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ABSTRACT 

In the study which was prepared based on the factors that can take place in essential  

hypertension pathology;   We aimed to investigate the interactions of intensive exercise, high salt and 

partial NOS inhibition applications with each other, the effects on water-salt balance and blood 

pressure, changes in the intrarenal dopaminergic system, which is an important natriuretic system, 

and the participation of oxidative stress. The rats were given intensive exercise on a treadmill at a 

speed of 25 m / min at 5% inclination for 30 minutes a day, LNNA at a concentration of 50 mg / L and 
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a high salt diet of 4% for 7 days either separately or together. Blood pressures of the rats were 

measured on the first and last days of the experiment, and the rats were taken into metabolic cages; 

24-hour water intake and urinevolume were measured. Dopamine levels were measured in 24-hour 

urine to detect intrarenal dopamine synthesis. In addition, oxidative stress parameters in the serums of 

rats; TAS, TOS and OSI levels were measured. Blood pressure was found to be high in the groups in 

which intensive exercise was applied together with LNNA and high salt diet. While there was no 

change in the water balance of this group, it was found that sodium excretion and dopamine levels 

increased in 24-hour urine. In addition, it was found that the total oxidant status increased in this 

group, and oxidative stress developed as a result of insufficient antioxidant system. It suggests that the 

reason of hypertension that develops with the application of intensive exercise together with LNNA 

and high salt diet may be due to the vascular resistance increasing effect of oxidative stress rather 

than water-salt retention and it points out the necessity of studies to fully detect vascular tissue 

oxidative stress markers and vascular oxidative damage.  

Keywords: Hypertension, Intensive Exercise, Intrarenal Dopamine, Oxidative Stress 

 

 

1. INTRODUCTION  

Essential hypertension is a chronic progressive cardiovascular-kidney disease, which 

is manifested by constant high systemic arterial blood pressure, and whose etiopathogenesis is 

not fully known. Pathophysiological factors that play a role in the development of essential 

hypertension; excessive activity of sodium-retaining hormones and vasoconstrictor agents, 

insufficiency of vasodilator and natriuretic agents, increased sympathetic nervous system 

(SNS) activity, imbalances in renin production, high salt diet and oxidative stress (Mark et al., 

1975, Carey, 2001, Touyz,2004, Chrysant, 2016). 

Nitric oxide (NO) is an endogenous vasodilator agent which is released from the 

vascular endothelium and plays a role in the local regulation of vascular tone (Napoli and 

Ignarro, 2009). Also, NO, which is synthesized tonically in kidneys, plays an important role in 

controlling blood pressure by regulating renal hemodynamics and sodium excretion (Baylis et 

al., 1990, Granger and Alexander, 2000). Partial or total inhibition of NO synthesis with nitric 

oxide synthase (NOS) inhibitors such as L-nitro-N-arginine (LNNA) or decreased 

bioavailability of NO could lead to increased blood pressure (Manning et al., 1993, Vapaatalo 

et al., 2000, Aekthammarat et al., 2019). 

High salt diet does not always lead to high blood pressure due to the balancing of 

natriuretic protective systems in the organism. (Titze and Luft, 2017). However, if there is 

renal damage due to high salt diet and an insufficiency in natriuretic systems such as 

intrarenal dopaminergic system, NO , autoregulatory mechanisms cause increased peripheral 

vascular resistance and vascular reactivity and lead to hypertension (Shultz and Tolins, 1993, 

Tolins and Shultz, 1994, Yuasa et al., 2000, Banday et al., 2008, Mente, et al. 2014). The 

effect of the salt on blood pressure includes mixed mechanisms and these mechanisms can not 

be fully explained. It is suggested that high salt diet causes oxidative stress (Kopkan and 

Majid, 2005, Feng et al., 2017). 

It is thought that stimulation of the antioxidant system in the body with regular 

moderate exercise prevents the formation of oxidative stress, increases NO synthesis and 

bioactivity, decreases peripheral vascular resistance thus contributes to the regulation of blood 

pressure (Kitiyakara et al., 2003).However ,increased oxygen consumption and metabolic rate 

with intensive, exhaustive exercise effect the mitochondrial electron transport chain, increase 

the catecholamine and lactic acid levels,cause  temporary hypoxia and reoxygenation  in some 
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tissues and lead to hyperthermia. As a result, it could lead to increasing of the formation of 

free radicals, disruption of antioxidant-oxidant balance and oxidative stress (Alessio, 

1993,   Jil, 1999, Husain, 2003). 

