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Introduction. Understanding the function of innate and adaptive immunity in the
pathophysiology of cardiovascular disease has improved significantly in recent years [1]. One of the most
common pathological disorders is arterial hypertension (AH). AH affects one in three adults over the age
of thirty. Over the previous 30 years, the overall number of diagnoses has doubled, despite the age-adjusted
prevalence remaining stable [2]. The prevalence of AH rises with age; among a group of previously healthy
individuals, diagnoses were detected in 0.3%, 6.5%, and 37% of cases at ages 25, 45, and 65, respectively
[3].

Cardiovascular disease (CVD) is the world's leading cause of death, with 17.3 million deaths
annually and a predicted rise to almost 23.6 million by 2030 [4]. As the primary risk factor for CVD
morbidity and mortality worldwide, hypertension has been suggested to be responsible for half of all CVD
events [4]. In order to lower the risk of CVD events and the associated healthcare burden, it is crucial to
prevent, treat, and manage hypertension. angiotensin II receptor blockers (ARBs) and Angiotensin-
converting enzyme inhibitors (ACEIs) are first line anti-hypertensive drug classes that are potent,
effective and largely safe [5].

Hypertension has a significant impact on cardiovascular outcomes, including myocardial
infarction, heart failure and stroke. As a worldwide risk factor for death, disability-adjusted life years, and
loss of life years, it continues to be the most powerful predictor of mortality [7,8]. A number of sources of
evidence, ranging from integrative physiology and functional genomics to molecular and genetic levels,
show that the renin-angiotensin-aldosterone system RAAS, whether systemic (endocrine) or local
(paracrine and autocrine), is a significant cause of hypertension and cardiovascular disease [9-11]. RAAS
is an important endocrine modulator of cardiovascular homeostasis. The RAAS functions in multiple
organs and systems in an endocrine, paracrine, and autocrine way, performing organ-specific activities
with consequences on the cardiovascular system [9].

RAAS is triggered as part of a maladaptive response that contributes to the pathophysiology of
heart failure. Vasoconstriction, hypertension, elevated aldosterone, elevated sympathetic tone, and
ultimately cardiac remodeling are all consequences of RAAS activation that are harmful to the disease's
course. By preventing these maladaptive components, ACEIs (angiotensin converting enzyme inhibitors)
and ARBs (angiotensin receptor blockers) significantly lower the morbidity and death associated with
heart failure [12]. This understanding resulted in the effective creation of RAAS-blocking medications
(angiotensin converting enzyme inhibitors, angiotensin receptor blockers, and renin inhibitors) for the
treatment of hypertension and other cardiovascular disorders [13].

Angiotensin receptor neprilysin inhibitors (ARNI) are a novel class of medications, the first of
which being sacubitril/valsartan (S/V). For the treatment of patients with chronic heart failure with
reduced ejection fraction (HFrEF) and NYHA classes II, III, or IV, the drug has FDA approval [6]. In
addition to other standard therapies for heart failure (beta-blocker, aldosterone antagonist), S/V is to be
used in alternative to ACEIs or angiotensin II receptor blockers (ARBs) [14]. S/V is advised in the new
AHA/ACC/HFSA guidelines (2022) for the treatment of individuals with heart failure with preserved
ejection fraction (HFpEF) [15].

S/V is a combination product. Pro-drug sacubitril functions as an inhibitor of neprilysin once it is
activated. The mechanism of action involves inhibiting neprilysin's ability to break down natriuretic
peptides, hence prolonging the beneficial effects of these peptides [16]. Valsartan is an angiotensin
receptor blocker, and it works on blocking the RAAS system. But blocking neprilysin will cause
angiotensin II to build up because neprilysin breaks down angiotensin II. Because of this a neprilysin
inhibitor cannot be used alone; it must always be combined with an ARB to block the effect of the excess
angiotensin II [14]. The inflammatory response and immune system are important players in the aetiology
of hypertension. The involvement of inflammation in the pathophysiology of hypertension is supported
by the elevated levels of numerous inflammatory markers in hypertension patients [17]
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These markers are linked to an increased risk of hypertension in people with normal blood
pressure, and they can help predict the risk of cardiovascular events in patients with essential
hypertension by indicating target organ damage [18].

