: In cases resistant to p-adrenoblockers.

- Persistent Anginal Attacks: When anginal attacks are not alleviated by ther

treatments.

- Myocardial Infarction: To manage symptoms and reduce heart workload

- acute left ventricular failure:
a need for controlled hypotension during surgery;

- when there is
and anesthesia, and in

- in extracorporeal blood circulation, during surgery

controlling preoperative arterial hypertension that occurs during intubation.

Instructions for Use of Nitrates:

- Sublingual Nitroglycerin or Spray Form: Used to eliminate or alleviate argina

attacks.
- Long-Acting Nitrates: For Angina Pectoris Treatment: Used as pat of
combined therapy when there is an indication against the long-term useof B-
blockers and calcium antagonists. Combination Therapy: If p-blockes or
calcium antagonists arc ineffective as monotherapy. long-acting nitrates are

used in combination with them.

- Long-acting nitratcs are used as part of combined therapy in case of sinusnode

dysfunction or severe AV-conduction disorders.

d frequency of use of nitrovasodilators in stable argina

Antianginal dose an

pectoris.
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Active
substance

Nitroglycerin
(glyceryl
trinitrate)

Isosorbide
dinitrate

mononitrate

Molsidomine

* - Isingledose

\
|
|
|
Isosorbide \
|

Duration of effect | The drug
Short acting \ Nitromint
Nitrocor

Nitrospray

Long acting s .
. Nitrogen forte

lzoket spray

Medium-range |

wlsu]n"n-éi_
Cardiket 20
[zo0 Mak 20
Nitrosorbide
Cardiket 40
Cardiket 60
Cardiket 120
120 Mak retarq
Mononite

effect

Long acting

Medium-range

effect Monosan

Monochinkwe
Olicard retard
Monochinkve
retard
Pectrol
Efox long

Long acting

Short acting

Corvaton
. -12 or day
sogmr _7_5)’(]!1()}"‘“11'1 felimgipe o
Medium-range e | 2-4* mp 2-3 times
I = 2 2] $
effect Dilasidom 5 dai
Longacting — | ———

Dilasidom retard

Dosing procedure for nitrates in angina pectoris:

- Nitrates are used intermittently in

mainly before physical exertion. Short-
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Nitrates and nitrate-like preparations

J,_ _ day

Table 1.2

Usual dose in
angina pectoris
0.3-1.5 mg under
the tongue in
angina attacks

| 6.5-13% mg 2-4
|

times a day

1.25-3.75 mg
sublingually

20-80 mg per day

40-120 mg per day

40-120 mg per day

40-240 mg per day

8* mg 1-2 times a

type I FC of exertional angina pectoris,
acting Nitrates (buccal tablets, (

ablets, nitrates



in acrosol form, and isosorbide dinitrate) are used for this purpose. They should be

used 5-10 minutes before expected physical exertion. It is not advisable to use bng-

acting forms.

- Nitrates are used intermittently in Il FC of angina pectoris. Nitrates of short

and medium duration are used in this.
_In Il FC of angina pectoris, nitrates (used in the third place after B-blotkers

and calcium antagonists) arc used continuously, but with a break of 5-6 lours

(nitrate-free period). that is, they are prescribed every day.
_Nitrates arc used continuously (without a nitrate-free period) in IV FC of argina

pectoris, i.e.. they are used every day: the concentration in the blood shoull be
maintained at & therapeutic dose throughout the day. For this, it is necessary t use
nitrates 3-4 times (short-acting nitrates) or prolonged nitrates.

Contraindications to the use of nitrovasodilators.

- If the systolic arterial pressure is below 90 mmHg:

_If the number of heart contractions is less than 50 per minute;

- Strong tachycardia;
- Severe dysfunction of right ventricular contractility associated with vight
ventricular preload:

- if sildenafil was used (nitrates shoul
hen nitrates arc used, there i

d be used 24 hours after sildenafil);
- Severe aortic stenosis (W s a high risk of a darp
ure and loss of appelitc);

drop in arterial press
e cardiomyopathy (when nitrates

- Hypertrophic obstructiv are used, obstrustion

and mitral regurgitation may increase).

Tolerance to nitrovasodilators.

When nitrovasodilators ar¢ re-used in a standard dose,
sive effects decrease in strength and duration is alled

1ds on the dose of the drug and the durntion

ance to nitratcs depends on

their anti-anginal, anti-

ischemic, and hypoten
tolerance. The origin of tolerance deper
of treatment. The mechanism of development of toler:

various factors.
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There are 2 types of tolerance: Jalse (vascular stone) rolerance and true
(vascular) tolerance. False (vascular) tolerance dey clops as a result of a violation of
neurchormonal regulation of blood vessels and an increase in blood volume in blood
vessels, while true (vascular) tolerance oceurs as aresult of a decrease in the function

of vascular smooth muscle cells o convert nitrates into nitric oxide.

The neurohormonal activity in response to nitrates is influenced by their dose,
and it plays a crucial role in their long-term effectiveness. Here's a more detailed

breakdown of how this works: Decreased Arterial Pressure: Nitrates dilate blood

vessels, particularly veins, leading to reduced preload and a decrease in arterial
pressure. Baroreflex Stimulation: When the blood pressurc drops, the body
compensates by activating baroreceptors in the blood vessels, which stimulate the

sympathetic nervous system to release more catecholamines (like adrenaline). This
action raises the heart rate and constricts blood vessels to counteract the pressure
drop. Increased Vasopressin: As part of the compensatory response, the body
releases vasopressin, which promotes water retention by the kidneys, increasing
blood volume and indirectly raising blood pressure, Activation of the Renin-
Angiotensin-Aldosterone System (RAAS): Reduced blood pressure also activates

renin, which starts a cascade of reactions leading to the formation of angiotensin I1.

Angiotensin II raises blood pressure by constricting blood vessels and stimulating

aldosterone secretion, which retaing sodium and water, further increasing blood
volume.  Dose-Dependent

Neurohormonal Stimulation:  The degree  of

neurohormonal stimulation depends on the dose of nitrates Higher doses

lead 1o more profound baroreflex activation and gre

of nitrates

ater fluid retention, which can
make the body less responsive to the vasodilatory effects of nitrates over time, @
phenomenon known as tolerance,

The result of the

vascular tone, which may counteract the initial effects of he nitrates and reduce their
effectiveness, cspecially with prolonged use. Thig mechanism is why nitrate

tolerance can develop, necessitating strategies like nitrate free i
-lree mte

this effect rvals to mitigate
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Ways to prevent or reverse nitrate tolerance:

- Nitrates should be prescribed with a break during the day, i.c.. the interval of

taking nitrates should be 10-12 hours, Nitrates should be taken at the same ime

Taking nitrates at different times can lead to the development of "ricochet”

syndrome, the appearance of anginal attacks, and even the development of paialess

myocardial infarction.

- Contraindication of nitrates with calcium antagonists.
- Introduction of SH-group donors into the body. One of the most cffectiveNO-
Also, NO-group donors include NO-gioup-

group donors is N-acetylcysteine.

preserving ACE inhibitors (captopril).
_ Use of nitrates in combination with ACE inhibitors that do not retain the SH

group.

- Use of nitrates together with calcium antagonists and/or BAB.

Alternative ways to overcome tolerance:
- Application of molsidomine, that s, molsidomine has & significant
hemodynamic eflect when tolerance t0 nitrates develops:

- Use of nicorandil, that s, nicorandil strongly expands coronary arterics without

load, the drug expands
d, reduces the number of
antiplatelet effect.

arteries of different diameters,

affecting pre- and post-
increases the body's resistance to loa anginal pains and the

need for nitrates (nitroglycerin). Nicorandil also has an

f new vasodilators (toler: furoxans, sodium

- Application 0 ance-resistant nitrates -

channel regulators - KRN2391).
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The drug

BAB

[f=channel inhibitors

Calcium antagonists
(verapamil. diltiazem)

o e ]
Calcium antagonists
(dihydropyridine group)

Cytoprotectors

Hypotensive “drugs  of
other groups,
antiarrhythmics, tricyclic
antidepressants, ethyl

alcohol. MAO inhibitorsg
L WITHIDGS, |

Table 1.3

Interaction of nitrovasodilators with other drugs

| The essence of cooperation

| Enhancement of antianginal and antiischemic elfe

; : = ; . of drugs
reduction of adverse effects of both groups of drug
(tachycardia  and  headache caused by o
) - S / 221.
bradycardia and coldness of limbs caused by BAB) [2

nitrates.

The enhancement  of antianginal and antiischemic
effects. as well as the reduction of negative ci'tbct:ﬁ.
occurs  when  certain drug "
combination. Specifically.  the
nitrates (which have vasodil

used
between

classes  are
interaction -
atory propertics) and 11-
channel inhibitors (which affect heart rate and rhythm)
can optimize treatment for conditions like angina 0F
ischemia,

Enhancement of antianginal and
reduction of adverse
(tachycardia

antiischemic effects.
clfects of both groups of drugs
and  headache by  nitrates.
conduction, contractility, heart rhythm disturbances.
bradycardia. oceurrence or exacerbation of heart failure
caused by verapamil, diltiazem)

caused

Potentiation of antian

ginal and antiischemic cffects.
tachycardia increases,

Enhancement of antiangina|

and antiischemic effects n

Potentiation of hypotensijye effect

T

e
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AALY inhibitors.

ARA. | The hypotensive ellect

incrcascs and the e risk of

itrovasodilators decreaset. i

| developing tolerance ton
achycardia increases when f

ui\ cosides. Tleart failure decreascs. and t
used together w ith hy dmla/mL I
of mlmnl\ cerin ~in the blood plasma
Increasces. and the dnlmeurcndtlon t.]tu.t Im.n.d%ﬂ

b.ukﬂmund of mlrm.l\u.rm “the effict of
the dose of heparin

1 ol mtml;s

[ len.!lLs

Cardiac

hvdralazine
Aspirin 'he amount

Against the
intravenous heparin decreases:

Heparin
ululstu.l al‘m the Ldl‘lLL“dllUl

should be ¢

IHepatoinducers . . .
I'he metabolism of nitrovasodilators is accelerated, and

(smoking. alcohol. . . .
T i the strength —and duration of the effed  of
ifampicin. barbiturates. | . i'hl luced
bt eodilators are reduce
diflunisal) nitrovasodilators are re uced
o
ilators slows dowt. and

Hepatorinhibitors Ihe 111clﬂht:l|iSIll ofifrovesact
their effect inereases. i
a-adrenomimetics.
pituitrin.
dihydrocrgotamine.
cholinelytics

M Decreased eflect of nitrovasodilators

e

|

Review questions.

1. Describe the classification ofnilrovasodilulors.

and extracardiac effects
anism of nitrovasodilators?

of nitrovasodilators.

2

. State the cardiac

3. What is the hypotensive cffect mech

sm of the antianginal effect ot‘nitrovasodi]ators?

4. What is the mechani
tic indicators of

5. Explain the clinical significance of the pharmacokine

nitrovasodilators.
6. List the indications for the use ofnitrovasodilators.
flects ofmuovasodlldlors

7. List the negative ¢
-ovasodilators, and how

8. What arc the causcs of tolerance 10 nitr are they

eliminated? What is the prevention of tolerance?

s to the usc of nitrovasodilators.

9. List the contraindication
nitrovasodilators with other drugs.

10. Give examples of the interaction of
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MIXED VASODILATOR (SODIUM NITROPRUSSIDE).
Pharmacological effects,

Reduces peripheral resistance, lowers blood pressure (by dilating arteries an

veins).

Reduces the pre- and post-tension of the heart, increasing the ejection of blood
from the heart.

Improves blood circulation within the small blood vessels,

It causes reflex tachycardia; in some cases, bradycardia develops. [t does not
affect blood circulation and glomerular filtration in the kidney. but renin sceretion
increases,

Pharmacodynamics.

Sodium nitroprusside is a short-acting peripheral vasodilator that dilates arteric

and veins.
Sodium nitroprusside combines with the sulthydry| group of the cell membrane,

disrupts the synthesis of cyclic nucleotides, and reduces calejum entry,

Pharmacokinetics,
Sodium  nitroprusside g given inlravcnmlsly_ Sodium nitroprusside 18

metabolized into cyanides under the influence of crythrocyte enzymes, and into

thiocyanate (active metabolite) under the influence of liver rhodanese. Thiocyanate

causes metabolic acidosis. The T 1 period of thiocyanate is 84-156 hours. It is

excreted through the kidneys. The effect starts afier 0.5-1 min,

, the maximum effect
starts after 5 min., and the duration of the effoct is 5-10 min

Instructions for use.
To eliminate severe hypertensive crises.

Administering hypotonia during surgical o

Negative effects,

perations.

» Muscle tremors, nausea, vomiting,
rapid heartbeat, shortnesg of breath, blurred vision, drowsin s
Thiocyanate poisoning; general weaknegs

. ]‘YPC!TCﬂcxia. speech disorder,
convulsions, psychosis, coma,
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Contraindications.
IHyperthyroidism.
In severe liver and kidney disorders

Interaction with other drugs.
Sodium nitroprusside + ganglioblockers. anesthetics = hypotensive effet is
potentiated.

Sodium nitroprusside -+ methyldopa = increascs blood pressure, CRISES
bradycardia.

Sodium nitroprusside + digoxin = bradycardia develops.
Clinical ph:u‘m:lcnlog_\' of ivabradine.

nels in the sinoatrial node and las a

Ivabradine is a specific inhibitor of If-chan
dine has an anti-anginal
hemic heart disease the
and of the

selective effect on If-channels. Ivabra and anti-isclemic
cffect by reducing the number of heart contractions. In isc
increase in the number of heart contractions increases the oxygen dem

myocardium.

The following are related to the number of heart contractions:

nic threshold of the myocardium;

- Oxygen demand of the heart and 1schet
hary blood circulition

- Filling time of coronary arterics during diastole and corot
time;

- Proatherogenic effect.
A high number of heart contractions is a factor indicating slow physical

poor health of the patient. Patient
ath or death from

development or a factor indicating s with a hizher
number of heart contractions have a higher rate of sudden de
cardiovascular disease.

Mechanism of action of ivabradine.
umber of heart contracti
s diastolic depolarization
tion (impulse transmigsion

Ivabradine reduces the n ons by blocking If channds in

hich control spontancott
affect heart conduc

the sinus node, W and control heart
contractions. Ivabradine does not

from chambers, ventricles, and AV node) and contractility.
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Pharmacokinetics of ivabradine.
. . H L = T ¥ ,r
[vabradine is taken orally, and the gastrointestinal tract absorbs it quickly. Afte
I'to 1.5 hours, the blood's maxim

Is 40%. 70% att

. . —pe - T H b4 ili /
al concentration is seen. Fhe drug's bioavailability

L : R— 1l
aches to proteins in the blood. It is broken down in the liver and the

o . y ; s s of it is
eliminated from the body as a metabolite via the kidneys and liver | (none of it

L < - ‘ ;3 alf-
climinated unaltered in the urine). When using the medicine consistently, its ha

life is two hours.

Effect of ivabradine on hemodvnanics. Ivabradine does not reduce average
arterial pressure, nor does not affect myocardial contractility.

Lffect of ivabradine on OT interval. The risk of death rises when the OT interval
lengthens, The OT interval is not prolonged by ivabradine. Didinidine, (!j.s'u,r{!'l'l"”""",L"

. . 3. a . . . " : 2 7 J‘
hepredil, sotalol, ibutilice, amiodarone, pimozide, Ziprazide, sertindole, mefloxine

halofantrine, pentamidine., cisapride, and ervthromvein are among the medication

that prolong the QT interval and should not be taken vpisy Ivabradine.

Antianginal and antiischemic effects of ivabradine.
The antianginal and antiischemic effect of ivabradine is the same as the
antianginal and antiischemic effect of atenolol and amlodipine, but the negative
cffects of ivabradine are less observed. The antianginal effect of ivabradine 1S

preserved even with long-term use; that js, pharmacological tolcrance docs not

develop, and "withdrawa]" syndrome does not develop when the drug is stopped-

Ivabradine can be ysed if there is an indication against BAB.

in chronic hear Jailure.

patients in [I-]V functional class of chronijc heart

AYd .ll o | . - or
Use of ivabradine Ivabradine is recommended fo1

failure with sinus rhythm, cardiac
ejection fraction equal 1o of less than 359, heart rate cqual to or greater than 70 per

5, ARA, CA) (recommendation class [1a,
level of evidence V). I cases where it jg

S Mot possible to use BAB in paticnts of this
category, ivabradine can be prescribed instead.

