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Introduction. During the last decades the
heart failure syndrome has become the area of
special interest for pathologists, cardiologists
and clinical researchers worldwide. Such
interest can be easily explained by four main
reasons.

First of all, it is a clinical component.
Nowadays, despite the new achievements in
our understanding of the etiology, pathophys-
iology and mechanisms of heart failure pro-
gression this syndrome is still associated with
a poor prognosis for survival and has a high
mortality rates in short- and long time period.
New pharmacological and surgical methods of
the treatment of heart failure make possible
only to achieve a slight decrease in the speed
of heart failure progression. However, the
prognosis for patients with heart failure is
more worth than for patients having malig-
nancies.

Secondary, it is an economic component. It
means that managing of patients with heart
failure syndrome requires significant finan-
cial costs. For example, The National Health
Service of The United Kingdom spends
approximately 2% of the general funds on the
heart failure management. The major part of
these costs relates to hospitalization.
Importantly, proven pharmacological thera-
pies make up only a very small proportion of
the overall cost of chronic heart failure to the
health-care budget in industrialized society
[10]. There is no information how much
finances are spent on heart failure in Ukraine,
but we have to keep in mind that these costs
have to be significant enough due to the con-
sidered high rates of cardiovascular diseases
morbidity among population in general.

Thirdly, it is a social component. Heart
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failure syndrome for the majority of patients
is associated with bad quality of life, long-
time periods of physical incapability, bad
mental status, and depression, and in severe
cases requires life-long nursing help.

Fourthly, it is an epidemiological compo-
nent. For example, the incidence of heart fail-
ure is constantly growing in West European
countries and in the United States. Current
estimations range between 0.1% and 0.5%
per year. Among persons aged 75 years and
older the incidence of the heart failure
exceeds 3% per year [10]. According to the
prognosis the number of patients with heart
failure will be continuously rising during the
next decades. It can be explained by the bet-
ter survival rates after several cardiological
conditions (first of all, acute myocardial
infarction) and also by the population ages.

For changing the situation for better we
need a complete understanding of the role of
etiological factors for primary heart damage,
the role of the risk factors for the develop-
ment of heart failure, the pathological
processes of adaptive and disadaptive charac-
ter that accompany the heart failure progres-
sion.

Historical Aspects. The history of heart
failure explorations accurately shows how the
new achievements in the understanding of
pathological processes that accompanied heart
failure syndrome have further resulted in
implementation of the new methods of treat-
ment.

The most typical signs of heart failure
known from ancient times are edema, lung
congestion and breathlessness. So it has
resulted in the wide-spread implementation in



Oruasn Jgitepatypu

clinical practice of the loop diuretics (for con-
gestion resolving) and glycosides (especially,
digoxin). The positive therapeutical effects of
these drugs have been well-known since the
18th century. During a long period of time
the term 'heart failure’ was defined as a syn-
drome, associated with the disturbance of
blood pumping by the heart. As a negative
role of renin-angiotensin-aldosterone system
activation in the heart failure syndrome was
clearly defined the use of angiotensin-convert-
ing-enzyme inhibitors and type I angiotensin
receptors inhibitors became wide-spread. In
the 20th century the experiments in basic sci-
ences showed an important role of the sympa-
thetic nervous system and its mediators in the
progression of the heart failure syndrome.
The data obtained from the meta-analysis and
clinical trials clearly defined the positive role
of beta-blocker agents when prescribed for
chronic heart failure. This resulted in strong
renaissance of beta-blockers in clinical prac-
tice. Also, the discovery of the contribution of
electrophysiological remodeling in the pro-
gressing of the heart failure resulted in the
implementation of the cardiac resynchroniza-
tion therapy in clinical practice.

Nowadays the heart failure definition is
evolved to the definition of the heart failure
as not just a syndrome of cardiac weakness,
but also as a multiple system disorder charac-
terized by abnormalities in the heart, changes
in skeletal muscles, kidneys dysfunction,
stimulation of the sympathetic nervous sys-
tem and complex type of neurohumoral
changes. Current definition of the heart fail-
ure may be presented as a clinical syndrome
caused by the disorders of the heart, mani-
fested by characteristic combination of hemo-
dynamic, renal, neurological and hormonal
disturbances.

The treatment targeting the different types
of neurohumoral systems looks promising
direction in the achievement of the therapeu-
tic control over the heart failure progression.
This is confirmed by the improved survival
rates when using medications that affect
the renin-angiotensin-aldosterone system,
sympathoadrenal and natriuretic peptide sys-
tem.

