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ABSTRACT 
BACKGROUND. Diurnal blood pressure (BP) variation is strongly associated with cardiovascular morbidity, endothelial 
dysfunction, and target-organ damage in hypertension. The renin–angiotensin–aldosterone system (RAAS), endothelin-1 (ET-1), 
and melatonin are important regulators of both vascular tone and circadian hemodynamic rhythms. This study investigated the 
effects of early sacubitril/valsartan treatment on time-of-day BP variation and neurohumoral alterations in DOCA-salt 
hypertensive rats. 
OBJECTIVES. To evaluate the preventive and therapeutic impacts of sacubitril/valsartan on blood pressure fluctuations and 
related serum biomarkers at specific diurnal time points. 
METHODS. Forty male rats were randomly divided into four groups (n=10/group): control, DOCA-salt hypertensive, therapeutic 
sacubitril/valsartan treatment after hypertension induction, and early sacubitril/valsartan treatment initiated simultaneously 
with hypertension induction. Hypertension was induced by intraperitoneal administration of deoxycorticosterone acetate 
(DOCA; 25 mg/kg) combined with 1% NaCl and 0.2% KCl in drinking water for 4 weeks. Sacubitril/valsartan was administered 
orally at 30 mg/kg/day. Systolic BP (SBP), diastolic BP (DBP), and heart rate (HR) were assessed weekly and at three specific time 
points (09:00, 15:00, and 21:00).  Serum levels of ET-1, angiotensin II (Ang II), and melatonin were determined using ELISA. 
RESULTS. DOCA-salt hypertension significantly increased SBP, DBP, and HR compared with controls (p-values determined via 
post hoc analysis; p<0.001), accompanied by marked elevations in ET-1 and Ang II levels and reduced melatonin concentrations. 
Untreated hypertensive rats exhibited significant alterations in time-of-day BP values, with a loss of the normal fluctuations seen 
in controls. Therapeutic administration of sacubitril/valsartan restored near-normal BP values (SBP: 123.2±10 mmHg; DBP: 
59.2±5 mmHg), normalized circadian hemodynamic fluctuations, reduced ET-1 and Ang II concentrations, and restored 
melatonin levels. Early initiation of treatment exerted an even more pronounced protective effect, preventing the development 
of hypertension, minimizing diurnal BP variability, and attenuating cardiovascular dysfunction. 
CONCLUSIONS. Early initiation of sacubitril/valsartan effectively prevents the development of DOCA-salt hypertension, modifies 
time-of-day hemodynamic variations at the measured points, and regulates serum endothelin-1, melatonin, and angiotensin II 
profiles. These findings suggest that early neurohumoral modulation with sacubitril/valsartan may confer significant 
cardioprotective benefits beyond conventional BP reduction, particularly by preserving circadian cardiovascular regulation. 
KEYWORDS. Angiotensin II; Arterial hypertension; Circadian rhythm; DOCA-salt hypertension; Endothelin-1; Melatonin; 
Sacubitril/valsartan. 
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BACKGROUND 
rterial hypertension is a major modifiable risk 
factor for cardiovascular disease. Hypertension 
is a cardiovascular disease characterized by 

elevated blood pressure, with systolic> 140 mmHg 
and diastolic> 90 mmHg. Hypertension can be divided 
into three stages (prehypertension, stage 1 
hypertension, and stage 2 hypertension) and three 
levels of risk (low, moderate, and high). Hypertension-
induced organ damage is defined as structural or 
functional changes in the arterial system and/or 
organs caused by elevated blood pressure. 1 

Hypertension affects 25–43% of the world's 
population aged 18 and older. 2 It is a major modifiable 
risk factor for cardiovascular mortality. Hypertension 
can be secondary, resulting from a variety of causes, 
but the majority of patients have primary 
hypertension without a secondary cause. Although 
many strategies for treating arterial hypertension are 
now available, 8–12% of patients with hypertension 
still have uncontrolled blood pressure despite 
treatment. 3 The short- and long-term regulation of 
blood pressure involves a comprehensive coordinated 
action of the cardiovascular, renal, nervous, and 
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endocrine systems. Arterial hypertension, in turn, 
leads to stroke, myocardial infarction, heart failure, 
kidney damage, and many other health problems. As 
previously mentioned, despite many treatment 
options, one in five patients has uncontrolled arterial 
hypertension; therefore, hypertension management 
is a major challenge for modern public health. The 
prevalence and clinical impact of hypertension are 
increasing worldwide, and its control is challenging, 
particularly in low-income countries. 4 

