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Abstract: In clinical practice, an increasing number of
patients exhibit concurrent cardiac and renal dysfunction,
known as “cardiorenal syndrome,” where each condition
exacerbates the other, resulting in poorer patient prog-
nosis. Fluid and sodium retention can lead to excessive
fluid overload in the body; therefore, correcting fluid
and sodium metabolic disorders is crucial for alleviating
patient symptoms. This study was to investigate the
abnormalities in water and sodium metabolism, as well
as the expression levels of arginine vasopressin receptor
la (AVPR1a) and arginine vasopressin receptor 2 (AVPR2),
in a rat model of chronic renal failure-chronic heart
failure (CRF-CHF). One hundred male Sprague-Dawley
rats were randomly assigned into four groups: the CG
group (normal feeding), the CRF group (3/4 nephrectomy
using a “two-step surgical method”), the CHF group (sub-
cutaneous injection of isoproterenol at 100 mg/kg), and the
CRF-CHF group (3/4 nephrectomy followed by a subcuta-
neous injection of isoproterenol at 100 mg/kg 1 week later).
4 weeks post-surgery, urine and blood samples were
collected to measure 24h urinary protein, sodium, and
potassium levels. Serum creatinine (SCr) and blood urea
nitrogen (BUN) levels were determined using assay Kits.
Left ventricular end diastolic pressure (LVEDP) and left
ventricular systolic pressure (LVSP) were measured via
left ventricular catheterization. The heart was weighed to
calculate the left ventricular weight to body weight ratio
(LVW/BW). The renal cortex and medulla were isolated to
assess the relative mRNA and protein expression levels of
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AVPR1a and AVPR2. Compared to the CG group, the CRF
and CRF-CHF groups exhibited significantly elevated levels
of 24 h urinary protein, SCr, BUN, and relative expression
levels of AVPRla and AVPR2 in the renal cortex and
medulla. The CHF and CRF-CHF groups showed significant
increases in LVEDP and LVW/BW (P < 0.05). Additionally,
compared to the CG group, the other three groups had
significantly increased urinary sodium and blood potas-
sium levels, and significantly decreased urinary potassium
and blood sodium levels (P < 0.05). Compared to the CRF
and CHF groups, the CRF-CHF group exhibited signifi-
cantly higher levels of 24h urinary protein, SCr, BUN,
and relative expression levels of AVPRla and AVPR2 in
the renal cortex and medulla, along with significantly
increased LVEDP and LVW/BW, significantly reduced
LVSP, significantly increased urinary sodium and blood
potassium levels, and significantly decreased urinary
potassium and blood sodium levels (P < 0.05). Rats with
CRF-CHF experienced exacerbated renal and cardiac
failure, characterized by significant disturbances in water
and sodium metabolism and abnormal expression of
AVPR1a and AVPR2.

Keywords: arginine vasopressin receptor 1a, arginine vaso-
pressin receptor 2, cardiorenal syndrome, abnormal meta-
bolism of water and sodium

1 Introduction

Chronic renal failure—chronic heart failure (CRF-CHF) is a
prevalent clinical condition, with its incidence increasing
annually [1]. The kidneys serve as crucial excretory organs
in the human body, primarily responsible for eliminating
metabolic waste products and excess fluids to maintain
water—electrolyte balance. Impaired renal function in
CRF contributes to sodium and water retention to some
extent [2], leading to fluid accumulation in the body,
increased cardiac workload, and ultimately culminating
in CHF [3]. Clinical manifestations of CRF-CHF include
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symptoms such as dyspnea, edema, fatigue, and palpita-
tions, with severe cases possibly developing into complica-
tions like heart failure [4]. Current clinical management
of CRF-CHF predominantly involves surgical interven-
tions or pharmacotherapy. Key pharmacological treat-
ments include diuretics, angiotensin-converting enzyme
inhibitors, and angiotensin II receptor blockers, aimed
at reducing sodium and water retention to lower blood
pressure and improve cardiac function [5]. Surgical
treatments such as coronary artery bypass grafting
or implantation of cardiac pacemakers are utilized to
enhance cardiac function and alleviate cardiac burden
in patients.