Studies have shown that development of oxidative stress, decreased nitric oxide 

bioavailability and hypertension occurs as a result of applying oxidant agents to test subjects.  

In addition to that, application of antioxidant vitamins to these test subjects with hypertension 

was found to increase NO bioavailability and lead blood pressure to normal levels (Banday et 

al., 2008, Schultz et al., 2017). Increased renal and vascular O2 cause to decreased NO 

bioavailability, NO mediated vasodilation disruption, decreased renal sodium reabsorption 

and the development of salt sensitive hypertension (Touyz,2004, Vaziri, 2000). 

When salt consumption increases, with the introduction of endogenous natriuretic 

systems, excess salt is discharged and blood pressure remains at normal levels. In this case, 

intrarenal dopamine exchanges Na+/H+ and inhibits Na+ K+ ATPase pump via D1-like receptor 

activation, located in the proximal tubular cells and increases urinary sodium excretion 

(Carey, 2001). However, in the presence of oxidative stress, D1-like receptor-G protein 

binding is impaired in renal proximal tubule cells. Oxidative stress causes D1 receptor 

dysfunction, Na+ K+ ATPase pump inhibition ability of produced dopamine is impaired, 

natriuresis can not occur and blood pressure increases (Majid and Kopkan, 2007, Banday et 

al., 2008). Oxidative stress causes increasing in blood pressure due to disruption in the 

activities of natriuretic and vasodilator systems. 

In this study; It is aimed to investigate the effects of intensive exercise, LNNA and 

high salt diet individually and in combination on water-salt balance and blood pressure at a 

dose and time that will not increase blood pressure when administered alone.It was purposed 

to investigate the participation of these systems in the development of water-salt balance and 

hypertension by measuring parameters related to intrarenal dopamine synthesis and oxidative 

stress. 

2. METHODS 

Experiments were carried out on 48 male Wistar Albino rats which were 8 weeks old, 

weighing 190-205 gr. Rats were housed under standard conditions with a 12-hour light–dark 

cycle in standard cages in a room with a controlled humidity of 40% and a temperature of 

22°C. On the last day of the experiment, rats were taken to individual metabolic cages.  

They had ad libitum access to food and water. For 7 days, rats were fed one of the 

specially prepared high salt diet with 4% salt or one of the standard rat feeds at 0.8% salt. 

LNNA was administered to the subjects with drinking water. Considering the amount of water 

consumed per day, LNNA at an average concentration of 50mg / L was prepared daily and 

administered for 7 days. (The dose of LNNA applied in the experiment and the high salt diet 

rate were determined by pre-experiments.) 

In the exercise program, "May TME 0804 Treadmill Exerciser" branded four-lane 

small experimental animal treadmill was used. The treadmill has an adjustable speed indicator 

in 0.1 km / hour steps and a mechanism that provides angulation between -10o and +20o. The 

subjects who do not want to run were warned by using the electrical shock switch 

continuously or when desired, between 1-6 levels. 

Practice exercises were not applied to the subjects. The rats were applied intensive 

running exercise on the treadmill at a speed of 25 m / min and at a 5% incline for 30 minutes a 

day for 7 days. It has been reported that this exercise model is a intensive-consuming exercise 

protocol with a VO2max> 75% (Hegde and Solomon, 2015). If the subjects could not turn from 
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the electric grid onto the band despite physical stimulation, they were considered exhausted 

and their exercises were terminated (Ji et al., 2004). 

