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Abstract 

The management of chronic heart failure (CHF) remains a critical challenge in cardiovascular pathology. This 
study aimed to investigate the role of L-arginine in a mesatone-induced rat model of CHF. L-arginine exhibits 
cardioprotective effects. CHF was induced in experimental groups by intramuscular administration of 0.1 mL of a 
1 % mesatone solution, followed by daily free swimming until profound fatigue for 21 days. The experiment 
continued until stable and irreversible myocardial changes developed. One experimental group received L-arginine 
at a dose of 20 mg/kg intraperitoneally for 10 days. The control group consisted of intact animals. The impact of 
CHF on the cardiovascular system was assessed through biochemical and electrocardiographic (ECG) parameters. 
In CHF-induced rats, alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels increased by 
36.7 % (P ≤ 0.05) and 184.1 % (P ≤ 0.05), respectively, compared to the control group. Additionally, CHF was 
associated with an increase in creatinine levels by 152.6 % (P ≤ 0.01) and urea levels by 207.0 % (P ≤ 0.05), 
indicating renal dysfunction. Electrolyte imbalances included elevated sodium, potassium, and chloride levels, 
reflecting the activation of the renin-angiotensin-aldosterone system (RAAS). CHF also caused significant altera-
tions in ECG parameters, including a 24.8 % (P ≤ 0.05) reduction in heart rate, a 50.2 % (P ≤ 0.05) decrease in R-
wave amplitude, and a 192.9 % (P ≤ 0.05) reduction in T-wave amplitude. Additionally, CHF led to a 37.2 % (P ≤ 
0.05) prolongation of the QRS complex and a 60.3 % (P ≤ 0.05) increase in QT interval duration, indicating myo-
cardial conduction abnormalities and impaired ventricular repolarization. L-arginine administration demonstrated 
a cardioprotective effect by reducing AST levels by 27.7 % (P ≤ 0.05) and ALT by 5.8 %, suggesting improved 
myocardial function. Furthermore, creatinine and urea levels decreased by 46.9 % (P ≤ 0.05) and 60.0 % (P ≤ 
0.05), respectively, indicating a beneficial effect on renal function. Electrolyte imbalances were partially corrected, 
with potassium levels decreasing by 69.9 % (P ≤ 0.05) and chloride levels by 44.1 % (P ≤ 0.05). L-arginine also 
contributed to the partial normalization of ECG parameters, leading to a 9.0 % (P ≤ 0.05) increase in heart rate, 
reduction in QT interval prolongation, and improved ventricular conduction. These findings suggest that L-
arginine mitigates biochemical and electrophysiological disturbances associated with CHF, supporting its potential 
as a cardioprotective agent. 
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1. Introduction 

Heart failure remains a growing global epidemic, with an 
estimated prevalence exceeding 37.7 million individuals 
worldwide. It is not a distinct disease or diagnosis but rather 
a syndrome in which severe dysfunction leads to the inabil-
ity of the cardiovascular system to maintain adequate circu-
lation (Greene et al., 2023). However, diagnosing this patho-
logical condition is often challenging, as some clinical signs 
are not organ-specific, and the disease may present with 
minimal symptoms in its early stages. In cardiac disorders 

such as dilated cardiomyopathy or mitral valve endocardio-
sis, the body activates compensatory mechanisms to normal-
ize cardiac function and mitigate the negative effects of the 
disease. These mechanisms enable compensation for mild, 
moderate, and even severe cardiac dysfunction, often over 
several years. However, progressive myocardial changes 
and prolonged activation of compensatory responses ulti-
mately result in cardiac damage, systemic organ dysfunc-
tion, and heart failure (Ziaeian & Fonarow, 2016). 

Clinically, heart failure is classified as either acute (e.g., 
acute decompensated congestive heart failure, hypertensive 
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crisis-related heart failure, pulmonary oedema, cardiogenic 
shock, high-output heart failure, right ventricular failure) or 
chronic (categorized by functional classes I, II, III, and IV) 
and by clinical stages I, II, and III. Chronic heart failure 
(CHF) is a complex, polyetiological clinical syndrome char-
acterized by a primary reduction in cardiac pump function, 
which triggers intricate compensatory and pathological 
hemodynamic, neurohormonal, and metabolic disturbances. 
Clinically, CHF manifests as dyspnea, palpitations, fatigue, 
reduced exercise tolerance, and signs of fluid retention 
(Huang et al., 2021). 

