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Abstract. Despite the extensive prevalence of hypertension and its established role
as a leading risk factor for various heart diseases, there remains a significant gap in
understanding the intricate mechanisms and physiological markers involved in the
condition. Although natriuretic peptides are known to regulate numerous physiological
processes, their precise relationship with other physiological variables such as resistin,
renin, aldosterone, and electrolytes in individuals with hypertension has not been
thoroughly investigated. The present study aimed to evaluate the levels of natriuretic
peptides and their correlation with some physiological variables, such as resistin, renin,
aldosterone, sodium, potassium, and chloride in hypertensive patients.

Methods. This cross-sectional study recruited 90 participants (50 hypertensive patients
and 40 healthy volunteers as controls) between the ages of 30 and 50. The blood samples
were collected from all the participants between December 2023 and April 2024 at Al-
Ramadi Teaching Hospital. Serum levels of atrial natriuretic peptide (ANP), brain
natriuretic peptide (BNP), C-type natriuretic peptide (CNP), renin, resistin, aldosterone,
potassium, sodium, and chloride were measured.

Results. The results showed that the concentration of ANP, BNP, and CNP was
significantly higher (p < 0.001) in the hypertensive group compared with the control
group. Renin, resistin, sodium, and chloride concentrations in the hypertensive group
were significantly higher (p < 0.001) than in the control group. Conversely, potassium
levels were significantly lower (p < 0.001) in the hypertensive patient group compared
with the control group. There was a positive correlation between ANP with resistin and
renin r=0.500, 0.505 respectively, while there is a negative correlation between ANP
wilt sodium and chloride r= -0.321, r= -0.297 respectively, a positive correlation was
observed between BNP and renin (r= 0.316), and aldosterone (r=0.395).

Conclusions. The present study discovered that patients with hypertension experienced
increased levels of natriuretic peptides, resistin, renin, and aldosterone, as well as a
decline in the concentration of electrolytes. The observed associations between natriuretic
peptides and certain physiological variables, such as resistin and renin, sodium, and
chloride, highlight interconnected pathways involved in hypertension. This suggests that
natriuretic peptides may be used as a treatment for hypertensive patients.

Keywords: aldosterone, atrial natriuretic peptide, brain natriuretic peptide, C-type
natriuretic peptide, hypertension, resistin, renin, electrolytes.
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Amna Anias Moxammen, Map am 1. Caaman

HartpiiiypeTnuHi nenTuam Ta ix 38’A30K 3 peHiHOM, aJIbJIOCTEPOHOM Ta
€JIEKTPOJIiITAMH KPOBi XBOPHX 3 TiNepPTOHIYHOIO XBOPO0OIO: OTHOMOMEHTHE
nepexpecHe A0CJIIKEeHHS

HaykoBuii konenx YHiBepcuteTy AHOap, Ipak

Pe3iome. Heszsaxcarouu na wupoxy nowupenicms apmepianvHoi einepmensii ma ii poav 3K nposioHoeo gaxmo-
Pa pUu3uKy pizHUX cepuedo-cyOUHHUX 3aX80PI0GAHb, 3AAUUAEMbCS 3HAYHA NPORAAUHA 8 PO3YMIHHI CKAAOHUX MeXaHi3-
Mig i pizionoeiunux mapkepie, 3aryuenux 0o ii namoenenesy. Xoua nampiiilypemuuni nenmuou, K 8i0oMo, pe2yarioms
yycnenti gizionoeiuni npoyecu, ix moyHuil 36 130K 3 IHWUMU DI3I0N0TYHUMU 3MIHHUMU, MAKUMU K De3UCIMUH, DeHiH,
anbdocmepon i erekmpoaimu y nayienmie 3 einepmonicro, He 0ye pemenvHo docaidxceruii. Memoro yboeo docaidxncerus
6y10 oyinumu pieni Hampiilypemu4Hux nenmudie ma ix Kopeasyiro 3 pe3ucMuHoM, PeHIHOM, anbO0CMEPOHOM il eneKmpo-
Aimamu y nayieHmie 3 2inepmer3siero.