Rats were divided into eight groups with 6 rats in each group (n = 48). 1. Control(C 

)(%0,8 salt diet and drinking water), 2. high salt group (HS) (%4 high salt diet and drinking 

water), 3. Exercise group (E ) (intensive exercise;25 m/min speed and %5 slope for 30 

minutes in a day),4. LNNA group (LNNA 50 mg/L concentration with water), 5. HS+E (%4 

high salt diet and intensive exercise), 6. E+LNNA (LNNA 50 mg/L concentration with water 

and intensive exercise ), 7. LNNA+ HS (LNNA 50 mg/L concentration with water and high 

salt diet), 8. E+LNNA+ HS (intensive exercise, LNNA 50 mg/L concentration with water and 

high salt diet). Systolic blood pressure measurements of rats were made by indirect tail cuff 

method from the tail on days 0 and 7 of the experiment (MAY BPHR 9610-PC TAIL-CUFF 

Indirect Blood Pressure Recorder, Ankara, Turkey). The measurements of the conscious 

subjects were made in a quiet laboratory environment after approximately 20 minutes of rest 

period, when the regular signal sound was received. The systolic blood pressure values were 

recorded in the computer. Systolic blood pressure averages were calculated by taking 3 

measurements from each rat. 

Rats were transferred to metabolic cages on the last day of the experimental protocol 

and the amount of water they drank and the volume of urine they produced for 24 hours were 

determined. At the end of the experiment, intracardiac blood was collected from rats under 

mild ether anesthesia and the subjects were decapitated. Na+ levels in serum and urine 

samples were measured using an autoanalyzer (ROCHE COBAS 6000). 

The water balance of the rats (volume of water intaken- volume of urine = water 

balance) was calculated by measuring the 24 hour water intake and urine volumeof the rats 

taken into metabolic cages. Urine dopamine levels were measured by the Duzen Laboratories 

group using a chemical detector and high pressure liquid chromatography device (HPLC) 

from the collected 24 hour urine samples. 

Serum Total Antioxidant (TAS), Serum Total Oxidant levels were measured by a fully 

automated method developed by Erel (Erel, 2004, Erel, 2005). The oxidative stress index was 

expressed as the percentage of the total oxidant status levels of the samples to the total 

antioxidant status of the samples. OSI was calculated as TOS (μmol H2O2 equivalent/L) / 

TAS (μmol Trolox equivalent/L)x100. In case the OSI value is greater than 1, it was 

evaluated as oxidative stress. Samples were studied in Rel Assay Laboratory, Gaziantep, with 

colorimetric method in a fully automatic biochemistry autoanalyzer of Vital Scientific brand 

in accordance with the Erel Method. RL 0017 coded Rel Assay kits were used for TAS and 

RL 0024 coded Rel Assay kits were used for TOS. 

The data obtained were expressed as mean ± standard error (SD). Statistical 

differences were calculated using “independent student-t” tests in independent groups. Paired 

student-t test was used to evaluate the difference between the values of the same group on 

days 0 and 7. Student's t test was used in the interpretation of the obtained results and a p 

value of <0.05 was considered statistically significant. 

3. RESULTS 

There was not statistically significant difference between the first and last weights of 

the groups. 

3.1. Blood Pressures: 

The initial blood pressure of the subjects was determined similarly. At the end of the 

experiment, it was determined that the blood pressure values of the groups were not affected 
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by these applications when the final blood pressure values of the groups that were applied 

intensive exercise alone, high salt or LNNA were compared with the initial blood pressure 

values  (Table 1). 

It was found that the final blood pressure values of the groups which were applied 

Exercise + Salt, Exercise + LNNA and LNNA + High Salt increased significantly compared 

to the initial blood pressure values. In addition, it was found that the combination of intensive 

exercise, high salt and LNNA significantly increased blood pressure values (n = 6; 168.38 ± 

4.25) compared to the other groups (P <0.05) (Table 1). 

Table 1. Comparison of the blood pressure values of the groups measured at the 

beginning and at the end of the experiment. 

