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SECRETION

Secretion

Primary Disciplinary Field(s): Cell Biology, Physiology, Endocrinology, Histology

1. Core Definition

Secretion is defined fundamentally as the intricate cellular process involving the elaboration,
synthesis, and release of specialized chemical substances from a cell or gland. This activity is
critical for maintaining systemic homeostasis and facilitating intercellular communication. The
scope of this process is broad, ranging from the simple separation of specific solutes or fluids
already present in the bloodstream to the complex biosynthesis of entirely new chemical products,
such as sophisticated enzymes or protein hormones. Importantly, the term secretion is often used
synonymously to describe both the active, energy-dependent process of release and the resultant
chemical product itself--for instance, mucus is the resulting substance produced by the secretory
process of specialized goblet cells.

The materials produced via secretion serve diverse biological functions, necessary for survival and
adaptation. These products can be broadly categorized based on their intended target and
mechanism of release. Substances designated for release outside the body or into internal cavities
connected to the exterior (e.g., the digestive tract) are typically handled by exocrine glands,
releasing items like digestive enzymes, sweat, or saliva. Conversely, substances intended for
systemic distribution or localized signaling, such as hormones or neurotransmitters, are managed
through endocrine or paracrine mechanisms, respectively, demonstrating the dual nature of
secretory output in mediating physiological control.

The process requires significant metabolic investment, necessitating complex machinery within the
cell, primarily involving the coordinated action of the endoplasmic reticulum and the Golgi
apparatus. Unlike simple excretion, which primarily involves the removal of metabolic waste
products, secretion involves the purposeful synthesis and purposeful release of substances
intended to perform a specific function elsewhere in the organism. This distinction underscores the
regulatory and functional importance of secretion across all multicellular life, placing it as a central
pillar of cellular function.

2. Classification by Target Mechanism

Secretory processes are classified primarily based on the destination of the secreted product,
reflecting the vast network of communication necessary for complex organisms to function. The
two primary categories are endocrine and exocrine secretion, although autocrine and paracrine
signaling represent crucial, highly localized variants. Exocrine secretion involves the release of
substances into a duct that leads to an external surface or internal lumen, such as the skin surface,
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the mouth, or the gastrointestinal tract. Examples include the secretion of tear fluid by lacrimal
glands, pancreatic enzymes into the duodenum, and sebaceous oil onto the skin.

In contrast, endocrine secretion involves the release of chemical messengers, specifically
hormones, directly into the interstitial fluid or bloodstream without the use of ducts. These
hormones travel systemically to target cells located remotely, where they bind to specific receptors
to elicit a physiological response. This mechanism forms the foundation of the endocrine system,
governing processes such as metabolism, growth, and reproduction. The highly specialized nature
of endocrine cells, often organized into ductless glands (like the thyroid or pituitary), ensures
widespread and long-lasting regulatory control.

More localized forms of secretion are critical for fine-tuning cellular responses. Paracrine
signaling involves a cell secreting a substance that acts only on neighboring target cells within the
immediate vicinity, such as the release of growth factors or histamine at a site of inflammation.
Autocrine signaling represents the most localized form, where a cell secretes a ligand (chemical
messenger) that binds to receptors on its own surface, thereby influencing its own activity. These
localized mechanisms allow for precise, rapid adjustments to environmental changes without
involving the entire systemic circulatory system.

3. The Intracellular Secretory Pathway

The production and trafficking of secretory products within the cell follow a highly ordered
sequence known as the secretory pathway, first detailed in elegant studies showing the movement
of synthesized proteins. The process typically begins with the synthesis of proteins on ribosomes
attached to the Rough Endoplasmic Reticulum (RER). As the nascent protein is synthesized, it
enters the RER lumen, where it undergoes initial folding, modification (such as glycosylation), and
guality control. Misfolded or damaged proteins are usually targeted for degradation, ensuring that
only functional products proceed further.

From the RER, properly folded and processed proteins are packaged into transport vesicles that
migrate to the Golgi Apparatus. The Golgi serves as the central processing, packaging, and
sorting station of the cell. Proteins move sequentially through the Golgi cisternae (cis, medial, and
trans faces), undergoing further maturation and modification, including complex glycosylation and
sulfation. Crucially, the Golgi sorts the products, tagging them for their final destination, which may
be the plasma membrane for constitutive release, storage in secretory granules for regulated
release, or delivery to lysosomes.

Upon exiting the trans-Golgi network, secretory products are enclosed within secretory vesicles
or granules. These vesicles then travel along the cytoskeleton to the plasma membrane. In
regulated secretion, the vesicles await a specific external signal (e.g., a neurotransmitter or
hormone) before fusing with the membrane and releasing their contents via exocytosis. In
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constitutive secretion, the vesicles fuse continuously with the plasma membrane, releasing their
contents steadily, regardless of external signals, essential for components needed constantly, such
as extracellular matrix proteins.

4. Histological Modes of Secretion

In histological study, glands are classified according to the physical mechanism by which the
secretory product is released from the cell, which defines the fate of the glandular cell itself during
the process. There are three primary modes recognized: merocrine, apocrine, and holocrine. The
merocrine mode (also known as eccrine) is the most common and involves the release of the
secretory product via exocytosis, without any loss of cellular material. The cells remain intact and
functional after secretion, allowing for continuous synthesis and release. This mode is
characteristic of salivary glands, most sweat glands, and pancreatic exocrine cells.