Available data obtained from the scientific
researches carried over the past two decades
makes us consider a significant pathophysio-
logical role in the pathogenesis of heart fail-
ure syndrome of new neurohumoral system —
the endogenous cannabinoid system
[5,7,9,11]. This system now appears as a rele-
vant modulator of physiological functions not
only in the central nervous system but also in
the autonomic nervous system, the endocrine
network, the immune system, the gastroin-

JIpBiBChbKRUIT KaiHiuHMI BicHmk, Ne 1 (1), 2013

testinal tract, the reproductive system and in
hemodynamic.

Endogenous Cannabinoid System in
General. The history of the discovery and
study of the endogenous cannabinoid system
is closely related with the study of the effects
caused by the use of hashish, marijuana and
other cannabis products.

The first mention of the use of cannabis for
medical purposes refers to the third millenni-
um BC in the description of medicinal plants
during the reign of the Chinese Emperor
Cheng Nang. Around 500 BC Assyrian records
referred to the cannabis as an effective reme-
dy for pain relief. In 60 BC, the medicinal
properties of cannabis were described in the
Pharmacopoeia of the Roman military doctor
Dioskorides, who lived during the reign of
Emperor Claudius and Nero. In 1597 John
Gerard in England recommended the use of
cannabis as an analgesic for ear pain and
Nicholas Culpeper in 1653 — for the treatment
of joint inflammation in gout.

Scientific interest in the study of mecha-
nisms of cannabis influence on human body
renewed in the 60-ies of the last century. The
endogenous cannabinoid system is a ubiqui-
tous lipid signaling system that appeared
early in the evolution and which has impor-
tant regulatory functions throughout the
body. It was found that the main component
of the cannabis that causes a number of spe-
cific psycho-emotional effects is delta-9-
tetrahydrocannabiol (THC) [9]. It is a
lipophylic compound with a slow rate of
metabolism in the liver. However, for more
than 20 years the mechanisms of THC interac-
tion with the structures of the brain have
been a secret for researchers. In 1988 Ellin
Haulett from the University of St. Louis,
using the method of radioactive carbon labels
established the interaction of a metabolite of
THC with the specific receptors of the brain
of mice. This gave rise to further studies and
in 1990 was identified and described the
structure of cannabinoid receptor type 1
(CB1). Two years later the cannabinoid recep-
tor type 2 (CB2) was identified. Due to the
well-established psychological effects of
cannabis components at first the majority of
experiments on cannabis were performed for
determination of the possible positive thera-
peutical effects on brain structures and only
in the last years the effects of the endogenous
cannabinoid system for cardiovascular system
were reported.

Receptors and mediators. Both CB1 and

CB2 receptors relate to the family of G-pro-
tein coupled receptors. CBl1 is a complex
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structure presented by the seven transmem-
brane domains that permeate a cell membrane
and are closely associated with the several
intracellular signaling systems (see Pict. Nel).
The activation of CB-1 results in activating
the intracellular cascade of complex signaling
biochemical reactions, that changes the per-
meability of transmembrane ion channels,
such as calcium (inactivation) and potassium
(activation). CB1 receptors are predominantly
localized in central nervous system, but also
were found in ganglia of autonomic nervous
system, pituitary gland, adrenal glands,
heart, vessels endothelium, gastrointestinal
system, urine bladder, immune cells. It is also
found that CB1 localized in the vascular wall,
by controlling the L-type calcium ion chan-
nels, can cause strong vasodilation. CBI1
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receptors located on nerve endings (postsynap-
tic) modulate the release of excitatory and
inhibitory neurotransmitters, thus adjusting
the intensity of the signals [12].

CB2 receptor has a similar structure to
CB1, but slightly differs in components. CB2
receptors localize in lymphoid tissues and
macrophages and are absent in the central
nervous system. The main effect of stimula-
tion of CB2 is immunosuppression.

The principles of CB1 and CB2 functioning
are similar. Activation of the receptor leads to
the inhibition of adenylatcyclase and stimula-
tion of mitogen-activating proteinkinase, thus
providing the control of intracellular func-
tions. CB1 and CB2 receptors are negatively
coupled to adenylate cyclase through Gi/o
proteins, but can also signal via protein kinas-
es A and C, mitogen-activated protein kinas-
es, and cyclooxygenase 2 pathways, among
others. First of all it results in inactivation of
calcium ion channels and activation of potas-
sium ion channels.

Nowadays, two endogenous ligands are con-
sidered to provide a typicall regulation of CB1
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and CB2 functioning — 2-arachydonylglycerin
and arachydonylethanolamide (anandamide).

