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Summary 
Enhanced production of superoxide radicals by nicotinamide-
adenine dinucleotide phosphate (NADPH) oxidase in the brain 
and/or kidney of salt hypertensive Dahl rats has been proposed 
to participate in the pathogenesis of this form of experimental 
hypertension. Most information was obtained in young Dahl salt-
sensitive (DS) rats subjected to high salt intake prior to sexual 
maturation. Therefore, the aim of our study was to investigate 
whether salt hypertension induced in adult DS rats is also 
accompanied with a more pronounced oxidative stress in the 
brain or kidney as compared to Dahl salt-resistant (DR) controls. 
NADPH oxidase activity as well as the content of thiobarbituric 
acid-reactive substances (TBARS) and conjugated dienes 
(oxidative index), which indicate a degree of lipid peroxidation, 
were evaluated in two brain regions (containing either 
hypothalamic paraventricular nucleus or rostral ventrolateral 
medulla) as well as in renal medulla and cortex. High salt intake 
induced hypertension in DS rats but did not modify blood 
pressure in DR rats. DS and DR rats did not differ in NADPH 
oxidase-dependent production of ROS, TBARS content or 
oxidative index in either part of the brain. In addition, high-salt 
diet did not change significantly any of these brain parameters. 
In contrast, the enhanced NADPH oxidase-mediated ROS 
production (without significant signs of increased lipid 
peroxidation) was detected in the renal medulla of salt 
hypertensive DS rats. Our findings suggest that there are no 
signs of enhanced oxidative stress in the brain of adult Dahl rats 
with salt hypertension induced in adulthood.  
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Introduction 
 

Rather complex blood pressure (BP) regulation 
is still not completely elucidated. The brain plays an 
essential role in the control of arterial BP and there is 
considerable evidence that hypertension in both humans 
and animal models has a neurogenic basis. There are two 
major centers of BP control – the hypothalamic 
paraventricular nucleus (PVN) and the rostral 
ventrolateral medulla (RVLM) (Guyenet 2006). Recently, 
much attention has been paid to the role of altered central 
BP regulation in the pathogenesis of hypertension 
(Hirooka 2011, Gabor and Leenen 2012). 

Oxidative stress is generally accepted as one of 
the important mechanisms responsible for the 
development of human and/or experimental hypertension 
(Parik et al. 1996, Manning et al. 2005). Oxidative stress 
arises from the imbalance between excessive reactive 
oxygen species (ROS) generation, reduced nitric oxide 
(NO) levels and decreased bioavailability of antioxidants 
(Rodrigo et al. 2011, Baradaran et al. 2014). Plasma 
membrane nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase is well known as a significant 
producer of superoxide radicals (O2

-). Its activation can 
remarkably contribute to the oxidative stress (Lassègue 
and Griendling 2004).  

Similarly to the human population, the rats can 
also show varying degree of resistance to BP elevating 
effects of high salt intake. The excess salt ingestion is 
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regarded as one of major factors in the pathogenesis of 
hypertension. The most widely used genetic model of salt 
hypertension is Dahl rats (for review see Zicha et al. 
2012a). More than 50 years ago, Dahl et al. (1962) 
selected two contrasting substrains of Sprague-Dawley 
rats differing substantially in BP elevation when fed 
a high-salt diet (Dahl salt-sensitive rats, DS and Dahl 
salt-resistant rats, DR). A considerable attention was paid 
to the formation and the role of ROS in Dahl rats. Indeed, 
the increased oxidative stress was observed in salt 
hypertensive Dahl rats (Swei et al. 1997, Meng et al. 
2003, Taylor and Cowley 2005), and the attenuation of 
salt hypertension development by various antioxidant 
interventions was also reported in this model of 
experimental hypertension (Swei et al. 1999, Forde et al. 
2003, Nishiyama et al. 2004, Zhang et al. 2004). 
Enhanced ROS production was detected in various organs 
of salt hypertensive Dahl rats including kidney (Trolliet 
et al. 2001, Forde et al. 2003), heart (Tsutsui et al. 2001, 
Tojo et al. 2002, Guo et al. 2006) and blood vessels 
(Swei et al. 1997, Bayorh et al. 2004). Much less is 
known about ROS formation in the brain of salt 
hypertensive animals, although Fujita et al. (2007) 
demonstrated that sympathoexcitation and salt 
hypertension in young Dahl rats is related to their 
enhanced hypothalamic production of ROS by NADPH 
oxidase. 