CHF symptoms and severity vary widely, ranging from 
mild exercise intolerance and increased fatigue to dyspnea 
with minimal exertion, tachypnea, tachycardia, pulmonary 
rales, cardiomegaly, ventricular gallop sounds, and periph-
eral oedema. In most cases, CHF and circulatory failure 
result from a complex interplay between pump dysfunction 
and changes in peripheral circulation (Schwinger, 2021). 
CHF reflects the progression of underlying myocardial dys-
function (ischemia, cardiomyopathy, valvular abnormalities, 
etc.), neurohormonal adaptations, and their subsequent ef-
fects on the heart and systemic circulation (Otsuka et al., 
2023). 

The decline in cardiac output following myocardial inju-
ry initiates a cascade of hemodynamic and neurohormonal 
disturbances, leading to activation of the neuroendocrine 
system, particularly the adrenergic system and the renin-
angiotensin-aldosterone system (RAAS). In diastolic heart 
failure (heart failure with preserved ejection fraction), the 
same pathophysiological processes that reduce cardiac out-
put in systolic failure occur, but in response to a distinct set 
of hemodynamic and circulatory factors (Hartupee & Mann, 
2017). 

CHF is associated with electrolyte imbalances, including 
hyponatremia and hyperkalaemia, and leukocytosis in the 
decompensated stage. Approximately one-third of heart 
failure patients exhibit iron deficiency, which impairs cardi-
omyocyte contraction by disrupting mitochondrial respira-
tion, reducing contractility and myocardial relaxation  
(Arvanitaki et al., 2020). Elevated urea and creatinine levels 
in CHF are linked to renal dysfunction, while increased 
alanine aminotransferase (ALT) levels indicate hepatic im-
pairment (Zhou et al., 2024). 

Electrocardiographic (ECG) changes resulting from elec-
trolyte imbalances reflect alterations in cardiac transmem-
brane potentials. When interpreting these abnormalities, it is 
essential to consider the combined effects of baseline ECG 
changes, non-specific heart rate fluctuations, arrhythmias, 
and conduction disturbances. 

Modelling pathological conditions in laboratory animals 
is a fundamental approach in biomedical research, allowing 
for a controlled investigation of disease mechanisms and 
potential therapeutic interventions (Lieshchova et al., 2023; 
Verveha et al., 2023). Experimental models of cardiovascu-
lar diseases, including chronic heart failure (CHF), enable 
the simulation of pathological processes observed in clinical 
practice, facilitating the evaluation of new treatment strate-
gies. The use of standardized models ensures reproducibility 
and enhances the translational value of findings, bridging 
the gap between preclinical research and clinical applica-
tions (Antonenko et al., 2020; Lieshchova et al., 2022). 

L-arginine is a conditionally essential amino acid that 
serves as a precursor for the biosynthesis of various biologi-

cally active compounds, including nitric oxide, agmatine, 
creatine, urea, proteins, and polyamines. It plays a crucial 
role in cell growth, differentiation, repair, immune response, 
inflammation, and vascular tone regulation (Bahls et al., 
2018). The biological role of L-arginine in cardiovascular 
physiology and pathophysiology has been extensively stud-
ied over the past decades, primarily due to its involvement 
in the biosynthesis of endogenous antioxidants and nitric 
oxide (Suzuki, 2019; Hsu & Tain, 2020). Nitric oxide is a 
key regulator of fibrinolysis, haemostasis, vascular tone, 
endothelial function, and apoptosis in various tissues. Both 
preclinical and clinical studies have demonstrated an associ-
ation between circulating L-arginine deficiency and cardio-
vascular risk (Acevedo et al., 2017). These findings have 
expanded research efforts into the potential application of L-
arginine in cardiovascular diseases. 