 First measured (mmHg) Last measured (mmHg) 

Control (n=6) 127,33 ± 1,1 127,70 ± 1,1 

High Salt (n=6) 128,88 ± 1,15 129,86 ± 1,4 

Exercise (n=6) 128,42 ± 1,12 134,92 ± 2,93 

LNNA (n=6) 125,48 ± 2,32 131,30 ± 1,44 

Exercise + High Salt (n=6) 128,08 ± 0,95 140,85 ±1,96** 

Exercise + LNNA (n=6) 128,40 ± 1,92 135,45 ± 1,79** 

High Salt + LNNA (n=6) 128,53 ± 2,41 141,08 ± 1,84** 

Exercise + High Salt + 

LNNA   (n=6) 

127,17 ± 2,01 168,38 ± 4,25** β 

* Compared to control group, p < 0.05     

 ** P <0.05 Compared to baseline blood pressure values within the group         β P <0.05 according to the other 

applications groups 

 

3.2. Effects on Water Intake, Urine Volume and Water Balances 

On the last day of the experiment, 24 hour water intake and urinevolume of the 

subjects which were taken into metabolic cages were determined and their water balances 

were calculated. 

Administration of high salt diet alone significantly increased 24 hour water intake (n = 

6; 36.5 ± 0.89) compared to both the control and the high salt and exercise group (P <0.05) 

(Table 2). The 24 hour urine output of this group (n = 6; 7.67 ± 0.42) was found lower than 

the groups which were administered exercise and LNNA (Table 2). Only high salt application 

increased 24 hours water intake and decreased the volume of urine. Therefore, the water 

balance of high salt diet (n = 6; 28.8 ± 1.14); increased compared to control group and the 

groups in which high salt administered with exercise or LNNA.   LNNA application alone did 

not change the 24 hour water intake, but significantly reduced the volume of urine (n = 6; 

6.17 ± 0.49). Only the water balance of the LNNA group (n = 6; 28.3 ± 1.58) increased 

compared to the control and the groups in which LNNA was administered with salt and / or 

exercise, water-salt retention occurred in the body (Table 2). 
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Table2. Comparison of the 24 hour water intake, urine volume and water balance data of the 

groups. 

 Water intake 

(ml/day) 

Urine output 

(ml/day) 

Water balances 

(ml/day) 

Control (n=6) 31 ± 1,2 9,3 ± 1,2 21,6 ± 0,3  

High Salt (n=6) 36,5 ± 0,89 *€ 7,67 ± 0,42€** 28,8 ± 1,14 ***€ 

Exercise (n=6) 34 ± 2,35 8 ± 1,03 26  ± 1,9  

LNNA (n=6) 34,5 ± 1,38  6,17 ± 0,49*#Ω** 28,3 ± 1,58 *#Ω** 

Exercise + High Salt (n=6) 30 ± 2,24   8 ± 0,37 22    ± 2,03  

Exercise + LNNA (n=6) 32,33 ± 2,14 8,01 ± 0,6  24,1 ± 1,84   

High Salt + LNNA (n=6) 30,8 ± 2,51  11,5 ± 1,36  19,33 ± 2,17   

Exercise + High Salt + 

LNNA   (n=6) 
33,67 ± 2,07 12,33 ± 1,84  22,8 ± 1,8   

* Compared to control group, p < 0.05    € Compared to Exercise +high salt group, p < 0.05     

Ω Compared to Exercise + LNNA group, p < 0.05    # Compared to high salt + LNNA group, p < 0.05     

** Compared to Exercise, high salt + LNNA group, p < 0.  05    

 

3.3. Serum Sodium and Urine Sodium Values 

High salt, exercise and LNNA applications did not affect serum sodium values. While 

LNNA administration alone did not change 24 hour urinary sodium level, urinary sodium 

concentrations of the group in which LNNA was administered with high salt diet (n = 6; 1.81 

± 0.12) was found higher than control group, LNNA group or high salt diet group (P <0.05). 

Simultaneously LNNA administration increased urinary sodium excretion in subjects which 

were given high salt diet. The 24 hours urinary sodium values of the group in which exercise, 

high salt diet and LNNA were applied together (n = 6; 3.23 ± 0.45) were found to be 

statistically significantly higher than both the control and the other groups (P <0, 05). (Table 

3). 

  



 GÜNGÖR et al. / The Effects of High Salt Diet and Exercise on The Water-Salt Balance and Blood 

Pressure in Rats 

Journal of Scientific Perspectives, Volume:5, Issue:1, Year:2021 

61 

Table 3: Comparison of serum sodium values of subjects and sodium concentration in 

milliliter measured from 24 hour urine samples collected from subjects. 

