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Uninephrectomy (uNx) in young rats causes salt-sensitive hypertension (SSH). Alterations of sodium han-

dling  in residual nephrons may play a role in the pathogenesis. Therefore, we evaluated the adaptive alter-

ations of renal sodium transporters according to salt intake in uNx-SSH rats. uNx or sham operations were 

performed in male Sprague-Dawley rats, and normal-salt diet was fed for 4 weeks. Four experimental groups 

were used: sham-operated rats raised on a high-salt diet for 2 weeks (CHH) or on a low-salt diet for 1 

week after 1 week’s high-salt diet (CHL) and uNx rats fed on the same diet (NHH, NHL) as the sham-oper-

ated rats were fed. Expression of major renal sodium transporters were determined by semiquantitative 

immunoblotting. Systolic blood pressure was increased in NHH and NHL groups, compared with CHH and 

CHL, respectively. Protein abundances of Na+/K+/2Cl- cotransporter (NKCC2) and Na+/Cl- cotransporter 

(NCC) in the CHH group were lower than the CHL group. Expression of epithelial sodium channel (ENaC)-γ

increased in the CHH group. In contrast, expressions of NKCC2 and NCC in the NHH group didn’t show 

any significant alterations, compared to the NHL group. Expressions of ENaC-α and ENaC-β in the NHH 

group were higher than the CHH group. Adaptive alterations of NKCC2 and NCC to changes of salt intake 

were different in the uNx group, and changes in ENaC-α and ENaC-β were also different. These altered 

regulations of sodium transporters may be involved in the pathogenesis of SSH in the uNx rat model. 
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1)

Introduction

Hypertension is the most common chronic disorder 

worldwide and secondary hypertension explains the cause 

of 5 to 10% of the hypertensive population, many of which 

could be linked to renal disease1). The hypothesis proposed 
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in those hypertensive patients is that the kidneys might 

initially have been normal, but subtle renal injury induced 

by some events eventually may have altered the ability 

to excrete salts2) in those hypertensive patients was pro-

posed. Some authorities believe that the mechanisms by 

which the kidney causes hypertension involve physiologic 

defects in sodium excretion as proposed by Guyton et al.
3). 

Both epidemiologic4) and physiologic5) studies support this 

hypothesis.

Several hypotheses have been proposed to explain the 

mechanisms responsible for the defects in renal sodium 
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Fig. 1. Experimental scheme. uNx, uninephrectomy; NS, normal salt diet; HS, high salt diet; LS, 
low salt diet. CHH: Sham-operated rats raised on a high-salt diet for 2 weeks. CHL: Sham-operated 
rats raised on a low-salt diet for 1 week after 1 week’s high-salt diet. NHH, NHL: uninephrectomized 
rats fed on the same diet with matched sham-operated rats.

handling. One of them is that hypertension results from 

a polygenic defect in which there are alterations in the 

regulation of tubular sodium transport systems6). A recent 

report that many forms of genetic hypertension are asso-

ciated with enhanced sodium reabsorption has provided 

support for this hypothesis7).

The hypothesis that a reduced number of nephrons at 

birth causes initial renal injury and later hypertension was 

proposed8). However, it has been argued because some 

adult kidney donors develop hypertension9), but others 

don’t10). Therefore, it is suggested that the age at which 

reduction of nephron number occurs is an important factor 

for the outcome of the nephrectomy. The compensatory 

increase in kidney weight and function after nephrectomy 

appears to be more pronounced in immature than in mature 

kidneys, as proved in in-vivo studies11). Furthermore, it has 

been recently reported that both reduction in nephron num-

ber by uninephrectomy (uNx) and chronic salt loading dur-

ing young age after complete nephrogenesis cause salt-sen-

sitive hypertension in adulthood12).

Although altered regulation of major sodium trans-

porters might be involved in the pathogenesis of the 

salt-sensitive hypertensive rat model induced by uNx, se-

quential adaptive mechanism of renal sodium transporters 

according to salt intake in this model has not been evalu-

ated. The present study was performed to evaluate the 

adaptive alterations of renal sodium transporters in the 

salt-sensitive hypertensive rat model induced by uNx.