Thus, understanding how inflammation contributes to hypertension opens novel options for
managing the condition and its aftereffects [19]. Despite the fact that the precise pathophysiology of
essential hypertension is yet unknown, endothelial dysfunction is thought to be a major factor in the
development of the condition. Although it was often believed that the vascular endothelium served as an
inert barrier separating the blood from the blood vessels, it is now recognized as a key hub for vascular
regulation. Vascular wall tension, nutrient supply, waste elimination, inflammation, thrombosis, and
coagulation are all crucial functions of the endothelium. Thus, it is claimed that hypertension is partially
an inflammatory illness [20]. Oxygen metabolism produces reactive oxygen species. Reactive oxygen
species are produced under oxidative stress when pro-oxidative factors exceed anti-oxidative factors [19].
According to Tendrio et al. (2019) [21] oxidative stress intensifies the inflammatory response by increasing
the synthesis of proinflammatory factors. Increased pro-inflammatory immune cells and cytokines and
decreased regulatory immunity cells and cytokines lead to a chronic and uncontrollably inflammatory
state [22]. In the vascular system, elevated levels of TNF-« and IL-1 can cause endothelial dysfunction and
progressive vascular endothelial injury, which can cause widespread inflammation and cell death [23].

Melatonin is a key hormone that regulates the circadian rhythmicity of various biological systems
and is mostly produced by the pineal gland at night [24]. Melatonin functions investigation has shown
that it is not only a controller of the biological circadian rhythm [11], but it also has a variety of
physiological functions [25]. Melatonin appears to be linked in a variety of diseases, including arterial
hypertension, insomnia, dementia, mood disorders, cancer, and diabetes [26]. Although the central
nervous system, immune system (IS), and endocrine system (ES) network use norepinephrine, IL-1, and
cortisol, melatonin appears as a chemical capable of playing various roles in both IS and ES. Its secretion
and function are regulated by norepinephrine and IL-1. Furthermore, while it was previously thought to
be merely a hormone, its role as a multifunctional molecule is now being researched, and as a result, we
want to think about its significance in chronic arterial hypertension [27].

Recent attention has been paid to the circadian rhythm of blood pressure (BP) because an increase
in nocturnal BP and an increase in morning BP have been shown to be independent risks for cardio-
cerebrovascular diseases. The renin-angiotensin-aldosterone system (RAAS) is involved in the circadian
rhythm of BP, and RAAS inhibitors play a crucial role in controlling the circadian rhythm of BP [28, 29].
Nighttime administration of RAAS inhibitors is more beneficial than morning administration for lowering
nocturnal and morning BP levels and converting the BP profile to a dipper pattern, a process known as
chronotherapy [30]. Controlling abnormal circadian rhythms of blood pressure in addition to 24-hour BP
utilizing RAAS inhibitors with optimal time dosage should be assumed for reducing cardio-cerebro-
vascular events [30].

The brain produces both angiotensin and melatonin. Angiotensin, which is produced locally in
the central nervous system in nuclei implicated in cardiovascular and fluid-electrolyte homeostasis,
interacts with various systems, including sympathetic and vasopressinergic systems [9,31]. Furthermore,
there is a local pineal RAS that regulates the production of melatonin, which is the pineal gland's major
hormone secretion [32,33]. The RAS is known to be implicated in cardiovascular and metabolic disease,
whereas melatonin is involved in circadian rhythms.