Memodu. Jlo yboeo o0HOMOMeHmMHO20, hepexpecHo2o docaiOxucenHs Oyn0 3anyueno 90 yuacuukis (50 nayienmis 3
einepmorieio ma 40 30o0posux dobposoavyie y skocmi KoHmpoavHoi epynu) eikom 6id 30 do 50 pokie. 3pasku Kpoesi 6yiu
3ibpaHi y écix yuacnukie y nepioo 3 epyous 2023 poky no keimensv 2024 poky é Hasuanwvhiil rikapHi Anv-Pamadi. Busna-
uaau cuposamioei pieri nepedcepdnoeo Hampiilypemuynoeo nenmudy (ANP), mo3K060e0 Hampiilypemuuro2o nenmudy
(BNP), nampiitypemuurnoeo nenmudy C-muny (CNP), peniny, pezucmuny, arb00cmepory, Kanio, HAmpiro ma xaopuoy.

Pesyaomamu. Pesyaomamu npodemoncmpysanu, uio xornuenmpayis ANP, BNP i CNP 6Oyaa 3HauHO 8uujor
(p < 0,001) y nauienmie 3 einepmoHiero NOPieHAHO 3 KOHMPOAbHOI epynoro. Konuenmpauyii peniny, pezucmuny, Hampiro
ma xa0pudy e epyni einepmornixie 6yau euwumu (p < 0,001) nixc 6 Konmpoavuiil epyni, modi K pieerv Kanito 6y8 3HAHHO
Huxcuumu (p < 0,001) y epyni nayicumie 3 einepmen3iero NOPIGHAHO 3 KOHMPOAbHOIO 2pyNnoro. Becmarnoesneno nozumuenui
Kopensyiinuil 36 30k mixe ANP ma pezucmurnom i peninom (r = 0,500 ma r = 0,505, gionosiono), minc BNP ma pe-
Hinom (r = 0,316) it anedocmeporom (r = 0,395); necamuena kopeasyisa eusnauena misxc ANP ma nampiem i xaopudom
(r=-0,321 mar=-0,297, gionogiono).

Bucnosku. Y nauienmie 3 einepmensicto cnocmepieacmocs nid8uUueHHs KOHUeHMpayii Hampiilypemu4Hux nenmu-
die, pe3ucmuny, peHiny ma anrb00CmepoHy, @ MAKO0IC 3HUNCCHHs KOHYeHmpauii erekmpoaimise. Buznauenuil 63aemMo36 130K
Midc HampiilypemuuHUMU nenmudamu ma nesHUMU QizionoeiyHUMU MAPKepamMu, MAKuMu K pe3ucmut i peHiH, Hampiti
i xa0pud, niokpecarorms 63aEMON06 A3aHI WASAXU, 3aAy4eH] 00 einepmensii ma ceiduumo Ha KOPUCIb MONCAUBO20 3a-
CMOCY8aHHs HAMPILypemu4HUx nenmudie 6 AiKyeaHHi 2inepmonii.

KniouoBi cioBa: ecinepmensis, aavdocmepon, nepedcepOruil Hampiilypemuunuii nenmud, Mo3K0oeui Hampiiype-
muyHuil nenmud, nampiilypemuunuii nenmud C-muny, pe3ucmun, peHin, ereKkmponimu.

Introduction. Hypertension ranks third among the
six primary risk factors for cardiovascular disease glob-
ally. It is a primary risk factor for heart disease, stroke,
and renal failure [1]. Hypertension is a prolonged in-
crease in systolic blood pressure of at least 140 mmHg
and/ or diastolic blood pressure of at least 90 mmHg,
as well as the use of blood pressure drugs [2]. The term
“natriuretic peptides” (NPs) refers to a group of struc-
turally related hormones and paracrine substances that
control several physiological processes, such as cell
division, vascular tone, inflammation, neurohumoral

Amna Adil Mohammed:
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pathways, fluid balance, and electrolyte levels, through
the action of the natriuretic peptide system [3]. Atrial
natriuretic peptide (ANP), brain natriuretic peptide
(BNP), and C-type natriuretic peptide (CNP) are the
three peptides that have been investigated the most
[3]. The first member of the natriuretic peptide family,
ANP, was discovered as a peptide hormone in 1983 and
1984 [4]. Atrial natriuretic peptide plays a vital role in
blood pressure regulation by raising the glomerular fil-
tration rate (GFR) and preventing the kidneys from re-
absorbing salt and water [5]. By preventing the kidneys
from releasing renin and producing aldosterone, ANP
inhibits the renin-angiotensin-aldosterone pathway [5].