There are many classifications of arterial 
hypertension, but scientists agree that resistant 
hypertension is a particularly severe form of this 
disease. It was first described about 50 years ago and 
has been the subject of active research since then. 
Resistant hypertension is elevated blood pressure that 
does not respond to intensive drug treatment. 

Recent epidemiological studies have reported a 
prevalence of resistant hypertension in hypertensive 
patients of 10%, which is characterized by an 
increased risk of cardiovascular disease. 5 In addition, 
studies have identified subgroups of patients with 
even higher morbidity and mortality, which are likely 
to require more intensive drug management. 6 

Recently, particular attention has been paid to the 
circadian rhythm of blood pressure (BP), as nocturnal 
and morning BP elevations are independent risk 
factors for cardiovascular disease. The renin-
angiotensin-aldosterone system (RAAS) is involved in 
the circadian rhythm of blood pressure, and RAAS 
inhibitors play a crucial role in regulating it. The renin-
angiotensin system (RAAS) is one of the important 
systems that regulate blood pressure. It involves a 
complex system of hormones, proteins, and enzymes. 
In addition to the classical endocrine (circulating) 
RAAS, additional research has revealed autocrine and 
paracrine effects of the RAAS. In addition, it has been 
shown that the RAAS can be produced locally and act 
in various organs, including endothelial cells, the 
adrenal and pituitary glands, the testes, ovaries, 
kidneys, heart, and eyes. 7 Because systemic RAAS 
components cannot readily penetrate most brain 
regions due to the blood-brain barrier (BBB), the brain 
RAAS (b-RAAS) is of particular importance as a local 
RAAS. 8 Angiotensinogen, a precursor of the RAAS, is 
found in pineal glial cells, and pinealocytes contain 
AT1b receptors. 9 Angiotensin-converting enzyme 
(ACE) and chymase, but not renin, are part of the 

enzymatic cascade that produces Ang II, suggesting 
the existence of non-renin pathways. 10 Ang II 
produced locally in the pineal gland may affect the 
synthesis of melatonin, the main hormone of the 
pineal gland and considered a key modulator of 
circadian rhythms. 11 Angiotensin II, which is produced 
by glial cells from angiotensinogen, stimulates 
tryptophan hydroxylase, the rate-limiting enzyme in 
melatonin synthesis, by binding to pineal AT1b 
receptors. Angiotensin and melatonin may interact to 
regulate central circadian rhythms in the 
suprachiasmatic nucleus (SCN) or peripherally, which 
is important for cardiovascular organs. 12 Circulating 
angiotensin II activates central pathways that increase 
sympathetic activity, decrease baroreflex sensitivity, 
and increase vasopressin secretion. 13 However, in 
hypertension, circulating angiotensin II can cross the 
blood-brain barrier and integrate into the 
hypothalamus and brainstem. 14 Healthy individuals 
experience a 10–20% drop in blood pressure at night, 
which is considered normal. Individuals whose blood 
pressure does not change by at least 10% during sleep 
are considered "non-dippers." 15 This type of 
hypertension is associated with activation of the 
renin-angiotensin-aldosterone system (RAAS), 16 an 
increased risk of chronic kidney disease (CKD), 17 and 
adverse cardiovascular events. 18,19 The combination 
of high salt intake and hypertension is associated with 
a significantly increased risk of cardiovascular 
mortality. 18 Night shift work, which disrupts circadian 
rhythms, increases the risk of various diseases, 
including cancer and cardiovascular disease. 20 
Circadian rhythm disruption in night shift workers has 
been shown to result in significant increases in systolic 
blood pressure (SBP), diastolic blood pressure (DBP), 
and C-reactive protein (CRP), indicating systemic 
inflammation. The effect of circadian rhythm 
disruption on cardiovascular risk factors in healthy 
individuals has also been investigated. 21 In individuals 
with disrupted circadian rhythms, elevated levels of 
CRP, interleukin-1, resistin, and tumor necrosis factor 
(TNF) have been shown. Elevated levels of interleukin-
1, resistin, and TNF have been associated with the 
progression of hypertension through activation of 
inflammatory pathways and endothelial dysfunction. 
22 These findings suggest a direct link between 
disruption of normal circadian rhythms and increased 
risk of cardiovascular disease, and studies have 
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implicated angiotensin II and melatonin in modulating 
circadian rhythms. Melatonin, known as the sleep 
hormone and secreted by the pineal gland, 
significantly reduces nocturnal blood pressure and 
also promotes normal sleep in patients with essential 
hypertension. Plasma renin activity (PRA), 
angiotensin-converting enzyme (ACE) activity, 
angiotensin II (AngII), aldosterone, and thyroid 
hormone concentrations also influence the 
maintenance of the 24-hour rhythm of blood 
pressure. 23 Blood pressure decreases physiologically 
during the night, but each 5% increase above the 
normal range can increase mortality risk by 
approximately 20%. 24 Myocardial infarction (MI) is a 
life-threatening condition that can be complicated by 
arrhythmia, shock, or heart failure. There is a strong 
association between elevated blood pressure and 
myocardial infarction. Disruption of the circadian 
rhythm of blood pressure or chronically elevated 
blood pressure can lead to pathological changes in 
normal myocardial perfusion and increase the risk of 
myocardial infarction. 25 