Research materials and methods. Experiments were carried out on male rats weighing 200,0-250,0
g. in compliance with the rules and laws developed by the Bioethical Commission of Thbilisi State Medical
University (TSMU). The animals were placed in a vivarium at a temperature of 23 + 1° C, 50 + 5% humidity
and 12 hours of light -12 hours of darkness, in terms of free access to food and water. Animals were
randomly divided into the following groups: I — control group with 1% NaCl and 0.2% KCl in drinking
water during 4 weeks (n=10); II - DOCA-salt hypertensive group (25 mg/kg DOCA + 1% NaCl and 0.2%
KCl in drinking water) (n = 10); III - sacubitril/valsartan oral dose of 30 mg/kg per day after 28-day intake
of DOCA and salt solutions administration (n = 10). IV - sacubitril/valsartan oral dose 30 mg/kg per day +
DOCA + 1% NaCl + 0.2% KCl in drinking water for 4 weeks (n = 10);
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To monitor the dynamics of the development of DOCA-salt hypertension, systolic, diastolic and
mean blood pressure have been measured every week from the tail of non-narcotized rats in a special
chamber by sphygmomanometric method (tail cuff method). For this purpose, the animals were placed in
the chamber for adaptation for 2 h, after which the pressure indicators were determined 5 times, at
intervals of 5-10 min, and average values were calculated. (Fig.1) For circadian rhythmicity systolic blood
pressure (SBP), diastolic blood pressure (DBP) and heart beats (HB) were measured 3 times per day, at
9:00, at 15:00 and at 21:00.

At the end of the experiment, rats were randomly divided inside the groups and were anesthetized
(with pentobarbital 65 mg/kg intraperitoneally) to take samples of blood from a catheter in the carotid
artery at the appropriate hours of acrophasis of blood pressure in the morning (n=5) and in the midnight
(n=5).

After centrifugation the blood samples were frozen at -60°C, and then the concentration of
Melatonin (MT), Angiotensin II (Ang II), Interleukin-1 (IL-1), Tumor Necrosis Factor alpha (TNF-alpha),
Endothelin-1 (ET-1) and Nuclear Factor kappa B (NFkB) were determined using the ELISA kit.

Statistical data processing revealed changes in hemodynamic parameters, blood inflammatory
markers and cardiac remodeling between the groups. To compare the data of two groups t-test was used,
multiple indicators from several study groups were compared by the ANOVA method.

Results. In IT group of rats with DOCA-salt arterial hypertension the mean values of SBP — 153,6
+ 5,4 mmHg, DBP - 67,9 + 2,8 mmHg and HB — 394 + 12/min were significantly higher in comparison
with I group of animals (123,0 + 5,2 mmHg, P<0.001), (55,6 + 3,0 mmHg, p<0.05) and (361 + 24/min,
p<0.001), respectively. In III group of animals, treatment with the S/V combination proved to be beneficial
and the SBP and DBP, as well as the heart rate returned to normal values. As for IV experimental group
S/V revealed preventive action regarding hemodynamic changes during development of AH by decreasing
values of SBP (-50+11,8 mmHg, p<0,001), DBP (-16+6,0 mmHg, p<0,001), and HB (- 67+15,6 beat/min,
p<0,001) (Fig.1, 1.2).
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Fig. 1.2 Heart beats in different experimental groups of animals.
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Fig.2 Laboratory indexes in different groups of animals.

Changes in hemodynamic indicators in hypertensive rats were correlated with significant increase
in blood plasma levels of inflammatory biomarkers (IL-1, TNF-alpha, NF-kB) - (8,2 + 1,7 pg/mL, p<0,001),
(31,0 + 12,7 pg/mlL, p<0,001), (5,4 + 3,8 pg/mL, p<0,05) respectively, vasoconstrictor peptides (ET-1) —
(23,3 + 3,5 pg/mL, p<0,001), angiotensin II (Ang II)- (63,070 + 26,2 pg/mL, p<0,001), vs I group of animals.
In IIT experimental group S/V markedly reduced plasma levels of inflammatory markers, vasoconstrictor
agents in comparison with II group of animals: IL-1 (-8,2 + 0,17 pg/mL, p<0,001), TNF-alpha (-42 + 4,6
pg/mL, p<0,001) and NFkB (-7,4 + 1,9 pg/mL, p<0,05), ET-1 (-16,3 + 2,7 pg/mL, p<0,001), Ang IT (-42.6 +
4.4 pg/mL). In the IV experimental group compared to hypertensive animals, reduced indicators were also
revealed: IL-1 (0.12 + 0.21 pg/mL, p<0,001), TNF-alpha (11.69 + 2.95 pg/mL, p<0,001) and NFkB (5.56 =+
1.52 pg/mL, p<0,05), ET-1 (15.12 + 9.51pg/mL, p<0,001), Ang II (11,1 +5 pg/mL).

