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MELANOCYTE-STIMULATING HORMONE (MSH)

Primary Disciplinary Field(s): Endocrinology, Physiology, Biochemistry, Dermatology

1. Core Definition

Melanocyte-Stimulating Hormone (MSH) refers to a group of peptide hormones derived from the

precursor molecule Proopiomelanocortin (POMC) that are principally involved in regulating

**pigmentation** in vertebrates. The most biologically active and commonly studied form is alpha-

MSH (α-MSH). MSH is primarily secreted by the anterior pituitary gland, or more specifically, the

pars intermedia of the pituitary in non-mammalian vertebrates. Its fundamental role is to stimulate

the production and dispersal of **melanin granules** within specialized pigment-containing cells--

known as **melanocytes** in mammals and melanophores in lower organisms--leading directly to

the observable darkening of the skin, hair, or feathers. The source content accurately notes that

MSH stimulates the release of these melanin granules by triggering an impulse originating from the

pituitary gland.

The action of MSH is crucial for adaptation, camouflage, and photoprotection. In response to

internal signals or external stimuli, such as ultraviolet (UV) radiation exposure, MSH levels

increase, prompting melanocytes to synthesize and distribute the dark polymer melanin. This

process, known as melanogenesis, is mediated through high-affinity binding to specific

**Melanocortin Receptors (MCRs)** located on the surface of the target cells. The resulting

increase in pigment density provides a protective shield against DNA damage caused by UV light.

Furthermore, MSH peptides are recognized as pleiotropic hormones, exerting significant influence

beyond pigmentation, including critical roles in appetite regulation, inflammation, and sexual

arousal, particularly within the central nervous system.

2. Biochemical Structure and Synthesis

The biosynthetic pathway for MSH commences with the synthesis of **Proopiomelanocortin

(POMC)**, a large pro-hormone polypeptide chain. POMC is not merely a precursor for MSH but

serves as the source for several key regulatory peptides, including Adrenocorticotropic Hormone

(ACTH), beta-Lipotropin (β-LPH), and various endorphins. The specific final products generated

depend heavily on the cellular environment and the activity of specific processing enzymes, known

as prohormone convertases (PC1/3 and PC2). While POMC is synthesized in the hypothalamus

and other peripheral tissues, the pituitary gland is the primary endocrine source for MSH and

ACTH production.

The cleavage pathway is highly regulated. In the anterior pituitary, the dominant product is ACTH,

while in the pars intermedia (prominent in amphibians and fish, and present but often rudimentary

in adult humans), ACTH is further processed into biologically active α-MSH. This secondary
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cleavage step releases the MSH peptide, which typically consists of 13 amino acids derived from

the N-terminal sequence of ACTH. The shared origin of ACTH and MSH is clinically significant; any

condition leading to the chronic overproduction of ACTH--such as primary adrenal insufficiency--

will concomitantly cause elevated MSH levels, resulting in characteristic hyperpigmentation.

Conversely, genetic defects affecting POMC processing can lead to complex endocrine disorders

impacting both cortisol production and energy homeostasis.

3. Mechanism of Action: The Melanocortin Receptor System

The actions of MSH are transduced via the **Melanocortin Receptor (MCR)** family, a subgroup of

G-protein coupled receptors. There are five known subtypes (MC1R through MC5R), each

exhibiting distinct tissue localization and functional specialization. The primary receptor mediating

the pigmentary effects of MSH is **MC1R**, which is expressed exclusively on melanocytes. When

α-MSH binds to MC1R, it activates the Gs protein, leading to a rise in the intracellular

concentration of cyclic adenosine monophosphate (cAMP). This second messenger cascade is the

central driver for melanogenesis, promoting the transcription of key enzymes, most notably

**tyrosinase**.

The enhanced activity of tyrosinase catalyzes the conversion of tyrosine into melanin. Crucially, the

MC1R pathway stimulated by MSH promotes the synthesis of dark, protective **eumelanin** over

lighter, reddish **pheomelanin**. This signaling pathway also facilitates the motor function

necessary for the dispersion of melanosomes--the organelles containing melanin--outward along

the dendritic processes of the melanocyte, transferring the pigment to surrounding keratinocytes.

The genetic integrity of MC1R is paramount; numerous polymorphisms in the MC1R gene are

associated with variations in human pigmentation, including the red hair and fair skin phenotype,

demonstrating that diminished receptor function severely limits the skin's ability to respond to MSH

and UV exposure.

4. Physiological Roles Beyond Pigmentation

Although its name emphasizes melanocytes, α-MSH functions extensively as a crucial

neuropeptide within the central nervous system, particularly in the hypothalamus, where it plays a

fundamental role in regulating **energy homeostasis**. Hypothalamic POMC neurons release α-

MSH, which acts as a powerful **anorexigenic** (appetite-suppressing) signal. This effect is chiefly

mediated through binding to the **MC4R** subtype, a receptor densely concentrated in brain

regions associated with feeding behavior. Activation of MC4R diminishes food intake and

increases energy expenditure, establishing the melanocortin pathway as a critical regulator of body

weight and a focal point for obesity research.

Furthermore, MSH exhibits profound anti-inflammatory and immunomodulatory properties. When
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released during injury or infection, α-MSH acts as an endogenous counter-regulatory agent,

dampening excessive immune responses. It achieves this by binding to various MCR subtypes

(particularly MC3R and MC5R) on immune and endothelial cells, where it inhibits the release of

pro-inflammatory cytokines, suppresses oxidative stress, and limits the infiltration of neutrophils

and other immune cells into inflamed tissues. This broad protective function suggests that MSH is

involved in maintaining physiological balance across multiple organ systems, extending its

influence far beyond its initial identification as a skin-darkening hormone.

5. Clinical Significance and Related Disorders

The clinical importance of MSH is most clearly demonstrated in endocrinological disorders

involving the dysregulation of the pituitary-adrenal axis. A defining example is **Addison's

Disease** (Primary Adrenal Insufficiency). In this autoimmune disorder, the destruction of the

adrenal cortex leads to a profound deficiency in cortisol production. Lacking the necessary

negative feedback from cortisol, the pituitary gland overcompensates by massively increasing the

output of ACTH. Due to their shared POMC precursor, the surge in ACTH is invariably

accompanied by a corresponding spike in MSH levels. This hormonal elevation results in the

classic sign of generalized **hyperpigmentation**--a dark, bronzing discoloration visible in sun-

exposed areas, skin creases, scars, and mucosal membranes--which serves as a highly diagnostic

clinical marker.

In contrast, defects in the central melanocortin pathway are implicated in severe metabolic

disorders. Mutations in the **MC4R** gene are recognized as the most frequent monogenic cause

of severe, early-onset human obesity, emphasizing the irreplaceable role of MSH signaling via this

receptor in satiety and energy regulation. Less commonly, defects in the POMC gene itself or the

prohormone convertases required for its cleavage can lead to complex endocrine syndromes

characterized by a triad of symptoms: severe obesity (due to MSH deficiency at MC4R), red hair

(due to MSH deficiency at MC1R), and secondary hypocortisolism (due to ACTH deficiency).

These syndromes underscore the interdependent nature of the POMC-derived peptides and the

critical role of MSH signaling across pigmentation and metabolism.

Further Reading

Melanocyte-stimulating hormone (MSH)

National Center for Biotechnology Information (NCBI) - MSH

Melanocortin Receptors and Signaling
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