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Abstract: Diabetes is associated with an activated renal renin-angiotensin-aldosterone system (RAAS) and it was shown 

that streptozotocin (STZ)-induced diabetic rats had increased whole kidney protein levels of the epithelial sodium channel 

subunits ( -, - and -ENaC). However, the role of the RAAS on the regional, i.e., cortical versus medullary, regulation 

of ENaC is unclear. Male Sprague-Dawley rats were injected with STZ (intravenous, 65 mg/kg·bw, n=12/group). After 14 

days, half of them received drinking water with candesartan (2 mg/kg·bw/day), an angiotensin-II type-1 receptor (AT1R) 

antagonist, for one week. In the medulla, i.e., inner stripe of the outer medulla (ISOM), base and/or tip of the inner me-

dulla, immunoblotting revealed increased protein abundances of 1 Na-K-ATPase and ENaC subunits with diabetes (200-

600% of controls), which were not reversed by candesartan. In fact, candesartan increased all ENaC subunits and 1 Na-

K-ATPase in the ISOM and/or base in control rats. In contrast, in the cortex, diabetes did not increase these proteins. 

However, candesartan reduced cortical - and -ENaC regardless of diabetic state. In summary, diabetes-induced in-

creases in ENaC were seen preferentially in the medulla. These changes appeared to be due to a mechanism clearly dis-

tinct from AT1R activation, because they were not abolished by candesartan. In fact, candesartan treatment tended to in-

crease some of these medullary proteins, perhaps in compensation for increased NaCl load. In contrast, cortical - and -

ENaC were reduced by candesartan regardless of diabetic state suggesting their regulation by AT1R at this site; however 

this did not appear to be a site of diabetes-induced ENaC up-regulation. 
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INTRODUCTION 

 Uncontrolled diabetes mellitus (DM) is associated with 
natriuresis and diuresis. The kidney adapts to sodium and 
water losses associated with DM via upregulation of both 
sodium and water transport proteins. In this regard, we have 
shown that streptozotocin (STZ)-induced type I diabetic rats 
have significantly increased abundances of renal epithelial 
sodium transporters and channels of the distal tubule, e.g., 
the thiazide-sensitive Na-Cl cotransporter (NCC) and the 
epithelial sodium channel (ENaC) subunits in whole kidney 
homogenates [1]. In addition, urea transporters, aquaporin 2 
(AQP2), and the Na-K-2Cl cotransporter (NKCC2), major 
transport/channel

 
proteins responsible for the production of 

concentrated urine, were found to be significantly increased 
in type 1 diabetic rats [2].  

 Diabetes is associated with increased activity of the renal 
renin-angiotensin-aldosterone system (RAAS). Activated 
RAAS is known to increase sodium reabsorption. Further-
more the increase in the levels of individual components of 
RAAS, such as angiotensin II and aldosterone, increase the 
protein expression of epithelial sodium transporters of the 
distal tubule in cell culture studies and also in non-diabetic 
animal models [3-6].  
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 Diabetic patients are commonly treated with angiotensin 
II type 1 receptor (AT1R) blockers to lower their blood pres-

sure. Thus, the interaction between the diabetic state and 

AT1R activity as a determinant of renal epithelial sodium 
reabsorption is an increasingly relevant and timely area of 

study. Using candesartan, an AT1R blocker, we have re-

cently demonstrated that elevated ENaC activity in type II 
diabetic obese Zucker rats is due to upregulated angiotensin 

type 1 receptor (AT1R) activity [7].  

 With regard to type I diabetic rats, we have recently 
shown that candesartan significantly increases levels of outer 

medullary proteins responsible for the production of concen-

trated urine in STZ-diabetic rats including AQP2 and 
NKCC2 [8]. However, a comprehensive regional analysis of 

epithelial sodium channel subunits and the effect of AT1R 

blockade in these type I diabetic rats has not been reported. 
Therefore the present study was designed to determine the 

regional (cortical versus medullary) regulation of epithelial 

sodium transporters of distal tubule such as ENaC and Na-K-
ATPase by type 1 diabetes and the role of activated RAAS 

on the regional regulation of these proteins. For this, the pro-

tein abundances of ENaC subunits (- , -  and - ) and 1 
subunit of Na-K-ATPase were determined in different re-

gions of the kidneys i.e., cortex, outer medulla, inner-

medullary base and inner-medullary tip in STZ-induced dia-
betic rats treated with or without candesartan. In addition, 

the protein abundance of NCC was also determined in the 

cortex of these rats.  
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METHODS 

Animal Model 

 Twenty-four male Sprague-Dawley rats, weighing 100-

150g, were obtained from Charles River Laboratories (Wil-
mington, MA). All rats received standard rat chow contain-

ing 1% NaCl (Purina Mills, St. Louis, MO). Rats were main-

tained according to a protocol approved by the Emory Uni-
versity Institutional Animal Care and Use Committee. 