The starting dose ofivabradine ig 5 mg twice daily, and

after two weeks, the dose

lowered,



Adverse effects of ivabradine.
% of cises)

Visual impairment (photopsia) 1s one of the most frequent (1n 14.5

side effects, which is low-level and resolves on its own during treatment. Photipsia
is a transient change in clarity in a limited part of the field of vision, observed vhen
the intensity of light changes suddenly. compared to a shiny object in broad daylght.
Photopsia occurs as a result of the inhibition of the If-channels in the retina.

_ Blurred (blurry, diffuse) vision - the drug is canceled when this negative dTect
is observed in patients who work in jobs that require high attention (drivig a

vehicle, working on a machine tool. etc.).
often observed - bradycardia,
ar extrasysble.

- From the cardiovascular system: AV blak I-

degree, ventricular extrasystole: sometimes - palpitations. ventricul
- Gastrointestinal tract: in rare cases, naused, constipation, diarrhea.
- General changes: often observed - headache. dizziness; sometimes - parting,

muscle tension.
- Laboratory changes: sometimes - hyperuricemia, cosinophilia, increae in

blood creatinine.
Contraindications and precautions for the use of ivabradine.

It should be prescribed with caution:

AV- and interventricular condu
drugs that reduce the n

- Sinus arrhythmia, ction disorders:
umber of feart

- When used together with other

contractions.
- Arterial hypotonia;
- In the acute period of @ stroke:

- In cases of severc liver failure

. In cascs of severe kidney failure
- In pigmentary retinal dehydration
nded for children under

not been studied).

14 years of age (the drug's effcacy

- Not recomme
and safety in children have
Contraindications to use:
- Hypersensitivity to the drug;
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- If the number of heart contractions is less than 60 per nunute while standing
still;

- Sinus node laxity syndrome:

- Sinoarterial blockade:

- AV block I degree;

- If the artificial rhythm is the controller:

- Acute myocardial infarction:

- Cardiogenic shock:

- Unstable angina pectoris:

- In severe arterial hypotension (AB below 90/50) mm sym.ust) [22]:

- Chronic heart failure stage M-IV according to NYJA:

- Severe liver failure (if it is higher than 9 according to the Child-Pugh
classification);

- Use together with strong hepatoinhibitors (ketoconazole, intraconazole.
clarithromycin, crythromycin,  josamyein, telithromycin, nelfinavir, ritonavir,
nefazodone);

- Pregnancy, lactation period,

Clinical pharmacology of nicorandil,

Nicorandil, an ATP-dependent potassium channel opener, is used as a second-

line treatment for ischemic heart discase. The drug s prescribed when first-lin€
drugs are ineffective or cannot be used. Nicorandil is effective in the treatment of all
types of angina pectoris, including tension, rest, variant, post-infarction, and
microvessels.

Mechanism of action of nicorandil.

Nicorandil is an ester of nicotinamide according (o jtg chemical structure, and
contains nicotinic acid amide and a nitrate group in its molecule, Activation of ATP-
dependent potassium channels in vascular smooth muscle Ieads to relaxation of
smooth muscles, a decrease in peripheral vascular resistance, and tone of narrowed
coronary vessels. Also, nicorandil expands venous blgog vessels and coronary blood

vessels due to the increased amount of nitric oxide, reduces the post- and pre-
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angiogenic pressure of the heart, and improves the delivery of oxygen to the

myocardium. The drug opens ATP-dependent potassium channels, increaser the
he inner membrane

entry of potassium into mitochondria, causes depolarization of t

of mitochondria, reduces tension with calcium ions (peregruzka), and redices

swelling of mitochondria during myocardial ischemia. As a result, it incre

resistance of cardiomyocytes (o ischemia and reduces their death.

asa the

When studying the hemodynamic effect of nicorandil, when the dng is

administered intravenously in the amount of 4-12 mg to patients with congative
heart failure, the average arterial pressure decreases by 5-15%, the total peripieral
blood vessel resistance decreases by 8-27%., the pressure in the capillaries o the
aorta decreases by 25-41%, the end-diastolic pressure in the left ventricle decreases
by 8-18%, the blood pumping power of the heart decreases by 8-1 8%. Increases.The
above indications show that nicorandil can be used in acute heart failure.

Long-term usc of nicorandil at 5 mg 3 limes a day (2,558 patients participagd in

duration of observation was 2.7 years)

vessels by 56%. death from xute
71%,and

a study conducted in Japan, the average
reduced the risk of death due to coronary blood
the risk of developing ischemic stroke by
art failure by 33%. Also, positive results were
otic plaqucs. Postive
nts tking

myocardial infarction by 56%,

the risk of developing congestive he
f stabilization of atheroscler

obtained in the assessment O
ere found in the patie

changes in the parameters of erectile function W
Nicorandil.

Pharmacokinetics of nicorandil.
absorbed from the gaslroinlcstinal tract.

| hour after drinkinrg. It

s 75%.The

Nicorandil is quickly and completely
The drug creates a maximum concentration in the blood 0.5-
vee fraction in blood i

is less bound to blood plasma proteins, and the f
50 min. Itis excreted from the body nuinly

drug is not metabolized in the liver. T

through the kidneys.



Interaction of nicorandil with other drugs.

Nicorandil's antianginal action is enhanced when it is used with antidepressants,
phosphodiesterase-5 inhibitors  (sildenafil, vardenafil, tadalafil), vasodilators,
hypotensive medications, MAO inhibitors, and cthanol.

Instructions for the use of Nicorandil.

- In the prevention of stable angina attacks (if the 1st-line drugs cannot be used
or arc ineffective, they are used as monotherapy or can be used together with other

antianginal drugs). The drug is prescribed to be taken 10-20 mg 2-3 times a day.

o
(=}

regardless of food.

- To climinate angina attacks. 20 mg of the drug as soon as the first signs of an

angina attack appear. The dose should be placed under the tongue and held until
completely absorbed without sw

allowing. The maximum daily dose of the drug 15
80 mg.

Contraindications to use.

- In case ol hypersensitivity to the drug;

- Cardiogenic shock, collapse;

- Strong bradycardia (when the number of heart contractions
minute);

is less than 50 per

- IT and M1 degree atrioventricular blockade:
- Left ventricular failure (with low-pressure filling);

- Arterial hypotension (when the systolic blood pressure is lower than 100 mm
Hg):

- simultancous use with phosphodiesterase-5 inhibitors (sildenafil, vardenafil,
tadalafil);

- Pregnancy and lactation period;

- Children under 18 years of age (the cffectiveness ang safety of the drug have
not been studied).

The drug should be used with caution in the following cases:

- Heart rhythm disturbances;

- in atrioventricular block of the st degree;
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- in Prinsmetal's angina pectoris:

- Arterial hypotension:

- Liver and kidney function disorders;
- in hypovolemia;:

- In pulmonary edema:

- In angle-closure glaucoma:

- in hyperkalemia;

- In ancmia.

Negative effects of nicorandil.
_ Cardiovascular system:
palpitations, tachycardia, drop in arterial pressure, feeling of Hood
"pouring" on the skin of the face, peripheral edema:

. Central nervous system:

weakness, headache (reduce the initial dose), dizziness ringing i the
cars, insomnia;

_ Gastrointestinal tract
nausea, vomiting, stomach discomfort, feeling of fullness (satity),

stomatitis

Drug overdose and help.
When the dose of the drug is exceeded, the following symptoms may be

obscrved: drop in arterial pressure. tachycardia.

d charcoal administration (especially dwring

Treatment: gastric lavage, activate
cg elevation, symptonatic

onitoring and support, |

the first 2 hours), cardiovascularm
amine, hemodialysis if necessay.

therapy, intravenous calcium gluconate and dop

Features of Nicorandil application.
necessary o monitor_arterial pressurc, ICG

While taking the drug, it is
1 the blood, as the pati

1
potassium and sodium 1 ent's teart

indicators, the amount of
rhythm disorder may increasc.

ful when using the dru \g in jobsthat

It is necessary to be care g on patients workir

require high attention.
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Clinical pharmacology of trimetazidine.

In recent years, there has been an increasing interest in drugs with metabolic
effects in the treatment of ischemic heart disease. The use of drugs with a metabolic
effect makes it possible to develop additional antianginal and antiischemic effects.
Unlike other anti-anginal and anti-ischemic drugs (BAB, CA, nitrovasodilators),
hemodynamic negative effects are not observed when using drugs with a metabolic
effect.

Myocardial cytoprotectors with metabolic effects include trimetazidine,

Pharmacedynamics of drugs with metabolic antiischemic effect.

Trimetazidine has an anti-anginal/anti-ischemic and cytoprotective cffect due to
optimization of encrgy cxchange in cardiomyocytes in conditions of ischemia.
Myocardium receives energy in the form of an adenosine triphosphate (ATP)
molecule, and ATP is synthesized in mitochondria. With the use of ATP, its synthesis
is always in balance. The main part (2/3) of ATP is synthesized from fatty acids, and
the rest (1/3) from glucose and lactate.

Accumulation of fatty acids and their metabolites in cardiomyocytes under
conditions of hypoxia has a cytotoxic effect on the cell membrane. An increase in
the amount of fatty acids reduces the synthesis of ATP, Using glucose instead of fatty
acids as an energy substrate protects cardiomyocytes from ischemic damage and
increases the efficiency of heart work. Drugs that limit the use of fatty acids as an

energy substratc are called antianginal and antiischemic cytoprotectors with

metabolic effects.
Trimetazidine is a partial inhibitor of beta-oxidation of fatty acids.

Trimetazidine is available in regular and slow-release dosage forms.

Preductal is a slowly released (modified) form of trimetazidine. a myocardial
cytoprotector recommended by experts of the Russian, European, and American
associations of cardiologists in In the treatment of angina pectoris. according to the
recommendations of the Russian Association of Cardiologists, other antianginal

medications may be considered alongside the primary treatment options(BAB. CA.
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nitrovasodilators) can be prescribed to enhance the antianginal and antiischemic

effects of preductal stable tension angina at any stage. If the patient cannot use BAB,
CA. nitrovasodilators. preductal can be used with If-channel inhibitors (ivabradine)

or other antianginal drugs. When other antianginal drugs cannot be used. it can be

prescribed as monotherapy in the treatment of preductal angina.

Indications for the use of trimetazidine in the treatment of stable angina pecloris:
- When other antianginal drugs cannol be used;

- when CID is accompanied by diabetes;

- In case of chronic heart failure;

ass [ (FC) 1s accompanied by brady

wment, for combined therapy, or

- When angina functional cl cardia, when

other antianginal drugs cannot be combined in treg

monotherapy use;

ngina of functional class 1 (FC) is accompanied by

- In cases where a
edications cannot be combined. itmay

hypotension and other antianginal m
a combined therapy orasa monotl
edications is insufficient

be used cither as part of herapy option.

antiischemic effect of other m

- If the antianginal or
| class 1 (FC). this drug may be

in treating angina pectoris of functiona

considered as an alternative.
ent of angina pectoris.

Effects of trimetazidine in the treatm
inal medications,

of the trimetazidine study with orig

According to the findings
gina attacks while also incressing

the drug consistently reduces the frequency of an
the body's resilience

Extended-release trim
h meals. When the medicin

to physical stress.

etazidine is prescribed at 35 mg twice a day, in the moming

¢ is taken regularly, the effect appears

and cvening. Wit
after 15 days.

According to the results of a test done to minimize the frequency of angina
se the body's resilience to physical effort, propranol
metazidine than when used with isosorbide dinitiate.

attacks and rai ol was more
successful when taken with tri
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Effect of trimetazidine

Administering trimetazidine

improvement in the myocardium's  local

ventricle's blood ¢jection

Additionally.

chronic heart failure. as well as
ESA 2016 recommendations indic
therapy when stable angina is

fraction (NYHA functional class II-1V) (

evidence A).

o

in chronic heart failurc.

contractility. an increase 10

. % . wilnre led to an
patients with chronic heart failure led

the left

. o] activity.
volume both at rest and during phy sical - ac
: ; . o peatie sestors @nd
itresulted in a reduction in the functional class of angina pect
. - . . istance. Thc
anamprovement in the 6-minute walk distar

- - L e b cological]
ate long-acting trimetazidine for pharmacolog

. . caduced ejection
accompanied by heart failure with reduced ¢)

. : svel of
Recommendation class T1B. lev

Table 1.1

Pharmacokinetics of trimetazidine.

Parameters

np

liver

concentration  in - blood

blood plasma

rimary pass effect” in the

Time to reach maximum

Maximum concentration in

Time to reach the same

Regular dosage
form of
trimetazidine, 20 mg

2 hours

SSmg/ml

24-36 hours

less (16%)

concentration  in blood
plasma

Binding to blood plasma
proteins

T

[22].

‘Excretion from the body |

6 hours

B through the kidneys
[22]

have (happens)

—-7}1‘;{\’"«: (happens)

|12 hours (over 65)

e~ |

" Trimetazidine cxtemlc(:
release dosage form, 3

mg

— 7_7____—"‘_

3 hours

55 mg/ml

60 hours

less (16%)
7 hours;

lhrougﬁﬁa&:{.—ias)[zz]‘

Trimetazidine is quickly and completely absorbeq after oral administration.

Biological absorption is 90%.

It easily passes through histological barriers. The drug
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is removed from the body through the Kidneys (on average. 60% unchanged)

Excretion of the drug from the body through the kidneys is directly proportioml to

creatinine clearance.

Instructions for use of trimetazidine.
- Trimetazidine is a 2nd-line drug in the treatment of stable ischemic leart
discase (Recommendation class TIA. level of evidence V).

- In case of stable angina pectoris with heart failure with reduced ejestion
11-1V). extended-rele

B, level of evidence A).

fraction (NYHA functional class ase  trimetazidin is

recommended for drug therapy (Rccmnnwndnlion class I

Side effects and contraindications.
allergic reactions can be 0
and lactation (the safety and

In rare cases. nausea, vomiting, and bserved.
d during pregnancy

g during these periods have not been studied)-

The drug is contraindicate
effectiveness of the dru

Review questions.
1. Explain the mechanism of antiischemic action of rimetazidine.
2. Explain the clinical significance of the p]mmmcokinclic parame(es of

trimetazidine.
3. Tell the effects of trimetazidine in the treatment of angina pectoris.
4. Tell the effect of trimetazidine in chronic heart failure.

5. Tell the instructions for the use of trimetazidine.

and comraindicmions of trimetazidine.

6. Tell the side effects
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ANGIOTENSIN CONVERTING ENZYME INHIBITORS (ACED

The renin-angiotensin-aldosterone system (RAAS) plays a crucial role in
regulating blood pressure [22]. The primary substance in RAAS., angiotensin 11
(AIl), has a potent vasoconstrictor effect, All primarily targets arteries, raising
peripheral resistance, stimulating aldosterone secretion, promoting fluid retenion.
increasing circulating blood volume, and enhancing the release of catecholamines.

All is a "growth" factor for cardiomy

muscle hypertrophy,

. which causes
ocytes and smooth muscle, which ¢t

Table 1.1

Classification of ACE]ls

Ist class Lipophilic drugs - captopril. alacepril. fentiapril

Sl
2nd class Lipophilic prodrugs:

Group 2A I'he kidneys eliminate the active metabolites of the following

medications: cilazapril, benazepril. quinapril, perindopril. an

enalapril,
‘Group 2V Medications whose active ‘metabolites are climinated in (WO
ways: fosinopril, trandolapril, spirapril, ramipril, and moexipril
 3rd class Hydrophilic drugs - lisinopril, libenzapril, seronapril

]
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Organs and
tissues
Blood vessels

Heart

Iy

Kidneys

Vasoconstriction (secretion of noradrenaline, _\'asom

Positive mmropu ic and Lhrunmrobu. effect

Adrenal gland
The brain

Platelets

Inflammation

PN O —

Trophic factors

Tablke 1.2

Effects of angiotensin II.

Effects of angiotensin 1L

Llldi}thhH l) mauu\ ation of nitric oxide

Coronary artery spasm \

Renal vasospasm (mainly efferent arterioles)
Reduction and proliferation of mesangial cells
Na2+ reabsorption, K+ excretion

Decreased renin secretion

Adrenaline and aldukam \mumn

Antidiuretic hormonce
Activation of the sympatheti
the thirst center

Stlmul.mon of dﬂﬁ;mhon Land :

activation and migration
cytokine (1L-6). chemotaxis [22].

and vasopressin secretion
¢ nervous system. stimulatioa of

adhu-ion

| Macrophage
Expression ol
_ﬂllcsiun factors
Hypertrophy of smooth muscles
Growth factor and protooncogene stimul
Increased synthesis of metalloproteinase dn

and

and cardiomyocytes
ation
d intracellalar

P

The key cnzyme in the 1
verting enzyme (ACE), which

angiotensin-con

angiotensin 11 (AT 1D). ACE is primaril
which has a short-term hem
only by ACE but also through the acti

endoperoxidasc, and cathepsin G

ACE is similar to

bradykinin. Bradykin

and microcirculation ¢

effect. Bradykinin increascs

matrix components [22].