 
2. Materials and methods 
 
Experimental model of chronic heart failure 
The experimental modelling of chronic heart failure 

(CHF) in rats was performed using the mesaton-induced 
CHF model. Mesaton (phenylephrine), an α-adrenergic 
agonist, was selected for this model due to its potent stimu-
latory effect on α-adrenergic receptors. Activation of α1-
receptors leads to increased myocardial contractility, sys-
temic vasoconstriction, elevated total peripheral vascular 
resistance and arterial pressure, as well as an increase in 
venous tone. This results in greater venous return to the 
heart, subsequently increasing both preload and afterload. 
Compared to norepinephrine and epinephrine, mesaton in-
duces a less abrupt rise in blood pressure but has a longer 
duration of action. 

The study was conducted on male Wistar rats (n = 22), 
aged six months, with a body weight of 245–250 g. The 
animals were housed under standard vivarium conditions in 
accordance with international guidelines for laboratory ani-
mal care. They were provided with a balanced diet and had 
unrestricted access to water. The experimental protocol 
adhered to the European Convention for the Protection of 
Vertebrate Animals Used for Experimental and Other Scien-
tific Purposes (European Convention, 1986) and was ap-
proved by the Bioethics Commission of Dnipro State Agrar-
ian and Economic University. 

Three groups of animals were formed (n = 30). The con-
trol group consisted of healthy animals (n = 8). CHF was 
induced in the remaining rats, after which they were divided 
into two experimental groups: Group 1 (n = 11) consisted of 
animals with untreated CHF, while Group 2 (n = 11) re-
ceived L-arginine at a dose of 20 mg/kg intraperitoneally for 
10 days. 

 
CHF induction protocol 
The CHF model was induced according to the following 

protocol: experimental animals received an intramuscular 
injection of 0.1 mL of a 1 % mesaton solution, followed by 
free swimming to the point of profound fatigue. The swim-
ming sessions lasted an average of 25–30 minutes per day 
for 21 consecutive days. The duration of the experiment was 
chosen to ensure the development of stable and irreversible 
cardiac changes. 
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Biochemical blood analysis 
Laboratory analyses were performed using biochemical 

blood tests. Blood sample collection was conducted following 
standard protocols. A total of 1.5 mL of blood was drawn 
from the lateral tail vein of each rat using an intravenous 
catheter and collected into plastic tubes. Serum was obtained 
by centrifugation at 3,000 rpm for 15 minutes. The concentra-
tions of biochemical parameters in the collected serum were 
determined using spectrophotometric analysis with the Miura-
200 automatic biochemical analyzer (Italy). The selected 
biochemical markers included indicators of cardiac function, 
such as urea, creatinine, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), lactate dehydrogenase 
(LDH), creatine phosphokinase (CPK), sodium, calcium, 
potassium, magnesium, and chloride. 

 
Electrocardiographic examination 
Electrocardiography (ECG) was performed using a sin-

gle-channel MEDINOVA ECG-9801 electrocardiograph. 
The ECG was printed on 50-mm thermal paper in automatic 
mode using lead I, with a calibration signal of 20 mV and a 
recording speed of 25 mm/s. 

 
Statistical analysis 
Statistical data processing was conducted using Statistica 

12 software, applying non-parametric analysis methods, 
specifically the Mann–Whitney U test. Differences were 
considered statistically significant at P ≤ 0.05. 

 
3. Results and discussion  
 
3.1 Results 
The mesatone-induced model of chronic heart failure 

(CHF) in rats led to stable structural and functional altera-
tions in the myocardium. The final symptom complex in-
cluded a weak apical impulse on palpation, a soft systolic 

murmur, and a gallop rhythm upon auscultation. Additional-
ly, an increase in capillary refill time to 3.5–4 seconds and a 
reduction in body temperature were observed. The progres-
sion of the induced pathology in most rats (n = 18) was 
accompanied by worsening dyspnea, with auscultation of 
the lungs revealing harsh breathing, prolonged expiration, 
and wheezing sounds. Affected rats exhibited an open-
mouth breathing pattern, and cyanosis of the skin and mu-
cous membranes was evident. These clinical signs indicated 
the development of CHF. 

At autopsy, thickened left ventricular walls filled with 
blood were noted. The thickened myocardial fibers promi-
nently protruded compared to the other two cardiac layers, 
and delayed vascular and neural fiber development was 
evident relative to the muscular tissue. The cardiac cham-
bers were reduced in volume, corresponding to left-sided 
CHF caused by mitral valve insufficiency. 