METHODS 
The experiments were carried out on 40 male rats 
weighing 200.0-250.0 g. The animals were housed in a 
vivarium with a temperature regime of 23±1oC, 
50±5% humidity and 12 h light - 12 h dark (lights on at 
07:00, lights off at 19:00). In accordance with the 
principles of the International Guidelines for Free 
Access to Food and Water and the criteria established 
by the Ethical Council of the Tbilisi State Medical 
University (Approval No: 51/25.12.2020]. Animals 
were handled in compliance with international 
guidelines, allowed a 7-day acclimatization period, 
and randomized into groups using a computer-based 
random number generator. Outcome assessors were 
blinded to the treatment groups during data 
collection. The animals were randomly divided into 
four groups (n=10 per group): Group I received normal 
drinking water for 4 weeks. Group II (Hypertensive 
Group): Received intraperitoneal injections of 25 
mg/kg DOCA twice weekly and drinking water 
supplemented with 1% NaCl and 0.2% KCl for 4 weeks. 
Group III (Therapeutic Treatment Group): Received 
the same 4-week DOCA-salt protocol as Group II, 
followed by 2 weeks of oral sacubitril/valsartan 
therapy (30 mg/day). Group IV (Early/Preventive 

Treatment Group): Received oral sacubitril/valsartan 
therapy (30 mg/day) initiated simultaneously with the 
DOCA-salt protocol and maintained throughout the 
entire 4-week study period. To monitor the dynamics 
of DOCA-salt hypertension development, systolic, 
diastolic, and mean arterial pressure were measured 
from the tails of non-anesthetized rats in all four 
groups in a special chamber every week with the tail-
cuff method on a Neurobotic device, with computer 
support. For this purpose, the animals were placed in 
the chamber to adapt for 30 minutes, after which the 
pressure values were measured 5 times at 5-10 
minute intervals and averaged. In addition, heart rate 
was measured with the aforementioned device. To 
determine the time-of-day variation in systemic BP 
and HR, parameters were evaluated at three time 
points: 09:00, 15:00, and 21:00. Drug dosing was 
administered daily at 08:00, exactly 1 hour prior to the 
09:00 measurement. Following the 4-week protocol 
(or 6 weeks for Group III), at the corresponding hours 
of blood pressure acrophases (the time when the 
indicator reaches its maximum), rats were 
anesthetized with pentobarbital (65 mg/kg i.p.). Blood 
collection was strictly standardized across all groups 
and performed at exactly 15:00 under identical 
environmental light conditions to avoid time-of-day 
and light-induced confounding artifacts on melatonin 
levels. Blood samples were collected via a catheter in 
the carotid artery. Serum concentrations of 
Endothelin-1, Angiotensin II (Ang II), and Melatonin 
(MT) were determined using quantitative ELISA kits 
(Cusabio, USA) in accordance with manufacturer 
guidelines. 