Our earlier studies demonstrated the enhanced 
BP fall after acute intravenous injection of tempol 
(superoxide dismutase mimetic) in salt hypertensive Dahl 
rats, the effect being greater in young than in adult 
animals (Zicha et al. 2001, Dobešová et al. 2002). Later, 
we have disclosed a more pronounced increase of 
oxidative stress in adult salt hypertensive Dahl rats in 
which a positive correlation between BP and ROS 
production in thoracic aorta or kidney was observed 
(Vaněčková et al. 2013). We have also found that chronic 
oral tempol administration attenuated salt hypertension 
development only in adult Dahl rats but not in young 
ones. This BP reduction was mediated by a reduction in 
sympathetic vasoconstriction (Vaněčková et al. 2013). 
The differences in the pathogenetic mechanisms of salt 
hypertension elicited in immature or adult rats are well-
known (for review see Zicha et al. 1986, Zicha and 
Kuneš 1999) but our knowledge on the age-dependent 
involvement of oxidative stress is still limited. This was 
a reason why we decided to study the oxidative stress in 
both brain and kidney of salt-sensitive (DS) and salt-
resistant (DR) Dahl rats subjected to high salt intake in 

adulthood. 
The aim of the present study was to investigate 

i) whether salt hypertension is accompanied by a more 
pronounced oxidative stress in two brain regions which 
contain either PVN or RVLM, ii) whether DS and DR 
rats differ in ROS production by NADPH oxidase in the 
brain, and iii) whether these parameters of oxidative 
stress are altered in renal medulla or renal cortex of the 
same animals. 
 
Material and Methods 
 
Reagents 

Nicotinamide-adenine dinucleotide phosphate 
(NADPH), ethylene glycol-bis(2-amino-ethylether)-
N,N,N’,N’-tetraacetic acid (EGTA), aprotinin, leupeptin, 
pepstatin, phenylmethylsulfonyl fluoride, 1,1,3,3-
tetraethoxypropane, lucigenin and Folin reagent were 
purchased from Sigma-Aldrich Co (USA), Lubrol from 
Serva (Germany). All other reagents were of the purest 
grade commercially available. 

 
Animals 

Five-month-old male inbred Dahl/Rapp salt-
sensitive (DS) and salt-resistant (DR) rats from the 
breeding colony of the Institute of Physiology CAS 
(Prague) were used for our experiments. The animals 
were housed under standard laboratory conditions 
(temperature 23±1 °C, 12-h light/dark cycle) and 
maintained on tap water and standard rodent chow 
ad libitum. From the age of 3 months the rats of both 
genotypes were fed either a low-salt (LS, 0.3 % NaCl) or 
a high-salt (HS, 5.0 % NaCl) diet for 2 months. All 
procedures and experimental protocols in the 
experimental animals, which were approved by the 
Ethical Committee of the Institute of Physiology CAS, 
conform to the European Convention on Animal 
Protection and Guidelines on Research Animal Use. 

 
Measuring of systolic blood pressure 

Systolic blood pressure (SBP) was measured by 
tail cuff method always between 8:00 and 10:00 a.m.  

