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1. Introduction

As reported by the World Health Organization (WHO), hypertension is estimated to impact 33% of
individuals aged 30 to 79 years old globally. The prevalence of hypertension in the WHO Southeast
Asia Region increased from 29% to 32%, including in Indonesia. Just over half of those with the
condition have been identified, less than half are undergoing treatment for their high blood pressure,
and 21% have their hypertension successfully managed [1]. Meanwhile, based on RISKESDAS 2018,
the prevalence of hypertension in Indonesia is 34,1% [2]. Despite the fact that hypertension is a
preventable and treatable condition, only a few countries manage it effectively [1].

Hypertension can cause harm to various organs, particularly heart, brain, and kidney [1].
Hypertension is associated with endothelial dysfunction, which is marked by diminished relaxation of
the endothelium and decreased availability of nitric oxide (NO). It is known that NO produced in
vascular endothelial cells has a strong vasodilator effect [3]. High blood pressure poses a substantial
risk for the development of chronic kidney disease, as it can lead to the formation of kidney damage
and fibrosis that can ultimately cause kidney failure [4-6]. Hypertension produces kidney damage
characterized by structural (glomerular, tubule-interstitial, and vascular) and functional changes [7-8].
Early identification and appropriate treatment of hypertension can slow the progression and prevent
complication to kidney [9-10].

Kidney fibrosis is marked by an excessive buildup of extracellular matrix (ECM), caused by a
disproportion between collagen production and breakdown, resulting in fibrotic tissue that will replace
normal kidney tissue [4][11]. Prior studies indicate that transforming growth factor-1 (TGF)-1 and
connective tissue growth factor (CTGF) is a powerful profibrotic agent that drives excessive buildup
of ECM and are regarded as a key promoters of fibrogenic pathways [4]. Previous research indicates
that exercise serves as an effective non-drug-based intervention for managing hypertension and kidney
fibrosis [11][12]. Aerobic exercise increases heart rate, blood flow, and shear stress, which helps
maintain endothelial barrier function. This is because exercise triggers the release of vasoprotective
molecules, such as nitric oxide [13]. Aerobic physical activity may help alleviate kidney complications
in hypertensive rats by reducing the levels of TGF-f3, p-Smad2/3, and CTGF, thereby preventing
further progression of kidney fibrosis [4][14].

This review provides updated information on the effect of physical exercise on the fibrotic pathway
in kidney fibrosis due to hypertension, so that it can optimize early prevention. Exercise can be
classified into distinct categories that vary in terms of their frequency, intensity, time, and type (FITT).
However, there is still a lack of studies regarding appropriate exercise modalities based on FITT for
hypertension to prevent kidney fibrosis. For this reason, it is important to identify the exercise
modalities for therapeutic strategies to control hypertension and prevent its complication to kidney
fibrosis.

2. Experimental Section

This study was a systematic review focused on animal hypertension models to assess the effect of
exercise on kidney fibrosis in hypertension. This study is based on the Population, Intervention,
Comparison, and Outcome (PICO) procedure, with hypertensive rat models as the population and
exercise as the intervention. The comparator was a control condition where participants performed
no exercise, and the outcomes were reduced blood pressure, controlled renal function, and suppressed
kidney fibrosis. Article search was done through electronic databases (i.e., PubMed, ScienceDirect,
Scopus, and Google Scholar) using the following search strategy: (“exercise” OR “physical activity”)
AND (“hypertension") AND (“renal fibrosis” OR “kidney fibrosis”). The articles used in this study
are limited to the publication years between 2018 and 2024. The included studies must follow these
inclusion criteria: (a) the research subjects must be hypertensive (BP > 140/90mmHg); (b) the
interventions were exercise; and (c) the presence of kidney fibrosis because of hypertension.
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Exclusion criteria were as follows: (a) the research is a narrative review and abstract without a
full script; (b) there are other complications besides kidney fibrosis and; (c) subjects were consuming
drugs that might affect the results. First, the researchers reviewed the articles by titles and abstracts,
and then retrieved the full texts of relevant articles. Subsequently, the full-text articles were re-
evaluated against the inclusion and exclusion criteria. The study initially identified 176 potentially
eligible articles, but after manually removing duplicates, 32 of these were excluded from the analysis.
After reviewing abstracts and applying inclusion and exclusion criteria, 137 articles were removed
from the analysis. Finally, seven articles met the inclusion criteria and were available for review. The
parameters looked at include blood pressure, exercise method (type of exercise, intensity, frequency,
and how long it is done), kidney fibrosis markers such as TGF-B, CTGF, signaling pathway, and
structural changes such as the percentage of fibrosis area seen from the histopathological picture.
Figure 1 illustrates the workflow for the article selection process.