Statistical processing of data 

Quantitative data are presented as mean ± standard 

error of the mean (SEM). Main and interaction effects 

for hemodynamic variables measured across multiple 

time points were analyzed using a two-way repeated-

measures ANOVA (Factors: Group and Time-of-Day). 

Serum biomarker levels were analyzed using a 

standard two-way ANOVA. Post hoc pairwise 

comparisons were performed using Tukey's 

adjustment for multiple testing. Normality and 

homogeneity of variances were verified via Shapiro-

Wilk and Levene's tests, respectively. Statistical 
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significance was defined as p<0.05, with exact p-

values reported where applicable. 

RESULTS 

In the control group, the baseline SBP was 123.0±5.23 

mmHg at 15:00. Following the 4-week administration 

of DOCA and high-salt water, SBP significantly 

increased, reaching 183.6±15.42 mmHg at 15:00. In 

Group III, therapeutic oral administration of 

sacubitril/valsartan (30 mg/day) reversed this 

hypertensive state, returning SBP values to near-

control levels (123.2±10.84 mmHg). In Group IV, early 

co-administration of sacubitril/valsartan completely 

prevented the development of DOCA-salt 

hypertension, maintaining SBP at a normal baseline of 

103.7±4.57 mmHg. Diastolic blood pressure followed 

a similar pattern: Group I control levels (60.4±3.10 

mmHg at 15:00) rose dramatically to 97.9±8.19 mmHg 

in Group II, then dropped to 59.2±4.85 mmHg 

following therapeutic intervention (Group III), and 

remained at 51.8±609 mmHg under early preventive 

care (Group IV). (FIG.1); Mean HR was elevated in 

Group II (438.5±25.63 beats/min) relative to Group I 

(361.4±24.91 beats/min) but normalized effectively 

under therapeutic (370.2±31.00 beats/min) and 

preventive (371.1±15.67 beats/min) regimens (FIG.2). 

FIGURE 1. Blood pressure values in the control and 
experimental groups 

 
Abbreviations: DBP, diastolic blood pressure; SBP, systolic 
blood pressure. 

FIGURE 2. Heart rate variability in control and experimental 
groups 

 

The average values of hemodynamic parameters in 

animals of all four study groups, namely systolic and 

diastolic blood pressures and heart rate, differed 

depending on the time of day. In particular, in animals 

of the control group, systolic blood pressure at 09:00 

was 109±11 mmHg, at 15:00 it was 123.2±0 mmHg, 

and at 21:00 the minimum average value of systolic 

blood pressure was observed in this group, 105.8±10 

mmHg (p<0.005). Also, in the same study group, 

different indicators were observed for diastolic blood 

pressure: at 09:00, it was 60.1±4 mmHg; at 15:00, 

60.4±3 mmHg; and at 9:00 p.m., 55.6±2 mmHg 

(p<0.05). As for the heart rate of the control group 

animals, at 09:00 it was 358.9±27 beats/min, at 15:00 

it was 361.4±24 beats/min, and at 21:00 it was 

363.5±30 beats/min (p<0.001). Also, different 

hemodynamic parameters were observed after the 

development of DOCA-salt arterial hypertension: the 

mean systolic blood pressure at 09:00 was 183.6±15 

mmHg, at 15:00 it was 174.9±13 mmHg, and at 21:00 

it was 166.2±14 mmHg (p<0.005). Diastolic blood 

pressure values were 99.5±5 mmHg in the morning, 

97.9±8 mmHg in the afternoon, and 87.4±4 mmHg in 

the evening (p<0.05). As for the heart rate in the 

hypertensive group, it was 394.5±12 beats/min at 

09:00, 438.5±26 beats/min at 15:00, and 413.9±29 

beats/min at 21:00 (p<0.001). In experimental group 

III, after treatment with the sacubitril/valsartan 
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combination, the following circadian rhythm of 