Twelve of the rats were made diabetic by injecting them with 

streptozotocin (STZ; 65 mg/kg body weight) into the tail 
vein and the other 12 rats were injected with vehicle (C). 

Hyperglycemia in the STZ-induced diabetic group was veri-

fied 24 - 48 hours after injection by blood glucose measure-
ment in the tail blood using a Lifescan Ultra II glucometer. 

After 14 days, half of the rats in each group were treated 

with candesartan, an angiotensin II type I receptor blocker, 
(generous gift from Astra-Zeneca) in the drinking water 

(CAN; 2 mg/kg·bw/day) for 7 days. The other half (n = 

6/group) were provided with plain drinking water for 7 days. 
The dose of CAN was similar to oral doses used by other 

investigators [9-11].  

 At the end of the studies, animals were euthanized by 

rapid decapitation and kidneys were collected. One kidney 

was dissected into inner medullary base (IM base, white por-
tion near inner stripe of the outer medulla); inner medullary 

tip (IM tip, papillary tip), inner stripe of the outer medulla 

(reddish, OM) and cortex (tan, CTX). Each region was proc-
essed separately. For sample preparation, the dissected tissue 

was placed into ice-cold isolation buffer (10 mM triethano-

lamine, 250 mM sucrose, pH 7.6, 1 g/ml leupeptin, and 2 
mg/ml phenylmethylsulfonyl fluoride, PMSF), homoge-

nized; then SDS was added to a final concentration of 1%. 

Samples were sheared using a 25G needle and centrifuged at 
12,000 x g for 5 minutes to remove insoluble particulates. 

Total protein in each sample was measured by a modified 

Lowry method (Bio-Rad DC protein assay reagent, Bio-Rad, 
Richmond, CA). Samples were solubilized in Laemmli sam-

ple buffer and shipped to Georgetown University for analy-

sis.  

Electrophoresis and Blotting of Membranes 

 Coomassie-stained "loading gels" were done to assess 
the 

quality of the protein by sharpness of the bands and to
 
con-

firm equality of loading, as previously described [12, 13]. 

For immunoblotting, 20–30 g protein from each sample
 

were loaded into individual lanes of 10% polyacrylamide 

gels (precast; Bio-Rad, Hercules, CA). The homogenates 

from kidney cortex (CTXH), outer medulla (OMH), and/or 
inner medullary base and tip (IMH) were immunoblotted for 

the 1-subunit of Na-K-ATPase and the 3 subunits ( ,  and 

) of the amiloride-sensitive epithelial sodium channel 

(ENaC) while only CTXH was blotted for the thiazide-

sensitive Na-Cl co-transporter (NCC), according to previ-

ously defined protocols using our own rabbit polyclonal an-

tibodies against NCC and ENaC subunits sequences, as pre-

viously described [12]. The antibody against the 1-subunit 
of Na-K-ATPase was commercially obtained from Upstate 

Biotechnology. Equal amounts of total protein from each 

region were loaded in each lane from each rat.  

Statistical Analysis 

 Data were analyzed by two-way (body type X treatment) 
analysis of variance (ANOVA, Sigma Stat, Chicago, IL). 
Unpaired t-test was also used to determine significant differ-
ences (p < 0.05) between pairs of means. P < 0.05 was con-
sidered significant for all comparisons.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Effect of diabetes and candesartan on -ENaC protein 