PubMed Science Direct Scopus Google Scholar
(n=26) (n=13) (n=89) (n=48)

\ 4

Records identified through database searching
(n=176)

—> Records excluded
(n=32)

Records after duplicated removed
(n=144)

—> Records excluded
after screening
abstract and full text
(n=137)

Studies included in systematic review
(n=7)

Figure 1. PRISMA workflow
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3. Results and Discussion

3.1 Effect of Exercise on Blood Pressure in Hypertensive Rat Models

Hypertension was defined by SBP above 140 mmHg and DBP above 90 mmHg. These guidelines
correspond to rats' hypertension range [15-16]. Animal models of hypertension have been useful for
investigating the pathophysiology of the condition, enabling the identification of the specific genetic,
cellular, and molecular mechanisms involved, as well as the testing of new potential treatments to
reduce blood pressure [17-18]. Vascular endothelial cells are crucial in controlling vascular tone by
generating various potent local vasoactive, such as NO, a powerful vasodilator, and endothelin
peptide, a vasoconstrictor [19]. NO production is catalyzed by the enzyme nitric oxide synthase
(NOS). Deficiency in NOS leads to a decrease in NO synthesis, which ultimately leads to reduced
vasodilation. Reduction in NO production causes increased vascular resistance which ultimately
causes hypertension [13][20].

Since the 1980s, physical activity has been recognized as a non-drug approach for managing
hypertension [15]. Numerous studies have demonstrated that regular exercise provides cardiovascular
benefits, such as reducing inflammation, oxidative stress, blood pressure, kidney inflammation, and
inhibiting fibrogenesis. Exercise has also been found to have protective and therapeutic effects for
kidney disease associated with hypertension or kidney failure [4]. Exercise triggers the endothelial
NOS signaling pathway. Exercise generates shear stress, which boosts calcium levels inside
endothelial cells, which then interacts with calmodulin. This causes endothelial NOS to break away
from caveolin, activating it to produce nitric oxide from L-arginine. The nitric oxide produced in
endothelial cells during exercise can diffuse into smooth muscle cells, then it activates an enzyme
called soluble guanylyl cyclase, which converts guanosine triphosphate into cyclic guanosine
monophosphate. In turn, it activates protein kinase G, ultimately leading to the relaxation of the
smooth muscle cells [21].

According to these 7 journals, it was found that exercise reduced blood pressure in hypertensive
rats compared to those who were not given any exercise. The exercise was carried out on an average
of 60 minutes per day, 5-6 days per week for 8-14 weeks by using types of exercise such as treadmills
and swimming, blood pressure was reduced. Based on researches conducted by Zhao B et al., (2022)
[12] and Cao SY et al., (2022) [22], moderate intensity exercise (20m/min, 50% of the maximum
oxygen consumption or the maximum aerobic speed) decreased systolic blood pressure (SBP),
diastolic blood pressure (DBP) and mean arterial pressure (MAP) more when compared to low and
high intensity. Similar with previous study that the group given moderate intensity after 6 weeks was
decreased in blood pressure [23]. Based on other research, moderate intensity exercise was found to
improve structural and functional changes in the endothelium of hypertensive by reducing oxidative
stress and enhancing NO production. On the other hand, high intensity exercise was observed to
worsen these changes by increasing reactive oxygen species and decreasing NO levels [24]. We
summarized that moderate intensity, such as treadmill or swimming, for 60 minutes per day, 5-6 days
per week for 8-14 weeks, significantly reduced blood pressure.
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Table 1. Effects of exercise on blood pressure, renal function, fibrosis markers, and structural changes such as the percentage
of fibrosis area seen from the histopathological study in hypertension.

