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Summary 

Both brain and peripheral nitric oxide (NO) play a role in the 

control of blood pressure and circulatory homeostasis. Central NO 

production seems to counteract angiotensin II-induced 

enhancement of sympathetic tone. The aim of our study was to 

evaluate NO synthase (NOS) activity and protein expression of its 

three isoforms – neuronal (nNOS), endothelial NOS (eNOS) and 

inducible (iNOS) – in two brain regions involved in blood pressure 

control (diencephalon and brainstem) as well as in the kidney of 

young adult rats with either genetic (12-week-old SHR) or salt-

induced hypertension (8-week-old Dahl rats). We have 

demonstrated reduced nNOS and iNOS expression in brainstem 

of both hypertensive models. In SHR this abnormality was 

accompanied by attenuated NOS activity and was corrected by 

chronic captopril treatment which prevented the development of 

genetic hypertension. In salt hypertensive Dahl rats nNOS and 

iNOS expression was also decreased in the diencephalon where 

neural structures important for salt hypertension development 

are located. As far as peripheral NOS activity and expression is 

concerned, renal eNOS expression was considerably reduced in 

both genetic and salt-induced hypertension. In conclusions, we 

disclosed similar changes of NO system in the brainstem (but not 

in the diencephalon) of rats with genetic and salt-induced 

hypertension. Decreased nNOS expression was associated with 

increased blood pressure due to enhanced sympathetic tone. 
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Introduction 
 

The main role of nitric oxide (NO) in blood 
pressure maintenance is to counterbalance the major 
pressor system, namely sympathetic nervous system, not 
only on the periphery but also in the central nervous 
system. It is evident that sympathetic activity can be 
increased by the blockade of central NO production 
(Gerová et al. 1995, Tseng et al. 1996) or decreased by 
the local application of NO donors in discrete brain nuclei 
(Lewis et al. 1991, Horn et al. 1994) indicating that NO 
may affect sympathetic activity at multiple sites in the 
brain. Although NO system is moderately upregulated in 
salt-hypertensive Dahl rats, it is unable to fully 
counterbalance sympathetic hyperactivity in hypertensive 
animals (Zicha et al. 2001). The same was true in 
genetically hypertensive rats (Kuneš et al. 2002). 

It has been demonstrated that NO plays an 
important role in various physiological systems 
coordinated by the brain including the regulation of 
autonomic functions (Krukoff 1999) and blood pressure 
(Dampney et al. 2005). Cabrera et al. (1996) reported that 
central depressor role of endogenous NO is attenuated in 
SHR, whereas Kagiyama et al. (1998) observed enhanced 
depressor response to NO donors microinjected into 
rostral-ventrolateral medulla in the brainstem of SHR. 
Recently, several authors have demonstrated an increased 
nitric oxide synthase (NOS) activity and/or enhanced 
expression of neuronal NOS (nNOS) in hypothalamus 
and in brainstem of SHR with established hypertension 
(Plochocka-Zulinska and Krukoff 1997, Qadri et al. 
2003, Edwards et al. 2004). Moreover, central nervous 
system and kidneys were suggested as two major sites for 
salt-sensing sensors (Orlov and Mongin 2007). On the 
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other hand, much less attention has been paid to 
identification, which particular NOS isoforms in the brain 
and in the kidneys would be the major denominator of 
blood pressure regulation in SHR and Dahl salt-sensitive 
rats.  

The aim of the present study was to search for 
possible alterations of NO production in the brain and the 
kidney of Dahl salt-sensitive and SHR rats in which we 
have previously confirmed high sympathetic tone (Zicha 
et al. 2001, Paulis et al. 2007). An attempt was made to 
investigate not only the alterations accompanying the 
induction of salt hypertension in Dahl rats but also the 
changes associated with the prevention of spontaneous 
hypertension development following chronic ACE 
inhibitor administration to SHR. We therefore measured 
the total NOS activity together with the activity of 
neuronal NOS isoform and protein expression of all three 
isoforms – neuronal, inducible and endothelial NOS 
(nNOS, iNOS and eNOS, respectively) in specific 
regions of the rat brain involved in BP control – 
brainstem and diencephalon. We also determined NOS 
activity and expression in the kidney.  
 