abundance in different kidney regions. A) Representative lanes 

from immunoblots for the -ENaC subunit in the cortex homogen-

ate (CTXH), inner stripe of outer medulla homogenate (OMH), 

inner-medullary base homogenate (IMH (B)) and inner medullary 

tip homogenate (IMH (T)) from non-diabetic (C) and diabetic 

(STZ) rats treated with or without candesartan (CAN). B) Densi-

tometric summary of the blots (n = 6/group). For immunoblotting, 

each lane was loaded with an equal amount of total protein from a 

different rat sample (confirmed a priori by equal Coomassie-

staining of representative protein bands).  indicates mean is sig-

nificantly different (p<0.05) from that of the untreated non-diabetic 

(C) by unpaired t-test. Results from two-way ANOVA (STZ X 

CAN) are given below the graph. Significant (p<0.05) factors are in 

BOLD. 
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RESULTS 

 Data regarding the final body weight, weight gain and 
plasma glucose levels in these rats have already been pub-
lished [8]. These STZ rats had significantly higher blood 
glucose levels, as determined 48 hours after injection of STZ 
or vehicle. Furthermore, mean final body weight was signifi-
cantly lower in diabetic rats, relative to the non-diabetic and 
CAN did not have any significant effect on body weight or 
blood glucose levels [8].  

REGULATION OF DISTAL SODIUM TRANS-

PORTER/CHANNEL PROTEINS BY DIABETES AND 

CANDESARTAN 

-ENaC Subunit 

Regulation by Diabetes 

 Representative western lanes are shown in panel A, and 

in panel B is the densitometry summary (Fig. 1). Diabetes 
did not affect -ENaC protein abundance in cortex (CTXH). 

However, diabetic rats had significantly increased -ENaC 

protein abundance in the outer medulla (OMH) and inner 
medullary base [IMH (B)] homogenates. There was also a 

strong trend for an increase in the tip [IMH (T), p = 0.07]. 

IMH (T) and IMH (B) were analyzed separately for ENaC 
and Na-K-ATPase protein, since a variety of proteins have 

been proven to be differentially regulated in these two por-

tions of the CD [14-16]. 

Regulation by Candesartan 

 Similarly, in CTXH, candesartan did not significantly 

affect the protein levels of -ENaC (Fig. 1). However, can-
desartan increased the abundance of -ENaC in the medulla 

[significant for OMH and IMH (B)], but only in the non-

diabetic rats.  

-ENaC and -(85)-ENaC, i.e., 85-kDa band of -ENaC 

Regulation by Diabetes 

 Similar to -ENaC, diabetes did not affect protein abun-
dances of the  and -ENaC in CTXH (Figs. 2 and 3, respec-

tively). However, protein levels of both of these subunits 

were significantly increased in all three regions of medulla 
[OMH, IMH (B) and IMH (T)] in diabetic rats relative to 

non-diabetic controls (Figs. 2 and 3).  

Regulation by Candesartan 

 In the CTXH, both - and -ENaC were decreased by 

candesartan in diabetic, as well as non-diabetic rats (Figs. 2 
and 3). In addition, candesartan significantly increased - 

and -ENaC in the IMH (B), in non-diabetic rats, however 

their abundances in the OMH and IMH (T), remained statis-
tically unchanged.  

NCC  

Regulation by Diabetes 

 Immunoblotting revealed a substantial increase in corti-

cal NCC in non-candesartan-treated diabetic rats (178% of 

non-diabetic controls); however due to high variability, this 
difference did not reach statistical significance, relative to 

controls (p = 0.06, Fig. 4).  

Regulation by Candesartan 

 The abundance of NCC was significantly decreased by 
candesartan in both diabetic and non-diabetic rats (Fig. 4). 

Na-K-ATPase  

Regulation by Diabetes 

 Diabetic rats showed significantly higher protein abun-
dance of the 1 subunit of Na-K-ATPase, a basolateral 
membrane protein, in the OMH and IMH (B), while no sig-

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Effect of diabetes and candesartan on -ENaC protein 

abundance in different kidney regions. A) Representative lanes 

from immunoblots for the -ENaC subunit in the cortex homogen-

ate (CTXH), inner stripe of outer medulla homogenate (OMH), 

inner medullary base homogenate (IMH (B)) and inner medullary 

tip homogenate (IMH (T)) from non-diabetic (C) and diabetic 

(STZ) rats treated with or without candesartan (CAN). B) Densi-

tometric summary of the blots (n = 6/group). For immunoblotting, 

each lane was loaded with an equal amount of total protein from a 

different rat sample (confirmed a priori by equal Coomassie-

staining of representative protein bands).  indicates mean is sig-

nificantly different (p<0.05) from that of the untreated non-diabetic 

(C) and  from untreated diabetic rats (STZ) by unpaired t-test. 