i Exercise Methods
Study Ammal x - - Blood Pressure  Renal Function Fibrosis Markers
(year) studies Frequency Intensity Time Type
SBP was lower Glomerular sclerosis and
Dahl salt . in the group interstitial ' fibrosis
XulL . . 60 min/ given exercise decreased in the group
sensitive 5 20m/min (moderate . . .
etal., cats. male. 5 davs/week intensity) day until  Treadmill compared to - who exercised compared
2023 \;veeks ’ y 11 weeks those not given to those who did not
exercise exercise.
The renal cortices of the
SHR group and the SHR-
SHR - Moderate H group exhibited a much
intensity 20 m/min SBP, DBP, and SCr and plasma greater extent of fibrosis
Zhao Spontaneous (50% of maximum MAP were BUN were compared to the SHR-M.
B et hypertensive 5 oxygen 60 min/ reduced in the markedly Additionally, the levels of
al (SHR) rats, davs/week consumption), SHR- dayuntil  Treadmill SHR-M group reduced in the key fibrotic proteins,
20”22 male, 8 y High intensity 26 14 weeks compared to SHR-M group including TRPV4, TGF@-
weeks m/min  (65%  of the SHR and comparedtothe 1, p-Smad2/3, and
maximum  oxygen SHR-H groups. SHR group. CTGF, were significantly
consumption) reduced in the SHR-M
group.
SHR - Low intensity Blood pressure Angll, ATIR, TGF-B,
14 m/min (35% of . P Serum SCr and CTGF expression, and
. in SHR-M . ) .
Cao the maximum groups BUN in SHR - percentage fibrotic area in
SHR rats, aerobic speed), SHR- 60 min/ M decreased SHR-M groups decreased
SY et 5 . ! . . decreased . .
male, 8 Moderate intensity dayuntil  Treadmill . . significantly significantly compared to
al., days/week . significantly
weeks group 20 m/min 14 weeks compared to SHR and SHR-L groups.
2022 o compared  to
(50% of the SHR and SHR-
. . SHR and SHR-
maximum  aerobic L orouns L groups.
speed) Eoups.
Souza Wistar high 2 Exercise Exercise prevents an
et al sodium (HS) 5 Low intensi hours/day Swimmin normalizes BP  Maintain renal  increase in the
. rats, male, 4  days/week o for9 & levels in HS function intraglomerular matrix of
2020 ’
weeks weeks rats the kidney
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i Exercise Methods
Study Ammal . . Blood Pressure  Renal Function Fibrosis Markers
(year) studies Frequency Intensity Time Type
SBP, DBP, and Creatinine and In the exercise group,
Duan 60 MAP were BUN in SHR- exercise significantly
YC et SHR rats, 6 min/da reduced in the Exercise groups suppressed renal cortex
al male, 4 davs/week - for 8 y Swimming SHR-Exercise  decreased fibrosis and reduced
20"21 weeks y weeks groups significantly expression of pro-fibrosis
compared to the factors such as TGF-f1
SHR group and Smad2/3.
SBP was Exercise significantly
18m/min gradually 60 Mot reduced in the suppressed renal cortex
Huang SHR rats, increased by 3 . otor- SHR-Exercise fibrosis and reduced
et al male, 6 > m/min  every 2 min/day driven group - expression of pro-fibrosis
. g days/week . for 12 leveled
2018 weeks weeks  until 27 weeks treadmill compared to factors such as TGF-B, p-
m/min SHR group Smad2/3, and CTGF in
SHR-EX
SHR-Low intensity BUN and SCr Renal p-AKT, p-ERK,
30-40% (14 m/min), were lower in and p-p38 expression was
SHR - Moderate 60 the SHR-L and significantly lower in the
) . =0 i ) )
LuoM SHR rats, 5 intensity 45-55% min/day . SHR-M groups SHR-LL and SHR-M
etal., male, 8 days/week (20 m/min), and for 14 Treadmill - However, SHR- groups compared to the
2023 weeks SHR - High intensity H did not SHR-S group.
60 —70% (26 m/min) weeks improve renal
of the maximum function in SHR

exercise capacity
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3.2 Effect of Exercise on Renal Function in Hypertensive Rat Models