Significant changes were detected in the case of melatonin. In hypertensive rats vs I group,
melatonin levels were decreased in hypertensive animals (3.89 + 1.6 pg/mL, p<0,001) and in control group
of animals it was remained normal range (9.8 + 3.6 pg/mL, p<0,001). However, its index changed in the
opposite way in the preventive and treated group compared to the hypertensive animals. For III group of
animals (9.2 + 2.0 pg/mL, p<0,001), and for IV group of animals (5.6 + 1.9 pg/mL, p<0,001).

1 group 11 group 111 group IV group

SBP at 09:00 109.00 + 11.46 144.90 + 13.72 110.00411.79 mmHg 103.70 + 4.57
mmHg mmHg mmHg

SBP at 15:00 123.00 + 5.23 136.20 + 14.46 123.20£10.84 mmHg 105.70 = 5.57
mmHg mmHg mmHg

SBP at 21:00 105.80 + 10.21 153.60+15.42 108.10£9.42 mmHg 105.80 = 8.99
mmHg mmHg mmHg

DBP at 09:00 60.100 £ 4.067 67.900 &+ 8.185 63.50049.992 mmHg 58.800 = 2.486
mmHg mmHg mmHg

DBP at 15:00 60.400 + 3.098 57.400 + 3.893 50.200-£4.849 mmHg 51.800 + 6.088
mmHg mmHg mmHg

DBP at 21:00 55.600+2.914 69.500 £+ 5.701 56.50044.275 mmHg 56.100 = 5.065
mmHg mmHg mmHg

HB at 09:00 oos0027.30 b)3902891 356.40+15.33 b/min 365.70 % 11.70
b/min b/min b/min

HB at 15:00 361..40124.91 394..50:t 12.47 370.20431.00 b/min 371..101 15.67
b/min b/min b/min

HB at 21:00 363..50 +30.89 438..50 +25.63 379 602+18.24 b/min 368..70 +15.39
b/min b/min b/min

Tab.1 Hemodynamic parameters in different experimental groups of animals.
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As for circadian rhythmicity the analysis of hemodynamic parameters revealed significant
differences in the baseline values of BP and HB between rats with hypertension and the control group. In
hypertensive rats the highest value of SBP was 153 + 8 mmHg in evening, which correlated with mean
significances of HB — 438 + 25 b/min at the same time. The lowest values of SBP, as well as HB were in
the afternoon - 136 + 14 mmHg, 394 + 12 b/min, respectively. After the administration of S/V oral dose 30
mg/kg for 2 weeks the circadian rhythm of hemodynamic parameters was corrected and hemodynamic
parameters measured in the morning, afternoon and evening returned to the values of the control group
110 + 11 mmHg, 356 + 15 b/min at 09:00h. 123 + 10 mmHg, 370 + 31 b/min at 15:00h. and 108 + 9 mmHg,
372 + 18 b/min at 21:00h. (Tab.1)

Discussion. The aim of our study was to test S/V combination for the treatment of arterial
hypertension and its preventive effect on the development of arterial hypertension in DOCA-salt rats. We
decided to evaluate the efficacy of this combination (sacubitril/valsartan) and its antihypertensive and
preventive effects along with the level of anti-inflammatory markers, melatonin and angiotensin II
because the association between arterial hypertension and inflammatory markers is well recognized [34,
35].

The renin-angiotensin-aldosterone system (RAAS) plays a crucial role in the pathogenesis of
arterial hypertension [5]. The primary effector molecule of the RAAS is angiotensin II. It increases blood
pressure, encourages the kidney tubules to hold on to both sodium and water, and stimulates the adrenal
glands to release aldosterone. Ang II has strong vasoconstrictor properties in addition to proliferative, pro-
inflammatory, and pro-fibrotic effects [36]. Angiotensin II (Ang II) is a regulatory peptide hormone that
stimulates the constriction of vascular smooth muscle cells (VSMCs) [37].