 
Sample preparation 

At the end of the experiment, the animals were 
euthanized by decapitation in ether anesthesia. The hearts 
were removed and weighted. The kidneys were removed, 
weighted and divided on medulla and cortex. The brains 
were removed from the scull on ice-cold platform. The 
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macroscopic structures of the brainstem (without 
cerebellum) were manually separated in two parts 
according to a rat brain atlas (Paxinos and Watson 2005): 
Part A: diencephalon including PVN (AP 0 to AP -5) and 
part B: medulla oblongata + pons including RVLM  
(AP -9 to AP -15). The mean weights of the individual 
blocks of brain tissue (±SEM) were 198±6 and 152±3 mg 
for parts A and B, respectively. The dissected parts of the 
brain and renal medulla and cortex were homogenized in 
10 % (wt/vol) ice-cold lysis buffer containing 20 mmol/l 
KH2PO4, 1 mmol/l EGTA, 1 µg/ml aprotinin, 1 µg/ml 
leupeptin, 1 µg/ml pepstatin, 1 mmol/l phenylmethyl-
sulfonyl fluoride (pH 7.4). Homogenates were filtered 
through two layers of gauze on ice and used for further 
analyses. Folin method was used for the determination of 
protein concentration in the homogenates using bovine 
serum albumin as standard (Lowry et al. 1951). 

 
Measurement of NADPH oxidase activity 

The lucigenin-enhanced chemiluminescence 
assay was used to determine NADPH oxidase-mediated 
superoxide radical (O2

-) production in the brain and renal 
medulla and cortex homogenates (Matsui et al. 2006). 
The reaction was started by the addition of NADPH 
(0.1 mmol/l) to the suspension (250 μl final volume) 
containing assay phosphate buffer (50 mmol/l KH2PO4, 
1 mmol/l EGTA, 150 mmol/l sucrose, pH 7.4), sample 
and lucigenin (5 μmol/l). The luminescence was 
measured at 30 °C every 5 s for 10 min using Tecan 
Infinite M200 multimode microplate fluorometer. Buffer 
blank was subtracted from each reading. The activity of 
NADPH oxidase is expressed as counts per mg protein. 

 
Measurement of lipid peroxidation 

Lipid peroxidation in the samples was monitored 
by measuring thiobarbituric acid-reactive substances 
(TBARS) formation (Ohkawa et al. 1979). To determine 
TBARS, the brain homogenates were incubated with 
thiobarbituric and acetic acid at 95 °C for 45 min. After 
cooling the developed fluorescent substance was 
extracted with n-butanol. Fluorescence of the organic 
phase was measured at an excitation wavelength of 
515 nm and an emission wavelength of 553 nm using 
Tecan Infinite M200 multimode microplate fluorometer. 
A calibration curve was prepared from 1,1,3,3-
tetraethoxypropane. The results were expressed as nmol 
of TBARS per mg of protein. 

 
 

Determination of conjugated dienes 
Samples of brain and kidney homogenates 

(0.020 mg of protein) were added to 1 ml of 10 mmol/l 
phosphate buffer (pH 7.4) with 1 % (wt/vol) Lubrol. 
Formation of conjugated dienes was measured from the 
absorbance ratio A233/A215 (oxidative index) using 
a spectrophotometer Beckman DU-7 (Klein 1970, Kaplán 
et al. 2000). 

 
Determination of thiol concentrations 

The intracellular content of reduced glutathione 
(GSH) in renal cortex, heart and liver was determined 
according to the method described earlier (Ellman 1959). 
Briefly, the tissue samples were homogenized in 3 % 
sulfosalicylic acid and 10 % homogenates were 
centrifuged for 10 min at 3 000 g. A portion of the 
supernatant was mixed with 0.02 M 5,5’-dithiobis-(2-
nitrobenzoic acid) in 0.1 M phosphate buffer (pH 8) and 
the absorbance of a colored product was read on 
a spectrophotometer at 412 nm. The concentration of 
GSH was calculated from a calibration curve prepared by 
serial dilution of 1 mM stock solution. The results were 
expressed as µmol GSH/g tissue. 
 