The renin-angiotensin—-aldosterone system (RAAS) is a
critical mechanism regulating blood pressure, water, and
electrolyte balance, and it also plays a role in the regula-
tion of blood pressure and sodium-water retention [6].
Arginine vasopressin receptor la (AVPR1a) and arginine
vasopressin receptor 2 (AVPR2) are two receptors asso-
ciated with RAAS [7,8]. AVPR1a is predominantly expressed
in locations such as the adrenal cortex, where it functions
to constrict blood vessels, raise blood pressure, and pro-
mote aldosterone secretion from the adrenal cortex [9].
AVPR2, on the other hand, is primarily located in the
epithelial cells of renal tubules and facilitates water reab-
sorption in the kidney tubules [10]. Activation of AVPR2
also promotes sodium reabsorption in the renal tubules,
thereby increasing blood volume and blood pressure.
Recent studies indicated that dysregulation of AVPRla
and AVPR2 expression can lead to various diseases. Over-
activation of AVPR1a may contribute to conditions such as
hypertension, heart failure, and hyperfunction of the
adrenal cortex [9]. Defects in AVPR2 can lead to nephro-
genic diabetes insipidus, characterized by increased urine
volume, diluted urine, and reduced blood volume [11].

Patients with CRF experience impaired renal tubular
and collecting duct reabsorption functions, resulting in
varying degrees of electrolyte and water imbalance [12].
This disturbance further affects the roles of AVPRla and
AVPR2. However, there is currently a lack of research
investigating the correlation between AVPRla, AVPR2,
and the abnormalities in water and sodium metabolism
in CRF-CHF patients. Therefore, to address this gap, this
study aimed to establish CRF, CHF, and CRF-CHF rat
models to examine renal function, cardiac function,
water-sodium metabolism, and changes in AVPRla and
AVPR2 expression. The goal was to elucidate the relation-
ship between AVPR1a, AVPR2, and water—sodium metabo-
lism abnormalities in CRF-CHF, providing insights for
future related research endeavors.
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2 Methods and materials

2.1 Experimental animals

A total of 100 male cleaning grade Sprague-Dawley rats (6—8
weeks old) weighing 200-250 g were randomly divided into
four groups, namely normal CG (n = 25), CRF (n = 25), CHF
(n=25), and CRF—CHF (n = 25) groups. Before the commence-
ment of the experiment, all animals were housed in an
animal laboratory maintained at a temperature of 22-25°C
and a relative humidity of 45-55%, with a 12h light/dark
cycle. The animals had free access to food and water and
were acclimatized to the laboratory environment for 1 week
prior to the start of the study.

Ethical approval: The research related to animal use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals,
and has been approved by the Medical Committee of Zibo
Central Hospital, Shandong Province.

2.2 Experimental design

The CG rats received no treatment, the CRF rats were used
to establish the CRF model, the CHF rats were used to
establish the CHF model, and the CRF-CHF rats were
used to establish the CHF model on the basis of the CRF
model. All rats, including the CG group, were fasted for 12h
prior to surgery. Four weeks post-surgery, cardiac and
renal function changes were analyzed. Urine and blood
samples were collected to measure urinary sodium,
urinary potassium, serum sodium, and serum potassium
levels. At the end of the experiment, the rats were eutha-
nized, and their kidneys were harvested. Real-time quanti-
tative polymerase chain reaction and western blotting
were performed to detect the mRNA and protein levels of
AVPRla and AVPR2 in the renal cortex and medulla. This
experiment was approved by the Medical Committee of
Zibo Central Hospital, Shandong Province, and the study
protocol adhered to ethical standards.

2.3 Preparation of animal models

The CRF group rats underwent a “two-step surgery” to
establish the CRF model [13]. Rats were anesthetized with
an intraperitoneal injection of 30 mg/kg of 0.3% pentobarbital
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sodium, and then fixed in a supine position on the surgical
table. After routine disinfection, a midline abdominal incision
was made, and the kidneys were exposed by layer-by-layer
dissection. In the first week, the lower pole (1/2) of the left
kidney was removed, and 1 week later, a total nephrectomy
of the right kidney was performed.