In our study, the significant increase of ET-1 and Ang II in the hypertensive group emphasizes
their pathogenic role in the development of arterial hypertension, which is consistent with the data in the
research, and their significant reduction confirms the effectiveness of S/V in the treatment of arterial
hypertension [20].

In an effort to find new pharmacological therapy targets for the treatment of hypertension, there
has also been an extensive amount of study conducted to better understand the relationship between
inflammation and hypertension, with a focus on the role of inflammation playing in the development of
hypertension [38].

In our study, we evaluated NF-kB, TNF and IL-1 and found that the inflammatory markers were
significantly increased in the hypertensive group and significantly decreased in the treated and prevention
groups. Genes related to inflammation and immunological responses are regulated by nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-xB). Diabetes, atherosclerosis, and cardiovascular
diseases (CVDs) may be significantly influenced by NF-xB [39], which in turn is activated by angiotensin
IT via AT1 and AT2 in vascular smooth muscle cells [40]. NF-kB mediates the induction of pro-
inflammatory cytokines, such as TNF-q, IL-1 and IL-6, in monocytes/macrophages [41]. One of the key
members of the IL-1 family of interleukins, interleukin 1 beta (IL-1P) is primarily produced by
neutrophils, T cells, and monocytes. The correlation between IL-1f and hypertension has been increasing
in amount of data [42]. Specifically, it has been shown that IL-1p may activate a large number of
proinflammatory genes, leading to further tissue damage and inflammation-related events, such as
hypertension and myocardial infarction [43]. In addition to directly initiating the inflammatory response,
IL-1B also regulates the characteristics and functions of VSMCs, ultimately resulting in vascular
remodeling through either independent or dependent pathways on inflammation [44]. The function of
TNF-a signaling in controlling numerous secondary inflammatory processes, including the secretion of
cytokines, differentiation of cells, and apoptosis [45]. TNF-a so contributes significantly to blood pressure
elevation. TNF-a inhibitors are presently mostly used to treat autoimmune disorders; however, there is
no proof that they can be used to lower blood pressure and improve the prognosis for cardiovascular
diseases [46].

According to current findings, the pineal gland may also have an important role in regulating the
immunological response [47]. Furthermore, the pineal gland and the immune system have a two-way link



JECM 2024/1

as interleukins and cytokines regulate melatonin production and release [48]. Recombinant IL1 decreased
blood melatonin levels in rats via a receptor mechanism, and TNF produced by pineal gland microglia
hindered melatonin synthesis [49, 50]. Furthermore, through scavenging reactive oxygen species,
lowering oxidative stress, reducing inflammation, delaying ageing, and activating gene damage repair
pathways, melatonin plays significant roles in a number of disorders [51,52]

Our study revealed a significant decrease in melatonin in the hypertensive group and an increase
in its amount in the treatment and prevention group, indicating the effect of S/V on the circadian rhythm,
the disruption of which also increases cardiovascular mortality [53].

Growing data indicates that hypertension is a chronic inflammatory disease involving immune
cell migration, accumulation, and activation as well as ROS generation. Because hypertension is a complex
disorder, it's important to understand the pathogenic mechanisms underlying its many different stages.

We hypothesize that during arterial hypertension, elevated circulating angiotensin II that crosses
the blood-brain barrier acts on the melatonin-synthesizing enzyme tryptophan hydroxylase and causes its
downregulation, which is followed by a decrease in melatonin levels, which in turn causes an increase in
the inflammatory mediators IL1 and TNF, because melatonin inhibits their synthesis [54], which we have
shown in our research.

In our study, with the use of S/V, blood pressure was reduced and inflammatory markers were
statistically significantly reduced in both the treated and prevention groups, indicating the
antihypertensive and anti-inflammatory properties of the S/V combination, and therefore it can be
considered as a drug for the treatment of arterial hypertension. It also has a preventive effect in the
presence of risk factors and prevents the development of both hypertension and the inflammation, which
subsequently leads to target organ damage and cardiovascular mortality.