In a subset of rats (n = 4), a uniform increase in ab-
dominal cavity volume and taut skin over the abdomen was 
observed, indicative of fluid accumulation (ascites). These 
animals also exhibited progressive weight gain. Ascites was 
confirmed by abdominal paracentesis, which allowed for 
fluid aspiration. The formation of ascitic fluid in these rats 
was associated with blood congestion in the abdominal 
cavity due to impaired venous return resulting from myo-
cardial insufficiency. 

Upon post-mortem examination, these rats displayed en-
larged cardiac chambers with thinning of the myocardial 
walls. Thus, the mesatone-induced CHF model resulted in 
left-sided CHF in 81.2 % of cases and right-sided CHF in 
18.8 % of cases. Body weight in rats with left-sided CHF 
decreased by 22.4 %, whereas in those with right-sided 
CHF, it decreased by 16.5 % (P ≤ 0.05) (Table 1). This 
difference is attributed to the accumulation of ascitic fluid in 
rats with right-sided CHF, which contributed to an overall 
increase in body mass. 

 
Table 1 
Changes in heart parameters in rats with CHF 
 

Index Experimental conditions 
Control (n = 8) Rats with left-sided CHF (n = 18) Rats with right-sided CHF (n = 4) 

Body weight, g 232.13 ± 4.07   189.6 ± 10.53*   199.2 ± 8.24 
Heart weight, mg   960.1 ± 74.33 1245.3 ± 97.18* 1088.2 ± 29.33 
MMI (heart weight, mg/body weight, g)     4.02 ± 0.45     7.13 ± 0.44*     5.65 ± 0.66* 
Heart volume, cm³     1.01 ± 0.035     1.35 ± 0.056     1.69 ± 0.04* 

Notes: MMI – myocardial mass index. In this and subsequent tables: *P ≤ 0.05 – significance compared to the control group (Mann-Whitney U test) 
 

The heart mass in both CHF groups exceeded that of the 
control rats by 29.7 % (P ≤ 0.05) in left-sided CHF and by 
13.3 % in right-sided CHF. The myocardial mass index 
(MMI) was significantly elevated in CHF-affected rats, with 
an increase of 77.4 % (P ≤ 0.05) in left-sided CHF and 
40.5 % (P ≤ 0.05) in right-sided CHF compared to the con-
trol group. These findings indicate that left-sided CHF led to 
significant myocardial hypertrophy without a corresponding 
increase in heart size, whereas right-sided CHF was charac-
terized by myocardial thinning. Despite myocardial atrophy, 
the heart mass remained elevated in right-sided CHF due to 
fibrotic replacement of myocardial tissue. 

Heart volume increased by 33.7 % in left-sided CHF and 
by 67.3 % (P ≤ 0.05) in right-sided CHF. Despite the greater 

heart mass in left-sided CHF, cardiac enlargement was more 
pronounced in right-sided CHF, reflecting differing patho-
logical mechanisms in these conditions. 

 
Biochemical changes in CHF and the effects of L-

arginine 
Significant differences were observed in the blood pa-

rameters of healthy rats, CHF-induced rats, and CHF-
induced rats treated with L-arginine (Table 2). In CHF-
induced rats, aspartate aminotransferase (AST) activity 
increased by 184.1 %, whereas alanine aminotransferase 
(ALT) levels rose by only 36.7 % (P ≤ 0.05) compared to 
the control group. 
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Table 2 
Changes in biochemical blood composition in CHF-induced rats and after L-arginine administration 
 

Index Experimental conditions 
Control group CHF model CHF + L-arginine 

Urea, mmol/L     5.74 ± 0.42   17.62 ± 1.54*   11.03 ± 1.66 
Creatinine, mmol/L   64.22 ± 0.91 162.25 ± 4.25* 110.48 ± 0.14* 

AST, U/L   135.2 ± 3.66   384.1 ± 8.27* 301.82 ± 7.63* 
ALT, U/L   127.0 ± 3.79   173.6 ± 3.37* 164.04 ± 1.83 
LDH, U/L   210.0 ± 3.77   304.0 ± 8.34*   262.3 ± 9.16 
CPK, U/L   144.3 ± 12.41   201.3 ± 19.43   184.4 ± 24.92 