The CHF group rats were induced with isoproterenol
to establish the CHF model. They received subcutaneous
injections of isoproterenol at 100 mg/kg (administered in
two doses, with a 24 h interval between injections).

For the CRF-CHF group, 1 week after establishing the
CRF model using the “two-step surgery,” the rats received
subcutaneous injections of isoproterenol at 100 mg/kg
(administered in two doses, with a 24 h interval between
injections) to induce the CRF-CHF model.

The CG group rats underwent two laparotomies without
kidney removal.

All rats that underwent surgery were routinely sutured
and disinfected postoperatively, housed separately, and
monitored for changes in vital signs. No mortality was
observed in any group.

2.4 Sample collection

Four weeks post-surgery, samples were collected. The rats
were placed in metabolic cages to collect 24 h urine sam-
ples. Blood samples were obtained via the tail vein.
Twenty-four hours after blood collection, left ventricular
function and hemodynamic parameters were assessed.
Subsequently, the rats were anesthetized with an intraper-
itoneal injection of 30 mg/kg of 0.3% pentobarbital sodium.
After body weight was measured, the rats were eutha-
nized, and their hearts and kidneys were harvested. The
organs were rinsed to remove excess blood, blotted dry,
and weighed. The kidneys were sectioned along the cor-
onal plane, and the renal cortex and medulla were sepa-
rated, cut into small pieces, and stored at —80°C for further
analysis.

2.5 Detection methods
2.5.1 Renal function testing
The 24 h urinary protein content was measured using the

Bradford method. Serum creatinine (SCr) and blood urea
nitrogen (BUN) levels were determined according to the

AVPR1a and AVPR2 with abnormal water and sodium metabolism in rats

-—_ 3

instructions provided in the enzyme-linked immunosor-
bent assay Kkit.

2.5.2 Cardiac function testing

Hemodynamic parameters, including left ventricular end
diastolic pressure (LVEDP) and left ventricular systolic
pressure (LVSP), were measured using left ventricular
catheterization via the left common carotid artery. The
catheter was connected to a BL-420F bhiological function
experiment system (Chengdu Taimeng Technology Co.,
Ltd, China). After the measurements were completed, heart
tissue was isolated to determine the left ventricular weight
(LVW). The extent of left ventricular remodeling was
assessed by calculating the LVW to body weight (BW) ratio.

2.5.3 Detection of water and sodium metabolism

The sodium and potassium levels in rat blood were mea-
sured using the Chiron 348 blood chemistry analyzer
(Chiron Diagnostics Corp., USA). The sodium and potassium
levels in 24 h urine samples were measured using the elec-
trode of the Animal-550 fully automatic electrolyte ana-
lyzer (Shanghai Huanxi Medical Equipment Co., Ltd, China).

2.5.4 Real-time fluorescence quantitative PCR (qPCR)
detection

Approximately 200 mg of renal cortex and medulla tissue
were homogenized in Trizol reagent for total RNA extrac-
tion. The PrimeScript™ RT reagent kit (Perfect Real Time)
was used for reverse transcription to synthesize cDNA
according to the manufacturer’s instructions. The synthe-
sized cDNA was used as a template for fluorescent qPCR
using the TB Green® Premix Ex Taq™ II (Tli RNaseH Plus)
Bulk kit. The PCR amplification program consisted of 95°C
for 30, followed by 40 cycles of 95°C for 5s and 60°C for
30s. The primers used for amplification were as follows:
for AVPRla, forward 5-GCTGGCGGTGATTTTCGTG-3' and
reverse 5-GCAAACACCTGCAAGTGCT-3; for AVPR2, for-
ward 5-GCTGTGGCTCTGTTTCAAGTG-3' and reverse 5-CCA
GGATCATGTAGGAAGAGGC-3; for GAPDH, forward 5-AAT
GGATTTGGACGCATTGGT-3' and reverse 5-TTTGCACTGGTA
CGTGTTGAT-3. GAPDH was used as an internal reference
gene, and the relative expression levels of the target genes
AVPRla and AVPR2 were calculated using the 2722
method.
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2.5.5 Western blotting