hemodynamic parameters was observed: systolic 

blood pressure at 09:00 was 110±12 mmHg, at 15:00 

was 123.2±11 mmHg, and at 21:00 was 108.1±10 

mmHg (p<0.005). The diastolic blood pressure at 

09:00 was 63.5±10 mmHg, at 15:00 - 59.2±5 mmHg, 

and at 21:00 - 56.5±4 mmHg. (p<0.05). The heart rate 

of the animals in the same experimental group at 

09:00 was 356.4±15 beats/min, at 15:00 it was 

370.2±31 beats/min, and at 21:00 it was 371.6±18 

beats/min (p<0.05). In the animals of the fourth 

experimental group, the systolic blood pressure in the 

morning and afternoon hours was 103.7±4 mmHg, 

and at 21:00 - 105.8±9 mmHg. In animals of the same 

group, diastolic blood pressure at 09:00 was 58.8±2 

mmHg, at 15:00 it was 51.8±6 mmHg, and at 21:00 it 

was 56.1±5 mmHg. As for the average heart rate: 

365.7±11 beats/minute at 09:00, 371.1±15 

beats/minute at 15:00, and 368.7±15 beats/minute at 

21:00. (TAB.1). 

TABLE 1. Circadian fluctuation of hemodynamic parameters in rats of the control and experimental groups, measured at 09:00, 
15:00, and 21:00 

Indicator Group I Group II Group III Group IV 

SBP 09:00 109.00±11.46 174.90±13.72 110.00±11.79 103.70± 4.57 

SBP 15:00 123.00± 5.23 183.60±15.42 123.20±10.84 103.70± 4.57 

SBP 21:00 105.80±10.21 166.20±14.46 108.10±9.42 105.80±8.99 

DBP 09:00 60.100±4.067 99.500±5.701 63.500±9.992 58.800±2.486 

DBP 15:00 60.400±3.098 97.900±8.185 59.200±4.849 51.800±6.088 

DBP 21:00 55.600±2.914 87.400±3.893 56.500±4.275 56.100±5.065 

HR 09:00 358.90±27.30 394.50±12.47 356.40±15.33 365.70±11.70 

HR 15:00 361.40±24.91 438.50±25.63 370.20±31.00 371.10±15.67 

HR 21:00 363.50±30.89 413.90±28.91 371.60±18.24 368.70±15.39 

Abbreviations: DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure. 

The average level of the vasoconstrictor substance 

ET-1 in the animals of the control group was 

18.28±3.47 pg/ml. Along with the increase in 

hemodynamic parameters, its level increased 

significantly in the animals of the second group, 

reaching 41.64±17.2 pg/ml (p<0.001). After treatment 

with the sacubitril/valsartan combination, a 

significant decrease in endothelin-1 levels was 

observed, with values of 15.12±9.51 pg/ml in the 

animals of the third experimental group (p<0.001). In 

the animals of the fourth group, there was no increase 

in endothelin-1 levels, and the average level was 

16.32±2.71 pg/ml (p<0.001). (FIG.3) 

FIGURE 3. Concentrations of endothelin-1 (ET-1) in 
different experimental groups 

 

The mean angiotensin-II levels in group I animals 
were 12.5±4 pg/ml, which increased 5-fold in 
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hypertensive rats to 63±26 pg/ml (p<0.001). In group 
III animals, after administration of sacubitril/valsartan, 
the mean Ang-II level decreased significantly to 11.1±5 
pg/ml (p<0.001). Compared with animals in 
experimental groups I and III, the mean angiotensin-II 
level in group IV was moderately increased to 
20.4±6.7 pg/ml. (FIG.4). 

FIGURE 4. Concentrations of angiotensin II (ANG-II) in 
different experimental groups 

 

The mean melatonin level in the control group was 
9.8±3.6 pg/ml, whereas in the second group of 
animals, which developed arterial hypertension, it 
was significantly lower at 3.89±1.65 pg/ml (p<0.005). 
After treatment with the sacubitril/valsartan 
combination (oral dose of 30 mg/kg), the melatonin 
level in the third experimental group was 9.3±2 pg/ml 
(p<0.005). In contrast, the fourth group of animals had 
a mean value of 5.7±1.2 pg/ml (p<0.005). (FIG.5). 