Statistical analysis 

Results are expressed as mean ± SEM and the 
statistical differences among experimental groups were 
evaluated by two-way analysis of variance (ANOVA) 
followed by Bonferroni post-test with factors salt intake 
(low and high) and genotype (DR and DS). The ANOVA 
was performed with GraphPad Prism software. A value of 
P<0.05 was considered to be statistically significant. 
 
Results 

 
Initial values of systolic blood pressure, which 

were recorded prior to the experiment under the 
conditions of low salt intake (0.3 % NaCl diet), were 
similar in DS and DR rats aged 3 months (Table 1). At 
the end of the experiment higher SBP was found in DS 
rats compared to DR rats fed a low-salt diet, but these 
two groups did not differ in relative heart or kidney 
weights. On the other hand, two-month feeding with 
high-salt diet (5 % NaCl) induced hypertension and 
increased relative heart and kidney weights in DS rats 
without significant changes in DR rats. Higher 
concentrations of thiols were found in heart, renal cortex 
and liver of DS rats compared to DR ones irrespective of 
their salt intake (Tables 1 and 2). 
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Table 1. Systolic blood pressure (SBP), body weight (BW), relative heart weight (HW/BW), relative kidney weight (KW/BW) and thiols 
(SH) concentration in heart, kidney cortex and liver in salt-resistant (DR) and salt-sensitive (DS) Dahl rats fed either low-salt (LS, 0.3 % 
NaCl) or high-salt (HS, 5.0 % NaCl) diet for 2 months from the age of 3 months. 
 

 DR/LS DR/HS DS/LS DS/HS 

Number of rats 7 6 6 5 
Initial SBP (mm Hg) 137±4 144±6 
Final SBP (mm Hg) 136±4 139±2 162±4* 213±5*# 
BW (g) 347±6 391±8# 426±9* 408±11 
HW/BW (mg/g)  2.76±0.04 2.78±0.05 2.69±0.03 3.20±0.07*# 
KW/BW (mg/g) 6.16±0.13 6.87±0.21 5.75±0.16 7.82±0.26*# 
SH heart (µmol/g) 2.10±0.23 1.93±0.14 2.68±0.30* 2.73±0.23* 
SH kidney (µmol/g) 4.25±0.17 3.99±0.20 4.74±0.24* 4.65±0.27* 
SH liver (µmol/g) 6.39±0.57 6.62±0.64 10.1±0.66* 10.8±1.27* 

 
Data are means ± SEM. Significantly different: *P<0.05 from DR strain on the same diet; #P<0.05 from the rats of the same genotype 
fed LS diet. 
 
 
Table 2. Two-way ANOVA analysis of the data from Table 1.  
 

Effect of salt intake genotype interaction 
 F1,20 P < F1,20 P < F1,20 P < 

Final SBP (mm Hg) 39.26 0.001 136.8 0.001 31.04 0.001 
BW (g) 2.203 NS 27.96 0.001 12.06 0.01 
HW/BW (mg/g) 25.16 0.001 11.29 0.01 21.15 0.001 
KW/BW (mg/g) 46.15 0.001 1.762 NS 10.99 0.01 
SH heart (µmol/g) 0.290 NS 38.35 0.001 0.880 NS 
SH kidney (µmol/g) 2.530 NS 27.55 0.001 0.560 NS 
SH liver (µmol/g) 1.590 NS 104.0 0.001 0.470 NS 

 
NS – no significant difference. For other abbreviations see Table 1. 
 
 

 
 
Fig. 1. NADPH oxidase-mediated ROS production in the 
diencephalon (A) and medulla oblongata + pons (B) in salt-
resistant (DR) and salt-sensitive (DS) Dahl rats fed either low-salt 
(LS, 0.3 % NaCl) or high-salt (HS, 5.0 % NaCl) diet for 2 months 
from the age of 3 months. Data are mean ± SEM. 