¢ system (RAAY)

‘cuin—angiolcnsin-aldoslcron
AT 1) into

converts angiotensin (

y found in the blood, where it forms AT 1L,

odynamic effect. In tissues, AT II is also produced not

.tion of other enzymes such as chymase,

[22].

the enzyme kininase 11,
ful vasodilator and pd
pradykinin is very shor

which is involved in the breakdown of

in is a powe¢ articipates in ion trangport
ontrol. The effect of
cellular calcium,

+ and has a local
intra a cofactor of nitric axide

81



. : ine fever velives Whe winscies of
(endothelial relaxing factor). Endothelial relaxing factor relaxes the mus

‘ o g cle proliferation
blood vessels, prevents platelet aggregation, inhibits smooth muscle pre

: G g ; f e ofT advkinin stimulates the
and mitosis (resulting in an antiatherogenic effect). Also, bradykinin stim

synthesis of PGE2

o . : vessels,
and PGI2 (prostacyclin) in the endothelium of blood

4 1 H . - e 99
which are powerful vasodilators and platelet anuaggrepants [22]:

32 , . s " ACE causes an
The kinin system is a System opposed to RAAS. Inhibition of ACE ¢

. ; - . 3 i ] bk speelmmios blood flow,
mcrease i the amount of kinins in various tussues, which accelerate:

: s . ; , L o aenliCs
Increases diuresis, and develops anti-ischemic. anti-proliferative, anti-atherog

and anti-aggregant effects,

. . . w -dial infarction can
Arterial hypertension, chronic heart tailure, and acute myocardial infarc

cause RAAS activation.

RAAS
components
ATT

AT I

ATIV

N 1-7

~|involved n #he s — of
Involved in the release of tissue activator inhibitor

Table 1.3

Functions of RAAS components

Main functions

Less active (100 times less active than AT 1) [22]. B

T the same o =t s 4 times
It has the same effect as ATIL but its pressor effect is 4 time

less than AT 1.

“Plasminogen, the main inhibitor of fibrinolysis. is a predictor
| of'death from acute myocardial infarction,

A degradation product of AT Iand AT 11, an endogenous
: inhibitor of the pathological effects of AT 1I:

! - binds to AT2-receptors and specific CNS-receptors:

[ - affects the pmsmglandin-bradykinin-NO system;

- Has an antiproliferative effect:

|- It has a vasodilator effect;

- Prevents reperfusion arrhythmiga:

| - Prevents  cardiac remodeling  afjer acute  myocardial

infarction.
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Table 1.4

Different factions of RAAS and their effects
Fabric RAAS

o Circulating RAAS
Organs (humoral)
Immediate effects Slow effects
Kidneys Aldosterone 4i_lnlggfd'tﬁ:ral;n:I'E'pcrt‘::lgiar; arteriolo-
stimulation nephrosclerosis
Blood vessels Vasoconstriction | Blood vessel wall hypertrophy. bleod
T vessel remodeling
Hearl /\rrh_\'llmmgcnic | Myocardial hypertrophy [22]. cardic
eftect ‘ remodeling

ACE inhibitors (ACED).

Mechanism of action of
inhibition of ACE and redustion

The phammcodynumic cffects of ACEL include

AT 11 in tissucs, climination of pr
akdown of bradykinin and enhancing the

essor and neurohumoral effeds of

of formation of

AT 1L as well as preventing the bre

formation of vasodilating factors (prostaglandin, nitric oxide).
Table 1.5

Results of RAAS blockade
Effects associated with a decrease in iﬁ?&;a‘sm&m’r‘m
the formation of AT 11 preakdown of bradykinin
g &ié&iiﬂaﬁiﬁ’rr—’

vasoconstriction
ll“lonocylciaidﬁcgio_ﬁ” o against monocyle adhesion
expression of nitric oxide

smooth muscle proliferation
2sminogen and

activation of tissue activator inhibitor of | tissue activator of pl
fibrinolysis

ogen
anti-remodulation eftect

thrombogenesis and plasmin

production of frce radicals

J
- = ; otive fi i [ the endotheliun
endothelial dysfunction protective function ©
y - ,_,”,F_ff_#__J
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Table 1.6
ACEI description

Effect on tissue
Drug Chemical group Activity RAAS [22].
Captopril 3 SH-group Active drug no
Zofenopril ?mapﬁ_ . Prodﬁl—g_ 1 + -
 Enalapril | Caboxy- | Prodrug | o
B T e e— i
Quinapril 'mh’_iprgd‘,{gg* i
Lisinopril Carboxy- Active drug no
Moexipril Carboxy- Prodrug + ]
Perindopril Carboxy- Prodrug + -
Ramipril Caboxy- | Prodmg |5 N
‘_S_PFHW Carboxy- Prodrug T g F
mr“_%(farbox;% ‘7Fr;dﬁri1‘g_ —
Fosinopril Phospho- Prodrug T
Cilazapril WW T
R e

The distribution of ACEIs into tissue

s depends on their lipophilicity. ACEIs are
ranked in the following order ofa

nity (from strongest to weakest):

Trandolaprilat
Perindoprilat > Lisinopril > Enalaprilat > Fog

ffi

Quinaprilat = Benazeprijat =

= Cilazaprilat = Ramiprilat =

The affinity (similari

are associated with inhibition of
tissue ACE.

According to the modern understanding of the Mechanism of action of ACEISs

associated not only with thejr affinity for AAF but also
84
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with their different active domains - N and C-terminal domains. Each of tese

domains can selectively bind to AT 1 and block the conversion of AT 1 to AT 2 but

both domains must be involved for binding to bradykinin. Experimental studies have

shown that the bradykinin/AT1 index varies in different drugs, i.e.. in enalaprilat

1.0; in perindopril - 1.44: in ramipril - 1.16. This indicates that perindopril and

ramipril have an active effect on bradykinin. The effect of ACEIs on bradykinin
increases the activity and expression of NO-synihetase, inhibits apoptosi of
and endothelial cells. The greater the effect on bradykinin, the greater

myocardial
ACEls (vasodilating, vasoprotective, antiischamic,

the organoprotective eftect of

antiatherogenic).
Table 1.7

ynamic cffects of Acels

Pharmacod
afterload, hypotensive

- Arterial vasodilation (reduction of

Cardiov_ascuﬁl'rq
effects effect)

- Venous vasodilation (reduction of preload)

- Coronary vasodilation
ricular dilatation

a gipertrofiy

and cardiac remodeling

- Prevents left vent
asini kamaytiradi

(curdioprolcclion)Chap qorinch

(kardioprolcksi_\'a)
- Reduces arterial wall hypertrophy. improves endothelial
function (vasoprotcclion)
- Reduces the frequency of reperfusion arrhythmias
¢lopmert of

- Potentiates the cfl fect of nitrates (prevents the dev

tolerance) [22, . /
arterioles (reduces

—

- —— 4—)—————-——*—‘—,(-'.'7 o
Effects _ Dilation of afferent and efferent
observed by the intravascular hypertcnsion)
kidneys  Increases diuresis and natriuresis

¢ body

- Retains potassium in th .
on mesengial

tection (has an antipro]iferativc effect

- Nephropro
cells) [22]. _/r_fr——,
I———— 77_4_7__,4_,4_2—,”—"—__—__—
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T

Metabolic

effects

insulin

- Reduces atherogenic lipids (low~density lipoproteins. TH) and

increases the amount of antiatherogenic lipids (high-density

lipoproteins)
- Has an antioxidant effect

- Has an anti-inflammatory

Hypotensive effect of AAFIs [22].

- Reduces insulin resistance. increases tissuc sensitivity to

effect [22]

The hypotensive effect of ACEIs is due 1o the inhibition of ACE, which results

in the formation of AT from AT1 ang the reduction of bradykinin degradation.

Duration of the hypotensive e

Table 1.8

ffect of ACEIs
T P
Drug Onset of effect, — Duration of
hours e
NGk effect, hours
Donazepiil | <7 24 16-24 [22].
Kaptopril _—_?0—5_—_ n -_ﬁTIz_
Kvinapril ———_a‘_——‘_h—ﬁ_____ﬁ__t_
Lizinopril | 7 T ma
Mocksipril i“—]‘—%“ﬁ——.jr___-—zl;—.
Perindopril -_*_1-—‘—‘_‘—4?—__#‘_52_4—,
Ramipril ‘__—.3_-—————4_?____ —
Spiraﬁil%__—_f_“—“——r__‘_‘_ﬁ_J
el R R
Fozinopril 1 “““—2?_7¥_,( ey
Zofenopril —i_T\i_T_‘—HT_—
Enalapril ‘:—-J ‘_“—68%—_____2?“_#
L____i—___‘__ —e _—J
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Cardioprotective effect.

ACE inhibitors (ACEIs) exert their cardioprotective effects by reducing left
ventricular hypertrophy. preventing myocardial ischemia and reperfusion injury. and
promoting beneficial cardiac remodeling. In addition to reducing the trophic dfect
of AT2 on the myocardium. ACEIs also modulate sympathetic activity. whith is
responsible for the cardioprotective effect. AT2 is crucial in reguliting
catecholamine release. and a decrease in AT2 formation helps mitigate the
sympathetic nervous system's impact on the cardiovascular system. Additiomlly.
kinins. particularly bradykinin and prostaglandins. contribute to the cardioprotestive
effect. Their anti-ischemic properties and ability to dilate capillaries enhance
microcirculation, improve oxygen delivery and metabolism in the myocardium. and
reduce left ventricular hypertrophy by about 10%. This reduction indicates the
antiproliferative effects of ACE inhibitors, leading to better myocardial punping
function in post-infarction recovery and with lefl ventricular hypertrophy [22].

ACE inhibitors (ACEIs) have been shown to reduce the risk of death by 23%
and the risk of atrial fibrillation by 28%. Furthermore, according to numeous
randomized clinical trials, ACEIs prevented the development of chronic heart falure
in approximately 26% of patients. In cases of acute myocardial infarction, ACEIs
help prevent cardiac remodeling induced by RAAS activation, which is a major
factor contributing to the onset of heart failure and left ventricular contractile
dysfunction. Meta-analyses have shown that the use of ACEIs in acute myocadial
infarction, both early (within the first 24 hours) and late (after 48 hours), lowers
mortality from acute myocardial infarction by 26%, reinfarction by 20%, and
rehospitalization in chronic heart failure by 27%. However, there is no evidenie of
a significant therapeutic effect of ACEIs in chronic heart failure with FV>40%
(without reduced left ventricular contractile function),

ACEIs have an anti-ischemic effect, which is associated with blocking the
neurohumoral effect of AT2 (reduces the release of catecholamines, prevents

myocardial damage caused by catecholamines), as well as with bradykinin efEcts.
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i l 3 e 3 i -tﬂll[ ill
ACCOrdin(’ to Lhc rCSUl(S ofthc mcta—ana!ysls by S \'USUL a dCC]LﬂbC 1n mor y
o
stable forms of ischemic heart disease (OR = 0.36] was found.

Vasoprotective and antiatherogenic effects,

: ; scular
AT2 has a trophic effect not only on the myocardium but also on the vasculs

wall, i.e., it causes hypertrophy/hyperplasia of the muscle layer, inhibition
- : : T . imulates
endothelial cell growth, and, as a result, endothelial dysfunction. AT? also stimula
i . no |
other growth factors (platelet-derived growth factor, endothelin-1 ), leading not only
o

to hypertrophy of the vascular wall but also 1o atherosclerosis.
The vasoprotective effect of ACEs is mediated both by blocking the ne

gative
effects of AT2 on blood vessels and by bradykinin.

Table 1.9
Effect of ACEIs gn endothelial

dysfunction (meta-analysis results) B
lncr;a_seTen*dotheli;n_]-d_epcnfient
Groups and sub-groups

vasodilation of the brachial artery

ACEIl and placeho +1.26% r = 0,002
ACEI and other groups of hypotensive
+0.89% r = 0,009
drugs
ACEl and BAR

—

+0.59% r = 0.03
ACEl and CA

+2.15% r = 0.009
ACEI and A2RA

+0,21% r = no information

e -_—

According to the results of the Meta-analysis, ACEIs have 3 positive effect on
» reducing arterig] stiffness ang reducing the development of
atherosclerosis in the carotid ang coron

ary arteries,
Nephroprotective effect,

Activation of RAAS i

endothelium, By influencing RAAS, ACEs ow

intr . ilurc
€r proteinuria and stop renal failu
from worsening,

dilatation of the renal tubules' efferent arterio|



pressure, filtration fraction, and hyperfiltration, which in turn lessens nephropathy.

The nephroprotective effect of ACEIs is also based on their anti-inflammatory and
antiproliferative effects.

Cercbroprotective effect.
roke, according to the findings of extersive

ACEIs do not lower the risk of st
been demonstrated in certain clinical

meta-analyscs. Perindopril and ramipril have
trials to stop the recurrence of brain-related problems [22].
Metabolic effects.

RAAS plays an important r

inhibitors or blockers ar¢ considered n

ole in the development of metabolic disorders. RAAS

cutral drugs. According to the resu
the risk of developing diabetes by
gsues to insulin and improve

Its of meta-

22% to

analyses, it was found that ACEISs reduce
339%. This is because ACEIs increase the sensitivity of'ti
glucose uptake by tissues due to improved bload circulation.

Pharmacokinetics of ACEIS.
The lipophilicity of ACEIs provides {heir effect on tissue RAAS and their orzan-

protective effect.
Table 1.10

Lipophilicity index of active forms of ACEIs
i I Lipophilicity index

P
The drug

S e
i 3.5

_____ Zol imli
ji_’(;:s_iagprilal g > 2,00
Trandolaprilat 1.46
Quinaprilat 1,42
Ramiprilat 0,92
0.87

Perindoprilat
_f{r‘—f-,,*fr-“f“——
0.11

S ]

Ennﬁ;prilm
PR
[ 0.08

e ]
Captopril /
2.44

Lisinopril
f the drug.

Note: a negative value indicates the hydmphi“dty o
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; i roduce
The majority of ACEIS are prodrugs that undergo liver metabolism to produc
! “I concentration reaches
an active metabolite. Afier one to two hours, the blood's ACEI concentration reache
[2

its maximum. The table displays the ACEIs' pharmacokinetic parameters.

Table 1.11
Instructions for using ACElIs. =
- e Level of
Instructions for use evidiene
Arterial hypertension A B
Chronic heart failure A _
| Left ventricular systolic dysfunction A

Acute myocardial infarction A
Diabetes mellitus, diabetic nephropathy

HID without sy

mptoms of chronic heart failure, with 5 high

risk of cardiovascular complications (perindopril, ramipril) v
[22].

Note: Level of evidence A

= evidence is from large controlled randomized
trials; Level of evidence V — evidence is fygpy,

clinical

limited (some or small
number) patients, controlled randomized clinjca] trialg

Arterial hypertension.

ACEIs have g hypotensive impact in

Practically 4] types of AH, regardless of
renin activity in the plasma, AC

Els are con
taken alone, they are successful

impact, ACEIs in the treatmen

sidered first-line treatment for AH. When
in 50% of patients. In addition to the hypotensive
tof AH lowey cardiovascular complications and

mortality. They are the preferred treatment, especially when A is

associated with
diabetes mellitus [22],
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Table .12

Pharmacokinetic parameters of ACEls.

. e
i b Plasma Metabol |
; sorpt Bioavail ; ism/acti " \ \
Drug on. % | bility u{a‘ i’,"‘?‘_‘““ , Yy 2 Eliminafon ]
y 10 iy, /o ndiag, o ¢ Wl i Sh
‘ _ % AL mepiiver)
:.————f__________.__——— | |
| Benazepri | —"'_4_—“3——"—‘__‘
o p 37 | 3 95 10-| L | Kidney (nore |
I S ___(_k_r_yr___lr than 70%) |
| ~ 75 (30- | de L :
" Captopril | 55 after | (decreases | - 95.30 ) S Kidney (1p to
el | ey o
.| | meals
‘ Zofenopri | . ,NO
%_‘A informat |~ 93 g8 | 55| 6926 l
e L
_Quinapril | ‘7_1%__?_,_33_‘ 97 2 |+ 6040 |
| Lisinopri 22 (b~ 5 G
Jri”_ 60) | 25-60 <10 12 - Kidney — 100%
2 | 13
| Moexipil (decreas | (decreases g .2
Pt es after after so-70 | 29| L
o ey | Ty woe |
erindopri - g Kidney —more
60-80 =75 20-
1 65-75 2030 || ** than 70%
. i 0.
Ramipril | 50-60 50-60 56 17 +H+ 60/40
= fﬁ_rf_,_f,_a_;,‘_!_,_____./
M 45 50 90 ;('] +/+ 40/60
Trandolap
4 40-60 10 80-95 10 +/+ 33/66
- = ____——“-_.___-——‘—'_'P—“——————__—————“_—__
[Fosinopril | _25-36 | 25-3 9798 | 1L5| H* 50/50
No
Cilazapril | informat 45 90 17] 4+ | Kidney —000%
. ion Betie e i |
Enalapril |60 60 il R e Kidney —70%

stolic dysfunction.
f ventricular dysfurstion,
e the

Chronic heart failure and left ventricular 8Y
tients with le

nded to pa
CEls prevent and decrea

rt failure. Al
k of acutc myocardial infarction and

ACEIs should be recomme
even if there arc no symptoms of hea
minimize the ris

course of chronic heart failure,
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d l - h 2 - 3 ! i - = = ni l E,i[
S]]ddcl (k:ﬂth, an essen the ]Cqul]CIIl‘.“l for Obpltﬁllzaugn_ A( E[S dllln sh 1c

is [22]
[ i ‘ rering atherosclerosis [22].
ilati cardial remodeling, hence lowering atheros

| n and myocardial remo ;

ventricular dilatio d d

Acute myocardial infarction.