Fifty milligrams of renal cortex and medulla tissue were
homogenized in RIPA lysis buffer to extract total protein.
The protein concentration was determined using a BCA
Protein Assay Kit (Shanghai Beyotime Biotechnology Co.,
Ltd, China) according to the manufacturer’s instructions.
Thirty micrograms of protein were loaded onto a sodium
dodecyl sulfate-polyacrylamide gel electrophoresis gel, fol-
lowed by transfer onto a polyvinylidene difluoride mem-
brane. The membrane was blocked with 5% skim milk
blocking solution at room temperature for 1h. Rabbit poly-
clonal antibodies against AVPRla (1:1,000; Abcam, UK),
rabbit polyclonal antibodies against AVPR2 (1:1,000;
Abcam, UK), and mouse monoclonal antibodies against
B-actin (1:2,000; Abcam, UK) were added and incubated
overnight at 4°C. After membrane washing, the secondary
antibody, horseradish peroxidase-conjugated rabbit anti-
mouse IgG antibody (1:5,000), was added and incubated
at room temperature for 1h. The membrane was washed
again and subjected to enhanced chemiluminescence
(Shanghai Beyotime Biotechnology Co., Ltd, China) for
visualization, and the images were captured using a WD-
9413D Gel Imaging System (Beijing Liuyi, China). B-actin
was used as an internal control, and the relative expres-
sion levels of the target proteins AVPRla and AVPR2 were
calculated using Imagej.

2.5.6 Statistical methods

The measurement data were statistically analyzed using
SPSS 22.0. All data were presented as mean + standard
deviation (x * s). One-way analysis of variance was per-
formed, and pairwise comparisons between groups were

DE GRUYTER

conducted using the LSD-t test. A P-value <0.05 was con-
sidered statistically significant.

3 Results

3.1 Comparison of renal function among
different groups of rats

Differences in renal function-related indicators including
24 h urinary protein, SCr, and BUN levels among the four
groups of rats are compared in Figure 1. Compared to the
CG group, rats in the CRF and CRF-CHF groups exhibited
significantly elevated levels of 24h urinary protein, SCr,
and BUN (P < 0.05). Moreover, compared to the CRF and
CHF groups, rats in the CRF-CHF group showed signifi-
cantly higher levels of 24 h urinary protein, SCr, and BUN
(P < 0.05).

3.2 Comparison of cardiac function among
different groups of rats

Differences in cardiac function-related indicators, including
LVEDP, LVSP, and LVW/BW levels among the four groups
of rats, are compared in Figure 2. Compared to the CG
group, rats in the CHF and CRF-CHF groups exhibited
significantly elevated levels of LVEDP and LVW/BW, and
significantly decreased levels of LVSP (P < 0.05). Further-
more, compared to the CRF and CHF groups, rats in the
CRF-CHF group showed significantly higher levels of
LVEDP and LVW/BW, and significantly lower levels of
LVSP (P < 0.05).
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Figure 1: Comparison of renal function indicators among four groups of rats: (a) 24 h urine protein, (b) SCr, and (c) BUN. Compared with the CG group,
*P < 0.05; compared with the CRF group, #P < 0.05; compared with the CHF group, AP < 0.05.
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Figure 2: Comparison of cardiac function indicators among four groups of rats: (a) LVDEP, (b) LVSP, and (c) LVW/BW. Compared with the CG group,
*P < 0.05; compared with the CRF group, #P < 0.05; compared with the CHF group, AP < 0.05.

3.3 Comparison of water and sodium
metabolism status among different

groups of rats
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Differences in water and sodium metabolism-related indi-
cators, including sodium and potassium levels among the
four groups of rats, are compared in Figure 3. Compared to
the CG group, rats in the CRF, CHF, and CRF-CHF groups
exhibited significantly elevated levels of urinary sodium
and blood potassium, while urinary potassium and blood
sodium levels were significantly decreased (P < 0.05).
Furthermore, compared to the CRF and CHF groups, rats
in the CRF-CHF group showed significantly higher levels of
urinary sodium and blood potassium, while urinary potas-
sium and blood sodium levels were significantly decreased
(P < 0.05).