 
 
Fig. 2. TBARS concentration in the diencephalon (A) and 
medulla oblongata + pons (B) in salt-resistant (DR) and salt-
sensitive (DS) Dahl rats fed either low-salt (LS, 0.3 % NaCl) or 
high-salt (HS, 5.0 % NaCl) diet for 2 months from the age of 
3 months. Data are mean ± SEM. 
 



2015  NADPH Oxidase-Mediated ROS Production in Adult Dahl Rats   307  
   

 
 
Fig. 3. Oxidative index indicated by absorbance ratio A233/A215 in 
the diencephalon (A) and medulla oblongata + pons (B) in salt-
resistant (DR) and salt-sensitive (DS) Dahl rats fed either low-salt 
(LS, 0.3 % NaCl) or high-salt (HS, 5.0 % NaCl) diet for 2 months 
from the age of 3 months. Data are mean ± SEM. 
 

 
Figure 1 indicates that there were no significant 

differences (NS) between particular experimental groups 
in NADPH oxidase-dependent O2

- production in either 
part of the brain (part A: salt intake effect F1,20 = 0.84 NS, 
genotype effect F1,20 = 0.58 NS and the interact of both 
effect F1,20 = 0.93 NS; part B: salt intake effect F1,20 = 
0.08 NS, genotype effect F1,20 = 1.16 NS and the interact 
of both effect F1,20 = 1.97 NS). To evaluate the degree of 
possible brain damage by ROS we measured both 
TBARS and conjugated dienes (oxidative index) as the 
indirect markers of lipid peroxidation. We did not 
observe any difference between DS and DR rats in 
TBARS contents of selected brain regions and high-salt 
diet feeding did not change TBARS content in any part of 
the brain (Fig. 2).  
 
 

 
 
Fig. 4. NADPH oxidase-mediated ROS production in renal 
medulla (A) and cortex (B) in salt-resistant (DR) and salt-
sensitive (DS) Dahl rats fed either low-salt (LS, 0.3 % NaCl) or 
high-salt (HS, 5.0 % NaCl) diet for 2 months from the age of 
3 months. Data are mean ± SEM. 

Furthermore, the determination of this oxidative 
index confirmed that the development of salt 
hypertension in DS rats was not accompanied by 
increased oxidative stress in the brain as compared to DR 
controls (Fig. 3).  

 
 

 
 
Fig. 5. TBARS concentration in renal medulla (A) and cortex (B) 
in salt-resistant (DR) and salt-sensitive (DS) Dahl rats fed either 
low-salt (LS, 0.3 % NaCl) or high-salt (HS, 5.0 % NaCl) diet for 
2 months from the age of 3 months. Data are mean ± SEM. 
 
 

 
 
Fig. 6. Oxidative index indicated by the absorbance ratio 
A233/A215 in renal medulla (A) and cortex (B) in salt-resistant 
(DR) and salt-sensitive (DS) Dahl rats fed either low-salt (LS, 
0.3 % NaCl) or high-salt (HS, 5.0 % NaCl) diet for 2 months from 
the age of 3 months. Data are mean ± SEM. 

 
 
On the contrary, Figure 4A shows a major 

elevation of NADPH oxidase-dependent O2
- production 

in the renal medulla of salt hypertensive DS rats 
compared to both controls – DR rats fed a high-salt diet 
and DS rats fed a low-salt diet. Two-way ANOVA 
revealed salt intake effect F1,20 = 4.83, P<0.05; genotype 
effect F1,20 = 16.63, P<0.001 and the interact of both 
effect F1,20 = 11.92, P<0.01. In contrast to renal medulla, 
there were no significant changes in the renal cortex of 
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hypertensive animals (salt intake effect F1,20 = 0.09, NS; 
genotype effect F1,20 = 1.03, NS and the interact of both 
effect F1,20 = 0.22, NS) (Fig. 4B). Nevertheless, we have 
not observed any signs of increased lipid peroxidation in 
the renal medulla or cortex of adult salt hypertensive DS 
rats (Figs 5 and 6). 
 