Materials and Methods

1. Experimental animals

After obtaining approval of the study protocol from the 

Institutional Animal Care and Use Committee, 28 male 

Sprague-Dawley rats (5-6 weeks, 160-190 g; Orient Bio 

Inc., Seongnam City, Korea) were placed in cages. Inves-

tigations were conducted in accordance with the Guide for 

Care and Use of Laboratory Animals (National Academy 

of Science, 1996). The animals were kept in a light and 

temperature-controlled room with free access to standard 

rat chow (Agribrand Purima Korea, Seongnam City, 

Korea) and deionized water for 1 week before undergoing 

surgical procedures.

2. High salt and/or low salt diet after uninephrectomy

All rats were anesthetized with isoflurane (Isoflu®, 

Abbott Laboratories, Chicago, IL, USA) and the sham op-

eration (n=14) or uNx (n=14) by total extirpation of the 

left kidney was performed. A normal-salt diet (0.3% NaCl) 

was provided for 4 weeks; thereafter, sham operated 

(control) rats were randomly allocated into two groups: (1) 

the CHH group (n=8) was fed on a high salt diet (3% 

NaCl) for 2 weeks; (2) the CHL group (n=6) was fed on 

a low-salt diet (0.03% NaCl) for 1 week after 1 week’s 

high-salt diet. And uninephrectomized rats were also ran-
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domly allocated into (3) the NHH group (n=8); (4) the 

NHL group (n=6); uninephrectomized rats fed on the same 

diet as the control group (Fig. 1). The rats were allowed 

free access to drinking water. 

3. Physiologic parameters 

The blood pressure (BP) and body weight were meas-

ured at three time points: 1) baseline, 2) just before chang-

ing the diet, and 3) on the day of sacrifice. The BP was 

measured using the Non-invasive Blood Pressure System 

XBP1000 (Kent Scientific Corp., Torrington, CT, USA). 

During the last 2 days prior to sacrifice, the animals were 

placed in the metabolic cages, and 24-hour urine samples 

were collected on the day before sacrifice for the measure-

ment of urine urea nitrogen, creatinine, protein, osmolality, 

sodium and potassium. Blood samples were collected from 

the abdominal aorta at the time of sacrifice for the measure-

ment of blood urea nitrogen, creatinine, osmolality, sodium 

and potassium. Creatinine and urea clearances were calcu-

lated using the standard formula. Whole blood was centri-

fuged at 3,000 rpm (Sorvall RT 6000 D; Sovall, Newtown, 

CT, USA) at 4°C for 20 min to separate plasma.

4. Semi-quantitative immunoblotting

The right kidneys were dissected into small pieces and 

placed in a chilled isolation buffer containing 250 mM su-

crose, 10 mM triethanolamine (Sigma), 1 µg/mL leupeptin 

(Sigma), and 0.1 mg/mL phenylmethylsulfonylfluoride 

(Sigma) titrated to pH 7.6. Then, the pieces were homogen-

ized at 15,000 rpm with 3 stokes for 15 seconds with a 

tissue homogenizer (PowerGun 125). After homogeniza-

tion, the total protein concentration of the homogenate was 

measured by the Bicinchoninic acid protein assay method 

(BCA Reagent Kit; Sigma) and diluted to 2.05 µg/µL using 

the isolation buffer solution. The samples were then stabi-

lized by heating to 60°C for 15 minutes after adding 1 

vol 5 X Laemmli sample buffer/4 vol sample.

Initially, loading gels were done on each sample set to 

allow fine adjustment of the loading amount to guarantee 

equal loading on subsequent immunoblots. Five micro-

grams of protein from each sample were loaded into each 

individual lane and electrophoresed on 12% polyacryl-

amide-SDS minigels by using the Mini-PROTEIN III elec-

trophoresis apparatus (Bio-Rad, Hercules, CA, USA) and 

then stained with Coomassie blue dye (0.025% solution 

made in 4.5% methanol and 1% acetic acid, G-25; Bio- 

Rad). Selected bands from these gels were scanned with 

densitometry (GS-700 Imaging Densitometry; Bio-Rad) to 

semi-quantitatively determine density (Molecular Analyst 

version 1.5; Bio-Rad) and relative amounts of protein load-

ed in each lane. Finally, protein concentrations were cor-

rected to reflect these measurements by the repetition of 

the above process.