In 1992 the first putative endocannabinoid
was identified from porcine brain. This ligand
was later called anandamide, which is derived
from the Sanskrit word for bliss (ananda) due
to its possible cannabimimetic, psychotropic
properties.
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Picture 3. The Metabolism Of Endogenous Cannabinoid
Ligands In Neuronal Synapse (from the Cefalu.W., Cannon
Ch., "Atlas of Cardiometabolic Risk", Informa Healthcare

Anandamide is generated by the transacy-
talation of membrane phosphatidylethanola-
mine to yield N-arachidonoyl phophati-
dylethanolamin, which is then hydrolyzed into
arachidonoyl ethanolamide. 2-arachydonyl-
glycerin is formed from glycerophospholipids
by the actions of phospholipase C.
Endocannabinoids are cleared from the extra-
cellular space by cellular uptake through a
putative membrane transporter, followed by
enzymatic degradation (see Pict. 3).

2-arachydonylglycerin binds to both CB1
and CB2 receptors, whereas anandamid has
higher affinity for CB1 receptors and may
also bind to wvanilloid VR1 receptors. The
important feature of these mediators is the
fact that they are predominantly released "on
demand”. In the case of stress of any origin
(especially in shock cases) mediators are syn-
thesized for normalisation of such general
functions as energy balance, homeostasis,
analgesia and haemodynamic. The tissue lev-
els of endocannabinoids are determined by the
balance between their biosynthesis (involving
phospholipase D and diacylglycerol lipase-
dependent and other pathways), cellular
uptake, and degradation by fatty acid amide
hydrolase and/or monoacylglycerol lipases.

Heart failure syndrome can be considered
as stress state as it accompanies with strong
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activation of compensatory and adaptative
resources.

Endogenous cannabinoid system and hemo-
dynamic regulation. The first scientific publi-
cations appeared in 60-ies of the 20th centu-
ry, but major advances in understanding of
the endogenous cannabinoid effects on hemo-
dynamic regulation have been obtained in last
15 years [14].

Despite the great diversity of the effects
caused by endogenous cannabinoid substances
that affect CB1 receptors the most typical
effects are:

— Negative chronotropic effect

— Negative inotropic effect

— Antiatherosclerotic

— Antiarrhytmic

— Stimulation of the cirrhotic process in
liver.

As noted by Siquiera et al. in 1979 intra-
venous administration of the anandamide in
rats caused marked bradycardia. Also it was
reported the three-phase reaction in blood
pressure when anandamide was administered
in parenteral rout [6, 15]. The first phase —
rapid lowering of the blood pressure, the sec-
ond — a short-term stabilization with a slight
elevation of blood pressure, the third -
marked progressive fall in blood pressure. The
concomitant administration of atropine was
found to lose the first phase, but the steady
fall in blood pressure (3rd phase) was
observed in all experiments despite the
atropine influence This led to the formulation
of an explanation that these changes in blood
pressure of the third phase, certainly are due
to the activation of the CB1 receptors and are
independent of the sympathetic nervous sys-
tem. Experiments by Batkai et al. in 2004
demonstrated that anandamide associated
hypotensive response can be explained by two
mechanisms — by the decrease of peripheral
vascular resistance and by the decrease in
inotropic function of the heart [2]. Thus the
introduction of the selective experimental
antagonist of the CB1 receptors — SR141716,
completely eliminates these hemodynamic
effects. It confirms the approved hypothesis
[2].

As CB-1 receptors in their functioning are
closely related to the functioning of potassium
and calcium ion channels, as this haemody-
namic responses on CB1 activation can be
explained in such ways:

— the stimulation of the CB1 receptors
localized in the walls of blood vessels causes
inactivation of calcium ion channels that leads
to vasodilation and reduced peripheral vascu-
lar resistance, followed by the fall of blood
pressure [8,17];

— the stimulation of the CB1 receptors
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localized in heart results in inactivation of the
calcium ion channels that further reduces the
transmembrane calcium flow and thus -
reduces inotropic function of the heart. The
negative inotropic effect was also observed for
atriums [3, 4];

— the stimulation of the CB1 receptors
localized in heart results in potassium ion
channels activation and leads to bradycardia.

Also the effects of endogenous cannabinoid
system regulation are realized via central
nervous system. Both sympathetic and
parasympathetic nerve terminals have presy-
naptic CB1 receptors, stimulation of which
suppresses norepinephrine and acetylcholine
release respectively.

Incidentally, do not forget about the role of
sympathoadrenal system as a compensatory
regulator in heart failure syndrome as the
effects of its stimulation could overlap and
reverse the effects of stimulation of peripher-
al CB1 receptors.