3.4 Comparison of AVPR1a and AVPR2
expression levels in renal cortex and
medulla of rats in each group

Differences in the relative expression levels of AVPR1a and
AVPR2 mRNA in the renal cortex and medulla among the
four groups of rats are compared in Figure 4. Compared to
the CG group, rats in the CRF, CHF, and CRF-CHF groups
exhibited significantly elevated levels of AVPRla and
AVPR2 mRNA in the renal cortex and medulla (P < 0.05).
Furthermore, compared to the CRF and CHF groups, rats in
the CRF-CHF group showed significantly higher levels of
AVPR1a and AVPR2 mRNA in the renal cortex and medulla
(P < 0.05).
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Figure 3: Comparison of water and sodium metabolism indicators
among four groups of rats: (a) urine sodium content, (b) potassium
content in urine, (c) blood sodium content, and (d) blood potassium
content. Compared with the CG group, *P < 0.05; compared with the
CRF group, #P < 0.05; compared with the CHF group, P < 0.05.

Differences in the relative expression levels of AVPR1a
and AVPR2 proteins in the renal cortex and medulla among
the four groups of rats are compared in Figure 5. Compared
to the CG group, rats in the CRF, CHF, and CRF-CHF groups
exhibited significantly elevated levels of AVPR1a and AVPR2
proteins in the renal cortex and medulla (P < 0.05).
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Figure 4: Comparison of relative expression levels of AVPR1a and AVPR2
mRNA in the renal cortex and medulla of four groups of rats: (a) PCR detec-
tion, (b) relative expression level of AVPR1a mRNA, and (c) relative expression
level of AVPR2 mRNA. Compared with the CG group, *P < 0.05; compared with
the CRF group, #P < 0.05; compared with the CHF group, AP < 0.05.
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Figure 5: Comparison of relative expression levels of AVPR1a and AVPR2
proteins in the renal cortex and medulla of four groups of rats: (a)
western blotting detection, (b) relative expression level of AVPR1a pro-
tein, and (c) relative expression level of AVPR2 protein. Compared with
the CG group, *P < 0.05; compared with the CRF group, #P < 0.05;
compared with the CHF group, AP < 0.05.

Furthermore, compared to the CRF and CHF groups, rats in
the CRF-CHF group showed significantly higher levels of
AVPRla and AVPR2 proteins in the renal cortex and medulla
(P < 0.05).
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4 Discussion

Hypertension, diabetes mellitus, and atherosclerosis are
common underlying diseases in patients with heart failure
and renal dysfunction [14,15]. Renal dysfunction is an inde-
pendent predictor of heart failure [16]. Cardiac dysfunction
is a severe complication of CRF and is closely associated
with patient mortality [17]. In this study, a CRF rat model
was prepared using a 3/4 nephrectomy procedure, and a
CHF rat model was induced by subcutaneous injection of
isoproterenol. The CRF—-CHF rat model was established by
combining the 3/4 nephrectomy procedure and subcuta-
neous injection of isoproterenol. The results showed that
the levels of 24 h urinary protein, SCr, and BUN signifi-
cantly increased in both CRF and CRF-CHF rats, while
LVEDP and LVW/BW significantly increased, and LVSP sig-
nificantly decreased in CHF and CRF-CHF rats. These find-
ings indicated successful establishment of CRF, CHF, and
CRF-CHF rat models. In addition, this study found that
compared to CRF rats, CRF-CHF rats exhibited significantly
increased levels of 24 h urinary protein, SCr, and BUN.
Furthermore, compared to CHF rats, CRF—CHF rats showed
significantly increased levels of LVEDP and LVW/BW, and
significantly decreased levels of LVSP. Numerous studies
confirmed that heart failure and renal failure often coexist,
and patients with CRF commonly exhibit left ventricular
hypertrophy, leading to the progression of “cardiorenal
syndrome” [18,19]. When heart failure occurs, the cardiac
output decreases, resulting in reduced renal perfusion
and consequent pre-renal dysfunction. Reduced renal per-
fusion leads to renal ischemia, which in turn reduces
erythropoietin levels, causing anemia. The reduced oxygen-
carrying capacity of the blood exacerbates cardiac workload,
induces cardiomyocyte apoptosis, and ultimately leads to
cardiac functional impairment [20].