Conclusion. Eventually we hypothesize that during arterial hypertension, elevated circulating
angiotensin II crosses the blood-brain barrier and acts on the melatonin-synthesizing enzyme tryptophan
hydroxylase causing its downregulation, which is followed by a decrease in melatonin levels. This in turn
accompanied with increase in the inflammatory mediators IL1 and TNF, because melatonin inhibits their
synthesis, which was shown in our research. Based on the obtained data we can conclude that the S/V has
a multiple mechanism of pluripotent action that is likely provide positive effects on the long-term
outcomes of hypertension and patient survival.
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DAVIT GOLOSHVILI', MAIA OKUJAVA !, GIA BURJANADZE?, MAKRINF MIRZIASHVILI,
MANANA GHONGHADZE, NIKOLOZ GONGADZE'

EFFECT OF SACUBITRIL/VALSARTAN COMBINATION ON CIRCADIAN RHYTHM OF
HEMODYNAMIC PARAMETERS, INFLAMMATORY BIOMARKERS AND MELATONIN SYNTHESIS
IN EXPERIMENTAL ARTERIAL HYPERTENSION
ITbilisi State Medical University, Department of Medical Pharmacology; ?Tbilisi State Medical
University, Department of Biochemistry. Tbilisi, Georgia

SUMMARY

The circadian rhythm of blood pressure (BP) has been getting more attention since a rise in
nocturnal BP and an increase in morning BP have been found to be independent risk factors for cardio-
cerebrovascular disorders. The renin-angiotensin-aldosterone system (RAAS) is implicated in BP circadian
rhythm, and RAAS inhibitors play an important role in BP circadian rhythm management.

Experiments were carried out on male rats weighing 200,0-250,0 g. Animals were randomly
divided into the following groups: I — control group; II — DOCA-salt hypertensive group; III — S/V oral
dose of 30 mg/kg per day after 28-day intake of DOCA and salt solutions administration. IV - sacubitril /
valsartan (S5/V) oral dose 30 mg/kg per day with DOCA and salt solutions as drinking water for 4 weeks;

In II group of rats with DOCA-salt arterial hypertension (AH) the mean values of systolic blood
pressure (SBP) — 153,6 + 5,4 mmHg, diastolic blood pressure DBP — 67,9 + 2,8 mmHg and heart rate (HR)
— 394 + 12/min were significantly higher in comparison with control group of animals (123,0 + 5,2 mmHg,
P<0.001), (55,6 + 3,0 mmHg, p<0.05) and (361 + 24/min, p<0.001), respectively. As for III group of animals,
treatment with the S/V combination proved to be beneficial and the SBP and DBP, as well as the HR

10



JECM 2024/1

returned to normal values. In IV — experimental group S/V revealed preventive action regarding
hemodynamic changes during development of AH by decreasing values of SBP ( -50 + 11,8 mmHg,
p<0,001), DBP (-16 + 6,0 mmHg, p<0,001), and HB (- 67 + 15,6 beat/min, p<0,001). In hypertensive rats,
the level of inflammatory markers increased significantly, namely IL-1 was 8.6 pg/ml and TNF-alpha was
46.8 pg/ml. Both values returned to normal range after the use of S/V in experimental groups III and IV.
In a group of rats with DOCA-induced hypertension, melatonin levels were significantly decreased
compared to the control group (-6 pg/ml) and increased again after prevention and treatment of
hypertension with S/V. Respectively, an improvement in the disturbed circadian rhythm of hemodynamic
parameters was revealed in the same experimental groups of animals. Contrary to melatonin, levels of
angiotensin II were increased in hypertensive rats and decreased after blood pressure normalization with
S/V combination.

We hypothesize that during arterial hypertension, elevated circulating angiotensin II crosses the
blood-brain barrier and acts on the melatonin-synthesizing enzyme tryptophan hydroxylase causing its
downregulation, which is followed by a decrease in melatonin levels. This in turn causes increase in the
inflammatory mediators IL1 and TNF. Based on the data obtained as a result of our study, we can conclude
that the S/V combination has a multiple mechanism of action that is likely to have significant positive
effects on the long-term outcomes of hypertension and patient survival.

Keywords: Sacubitril, Valsartan, Circadian Rhythm, Melatonin, Experimental Arterial
Hypertension
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