- - ers mortality,
The use of ACEIs in the carly stages of myocardial infarction lowers mortality

: i i cs mellitus,
particularly when it occurs in the presence of arterial hypertension, diabetes

or in people in high-risk groups [22].
Diabetes and diabetic nephropathy.

R . amage
All ACElIs, independent of blaod pressure, reduce the course of kidney damag

athies.

- : . A S Mmorc
-term usage of ACElg decreases diabetic and cardiovascular problems n
than other antihypertensive medications [22].

in type 1 and type 2 diabetes, as well as chronic renal failure in other nephrop
Long

Main contraindications,

- Bilateral renal arery stenosis or stenos;

s of a single kidney; - Renal failure
following kidney transplantation,

. . . nic
) - Severe aortjc Stenosis (causing hemodynan
disturbanccs)
- Angioedemg (even after using

another ACE)
- Arterial hypotcnsion;

- Pregnaucy (embryotoxic effect:

: d
n the firsy trimester, may causc heart, bloo
vessel, kidney,

) : ; s fetal
and brain defects; in the second and thjrg trimesters, may cause feta
hypotension, skull hypoplasia, renal

failure, anuria, and fegg| mortality) [22].

It should be ysed with caution in the l‘ollowing cases:

- Autoimmune discases:

- Bone marrow dysfunction [22].

Dosing principles. ACE]s should pe Started at g ]y dose and then tit

rated
gradually, i.e., every 1-2 weeks, to the required dosg, The patient

should not be in
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an upright position when taking the firs i
g g irst dose of ACEISs (as “first dose” i
se” h CIS
may occur). S
Adverse effects of ACEIs and safe use.

Most common - hypotension, cough, hyperkalemia, rash:

Rare - impaired renal function (in patients with renal artery stenosis and patent
i ents

with ChHF taking diuretics), angioedema, impaired blood production [22]. tast
. 22], taste
disturbance.

Hypotension.
Hypotension is a common side effect of ARBs. particularly in ellerly

atients with high plasma renin ac
wilure, those on diuretics, OF in

tivity (such as those with renal atery

individuals, p
stenosis). patients with chronic heart | dividualswith
rrence of hypotension is abou

To avoid hypotension. AC

yponatremia. I'he occu t 2% in healthy individualsand
10% in those with chronic heart failure. Els shoull be

begun at a low dose and increased gradually.

Cough.

Coughing may occur in 5- using ACEIs. Cough is frequsntly

y the kinin sysen,
) that

20% of individuals
omen. Cough is caused b
substance P, neuropeptide Y
1 and histanine.

dose-dependent and more common in W

ory peptides (€8

which triggers pro-inflammat
s, as well as bradykinit

d in the bronchial wall

otility and causes coughi Q@UIS,

have accumulate
ng. When coughing 0

Histamine affects bronchial m
ne ACE to another does

fACEIs, which is the sa
ill eventually dissipate.

alemia is assodated
T2 kads

not assist since coughing is connectedwith

switching from o

the mechanism of action 0 me for all ACEIs. When coughing
occurs, ACEIs should be withdrawt
bove 5.5 mmol/l). The 0
of ACEIs, i.e
with chronic renal fail
ike diabetic nephropa
diuretics OF potassium

1: the cough W
ceurrence of hyperk
formation of A
ure (including htent

thy. therisk

Hyperkalemia (a
__ blocking the

with the mechanism of action
osterone In patients

{o a decrease in ald
r kidney conditions |

chronic renal failure) and othe

pomssium-sparing
¢ conditions impair

used together

is elevated when
his is becausc thes
nd NSAID drugs arc

of hyperkalemia
the regulatien of

supplements are used. Tl
potassium, leading 10 retention, @
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- # . 1 I' I: 5 d ;'lﬂl
g & 1creasce CVvCls O rady n
Sk hcs ;]l'[(! angioe re a (]C]ﬂ[cd \\l[h 1T d ]
in ras dcma a S§

en. y n [ S 1 1a bl(i( re ini € 1mcreasces bV 10'
i cm ( )d creatinin
R ﬂl C 51 mction ][]a} manitiest as azo

U0 ), -I- . ]I d fllnLL Or b
20° roteinuria [22 all(l cver cnd fﬂllu [l 1 Ll ren ll
1) ven acule d 1
/) (W alire C IS

ilateral renal artery
inly observed in patients with renal vascular pathology (bilateral re
main

i vV, B as V(‘“ as ill
-IS Oli[a rcna‘ ﬂncr}' S[Cl10515. OCCUl[ rCnﬂ‘ a\ Culﬂl palhulog ).. as v «
SIenosis, s Ty S| y

patients taking diurctics and NSAIDs as a result of impaired
An increase in plasma creatinine levels may occur at the

ACEIs (during the first 2-3 months) and is transient, with subsequent

glomerular filtration.
beginning of treatment with

normalization

of creatinine levels, not requiring dose reduction or discontinuation of the drug.

Neutropenia, thrombocytopenia, and agranulocytosis occur ver

0.5%).

Diseases,
syndromes, and
pathological
conditions
Uncomplicated
arterial
hypertension anq
chronic heart
failure

Renal
stenosis

artery

Autoimmune
diseases

Kidro e ——
Kidney failure

T)gbctcs_frﬁflitus

y rarely (less than

Table 1.13

Safe use of ACEIs

——

Predictable
I complications

Arterial
("first
transient

hypotension
dose” effect),

increase  ip
creatinine ang potassium
levels in bloog plasma
22].
Development of severe |
hypotension,

hypcrkalcmia, and
increased creatinine
levels [227.

Dcvelopmcm of acute
hypotension (“first
Hypokalemig
‘ohscrvcd 22
| Cytopenia
| observed.
|

may be

Control methods

Monitoring blood pressure and.lhC
levels of creatinine and potassium
in the blood plasma [22]

DetCminat%}?ércalillille and
Potassium levels in blood plasma.
determination  of glomerular
filtration rage in the kidneys

S
Small doses of the drug control

arlerial pressure in both vertical
-and horizontal positions -
Blo

0d glucose control [22].

Monitoring  {he number  of
erythrocytes, platelets, leukocytes-
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Tablel.14

Interaction with other drugs.
The

result of

Concomitant drug \ Mechanism of action .
R EOOpeI"lflOﬂ
Diurctics _ thiazide. loop \ Sodium  and fluid | Acute hypotonia, rist of
diuretics y | deficiency Kidney failure
Reduced  aldosterone Hyﬁcr"&:i‘trci'i\ﬁi”_ o

- potassium-spari ng
| formation

fInLrL.:sg.d Renin activity | Increased  hypotensive

or increased sympathetic | effect f

activity

‘Vasncoustncliom Reduced  hypotenive
_)___‘iﬁ‘cci

M,“\v\l)u.n.'md wnlhcms of | Reduced h_vpotem‘n_f_ j

”m\u\g\and\n\ i the | effect 22].

| kidneys. and  Duid

h retention in the body [22].

Antihypcﬂcnsivc drugs

S_vmpathomimclics

NSalDs (specil
indomethacin

mi(_,j—d_ﬁ(l;,)-kldmy m.muwdv }{s i\cphmloxi:il)*
ACEI+Diuretiks + | affects blood circulation, | increases, the risk of
NSAIDs (trio | potentiates (strengthens) | acute kidney faiure
“dangerous™) dehydration. and | increases.
h)povnluml'l S S S
Potassium —Apr'c_[;uﬁilicr)'ﬁé.' Pharmacodynamic ]—lypcrkalcmia
potassium-sparing foods,
and food additives e e
Preparations that reduce Pharmacodynamic Risk of developing
blood production neutropenia and
Agranulocytosis
Esterogencs Fluid retention the | Reduced hypotensive
lbody | effect [22]-

-

ACEIs dong

observed when using

perability is mainly
diuretics, anti-

Pharmacodynamic intero
pertcnswcs.

with other drugs. The use of ACEIs together with antihy

nonsteroidal drugs,

and potassium preparations is of clinical

inflammatory

importance.
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. : e A ir
When ACEIs are used simultancously with other antihypertensive drugs, the

y T . . . ’ “arterial
hypotensive effect is enhanced, which is especially useful in the treatment of arter
hypertension.

When used together with thiazide diuretics. the hypotensive effect is enhanced,
but the risk of developing hypotension (

"first dose" effect) and acute renal failure
increases [22].

When using ACEIs together with aldosterone antagonists [22], potassiun

preparations, the risk of developing hyperkalemia increases; therefore. in such cases,
it is necessary to monitor the level of potassium in the blood plasma.

When ACEITs are used together with NSAIDs (except w

hen aspirin is used as an
antipl

atelet agent at a dose of less than 150 mg/day), NSAIDs reduce prostaglandin

synthesis in the kidneys, reduce glomerular filtration, fluid retention in the body:
sult, the hypotensive cticct of
ACEISs is reduced.

When ACEIs are used together with NSAIDs (except when aspirin is used as an
50 mg/day), NSAIDs reduce prostaglandin

rular fi
narrowing of the afferent repg| arteries, and g

S A result, the hypotensive effect of
ACETSs is reduced.

antiplatelet agent at 4 dose of less than |

synthesis in the kidneys, reduce glome ltration, fluiq retention in the bodys
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Questions for control.

I Explain the structure and function of the renin-angiotensin-aldosterone system

(RAAS).
2. Give examples of the effects of angiotensin 11 on organs and tissues [22)
3. Describe the classification of angiotensin-converting enzyme inhibitors.
4. What is the mechanism of hypotensive action of angiotensin-Convaing
enzyme inhibitors? .
5. What is the mechanism of nephroprotective action of angiotensin-converting
enzyme inhibitors?
6. Explain the clinical sl

angiotensin-converting enzyme inhibitors.

enificance of the phannacoke‘ncn‘c parameters of

7 List the indications for the use of angiotensin-converting enzyme inhibite

ngiotcusin-convcﬁing enzyme inhibitors.

8. List the adverse effects ofa
¢ of angiotcnsin-convcmng enzyme

9. List the contraindications t0 the us

inhibitors.
i . angiotensin- srling enzyme
10. Give cxamples of interactions belween angiotensin converting €nzy

inhibitors and other drugs.
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CNSIN ~CEPTOR
"OF ANGIOTENSIN 2 REC
NIC/ HARMACOLOGY ()I"_.\.ﬁ
cHmieALT ANTAGONISTS.

. » action of AT2
AZRAs (sartans) arc a group of drugs that affect RAAS, block the actic

' ‘ aticnts,
more completely than ACEIs, and are well tolerated by p

o]
ensitive to AT-
Mechanism of action of A2RAs. Two types of receptors are sens

and perform different functions: ATl-type and AT2-type receptors.

.. adrenal glands, and
AT1-type receptors are found in the walls of blood vessels, adrenal g

on AR -'ng
T v I eptors, causl
liver. A 2 TECE[)[OI’S exert their negative effecis lhmu h AT1 rece

1ver. g p

: case,
i radrenaline  rele
vasoconstriction, aldosterone release, vasopressin, and noradren:

. -yte and
3 . . e nyocyle a
activation of the sympathetjc nervous system, fluid retention. cardior Y

2
% . ative {eedback. AT
smooth muscle cell proliferation, and renin formation due to negative feed

SrVOuUS
. % e , . sentral nervo
receptors are widely distributed across the body, including the ce

ive oreans (like
system, endothelial cells of bjooq vessels, adrenal glands, reproductive organs (

: Its.

§ 1in adu

the uterus and ovaries), and the fetus, where they are more abundant thar e
s . . ilation, uss

Stimulation of AT2 reeeptors has positive effects, including vasodilatic

repair and regeneration, antiproliferative o

ic cell
ffects, and support of embryonic

development ang differentiation. The numb
signifi

L . increases
er Of AT2 receptors in tissues incres

Tablc l. 1
Functions of AT2 receptors

ion

Vasoconslrict

receptors

I Smooth musele cells —
Hmcrlroghy of the heart muscle —
Increaseq release of noradrenaline

Stimulates the release
o e Telease

I

of vasg ressin, endolflcjin;L, —

Inhibits the release of renin - =]

] Vasodilation - B —

Natriuretic c_tTcht - e

Release of nitric oxide and rostacycling =l

o X ANl d€ and = I
AT2-type Antiproliferative effect

receptors

Stimulates apg tosis
Involved in the deve

ic
lopment ang differentiation of embryon
e H?E[lcs_[zgj;__._ﬁ.ﬁ_.i.__‘__l______“i_‘___‘ -
o 98




A 5 T i s
IR As are highly selective for AT 1-type receptors and block the negative cfects

DIAI_. <! m, thﬂ nount o I
:. AS a lLbUll ()fb!l]cklll[.’ th |1Cgtluvc iccdb le !“CCI]‘“"S I nt {fAT2

and its other degradation products (AT3, AT4, AT1-7) increases and AT24yp
i s © Ll e

receptors arc stimulated [22].
Tabk 1.2

Humoral effects of AZRAs and ACEls

RAAS components
Renin = T/\CT——\
Angiotensinogen — _;—T J
ACE (kinas) — " m i
Himaza : :
Angiotensin 1. 1-7 l -
Angiotensin 11 T T
Angiotensin L TV TT :

_ il !

Aldosterone

Brady's

-type receptors, put also have a symparhof_yu'c efect,

A2RAs not only block AT1
| nervous systemand

oradrenaline in the centra

that is, they increase the release of 0
¢ endings.

ympathctic nerv
ffects of AT2 by blocking AT1
since with ACE

c, endothelialand
cm: the orign of

f the inin

lease of noradrenaline from s
ate the ¢

nhibit RAAS activity,

reduce the re
A2RAs, unlike ACEIs, can elimin

receptors. AAFIs cannot sufficiently i
inhibition, AT2 is also formed through other alternative (chemas
pathways. A2RAs do not affect the kinin syst

associated with
n AAFIs and AZRAS i

AT2, which is involve

renal peptidase, TAP)
of AAFIs is also

ant difference betwee

the negative effects the activation 0
¢ their effest o0

system. Another import
the amount of AT4 (a de d in the rekase

of the main inhibitor of fi

hydration product of
m myoc:rdiai

brinolysis. PAI-1, a predictor of death {0

infarction).
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The maximum concentration of A2RAs in the blood is tvpically reached l--i
hours after oral administration. with steady-state concentrations achicvf‘cd ul‘i.crl 3;0
days of consistent use [22]. A2RAs are highly protein-bound (over 90%). m‘ulll. _\. |
alt.xumin. The volume of distribution of A2RAs is influenced by their lipophilicity,
with telmisartan having the largest volume of distribution among them.