Under normal conditions, excessive intake of fluids
stimulates the secretion of diuretics and inhibits the secre-
tion of hormones involved in water and sodium reabsorp-
tion, thereby maintaining normal fluid balance and
preventing the occurrence of edema. Sodium and water
retention can lead to edema, hypertension, and heart
failure [21,22]. Prolonged and severe sodium and water
retention can exacerbate cardiac workload, disrupt normal
blood circulation, and may even lead to the development of
chronic congestive heart failure [23]. Currently, the activa-
tion of the RAAS, abnormal sympathetic nervous system
activity, and renal dysfunction are considered important
factors contributing to sodium and water retention
[15,24,25]. In this study, compared to normal rats, rats
with CRF, CHF, and CRF-CHF exhibited significantly
increased levels of urinary sodium and blood potassium,
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while urinary potassium and blood sodium levels were
significantly decreased. Additionally, it was observed that
CRF-CHEF rats had the highest levels of urinary sodium and
blood potassium, and the lowest levels of urinary potas-
sium and blood sodium. Hyponatremia is closely asso-
ciated with water and sodium metabolism. Patients with
heart failure experience impaired cardiac contraction and
relaxation due to reduced cardiac function, leading to
decreased cardiac output, venous return obstruction, and
subsequent water and sodium retention [26]. Patients with
renal failure experience reduced renal excretory function
due to renal insufficiency, leading to an inability to prop-
erly excrete water and sodium from the body, resulting in
water and sodium retention [27]. The phenomenon of
water and sodium retention is exacerbated in patients
with combined heart and kidney failure. AVPRla and
AVPR2 are two critical vasopressin receptors that play cru-
cial roles in the human body, mainly regulating water and
sodium metabolism [28]. AVPR1a is primarily distributed in
the epithelial cells of renal tubules and collecting ducts,
promoting water reabsorption in renal tubules, increasing
urinary sodium excretion, and thereby maintaining body
water balance [29]. AVPR2 is mainly distributed in the
epithelial cells of renal glomeruli and distal convoluted
tubules, promoting an increase in glomerular filtration
rate and urine volume, thereby assisting the body in
excreting excess water [30]. If the expression of AVPRla
and AVPR2 is abnormal, it will lead to disturbances in
water and sodium metabolism, thus triggering a series of
health problems. This study found that compared to
normal rats, rats with CRF, CHF, and CRF-CHF exhibited
significantly increased relative expression levels of AVPR1a
and AVPR2 mRNA and proteins in the renal cortex and
medulla. The CRF-CHF rats showed the highest relative
expression levels of AVPR1a, AVPR2 mRNA, and proteins
in the renal cortex and medulla. Due to the dual damage of
heart failure and renal failure, CRF—CHF rats showed sig-
nificant disturbances in sodium and water metabolism,
and additionally, abnormal upregulation of AVPRla and
AVPR2 expression levels. Therefore, it can be inferred
that AVPR1a and AVPR2 may be important regulatory fac-
tors in the sodium and water metabolism abnormalities
observed in CRF-CHF rats.

5 Conclusion

The exacerbation of cardiac and renal dysfunction in
CRF-CHF, along with significant disturbances in sodium
and water metabolism, as well as the abnormal upregulation
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of AVPR1a and AVPR2 expression levels in the renal medulla,
suggests that AVPR1a and AVPR2 may be involved in regu-
lating the abnormal sodium and water metabolism in
CRF-CHF. However, it is important to note that this article
only provides a preliminary exploration of the correlation
between AVPRla, AVPR2, and the abnormal sodium and
water metabolism in CRF-CHF rats. Further validation of
these results is required in future studies. Additionally, clin-
ical research is needed to investigate the roles of AVPR1a and
AVPR2 in the pathogenesis of CRE-CHF. This finding provides
new insights and directions for in-depth research into the
pathogenesis of CRF—CHF, the identification of potential ther-
apeutic targets, and the development of novel therapeutic
drugs.