Materials and Methods 
 
Animals 

Young adult (12-week-old) male spontaneously 
hypertensive (SHR, n=18) and age-matched 
normotensive Wistar-Kyoto (WKY, n=17) rats as well as 
8-week-old female Dahl/Rapp salt-sensitive (DS, n=15) 
and salt-resistant (DR, n=13) rats were obtained from our 
own breeding colonies (Institute of Physiology, AS CR, 
Prague) at the time of weaning (at the age of 4 weeks). 
Animals of all experimental groups were housed under 
standard laboratory conditions (temperature 23±1 °C,  
12-h light/dark cycle) and drank tap water ad libitum. 
SHR and WKY were fed a standard pellet diet (ST-1), 
half of the animals being treated with captopril (CAP; 
100 mg/kg/day in the drinking fluid) for 8 weeks since 
weaning. Dahl rats were fed either low-salt (LS; 0.3 % 
NaCl) or high-salt (HS; 8.0 % NaCl) diet for 4 weeks 
since weaning.  

All procedures and experimental protocols, 
which were approved by the Ethical Committee of the 
Institute of Physiology AS CR, conform to European 
Communities Council Directive (86/609/EC) on Animal 
Protection and Guidelines on Research Animal Use.  

At the end of the experiment, blood pressure was 
measured by a direct puncture of the carotid artery under 

light ether anesthesia using a pressure transducer 
(Statham, Hato Ray, USA) and recorder (Hewlett-
Packard, Andover, USA). Thereafter animals were 
sacrificed by decapitation, heart, kidney and brain were 
removed, areas of interest (diencephalon and brainstem) 
were dissected and assayed for NOS activity and protein 
expression by Western blotting.  

 
Experimental protocol 

After sacrifice the diencephalon and brainstem 
were dissected, as previously described (Hojná et al. 
2007). Shortly, after decapitation the brain was quickly 
removed from the cranium and 2 mm thick frontal slice 
(AP 0 to AP-2) was cut. A ventromedial block of tissue 
dissected 3 mm from the ventral tissue border and 
1.5 mm bilaterally from the midline was removed and 
used for further analyses. This block contains mainly the 
medial preoptic-anterior hypothalamic region of the 
diencephalon (lamina terminalis, median preoptic 
nucleus, anterior hypothalamic nucleus, suprachiasmatic 
nucleus, supraoptic nucleus, paraventricular nucleus) and 
anterior part of the region of the tuber cinerum 
(ventromedial nucleus). Tissue containing subfornical 
organ was dissected separately from the ventral side of 
fimbria and analyzed together with the ‘‘hypothalamic’’ 
block of the diencephalon. Total amount of tissue sample 
was about 30-40 mg. The brainstem with cerebellum was 
separated from the rest of the brain and a block of 
brainstem containing rostral-ventrolateral medulla and 
caudal posterior part of fossa rhomboidea (weighing 
about 80-100 mg) was dissected. 20 % (wt/vol) 
homogenates from brain tissue samples were prepared in 
ice-cold buffer containing 50 mmol/l Tris-HCl (pH 7.4) 
supplemented with protease inhibitor cocktail (Sigma, St. 
Louis, USA). Fresh homogenates were also prepared 
from the kidney of all experimental animals. The 
homogenates were centrifuged at 5500 x g for 15 min at 
4 °C and obtained supernatants were re-centrifuged at 
14000 x g for 15 min. Protein concentrations in 
supernatants were analyzed using the Lowry method with 
bovine serum albumin (Sigma) as a standard.  