Table 1/13
Lipophilicity coefficient of A2ZRAs

The drug Lipophilicity cocfﬁcicnt_—’-‘
Losartan (E3174) ] -2.45 (1.19) I
[Valsatn 1 095
Candesartan (CV11974) *"L"'" 096 .
Adlsaran 029
W-—-—h—“‘——_am——*—‘
m_—h_—-“—“_‘__ﬁrg—_—‘_”
mﬁ—‘_“—m—m—’f
Note: A "negative number indicates IW

The pharmacokinetje Parameters of sartans ; ndicate that they are metabolized in
the liver and predominant]y excreted through the Jiver. This is of significant practical
use of sartans in patients with impaired renal function-
a condition often seen in ip

., . - i >, ] c
dividuals witp, arterial hypertension, as the kidneys ar
the primary target organ g

. - - 1 i e
fected in thig condition, Also, in severe liver failure, th
b:oavailability of sartang j

o NCreases, and thejr ¢limination slows down. therefore:
biliary Obstruction ang Severe liver fajlure are contraindicated for the use of sartans-
but mild ang Mmoderate |jye, failure dg notrequire doge adjustment of sartans. Sartans
On in seyere chry

onic repg| failure.
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Table 1.14

Pharmacokineticy oo ties of sartans
_|,.I.,|
The drug

Selectivity o AT1 type receptors

(relative o AT2 type receptors) pressor effect of AT2, %

Degree of inhibition of the
Receptor binding

|
competitive , o 1000 # 25-40 /
noncompetitive —, - 20000 _' 30 w
| Irbesadan ; noncompetitive ln.mnllllt; 8500 ﬂ 0 /
d Candesartan noncompetitive tll.,xl 10000 / 5 /
W,I._W_JEE.ME..S _ noncompetitive iy 3000 / 30 /
' Eprosartan | competitive \\/\\ 1000 0 /
| Olmesartan J

1
:csncavﬁz?l 12500 / 6
- Adlsartan | noncompetitive _ B 10000 ,

100 \
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Table 1.14

Pharmacokinetics of sartans
_ . J F Excretion |
The drug . A  TY%, Enzymesinvolvedin | Metabolism, |
Bioavailability, % | | . through through
hour metabolism W % %
” ¥ the liver the kidney
| - _ | _ !
Losartan |13 _ ] ) w
[ 30-40 [ _ CYP2C9, CYP3A4 14 65 35
(EXP-3174) | LN |
_ o I cYpac9. CYP2C8. not | ) \
. Valsartan | 10-35 [ 67 ‘ ) 20 80 20 |
, _ _ _ cytochrome P4350 _
| ] I I — -
- Irbesartan | 60-80 11-18 M CYP2C9, glucuronidation \ 9 \ 80 \ 20 \
; B I — =
Candesartan ‘ 15 H_ 5-13 _ CYP2C9, glucuronidation a \ Minimum \ 67 “ 33 &
| | Telmisartan g 3060 _[M.Tum _ glucuronidation \ 15 \ 98 \ 2 _
. " Eprosartan ; 13 | 5-9 ‘ no \ Minimum \ 90 \ 10 1
Olmesartan | 25 ‘ 12-18 _ no \ Minimum \ 60 \ 40 L_
| = -
| Azilsartan ﬁ 60 _ 1 R CYP2C9 \ 50 ‘ 55 \ 12 |
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availability of sartans increases, which can lead to a 2-fold

In the elderly, the bio
¢ blood plasma (a decrease in albumin levds in

increase in their concentration in th
ause this condition), as well as

ngation of the time it takes for sartans to each

the elderly can also ¢ a slowdown in integinal

absorption, which leads to a prolo

their maximum concentration in the blood and the duration of their effect. Inthis

case, a reduction in the dose of the drug is not required, since sartans have a large
therapeutic range.
"Hypotensive cffect.

The mechanism of hypotensive action of A2RAs is due to the blockade o the

vasoconstrictor effect of AT2 and the induction of vasodilation by reducing thetone
of the SAS, as well as the natriuretic effect. The hypotensive effect of sartas is

oorly dose-dependent; the is, ¥2 or % of the i
poorly dose-depel at: that is, % or % of the average therapeutic dose provides a

e dose 10 (fic [axiaeais o 20 e i o

therapeutic effect, but increasing tl
he therapeutic effect.

he hypote

significant increase int
nsive effect of sartans

Dose dependence of t

no3apuH
bl

—

H

assapresme®

pancaan
it =i

xaHpecHpTaH
———

-10+
noiaptad
BancapTaH
npbecapran
KaHgecaprad

1-rasm
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Table 1.16

Comparison of the hypotensive effects of sartans

The drug Dose, mglday—i | __%SAP/ A_D;\P .

| Losartan B 50-100 NN -x.g_/_-_a.f ]

Valsartan - 80-160 7_ - _—7‘_.?_{_—47.9-_ N

Irbesartan —ﬁﬂf_ : -10.0/-6.5 ]
Candesartan 8-32 -10,0/-6.0

Telmisartan 20-80 -9.5/ -6.(_) o

Eprosartan 400-1200 _ -7.5/-4.5 ]

Note: SAP-systolic arteria] pressure; DAP-diastolic arterial pressure Th
strongest hypotensive effect was observed with candesartan and irbesartan.
Cardioprotective effect, - that
In patients with lefi ventricular hypertrophy, Numerous RCTs have Sh‘)_\\,. tans
sartans have a regression effect on left ventricular hypertrophy. The effect of sar
on

is linked 1o their .
€ts, and their reduction in cardiac remodeling:
n that sartang reduce the lefy v
13% compared 1 other antihypertensjye drugs

left ventricular hypertrophy hemodynamic  action-
antiproliferative, ang antifibrotic effe

Clinical trials have show entricular myocardial mass
index by

(Table 1.17).

Table 1.17

. 0,
A left ventricular myocardial mass index, %
80 CT results (n=4116)

Class of =
antihypertensiye drugs _T’gémﬁlg(;%@i
u; [ e
P M S
e pe ey
]
]
S

According to several Meta-analyses oy

Diuretics

ini o artans in
AMINING the effectiveness of sarts
chronic heart failure, comp

i i . by
ared with placebo, Sarans reduced the risk of death
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0, AT (I . =

17% and hospitalization for CHHF by 36% in patients with CHHF who had (BIHF
and were at risk of developing acute myocardial infarction. but 1o advantage was
found compared with ACElIs. )

The development of atrial fibrillation in patients with AH and CHHF negatvely

is of the discase, increases the
creases the risk of death by 2-5 times. Accoding

affects the prognos risk of thromboembolism, stoke

and cardiovascular disease, and in

to the results of a mela-an is inci
esults of a meta-analysis, sartans reduced the incidence of atrial fibrillition

by 29%.
Nephroprotective effects.
The effects of A2 ¢ ki
. 2R As on the kidney are similar to those of ACEls but thew are
some differences (Table 1.18). g o
Table (.18

D TE T
Paramecters AR y Y
N —/

| minimum <( | minimum ‘(

Afferent arteriolar tone
Lfferent arteriolar tone
Globular filtration rate

“Filiration fraction |

Potassium content

ykinin, vhile

¢ is that AZRAs do not affect the amount of brad
pradykinin under the influence of ACEIs lcadsto 2
which leads to @ sharp decreas in

One important facto
an increase in the amount of

he tone of the renal arteries,

[tration rate (this is

s have a less pronounced effest on

nal blood flow morc than

As a result,

decrease in t

filtration fraction, and glomerular fi
dition) [22]- A2RA
A2RAs improve 1€
filtration rate.
and ncphroprmmivc

1, AHwith

intraglomerular pressure
an undesirable con

ar tone than ACEIs,

considered
efferent arteriol

ACEls, and have glomerular

little effect on
d filtration fractio
especially benefici

n decreasc,

essure an
al in patients witl

intraglomerular pr
22]. These cffects are

tective cffect of A2

effects occur [
doses below thosethat

CHRF. The nephropro

cause hypotensive effect

RAs is observed at

f AZRAs is of clinical importanc in

s This property o
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S 5 C cmia and
severe CHRF or heart failure, since even low doses of ACEls cause azote

i 5 1s manifested by a
severe hypotension. The nephroprotective effect of A2RAs is manifested by

. : T athy. This
decrease in microalbuminuria in patients with AH and diabetic nephropathy

effect has been studied and confirmed in several meta-analyses,
Neuroprotection.

A meta-analysis found that A2RAS reduced the risk of str

oke by 21% compared
with other

antihypertensive drugs. A2RAs have also been shown to have pleiotropi
cerebroprotective effects in preventing dementia ang

Alzheimer's discase in cohort
studies.

Metabolic effects,

According 1o two large Meta-analyses, in patients with AH, the incidence of new-
onset diabetes mellitys was 20-25% lower w
antihypertensive drugs [22]. Losartan algg has

candesartan and telmisartan slightly increase yrj
being

£ conducted o study the effecy of sartans o

ith A2RAs compared with other
a strong uricosuric cffect, while
€ acid levels. Scveral studics are

' uric acid, and the data obtained

¢ acid ig diffcrcnl, and clarification of the data
is required,
Indicationg for uge of A2RAg,
A2RAs are well tolerateq by pati

Tablc 1. 1 9
——‘__“‘___‘_“___‘ -
Level of evidence
m‘——“——‘__\‘___,,_ e TR T
. . . A
Chronic heart failure (instead of ARBs) (losartan valsarty
O - ¥ dan,
candesartan) ¥
Diabcﬁc—;c_p-aﬁathy (IOWWI A i
Acute myocardia) infarction with le
(valsartan) W
— -——;———\—j‘——_l_i____‘_“¥_g‘*Jk_; giome —_
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Not: Sy ~ avidence it e
e: Level of evidence A - Evidence from large controlled randomized clinical
trials provides a high level of evidence (Level I). while evidence from limited
ed (some
or small number of) patients in controlled randomized clinical trials is considered
als is sidere

Level V.

There is evidence that AZRAs may increase the risk of developing cancer (mainly

lung cancer). but clinical trials are underway to clarity this information

Table 1.20

Interaction with other drugs.

The result of

A2RA

Concomitant drug
cooperation

I —
1acodynamic interactions

Pharn
Increased hypotensive

Losartan. Valsartan,

Alcohol
[Eprosartan effect
e |
Hypotension drugs. Increased hypotensive
All
diuretics elfect
T :
NSAIDs. estrogens. Reduced hypotenstve
All
Sympulhomimctics effect
_p i P P — ek e 7—7,'7_'_"7_'2_7—4'(_—'{#__———4—
otassium-sparing diurctics. :
. ) All Hyperkalemia
K-sparing drugs [22].

~ Pharm acokinetic internctioh

I —
Decreased Cmax,

Warlarin Valsartan. Telmisartan prolonged prothrombin
time [22].

-]

***** - e e e —— B T
t Digoxin Telmisartan Increased Cmax
R ——— _ ,_____ﬁ_,_ﬁ_Jr_e_ _ S il s

—

/




Control questions.

1. Describe the classification of angiotensin 2 receptor antagonists.
2. Explain the mechanism of action of angiotensin 2 receptor antagonists.
3. What is the mechanism of hypotensiv

¢ action of angiotensin 2 receptor
antagonists?

4. What is the mechanism of nephroprotective action of angiotensin 2 receptor
antagonists?

5. Explain the clinica significance of the pharm

acokinetic parameters 0f
angiotensin 2 receptor antagonists,

6. List the indications for gh use of angiotensin 2 receptor antagonists.

7. List the adverse effects of angiotensin 2 receptor

antagonists.
8. List the contraindicationg to the use of angiotens;j

i 1 £ ~ . " . . or
9. Give examples of Interactions of angiotensin 2 receptor antagonists W ith othe
drugs,

n 2 receptor antagonists.
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CLINICAL PH/ 3 5Y OF
e s;lf,‘[-:::irl lil“\R\l‘\(()l()(.\ OF DRUGS THAT LOWER BLOOD
heh y AFFECTING THE CENTRAL NERVOUS SYSTEM.

Con e cardi
trol of the cardiovascular system by the nervous system

The autonomic nervous system regulates circulatory  activiiye e
parasympathetic nervous system has a depressive effect, while the sympatetic
nervous system has a stimulating effect. Afferent impulses from the limbic and
hypothalamic systems regulate the sympathetic nervous system's activation. The
nucleus of the solitary tract of the medulla oblongata provides information to the

parasympathetic nervous system. n addition to participating in barorecgtor,
nodulation of the cardiovascular systen the

volume-receptor, and chemoreceptort
al portion of the medulla

nucleus of the solitary tract dampens the rostral-ventro-later

oblongata.

Activation of the sympathetic nervous system leads to vasoconstriction, impairs
olu o . i " " A . o .

glucose transport to muscle tissue, contributing 10 insulin resistance and
hyperinsulinemia. It also  slows lipid metabolism in  the liver, cawsing

hyperlipidemia. Additionally, sympathetic activa
and myocardial enlargement.

tion promotes @ trophic effect,

resulting in the growth of smooth muscle

Central a2-adrenoreceptors and [1-imidazoline receptors are responsible for the
central nervous system's control of the circulatory system. Although o2-
adrenoceptors can be found throughout the brain, the majority of them are found in
nd chromatfin cells in the adrenal gland's

the solitary tract nucleus. The RVLM a
ocations for [1-imida

acting hypotensiv

brain layer are the primary | zoline receptors.
e drugs (methyldopa.

The first generation of centrally
d rilmenidine,

cneration drugs. such as moxonidine an

zoline receplors ir
{ of both a2-adrenore
nucleus of the solitary tract

guanfacine) The newer 8

s agonists of [1-imida y the rostral ventrolaeral
nidine is an agonis
located in the

primarily act a

medulla (RVLM). while clo
ptors. Thesc receptors are

ceptors and 11~

imidazoline rece

in the brainstem.
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‘VThc drug Effects on 7regép'tnrs
Methyldopa

uw-adruwrcwptor&, =N -imidazoline receptors

Guanabenz w-adrenoreceptors >> [1-imidazoli

azoline receptors

Guanfacin az-adrenoreceptors >> li-imidazoline receptors

Clonidine az-adrenoreceptors = li-imidazoline receptors
Moxonidine | li-imidazoline receplors >> rb-adrunun.u.pluilzi
Rilmenidine LI imidazoline rcccpturs >> ua-adrgnorguptor;[ﬂ :

Cerebral
corlex

li-receptor
agonists
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Central az-agonists.
Central gz-agonists stimulate gz-adrenoceptors of the blood-vessel centr in

the medulla oblongata, asa result of which the sympathetic impulse from the catral

nervous system to the periphery decreascs.

All central az-agonists have the following phammcudvnnmic (hemodynanic)
effects:
= T > ac T F e
he activity of the sympathoadrenal system decreases and reduces the
amount of noradrenaline in the blood:
- reduces the total pert i
‘_“-ﬂ o bl aeietanee . 1
peripheral resistance of blood vessels, arterial pressue, to

a lesser extent, the number of heart contractions, and blood pumping &y & et

- reduces the intensity of the baroreceptor reflex, which is controlled by the
s system and participate

is activated when arterial press

sympathetic nervou s in the compensatory mechaism
ure decreases;

(bradycardia development) that

- reduces the amount and formation of renin in the blood plasma (reducs the

activity of RAAS);
ven when blood presure

- does not change blood circulation in the kidney ¢

decreases;
- retains fluid and sodium in the body (increases circulating blood volune).
d with blood pressure control die to

7 adverse effects associate
me (increascd Hood

jon: withdrawal syndro
s stopped suddenly, t
yndrome oF trargicnt

This group has
related mechanism of act
s when the drug i
syndrome ("bypass" s
ug is taken for

the receptor-
achycadia,

pressure or hypertensive crisi
a) and tachyphylaxis

ressure when the dr a long tine).

arrhythmia, insomni
n - increased blood p

hypertensio
lated to the effect

on central a-adrenoreccptors.

Their sedative cffect is re
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Table 1.2

| T, xeretion
i " Metaboli Excreti
ioavailabili Protein h .
T R inding, © Hires sm, % | (liver/kidney) %
Vhe:drug /s Yo binding, % !
ty, Y% " -
‘ | 5 1-3 n 3070
Methyldopa 50 15 ’__ e
Guanfacin 80 70 10-30 + o(
— e S =
Clonidine | =100 20-40 1216 +50 20/6
onidine | 88 - ' = [ + =1/90
Moxonidine 88 7 2 £20 .
™ ww 30/65
LRi]mcnidinc 90 kam 8 : 30 o5 ]

Instructions for use,

‘ot b - >rtension
The main indication for the use of central a2-agonists is arterial hype

o suanfacine
(it is the second-line drug for long-term therapy). Because clonidine and gua

lower intraocular pressure, they are used topically (eye drops) as an

adjunct in the
treatment of primary open-angle glaucoma.

Negative effects,

Sedative effect, numbness, drowsiness, dry mouth,

after 2-7
orthostatic hypotension, fluid retention iy the body, withdrawal syndrome (after
days),

’ sardia,
depression, bradycardi:

Interaction with other drugs,

When used with other antihypertengiy
increases:

.

r Jue effect
¢ drugs, the hypotensive cff
when used with tricyelic antide

i Cﬁ:c(:t
Pressants, the hypotensive
decreases: w

hen used together with BAB,

s . 1 ']]‘Id
clinicg] signs of bradycardia ¢
withdrawal syndrome increase

. Hew ues,
> When used together with psychotropic drug
depression increases,
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Review questions.

1. Explain that the cardiovascular system is controlled by the nervous sysem.

_Which drugs are central a2-agonists?