Results from two-way ANOVA (STZ X CAN) are given below the 

graph. Significant (p<0.05) factors are in BOLD. 
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nificant change was observed in the CTXH or in the IMH 
(T) (Fig. 5).  

Regulation by Candesartan 

 Treatment with candesartan significantly decreased the 
protein abundance of 1 subunit of Na-K-ATPase in the 
CTXH of diabetic rats. Similarly, for non-diabetic rats it 
trended in same direction (p=0.07). Candesartan led to a sig-

nificant increase in OMH 1 Na-K-ATPase with a trend for 
an increase in the IMH (B), p = 0.015, in non-diabetic rats 
(Fig. 5).  

DISCUSSION  

 In this study, we evaluated the regulation of major renal 
epithelial sodium transport-related proteins including ENaC 
subunits, NCC, and Na-K-ATPase in the type I diabetic rat. 
We further determined whether blockade of the AT1R with 
candesartan would abolish changes that resulted from STZ-
induced diabetes. We demonstrated that there are striking 
differences in the regulation of ENaC subunit protein abun-
dances in cortex versus medullary regions. Diabetes in-
creased ENaC subunit expression in the medulla, but not in 
the cortex. Candesartan did not reduce this medullary 
upregulation; and in contrast it resulted in an increase in - 
and -ENaC in the non-diabetic control rats. The thiazide-
sensitive Na-Cl cotransporter, NCC, expressed in the cortex, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Effect of diabetes and candesartan on 85kDa band of -

ENaC protein abundance in different kidney regions. A) Represen-

tative lanes from immunoblots for the -ENaC subunit in the cortex 

homogenate (CTXH), inner stripe of outer medulla homogenate 

(OMH), inner-medullary base homogenate (IMH (B)) and inner 

medullary tip homogenate (IMH (T)) from non-diabetic (C) and 

diabetic (STZ) rats treated with or without candesartan (CAN). B) 

Densitometric summary of the blots (n = 6/group). For im-

munoblotting, each lane was loaded with an equal amount of total 

protein from a different rat sample (confirmed a priori by equal 

Coomassie-staining of representative protein bands).  indicates 

mean is significantly different (p<0.05) from that of the untreated 

non-diabetic (C) and  from untreated diabetic rats (STZ) by un-

paired t-test. Results from two-way ANOVA (STZ X CAN) are 

given below the graph. Significant (p<0.05) factors are in BOLD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Effect of diabetes and candesartan on NCC protein abun-

dance in different kidney regions. A) Lane from representative 

immunoblots for the NCC in the cortex homogenate (CTXH), inner 

stripe of outer medulla homogenate (OMH), inner medullary base 

homogenate (IMH (B)) and inner-medullary tip homogenate (IMH 

(T)) from non-diabetic (C) and diabetic (STZ) rats treated with or 

without candesartan (CAN). B) Densitometric summary of the blots 

(n = 6/group). For immunoblotting, each lane was loaded with an 

equal amount of total protein from a different rat sample (con-

firmed a priori by equal Coomassie-staining of representative pro-

tein bands).  indicates mean is significantly different (p<0.05) 

from that of the untreated non-diabetic (C) and  from untreated 

diabetic rats (STZ) by unpaired t-test. Results from two-way 

ANOVA (STZ X CAN) are given below the graph. Significant 

(p<0.05) factors are in BOLD. 
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was not statistically increased by diabetes likely due to high 
variability; however the mean was increased by 78%. Can-
desartan decreased NCC in both diabetic and non-diabetic 
rats. Finally, the 1 subunit of Na-K-ATPase was increased 
by diabetes most strongly in regions expressing thick ascend-
ing limb i.e., OMH or the early portion of the IMCD (base). 

These regions would be expected to have high energy de-
mands and might be expected to be the most severely af-
fected by diabetes-induced oxidative stress [17, 18]. Cande-
sartan did not reverse this upregulation. 