 Serum sodium 

concentrations (mEq/l) 

Urine sodium concentrations 

(mEq/l) 

Control (n=6) 144,1 ± 0,6 0,77 ± 0,1 

High Salt (n=6) 143,67 ± 0,92 0,76 ± 0,08 

Exercise (n=6) 143,83 ± 0,17 0,86 ± 0,11 

LNNA (n=6) 143,17 ± 0,7 0,72 ± 0,20 

Exercise + High Salt (n=6) 143 ± 0,63 0,78 ± 0,08  

Exercise + LNNA (n=5) 144,17 ± 0,4 1,69 ± 0,34 

High Salt + LNNA (n=6) 144 ± 1 1,81 ± 0,12 *# £ 

Exercise + High Salt + LNNA   

(n=6) 

143,33 ± 1,23 3,23 ± 0,45*£#β€∞ 

* Compared to control group, p < 0.05    #  Compared to high salt group, p < 0.05    

£ Compared to LNNA group, p < 0.05   β Compared to exercise group, p < 0.05    

 € Compared to Exercise +high salt group, p < 0.05    ∞  Compared to high salt + LNNA group, p < 0.05 

3.4. Urine Dopamine Values 

The urine dopamine concentration of the high salt diet and exercise group was found 

to be higher than the control group. In addition, the urine dopamine concentration of this 

group is higher than the other groups (n = 6; 46.4 ± 14.8) however, it is not statistically 

significant since its standard error is high. The urine dopamine concentration (n = 6; 35.8 ± 

10.2) of the group in which high salt diet, exercise and LNNA were applied together was 

found to be higher than the groups in which exercise and LNNA were administered separately 

and together and the control group (P <0, 05) (Figure 1). 

Figure 1. Comparison of 24 Hour urine Dopamine concentrations 
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3.5. Serum Total Oxidant Status (TOS), Total Antioxidant Status (TAS) and 

Oxidative Stress Index (OSI) values 

Application of exercise and LNNA alone or together did not significantly affect serum 

total oxidant status values. TOS values of the group in which high salt diet was applied alone 

(n = 6; 24.11 ± 1.6) were found to be higher than TOS values of the control group and the 

groups in which high salt diet was applied with LNNA and/or exercise. In addition, serum 

total oxidant status values (n = 6; 18.05 ± 2.4) of the group in which high salt diet was applied 

with LNNA and exercise were found to be higher than the control group (P <0.05). Serum 

total antioxidant status values (n = 6; 1.91 ± 0.09) of the group in which the high salt diet (n = 

6; 1.91 ± 0.09) was applied alone were found to be higher than the serum total antioxidant 

status values of the groups in which the high salt diet was applied with LNNA and / or 

exercise. Other applications did not significantly affect serum total antioxidant status. 

Exercise or LNNA alone did not affect the oxidative stress index (OSI) values. 

However, the oxidative stress index (OSI) values of the group in which exercise and LNNA 

(n = 6; 1.06 ± 0.12)  were applied together were found to be higher than the control group. 

The OSI values (n = 6; 1.27 ± 0.09) of the high salt diet alone were found to be significantly 

higher  than the control group (Table 4). 

Table 4: Comparison of serum TOS = Total Oxidant Status, TAS = total antioxidant 

Status, OSI = oxidative stress index values of the groups. 

 TAS TOS OSI 

Control (n=6) 1,71 ± 0,08 11,96 ± 1,8 0,64 ± 0,09 

High Salt (n=6) 1,91 ± 0,09 €**∞ 24,11 ± 1,6 *€∞ 1,27 ± 0,09 * 

Exercise (n=6) 1,41 ± 0,06  13,31 ± 2,1 0,93 ± 0,13 

LNNA (n=6) 1,52 ± 0,06 14,38 ± 2,2 0,93 ±0,11 

Exercise + High Salt (n=6) 1,58 ± 0,12  16,03 ± 2,1 0,99 ± 0,09 * 

Exercise + LNNA (n=6) 1,47 ± 0,05  16,05 ± 3,1 1,06 ± 0,12* 

High Salt + LNNA (n=6) 1,05 ± 0,06  16,06 ± 2,4 1,04 ± 0,12* 

Exercise + High Salt + 

LNNA (n=6) 