Discussion 
 

The present study provides new data on NADPH 
oxidase-mediated O2

- production and oxidative damage in 
the brain and kidney of Dahl rats. We examined two parts 
of brain, which are crucial for BP control. Hypothalamic 
PVN regulates neuroendocrine and autonomic systems to 
maintain homeostasis and to respond to stress (Benarroch 
2005, Pyner 2009). Brainstem RVLM contains neurons 
that primary control peripheral sympathetic vasomotor 
tone and blood pressure (Guyenet 2006, Kumagai et al. 
2012). 

As far as NADPH oxidase-dependent ROS 
production in the brain is concerned, we did not find 
significant strain-dependent or diet-induced differences in 
either PVN or RVLM containing parts of the brain. The 
same was true for the levels of end products of lipid 
peroxidation (TBARS or conjugated dienes) in the brain 
of Dahl rats. There are few data on the oxidative stress in 
the brain of Dahl rats. The only relevant study (Fujita 
et al. 2007) reported that sympathoexcitation due to 
increased superoxide formation by NADPH oxidase in 
the hypothalamus was responsible for BP elevation seen 
in young (immature) salt hypertensive DS rats. Similar 
sympathoexcitation by brain oxidative stress has been 
also observed in weanling 3-week-old Sprague Dawley 
rats subjected to uninephrectomy and high salt intake 
(Fujita et al. 2012). The dissimilarity of our data and 
those of Fujita et al. (2007) might be ascribed to the use 
of Dahl rats of different age and/or colony origin.  

On the other hand, we disclosed a major 
elevation of NADPH oxidase-dependent ROS production 
in renal medulla of salt hypertensive DS rats. This was in 
a good agreement with earlier reports on the important 
role of enhanced superoxide production in renal outer 
medulla of salt hypertensive DS rats (Taylor et al. 2006, 
Feng et al. 2012). There are also numerous studies 
suggesting the role of increased oxidative stress in renal 
damage occurring in salt hypertensive Dahl animals 
(Trolliet et al. 2001, Forde et al. 2003, Hisaki et al. 2005, 
Nagasu et al. 2010, Kim et al. 2012). 

Our findings in Dahl rats with salt hypertension 

induced in adulthood are at variance with the results 
obtained in adult rats with spontaneous genetic 
hypertension. Thus, the adult stroke-prone spontaneously 
hypertensive rats (SHR-SP) had greatly enhanced 
TBARS levels in the whole brain and in RVLM in 
comparison with normotensive Wistar-Kyoto (WKY) rats 
(Kishi et al. 2004). Furthermore, increased O2

- levels and 
reduced manganese superoxide dismutase (Mn-SOD) 
expression and activity were found in RVLM of adult 
spontaneously hypertensive rats (SHR) when compared 
to WKY rats (Tai et al. 2005). The oxidative impairment 
of mitochondrial electron transport chain complexes in 
RVLM contributes to the increased sympathetic tone and 
neurogenic hypertension in SHR (Chan et al. 2009). 
Nevertheless, we should keep in mind that BP elevation 
and underlying sympathoexcitation in SHR or SHR-SP 
appear in the early life, i.e. prior to sexual maturation. 

