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Primary Disciplinary Field(s): Endocrinology, Renal Physiology, Cardiovascular Biology

1. Core Definition

Aldosterone is a potent steroid hormone classified specifically as a mineralocorticoid,
synthesized and released primarily by the zona glomerulosa of the adrenal cortex, situated atop
the kidneys. Its fundamental role centers on the precise regulation of electrolyte balance and fluid
volume within the body, which, in turn, critically influences systemic blood pressure. Functionally,
aldosterone acts principally upon the distal tubules and collecting ducts of the kidneys, although its
effects are also observable in the colon, sweat glands, and salivary glands. It serves as the chief
modulator responsible for conserving sodium, secreting potassium, and retaining water, making it
indispensable for maintaining circulatory homeostasis and nutrient metabolic processes. The
efficacy of the renal system is contingent upon the meticulous operation facilitated by aldosterone,
ensuring healthy kidney operatives and preventing detrimental fluid imbalances.

The designation of aldosterone as a mineralocorticoid stems from its profound influence on
essential minerals--sodium (Na+) and potassium (K+). Its action promotes the reabsorption of
sodium ions from the tubular fluid back into the bloodstream, a process that is obligatorily followed
by water due to osmotic pressure gradients. Concurrently, the hormone stimulates the active
secretion of potassium ions and hydrogen ions into the urine for excretion. This dual mechanism--
sodium retention and potassium excretion--is paramount not only for managing extracellular fluid
volume but also for the critical maintenance of appropriate acid-base balance within the body.
Therefore, aldosterone is not merely a fluid regulator; it is a central pillar of systemic volume and
electrochemical equilibrium.

While essential for life, the secretion of aldosterone must be tightly controlled, as excessive or
deficient levels lead to severe physiological consequences. Its synthesis is managed primarily by
the complex hormonal cascade known as the renin-angiotensin system (RAS), although plasma
potassium concentration is also a powerful direct stimulus. When blood volume or blood pressure
drops, the system activates, culminating in the production of Angiotensin I, which directly
stimulates the adrenal cortex to synthesize and release aldosterone. This regulatory loop ensures
that the body rapidly responds to changes in fluid status, making aldosterone an acute and chronic
regulator of hydration and cardiovascular integrity.

2. Etymology and Historical Development

The discovery of aldosterone marked a significant milestone in endocrinology, separating its
activity from that of other known adrenal steroids. For decades prior to its isolation, researchers
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knew that extracts from the adrenal cortex contained life-sustaining substances crucial for
regulating salt balance. However, the exact mineralocorticoid agent remained elusive, often
grouped with glucocorticoids like cortisol. The breakthrough occurred in the early 1950s, following
extensive research into the adrenal steroid fractions.

Aldosterone was successfully isolated and characterized in 1953 by Sylvia Tait and James F. Tait,
working with Tadeus Reichstein and others in London and Basel. They identified this distinct
compound as the most potent naturally occurring mineralocorticoid, structurally differentiating it
from deoxycorticosterone. This discovery provided the chemical explanation for Addison's disease
symptoms, which are characterized by severe sodium loss and hypotension due to adrenal failure.
The elucidation of aldosterone's structure, which features an aldehyde group at the C-18 position
(hence aldo-sterone), confirmed its unique biological properties and its supreme importance in
human physiology.

Following its isolation, the immediate focus shifted to understanding its regulatory mechanism. The
subsequent decades saw the detailed mapping of the renin-angiotensin system, confirming that
Angiotensin Il was the primary tropic hormone controlling aldosterone synthesis. This historical
progression from recognizing a necessary "salt-retaining factor" in adrenal extracts to precisely
defining the structure, synthesis pathway, and regulatory loop of aldosterone solidified its place as
a cornerstone of renal and cardiovascular medicine. The early historical work laid the foundation
for diagnosing and treating conditions of fluid and electrolyte dysregulation, such as primary
hyperaldosteronism (Conn's syndrome).

3. Regulation via the Renin-Angiotensin-Aldosterone System (RAAS)

The synthesis and secretion of aldosterone are fundamentally governed by the complex interplay
of hormones within the RAAS, which functions as the body's primary mechanism for maintaining
blood volume and arterial pressure. This cascade is initiated in response to specific stimuli
indicating low circulatory volume or renal perfusion pressure, such as hemorrhage, dehydration, or
renal artery stenosis. The initiating enzyme, renin, is released from the juxtaglomerular cells of the
kidney when specialized baroreceptors detect decreased stretch or when macula densa cells
sense reduced sodium chloride delivery to the distal tubule.

Renin acts upon angiotensinogen, an inactive plasma globulin synthesized by the liver, converting
it into angiotensin I. Angiotensin | is then rapidly converted into the biologically active peptide,
Angiotensin II, primarily by the Angiotensin-Converting Enzyme (ACE), which is abundant in the
vascular endothelium, particularly within the lungs. Angiotensin Il is a powerful vasoconstrictor and
acts directly on the adrenal cortex--specifically the zona glomerulosa--to stimulate the final
synthesis steps of aldosterone. This direct stimulus is the most potent and rapid way the body
increases mineralocorticoid output, ensuring swift sodium and water retention to restore circulatory
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volume.