Brain natriuretic peptide, a peptide that shares
characteristics with ANP, such as natriuretic-diuretic,
hypotensive, and smooth muscle relaxant effects, was
initially identified in pig brain tissue [4]. The most re-
cently identified member of the natriuretic peptide
family is the C-type natriuretic peptide (CNP), which
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is mostly synthesized in the endothelium [6]. Scien-
tists discovered C-type natriuretic peptide (CNP) in
pig brains in 1990 and cloned humans, rats, and pigs to
replicate it [7]. According to a recent study, naturally
occurring CNP in endothelial cells plays a critical role
in regulating the blood pressure of living things over the
long term [8]. Suppression of vasopressin, sympathetic
outflow, and adrenocorticotropic hormone (ACTH) is
a key strategy for maintaining long-term blood pres-
sure management [9]. Blood pressure is significantly
increased by the mineralocorticoid steroid hormone
aldosterone, which was first discovered and purified
in 1954. Aldosterone is the primary component and
mediator of the renin-angiotensin-aldosterone system
(RAAS). This steroid is essential to understanding ab-
normal physiological processes, especially those con-
nected to cardiovascular disease [10]. Aldosterone has
been extensively studied for its important role in fluid
balance extracellular potassium concentration, and the
renin-angiotensin system [11].

Recent research has elucidated new processes that
contribute to understanding the immediate and long-
lasting effects of resistance in cardiovascular diseases.
Resistin has a significant impact on cardiovascular dis-
ease progression. It stimulates inflammation, impairs
the function of vascular endothelial cells, and causes
the death of smooth muscle cells [12]. Resistin is a
well-known cytokine that is secreted by human inflam-
matory blood cells and has also been discovered to be
secreted by adipocytes. It is thought to be important for
neurodegenerative and autoimmune diseases, as well
as for inflammatory and autoimmune disorders [13].
Resistin stimulates inflammatory processes in the heart
and blood vessels, which leads to the development of
hypertension and coronary artery disease. This is sup-
ported by the association between circulating resistin
levels and inflammatory markers [14]. Many research-
ers have investigated the relationship between resistin
levels in circulation and heart disorders, and they dis-
covered a role in vascular remodeling and renin-an-
giotensin pathway modification, both of which lead to
hypertension [13]. Hypertension is considered a hidden
killer due to its silent symptoms and causes the death
of many people all over the world, so studying some of
the physiological changes associated with the disease is
one of the necessities. The present study was therefore
conducted to evaluate the levels of natriuretic peptides
(ANP, BNP, and CNP) and their correlation with some
physiological variables, such as resistin, renin, aldoste-
rone, sodium, potassium, and chloride in hypertensive
patients.

Materials and Methods. Study design and partic-
ipants. This cross-sectional study was conducted from

December 2023 to April 2024, with ethical approval
obtained from the Ethical Approval Committee of the
University of Anbar in Ramadi, Iraq, under approval
number 33. The study included ninety participants,
comprising fifty patients with hypertension and forty
healthy donors, both male and female, aged 30 to 50
years. Hypertension was defined as having a diastolic
blood pressure (DBP) of 290 mm Hg and/or a systolic
blood pressure (SBP) of >140 mm Hg [15]. Exclusion
criteria for the study included individuals with diabetes
mellitus, cardiac conditions, smokers, pregnant wom-
en, and those with vascular illnesses.

Collection and preparation of blood samples. The
blood specimens were obtained from the participants by
venipuncture, which involved draining 5 mL of blood
using a disposable syringe, after a 10-hour overnight
fast. After the blood was drained, it was placed in a gel
tube and allowed to coagulate at room temperature (18
to 25°C). Then, it was centrifuged for 5 minutes at 3,500
rpm to isolate the serum. The serum was then split into
white tubes and stored in a deep freezer at —18°C until it
was needed. Each participant’s blood pressure was also
measured with a sphygmomanometer.