The apocrine mode involves the loss of a portion of the apical cytoplasm along with the secretory
product. The substance accumulates at the apical end of the cell, and then that portion of the cell
membrane pinches off to release the contents, requiring subsequent repair or regeneration of the
cell. This mode is exemplified by mammary glands (specifically in lipid droplet release) and certain
specialized sweat glands found primarily in the axilla and groin regions.

The most drastic form is the holocrine mode, where the entire secretory cell disintegrates and its
contents--including the product and cellular debris--are released as the secretion. This mechanism
necessitates the continuous replacement of the destroyed cells via mitosis. Glands utilizing this
mechanism, such as the sebaceous glands associated with hair follicles, maintain a high rate of
basal cell division to replenish the population of secretory cells lost during the release cycle.

5. Physiological Significance and Function

The functional significance of secretion permeates virtually every physiological system, acting as a
crucial mediator of communication, protection, and metabolic regulation. In the digestive system,
secretion is paramount; the release of digestive enzymes (e.g., amylase, lipase, proteases) and
buffering agents (e.g., bicarbonate) ensures the efficient breakdown and absorption of nutrients.
Saliva, for example, initiates starch digestion, while stomach secretion of hydrochloric acid
sterilizes food and facilitates protein denaturation.

Protection is another critical role, epitomized by the secretion of mucus (as cited in the source
content) by epithelial lining cells. Mucus forms a protective barrier over sensitive surfaces, trapping
pathogens, lubricating movement, and preventing damage from acidic or abrasive contents in the
respiratory and gastrointestinal tracts. Similarly, the secretion of immunoglobulins (antibodies) by
plasma cells into mucosal surfaces or the bloodstream constitutes a vital arm of adaptive immunity.
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Perhaps the most widespread regulatory function is mediated by hormonal secretion. Endocrine
glands release hormones that control fundamental processes necessary for survival, including
blood glucose regulation (insulin and glucagon), fluid and electrolyte balance (aldosterone), stress
response (cortisol and adrenaline), and the complex coordination of reproductive cycles. The
precision of these systems relies entirely on the timely and accurate secretion of these potent
chemical messengers, highlighting secretion's role as the central mechanism of physiological
control.

6. Regulatory Mechanisms and Control

The fidelity of physiological systems relies on highly sophisticated mechanisms that control the
timing and magnitude of secretory responses. Regulation can occur at multiple levels, ranging from
transcriptional control of gene expression (determining the cell's capacity to synthesize the
product) to the final step of exocytosis. A major control point is the immediate trigger for vesicle
fusion. In many regulated systems, this signal involves an increase in the intracellular
concentration of calcium ions (Ca2+).

Upon stimulation (e.g., by a neurotransmitter binding to a surface receptor), signal transduction
pathways lead to the influx of extracellular Ca2+ or the release of Ca2+ from internal stores (like
the ER). The elevated Ca2+ concentration serves as the immediate signal that facilitates the
complex interaction between specialized vesicle proteins (v-SNARES) and target membrane
proteins (--SNARES), culminating in the fusion of the secretory vesicle with the plasma membrane
and subsequent release of contents. This mechanism is central to synaptic transmission and
hormone release.

Furthermore, regulation often involves complex feedback loops, particularly in the endocrine
system. For instance, the secretion of hormones from the pituitary gland regulates target gland
secretion (e.g., the thyroid), and high levels of the target hormone then feedback to inhibit further
pituitary secretion, maintaining steady concentrations. Neural control is also significant, with the
autonomic nervous system directly regulating numerous exocrine glands, such as the
parasympathetic stimulation that dramatically increases salivary and gastric juice secretion in
anticipation of food intake.

7. Pathologies Associated with Secretory Dysfunction

Dysfunction in the secretory pathway, whether due to defects in synthesis, trafficking, regulation, or
the final release mechanism, underlies numerous significant human diseases. Conditions can arise
from either hyposecretion (insufficient release) or hypersecretion (excessive release) of vital
substances. A classic example of secretory failure is Type 1 Diabetes Mellitus, where autoimmune
destruction of pancreatic beta cells leads to the catastrophic hyposecretion of insulin, preventing
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proper glucose uptake and resulting in hyperglycemia.

Conversely, hypersecretion of growth hormone by the pituitary gland leads to conditions like
gigantism (if occurring before growth plate closure) or acromegaly (if occurring in adulthood),
demonstrating the detrimental effects of unregulated excess. Diseases affecting the RER and
Golgi, such as certain storage disorders, result in the failure to correctly process or transport
secretory proteins, leading to their accumulation within the cell and subsequent cellular damage or
functional deficiency.

A prime example of pathological alteration in the quality of the secreted product is Cystic Fibrosis
(CF). CF is caused by mutations in the CFTR gene, which encodes a chloride channel critical for
regulating ion and water movement across epithelial surfaces. Defective CFTR function leads to
altered ion gradients, causing the mucus secreted by respiratory and digestive glands to become
abnormally thick, sticky, and viscous, severely impairing organ function and leading to chronic
infections and obstruction. This illustrates how small defects in the underlying cellular machinery
can drastically impair the protective and lubricating functions of external secretions.

Further Reading

Cell Biology (Wikipedia)
Physiology (Wikipedia)
Endocrinology (Wikipedia)
Exocytosis (Wikipedia)
Secretory Pathway (Wikipedia)
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