2

S

. Explain the mechanism of action of central u2-agonists.

4, Explain the clinical significance of the pharmacokinetic indicatos of

central a2-agonists.

5. List the indications for the use of central u2-agonists.

6. List the negative offccts of central o2-agonists.

7. List the contraindications (0 the use of central o2-agonists.

8. Give examples of interactions of central 2-agonists with other drgs.
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L-IMIDAZOLINE RECEPTOR AGONIST

ation of 1mids > oreCe a » » » reduces th
C olnne T ]l s VOus syvsten l .
i 5 i -ent gll Nervous sys
4 Z l| € receptors mn th CC
A tivatio f |dd/ Tt 1 I¢

- - a 2l Ao ap ir P > . ar u's‘ih‘l:lllCL-
e f h b 0 - nter (1 reases ]'. ra \'ElﬁL‘l]lti C
c [ Creases I)L lPhL tl
i f I Ud 3 SSL] cente dan d\.-
activity o t

ic elfects
amile ‘modvnamic ¢
S i imidazoline rece  produce similar hemc A
ive ¢ ts of [-imidazoline receptors p .
Selective agonists o el
2 o N N ace
€ ists: Ty Yer o arterial  pressure by
cnoreceptor  agonists: they  low
as a2-adrenorecep g b

ar resistance.
sympathetic nervous system activity and reducing peripheral \u::L'%I]t.lr.':’I‘L"rcuscs.
without affecting heart output or the number of heartbeats, RAAS actis ity L‘L]()Ccpwr
fluid retention in the body does not change. However, unlike u2-lﬂd“'.l<“ncc‘
agonists. it has a positive metabolic effect: jt reduces glycemia, insulml rL:-}i‘caHv
enhances lipolysis. and has ancutral effeet on lipid metabolism. which is clin 3

important in the treatment of metabolic syndrome.

Table 1.3
; » CNS with
Interaction of drugs that lower blood pressure by affecting the C

other drugs !
Central ‘ R
Concomitant drug sympatholytics  The result of cooperation

1

e : ——
MAQ inhibitors M2-agonists Hypertensive crisis oceur
B 2 e S P—— THoe——— ot decreascs
Tricyclic antidepressans_ (2-agonists Hypotensive effect de
sympathomirnetics.

NSAIDs, cstrogens

i I
Haloperido]. lithium Mclhy]dﬂpa

! -  Inereases

| The toxicity of drugs incres
preparations ‘ e —
Hadrengh e [ S et o o
a-adrenoblocators U2-ag0nists Anlagonism  of  hypot

effect
Clonidine, an [

ﬁ-adrcnoblockers. cardiae

——
Bl’adycardia. conductio
giycqsigcfs_i ———— | Teceptor agonig disturbances

Alcohol. anxiolytics "

55, T Sovees o
“2-agonists, . Severe depression of the
Teceptor agonistg
U2-agonijsts
li-recepior

agonists

5 . ansion
activity, severe hypotuml‘o 1
Vasodilators. diuretics ereasat hypotensive effe

iive cltect
Increaseq hypotensive elfe

Other antihypertensive
drugs
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[I-lLCLi)[OI agonists dO not causc [hl.— same ﬂd\‘L']bL L”CC[S (thLthn
> s
d(..p[cbsi(,ll. dl Y ][lOUl]l) as U.--d...”()l”.'\[b.

Moxonidine is a selective agonist of Ti-receptors. Moxonidine reduces tl
S. ] CC! 1C

activity of SAS, reduces the content of noradrenaling in the blood plasma by 34%
asma oy 0,

reduces peripheral vascular resistance, and reduces the activity of AT2 and re .
28 remn in

the blood plasma. Docs not change the blood circulation in the kidneys and the

glomerular filtration rate. Has a positive effecton carbohydrate metabolism: reduces

hyperglycemia and insulin resistance, is neutral with lipid metabolism, but can
- 2

reduce the level of total cholesterol.

When taken orz PN I T L )
wken orally, bioavailability is 90%, and the maximum concentration in
the blood plasma is reached afi
plasma is reached after 1 hour. 10-20% of moxonidine 18 metabolized
forming a less activ ite ’
g ctive metabolite. More than 90% of the drug administered is excreted

from the body through the kidneys (75% of it unchanged). T ¥ is 2.2-2.3 | b
ged). T Y2 is 2.2-2.3 hours, but

its therapeutic cffect reaches 24 hours. In chronic renal (arlure, T %% vs prolonséd 2
2-3 times. which requires dose adjustment.

Moxonidine is contraindicated in individuals with sick sinus syndrome, grade
2-3 AV conduction disorders, bradycardia (heart rate less than 50 beats per minute),

ed arrhythmias, stage 3
ere renal dysfunction

chronic heart failure, severe coranary

(glomerular filtration

dl), and

poorly controll

insufficiency, severe liver discase, sev
rate less than 30 ml/min or plasma creatinine level greater than 1.8 mg/

angioedema.

Adverse effects.

es), fatigue and headache (in 10% of cases),

ith (in 14-23% of cas
nia. Such adverse effects usually

Dry mot
sturbances, and insom
rug. It does not cause @
3-5 days after

sometimes dizziness, sleep di
olonged usc of the d

. . " _, : "
disappear with pr cancellation

and blood pressu {0 normal within

syndrome, re returns

discontinuation of the drug.



imidazoline receptor agonists.

drugs.

Rilmenidine is similar in its mechanism of action and pharmacodynamic
effects to moxonidine.

Questions for control.

= . F L . S
1. Which drugs are included in the class of li-imidazoline receptor agonists®

2. Explain the mechanism of action of li-imidazoline receptor agonists.

3. Explain the clinical significance of the pharmacokinetic parameters of Ti-

4. List the indications for the use of [i-imidazaline receptor agonists.

5. List the adverse effects of li-imidazoline receptor agonists.

6. List the contraindications for the use of [1-imidazoline receptor agonists.

Give examples of Interactions of li-imidazoline receptor agonists with other
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CLINICAL PHARMACOLOGY OF DIURETIC DRUGS

Diuretics are medications used to manage fluid levels in the body by redwing
the reabsorption of water and salt in the renal tubules, thereby increasing [hui:-
excretion. Prolonged use of diurctics can have negative cffects as they alter the
excretion of electrolytes such as potassium, calcium, magnesium, chlaide.

phosphates, bicarbonates. and sodium. in addition to water. Diuretics vary intheir

mechanis " acti ney i et
anism of action. potency. duration. onsct of effect. and impact on acidbase

balance. They are ¢ : :
ey are commonly prescribed in medical practice, particulark in
cardioloey. where they : . i
} =) ere they are frequently used to treat hypertension. They have a
hypotensive impact i iti ) )
act in ¢ s
p 1 addition to a diuretic effect. and they also intensifv the effects

The .\‘lg:m'ﬁc.'mc:.‘ of diurcrics in aorreand

of nearly all hypotensive medications.
and venous congestiq are

chronic heart failure is increased when pulmonary cdema

| effects. diuretics can be utilized for a variay of

climinated. Due to their extrarcna

purposes.

Physiological mechanism of diuresis.
ith the formation of a prot
und 120-125 ml of fluid per

Urine production begins W cin-free ultrafiltrate from
blood plasma. The glomerular capillaries filter aro
minute, but 99% of this is reabsorbed as it passes through the renal tubules, leaving
only about 1% (! ml) to form urine.
ltrate formation depend
the capillary w
¢ composition of the ultrafikrate

s on the differences in hydrosatic

The rate of ultrafi
alls, the blood flow rate n the

and oncotic pressures on cither side of
glomeruli, and the number o

differs from blood plasma as it lacks prot
barricr. Water and

f filtering glomeruli. Th
cins and fats, and drugs bound to praieins

electrolytes in the ultrafikrate

cannot pass through the capillary
¢ renal tubules, ¢
cir role in absorptior
g duct system- Thi
d hydrogen. This precess

ading to urine formation. The tubules arc

are reabsorbed in th
1. The fourth zone consiss of

divided into four zones based on th

ules and the collectin s zone absorbs

the distal convoluted tub
mount of potassium att

um absorption throt
celerating the exchange of

sodium by the exchange of a small a1

is regulated by aldosteronc. Decreased sodi

quantity of sodium in t

gh the tubules

increases the he fourth zone, ac
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. x = - i. l I ,[i ~
sodium with ])0(355 mum an cﬂu"i“ B |)0la.‘5!l.lill IOSS ‘lo]'n [h\, bUd\. 1C &
l e :j 5 E g 5 i'[ > an “1 1retic

hormone regulates the reabsorption of w

permeability of the collecting tubules to w
is present; as a result, water from low osmotic pressure

pressure arcas, resulting in the formation of concentr,

ated urine.

Classification of diuretics.

i 1s flow
ater in this zone. The collecting ducts f1
i : BRI W salts. The
hrough the kidney's medullary layer, which has a high concentration of
throug s ry | ‘
I one
ater increases when antidiuretic horm

arcas flows to high osmotic

Table 1.1

| Power |
3 v ica
The d The main place of Chemic
edru . :
Group name g ofinfluence  jnfluenc structure
e 1o
il hi_ﬂ—roﬁsm:_ o — Sulfonamide
e - -~ a 1S ﬂli
Diuretics that lorasemide I'he ascending products (
affect the Ethacrynic acid part of the Strong """c“pt, .
bladder Bumetanide Henley basin ‘ cthacrynic
Pirctanide ! iz}
o 1'[}'dmc.h]0r01h! Sulfonamide
Fhla.ad-e and azide ! products with
thiazide Chiorlha]idone Distal tubuyles | Average and without
. - - * £ l o
diuretics Clopamide thiazides
Indapamide ‘ —
Carbonic Sulfonamide
anhydrase Acetazolamide Proximal tubyje Weak roduct
| inhibitors d —
Potassium- —_— . T'he last part of A non-

5 amtere (i . ide
sparing i ;c the proximal Weak sulfonamide
o ilor;

diuretics oride tubule and the product
collecting dyets
: - _——-____‘—h_;____ e
Mineralocortic .
) T'he Tast part of
oid - steroid
\dostergne Spironolactone the proxima| Sterol
ostert . .
(a Eplerenone tubule and the Weak compound
fecepior collecting g
. sollectin v
antagonists | | & duets _ —
Note: *

- as part of complex prepar.

ations
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b that hfllf.’ a laxative effect or are strong. 1¢ effect o dlult[lL.‘: o1umns
D!f”f“f.\ [ X ﬂ. [ & Tl T f‘ fthi.

5 Up 1§ slrc S S ¢ T2 1s 2 ¢S oser
2 g, blll short; Ulll\ the effect of toraser ude i JUH ( 1 trm I
o S strong ) N & ] 2] T S IanNge

than other drugs).
Mechanism of action.

Blocks the active reabsorption of these ions by inhibiting the transport
g angpor

proteins that transport sodium, potassium chloride ions through the epithelial cell
g alcells

of the renal tubules.

Pharmacodynamic effects.

Enhances excreti “electr ;
ances excretion of electrolytes (sodium, potassium, chlorine, magnesum)

and other compou '
pounds. As a result of blocking carbonic anhydrase (except

ltll'il‘iﬂlﬂidc bumetani 1 i
S # ‘ > Y&l bt > M
anide, [lllLl:IllldL) increases the excretion of bicarbonat 1
b { ate and

\
pimsphatcs increases.
Drugs of this group increase uric acid excretion when taken once, and decrease
it when taken continuously.

t of drugs of this group docs not depend on the change ia the

The diuretic effec
Also, the diuretic effect does not change in enal

acid-alkaline balance of the blood.
o 2 ml/min, the dfect

failure, even when the rate of glomerular filtration decreases t

remains,
Effect on renal h

tion in the kidneys. This ¢
cause drugs of this group

emodynamics. Diuretics that act on the kidneys accelrate
blood circula ffect is associated with an increase i the
amount of prostacyclins, b increase the synthess of
n the kidneys. The balls do
nic effects. All loop diuretics
stacyclins, which reduce

e venous blood vesels,

not change the filtration rate.

prostacyclins i
Other pharmacodynar have a weak
This effect is related to pro

blood vessels and dilat
pressure) [22]. This effect is

the anpunt

vasodilating effect.
of calcium in the endothelial cells of
ling (reducing blood filling
pears before the diureti

ating blood volume cawe

reducing left ventricular fil
¢ effect in pulmanary

particularly strong in furosemide and ap
a

edema. Vasodilatation and in circul

a decreasc

hypotensive effect.
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All short-acting strong diurctics can activate the sympathetic ncn'ous:‘)/-‘-'l:i‘:;
so long-term use can worsen the course of ischemic heart discase. Strong d "-“:' Igi‘s
;1ral11;l:Ca!l)’ increase the production of renin. which in wm im:rca.%n.:s lh'..: i.‘"[‘j ‘:i‘kc
of aldosterone, which can cause a decrease in the effect of these diuretics. lll -
other strong diuretics, torasemide does not activate the sympathetic nervous S)r’f: ;”;
but dose-dependently reduces the activity of RAAS. Torasemide blocks ;lldn.)stulhcr
receptors in the renal tubule epithelium, so hypokalemia is less likely thLuT Wl.lh. ‘f e
strong diuretics. Blocking of aldosterone receptors in the myocardium mhlbffs ”
development of myocardial fibrosis, which causes the organoprotective cifect

n
: . " torasemide results 10 @
torasemide in chronic heart failure. Long—lcrm use of torasemide resu

. ik ; nt, and &
reduction of arterial pressure, inhibition of myocardial fibrosis developme

decrease in left ventricular myocardial hypertrophy.

2 : .. < . . > transport not
When used at high doses, loop diuretics nterfere with electrolyte transy

; . . - " is is the
only in the kidneys but also in other organs. The clinical consequence of th

> = . : . . inner car.
ototoxic effect, which oceurs due to disruption of the endolymph in the int

The severity of this effect is dose-dependent,

Table 1.3
Pharmacokinelic:;. ——
| Absorpon | T hanged
The drug T %, hour .
from OIT, %, | through the kidneys
Furosemide 10-90 0.3-3.4 60 —
~Torasemide | 79.9 '%_Efé_ﬁfT_ 30 ]
~ EBthacrynic | —— U i ————
) ~ 100 05-1,0 | 63
acid =
Piretanide ~8 0.6-1.5 j 50 J—
Bumetanide | 59-89 b

H . . Pty =|'|f.151

After the rapid and Strong natriurctic effect of short-acting loop diuretics € t

. . s ; .. rricoche
retention of sodium ions in the body due to compensatory mechanisms (1ic

. . = ating
syndrome) is observed [22]. A daily fapid decrease in the volume of circuld
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dL & & caas € ac ation of ang tens 2
SECS Ild Ccove a
SCS IS I C ry. an th ¢]

100 ca S 1L ap T (8) nd is le Id‘\ to th ctivation of anglolcr in 'lnd

ang iO(L‘nSil] ])l'l)"‘s’ a ] { ] P

g 4 ays an ium yortant role n the patl 1 3

24 P ralilogencsis of t.hc deve 3
= = (..'UPHTCI[ of

thmllC hCJ Lo - i .
b d h\" ertension; that L1t h” dL, the course (ll S
I reen 2 1ders h 0
! Tt f| ure at |J ']C.L
pﬂtllD|OD"lC&.

Among loop diuretics, the effect of torasemide lasts for a long time, espedall
S s C v

W 1 . _rele ,
vhen its slow-rclease forms arc used. the compensatory mechanisms mentisned
§ e

above do not come into play, and patients accept this drug well

Diuretics that have a diureti { 1
s that have a diurctic cffect are rapidly metabolized n the tver

Because they are we i
2 y are well bound to proteins, they arc not filtered through the olotules
ut are secreted throug o T i h , )
ugh the transport mechanisms in the pl‘oximnl part of the tbules

and reach the corres i
the corresponding part of the tubule unchanged

Instructions {or the use of diuretics that have a diuretic effect.
Drugs in this group arc primarily used to treat conditions associated with
sodium retention in the body. such as chronic heart failure, chronic kidney fadure,
nephrotic syndrome, swelling in liver cirrhosis, and ascites.