Hypertension and kidney disease have a bidirectional relationship, where high blood pressure can lead
to kidney damage, which in turn can exacerbate the hypertension condition [25]. Hypertension often
leads to chronic inflammation that contributes to hypertensive complications. Research indicates that
immune cell receptors play a key role in this process, driving inflammation, oxidative stress, and
vascular changes in hypertension [26]. Uncontrolled hypertension can cause the renal afferent
arterioles to vasoconstrict. Over time, these afferent arterioles will become hypertrophic due to
prolonged vasoconstriction, causing an increase in intraglomerular pressure. Damage to the renal
arterioles causes a decrease in blood flow to the kidney tissue so that the kidneys do not receive
sufficient oxygen and nutrients. This prompts renal epithelial cells to elevate the generation of pro-
inflammatory factors, leading to a decreased in glomerular permeability and filtration. This in return
will cause creatinine and blood urea nitrogen (BUN) levels to increase in the blood [27][28].

Creatinine and BUN are parameters measured to determine renal function. Creatinine and urea
are filtered by the kidneys and excreted in the urine. High levels of plasma creatinine and BUN,
indicate damage to the kidneys in filtering and eliminating materials that should be excreted by the
body [29-31]. Based on the results obtained from 5 out of 7 articles, it was found that plasma creatinine
and BUN levels are greater in the hypertensive group. Regular physical exercise exposes the body to
shear stress, which increases the availability of nitric oxide-induced vasodilation, thereby enhancing
renal blood flow. As a result, increase in glomerulus filtration rate and renal clearance occurred
[21][32]. In this study found that plasma creatinine and BUN levels is lowered in the exercising
hypertensive group compared to the non-exercising group. Serum creatinine (SCr) and BUN levels in
the exercising hypertensive group at moderate intensity, 60 minutes per day, 5 days per week for 14
weeks, carried out with a type of exercise such as a treadmill were lower compared to low and high
intensity.

This is similar to previous studies showing that moderate intensity exercise helped maintain renal
blood flow and estimated glomerular filtration rate [33]. Based on other study, moderate intensity
improved renal function (creatinine and BUN) after 14 weeks training [34]. On the other hand, based
on Luo M et al., (2023) [11], high-intensity (60—-70% of maximum exercise capacity) exercise did not
improve renal function in spontaneous hypertensive rats (SHR). They assumed that high intensity
exercise leads to the conversion of nitric oxide into peroxynitrite, a free radical that contributes to
oxidative stress. Additionally, moderate intensity and high intensity training have a differential impact
on oxidative stress [11]. In addition, there is a lack of study on the effects of high intensity hypertension
on renal function [12]. We concluded that engaging in moderate-intensity exercises, such as treadmill
or swimming, 60 minutes per day, 5-6 days per week for 8-14 weeks can significantly improve renal
function.

3.3 Effect of Exercise on Kidney Fibrosis in Hypertensive Rat Models

Inflammation is a crucial factor that accelerates the development of kidney scarring and substantially
impacts the transformation of cellular phenotypes [35]. Kidney tissue damage triggers inflammatory
and fibrotic responses that aim to facilitate regeneration and restoration [36]. The body's normal tissue
repair mechanisms, including the activation of myofibroblasts, deposition of collagen, and overall
wound healing response, work in a coordinated manner to facilitate the regeneration of damaged
tissue [36]. Prolonged exposure to hypertension can lead to sustained inflammatory signaling. This
abnormal and chronic inflammation is associated with the release of prolonged factors, including
chemokines, growth factors, and mast cell-derived inflammatory and profibrotic mediators.
Additionally, activating the angiotensin II signaling pathway contributes to a profibrotic state [35].
Angiotensin II (Angll) and its activated Angiotensin receptor 1 (AT1R) can induce the production
and elevate the levels of TGF-f in the kidney [37-38]. Similar to this, based on Cao SY et al., (2022)
[22], showed that the levels of Angiotensin IT and AT1R were increased in SHR groups [22].