Crucially, while RAAS is the dominant regulator, plasma potassium concentration provides a
powerful, independent, non-RAAS stimulus for aldosterone release. Even small elevations in
extracellular potassium directly stimulate the zona glomerulosa cells. This direct link ensures that if
potassium levels become dangerously high (hyperkalemia), aldosterone is released immediately to
enhance potassium excretion in the renal tubules, even if blood volume status is normal.
Conversely, chronic activation of the RAAS pathway often leads to secondary hyperaldosteronism,
contributing significantly to conditions like congestive heart failure and essential hypertension due
to sustained sodium retention and volume expansion.

4. Mechanism of Cellular Action

Aldosterone exerts its physiological effects by binding to the highly selective mineralocorticoid
receptor (MR), which is an intracellular transcription factor belonging to the nuclear receptor
superfamily. Upon entering target cells--predominantly principal cells in the renal collecting duct--
aldosterone diffuses across the cell membrane and binds to the MR in the cytoplasm. This binding
causes the receptor to dissociate from heat shock proteins, dimerize, and translocate into the cell
nucleus, where it acts as a transcriptional regulator.

In the nucleus, the aldosterone-MR complex binds to specific DNA sequences known as hormone
response elements (HRES) in the promoter regions of target genes. This binding modulates the
rate of gene transcription, leading to the synthesis of new proteins. The primary proteins
upregulated include the components of the Epithelial Sodium Channel (ENaC), which facilitates
the passive influx of sodium from the tubular lumen into the cell, and the Na+/K+-ATPase pump
located on the basolateral membrane, which actively transports sodium out of the cell and
potassium back in.

This genomic action--the creation of new transport proteins and regulatory enzymes--explains the
characteristic lag time (typically 30 minutes to several hours) between the secretion of aldosterone
and the full manifestation of its physiological effects. The overall result of this cellular mechanism is
a significant increase in the permeability of the apical membrane to sodium and a heightened
electrochemical gradient promoting sodium reabsorption, coupled with enhanced potassium
secretion. This mechanism dictates the overall movement of salt and water, thereby preserving
extracellular fluid volume at the expense of tubular potassium concentration.

5. Key Physiological Characteristics and Functions

Sodium Reabsorption and Volume Homeostasis: Aldosterone's primary function is to enhance
sodium reabsorption across various epithelia. In the kidneys, this mechanism drives water
reabsorption via osmosis, serving to expand and maintain the circulating plasma volume, which is
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critical for supporting adequate blood pressure and cardiac output.

Potassium Excretion: Aldosterone is the most important hormonal regulator of plasma potassium
concentration. By increasing the activity of Na+/K+-ATPase and generating a negative potential in
the renal lumen, it promotes the efficient excretion of excess potassium, preventing potentially fatal
hyperkalemia.

Acid-Base Balance Regulation: Aldosterone promotes the secretion of hydrogen ions (H+) into
the urine, largely through its effect on the intercalated cells of the collecting duct. By enhancing the
excretion of H+, aldosterone plays a supporting role in preventing metabolic acidosis, maintaining
the delicate pH balance necessary for enzyme function and cellular metabolism.

Non-Renal Effects: Beyond the kidney, aldosterone acts on glandular tissues to conserve sodium.
In sweat glands, it minimizes sodium loss during periods of heat exposure, ensuring acclimation. In
the colon, it aids in sodium and fluid conservation, and in the salivary glands, it modulates the
electrolyte composition of saliva.

6. Pathophysiology and Clinical Significance

Disorders involving aldosterone can lead to severe imbalances in electrolytes and fluid dynamics,
often impacting cardiovascular health profoundly. The two major categories of pathology are
hyperaldosteronism (excessive aldosterone) and hypoaldosteronism (deficient aldosterone). These
conditions underscore the hormone's significance in clinical medicine and diagnostics.

Hyperaldosteronism, the condition of excessive aldosterone production, is classified as primary
(originating in the adrenal gland) or secondary (caused by overstimulation via RAAS). Primary
hyperaldosteronism, often referred to as Conn's syndrome when caused by an adrenal adenoma,

is characterized by hypertension (due to volume expansion), hypokalemia (due to excessive
potassium wasting), and metabolic alkalosis. This condition is a leading cause of resistant
hypertension and significantly increases the risk of cardiovascular events, including stroke and
myocardial infarction, due to the damaging effects of high blood pressure and direct aldosterone-
induced fibrosis in the heart muscle.

Conversely, Hypoaldosteronism results from inadequate aldosterone production, typically
associated with adrenal insufficiency (such as Addison's disease) or defects in the RAAS pathway.
Symptoms include hypotension, hyperkalemia (dangerous accumulation of potassium), and
metabolic acidosis, resulting from the inability to retain sodium and excrete potassium or hydrogen
ions efficiently. Treatment for these conditions involves either pharmacological blockade
(aldosterone antagonists) for hyperaldosteronism or mineralocorticoid replacement therapy
(synthetic hormones like fludrocortisone) for hypoaldosteronism, highlighting the necessity of
maintaining aldosterone function within narrow physiological limits.
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