1,61 ± 0,07  18,05 ± 2,4* 1,12 ± 0,14 * 

* Compared to control group, p < 0.05                     β Compared to Exercise group, p < 0.05  
€ Compared to Exercise +high salt group, p < 0.05    ∞ Compared to high salt + LNNA group, p < 0.05    ** 

Compared to Exercise, high salt + LNNA group, p < 0.05         

        

In addition, the oxidative stress index (OSI) values of the groups in which the high salt 

diet was administered with exercise and / or LNNA (n = 6; 1.12 ± 0.14)  were found to be 

significantly higher than the control group (P <0.05). 
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4. DISCUSSION 

Various mechanisms that are claimed to be participating in essential hypertension; it 

was aimed to investigate the effects on blood pressure, water-salt balance, intrarenal 

dopamine synthesis and oxidative stress development due to applying intensive exercise and 

high salt diet separately and in combination with the NO synthesis inhibitor. In this study, it 

was shown for the first time that LNNA, high salt diet and intense exercise have no effect on 

blood pressure at the dose and time when they were applied alone. However it was found that 

they increased the blood pressure when they were applied together. In addition, when three of 

these factors were applied together, the increase in blood pressure was significantly more 

aggravated compared when two of these factors were applied together.  

NOS inhibition and exercise studies have been conducted previously, however, these 

practices were generally aimed at investigating the effect of regular and moderate exercise on 

healing hypertension (Cornelissen and  Smart, 2013, Hegde and Solomon, 2015). For 

example, Kuru et al. found that the NOS activity of the group that was regularly exercised 

increased and blood pressure decreased significantly when the hypertensive group that 

exercised moderately and regularly was compared with the sedentary hypertensive group in 

hypertension which was developed with L-NAME at a dose of 25mg / kg (Kuru et al., 2009). 

It is known that regular, moderate exercise reduces blood pressure in hypertension (Kitiyakara 

et al., 2003, Cornelissen and Smart, 2013). In contrast to regular and moderate exercise, 

intensive exercise causes oxidative stress. Oxidative stress is known to be a participant in the 

development of hypertension (Kopkan and Majid, 2005, Powers and Jackson, 2008, Schultz et 

al., 2017). However, the effect of intensive exercise on blood pressure is not fully known. 

Although intensive exercise alone is not expected to cause hypertension, these informations 

suggest that when it is applied together with other factors which participate to the 

pathogenesis of hypertension, intensive exercise may cause or aggravate hypertension. 

Therefore, in this study, it was predicted that oxidative stress caused by intensive exercise 

may contribute to the development of hypertension. Indeed, this study revealed the blood 

pressure increasing effect of intensive exercise, partial NOS inhibition or high salt diet. It is 

interesting that while LNNA or high salt diet did not increase blood pressure when they were 

applied alone, blood pressure was increased when intensive exercise application was added to 

them. When the reasons for the increase in blood pressure are questioned; parameters for 

water-salt balance, serum sodium concentration, urine dopamine levels and oxidative stress 

should be evaluated. 

In this study, when the 24 hour water intake between the groups was compared, it was 

found that was increased in the high salt diet group and the other applications did not 

significantly affect water intake.  In addition, when 24 hour urine volumes were compared; 

LNNA administration significantly reduced it. In the LNNA group, the decrease in urine 

volume disappeared with the addition of high salt diet. (Table 2). When the water balance 

table was examined, it was seen that there was a significant increase in LNNA or high salt 

applications alone. With LNNA application; while 24 hour water intake was not affected, a 

significant decrease in thevolume of urine suggests that the amount of water which was 

retained in the body has increased. It has been determined that high salt application increased 

24 hour water intake and decreased the volume of urine, thus it increased the water balance. 

Increasing water balance suggests that there may be water retention in the body, but although 

these applications increased water balance, a significant increase in body weight did not 

occur. 