Preventive Effect of Exercise on Renal Fibrotic Pathway in Hypertension
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TGF-B can induce kidney fibrosis by triggering the Smad signaling cascade. It is considered a
crucial promoter of the fibrogenic pathway, which activates Smad2 and Smad3, then transports these
proteins into the nucleus, driving kidney cells to transform into myofibroblasts and producing
excessive ECM component accumulation [4][35]. TGF-f3 can stimulate the production of CTGF
through ERK, p38, Smad, and MAPK signaling pathways, contributing to kidney fibrosis [4][39]. In
this study, levels of fibrotic protein (TGFB1-SMAD2/3-CTGF) were increased in hypertensive group
[4][14]. In kidneys, have proteolytic enzymes such as matrix metalloproteinases. The equilibrium
between extracellular matrix production and breakdown can be preserved through effective ECM
degradation by regulation of matrix metalloproteinases. The imbalance between its production and
breakdown can cause kidney fibrosis [40].

Exercise promotes the release of beneficial vascular molecules, such as nitric oxide. This directly
causes a reduction in the expression of endothelial angiotensin II type 1 receptors, leading to decreased
activity of nicotinamide adenine dinucleotide phosphate oxidase (NADPH) and lower production of
superoxide anions. As a result, reactive oxygen species (ROS) generation is diminished [13], and the
signaling pathways involving TGF-3, phospho-Smad2/3, CTGF are suppressed, ultimately reducing
kidney fibrosis [4]. The study by Cao SY et al., (2022) [22] showed that the levels of Angiotensin II
and AT1R were decreased in the SHR low intensity and SHR moderate intensity groups, with an even
more pronounced decrease in the SHR moderate intensity group. Based on the results obtained from
4 out of 7 articles found that the key fibrotic protein levels of TGF@-1, p-Smad2/3, and CTGF were
lower in the exercising hypertensive rats compared to the non-exercising hypertensive rats
[4][12][14][22]. Based on research by Zhao B et al., (2022) [12] and Cao SY et al., (2022) [22] levels
of the fibrotic protein were lower in hypertensive rats given moderate intensity exercise.

On the other side, high intensity exercise found have different effects. Based on Zhao B's research
[12], high intensity can produce more lactic acid. Then, transient receptor potential vanilloid 4
(TRPV4) have a transducer to identify low pH. High levels of lactic acid can exacerbate kidney fibrosis
by activating the TRPV4-TGFB1-SMAD2/3-CTGF pathway, which promotes kidney fibrotic
processes. Yet, it was found that TRPV4 levels were reduced in the SHR moderate intensity group
[12]. Apart from molecular fibrosis, the percentage of fibrotic area was evaluated from
histopathological images using special Masson trichrome staining to assess collagen. It was found that
the percentage of renal cortex fibrosis area was higher in the non-exercising hypertensive rats
compared to the exercising hypertensive rats. According to studies by Zhao B et al., (2022) [12] and
Cao SY etal., (2022) [22], hypertensive rats given moderate-intensity exercise had a lower percentage
of fibrosis area. However, in Zhao B's research [12], The SHR high intensity group showed a
substantially greater degree of fibrosis compared to the control group.

In addition, based on research by Duan YC et al., (2021) [14], it was found that increased Smad 7
expression levels in a group of hypertensive rats with exercise. Smad 7 functions to inhibit the
phosphorylation of Smad2/3 so that it can prevent kidney fibrosis due to hypertension [14].
Furthermore, based on Luo M et al., (2023) findings [11], the kidney signaling pathway, including p-
AKT, p-ERK, and p-p38 expression, in the SHR low intensity and SHR moderate intensity groups
were significantly lower compared to the SHR group. As a result, participating in moderate-intensity
physical activities, such as treadmill or swimming, 60 minutes daily, 5-6 times per week for 8-14 weeks
can significantly lower profibrotic proteins like TGF-B, phospho-Smad2/3, CTGF, and diminish
extensive fibrosis.