 
NO synthase activity 

Total activity of NOS enzyme was determined 
by measuring the ability of tissue homogenates to convert 
L-[3H]arginine to L-[3H]citrulline (Amersham 
Biosciences, Buckinghamshire, UK), as previously 
described by Bredt and Snyder (1990) with minor 
modifications (Pecháňová et al. 1997). The enzymatic 
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activity of neuronal NOS isoform was determined using 
S-methyl-L-thiocitrulline (SMTC; Sigma) as a selective 
inhibitor of nNOS enzyme. The concentration of SMTC 
10-4 M has been chosen on the basis of preliminary 
experiments. S-methyl-L-thiocitrulline in this 
concentration was able to inhibit mainly the activity of 
nNOS.   

 
Western blotting  

All tissue homogenates were analyzed by 
Western blot according to previously published methods 
(Hojná et al. 2007). An equal amounts of proteins for 
each sample (70 μg per well) were denatured for 5 min 
and then loaded onto 10 % SDS polyacrylamide gel in 
Tris-glycine electrophoresis buffer (25 mmol/l Tris, 250 
mmol/l glycine and 0.25 % SDS). After electrophoresis, 
the proteins were electro-transferred onto nitrocellulose 
membrane (Pierce, Rockford, USA) in Tris-glycine-SDS-
methanol buffer at constant current 60 mA overnight, 
using the Bio Rad system (Richmond, USA). After this 
step, the membrane was stained with Ponceau S (Sigma) 
to verify the uniformity of protein load and transfer 
efficiency across the test samples. Then the membrane 
was blocked for 6 h at room temperature using 5 % non-
fat dry milk in TBS-T before incubation with appropriate 
primary antibodies. Three primary antibodies against 
particular NOS isoforms were used: (a) rabbit polyclonal 
anti-nNOS antibody (1:400 dilution, Transduction 
Laboratories, Lexington, USA), (b) rabbit polyclonal 
anti-eNOS antibody, and (c) rabbit polyclonal anti-iNOS 
antibody (both 1:1000 dilution, Santa Cruz 
Biotechnology, Santa Cruz, CA). The membrane was 
incubated with diluted primary antibody in TBS-T-2 % 
milk overnight at 4 °C, then washed in TBS-T and finally 
incubated with a goat anti-rabbit secondary antibody 
(1:20000 dilution) conjugated with horseradish 
peroxidase (Pierce) for 1 h at room temperature. 
Immunocomplexes were visualized by chemiluminescent 
detection kit (Pierce). Optical density of respective bands 
was quantified by a densitometric scanning of the 
membranes using Aida software. Data were expressed in 
percentage of values obtained in the same assay in 
appropriate control animals, i.e. WKY rats for 
spontaneous hypertension and DR rats fed a high-salt diet  
(DR-HS) for salt-induced hypertension.  

 
Statistical analysis 

The data from both experiments were analyzed 
by 2-way ANOVA with strain and either treatment (CAP) 

or diet (LS, HS) as the main factors. When an interaction 
was significant, Bonferroni’s method was used to 
pairwise comparisons. A value of P<0.05 was considered 
statistically significant. The data are expressed as the 
mean ± S.E.M. Statistical analyses were carried out with 
JMP (version 8, SAS Institute Inc., Cary, NC).  
 
Results 
 
Basic parameters 

Blood pressure of 12-week-old spontaneously 
hypertensive rats was significantly higher in comparison 
with age-matched Wistar-Kyoto controls (Table 1). 
Captopril has lowered blood pressure in both strains, the 
effect being more pronounced in SHR. Elevated blood 
pressure of SHR was accompanied by a greater relative 
heart weight, while relative kidney weight was 
unchanged compared to WKY rats. Chronic captopril 
treatment decreased relative heart weight in both strains, 
but increased relative kidney weight in WKY only 
(Table 1). 

The effect of high salt intake was evident in  
8-week-old Dahl salt-sensitive rats in which blood 
pressure and relative organ weights were significantly 
higher in comparison with DS rats fed a low-salt diet. On 
the contrary, in Dahl salt-resistant rats high salt intake 
increased only the relative heart and kidney weights but 
not their blood pressure (Table 2). 