While the water balance of both the high salt diet and LNNA group and the group to 

which exercise was added to these applications, did not change, the 24 hour urine volume 

increased. It suggests that the increased volume of urine in the groups which were applied 
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high salt diet or LNNA alone may be associated with increased blood pressure when it is 

considered that blood pressure of these groups increased. When blood pressure increases, 

sodium and water excretion from the kidneys increases, fluid volume decreases and blood 

pressure returns to normal levels. This phenomenon is defined as the relationship of pressure-

natriuresis (Johnson and  Freeman, 1992, Titze and Luft, 2017). As a matter of fact, urinary 

sodium and water excretion of these groups also increased. Subsequent autoregulatory 

mechanisms cause hypertension by increasing extrarenal peripheral vascular resistance and 

vascular reactivity.  In high salt diet, the systems that regulate the salt balance of the organism 

come into play, the excess salt taken is removed and the blood pressure remains at normal 

levels. Intrarenal dopamine plays an important role in the maintenance of blood pressure and 

sodium-water homeostasis, with its vasodilator and natriuretic activity (Carey, 2001, Banday 

and Lokhandwala, 2020). Intrarenal dopamine achieves this effect generally through renal 

D1-like receptors (DA-1) -G protein coupling. DA-1 receptors inhibit Na + / H + exchange 

(apical) and Na⁺ K⁺ATPase pump (basolateral) especially in the proximal tubule and increase 

urinary sodium excretion. Inadequate intrarenal dopamine synthesis or activity is one of the 

factors that play a role in the pathogenesis of hypertension and indicator of intrarenal 

dopamine synthesis is dopamine levels in urine (Banday et al., 2008,a, Banday and 

Lokhandwala,b, 2020). 

Wang et al. administered normal (0.28%) salt or high (4%) salt for 5 days to 

anesthetized rats to investigate the effectiveness of intrarenal dopamine in diuresis and 

natriuresis and they showed that the water-sodium excretions and urine dopamine 

concentrations of the high salt group increased (Wang, et al., 1997). In another study, 

increasing the amount of salt consumed for 8 days by 209-259 mEq in normal individuals 

who receive 9 mEq of salt per day increased the sodium and dopamine levels measured in 24 

hour urine in these individuals (Wayne et al., 1974). In our study, administration of high salt 

(4%) alone did not significantly increase the urinary dopamine concentration being 

statistically compared to the normal (0.8%) salt applied group. Interestingly, the combination 

of high salt diet with LNNA and intensive exercise significantly increased dopamine levels in 

24 hour urine (Figure 1). Increased urinary dopamine levels indicate increased intra renal 

dopamine synthesis and seem to occur with the increase in urinary sodium excretion. 

However, this situation could not prevent the increase in blood pressure. As intrarenal 

dopamine synthesis increases during high salt (1%) intake, it causes natriuresis with 

Na⁺K⁺ATPase pump inhibition via D1 receptors and maintains blood pressure at normal 

levels but with high salt diet and oxidative stress with agents such as BSO (butionine 

sulfoximine).  It has been suggested that intrarenal dopamine synthesis is not affected, but as a 

result of dysfunction of dopaminergic receptors, intrarenal produced dopamine loses its Na⁺K 

⁺ ATPase pump inhibition ability and increases blood pressure by causing water-salt retention 

(Banday et al., 2008,a, Banday and Lokhandwala,b, 2020). In this study, sodium excretion, 

urinary dopamine levels and blood pressure increased with the application of intensive 

exercise together with LNNA and high salt diet. Although these results show that the 

natriuretic function of intrarenal dopamine is not impaired, the possibility of D1 receptor 

dysfunction that may occur with the formation of oxidative stress in this group cannot be 

excluded. In this study, despite the increase in dopamine synthesis, there is a possibility of D1 

receptor dysfunction due to oxidative stress. However, the increase in urinary salt excretion is 

thought to be due to the increased blood pressure. Although the intrarenal dopaminergic 

system does not work, natriuresis occurs as a result of increased blood pressure. The degree of 

efficacy of intrarenal dopaminergic activity on natriuresis, in other words, the degree of 

increase and satiety of dopaminergic activity with the degree of salt loading have not been 

determined yet, and there is not enough information on the behavior pattern in high blood 

pressure. 
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People with mild hypertension were exercised with a VO2 max of 40-60%; It has been 

found that sodium excretions and urine dopamine levels increase, blood pressure decreases 