4. Conclusion

Hypertension can be a driver of the development of kidney fibrosis. Uncontrolled hypertension can
lead to chronic inflammation, causing the release of inflammatory and fibrosis-promoting factors. This
can activate the Angiotensin II and AT1R pathway, stimulating the production of TGF-B in the
kidney. TGF-B then induces the synthesis of CTGF, which further promotes fibrosis. Thus,
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encouraging phenotypic changes into myofibroblasts contributes to ECM deposition and ultimately,
kidney fibrosis. Exercise has been shown to provide benefits for individuals with hypertension, such
as lowering blood pressure, reducing kidney inflammation, decreasing oxidative stress, and inhibiting
fibrosis. The shear stress generated during exercise activates the nitric oxide signaling pathway and
suppresses the fibrotic pathway involving Angiotensin II, Angiotensin II receptor type 1, TGF-8,
phosphorylated Smad2/3, CTGF, which can help prevent kidney fibrosis-associated with
hypertension. Moderate-intensity exercise can significantly control blood pressure and renal function
and inhibit kidney fibrosis due to hypertension. Our results indicate that exercise has significant
potential as an antihypertensive and kidney-protective intervention before severe hypertension leads
to kidney failure.

References

[1] World Health Organization. (2023). Global report on hypertension: The race against a silent
killer.  Geneva, Switzerland: World Health  Organization. Retrieved  from
https://www.who.int/publications/i/item/9789240081062. Diakses pada tanggal 23 Juli 2024

[2] KEMENKES RI. (2018). Laporan Hipertensi Riset Kesehatan Dasar (RISKESDAS). Badan
Penelitian Dan Pengembangan Kesehatan. Retrieved from https://www.kemkes.go.id. Diakses
pada tanggal 23 Juli 2024

[3] Drozdz, D., Drozdz, M., & Wojcik, M. (2023). Endothelial dysfunction as a factor leading to
arterial hypertension. Pediatric Nephrology (Berlin, Germany), 38(9), 2973-2985.

[4] Huang, C., Lin, Y.Y., Yang, A.L., Kuo, T'W., Kuo, C.H., & Lee, S.D. (2018). Anti-Renal
Fibrotic Effect of Exercise Training in Hypertension. International Journal of Molecular Sciences,
19(2).

[5] Ameer, O. Z. (2022). Hypertension in chronic kidney disease: What lies behind the scene.
Frontiers in Pharmacology, 13, 949260.

[6] Russo, E., Bussalino, E., Maccio, L., Verzola, D., Saio, M., Esposito, P., ... Viazzi, F. (2023).
Non-Haemodynamic Mechanisms Underlying Hypertension-Associated Damage in Target
Kidney Components. International Journal of Molecular Sciences, 24(11), 9422.

[71 Levey, A. S., Eckardt, K.U., Dorman, N. M., Christiansen, S. L., Hoorn, E. J., Ingelfinger, J.
R., ... Winkelmayer, W. C. (2020). Nomenclature for kidney function and disease: Report of a
Kidney Disease: Improving Global Outcomes (KDIGO) Consensus Conference. Kidney
International, 97(6), 1117-1129.

[8] Maranduca, M. A., Clim, A., Pinzariu, A. C., Statescu, C., Sascau, R. A., Tanase, D. M., ...
Serban, I. L. (2023). Role of arterial hypertension and angiotensin II in chronic kidney disease
(Review). Experimental and Therapeutic Medicine, 25(4), 153.

[9] Weldegiorgis, M., & Woodward, M. (2020). The impact of hypertension on chronic kidney
disease and end-stage renal disease is greater in men than women: A systematic review and meta-
analysis. BMC Nephrology, 21(1), 506.

[10] Lee, H., Kwon, S. H., Jeon, J. S., Noh, H., Han, D. C., & Kim, H. (2022). Association between
blood pressure and the risk of chronic kidney disease in treatment-naive hypertensive patients.
Kidney Research and Clinical Practice, 41(1), 31-42.

[11] Luo, M., Luo, S., Xue, Y., Chang, Q., Yang, H., Dong, W, ... Cao, S. (2023). Aerobic exercise
inhibits renal EMT by promoting irisin expression in SHR. iScience, 26(2), 105990.