For immunoblotting, the proteins electrophoresed on 

gels were transferred from unstained gels to nitrocellulose 

membranes (Bio-Rad) with the electroelution method. 

After being blocked with 5% skim milk in PBS-T (80 mM 

Na2HPO4, 20 mM NaH2PO4, 100 mM NaCl, and 0.1% 

Tween-20 [pH 7.5]) for 30 minutes at room temperature, 

the membranes were probed overnight at 4°C with the re-

spective primary antibodies. For probing blots, all primary 

antibodies were diluted into a solution containing 150 mM 

NaCl, 50 mM sodium phosphate, 10 mg/dL sodium azide, 

50 mg/dL Tween 20, and 0.1 g/dL bovine serum albumin 

(pH 7.5). Immunoblotting was performed using an anti-rat 

Na+/H+ exchanger type 3 (NHE3; 1:200), anti-rat Na+/K+/ 

2Cl- cotransporter (NKCC2; 1:2,000), anti-rat Na+/Cl- co-

transporter (NCC; 1:1,000), and anti-rat α- (1:1,000), β- 

(1:200), and γ-epithelial sodium channel (ENaC; 1:500). 

The membranes were washed and incubated with secon-

dary antibodies for 1 hour at room temperature. The secon-

dary antibody was horseradish peroxidase-conjugated don-

key anti-rabbit IgG (31458; Pierce, Rockford, IL, USA) 

diluted to 1:3000. Sites of antibody-antigen reaction were 

viewed with an enhanced chemiluminescence system 

(ECLTM RPN 2106; Amersham Pharmacia Biotech, 

Buckinghamshire, UK) before exposure to X-ray film 

(Hyperfilm; Amersham Pharmacia Biotech). Band density 

was measured by densitometry (GS-700 Imaging Densito-

metry; Bio-Rad) and calculated as a value relative to the 

average value of the control group.
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Fig. 2. Change in systolic blood pressure (SBP). After application 
of sham or uNx, SBP in rats fed on a high salt diet increased 
progressively. In rats substituted with low salt diet, the elevation of 
SBP was attenuated. All of the values are expressed as the mean±
standard error. See Fig. 1 legend for description of experimental 
diets and groups.
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Fig. 3. Pressure-natriuresis curves during the experimental period. 
These curves illustrate the relationship between the systolic blood 
pressure (SBP) and 24-hour urinary sodium output. The pressure- 
sodium excretion curves of the uninephrectomized groups had 
shifted to the right, and the sham groups had a relative shift to the 
left. All of the values are expressed as the mean±standard error. 
See Fig. 1 legend for description of experimental diets and groups.

5. Primary antibodies

For semi-quantitative immunoblotting, we used pre-

viously characterized polyclonal antibodies. Affinity-puri-

fied polyclonal antibodies against NHE313), NKCC214), 

NCC15), and α- and γ-ENaC16) were used. Affinity-purified 

polyclonal antibodies against β-ENaC (sc-21013; Santa 

Cruz Biotechnology, Inc, CA, USA) were used.

6. Statistical analysis

All values are expressed as the mean±standard error 

(SEM). Band density values were standardized by dividing 

them with the average value of the control group. Thus, 

the mean for the control group was defined as 100%. 

Group means of protein abundance obtained from immuno-

blotting were compared with the Mann-Whitney U-test 

(SPSS software version 15.0; SPSS Inc., Chicago, IL, 

USA). A P-value<0.05 was considered statistically signi-

ficant.

Results

1. Physiologic parameters

As shown in Fig. 2, after the sham operation or uNx, 

a high salt diet induced a rise in systolic BP. 