Funding information: Authors state no funding involved.

Author contributions: This article was written by Kun Sun,
who independently completed the research design and
data analysis. Yao Sun led the writing and proofreading
of the draft article, while Yingzhu Qiu provided guidance
on the article. All authors had contributed to further revi-
sions of the article.

Conflict of interest: Authors state no conflict of interest.

Data availability statement: The datasets generated during
and/or analyzed during the current study are available
from the corresponding author on reasonable request.

References

[11 Yang Q. Analysis of personalized nursing plans for bedside
hemofiltration treatment of patients with renal failure and heart
failure. Med Theory Pract. 2020;33(10):1691-3.

[21 FuK, Guo A, HeY, Gong C, Xu S, Shi X. Clinical effect observation of
comprehensive management of vascular access in chronic renal
failure. Acta Med Mediterr. 2023;39:493-8.

[31 SuiY, Wei}, Pan P, Sun B, Liu L. Correction to: Shen Qi Li Xin formula
improves chronic heart failure through balancing mitochondrial
fission and fusion via upregulation of PGC-1a. J Physiol Sci.
2022;71(1):32.

[4]  Aljerf LOAL Williams MIKE, Ajong AB, Onydinma UP,

Dehmchi FAROUK, Pham VT, et al. Comparative study of
the biochemical response behavior of some highly
toxic minerals on selenosis in rats. Rev Chim.
2021;72(2):9-18.

[5]1 Chen X, Jing D, Xia L. Observation on the effect of Trimetazidine
combined with Wuling capsule in treating patients with renal
failure, severe heart failure and depression. Contemp Med.
2022;28(7):147-9.



8 =—— KunSunetal.

(6]

[71

(8]

9]

[0

m

(2]

[13]

[14]

(3]

[16]

071

Koppe L, Fouque D. The role for protein restriction in addition to
renin-angiotensin-aldosterone system inhibitors in the manage-
ment of CKD. Am ] Kidney Dis. 2019;73(2):248-57.

Brandow AM, Panepinto JA. Clinical interpretation of quantita-
tive sensory testing as a measure of pain sensitivity in patients
with sickle cell disease. ] Pediatr Hematol Oncol.
2016;38(4):288-93.

Guo S, Wu S, Li Z, Huang L, Zhan D, Zhang C, et al. Clinical and
functional characterization of a novel mutation in AVPR2 causing
nephrogenic diabetes insipidus in a four-generation Chinese
family. Front Pediatr. 2021;9:790194.

Su J, Gao J, Li Z, Zou D, Cao H. Effect of estrogen on the develop-
ment of visceral hypersensitivity and expression of p2x_3 mrna in
rats. Chin ] Gastroenterol. 2007;12(8):472-6.

Maeyama T, Etani Y, Nishigaki S, Kawai M. Nephrogenic diabetes
insipidus caused by a novel missense variant (p.S127Y) in the AVPR2
gene. Clin Pediatr Endocrinol. 2021;30(2):115-8.

Aljerf L, Alhaffar 1. Salivary distinctiveness and modifications in
males with diabetes and behcet’s disease. Biochem Res Int.
2017;2017:9596202.

Wang Z, Chai S, Wu H, Rui H, Bian R. The effects of different
intervention cycles of heart failure Kang and its disassembled
formulas on AVPR1a and AVPR2 in the renal cortex and medulla
of heart failure rats. Chin J Traditional Chin Med.
2020;38(2):1-4.

Adam RJ, Williams AC, Kriegel AJ. Comparison of the surgical
resection and infarct 5/6 nephrectomy rat models of chronic kidney
disease. Am ] Physiol Renal Physiol. 2022;322(6):F639-54.
Braunwald E. Diabetes, heart failure, and renal dysfunction: the
vicious circles. Prog Cardiovasc Dis. 2019;62(4):298-302.