 
Central NO system of genetically hypertensive rats 

Total NOS enzymatic activity in the brainstem 
of SHR rats was significantly decreased as compared to 
WKY rats (Fig. 1). The same effect was observed when 
only nNOS activity was measured as a reduction of total 
NOS activity in the presence of SMTC (10-4 M). This was 
in agreement with a lower protein expression of nNOS in 
SHR as compared to WKY rats. While protein expression 
of eNOS in the brainstem was not changed in any 
experimental group, SHR rats tended to a lower 
expression of iNOS in comparison with the controls (Fig. 
1). Chronic captopril administration increased nNOS and 
iNOS expression in the brainstem in both experimental 
groups, the effect being more pronounced in SHR rats. 
On the other hand, there were no significant changes in 
protein expression of any NOS isoform in the 
diencephalon of SHR (Fig. 2). These data were in 
agreement with the absence of significant differences in 
both total NOS and specific nNOS enzymatic activity in 
the same region.  
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Central NO system of salt hypertensive rats 
In brainstem of Dahl rats with a salt-induced 

hypertension was a similar situation as in SHR brainstem 
(Fig. 3). Reductions in protein expression of nNOS and 
iNOS isoforms were found in hypertensive DS rats fed a 
high-salt diet in comparison with DR rats on the same 
diet. Contrary to spontaneous hypertension, salt-induced 
hypertension in DS rats was also characterized by a 
reduced expression of these two isoforms in the 
diencephalon (Fig. 4). While a high dietary NaCl intake 
caused a decrease in protein expression of nNOS and 
iNOS isoforms of Dahl salt-sensitive rats in both brain 
regions, there were either no or opposite changes of 
protein expression in Dahl salt-resistant rats. Moreover, 
no strain- or diet-dependent differences in eNOS 
expression have been disclosed in either brain region. 
Surprisingly, changes in protein expression did not 
correspond to total NOS enzymatic activity in any 

examined brain region of Dahl rats (Fig. 3 and 4).  
 

Peripheral NO system in hypertensive rats 
The expression of eNOS was substantially 

reduced in the kidney of SHR compared to WKY rats and 
this difference was not influenced by chronic captopril 
treatment (Fig. 5). Similar observation was also made in 
DS rats which had significantly decreased eNOS 
expression in their kidney even under the conditions of 
low-salt intake. Salt-induced hypertension in DS rats was 
associated with a further decrease of protein expression 
of eNOS that was accompanied by a downregulation of 
iNOS expression. There were no significant differences 
in renal nNOS expression between hypertensive and 
normotensive rats of either strain (data not shown). 
However, total NOS activity in renal homogenates did 
not show any major changes between experimental 
groups.  

Table 1. Body weight (BW), relative heart (HW/BW) and kidney (KW/BW) weights as well as systolic (SBP), diastolic (DBP) and mean 
arterial (MAP) blood pressure in young adult spontaneously hypertensive rats (SHR) and Wistar-Kyoto (WKY) which were untreated or 
treated with captopril (CAP) for 8 weeks. 
 

 WKY 
(n=9) 

WKY-CAP
(n=8) 

SHR 
(n=9) 

SHR-CAP
(n=9) 

Strain 
P= 

Treatment 
P= 

Strain x 
Treatment 

BW (g) 271±5 232±11* 255±7* 221±8 0.076 <0.0001 0.78 
HW/BW (mg/100 g b.w.) 253±2 230±6* 337±6* 274±4#+ <0.0001 <0.0001 0.0002 
KW/BW (mg/100 g b.w.) 746±8 782±9* 733±8 730±16+ 0.006 0.14 0.10 
SBP (mm Hg) 138±5 131±7 187±6* 128±9# 0.002 <0.0001 0.0006 
MAP (mm Hg) 102±4 78±4* 143±5* 91±7# <0.0001 <0.0001 0.012 
DBP (mm Hg) 81±4 61±5* 109±5* 68±6# 0.001 <0.0001 0.034 

 
Data were analyzed by 2-way ANOVA and they are means ± S.E.M., * p<0.05 versus WKY, # p<0.05 versus SHR, + p<0.05 versus WKY-
CAP. 
 