FIGURE 5. Concentrations of melatonin (MT) in different 
experimental groups 

 

DISCUSSION 
The results of the present study demonstrate that 
sacubitril/valsartan administration effectively reduces 
blood pressure and heart rate in DOCA-salt-treated 
rats. This therapeutic efficacy was observed both 
when administered after the establishment of 
hypertension (therapeutic group) and when initiated 
concurrently with DOCA-salt exposure (preventive 
group). Notably, early initiation of sacubitril/valsartan 
had a more pronounced effect in mitigating elevations 
in systemic systolic and diastolic blood pressure, 
suggesting potential utility for early intervention in 
this experimental model. A primary focus of this study 
was evaluating how early versus late 
sacubitril/valsartan intervention influences diurnal 
hemodynamic variations. It must be explicitly noted as 
a study limitation that systemic BP and HR were 
recorded at only three specific time points (09:00, 
15:00, and 21:00). Consequently, these data reflect 
discrete time-of-day variations rather than a full, 
continuous 24-hour circadian profile. They cannot be 
used to mathematically define definitive circadian 
parameters such as nocturnal dipping, amplitude, 
acrophase, or phase shifts. 

In our experimental model, the control group 
showed steady fluctuations across the measured 
hours. Conversely, the untreated hypertensive group 
exhibited an altered pattern, with significantly 
elevated blood pressure values persisting across the 
morning and afternoon points. While these findings 
indicate a clear disruption in normal time-of-day blood 
pressure variations under DOCA-salt exposure, 
interpreting these patterns requires caution. Because 
rats are nocturnal, their physiological rest/activity 
cycles are reversed compared to humans'. In our 
facility, the 12 h light/12 h dark cycle was strictly 
controlled, with lights on at 07:00 and lights off at 
19:00. Thus, the 09:00 and 15:00 measurements 
correspond to the animals' early- to mid-quiescent 
(sleep) phase. 

In contrast, the 21:00 measurement occurs during 
their active (dark) phase. The high blood pressure 
values observed during the resting phases in Group II 
align with a marked reduction in circulating melatonin 
levels. In the therapeutic group, treatment with the 
sacubitril/valsartan combination reduced these 
fluctuations, bringing values closer to those of the 
controls. Interestingly, in the early intervention group 
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(Group IV), the day-to-evening variation across the 
three measured points was minimized, with blood 
pressure remaining baseline-like throughout. This 
stabilization suggests that early intervention may 
alleviate early-phase hemodynamic surges within this 
model. However, definitive conclusions regarding the 
preservation of true circadian rhythm or a reduced 
risk of future clinical cardiovascular events cannot be 
drawn without continuous 24-hour telemetry or 
structural tissue evaluations, which were outside the 
scope of this study. 

Unlike studies performed in heart failure or high-
renin conditions, sacubitril/valsartan treatment in our 
DOCA-salt model was associated with reduced serum 
angiotensin II concentrations. The DOCA-salt model is 
characterized by suppression of systemic renin-
angiotensin system activity; therefore, sacubitril-
mediated enhancement of natriuretic peptide 
signaling may have further inhibited renin release and 
angiotensin II generation. In addition, differences in 
analytical methodology, as Ang II was quantified by 
ELISA in the present study rather than equilibrium LC-
MS/MS, may contribute to discrepancies between 
studies. 26,27 

Our biochemical analyses revealed a substantial 
increase in serum endothelin-1 (ET-1) and angiotensin 
II (Ang II) in the untreated hypertensive group, paired 
with a significant decrease in serum melatonin. ET-1 is 
a potent endothelium-derived vasoconstrictor 
peptide. In the DOCA-salt rat model, elevated ET-1 
levels increase vascular tone by binding to endothelin 
A (ETA) receptors on vascular smooth muscle cells. 
This effect is upregulated in the vascular wall under 
mineralocorticoid excess. 28 Previous in vitro research 
has shown that Ang II can stimulate the expression 
and secretion of ET-1, 29 and that these two peptides 
can act synergistically to exacerbate vasoconstriction 
in mineralocorticoid-induced hypertension.30 