Sodium, mmol/L 100.60 ± 9.84 125.60 ± 2.85*   134.0 ± 4.66 
Potassium, mmol/L     4.21 ± 0.24     7.22 ± 1.22*     4.25 ± 0.783* 
Calcium, mmol/L     2.57 ± 0.11     2.64 ± 0.41     2.70 ± 0.27 

Magnesium, mmol/L     2.09 ± 0.23     2.18 ± 0.25     2.12 ± 0.34 
Chloride, mmol/L   82.33 ± 1.29 123.14 ± 1.46* 118.61 ± 4.46 

Note: AST – aspartate aminotransferase, ALT – alanine aminotransferase, LDH – lactate dehydrogenase, CPK – creatine phosphokinase 
 

L-arginine administration resulted in a 27.7 % (P ≤ 0.05) 
decrease in AST levels and a 5.8% reduction in ALT levels 
in CHF-induced rats. LDH activity in CHF rats increased by 
44.7 % (P ≤ 0.05), while L-arginine treatment led to a 
15.9 % reduction. Creatine phosphokinase (CPK) activity 
was 39.5 % (P ≤ 0.05) higher in CHF rats, indicating possi-
ble myocardial infarction in some individuals. L-arginine 
administration reduced CPK levels by 27.8 %. 

A 152.6 % (P ≤ 0.01) increase in creatinine and a 
207.0 % (P ≤ 0.05) rise in urea in the CHF model suggest 
the development of cardiorenal syndrome. Following L-
arginine administration, creatinine levels declined by 46.9 % 
(P ≤ 0.05) and urea by 60.0 % (P ≤ 0.05), indicating renal 
function improvement. These findings suggest that L-
arginine may be beneficial in managing both cardiorenal 
syndrome and primary renal pathology. 

Elevated sodium (24.9 %, P ≤ 0.05), potassium (71.5 %, 
P ≤ 0.05), and chloride (49.6 %, P ≤ 0.05) levels in CHF rats 

were attributed to renin-angiotensin-aldosterone system 
activation. L-arginine administration reduced potassium by 
69.9 % (P ≤ 0.05) and chloride by 44.1 %. No significant 
changes were observed in calcium or magnesium levels. 

These biochemical findings indicate significant impair-
ment of cardiac and renal function in CHF-induced rats, 
while L-arginine treatment showed a positive trend in cor-
recting these pathological changes. 

 
Electrocardiographic changes in CHF and the effects of 

L-Arginine 
To confirm the biochemical findings, electrocardio-

graphic (ECG) analysis was performed on healthy rats, 
CHF-induced rats, and CHF-induced rats treated with L-
arginine (Table 3). A significant reduction in heart rate (HR) 
by 24.8 % (P ≤ 0.05) was observed in CHF-induced rats. 
However, L-arginine administration resulted in a 9.0 % (P ≤ 
0.05) increase in HR.  

 
Table 3 
ECG changes in CHF-induced rats and the effects of L-arginine 
 

Index Experimental conditions 
Control group CHF model CHF + L-arginine 

Heart rate, bpm    387 ± 13.07    310 ± 25.15    422 ± 17.16* 
P wave duration, s 0.031 ± 0.006 0.033 ± 0.019 0.029 ± 0.015 

P wave amplitude, mV 0.132 ± 0.028   0.12 ± 0.087 0.034 ± 0.007* 
P-R interval, s 0.058 ± 0.009 0.068 ± 0.007* 0.061 ± 0.011* 

QRS duration, s 0.043 ± 0.007 0.059 ± 0.009*   0.05 ± 0.009 
Q wave amplitude, mV   0.00 ± 0.000 0.106 ± 0.039* 0.027 ± 0.007 
R wave amplitude, mV 1.083 ± 0.24 0.721 ± 0.05* 0.232 ± 0.02* 
S wave amplitude, mV 0.165 ± 0.024 0.332 ± 0.057 0.044 ± 0.026* 

QT interval, s 0.078 ± 0.017 0.125 ± 0.031* 0.096 ± 0.0114* 
T wave amplitude, mV 0.082 ± 0.044 0.028 ± 0.007 0.035 ± 0.006 

 
In 18 % of cases, rats exhibited atrial fibrillation. Fol-

lowing L-arginine administration, a regular rhythm was 
restored in only 50 % of affected rats. HR in rats with atrial 
fibrillation ranged from 375 to 571 bpm. 