 
Table 2. Body weight (BW), relative heart (HW/BW) and kidney (KW/BW) weights as well as systolic (SBP), diastolic (DBP) and mean 
arterial (MAP) blood pressure in Dahl salt-sensitive (DS) and salt-resistant (DR) rats fed either a low-salt diet (LS, 0.3 % NaCl) or a 
high-salt diet (HS, 8 % NaCl). 
 

 DR/LS 
(n=6) 

DR/HS
(n=7) 

DS/LS
(n=7) 

DS/HS
(n=8) 

Strain
P= 

Diet 
P= 

Strain x Diet
P= 

BW (g) 157±1 162±4 174±2* 176±4* <0.0001 0.27 0.66 
HW/BW (mg/100 g b.w.) 296±3 327±4# 304±5 424±17#* <0.0001 <0.0001 0.0003 
KW/BW (mg/100 g b.w.) 717±18 1011±21# 686±18 1169±47#* 0.057 <0.0001 0.007 
SBP (mm Hg) 130±2 139±4 144±3* 194±5#* <0.0001 <0.0001 <0.0001 
MAP (mm Hg) 109±2 116±6 123±3* 156±4#* <0.0001 <0.0001 0.005 
DBP (mm Hg) 85±2 94±6 104±3* 126±5#* <0.0001 0.002 0.14 

 
Data were analyzed by 2-way ANOVA and they are means ± S.E.M., * p<0.05 versus DR, # p<0.05 versus LS. 
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Fig. 1. Total NOS activity, neuronal NOS activity and protein expression of neuronal (nNOS), endothelial (eNOS) and inducible (iNOS) 
isoforms in brainstem isolated from Wistar-Kyoto (WKY) rats, spontaneously hypertensive rats (SHR) as well as from WKY and SHR 
chronically treated with captopril (WKY+CAP, SHR+CAP). Data are means ± S.E.M. from 6-8 animals in each group. Protein expressions 
are expressed in percentage of WKY values obtained in the same assay.  
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Fig. 2. Total NOS activity, neuronal NOS activity and protein expression of neuronal (nNOS), endothelial (eNOS) and inducible (iNOS) 
isoforms in diencephalon isolated from Wistar-Kyoto (WKY) rats, spontaneously hypertensive rats (SHR) as well as from WKY and SHR 
chronically treated with captopril (WKY+CAP, SHR+CAP). Data are means ± S.E.M. from 6-8 animals in each group. Protein expressions 
are expressed in percentage of WKY values obtained in the same assay.  
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Fig. 3. Total NOS activity, neuronal NOS activity and protein expression of neuronal (nNOS), endothelial (eNOS) and inducible (iNOS) 
isoforms in brainstem isolated from salt-resistant (DR) and salt-sensitive (DS) Dahl which were fed either a low-salt (LS, 0.3 % NaCl) or 
a high-salt diet (HS, 8 % NaCl). Data are means ± S.E.M.) from 6-7 animals in each group. Protein expressions are expressed in 
percentage of DR-HS values obtained in the same assay.  
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Fig. 4. Total NOS activity, neuronal NOS activity and protein expression of neuronal (nNOS), endothelial (eNOS) and inducible (iNOS) 
isoforms in diencephalon isolated from salt-resistant (DR) and salt-sensitive (DS) Dahl which were fed either a low-salt (LS, 0.3 % NaCl) 
or a high-salt diet (HS, 8 % NaCl). Data are means ± S.E.M. from 6-7 animals in each group. Protein expressions are expressed in 
percentage of DR-HS values obtained in the same assay.  
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Fig. 5. Total NO synthase activity 
and protein expression of 
endothelial (eNOS) and inducible 
(iNOS) isoforms in the kidney from 
Wistar-Kyoto (WKY) rats, sponta-
neously hypertensive rats (SHR) as 
well as from WKY and SHR 
chronically treated with captopril 
(WKY+CAP, SHR+CAP) (upper 
panels) and from salt-resistant (DR) 
and salt-sensitive (DS) Dahl rats 
which were fed either a low-salt 
(LS, 0.3 % NaCl) or a high-salt diet 
(HS, 8 % NaCl) (lower panels). Data 
are means ± S.E.M.. Protein 
expressions are expressed in 
percentage of WKY or DR-HS values 
obtained in the same assay.  
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diminished nNOS and iNOS protein expression in the 
brain regions which are involved in the control of 
sympathetic tone (Krukoff 1998, Osborn 2005). 
Sympathetic tone is considerably enhanced in rats with 
spontaneous (Head 1989, Paulis et al. 2007) or salt 
hypertension (Zicha et al. 2001, Leenen et al. 2002). 
Thus the attenuation of nNOS expression in the brainstem 
of both hypertensive models goes in parallel with the 
enhancement of sympathetic tone, whereas the restoration 
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of nNOS expression in captopril-treated SHR is 
accompanied by a lowering of sympathetic tone (Paulis et 
al. 2007).  