The body mass index (BMI) was calculated using
the equation: BMI = Weight (kg) / Height (m?2).

Biochemical and physiological analyses. Bio-
chemical analyses of serum ANP, BNP, CNP, resistin,
renin, and aldosterone were carried out. The sandwich
enzyme-linked immunosorbent assay (ELISA) technol-
ogy kits (Melsin Medical Co., Limited) were employed
with CAT numbers: EKHU-0190 for ANP, EKHU-
0216 for BNP, EKHU-0211 for CNP, EKHU-0845 for
resistin, EKHU-0663 for renin, and EKHU-1169 for
aldosterone. The electrolyte measuring device was used
to measure the serum potassium, sodium, and chloride
according to the manufacturer’s recommendations.

Statistical analysis. Data were analyzed using Gen-
stat software. Simple measures such as frequency, per-
centage, mean, and standard error were used to present
the results. Additionally, data were analyzed and pre-
sented as histograms using the Statistical Package for the
Social Sciences (SPSS, version 29, IBM, NY, USA).
The Student’s t-test was used to test the difference be-
tween two independent means (quantitative data), with
p-values of <0.05 considered statistically significant.
Pearson correlation was calculated to assess the relation-
ship between two quantitative variables [16].

Results. As expected, systolic blood pressure
(SBP) at 166.00£11.909 mmHg and diastolic blood
pressure (DBP) at 102.10+5.810 mmHg in hyperten-
sive patients were significantly higher compared to the
control group, which had SBP of 119.75£8.161 mmHg
and DBP of 79.75£6.299 mmHg (Table 1).
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Table 1
Sex, age, BMI, and electrolyte levels in hypertensive patients and normotensive controls
Parameter Hypel;tl:lelsi;g)group Co?ltr:l fg;’ = p-value

Gender (M/F) 25/25 20/20 -
SBP (mmHg) 166.00 = 11.909 119.75 + 8.161 0.001
DBP (mmHg) 102.10 £ 5.810 79.75 £ 6.299 0.001
BMI (kg/m?) 28.260 £ 1.806 23.145 £ 2.925 0.001
Age 43.58 £ 0.80 41.92+0.82 0.05
Potassium (mmol/ L) 3.769 £ 0.3194 4.141 £ 0.3413 0.001
Sodium (mmol/ L) 131.12 £ 9.966 117.96 + 3.632 0.001
Chloride (mmol/ L) 96.40 &+ 5.610 91.62 £ 13.949 0.001

Abbreviations:  SBP: Systolic blood pressure; DBP: Diastolic blood pressure; BMI: Body mass index

However, there was no significant difference in age
between the two groups. The hypertension group had
a significantly higher BMI, sodium and chloride levels
while potassium concentration was significantly lower
compared to the control group.

Table 2 shows significantly higher levels of natri-
uretic peptides, resistin, renin, and aldosterone in hy-
pertensive patients compared to the normotensive con-
trol group.

Table 2
Levels of natriuretic peptides, resistin, renin, and aldosterone in hypertensive patients
and normotensive controls

Parameter Hypertensive group (n = 50) CO?::] fg;) up p-value
ANP (pg/mL) 560.22 + 146.875 472.53 + 76.265 0.001
BNP (pg/mL) 692.60 + 84.250 538.50 £ 538.50 0.001
CNP (pg/mL) 3320.00 £ 1174.192 2939.82 + 1644.56 0.001
Resistin (ng/mL) 42.75 £ 9.430 36.39 £ 4.537 0.001
Renin (pg/mL) 91.70 £ 24.714 75.65 + 8.928 0.001
Aldosterone (pg/mL) 543.180 = 48.0159 490.164 = 46.9116 0.05

Abbreviations: ~ ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide; CNP: C-type natriuretic peptide

As indicated in Table 3, correlations between na- was negatively correlated with sodium and chloride.
triuretic peptides and various studied variables were ob- BNP also demonstrated positive correlations with re-
served. Specifically, ANP showed a moderately positive  nin, aldosterone, and BMI.
correlation with resistin and renin. Additionally, ANP

