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Aldosterone is a steroid hormone that is produced in the adrenal cortex. Its major renal effect is to regulate electrolyte and

water homeostasis in the distal tubule, thus maintaining blood pressure and extracellular fluid homeostasis through the

activation of mineralocorticoid receptors (MR) in epithelial cells [2]. Aldosterone enters an epithelial cell and binds to the

MR. The complex of aldosterone and MR translocates into the nucleus and regulates gene transcription of, among others,

the epithelial sodium channel (ENaC) and the signaling proteins and kinases that impact channel and transporter activity,

such as serum/glucocorticoid kinases (SGKs).
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1. Introduction

Aldosterone is a steroid hormone that is produced in the adrenal cortex. Its major renal effect is to regulate electrolyte and

water homeostasis in the distal tubule, thus maintaining blood pressure and extracellular fluid homeostasis through the

activation of mineralocorticoid receptors (MR) in epithelial cells . Aldosterone enters an epithelial cell and binds to the

MR. The complex of aldosterone and MR translocates into the nucleus and regulates gene transcription of, among others,

the epithelial sodium channel (ENaC) and the signaling proteins and kinases that impact channel and transporter activity,

such as serum/glucocorticoid kinases (SGKs). This results in increased apical membrane accumulation and activity of

ENaC, thus increasing sodium reabsorption and subsequent water reabsorption (reviewed in ).

In addition to the genomic effects, aldosterone has rapid actions that are independent of transcription and translation.

Aldosterone can have rapid effects on sodium chloride cotransport (NCC) in distal convoluted tubules , bicarbonate

reabsorption in proximal tubules , natriuresis , and several signaling processes in inner medullary collecting ducts

(IMCDs) and other nephron segments . Aldosterone increases calcineurin activity in rat cortical collecting ducts

through an MR‐dependent but transcription‐independent mechanism . Our published data show that inhibiting

calcineurin alters the phosphorylation and the activity of the urea transporter UT‐A1 in the IMCD .

Aldosterone has a complex interaction with vasopressin (AVP). Vasopressin is the major hormone regulating water

permeability in the kidney . Vasopressin binds to V2 receptors on the IMCD basolateral plasma membrane, resulting in

stimulation of adenylyl cyclase and cyclic AMP (cAMP) generation. Stimulation of the cAMP dependent protein kinase A

(PKA) promotes phosphorylation of key transporters and channels, resulting in an increase in water permeability .

Vasopressin stimulation of water permeability is due, in large part, to stimulation of the aquaporin 2 (AQP2) water channel

. AQP2, located at the apical plasma membrane and the subapical vesicles in collecting duct principal cells, is

regulated by vasopressin‐stimulated increases in both its phosphorylation and its apical plasma membrane accumulation

. Through the cAMP‐PKA pathway, vasopressin also increases urea transport by stimulating UT‐A1 .

Although aldosterone indirectly regulates water reabsorption in distal tubules, its effect on vasopressin‐regulated water

and urea permeability in rat IMCDs has not been tested, nor has whether there is a sex difference been examined. Our

published data show that aldosterone decreases UT‐A1 protein in the inner medullary tip . Nielsen et al. reported that

aldosterone increases urine production and decreases apical membrane AQP2 expression in rats with diabetes insipidus

. These findings suggest that aldosterone may decrease vasopressin‐stimulated osmotic water permeability.
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Figure 1: Aldosterone decreased vasopressin-stimulated osmotic water and urea permeability in terminal inner medullary

collecting ducts (IMCDs) in the presence of actinomycin D.  Terminal IMCDs were perfused with 50 pM vasopressin (AVP)

for 20 min, samples were taken for analysis, then 500 nM aldosterone (Aldo) was added to the bath for 30 min, after

which samples were taken for analysis (A).   In a separate experiment, terminal IMCDs were perfused with 50 pM

vasopressin (AVP), then treated with 1 µM actinomycin for 30 min before adding 500 nM aldosterone (Aldo) for 30 min. 