The effect of potent diuretics on pulmonary edema is due to their abilty to

crease circulating blood v

eart function.

rapidly dilate venous blood vessels and de olume, whish in

turn reduces left ventricular filling pressure and enhances h
on discase prognosis i

g that has a positive effect
y of RAAS and reducing the death from

cept torasemide) are ndt the

Torasemide is a dru n chionic
kidney failure due to reducing the activit
acting strong diuretics (ex
nsion, but they arc used i

drugs. Torasemide can be used in

cardiovascular discascs. Short-
n hypertersive

first-line drug of choice in arterial hyperte
her hypotensive

crisis or to enhance the effect of ot
1, chronic heart failure,

1t of arterial hypertensior and ascits in

the long-term treatmet

liver cirrhosis.
The strong diuretic effect of diuretics, which affects the kidneys. is used in

gs that are excreted through the kidneys. Th
om oliguric to non-oliguric

o use of loop-asting

poisoning from dru
s in acute renal failure can cause @ transition fr

lure. It is also possi at have a diwetic

diuretic
ble to use diuretics th

form of acute renal fai
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Y cre 1 1 Ic' s llliOll Of
v inis / H sotonic 50|
| I ypcrcalccmia in v hich th are adn]ln!h[L Ld \‘vl[h an-l
Cffect mhn N ) - I - ] ‘ l o
p Cr I eSS I aving the b d}
i /C >Xce ale u“d L'IL'C[ ()l\lL.\ ll()ﬂ] d
1 r (l(' to prevent €Xcess wat >

Sodlum Chl(‘l 1

Negative effects. -
: e g v Eidieh
One of the primary negative effects of diurctics on the kic y

d C ion
~ 3 z ver dice > aredu ti
d‘SmpliO]l OfWZU.Qr ﬂnd CIeC{[Ol ytc br’llﬂnCL. ]“ l]al]CntS \Vllh liv cl (115LHF\L «

1

- - ’1[iC
1cati s such as l'lL])t
in sodium and extracellular fluid levels can lead to complications s
1 L p

i and
ic i nsion,  ar
- 1= : > issues, hypotet
i i vascular C()”le.SL\ lhrombut.mbnlu_
encephalopathy,
impaired glomerular filtration.

; ;pecially in
Hypokalemia and hypomagnesemia can trigger arrhythmias, c.s]kuldll]l):mc
individuals taking cardiac glycosides. Hypocalcemia may also develop. \'I‘"[‘ tered
cases leading 1o seizures. When diurctics from this group are adminis \chn
intravenously (as opposed to orally), they may cause hearing impairment or ¢

: ; itionally,
deafness, although these effects are often reversible (but not always). Addi

“these
. . . - sC Of thes
loop diuretics can lead to hyperuricemia and hyperglycemia. Long-term u 1
asc
drugs can also regylt

and

in decreased high-density
triglycerides and low-density lipoproteins, Torasemid
carbohydrate metabolism

i ins incre
lipoproteins and i

-
has little effect on lipic

and does not increase the excretion of C;.l.ClU“:
phosphorus, or bicarbonates, Also, due to itg antialdosterone cffect, torasemide [:
less likely to cause hypokalemiga than other strong diuretics. Other negative Cﬁcci;‘
such as skin rash, increaseq sensitivity o light, paresthesia, thrombocytopent®
agranulocytosis, ang changes in the gastrointestina]

+ gbserved.
tract, can also be obscl

Contraindications.

Hypovolemia, hyponﬂlrcmia,

hypokalemig,
sulfonamides (allergic reaction), anyrig,

increased  sensitivity

Interaction with other drugs,
Anticoagulants, antihypertensjye agents, o

arizing
myorelaxants, diuretics that

; - _depol
ther diuretics, non-dep

advers®
affect blood flow,

and diuretics that enhance the
cffects of cardiac glycosides and aminogly

ain
: . ith cert
cosides can all interact witl
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medications.  Additionally, diuretics  that  increase  potassium loss

glucocorticostcmids. and drugs that raise blood levels of lithium and proprarolol
while reducing the effects of oral hypoglycemic agents can also present ks Giatier
£ s s oralte

drug cffectiveness. These interactions may lead to increased side effects or rediced
cffects. requiring careful monitoring and adjustments in treatment. For

therapeutic
cls can exacerbate electrolyte imbalmees

instance. diuretics that affect potassium lev
when combined with certain medications, while drugs like glucocorticosteroidsmay

- eifors with diuretic efics
erfere with diuretic efficacy and electrolyte balance. Similarly, combhing

diuretics wi s rsatimwe T RS
vith medications like lithium and propranolol can lead to complicatons,

- settings. Combhing

h‘ghﬁg.h‘i\“; ‘\“\. W\.\\& o \i\ll.\\'ﬁ\\\\ management in polypharmac}

diuretics that work on the loop with indomethacin and other NSAIDS lesscasther

effects.
Thiazide and thiazide diuretics.

nsist of sulfonamide derivatives of benzothiadigine

Drugs of this group co
methyclothiazide)
). The main site of action 0
of this grou are

and non-thiazide sulfonamides

(hydrochlorothiazide,
(chlorthalidone, clopamide, indapamide f drugs of this
group is the initial part of the distal convoluted tubules. Drugs

moderately strong diuretics.

Mechanism of action.
d thiazide-like diuretics work by blocking the protein resporsible

ride in the tubular epithelial cells, which redices
distal end of the renal tubules.
proximal tutules,

Thiazide an

for transporting sodium and chlo

dium and chloride from the Only

the absorption of so
anhydrase in the

thiazide diuretics inhibit the enzyme carbonic
tion of phosphate and bicar
L collecting ducts promot

emia. While these diuetics

leading to increased excre ‘bonate.
rease in sodium Jevels in tl es the exclange
hich can lead to hypokal
hgle dose, Jong-term use, pa
acid excretion. Additiomlly,

The inc

of sodium for potassium. W
d excretion after a sir rticularly with a
can decreasc uric

an causc mild magnesi

increase uric aci

n rate,

reduced glomerular filtratior
um excretion or

thiazide and thiazide-like diuretics ¢
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magnesiumuria, which is particularly important to monitor in older patients. On a
regular basis, these diuretics reduce caleium excretion.

Pharmacodynamic effects. |

Effects on renal hemodynamics - medicines in this class do not alter rena
blood circulation but, in some cases. reduce the rate of glomerular filtration.

Other pharmacodynamic effects, ;
The reduction in blood vessel resistance and the hypotensive effect of thiazide an

A . . . N ; B_— curs hecause
thiazide-like diuretics are linked to their saluretic action. This effect occurs bet

. . . ol which leads
these diuretics decrease the amount of sodium in smooth muscle cells. whic

T . . A "'(}ugh
to vasodilation and a reduction in blood pressure. and the amount of calcium 1l

sodium. which causes muscle relaxation.

Pharmacokinetics,

a2 - . . - = ; G wi
Medicines have a high bioavailability when taken orally, but food slows do
the absorption of the medicine. Because drugs of thig aroup

pro ili S5
arc li[)DphlllC and le
ind . 4 w P T 'llld
nd o pri t(:[l‘IS, lh{fy pass well o various organs and tissues. Thhl[ldh ;
- | | | n P les,
th!azt (.’.-l]kc uretics are secreted fr m the pr()J.h al art of the I'CI'IH.] lLthl

through the kidneys. In contrast, indap

o . ised in the
amide is almosg entirely metabolized
liver, with only a small amount excret,

o . " 5 ; l-ugs
ed in its active form via the kidneys. D
begin to have a diuretic cffect after |

_ rs.
-2 hours and reach their peak after Foler
c
hours. and chlorthalidone for 24-72 1

- . 4
Thiazide sulfonamides and clopamide geq for 6-15 hours, indapamide for about 2
urs.
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Tabk 1.4

Some phm'nmcokinc(ic parameters of thiazide and thiazide-like diurdaics

- _"T_A_bsbr_ptiai_ b —
e | through OIT, lT Ya o Renal excretion
‘] o | hours . unchanged, %
Gidroxlorotiazid | 65-75 . 10-12 | > 95%
Indapamid l Zj00 | w012 | s Sl
Xlortalidon  60-70 ——a & &% .

Instructions for use.
Thiazide and thiazide-like diurctics are used to treat edema associated with

conditions such as chronic heart failure (C HF), nephrotic syndrome, chronic kidney
discases, and acute glomcru!oncphritis. However, their effectivencss diminshes

R) drops below 30-40 ml/min/1.73 0
/1.73 m?.

when the glomerular filtration rate (GF 2 and

they are ineffective when the GFR is less than 10-30 ml/min

Thiazide and thiazide-like diuretics are used for long-term treatment of arerial
a long time in small doses

hypertension, in which the drugs are prcscﬁbcd for
(hydrochlorothiazide and chlorthalidone in amounts less than 25 mg/day).
k of sudden death. When the dugs

hem in high doses increases the ris

Prescribing
are taken regularly, their hypotensive effect develops after 2-4 weeks.

Thiazide diuretics ar¢ sometimes prescribed to prevent the formation of
urinary stones in cases of hypercalciuria and to help prevent calcium loss in
0Sleoporosis. Additionally, in diabetes insipidus, thiazide diuretics are used to raduce

absorption in the proximal part of the renal

polyuria, as they enhance water ¢

tubules.

Negative effects.
s of this group of drugs are related to changes in the

The main negative effect
blood (Table 1.5)-

balance of water and clectrolytes in the
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“Type of adverse effect

i l'_kch(_)ﬁl\-i: disorders

LChangCS by CNS
Changes

in the
gastrointestinal tract
Sexual disorders

—_—
Hematological changes

Dermatological disorders

Other changes

S - acellular fluid.
Depletion of electrolytes in the extracellular |

i~y ol
Dizziness. headache. w cakness. paresthesia

T
Impotence. decreased libido.

Skin rashes, photosensitiy ity

Table 1.5

Appénrnnce of adverse effects

. . atremia.
hypotension. hypokalemia. hyponatre

i alkalosis.
hypochloremia. alk

metabolic

; . neruricemia
hypomagnesemia. hypercalcemia. hyperuricen

—

—_—

: o alie. diarrhea.
AHOTCXIG_ vomiting. colic. K

nausea.

constipation, cholecystitis, pancreatitis

—

= - aranulacylosis.
Thrombocytopenia. agranulocylc

lhrombocylopunic purpura I

Hyperglycemia,
triglycerides,
blood.

- —— S S crﬂl.
Increased total cholest

. s reing in the
and low-density lipoproteins |

One of the ¢

which depends on ¢
also cause hypok

antiarrhythmic drugs from

tachycardi

use of thiazide diuretics.

diabetes.

4 can develop against the bac

chronic kidney discase, there i arisk of

N —

; . . origin of
aNgerous negative effecis of drugs is hypokalemia, the org!

g can
he dose of the drug. Long-term use of the drug in small doses ©
alemia. For thig re

.ther with
ason, they cannot be used together

R ma H i lﬂr
the quinidine group, because polymorphic ventrict

: vith
kground of hypokalemia. In patients ¥

. g-term
developing hyperuricemia during long-t¢
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Contraindications.

In pregnancy. hypersensitivity to this category of medicines, specifirally

sulfonamides.
Interaction with other drugs.

Thiazide and thiazide-like diuretics can reduce the effectiveness of insulin

hypoglycemic sulfonylureas. and anti-gout medications. On the other kand

anesthetics, diazoxide, cardiac glycosides, and lithim can enhance the diuretic
effect.

NSAIDS and cholestyramine inhibi )
S and cholestyramine inhibit the action of diuretics. Amphoteridn hY
and elucocorticoids L.

glucocorticoids boost the hypokalenc impact of thiazide and thiazide-like

diuretics.

Carbonic anhydrase inhibitors.

This group of drugs is rarcly used in clinical practice; acetazolamide is the

a mild diuretic, mostly affecting the

most commonly used. Acetazolamide acts as
proximal tubular epithelium.

Mechanism of action and, excretion of electrolytes.

Acetazolamide works by inhibiting the enzyme carbonic anhydrase, bath in

the membrane and cytoplasm of tubular epithelial cells. Carbonic anhydrasc plays a

alyzing the production of hydrogen ior
ular fluid, they are excha
css helps regulate the
ks down

crucial role in cat 1s within the cells. When
ions are secreted into the tub nged for sodium
1o the epithelial cells. This proc

Ily, carbonic anhydrase brea

hydrogen
ions. which are absorbed ir
and hydrogen ions. Additiona

and a hydroxyl ion w
As a result of inhibiting the

balance of sodium
ithin the tubular lumen,

carbonic acid into carbon dioxide
stion of sodium and water.
n of hydrogen ions decreases,
azolamide increases the

facilitating the rcabsorf
nhydrase enzyme, the formatio and sodium
hydrogen ions. Acet

which leads to a

carbonic a
cannot be exchanged with enough

of bicarbonates (hydrocarbons) i

excretion n the urine, rise in wrine
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pH to around 8 and can result in metabolic acidosis. The decreased l'uub.\or.ption 0(;
sodium in the proximal tubules reduces water reabsorption as well. As sodium an

chloride are not reabsorbed in the ultrafiltrate, they reach the distal wbules. thl.t.'
compensatory mechanisms increase the reabsorption of these ions. However. l].llb
increased reabsorption of sodium and chloride is accompanied by an exchange with
potassium, leading to potassium being cxcreted through the urinc. ThflS-
acetazolamide indirectly causes potassium loss from the body. Acetazolamide
accelerates the excretion of phosphates through urine. but has litde cffect on the

; : p ; > - : ays without 2
excretion of magnesium and calcium. [f acetazolamide is used for 4 days witl
i idoci : ; i+ acidosis
break, metabolic acidosis develops in the extracellular fluid {metabolic acid
. X . 22 days,
leads to the development of refractoriness to diuretics). Afier a break of 1-2 day

i i P .otazolamide
the alkaline reserve is restored, therefore, it is recommended to use acetazold
with breaks.

Pharmacodynamic effects.

5 . ay o esis é lcc
Carbonic anhydrase inhibitors, such as acetazolamide, increase the resist!
. . i CS
of afferent arterioles, which slows down blood flow throy gh the kidneys and reduc
the glomerular filtration rate (GFR). In addition

: e carboni€
to their renal effects, carb
L}
inhibi .17 cs
anhydrase inhibitors have other pharmacological actions due to the enzym
: . y
presence in varioug organs. In the eye, inhibition of ¢ flul

. - Yo o=t}
arbonic anhydrase reduce
sccretion in the anterior chambe

.« making

combined with the alteration i the body's acid-base to its

balance, contributcs
clinical use in epilepsy.

Pharmacokinetics,

ide i : . -act.
Acetazolamide is almost entirely absorbed through the gastrointf-‘Stlhil! tra
; : B . ot
It is 95% bound to plasma proteins, T Y% - 69 hours. Acetazolamide 8 *

metabolized in the body and is eliminateq unaliered by the kidney.
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Whe == - - i .
hen taken orally. the drug's action starts atter 1-1.5 hours, peaks after 2-4

hours. and lasts 6-12 hours.

Instructions for use.
Acetazolamide is primarily used to reduce intraocular pressure before sugery
olaucoma, sccondary glaucoma, and acute closed-mgle

in cases of open-angle ¢
glaucoms is is due to its abili inhibi i
glaucoma. This is due to its ability to inhibit carbonic anhydrase, thereby decressing

fluid production in the eye and lowering intraocular pressure.

Additionally, acetazolamide is employed as part of a combination theragy to
treat edema associated with congestive heart failure. When used alongside ather
potent diuretics like loop diuretics and thiazides, acetazolamide helps 0 alleviate
elop with prolonged use

edema and also counters the metabolic alkalosis that can dev

of these di o . . - :, " . .
»f these diuretics. It enhances the diuretic effect, contributing to more effective fluid

management in patients with heart failure.

Acetazolamide can also be used in absence.

Due to the rapid development of tolerance to acclazolamide, its use & an
anticonvulsant drug is limited.

metabolic acidosis and stimulates the

Becausc acetazolamide causes
pnea-hypmnea

respiratory center, it can be used in the medical correction of a

syndrome of central origin in both adults and children.
Negative effects.

ve effects of acetazolamide stem from its ability to induce

The primary negati
alkaline state. This can

d shift the urinary cnvironm
encephalopathy in live
s encephalopatky in
lic: The

cnt to an

metabolic acidosis an
including: Worsening r cirrhosis By

lead to several issucs,
acctazolamide exacerbate

ammonium,

slowing the release of
s. Increased risk of urina

patients with liver cirrhosi ry stones and renal co
pvironment promotes phos
al colic. Exacerbatiot

phate accumulation, contributing te the

alkaline urine ¢
1 of metabolic or respirgtory

formation of urinary stones and ren
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emic  acidosis,
rv fai - hyperchloremic a
g i lure or hyperc
: o severe respiratory  fai | o
S cases of severe el
acidosis: In . o acidosis. These side
lamide can worsen these conditions by increasing acidosis e
acetazolami s ) |
t itori ‘he reseribing ¢
ot onitoring - when  pres 2
ighli > need for careful mc g
highlight the

V i 1s T ST Y C lil‘l(lns-
1 i S Wi v 51S O I'C‘aplldtol} cond
P it Yy ]JHUCTILS \\'lth li cr ClIThUblb
CS chd“ in
The dr ug can cause h_vp(lk«'lle“'lia and ll}'llﬂllﬂ[l cmiad.

arrow,
s : > bone ma
Severe toxic reactions (decreased blood production in the i
‘ c. a s
anilamide structure.
i has a sulfanilamide
i cly develop. Since the drug has
kidney damage) rar

. ioh doses
; i : CNS, high
rash may occur. Due to the blocking of carbonic anhydrase in the €

of acetazolamide may cause paresthesia and drowsiness,

Contraindications to use,

Pathological conditions or discases with acidosis

- uremia;

- the decompensation period of diaberes:

- severe shortness of breath.
Interaction with other drugs,

- . offects
) qlemic €
Acetazolamide enhances the diuretic, hypotensive, and hypokale
of other diuretics, hypotensiy

ic alkalosis:
¢ drugs, and theophylline. Reduces metabolic @

acetazolamide, their effect Increases,

Salicylates, cardiac glycosides (pre

e
o earbamazep
paratov naperstyanki), carba Sith
v
i ether
cphedrine, - and - myorelaxants (non-depolarizing) are used toge
acetazolamide; their toxicity | Increases,
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Potassium-sparing diurctics and mineralocorticoid receptor antagonsts
Triamterene, amiloride, spironolactone, and eplerenonc are pot:tssium-spu'incr

diuretics that reduce renal potassium excretion, They affect the last part of the tistal

tubules and collecting ducts, and their diuretic effect is weak.