Table 3
Correlation between natriuretic peptides and studied variables in hypertensive patients
Variables r p-value
ANP - Resistin 0.500 0.01
ANP - Renin 0.505 0.01
ANP - Na -0.328 0.05
ANP - C1 -0.297 0.05
BNP - Renin 0.316 0.05
BNP - ALD 0.395 0.01
BNP - BMI 0.291 0.05

Abbreviations:  ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide; ALD: Aldosterone; BM1: Body mass index
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Discussion. Body mass index is a significant mea-
sure of body fat that accounts for the influence of high
body mass. Research has demonstrated that BMI is the
most responsive physical measurement for predicting
high blood pressure compared to other prevalent indi-
cators of obesity [17]. The results of the present study
showed that the hypertensive patients had excess weight
compared to normotensive individuals. The Framing-
ham study revealed that those who are overweight have
greater systolic and diastolic blood pressures compared
to those with a normal BMI. Conversely, reducing body
weight leads to a decrease in blood pressure, both sys-
tolic and diastolic [18, 19]. A study involving 1,145
participants from a survey conducted in the general
population revealed that weight gain was identified as
a significant risk factor for hypertension [20]. Accord-
ing to the investigation by Xu (2020), the incidence of
hypertension decreased in overweight people who made
weight loss efforts. The study’s findings demonstrated a
statistically significant rise in natriuretic peptide levels
compared with normotensive individuals. The study’s
findings were consistent with many previous investiga-
tions, which found an increase in the concentration of
ANP in hypertensive patients [22-24].

Atrial natriuretic peptide (ANP) is secreted by the
heart. It attaches to its receptor in the kidney and blood
vessels, stimulating salt excretion, reducing blood vol-
ume, and causing vessel relaxation. The endocrine sys-
tem connects the heart and the kidney to maintain an
optimal equilibrium between electrolytes and bodily flu-
ids [5]. In a canine model of acute hypertension with el-
evated cardiac filling pressures, infusion of ANP signifi-
cantly lowered pulmonary wedge pressure, artery pres-
sure, and right atrial pressure, and reduced aldosterone
levels [25]. The elevated levels of ANP in individuals
with hypertension may be associated with a predisposi-
tion for decreased excretion of sodium by the kidney.
This can occur due to a hereditary renal abnormality
or high blood pressure. Consequently, sodium retention
may occur, leading to the activation of compensatory
mechanisms to eliminate the excess sodium [5]. Many
other investigations, including the present study, also
found that hypertension patients had higher BNP con-
centrations [26, 27]. According to the study, the distal
portion of the kidney experiences a decrease in sodium
reabsorption and an increase in sodium filtration due
to BNP’s natriuretic effect. The second finding in the
present study is consistent with previous investigations
on rats that found BNP activates particulate guanylate
cyclase, inhibits conductive sodium absorption, and
reduces sodium transport in the medullary collecting
duct [28]. Brain natriuretic peptide enhances the pace
at which blood is filtered by the kidneys by increasing
the constriction of the blood vessels that carry blood
away from the kidneys in circumstances where there is
an excess of fluid content. Additionally, they hinder the
reabsorption of sodium in the kidneys [29]. Essential
hypertension is characterized by the hardening of ar-
tery walls due to hypertrophy and fibrosis, which leads

to a decrease in elasticity and the maintenance of high
blood pressure. Natriuretic peptides are well recognized
for their ability to function as antifibrotic and antihy-
pertrophic agents in cardiac and vascular tissues. How-
ever, the exact processes behind these effects are not yet
completely understood [30].