In normal rats, the ECG profile has characteristic fea-
tures, including the absence of a Q wave. Consequently, 
instead of measuring the P-Q interval, the P-R interval was 
assessed. However, in 73 % of CHF-induced rats, the pres-
ence of a Q wave was recorded, suggesting the development 
of dilated cardiomyopathy and mitral valve endocardiosis. 
The persistence of the Q wave and its amplitude in CHF-

induced rats treated with L-arginine confirmed irreversible 
cardiac remodeling. 

The P wave was slightly increased in CHF-induced rats, 
possibly indicating that the induced CHF minimally affected 
atrial contractility. L-arginine administration did not signifi-
cantly influence P wave duration, and its amplitude re-
mained slightly reduced in CHF-induced rats. These find-
ings suggest that L-arginine did not prevent atrial remodel-
ling associated with CHF progression. 

The P-R interval increased by 17.2 % (P ≤ 0.05) in CHF-
induced rats, indicating delayed impulse transmission from 
the sinoatrial node through the atrioventricular node to the 
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ventricles. L-arginine administration shortened the P-R 
interval by 11.5 % (P ≤ 0.05), suggesting improved atrial 
conduction. 

The duration of the QRS complex, which reflects ven-
tricular contraction, increased by 37.2 % (P ≤ 0.05) in CHF-
induced rats compared to the control group. This prolonga-
tion was likely due to impaired conduction in the atrioven-
tricular node and hyperkalaemia. L-arginine administration 
reduced the QRS duration by 18.0 %, indicating partial 
restoration of ventricular conduction. 

A 50.2 % (P ≤ 0.05) decrease in R wave amplitude in 
CHF-induced rats indicated impaired ventricular conduction 
and hypertrophic myocardial changes. L-arginine did not 
restore R wave amplitude, further confirming structural 
myocardial remodeling. 

The S wave amplitude increased by 101.2 % in CHF-
induced rats; however, these changes were not statistically 
significant. L-arginine administration resulted in a 3.7-fold 
(P ≤ 0.05) decrease in S wave amplitude, reducing it below 
control values. 

The QT interval increased by 60.3 % (P ≤ 0.05) in CHF-
induced rats, reflecting significant ventricular repolarization 
abnormalities. Following L-arginine treatment, QT interval 
duration decreased by 23.1 % (P ≤ 0.05), suggesting im-
proved ventricular repolarization. 

In 45 % of CHF-induced rats, an upward-sloping ST 
segment depression was observed. As previously mentioned, 
this depression is associated with increased sympathetic 
nervous system activity as a compensatory mechanism in 
CHF. A key marker of heightened sympathetic tone is the 
reduction in T wave amplitude. In CHF-induced rats, T 
wave amplitude was 192.9 % (P ≤ 0.05) lower than in the 
control group, indicating parasympathetic suppression. Fol-
lowing L-arginine administration, T wave amplitude in-
creased by 25.0 % (P ≤ 0.05). This suggests that L-arginine 
modulates sympathetic nervous system activity in CHF. 

 
3.2. Discussion 
In the chronic heart failure (CHF) model, there was an 

increase in AST and ALT activity, with AST elevation be-
ing more pronounced. This is because ALT is primarily 
found in the liver, whereas AST is localized in both the liver 
and myocardium. Several studies (Weng et al., 2015;  
Yokoyama et al., 2016) have reported AST elevation in 
cardiac pathologies, associating it with myocardial tissue 
damage, including in CHF. 

The obtained data do not exclude the presence of liver 
pathology, particularly in cases of increased ALT levels. A 
separate study (Alvarez & Mukherjee, 2011) describes ele-
vated AST and ALT levels in CHF, either due to passive 
congestion resulting from elevated filling pressures or due to 
low cardiac output leading to impaired perfusion. 

One of the most distinct differential markers of left-sided 
CHF in its decompensated stage compared to right-sided 
CHF is the LDH index. In right-sided CHF, LDH levels 
increase approximately 2–3 times, whereas in left-sided 
CHF, the changes are generally less pronounced due to 
lower tissue damage and cell destruction. However, the 
present study established that L-arginine did not significant-
ly alter LDH activity. 