[12] Zhao, B., Xu, Y., Chen, Y., Cai, Y., Gong, Z., Li, D., ... Yin, Y. (2022). Activation of TRPV4
by lactate as a critical mediator of renal fibrosis in spontaneously hypertensive rats after
moderate- and high-intensity exercise. Frontiers in Physiology, 13, 927078.

[13] Song, Y., Jia, H., Hua, Y., Wu, C,, Li, S, Li, K., ... Wang, Y. (2022). The Molecular
Mechanism of Aerobic Exercise Improving Vascular Remodeling in Hypertension. Frontiers in
Physiology, 13, 792292.

Preventive Effect of Exercise on Renal Fibrotic Pathway in Hypertension



Farabillah Afifah, Dewi Irawati Soeria Santoso 332

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Duan, Y.C,, Shi, L., Jin, Z., Hu, M., Huang, H., Yan, T., & Zhang, K.R. (2021). Swimming
Exercise Ameliorates Hypertension-Induced Kidney Dysfunction via Alleviating Renal
Interstitial Fibrosis and Apoptosis. Kidney & Blood Pressure Research, 46(2), 219-228.

Xiong, Y., Luan, Y., Zhang, B., Zhang, S., & Wang, X. (2021). Morphological Study of the
Effect of Aerobic Exercise on Organs and Arteries in Spontaneously Hypertensive Rats.
Healthcare (Basel, Switzerland), 9(8).

Ma, J., & Chen, X. (2022). Advances in pathogenesis and treatment of essential hypertension.
Frontiers in Cardiovascular Medicine, 9, 1003852.

Jama, H. A., Muralitharan, R. R., Xu, C., O’'Donnell, J. A., Bertagnolli, M., Broughton, B. R.
S., ... Marques, F. Z. (2022). Rodent models of hypertension. British Journal of Pharmacology,
179(5), 918-937.

Bhat, M., Zaid, M., Singh, S., Gill, K., Tantray, J., Sharma, R. K., ... Sharma, A. K. (2023). A
current review on animal models of anti-hypertensive drugs screening. Health Sciences Review, 6,
100078.

Gupta, A. (2022). An Overview of Gene Variants of Endothelin-1: A Critical Regulator of
Endothelial Dysfunction. In Endothelial Dysfunction—A Novel Paradigm. IntechOpen.
Kuczeriszka, M., & Wasowicz, K. (2022). Animal models of hypertension: The status of nitric
oxide and oxidative stress and the role of the renal medulla. Nitric Oxide, 125-126, 40—46.

Chen, H., Chen, C., Spanos, M., Li, G., Lu, R., Bei, Y., & Xiao, J. (2022). Exercise training
maintains cardiovascular health: Signaling pathways involved and potential therapeutics. Signal
Transduction and Targeted Therapy, 7(1), 306.

Cao, S.Y., Chang, Q., Liu, G.C., Luo, M.H., Wang, Y., & He, L.L. (2022). [Aerobic exercise
improves renal fibrosis in spontaneously hypertensive rats]. Zhongguo ying yong sheng li xue za
zhi = Zhongguo yingyong shenglixue zazhi, Chinese journal of applied physiology, 38(3), 212-217.
Yakasai, A. M., Maharaj, S. S., Nuhu, J. M., & Danazumi, M. S. (2021). Moderate intensity
endurance exercise: A beneficial intervention for relative cardiovascular parameters of primary
and secondary hypertensive patients. Randomised controlled trial. FEuropean Journal of
Physiotherapy, 23(4), 259-265.

Ye, F., Wu, Y., Chen, Y., Xiao, D., & Shi, L. (2019). Impact of moderate- and high-intensity
exercise on the endothelial ultrastructure and function in mesenteric arteries from hypertensive
rats. Life Sciences, 222, 36—45.

Burnier, M., & Damianaki, A. (2023). Hypertension as Cardiovascular Risk Factor in Chronic
Kidney Disease. Circulation Research. (Hagerstown, MD).

Nunes, K. P., de Oliveira, A. A., Mowry, F. E., & Biancardi, V. C. (2019). Targeting toll-like
receptor 4 signalling pathways: Can therapeutics pay the toll for hypertension?, British Journal of
Pharmacology, 176(12), 1864—1879.