(Arakawa et al., 1995). In another study, salt-sensitive Dahl rats were given a 4% high salt 

diet for 2 weeks, followed by 8m / min 60 minutes of VO2 max 50% running exercise 5 days a 

week for 4 weeks. It was found that salt excretions and blood pressures of rats that were 

exercised were similar to rats that were not exercised, but rats that were applied moderate 

exercise had high urinary dopamine levels and that moderate exercise increased renal 

dopamine production (Maeda et al., 2000). On the contrary, studies performed with intensive 

exercise indicate that acute vigorous exercise may have negative effects on blood pressure 

regulation by causing oxidative stress (Witt et al., 1992, Bergholma et al., 1999). However, 

information on the effect of intensive exercise on urinary dopamine levels has not been found 

in the literature. In this study, the intensive exercise program alone did not affect the urinary 

dopamine levels, the combination with LNNA caused an increase in blood pressure and 

significantly decreased urinary dopamine levels. Since these two applications together 

increase sodium excretion in the urine, although it is not significant, it suggests that the 

increased blood pressure cannot be associated with sodium retention. In this case, the negative 

effects of oxidative stress formation as a result of the combination of intensive exercise and 

LNNA may have played a role in the increase in blood pressure. Oxidative stress has negative 

effects on both sodium retention and vascular tone increase. In this study, it can be thought 

that oxidative stress causes vasoconstriction with negative effects of O2
- and H2O2 on vascular 

tissues, especially as a result of oxidative stress rather than its effects on sodium retention. 

In intensive exercise with VO2 max higher than 75%; metabolic rate, energy and oxygen 

consumption are increasing. Free radicals appear as byproducts of normal exercise 

metabolism and the production of reactive oxygen radicals (ROS) increases. Oxidative stress 

develops as a result of the significant increase in ROS and insufficiency of protective systems, 

deterioration of the prooxidant antioxidant balance (Alessio, 1993, Loperena and Harrison 

2017). It has been demonstrated that intensive exercise causes increased free radical 

production, depletion of antioxidant agents, and disruption of endothelium dependent 

relaxation with in vivo studies (Bergholma et al., 1999). In this study, it was determined that 

high salt diet application alone significantly increased TAS, TOS and OSI levels and caused 

oxidative stress. While intensive exercise or LNNA application alone did not affect the 

measured TAS, TOS and OSI levels; combined application of them increased the oxidative 

stress index. In addition, the application of high salt diet with LNNA and / or intensive 

exercise also increased OSI values. The antioxidant system could not prevent the increase in 

oxidant status and oxidative stress developed (Table 4). 

High salt diet causes an increase in the activity of oxidant enzymes such as NADPH 

oxidase in the arteries, veins and kidneys, and thus ROS production. Previous studies showed 

that especially when O2
- increases, as a result of the interaction of O2

- with NO, the bioactivity 

of NO decreases, endothelium-dependent vasodilator response is impaired, vasoconstrictor 

response dominates, vascular growth factors are activated and/or antioxidant enzymes are 

reduced and thus oxidative stress develops. (Kopkan and Majid, 2005, Wilcox, 2005, Lenda et 

al.,2000). It has been reported that oxidative stress is effective in the pathology of 

hypertension both in hypertensive animal models and humans (Champlain et al., 2004). In 

addition, hydrogen peroxide (H2O2), which is a free radical, is also known as an endothelium-

derived hyperpolarizing factor, which is important in maintaining vascular tone. It has been 

shown that increased ROS when oxidative stress develops causes vasoconstriction by causing 

vascular Ca+2 increase (Tabet et al., 2004). 
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5. CONCLUSION  

In this study, it has been shown that the combination of intensive exercise, LNNA and 

high salt diet, which have no effect on blood pressure at the dose and time applied alone, 

increases urinary sodium excretion and renal dopamine synthesis, but significantly increases 

blood pressure, the antioxidant system cannot prevent the increase in oxidant status, and 

oxidative stress develops.  

The findings suggest that the reason for hypertension developed by the combination of 

intensive exercise, LNNA and high salt diet may be due to the vascular resistance increasing 

effect of oxidative stress rather than water-salt retention. 
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