The observed increase in creatinine and urea concentra-
tions in the blood of CHF rats is associated with the devel-
opment of cardiorenal syndrome, a common CHF complica-

tion due to RAAS activation (Orvalho & Cowgill, 2017; 
Al‐Naher et al., 2017). 

The renin-angiotensin-aldosterone system (RAAS) is 
one of the most critical hormonal systems controlling cardi-
ovascular, renal, and adrenal functions, regulating blood 
pressure, fluid volume, and electrolyte balance. A study by 
Hartupee and Mann (2016) explains that in the short term, 
RAAS activation induces several adaptive changes in the 
heart, kidneys, and vascular network aimed at maintaining 
cardiovascular homeostasis. However, prolonged activation 
leads to hemodynamic stress and exerts detrimental effects 
on the heart and circulation. 

Electrolyte imbalance is crucial in the clinical course of 
CHF, as its alterations may necessitate therapeutic adjust-
ments and are associated with prognosis. Common electro-
lyte disturbances in CHF include hyponatremia, hypokalae-
mia, and hypomagnesemia. Reduced cardiac output directly 
leads to decreased renal blood flow, impairing fluid and 
electrolyte excretion. This triggers multiple neurohormonal 
responses that influence both cardiovascular homeostasis 
and electrolyte balance (Urso et al., 2015). 

An increased heart rate in CHF rats serves as a compen-
satory mechanism to maintain cardiac output. ECG analysis 
demonstrated heart rate elevation in most CHF model rats. 
In cases of atrial fibrillation, L-arginine had a notable effect 
in restoring rhythm, likely due to its role as an endogenous 
antifibrillatory agent (Andelova et al., 2022). 

Under physiological conditions, impulse generation is 
initiated by the sinoatrial node and sequentially conducted 
through the atrial myocardium to the atrioventricular node, 
the bundle of His, its right and left branches, and Purkinje 
fibers within the ventricular myocardium. The basal heart 
rate is determined by this intrinsic conduction system and is 
regulated by autonomic (sympathetic and parasympathetic) 
cardiac innervation. 

In some CHF rats, P wave duration and amplitude were 
reduced. Similar P wave alterations indicate left atrial re-
modeling and myocardial hypertrophy in CHF model rats. In 
this study, L-arginine did not significantly affect atrial excit-
ability, leading to a further decrease in P wave amplitude 
under its administration. 

A notable ECG characteristic in healthy rats is the ab-
sence of a Q wave. However, in the CHF model, a Q wave 
appeared, likely triggered by hypertrophic changes in the 
ventricular walls. 

Under physiological conditions, L-arginine bioavailabil-
ity is closely linked to age, sex, diet, body mass, and comor-
bid conditions such as inflammatory bowel diseases, irrita-
ble bowel syndrome, and malabsorption (Suzuki et al., 
2017). The present study demonstrated that L-arginine con-
tributed not only to the restoration of biochemical blood 
composition but also to electrolyte balance in CHF rats. 
These findings confirm the role of L-arginine in supporting 
myocardial function under pathological conditions. 

 
4. Conclusions 
 
This study demonstrated that the mesatone-induced CHF 

model effectively replicates key pathological features of 
heart failure, including structural myocardial remodeling, 
biochemical imbalances, and electrocardiographic abnor-
malities. Left-sided CHF was associated with myocardial 
hypertrophy, while right-sided CHF led to ventricular dila-
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tion and fluid accumulation, indicating systemic dysfunc-
tion. 

Biochemical analysis confirmed significant cardiac and 
renal impairment, with elevated markers of myocardial 
stress and electrolyte imbalances linked to neurohormonal 
activation. Electrocardiographic changes, including conduc-
tion delays and ventricular repolarization disturbances, re-
flected the progressive nature of CHF-related cardiac re-
modeling. 

L-arginine administration showed cardioprotective ef-
fects by partially normalizing biochemical markers, improv-
ing renal function, and modulating electrolyte levels. Its 
impact on myocardial conduction suggests a potential role in 
mitigating CHF-related electrophysiological disturbances. 
However, while L-arginine demonstrated beneficial effects, 
it did not reverse structural myocardial changes, indicating 
the need for further investigation into its therapeutic applica-
tions in CHF. 
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