When comparing between the high and low-salt diet 

groups (CHL vs. CHH and NHL vs. NHH), the systolic 

BP was significantly increased in the CHH (156.83±2.29 

mmHg; P<0.01) and NHH (170.63±7.31 mmHg; P<0.01) 

groups than in the CHL (117.94±1.21 mmHg) and NHL 

(122.72±1.40 mmHg) groups, respectively. When com-

pared between the sham and uNx group (CHL vs. NHL 

and CHH vs. NHH), the systolic BP was also significantly 

higher in the NHL (P<0.05) and NHH (P<0.05) groups 

than in the CHL and CHH groups, respectively.

The blood pressure-sodium excretion curves for the uNx 

rats were shifted to the right, resulting in a blunted pressure 

natriuresis (Fig. 3).

The body weight was not different after a 2 weeks’ high 

salt diet in the uNx group (NHH and NHL; 483.65±8.72 

and 453.84±22.22 g, P=0.302) and in the sham-operated 

group (CHH and CHL; 471.31±5.66 and 449.38±11.67 g, 

P=0.349). Fractional excretion of sodium (FENa) were 

higher in both the uNx and sham-operated groups after 

a 2 weeks’ high salt diet (NHH vs NHL; 9.33±0.44% vs 

0.90±0.10%; P<0.05 and CHH vs CHL; 8.04±0.82% vs 

0.64±0.05%; P<0.05 respectively; Fig. 4, Table 1).

In all groups, fluid intake and urine volume increased 

after a high salt diet. As shown in Fig. 4, both the fluid 



62  Electrolytes Blood Press 7:58-66, 2009

Table 1. Physiologic Parameters

Parameters CHL (n=6) CHH (n=8) NHL (n=6) NHH (n=8)

Systolic BP (mmHg)

Body weight (g)

Food intake (g/100gBwt/day)

Water intake (mL/100gBwt/day)

Ccr (mL/min/100gBwt)

Curea (mL/min/100gBwt)

GFR (mL/min/100gBwt)

Blood urea nitrogen (mg/dL)

Serum creatinine (mg/dL)

Sodium Na
+ 

(mEq/L)

Sodium K
+ 

(mEq/L)

FENa (%)

Urine flow rate (mL/hr/100gBwt)

uNa
+
×UV (μmol/min/100gBwt)

uNa+ Excretion (μmol/24 h)

 117.94±1.21

 449.38±11.67

   0.17±0.01

   0.02±0.00

   0.51±0.04

   0.49±0.03

   0.50±0.03

  15.58±1.08

   0.40±0.03

 152.55±0.56

   3.97±0.09

   0.64±0.05

   0.31±0.01

   0.48±0.26

3328.18±175.74

  156.83±2.29*

  471.31±5.66

    0.13±0.01*

    0.18±0.02*

    0.52±0.03

    0.53±0.04

    0.53±0.03

   10.44±0.57*

    0.49±0.03

  154.91±0.97

    3.46±0.09

    8.04±0.82*

    0.75±0.10*

    6.39±0.67*

43445.45±4664.30*

 122.72±1.40†

 453.84±22.22

   0.18±0.01

   0.03±0.01

   0.40±0.02†

   0.40±0.02

   0.40±0.01†

  19.87±0.98†

   0.52±0.03†

 153.53±1.15

   3.69±0.07

   0.90±0.10

   0.35±0.03

   0.54±0.05

3546.36±411.50

  170.63±7.31*†

  483.65±8.72

    0.15±0.01*

    0.25±0.02*†

    0.51±0.03*

    0.49±0.03

    0.50±0.03*

   11.84±1.44*

    0.51±0.01

  154.60±0.34

    3.54±0.09

    9.33±0.44*

    1.07±0.08*†

    7.33±0.51*

51094.09±3869.61*

Values are the means±standard error. BP, blood pressure; Ccr, creatinine clearance; Curea, urea clearance; GFR, glomerular filtration 
rate; Bwt, body weight; Na

+
, sodium; K

+
, potassium; FENa, Fractional excretion of sodium; uNa

+
, urinary sodium; UV, urine volume.