The reasons for age-dependent involvement of 
oxidative stress in the pathogenesis of salt hypertension 
as well as for the different ROS production in the brain of 
young and adult Dahl rats are still unclear. Our earlier 
experiments (Zicha et al. 2001, Dobešová et al. 2002) 
revealed that BP reduction following acute tempol 
administration was greater in young than in adult salt 
hypertensive DS rats. This acute tempol-induced BP 
reduction was originally ascribed to the augmentation of 
NO-dependent vasodilatation (Zicha et al. 2001). Indeed, 
our studies on vasoactive balance in young and adult 
Dahl rats disclosed a more pronounced NO deficiency in 
young than in adult salt hypertensive DS rats (for details 
see Table 2 in the review by Zicha et al. 2012a). Since 
the age-dependent difference in acute BP response to 
tempol was accompanied by augmented contribution of 
sympathetic nervous system (SNS) to BP maintenance in 
younger hypertensive group (see Table 2 in Zicha et al. 
2012a), a possible involvement of oxidative stress in the 
enhanced sympathoexcitation can not be excluded. 
Nevertheless, the above mentioned enhancement of 
tempol-induced BP changes in young salt hypertensive 
DS rats can also be ascribed to their more pronounced 
alterations in baroreflex sensitivity (Nedvídek and Zicha 
2000). This might be responsible for a less efficient 
compensation of tempol-induced BP reduction by the 
elevation of sympathetic tone in young than in adult 
animals. On the other hand, Dahl rats with salt 
hypertension induced in adulthood are characterized by 
the increased contribution of circulating angiotensin II to 
BP maintenance (see Table 2 in Zicha et al. 2012a). Since 
angiotensin II is known to stimulate NADPH oxidase 
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activity, this might be a plausible explanation for the 
enhanced NADPH oxidase activity observed in renal 
medulla of adult salt hypertensive DS rats. In addition, 
Vaněčková et al. (2013) reported higher superoxide 
levels in the aorta of adult salt hypertensive DS rats 
compared to young ones. Surprisingly, intracellular 
content of reduced glutathione (GSH) in renal cortex, 
heart and liver was higher in DS than in DR rats, but it 
was not influenced by high salt intake in either genotype. 

Our chronic experiments in Dahl rats provided 
several interesting findings concerning age-dependent 
effects of various antihypertensive interventions. Thus, 
dietary potassium supplementation attenuated salt 
hypertension development only in young but not in adult 
DS animals and this effect was mediated by a reduction 
of sympathetic vasoconstriction (Zicha et al. 2011). 
Similarly, dietary calcium supplementation diminished 
hypertension development in young DS rats, whereas the 
same high-calcium diet enhanced salt hypertension 
development in adult DS animals (Kuneš et al. 1988). On 
the contrary, chronic blockade of endothelin type 
receptors (Zicha et al. 2012b) or chronic lowering of 
superoxide levels by oral tempol treatment (Vaněčková et 
al. 2013) reduced salt hypertension development only in 
adult but not in young DS rats. It is important to note that 
in both cases the antihypertensive effects were also due to 
a decreased contribution of SNS to BP control. This 
suggests that sympathetic component of salt hypertension 
can be modulated by several factors the efficiency of 
which varies according to the age of animals. It would be 
therefore desirable to know how the above interventions 
influence ROS formation in the brain or kidney of young 
and adult DS rats. Even more interesting might be to 

study the brain ROS formation, sympathetic nerve 
activity and blood pressure in salt-loaded DS rats 
subjected to chronic blockade of either angiotensin AT1 
or mineralocorticoid receptors in prepuberty because such 
interventions were reported to attenuate or even prevent 
salt hypertension development in young Dahl rats 
(Nakaya et al. 2002, Kawarazaki et al. 2010, Dejima 
et al. 2011). 

In summary, the present study showed neither 
the increased activity of NADPH oxidase-mediated O2

- 
production nor the increased levels of TBARS and 
conjugated dienes in hypothalamus or medulla oblongata 
of adult salt hypertensive Dahl rats. This is in variance 
with the results of Fujita et al. (2007), who reported the 
importance of enhanced oxidative stress in the 
hypothalamus of young salt hypertensive Dahl rats. This 
discrepancy further supports considerable age-dependent 
difference in the participation of reactive oxygen species 
in the pathogenesis of salt hypertension in immature and 
adult animals as was earlier suggested by Vaněčková 
et al. (2013). 
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