The current findings, along with those of a previ-
ous study [30], point to a significant increase in CNP
levels in hypertensive patients. Also, the administra-
tion of CNP inhibits the accumulation of collagen in
the spaces between cells and around blood vessels in
the heart tissue. Additionally, it decreases the amount
of collagen in the aorta and reduces the thickness of
the middle layer of the aortic wall [30]. Spiranec et al.
discovered that endothelial paracrine CNP increases
GC-B/cGMP signaling in microcirculatory pericytes,
which lowers arterial blood pressure and peripheral
vascular resistance. The interaction between CNP/
GC-B and ¢cGMP in pericytes has a beneficial effect
on the long-term control of blood pressure [31]. The
finding demonstrated an increase in the levels of serum
resistin in hypertensive patients compared to normal
participants. This finding agrees with the outcome of
analytical research, which revealed an increased level
of resistance in hypertensive patients compared to the
normotensive group [32]. Resistin is thought to in-
crease blood pressure by vascular remodeling and alter-
ing the renin-angiotensin pathway. In another study, a
strong association between increased resistin levels and
an increased future risk of developing hypertension was
observed [33]. The impact of resistin on blood pressure
may be elucidated by an elevation in mRNA levels of
fatty acid-binding protein in human coronary artery
endothelial cells produced by resistin. Another pos-
sible way that resistin is connected to hypertension is
through its capacity to stimulate the growth of smooth
muscle cells [34]. Potential mechanisms linking resis-
tin to hypertension include its vasoconstrictor property,
which promotes smooth muscle cell proliferation, and
its effects on the renin-angiotensin system [35].

The study’s findings indicated a significant in-
crease in the concentration of aldosterone and renin,
and this is consistent with the results of previous re-
search [36-38]. Aldosterone plays a pivotal role in the
development of hypertension. It binds to the mineralo-
corticoid receptor, which triggers the activation of the
amiloride-sensitive sodium channel, also referred to as
the epithelial sodium channel (ENaC). This triggers re-
nal sodium reabsorption in the cortical collecting duct
[39]. Aldosterone also exerts numerous non-epithelial
actions that contribute to endothelial dysfunction,
vasoconstriction, and hypertension. These factors en-
compass the proliferation of vascular smooth muscle
cells, deposition of extracellular matrix in blood ves-
sels, remodeling of blood vessels, fibrosis, and height-
ened oxidative stress [29]. Aldosterone enhances ionic
transport in the main cells by augmenting the quantity
of active sodium and potassium channels in the luminal
membrane and the function of the Na/K-ATPase pump
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in the basolateral membrane. Therefore, aldosterone
stimulates the reabsorption of sodium chloride and the
release of potassium in the main cells of the cortical col-
lecting tubular section of the nephron. It also enhances
the production of hydrogen ions in the intercalated cells
of the cortex and tubular cells in the outer medulla [40].
The regulation of fluid and electrolyte balance is a very
precise physiological mechanism known as homeosta-
sis. One of the hallmarks of hypertension is the failure
of this process to occur [41]. The present study found a
significant decrease in potassium concentration com-
pared to normotensive control. This finding is consis-
tent with previous studies [42, 43], suggesting that low-
er amounts of potassium in the blood may contribute to
high blood pressure. Other studies also showed a sig-
nificant increase in sodium and chloride concentrations
in hypertensive patients compared to controls [43-45].
Sodium plays a vital role in regulating blood volume.
When the concentration of sodium in the blood is high,
it promotes fluid retention, leading to an increase in
blood volume and blood pressure. Also, when dietary
salt consumption rises in normotensive individuals, the
body undergoes compensatory hemodynamic modifi-
cations to keep blood pressure stable [40]. The changes
involve a decrease in resistance in the kidneys and blood
vessels, as well as an increase in the synthesis of nitric
oxide (NO), which is a substance that dilates blood ves-
sels, by the endothelium. Nevertheless, blood pressure
rises when the effects of NO are absent or diminished.
Endothelial dysfunction is a contributing factor to the
development of salt sensitivity and eventual hyperten-
sion [29]. A growing body of empirical research sug-
gests that chloride plays a crucial role in regulating
vascular tone by depolarizing vascular smooth muscle
cells. It appears that the development and progression
of hypertension are associated with the increased role
of chloride in artery constriction [43]. In the present
study, the small sample size and time constraints are the
most prominent.

The present study has several limitations that
should be acknowledged. First, the study did not assess
the potential impact of antihypertensive medications
and dietary sodium and potassium intake on the levels
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sive patients showed marked dysregulation in hormonal
and electrolyte balances, with elevated levels of renin,
resistin, and aldosterone, and altered sodium, chloride,
and potassium concentrations. The positive correla-
tions between natriuretic peptides and certain physi-
ological variables, such as resistin and renin, alongside
negative correlations with sodium and chloride, high-
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