Lucero, C. M., Prieto-Villalobos, J., Marambio-Ruiz, L., Balmazabal, J., Alvear, T. F., Vega,
M, ... Gémez, G. 1. (2022). Hypertensive Nephropathy: Unveiling the Possible Involvement of
Hemichannels and Pannexons. International Journal of Molecular Sciences, 23(24).

American Heart Association. (2022). How High Blood Pressure Can Lead to Kidney Damage
or  Failure. Retrieved from  https://www.heart.org/en/health-topics/high-blood-
pressure/health-threats-from-high-blood-pressure/high-blood-pressure-and-your-kidneys.
Diakses pada tanggal 23 Juli 2024

Kashani, K., Rosner, M. H., & Ostermann, M. (2020). Creatinine: From physiology to clinical
application. European Journal of Internal Medicine, 72, 9—14.

Chen, X., Jin, H., Wang, D., Liu, J., Qin, Y., Zhang, Y., ... Xiang, Q. (2023). Serum creatinine
levels, traditional cardiovascular risk factors and 10-year cardiovascular risk in Chinese patients
with hypertension. Frontiers in Endocrinology, 14, 1140093.

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta


http://www.eksakta.ppj.unp.ac.id/index.php/eksakta

Eksakta : Berkala llmiah Bidang MIPA ISSN : 1411 3724 333

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Zachariah, S., Kumar, K., Lee, S. W. H., Choon, W. Y., Naeem, S., & Leong, C. (2019).
Chapter 7—Interpretation of Laboratory Data and General Physical Examination by
Pharmacists. In D. Thomas (Ed.), Clinical Pharmacy Education, Practice and Research (pp. 91—
108). Elsevier.

Carlstrom, M. (2021). Nitric oxide signalling in kidney regulation and cardiometabolic health.
Nature Reviews Nephrology, 17(9), 575-590.

Kawakami, S., Yasuno, T., Kawakami, S., Ito, A., Fujimi, K., Matsuda, T., -** Michishita, R.
(2022). The moderate - intensity continuous exercise maintains renal blood flow and does not
impair the renal function. Physiological Reports, 10(15), e15420.

Luo,M,, Cao,S.,Lv,D.,He,L.,He, Z., Li, L., ... Chang, Q. (2022). Aerobic Exercise Training
Improves Renal Injury in Spontaneously Hypertensive Rats by Increasing Renalase Expression
in Medulla. Frontiers in Cardiovascular Medicine, 9.

Wang, Y., Yu, F.,Li, A., He, Z.,Qu, C., He, C., ... Zhan, H. (2022). The progress and prospect
of natural components in rhubarb (Rheum ribes L.) in the treatment of renal fibrosis. Frontiers in
Pharmacology, 13, 919967.

Black, L. M., Lever, J. M., & Agarwal, A. (2019). Renal Inflammation and Fibrosis: A Double-
edged Sword. The Journal of Histochemistry and Cytochemistry, Official Journal of the
Histochemistry Society, 67(9), 663—-681.

Zhang, Y., Jin, D., Kang, X., Zhou, R., Sun, Y., Lian, F., & Tong, X. (2021). Signaling
Pathways Involved in Diabetic Renal Fibrosis. Frontiers in Cell and Developmental Biology, 9,
696542.

Pezeshki, Z., & Nematbakhsh, M. (2021). Renin-Angiotensin System Induced Secondary
Hypertension: The Alteration of Kidney Function and Structure. International Journal of
Nephrology, 2021(1), 5599754.

Hassan, M. D. S., Razali, N., Abu Bakar, A. S., Abu Hanipah, N. F., & Agarwal, R. (2023).
Connective tissue growth factor: Role in trabecular meshwork remodeling and intraocular
pressure lowering. Experimental Biology and Medicine (Maywood, N.J.), 248(16), 1425-1436.
Zhao, X., Chen, J., Sun, H., Zhang, Y., & Zou, D. (2022). New insights into fibrosis from the
ECM degradation perspective: The macrophage-MMP-ECM interaction. Cell & Bioscience, 12,
117.

Preventive Effect of Exercise on Renal Fibrotic Pathway in Hypertension