See Fig. 1 legend for description of experimental diets and groups.
*P<0.05 when compared between high and low salt diet groups (CHL vs. CHH and NHL vs. NHH). 
†
P<0.05 when compared between sham and uninephrectomized groups (CHL vs. NHL and CHH vs. NHH).

intake and urine volumes were relatively increased in the 

uNx groups. There were no significant differences in serum 

sodium by the end of the experiment among the groups 

(Table 1).

2. Semiquantitative immunoblotting for renal so-

dium transporters

1) Changes in protein abundance in response to dietary 

NaCl change in the sham-operated group

There were no differences in protein abundances of 

NHE3 between the CHH and CHL group (94% in the CHH 

group, 100% in the CHL group; P=0.265; Fig. 5). Protein 

Fig. 4. Change in fluid intake and urine volume. In 
the uninephrectomized groups, both fluid intake and 
urine volume increased for the entire experimental 
period. Fractional excretion of sodium (FENa) was 
also increased after high salt diet. All of the values 
are expressed as the mean±standard error. Bwt, body 
weight. See Fig. 1 legend for description of experi-
mental diets and groups. 
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Fig. 5. Profiles of sodium transporters and protein abundance 
change in response to dietary NaCl in the sham-operated group. 
Protein abundances of Na

+
/K

+
/2Cl

-
 cotransporter (NKCC2) and 

Na+/Cl- cotransporter (NCC) in the CHH group significantly de-
creased compared to those in the CHL group. Expression of epith-
elial sodium channel (ENaC)-γ increased in CHH. Each panel is 
immunoblot loaded with samples from 6 control rats in the CHL 
group and 6 rats in the CHH group. Blots were probed with antibod-
ies to the type 3 Na

+
/H

+
 exchanger (NHE3) of the proximal tubule, 

the bumetanide-sensitive type 2 NKCC2 of the thick ascending limb 
of Henle’s loop, the thiazide-sensitive NCC of the distal convoluted 
tubule, and each of the 3 subunits of the amiloridesensitive ENaC. 
Equality of loading was confirmed by densitometry of parallel 
Coomassie-stained gels. Values are the means and bars indicate 
standard error. See Fig. 1 legend for description of experimental 
diets and groups. *P<0.05 vs control. †P<0.01 vs control.

NHE3 NKCC2 NCC ENaC- a ENaC-b ENaC-g
0

50

100

150

200

250
NHL
NHH

F
ra

c
ti

o
n

 o
f 

c
o

n
tr

o
l 

(%
)

Fig. 6. Profiles of sodium transporters and protein abundance change 
in response to dietary NaCl in the uninephrectomized group. Ex-
pressions of Na+/K+/2Cl- cotransporter (NKCC2) and Na+/Cl-

cotransporter (NCC) in the NHH group did not show any signi-
ficant alterations compared with those in the NHL group. Each 
panel is immunoblot loaded with samples from 6 control rats in 
the NHL group and 6 rats in the NHH group. Values are the means 
and bars indicating standard error. NHE3, Na

+
/H

+
 exchanger type 

3; ENaC, epithelial sodium channel. See Fig. 1 legend for descrip-
tion of experimental diets and groups.

abundances of NKCC2 and NCC in the CHH group sig-

nificantly decreased (40%, 66% of the CHL group; P<0.05, 

P<0.01, respectively; Fig. 5) compared with those in the 

CHL group. Expression of ENaC-α and ENaC-β in the 

CHH group did not change (108%, 73% of the CHL group; 

P=0.937, P=0.240, respectively; Fig. 5), compared to those 

in the CHL group. In contrast, expression of ENaC-γ in-

creased in the CHH group (188% of that in the CHL group, 

P=0.026; Fig. 5) compared to those in the CHL group. 

2) Changes in protein abundance in response to dietary 

NaCl change in the uninephrectomized group

Protein abundances of NHE3 in the NHH group did not 

differ (92% of the NHL group, P=0.232; Fig. 6) compared 

to (comparing) those in the NHL group. Protein abundan-

ces of NKCC2 and NCC did not show any significant alter-

ation between the NHH and NHL group (83%, 151% of 

the NHL group; P=0.699, P=0.132, respectively; Fig. 6). 