The occurrence of significant changes in nNOS 
and iNOS protein expression in diencephalon of salt-
hypertensive Dahl rats but not in SHR might be related to 
the fact that diencephalon structures such as supraoptic 
and paraventricular hypothalamic nuclei were suggested 
to play a very important role in salt-sensing mechanisms 
(Orlov and Mongin 2007). Lesions of the paraventricular 
nucleus and surrounding tissues have prevented the rise 
of blood pressure in DS rats, while similar lesions in DR 
rats did not alter blood pressure (Ernsberger et al. 1985). 
These findings support the notion of Manning et al. 
(2001) who revealed decreased NO production in Dahl 
salt hypertensive rats due to a deficient nNOS protein, 
while NO produced by iNOS appeared to moderately 
decrease salt sensitivity. There are some findings 
confirming a significant reduction of nNOS expression in 
brain tissue after a chronic high salt intake (Castrop and 
Kurtz 2001, Ni and Vaziri 2001), while others reported 
increased nNOS expression and/or activity in the brain 
(Tandai-Hiruma et al. 2005, Toda et al. 2009).  

Present data disclosed strain-dependent changes 
in total NOS activity and nNOS activity in brainstem of 
young adult SHR confirming a downregulated protein 
expression of nNOS and iNOS isoforms, which is in 
agreement with the finding of Pontieri et al. (1998). 
However, Qadri et al. (2003) have found elevated NOS 
activity not only in the hypothalamus but also in the 
brainstem of SHR aged 12-13 weeks. Nevertheless, 
similarly to that paper, our data showed that chronic 
treatment of SHR with captopril also normalized total 
NOS activity in the diencephalon, whereas the activity in 
the brainstem remained unchanged when compared to 
controls. It should be noted that at least in SHR, both NO 
production and the expression of particular NOS isoforms 
is highly dependent on the age of the animals studied. 
This is evident not only from the comparison of the 
present paper on 12-week-old rats with our previous 
study on older SHR aged 30 weeks (Hojná et al. 2007), 
but also from the developmental studies in SHR reported 
by Qadri et al. (2003) and Häuser et al. (2005). Facing 
decreased protein expression of nNOS in the brainstem of 
our salt-hypertensive animals one could expect that 
specific activity of nNOS isoform had to be elevated in 
hypertensive rats in order to maintain unchanged NO 
formation. Indeed, we have found unchanged nNOS 
activity in Dahl salt-sensitive rats compared to DR rats. 

There are several possible explanations why this 
prediction need not always be confirmed. We must keep 
in mind that the in vitro findings on NO synthesis might 
be considerably different from the in vivo NO production. 
Moreover, reduced NO synthesis, which is consistent 
with a higher blood pressure level, may be caused by 
post-transductional modifications of the enzyme, 
interactions with other proteins or suboptimal 
concentrations of the substrate L-arginine or the cofactor 
tetrahydrobiopterin.  