ENaC 

 The increase in ENaC subunits in diabetic rats is in 
agreement with results in whole kidney homogenate from 
our previous studies in type I and type II diabetes [1, 7]. In 
the present study, in addition to cortex and outer medulla, a 
comprehensive study of the regulation of ENaC was also 
done in the inner medullary tip (predominantly terminal 
IMCDs) and base (predominantly initial IMCDs), which was 
not examined previously. We found that all three subunits of 
ENaC were significantly increased by diabetes in both base 
and tip of the inner medulla but that candesartan regulated 
these subunits differentially in these two segments.  

 Our finding of differential regional regulation of sodium 
transporters by type I diabetes is in agreement with our pre-
vious finding from a long term study (12 week) of ovariec-
tomized rats (supplemented with estrogen) with STZ-
induced diabetes [19]. Regulation of - and -ENaC found in 
that study was similar to the results demonstrated here (how-
ever, inner medulla was not subdivided into base and tip in 
the previous study). In contrast to our present finding, 

ENaC was found to be decreased in cortex and was not 
affected in the medulla in our previous long term study [19]. 
Furthermore, a recent study of long term (8 weeks) diabetic 
rats by Vidotti et al. [20], also showed reduced expression of 

-ENaC relative to non-diabetic control rats. The reason for 
this disparity is not clear; however, the changes in protein 
abundances found after long term diabetes [20, 28], could be 
a compensatory response rather than an effect of diabetes 
found early on in diabetes. Reduced -ENaC protein levels 
found in these earlier studies [19, 20] could also be due to 
the nephropathy or renal hypertrophy associated with long 
term diabetes [21].  

 We found that candesartan treatment did not attenuate the 
elevated levels ENaC subunits in the medulla of diabetic 
rats. Thus upregulated AT1R does not appear to have a role 
in the increased ENaC abundance that is observed in diabe-
tes. We speculate that increased ENaC subunit protein levels 
in diabetes could be due to increased presence of vasopressin 
(AVP), since diabetes is associated with elevated AVP levels 
[22, 23]. In this regard, AVP has been shown to increase 
ENaC subunits protein abundances [24]. However, why dia-
betes increased ENaC subunits only in medulla and not in 
cortex is not clear. We speculate that the lower number of 
vasopressin receptors present in the cortex versus medulla 
could be one of the reasons [25, 26].  

 Like diabetes, candesartan also appeared to have a differ-
ential effect in medulla vs cortex of both diabetic and non 
diabetic rats. Candesartan did not affect ENaC subunits in 
the medulla whereas in cortex, candesartan reduced the 
abundance of ENaC subunits in both diabetic as well as non-
diabetic rats. One plausible explanation for the blunted or 
absent effects of candesartan on medullary ENaC subunits in 
diabetic rats could be a compensatory response, as these pro-
teins may be required to reduce the loss of electrolytes in the 
diabetic condition. Moreover, the levels of ENaC subunits 
were markedly higher in the medulla of diabetic rats to begin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Effect of diabetes and candesartan on protein abundance 

for 1 subunit of Na-K-ATPase in different kidney regions. A) 

Representative lanes from immunoblots for the Na-K-ATPase in 

the cortex homogenate (CTXH), inner stripe of outer medulla ho-

mogenate (OMH), inner-medullary base homogenate (IMH (B)) 

and inner medullary tip homogenate (IMH (T)) from non-diabetic 

(C) and diabetic (STZ) rats treated with or without candesartan 

(CAN). B) Densitometric summary of the blots (n = 6/group). For 

immunoblotting, each lane was loaded with an equal amount of 

total protein from a different rat sample (confirmed a priori by 

equal Coomassie-staining of representative protein bands). 

 indicates a mean is significantly different (p<0.05) from that of 

the untreated non-diabetic (C) and  from untreated diabetic rats 

(STZ) by unpaired t-test. Results from two-way ANOVA (STZ X 

CAN) are given below the graph. Significant (p<0.05) factors are in 

BOLD. 
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with. The downregulatory effect of candesartan observed in 
cortex is in agreement with our recent study in lean Zucker 
rats, where we demonstrated that candesartan was able to 
significantly reduce whole kidney abundances of  and -
ENaC in non-diabetic lean rats [7]. In this regard, angio-
tensin II has been shown to directly increase the activity as 
well as abundance of ENaC subunits [3, 4]. However, Beut-
ler et al. [3] found that in response to candesartan infusion, 
the expression levels of  and -ENaC were significantly 
increased in the cortex region of the rats with NaCl restric-
tion [3]. One possible explanation for this discrepancy could 
be the use of NaCl restricted rats, a model of high plasma 
renin activity, in their study. In addition, these rats were ex-
posed to candesartan for a relatively shorter time compared 
to our study, i.e., two days versus 7 days.  