Also, expression of α-, β-, and γ-subunit of ENaC in the 

NHH group was not different (178%, 99%, and 89% of 

the NHL group; P=0.065, P=0.937, and P=0.435 respec-

tively; Fig. 6) compared to those in the NHL group, either.

3) Change in protein abundance between the sham- 

operated and uninephrectomized groups in response 

to long-term high NaCl loading

Protein abundances of NHE3 in the NHH group was 

not different (99% of the CHH group, P=0.432; Fig. 7), 
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Fig. 7. Profiles of sodium transporter and protein abundance 
change between the CHH and NHH group. Protein abundances 
of Na

+
/K

+
/2Cl

-
 cotransporter (NKCC2) in the NHH group signi-

ficantly decreased compared to those in the CHH group. Ex-
pression of epithelial sodium channel (ENaC)-α and ENaC-β
increased in the NHH group. Each panel is immunoblot loaded 
with samples from 6 control rats in the CHH group and 6 rats 
in the NHH group. Values are the means and bars indicating 
standard error. NHE3, Na

+
/H

+
 exchanger type 3; NCC, Na

+
/Cl

-

cotransporter. See Fig. 1 legend for description of experimental 
diets and groups. *P<0.05 vs control. †P<0.01 vs control.

compared with those of the CHH group. Protein abundan-

ces of NKCC2 in the NHH group was significantly lower 

(49% of the CHH group, P=0.009; Fig. 7) than those in 

the CHH group. There were no significant differences in 

protein abundances of NCC regardless of uninephrectomy 

(87% of the CHH group, P=0.589; Fig. 7). Expression of 

ENaC-α and ENaC-β in the NHH group was significantly 

higher (160%, 173% of the CHH group; P=0.045, P=0.015 

respectively; Fig. 7) than those in the CHH group. Express-

ion of ENaC-γ in the NHH group was not different (96% 

of that in the CHH group, P=0.937; Fig. 7) from that in 

the CHH group.

Discussion

In the present study, we investigated the alteration of 

major renal sodium transporters in the salt-sensitive hyper-

tension rat model induced by uNx. This study demon-

strated that sodium loading itself was effective in increas-

ing BP regardless of uNx and that uNx with chronic high 

salt diet gave rise to more pronounced hypertension and 

salt sensitivity. The blood pressure-sodium excretion 

curves of uNx rats had been shifted to the right, resulting 

in a blunted pressure natriuresis.

The kidneys have a key role in long-term BP control17). 

Because normal functioning kidneys have the ability to ex-

crete large amounts of excessive salt, it is generally consid-

ered that an increased salt intake for a shorter period of 

time does not cause any significant changes in arterial BP. 

However, the long-term effects of high salt intake are still 

controversial. 

In this study, sham-operated animals subjected to chron-

ic salt loading displayed decreased expression of NKCC2 

and NCC compared to those subjected to change in diet 

from high to low salt. On the other hand, uninephrec-

tomized animals showed increased body weight and no 

adaptive alterations of sodium transporters in response to 

the same diet change. These results can be compatible with 

the NKCC2, which are over-expressed in the Dahl salt-sen-

sitive rats to sodium retension and hypertension when chal-

lenged with a high salt diet18). It can, therefore, be justified 

to postulate that changes in NKCC2 and NCC expressions 

in response to this dietary salt change were blunted in the 

uNx rats. These findings might suggest that decreased pro-

tein abundance of NKCC2 and NCC would be important 

molecular targets for regulatory processes responsible for 

salt loading. Blunted down-regulated adaptation of these 

transporters to salt loading in the uNx group might be one 

of the factors related with body weight gain and higher 

BP in the uNx group. NKCC2 expression is decreased in 

NHH rats compared with CHH rats. Thus, it is thought 

that sodium delivery to the distal nephron was enhanced 

in uNx rats in response to chronic salt loading, thereby 

overwhelming the capacity of the collecting duct to re-

absorb sodium and leading to increased urinary sodium ex-

cretion (FENa).