Samples were analyzed for either raffinose (water permeability marker, panel B) or urea content (panel C).   Each line

represents a separate IMCD from a different rat. * P < 0.05 AVP control vs. AVP with Aldo plus actinomycin, N = 4

rats/condition.

2. Discussion

Our research group expanded the knowledge to this field of research by investigating the effect of aldosterone on water

and urea transport in isolated perfused rat IMCDs. We also tested the corresponding changes in the levels of

phosphorylated AQP2.  Our results showed that aldosterone inhibits vasopressin-stimulated water and urea reabsorption.

To determine whether aldosterone decreases osmotic water permeability we first perfused with vasopressin and then

perfused with aldosterone in the presence of vasopressin.  Aldosterone decreased vasopressin‐stimulated osmotic water

permeability.   We compared the water permeability in both male and female rat IMCDs. It appears that there may be a

greater difference in aldosterone inhibition in female rats versus the male rats.  However, further experiments need to be

performed to examine whether the female rat is more susceptible to the inhibition of osmotic water permeability by

aldosterone.

To test the role of aldosterone in the phosphorylation of AQP2, IM tissues were incubated with and without aldosterone.

 Tissue lysates were analyzed by western blot, probing for total AQP2, pSer256 AQP2, and pSer261 AQP2. Aldosterone

decreased AQP2 phosphorylation at serine 256 in the presence of vasopressin, which may decrease AQP2 accumulation

in the apical membrane. There was no observed change in the phosphorylation of serine 261 AQP2. Thus, the decrease

in vasopressin‐stimulated water permeability by aldosterone may be related to the decrease in AQP2 trafficking to the

plasma membrane rather than an increase in AQP2 endocytosis.

To test whether aldosterone attenuated osmotic water permeability through a genomic mechanism we compared the

effect of aldosterone on water permeability in the absence and presence of actinomycin D (an inhibitor of gene

transcription) (Figure 1).  IMCDs were first perfused with vasopressin, then perfused with aldosterone in the absence (A)

or presence (B) of actinomycin D.  The decrease of vasopressin‐stimulated osmotic water permeability in response to

aldosterone was not changed by the presence of actinomycin suggesting that aldosterone was working through a non‐

genomic pathway.  To test whether aldosterone decreases urea permeability through a genomic action, IMCDs were first

perfused with vasopressin, then perfused with aldosterone in the presence of vasopressin and actinomycin D.

  Aldosterone significantly decreases vasopressin‐stimulated urea permeability in the presence of actinomycin D,

suggesting that the aldosterone‐attenuated urea permeability is a non‐genomic action (Figure 1, panel C).  



In addition, our data show that aldosterone inhibited water and urea reabsorption in 30 min.  Since activation of genomic

mechanisms is highly unlikely to happen in such a short period, we surmise that aldosterone rapidly inhibits water and

urea absorption initially by a non‐genomic pathway.  However, we cannot exclude the possibility that effects are attributed

to aldosterone and not to actinomycin D based on the current data.   The consistency of the results for aldosterone‐

regulated water and urea permeability suggest that aldosterone can decrease urine concentrating ability in a rapid manner

that does not involve genomic changes.

Our observations suggest that aldosterone is an independent regulator of water permeability in both male and female rats.

The fact that aldosterone also reduces urea permeability in a rapid fashion suggests that the immediate regulation of urine

concentrating ability involves the non-genomic action of aldosterone since water and urea transport processes are

interdependent in the kidney inner medulla.  The decrease in water permeability appears to be a result of a decrease in

AQP2 phosphorylation at serine 256, which may decrease AQP2 accumulation at the plasma membrane.     It is unclear

whether the decrease in the urea transporter is due to a change in its phosphorylation state, but it seems likely based on

the responses of the water channel.   Aldosterone‐attenuated osmotic water and urea permeability are non‐genomic

processes. The figure in this entry conveys data directly excised from our recent paper (1) that is the first report of

aldosterone directly affecting vasopressin‐stimulated water and urea transport in the IMCD.
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