 In non-diabetic rats, candesartan increased ENaC protein 
levels in the medulla (unlike cortex). A comprehensive 
analysis of medullary regions revealed that this regulation 
was mostly in outer medulla and initial IMCDs (inner me-
dullary base). However no such change was observed in ter-
minal IMCDs (inner medullary tip). We speculate that this 
could be a compensatory effect rather than a direct regulation 
by candesartan. It may be possible that a candesartan-
induced reduction of ENaC in the cortex could increase the 
sodium load to the medulla, thereby prompting an increased 
ENaC abundance in the medullary regions, at least in vehi-
cle-treated non-diabetic rats. However, medullas of the dia-
betic rats had higher abundance of these proteins to begin 
with thus limiting the additional candesartan effect and re-
sembling a blunted effect of candesartan. In addition, in 
early diabetes (19-20 days from the onset of DM) AT1R 
mRNA has been shown to be increased only in cortex, which 
could also be the cause for a blunted candesartan effect in the 
medulla of diabetic rats [27]. Candesartan did not affect 
blood pressure in these rats as observed by tail cuff method 
[8] thus change in blood pressure can be ruled out as a factor 
for this regulation.  

NCC 

 In our previous study we showed that induction of type I 
diabetes significantly increases the abundance of whole kid-
ney NCC [1]. This was confirmed in the present study that 
further examined the effects of candesartan and showed that 
candesartan reversed the elevation of NCC suggesting a role 
for upregulated AT1R in the elevation of NCC in type 1 dia-
betes. In addition, the significant decrease in NCC levels in 
AT1R knockout mice demonstrated by Brooks et al. [28] 
further suggests a direct role of angiotensin II in the upregu-
lation of NCC. Although our recent study in non-diabetic 
lean Zucker rats also demonstrated that candesartan was able 
to significantly reduce NCC [7], long term STZ-induced 
diabetes did not seem to affect NCC abundance [20]. The 
reasons for this disparity could be similar to what has been 
discussed above for ENaC protein.  

Na-K-ATPase 

 In diabetic rats, the 1 subunit of Na-K-ATPase was in-
creased in the medullary region (OM and IM) while no sig-
nificant change was found in the cortex. Khadauri et al. [29] 
has shown that STZ-induced diabetes increased the activity 
of Na-K-ATPase activity in the proximal convoluted tubule 
and medullary thick ascending limb, and cortical and outer 

medullary collecting tubule, but not in the proximal straight 
tubule, cortical thick ascending limb or distal convoluted 
tubule. Moreover, medullary regions would be expected to 
have high energy demands and are the most severely affected 
by diabetes-induced oxidative stress [17]. Similar to ENaC 
protein, we have demonstrated that candesartan differentially 
regulate Na-K-ATPase protein also in cortex vs medulla in 
these rats.  

 We have recently published that the STZ-diabetic rats 
have elevated levels of urea transporters (UT-A1, UT-A3),

 

AQP2, and NKCC2/BSC1 proteins, which were further in-
creased (UT-A3 and NKCC2/BSC1) or remained unaltered 
(UT-A1 and AQP2) by candesartan treatment [8]. Thus we 
suggest that early type I diabetes is associated with a com-
pensatory elevation in the levels of medullary proteins to 
avoid urinary loss of sodium and water.  

 In summary, we found that medullary ENaC and Na-K-
ATPase proteins were significantly increased in type I diabe-
tes, which is not due to upregulated AT1R activity. We sug-
gest that elevated AVP associated with diabetes may con-
tribute to this upregulation. Unlike ENaC and Na-K-ATPase, 
increased NCC in type 1 diabetic rats appears to be associ-
ated with upregulated AT1R activity. We suggest that the 
regulation of ENaC and Na-K-ATPase proteins may be a 
compensatory effect rather than a direct effect of candesar-
tan, at least in the medulla. Thus, while candesartan reduces 
ENaC and Na-K-ATPase proteins in the cortex, the medulla 
escapes these effects in the diabetic state, perhaps to avoid 
excessive sodium loss.  
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