Determination of NHE3 protein abundance both in 
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sham-operated and uNx rats revealed that NHE3 protein 

abundance is not significantly different between the two 

groups (Fig. 5, 6), which may indicate that the NHE3 does 

not play a major role in the maintenance of hypertension 

in the uNx salt-sensitive hypertensive animals. However, 

the fact that the contribution of the NHE3 to the salt-sensi-

tive hypertension is mediated by its increased activity, not 

necessarily associated with over-expression cannot be 

excluded. 

We have also examined the expression of ENaC, which 

is the key apical sodium channel in the connecting tubule 

and collecting duct. During active sodium absorption, all 

three subunits are found mostly in the apical domain of 

segment-specific cells, whereas, during natriuresis, β- and 

γ-ENaC are mainly localized in cytosolic vesicles19). 

Aldosterone regulates ENaC-dependent sodium reab-

sorption by changing the expression and subcellular local-

ization of the individual ENaC subunits20, 21). The ex-

pression of ENaC-α and ENaC-β were increased in NHH 

rats, compared with those in CHH rats (Fig. 7). The ENaC 

channel activity is regulated by a number of mechanisms, 

including aldosterone-stimulated intracellular trafficking 

of the ENaC α-, β-, and γ-subunits from the cytoplasm 

to the apical plasma membrane22). Because the synthesis 

of the α-ENaC subunit has been suggested to be a rate- 

limiting factor of the multimeric ENaC complex, sodium 

transport could be expected to be proportional to the 

abundance of the α-ENaC protein levels. The role of the 

β- and γ-subunit is still uncertain. Neither the β- nor the 

γ-subunit, when expressed alone or together, has been 

shown to produce any measurable Na+ current, whereas 

co-expression with the α-subunit greatly enhanced the am-

plitudes of the Na+ current23, 24). As mentioned above, it 

is well known that increased sodium reabsorption in the 

collecting duct is correlated with the increased protein 

abundance of ENaC subunits at the plasma membrane, in-

creased apical trafficking and increased probability of the 

ENaC subunits being open. Although apical trafficking and 

probability of the ENaC subunits being open were not ex-

amined in this study, increased protein expression of 

ENaC-α and ENaC-β might contribute to the induction of 

increased sodium reabsorption in these nephron segments, 

which can contribute to volume overload and BP elevation.

It has been demonstrated that ENaC activity and ex-

pression are regulated by several hormones, such as vaso-

pressin25), aldosterone22), and insulin26). Long-term in-

creases in circulating aldosterone concentrations result in 

increases of the abundances of the α-subunit protein with 

decreased abundance of β-subunit protein and appearance 

of a 70-kDa γ-ENaC band with a concomitant decrease 

in the main 85-kDa band21). In contrast, long-term exposure 

to high circulating vasopressin levels stimulates a marked 

increase in the abundances of the β- and γ-subunit proteins, 

with little or no effect on the abundance of the α-subunit25). 

Thus the change of the ENaC subunits in the present study 

might be associated with both effects of vasopressin and 

aldosterone27, 28). However we did not measure these hor-

mones and thus could not evaluate the relative role of these 

two hormones. The γ-subunit was up-regulated, whereas 

the α- and β-subunits were not affected in the CHH rats, 

compared with those of the CHL rats. A possible ex-

planation may be lacking, but this change may be simply 

the compensatory change to the decreased proximal so-

dium reabsorption due to decreased NCC and NKCC2 

expression.

In summary, we have found that, BP was higher in the 

uNx group than in the sham-operated group, regardless of 

salt intake. Adaptive alterations of NKCC2 and NCC to 

changes of salt intake were blunted in the uNx group. 

Moreover, expression of α-, and β-subunits of ENaC in-

creased in the uNx group. These altered regulations might 

be involved in the pathogenesis of salt-sensitive hyper-

tension (SSH) in the uNx rat model. This is a preliminary 

study to evaluate salt-sensitive hypertension, therefore, fur-

ther studies are warranted to elucidate the precise mecha-

nism of this phenomenon.
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