Increased sympathetic tone seems to be a 
consequence of the dysbalance between the action of 
angiotensin II and nitric oxide on vasomotor centers 
located in the brainstem (Krukoff 1998, Ito et al. 2002, 
Veerasingham and Raizada 2003). It should be noted that 
chronic antihypertensive effects of ACE inhibitors can be 
largely attributed to their central action because blood 
pressure lowering in SHR chronically treated with 
captopril is based upon the reduction of sympathetic 
vasoconstriction (Berecek et al. 1987, Hojná et al. 2007, 
Paulis et al. 2007). Similarly, chronic captopril 
administration attenuates the development of NO-
deficient hypertension in L-NAME-treated rats 
(Pecháňová et al. 1997) by decreasing sympathetic 
vasoconstriction (Zicha et al. 2006) which belongs to 
principal pathogenetic mechanisms in this form of 
experimental hypertension besides the attenuation of NO-
dependent vasodilation (Pecháňová et al. 2004). These 
observations are fully compatible with the current 
knowledge on the influence exerted by angiotensin II and 
nitric oxide in the rostral-ventrolateral medulla on the 
control of sympathetic tone (Bergamaschi et al. 1999, 
2002, Tsuchihashi et al. 2000). 

The role of peripheral NO formation in blood 
pressure control might be more complicated than it was 
presumed some years ago. This is especially true for 
genetic hypertension where the reports are often 
contradictory (Minami et al. 1995, Hayakawa and Raij 
1998, Kuneš et al. 2002, Pecháňová et al. 2006, 
Bernátová et al. 2007, Hojná et al. 2007, Kristek et al. 
2007). Nevertheless, in our study there was an interesting 
observation of marked downregulation of eNOS protein 
expression in the kidney of both hypertensive models. In 
salt-sensitive Dahl rats the attenuation of eNOS 
expression was present even under the conditions of low 
salt intake and was further enhanced by high salt intake. 
In addition, we have found a suppression of iNOS 
expression in the kidney of Dahl rats with salt-induced 
hypertension. Reduced eNOS expression was also 
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disclosed in the kidney of young adult SHR and this 
change persisted even after chronic captopril treatment 
which prevented the development of spontaneous 
hypertension in this strain. The attenuation of eNOS 
activity in renal medulla of both above mentioned 
hypertensive models was already reported by Hayakawa 
and Raij (1998). Zhou et al. (2008) also published a 
decreased nitric oxide bioavailability in DS rats on high-
salt diet which was associated with increased renal 
oxidative stress as well as with downregulation of both 
eNOS activity and protein expression by 44 %. The 
suppressive influence of high salt intake on protein 
expression of eNOS and iNOS was also demonstrated in 
the kidney of Sprague-Dawley rats in which 8 % NaCl 
diet significantly increased blood pressure (Ni and Vaziri 
2001). There is a considerable evidence that NO 
produced by iNOS prevents the development of salt 
hypertension in salt-resistant Dahl rats and attenuates the 
salt-induced blood pressure rise in salt-sensitive Dahl rats 
(Rudd et al. 1999, Tan et al. 2000). This is in line with 
our finding of downregulated renal iNOS in salt 
hypertensive Dahl rats. 

In conclusion, a comparison of spontaneous and 
salt-induced hypertension indicated that the changes in 
brain NO system of both hypertensive models are rather 

similar on the level of brainstem but not in the 
diencephalon. It is of importance to note that chronic 
captopril treatment of young adult SHR normalized 
altered expression of nNOS and iNOS just in the 
brainstem. It is evident that the decreased nNOS 
expression in the brainstem is associated with increased 
sympathetic tone. Protein expression changes in 
diencephalon disclosed only in salt-induced hypertension 
could indicate their very close relation to salt-sensing 
sites in the brain. Moreover, renal eNOS might also play 
an important role because its expression was lower in 
both hypertensive models. Our results support the 
importance of brain NO system in the long-term blood 
pressure regulation (probably through the control of 
sympathetic tone). 
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