However, the marked elevation of serum Ang II in 
our DOCA-salt group and its subsequent reduction by 
sacubitril/valsartan require careful mechanistic 
contextualization. The standard DOCA-salt model is 
traditionally characterized as a high-volume, salt-
sensitive, low-renin model of hypertension, where 
systemic circulating components of the renin-
angiotensin-aldosterone system (RAAS) are heavily 
suppressed by negative feedback from fluid retention. 
The observed increase in circulating Ang II in our 

protocol might stem from local tissue-level RAAS 
overactivation—particularly in the kidneys, 
vasculature, or central nervous system—that can spill 
over into the systemic circulation with prolonged 
exposure. Additionally, valsartan is an AT1 receptor 
blocker, a class of drug that typically causes a 
compensatory upward reflex in circulating Ang II due 
to the interruption of the negative feedback loop. The 
lower serum Ang II levels in our treated groups 
suggest that sacubitril/valsartan does not uniformly 
suppress the RAAS. Instead, simultaneous neprilysin 
inhibition by sacubitril increases natriuretic peptide 
levels, which may counterregulate systemic fluid 
balance, reduce sympathetic outflow, and ultimately 
modulate overall Ang II production in this specific 
high-salt state. To fully substantiate these pathways, 
future investigations should evaluate pre-analytical 
handling, local tissue RAAS expressions, and explicit 
ELISA cross-reactivities. 

In our study, sacubitril/valsartan treatment 
significantly lowered serum ET-1 concentrations in the 
therapeutic group and limited its elevation in the 
preventive group. In the early-stage intervention 
group, serum ET-1 concentrations were kept low, 
suggesting that early limitation of these 
vasoconstrictors may help prevent the development 
of severe hypertension. 

Regarding melatonin regulation, this pineal 
hormone plays a vital role in cardiovascular 
homeostasis via its antioxidant capacities. Melatonin 
production is highly time-dependent and sensitive to 
light and neurohumoral factors. In our protocol, blood 
collection for all experimental groups was strictly 
standardized and performed at exactly 15:00 under 
identical environmental light conditions. This 
eliminates confounding variations caused by sampling 
animals at shifting clock times or under varying light 
conditions. Elevated Ang II levels accompanied the 
reduced serum melatonin observed in the untreated 
hypertensive group. While renal Ang II does not cross 
an intact blood-brain barrier, hypertensive pathology 
can disrupt barrier integrity, potentially allowing 
peripheral peptides to interface with central 
structures and impact pineal synthesis. Following 
sacubitril/valsartan administration, serum Ang II 
decreased, while melatonin levels concurrently 
increased. In the early treatment group, where the 
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onset of hypertension was attenuated, melatonin 
concentrations remained close to control values. 

Several limitations must be acknowledged when 
interpreting these data. First, because tail-cuff 
plethysmography was limited to three time points 
per day, continuous diurnal profiling has not been 

verified. Second, while the term cardiovascular 
protection' is conceptually relevant, this study did not 
directly measure functional endothelial parameters, 
cardiac remodeling, oxidative stress markers, or renal 
structural injury. Therefore, the protective assertions 
made here are strictly limited to the observed 
modifications of serum biomarkers (ET-1, Ang II, 
melatonin) and the modulation of time-of-day blood 
pressure values. 

CONCLUSIONS 
In this DOCA-salt rat model, sacubitril/valsartan 
reduced blood pressure and heart rate and was 
associated with lower serum ET-1 and Ang II 
concentrations and higher melatonin levels compared 
with untreated hypertensive animals. Early 
administration attenuated the development of 
hypertension and reduced time-of-day variation in 
hemodynamic parameters. Further studies using 
continuous 24-hour BP telemetry and more detailed 
mechanistic assessment are needed to confirm 
whether sacubitril/valsartan truly preserves circadian 
blood pressure regulation. 
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