So we have to expect that several patholog-
ical processes in heart failure syndrome are
the consequences of endogenous cannabinoid
system influence on the hemodynamic:

1. For the majority of patients with the
end-stage heart failure a strong and progres-
sive loss of appetite and weight are observed.
There are no doubt that this fact can be
explained by impaired liver function as the
phenomena of "congestion liver,” but this is
probably also due to the hyperactivation of
endogenous cannabinoid system. As its
known, the activation of cannabinoid system
due to the activation of CB1 receptors causes
an increase in appetite, changes in metabolism
of adipose tissue and further leads to obesity.
The drug rimonabant was studied as a central
cannabinoid receptor blocker as blocking the
CB1 receptors that results in the loss of
appetite and weight [16]. Heart failure is a
condition associated with the hyperstimula-
tion of cannabinoid receptors and\or the
depletion of effects of the mediators on them,
which leads to loss of appetite and weight
[13].

2. Heart failure is associated with the
development of abnormal liver function, ele-
vated liver enzymes and progressive fibrosis
process in liver. Also the hyperactivation with
further depletion of CB1 is strongly related
with the progressive cirrhotic process in the
liver as it was observed in several experiments
on mice [1].

3. Depression. For most patients with the
high functional class of heart failure the
development of depression is usually
observed. According to the own observations,
among the patients with heart failure NYHA
I the depression rate is not more than 5,0 %,
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in NYHA IT - 12,0 % in NYHA III - 40,0 %, 4. Pain. The acute decompensation of
in NYHA IV — up to 70,0 %. Theoretically, chronic heart failure does not often accompa-
this could be due to hyperactivation and fur- ny the patients’ complaints on pain of muscu-
ther depletion of CB1 stimulation in the cen- lar origin. CB1 receptor activation is known
tral nervous system, as its known that stimu- to lead to stable analgesia, inhibition/deple-
lation of the CB1 causes euphoria, inhibi- tion — to the pain.

tion/depletion leads to depression.
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The Possible Pathological Role of Endogenous Cannabinoid
System in Heart Failure Syndrome

0. Katerenchuk

Heart failure is a clinical syndrome associated with the high rates of short-time and long-time mor-
tality. The pathological role of several neurohumoral systems is well-established in heart failure progres-
sion. According to the data available from the basic experiments the role of the endogenous cannabinoid
system in heart failure progression is considered. The hyperstimulation with further depletion of CB1
receptors and mediators results in hypotension, bradycardia, depression, muscle pain and liver cirrhosis
— that usually accompanies the decompensated and end-stage heart failure. Further discovering of CB1
exogenous agents acting on central nervous system and/or peripheral CB1 receptors can result in creat-
ing the new group of drugs in heart failure treatment.

Key words: endogenous cannabinoid system, heart failure, treatment.
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Mo:xJauBa MAaTOJIOT'iYHA POJIb €HAOI'€HHOI KaHA0iHOITHOL
CHUCTEMH B CHHIPOMIi cepieBOl HEeJOCTATHOCTI

O. 1. Karepenuyk

CepiieBa HeJOCTATHICTL — KJIIHIUHWN CUHAPOM, IIOB A3aHWI 3 BHUCOKMMH IIOKA3HMKAMU CMEPTHOCTI B
KOpPOTKO- Ta MOBTOTpHBaJuil mepion uvacy. IlaTodisiosoriuHa posib HU3KW HEUPOTYMOPAJBHUX CUCTEM Y
BUMAJKYy CepIleBOi HeJIOCTATHOCTI YiTKO BM3HaUEHA. 3TifHO 3 OTPUMAHUMU Pe3yJbTaTaMU €KCIePUMEHTiB €
mificTaBu BBasKaTHU HASABHICTH BIIMBY EHIOI'e€HHOI KaHabiHOIZHOI cumcTeMH Ha IIPOI'PecyBaHHS CcepIieBoil
HemocTtaTHOCTi. [imepcTuMyiaIlisga 3 MOANBININM BUCHaKeHHAM axkTuBHocTi CBl-pementopiB i mexmiaTopis
IPU3BOAUTL NO TiloTeH3ii, Opagumkapzii, mempecii, M sg30BOro GOJI0 Ta MUPOTHYHNX 3MiH IIEUiHKM, II[O
XapaKTepHO HIJA OeKOMIIEHCOBAaHOI Ta TepMiHaJabHOI ceplieBoi HemoctaTHocTi. Ilomasbliile BUBUEHHSA
eK30TeHHUX IIpemapariB, II[0 BILIMBAIOThL Ha IeHTpajbHi Ta mepudepiiini CBl-pemenrtopu, CIpUATHME
CTBOPEHHIO HOBOI I'PYNHU IIpelapaTiB y JiKyBaHHi ceplieBoi HEIOCTATHOCTI.

KuarouoBi ciaoBa: engorenna xamabiHoOigHA cucTeMa, ceplieBa HeNOCTATHICTD, JIIKYBaHHS.
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