Diuretics that preserve potassium in the body are divided into 2 goups

according to the mechanism of action:

- triamterene and amiloride, which inhibit sodwm channels i kuney

epithelial cells;

- mineralocoricoid TeCepon Antagonists - spironolactone and eplerenone

Sodium channel blockers. Mechanism of action and phnrmacn‘logic-.ﬂ

cftects.

Blocks sodium channels in the end part of the distal tubules and the epitielial

ducts. The transmembra ative

membrane of the collecting ne potcntial, an electrom

age of potassium, hydrogen, calcium, and magneium

force important for the pass
im does not exclunge

cs. decreases; as i result, sodit

ve the body. Long

ions into the space of the tubul
_term use of dugs

with potassium, and potassium does not lea
reduces the excretion of uric acid.
st no efiect on wenal

Effect on renal hemodynamics. Triamterene has almo

hemodynamics.

Pharmacokinetics.

om 30% to 70%, and 56% is bourd to

Absorption of triamterene ranges fr
blood plasma proteins. It undergoes rapid metabolism in the liver and forms an &UVE

metabolite. Both liver failure and kidncy failur

y and increase its toxicity.

¢ slow the elimination of triamtaene

from the bod
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Instructions for use.

Due to its mild diuretic effect, thiazide is not typically used alone to treat
edema or arterial hypertension. Triamterenc is primarily used as part of combination
therapy to enhance the effects of other diuretics and to prevent the hypokalemia they
may cause. The effectiveness of triamterene is reduced when the L—'l“mc”‘]lar
filtration rate (GFR) is lower than 50 ml/min. Additionally, triamterenc is effective

: ition
in treating pseudohyperaldosteronism (such as Liddle's syndrome). a conditi
characterized by hypokalemic alkalosis

. . - Jevels of
and hypertension, despite low leve
aldosterone

Negative effects.

: . : ' ia. For this
The most dangerous side effect of triamterene is hyperkalemia. For

g - . o g5 ; . i . aqt cause
feason, triamterenc is contraindicated in hyperkalemia and discases that €

hyperkalemia (CHRF, potassium-sparing or potassium-sparing diuretics. NSAIDs)

When triamterene is prescribed to patients with cirrhosis of the liver, it may lead t©
megaloblastic anemia, as triamterene js aweak antagonist of folic acid. In rar¢ G
it can also reduce glucose tolerance, cause photosensitivity, and contribute 10
urolithiasis, as the drug has poor solubility in

rine.
Other potentijal

- L : > u
water and can precipitate in the
side effects include nausea, vomiting

R 1PS,
. dizziness, calf muscle crami
and, in rare instances, blogg dyscrasia

s .. ic
Mincralocorticoid receptor antagonists. This group includes synthet

steroids - spi : .
8 = spironolactone (5 competitive antagonist of aldoster

sron€
one, pmgcslcmn ,

androgen receptors) angd eplerenone (a selectiye antagonist of

-
aldosterone recepto!
9-a, 11-a epoxy derivative of Spironolactonc)

Mechanism of diuretie action,

. . i X
Aldosterone is a tineralocorticoid hormope that is relcased from the cOr
, i cipats
of the adrenal gland and is one of the Components of RAAT. Aldosteronc pﬂmc‘patc
) : Aedial
not only in water-clectrolyte exchange in the body, but also in myocard!
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hypertrophy and myocardial remodulation in SUE. chronic kidney diseases, and

arterial hypertension.
Aldosterone moves sodium from the tubular space into the interstitial space

and potassium and hydrogen ions into the tubular space.

Spironolactone and eplercnone are steroidal drugs that competitively bind to

aldosterone receptors and do not develop the effects of aldosterone on the kody.

Eplerenone is 20 times weaker than spironolactone.
Pharmacological effects.

Mineralocorticoid receptor ists 1
ocorticoid receptor antagonists increase the excretion of sodiumand
chloride thr rine while i

wough urine while decreasing the excretion of potassium, hydregen,

aleium, and MAghesium jons. Thew effectiveness is dependent on the levels of

ctive when aldosteronc levels are nomal.

aldosterone in the body, as they are not effe

In terms of renal hemodynamics, these drugs have minimal impact.

are located in various tissues including

Pharmacologically, aldosterone receplors
vascular endothelium, st
1S, mineralocorticoid receptor

kidney tubules, cardiomyocytes, nooth muscle ¢ells,

fibroblasts, and monocytes. By blocking these receplo
antagonists help reduce myocardial hypertrophy. interstitial fibrosis, lower arterial
pressure, and deerease proteinuria, especially in chronic kidney disease.
erone receptors but also acts on

not only blocks aldost
nic effect cat be

Spironolactone
tors. Its weak antiandroge

androgen and progesterone recep

beneficial in treating hirsutism caused by elevated androgen levels.
Eplerenone, on the other hand, selectively targets aldosterone receptors, with
and androgen receptors (1% and less than

s on progesteronc
making eplerenone nore

only minimal etfect
1 fewer side effects,

0.1%, respeclivcly). This results ir

suitable for long-term use.
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Pharmacokinetics.

Spironolactone is quickly and completely absorbed from OIT. uudcl'giﬂs
biotransformation (metabolism) during the first passage through the hiver. In doing
s0, it produces several metabolites, 2 of which are canrenone and canrenone. rhl.:y
have the same pharmacological effect as spironolactone. Spironolactone and |t.s-
metabolites are more than 90 percent bound to blood proteins. The half-life of

) ———— ites is 10-10.
spironolactone is short - 1.6 hours, and the half-life of its metabolites is 10

; . S G e Cretice effect of
Spironolactone has a diuretic effect after 2-5 days of taking it. The diurctic elfe

. : . G s o affact 8
spironolactone is observed after 2-5 days of taking the drug. stable diuretic effec

. ! > cdn
observed from the 6th day of treatment. CHHF, the half-life of spironolactone € i

. 5 o , , . s ate in
be extended 10 24-58 hours in ascites in liver cirrhosis, but it does not accumulat

the body. The drug can accumulate in the body

) o  Hicanse and
in chronic kidney discasc
hy

perkalemia. 10% of the taken drug is excreted unchanged,

and 50% in the form of
metabolites through the kidneys.

Table 1.6
Some pharmacokinetic indicators of mineralocorticoid receptor
_ antagonists, o
T BResooe——— . . v,
The drllg Bloﬂ\"{l]lab"lty from Protein T maxs T A
OIT, %, binding, % hours | hours
ey A B 1.6
Spironolactone 25 98 2.6
90 2.4 10- [6
= S
Canrenone | —— " | " |
(active 69 - 1520 | 35
metabolite)
] |

| | p—

Eplerenone is well absorbed from the gastrointestinal tract, its bioavailabilty

is 69%. In blood plasma, it is mainty bound to ol-glycoproteins. A steady

concentration in the blood is formed after 2 days,
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Eplerenone is metabolized in the liver with the participation of the CYPBA4
isoenzyme and does not produce an active metabolite. When used together with
inhibitors or inducers of the CYP3A4 isoenzymc, the concentration of the dng in
the blood changes. Eplerenone is excreted from the body through the intesines
(32%) and through the kidneys (67%). Only less than 5% is excreted uncharged

from the body. Dose correction is not required in case of mild and moderate

impairment of liver function and in clderly patients.

Instructions for use.

Like other potassium-sparing diuretics, spironolactone is used to enhancs the
fTeet of other diuretics and reduce potassiunm loss. The diuretic cffect beginsafter
3-5 days and is maintained for another 2-3 days after stopping the {rug.

to treat conditions like hyperuricania,

Spironolactone can be used as monotherapy
zed in the

hypokalemia., and reduced glucose tolerance. It is primarily utili
management of both primary hypcmldnslcmnism (such as in adrenal adenoma or
|dosteronism (caused by conditionslike

bilateral hyperplasia) and secondary hypera
me). Spironoladone

congestive heart failure, liver cirrhosis, and nephrotic syndro

and eplerenone can also be used in arterial hypertension.
ascular diseses.

Use of mineralocorticoid receptor antagonists in cardiov

Chronic heart failure and myocardial infarction. I-Iypcractivation of
mineralocorticoid receptors plays an important role in the pathogenesis of cadiac

opment of cardiac fibrosis)
one of the main drugs (requ
ass (according t0 NYHA)
ACEIL A2RA, or
feath

after myocardial infarction and

remodeling (devel
chronic heart failure. Currently, it is ired to be taka) in

the treatment of chronic heart failure 11-1V functional cl

and left ventricular systolic dysfunction (regardless of taking

ure, prescribing MCRASs re

tal admissions due to th

duces the risk of early

BABA). In chronic lheart fail
e disease.

from the disease and the frequency of hospi



o The areatest
- ihvpertensive eftect. The greates
Arterial hvpertension. MCRA has a weak antihypertensive eftec -
. - ’ » 'l
i i : DRSO ith low renn
fTect of MCRAs was observed in resistant arterial hypertension wit
e

content.
Chronic kidney disease, proteinuria.

: i, & Holensive
Mineralocorticoid receptor antagonists (MCRA) have a mild hyy r
I w5y fconce The progression o
effect and help reduce proteinuria in chronic kidney disease. The progre
i ion i s i iscase is linked to
proteinuria and kidney dysfunction in chronic kidney discase 1s

el . : v the procnosis of
aldostcrone, and proteinuria serves as an important predictor for the prog

o
- . . ) i i are among
both cardiovascular and kidney discases. Drugs that reduce proteinuria a

. affect
H H 5 . , i) ric effec
the main drugs in the treatment of chronic kidney discase. Antialbuminu

; . (hat reduce
increases when ACEl and A2RA are combined with MCRA from drugs that 1e¢

. ) . g L . ‘hen [hC
proteinuria, but the risk of develaping hyperkalemia increases. especially w
glomerular filtration rate is Jess than 30 ml/min.

Side effects and contraindications,

. ‘ . > oI
Hyperkalemiq, Spironolactone and eplerenone dose-dependently induce

1 o ——— " ot ust
worsen hyperkalemia, The risk of hyperkalemia increases when MCRASs are
wi i i : in the
together with potassium-sparing drugs and drugs that preserve potassium 10

body. When spironolactone and eplerenone are used, it is necessa

ry to monitor the
le

2 - . . ~ 1 1.
vel of creatinine in the blood plasma, because MCRA can worsen kidney functio

The use of MCRA s contraindicated w
blood is more than 6.0 mmol/l, when the creq
(3.5 mg/dL).

; in the
hen the amount of potassium

.. 1]0]”
tinine level is more than 310 p

5 i i ~term
Because spironolactone g a structural analogue of progesterone, long

use has been associated with breast pain, gynecomastia, crectile

jon i en
dysfunction in Me

i i ; a is dose”
menstrual cycle disorders in women, ang voice changes. a 15

Gynecomasti
i i . n the
dependent; that is, gynecomastia was obseryed in men 7 times more often whe

. f25'
drug was used at a dose of 150 mg/day than when the drug was used at a dosc ©

50 mg/day.
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Since eplerenone is highly selective for aldosterone receptors, it has little

effect on progesteronc and aldosterone receptors, S0 hormonal negative cffecs are

rarc.

Spironolactone can lead to metabolic acidosis in patients with liver cirrlosis

Additionally, it may cause side effects s such as nausea, vomiting, diarrhea, gastitis,
peptic ulcer. dizziness. headache. and, in rare cases, drowsiness, ataxia, skinzash.

e is comr‘nndlmtud in patholagical

and blood dyscrasia. Use of spironolacton
s with decrased

conditions with hyperkalemia, hyponatrena, acute kidney dise

evere forms of chronic kidney diseasc, and pregnamy (1

glomerular filtration rate., §
trimester),

When using eplerenone, the amount of triglycerides, total choleserol,
increase. Also, adverse cffects sud as
erial pressure. fairting,

effects

creatinine, and liver transaminase may
calf muscle tension, drop in art

dizziness, and kidney dysfunction can be observed. Most of these adverse

diarrhea, nausea, constipation,

depend on the dose of the drug.

ne with CYP3A4 inhibitors or inducers 1t not

Co-administration of eplereno
jer 18 years of ageor in

recommended. The drug has not been studied in children unc

pregnancy.

Interaction with other drugs.

Spironolactone and eplerenonc mdy increase the blood concentratia of

cveloping negative effects of digoxin. When

digoxin and may increase the risk of d
A2RA, and potassium preparations,

the background of chron

used together with ACEL the rist of

especially against ic kidney

hyperkalemia increases

diseasc.
MCRA enhances the effect of antihypertensive drugs, diuretics, trigyclic

antidepressants, and neuroleptics.
Spironolactone can reduce the effect of anticoagulants (heparin, coumnarin
products, indandione).
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~1 I

When eplerenone is used together with ketoconazole. Cly{hrmmmlnrhil (iJs

clarithromyecin, the concentration of eplerenone in the blood can l“““““"“'- duced.

necessary to use such a combination, the dose of eplerenone should b%l_,“m .
When eplerenone is used with inducers of the CYP3A4 enzyme (rifam]

i ¢ ¢ in
i At plerenonce
Carball'la?CpinC. phenobarbital. p!]cnyloln. cte.). the concentration of Cf
the blood may decrease.

Review questions.
1. Explain the physiological mechanism of diuresis.
2. Tell the classification of diuretics,

3. Explain the mechanism of action of diuretics.

4. Explain the pharmacodynamics of diuretics that affect the kidney. .
s o S ameters ol diuretics

5. Explain the clinical significance of the pharmacokinetic parameters 0

affecting the kidney.

6. List the indications for the use of diuretics that affect the colon.
7. List the negative effects of diuretics that affect the kidneys.

8. List the contraindications of diuretics that affect the bladder.
9. Give examples of the interaction of diuretics w

: ther
ith a diurctic effect with ©
drugs.

10. Explain the mechanism of action of thiazides and thiazide diuretics.

: . . aeristics of
1. Describe the clinical mportance of the pharmacokinetic characteristi
thiazide and thiazide-like diuretics,

12. Identify the conditions for w

. i o s digretics are
hich thiazides and thiazide-like diure
prescribed.

13. List the side effects associated with thiazide and thiazide-like diuretics.

14. List the contraindications for the use of thiazide and thiazide-like diuretics: )
s side-like
. . . (¥
I5. Provide examples of drug Interactions involving thiazide and thiazid
diuretics.

16. Explain the action mechanism of carbonic anhydrase inhibitors. f
. s 0
ini ignifi o o ~fepistics
1%: Bisthss tie -clinteal ighifieance of the pharmacokinetic characteri
carbonic anhvdrase inhibitors.
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18. List the indications for prescribing carbonic anhydrase inhibitors.
19. Identify the negative effects of carbonic anhydrase inhibitors.

20. List the contraindications for using carbonic anhydrasc inhibitors.
71. Provide examples of drug interactions involving carbonic anhydrase inhibibrs.
22. Explain the mechanism  of action of potassium-sparing diuretics and
mineralocorticoid receptor antagonists.

23. Explain the clinical significance of the pharmacokinetic parameten of
potassium-sparing diurctics and mineralocorticoid receptor antagonists.

24 List the indications for the use of potassium-sparing diuretics and
mineralocorticoid receptor antagonists.

25, List the negative effects of diuretics and mineralocorticoid receptor antaganists
that preserve potassium in the body.

26. Give examples of interactions of diuretics and mineralocorticoid receptor

antagonists with other drugs that preserve potassium in the body.
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