Liu H. Expression and potential immune involvement of cuprop-
tosis in kidney renal clear cell carcinoma. Cancer Genet.
2023;274-275:21-5.

Heyse A, Manhaeghe L, Mahieu E, Vanfraechem C, Van Durme F.
Sacubitril/valsartan in heart failure and end-stage renal insuffi-
ciency. ESC Heart Fail. 2019;6(6):1331-3.

Szlagor M, Dybiec J, Miynarska E, Rysz J, Franczyk B. Chronic kidney
disease as a comorbidity in heart failure. Int ] Mol Sci.
2023;24(3):2988.

(8]

(9]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

DE GRUYTER

Kumar U, Wettersten N, Garimella PS. Cardiorenal syndrome:
pathophysiology. Cardiol Clin. 2019;37(3):251-65.

Gembillo G, Visconti L, Giusti MA, Siligato R, Gallo A, Santoro D,
et al. Cardiorenal syndrome: new pathways and novel biomarkers.
Biomolecules. 2021;11(11):1581.

Patel KP, Katsurada K, Zheng H. Cardiorenal syndrome: the role of
neural connections between the heart and the kidneys. Circ Res.
2022;130(10):1601-17.

Martens P, Tang WHW. Role of sodium and sodium restriction in
heart failure. Curr Heart Failure Rep. 2023;20(3):230-6.

Liu H. Nav channels in cancers: nonclassical roles. Glob ] Cancer
Ther. 2020;6(1):5.

Xia YM, Wang S, Wu WD, Liang JF. Association between serum
sodium level trajectories and survival in patients with heart failure.
ESC Heart Fail. 2023;10(1):255-63.

Ren L, Li F, Tan X, Fan Y, Ke B, Zhang Y, et al. Abnormal plasma
ceramides refine high-risk patients with worsening heart failure.
Front Cardiovasc Med. 2023;10:1185595.

Zhu X, Huang Y, Li S, Ge N, Li T, Wang Y, et al. Glucocorticoids
reverse diluted hyponatremia through inhibiting arginine vaso-
pressin pathway in heart failure rats. ] Am Heart Assoc.
2020;9(10):e014950.

Lv S, Wang Y, Zhang W, Shang H. Trimethylamine oxide: a potential
target for heart failure therapy. Heart. 2022;108(12):917-22.
Borrelli S, Provenzano M, Gagliardi I, Michael A, Liberti ME, De
Nicola L, et al. Sodium intake and chronic kidney disease. Int ] Mol
Sci. 2020;21(13):4744.

Russell JA. Vasopressor therapy in critically ill patients with shock.
Intensive Care Med. 2019;45(11):1503-17.

Kolkhof P, Pook E, Pavkovic M, Kretschmer A, Buchmiiller A, Tinel H,
et al. Vascular protection and decongestion without renin-angio-
tensin-aldosterone system stimulation mediated by a novel dual-
acting vasopressin V1a/V2 receptor antagonist. ] Cardiovasc
Pharmacol. 2019;74(1):44-52.

Neocleous V, Skordis N, Shammas C, Efstathiou E,
Mastroyiannopoulos NP, Phylactou LA. Identification and charac-
terization of a novel X-linked AVPR2 mutation causing partial
nephrogenic diabetes insipidus: a case report and review of the
literature. Metabolism. 2012;61(7):922-30.



	1 Introduction
	2 Methods and materials
	2.1 Experimental animals
	2.2 Experimental design
	2.3 Preparation of animal models
	2.4 Sample collection
	2.5 Detection methods
	2.5.1 Renal function testing
	2.5.2 Cardiac function testing
	2.5.3 Detection of water and sodium metabolism
	2.5.4 Real-time fluorescence quantitative PCR (qPCR) detection
	2.5.5 Western blotting
	2.5.6 Statistical methods


	3 Results
	3.1 Comparison of renal function among different groups of rats
	3.2 Comparison of cardiac function among different groups of rats
	3.3 Comparison of water and sodium metabolism status among different groups of rats
	3.4 Comparison of AVPR1a and AVPR2 expression levels in renal cortex and medulla of rats in each group

	4 Discussion
	5 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


