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NEUROKININ

Primary Disciplinary Field(s): Neurobiology, Pharmacology, Physiology

1. Core Definition

Neurokinins constitute a crucial family of endogenous neuropeptides that function primarily as

neurotransmitters and neuromodulators within the central and peripheral nervous systems. They

are defined chemically by their membership in the larger family of biologically active peptides

known as the tachykinins, a name derived from their ability to elicit rapid contraction of smooth

muscle tissue. The neurokinin family is fundamentally comprised of three principal endogenous

peptides in mammals: Substance P (SP), Neurokinin A (NKA), and Neurokinin B (NKB). These

molecules are widely distributed throughout the body, playing critical roles in numerous

physiological processes including pain transmission, inflammatory responses, neurogenic

inflammation, smooth muscle contraction, and the modulation of emotional states and behaviors.

Their mechanism of action involves binding to specific G protein-coupled receptors (GPCRs)

known as neurokinin receptors.

The functional significance of the neurokinin system lies in its dual role as both a rapid signaling

agent and a long-term modulator of synaptic plasticity and cellular excitability. Unlike classical

small-molecule neurotransmitters, neuropeptides typically coexist with other signaling molecules in

vesicles and are released at lower frequencies, often exerting effects that are slower in onset but

more sustained in duration. The original finding linking neurokinins to emotion and pain perception

highlighted their critical involvement in sensory processing. Specifically, Substance P, the most

widely studied neurokinin, is heavily concentrated in primary afferent neurons (C-fibers) and is a

key mediator in the transmission of noxious stimuli from the periphery to the spinal cord and brain.

Understanding the neurokinin system is paramount for developing targeted therapies for chronic

pain, inflammatory conditions, and certain neuropsychiatric disorders.

2. Molecular Structure and Classification

Neurokinins are structurally related by a conserved C-terminal sequence, a defining characteristic

of the entire tachykinin family. This consensus sequence is typically represented as Phe-X-Gly-

Leu-Met-NH?, where X is a variable amino acid residue. This structural similarity allows all

tachykinins to interact with the same family of receptors, albeit with varying degrees of affinity and

selectivity. The mammalian neurokinins are encoded by distinct genes. Substance P and

Neurokinin A are both derived from the same precursor protein, preprotachykinin A (PPT-A),

which is encoded by the TAC1 gene. This co-synthesis and co-release mechanism is highly

significant, suggesting a coordinated physiological action where SP often mediates pain signaling

while NKA contributes to muscle contraction in the same area.
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In contrast, Neurokinin B is synthesized from a different precursor, preprotachykinin B (PPT-B),

encoded by the TAC3 gene. The differing genetic origins and tissue distribution patterns imply

distinct functional roles, particularly within the central nervous system. The peptides themselves

are synthesized in the cell soma, packaged into large dense-core vesicles (LDCVs), and

transported along the axon to nerve terminals where they await release. The regulation of

neurokinin synthesis is complex, involving transcriptional and post-translational mechanisms that

allow neurons to fine-tune the relative amounts of each peptide produced based on physiological

demand, such as during periods of stress, injury, or sustained inflammation.

3. The Tachykinin Receptor System (NK Receptors)

The biological actions of neurokinins are mediated by a family of G protein-coupled receptors

(GPCRs) known as neurokinin receptors, designated as NK1, NK2, and NK3. These receptors are

seven-transmembrane domain proteins coupled primarily to Gq proteins, leading to the activation

of phospholipase C and the subsequent mobilization of intracellular calcium, resulting in cellular

excitation. Each neurokinin peptide exhibits a preferential affinity for one of these receptor

subtypes, which is critical for understanding their specific physiological roles and for the

development of selective pharmacological agents.

The NK1 receptor displays the highest affinity for Substance P. This receptor is widely distributed

in the spinal cord, dorsal horn, central regions regulating mood (such as the amygdala), and

peripheral tissues (e.g., immune cells and endothelium). Due to its critical involvement in

nociception, the NK1 receptor has been extensively targeted in research aiming to modulate

chronic pain and inflammatory conditions. The activation of NK1 receptors often leads to sustained

cellular effects, including the recruitment of immune cells and the potentiation of excitatory

synapses, linking this system directly to neurogenic inflammation and the maintenance of

hyperalgesia.

The NK2 receptor preferentially binds Neurokinin A and is primarily localized in peripheral tissues,

particularly the smooth muscles of the respiratory tract, gastrointestinal system, and genitourinary

organs. Activation of the NK2 receptor typically mediates strong, rapid contraction of smooth

muscle, which is important for peristalsis and bronchoconstriction. Lastly, the NK3 receptor shows

the highest selectivity for Neurokinin B and is predominantly found in the central nervous system,

with high concentrations in the hypothalamus, cortex, and limbic system. The central localization of

NK3 receptor signaling suggests its crucial involvement in neuroendocrine regulation, reproductive

function, and the processing of emotional and cognitive signals, distinguishing it markedly from the

NK1 and NK2 receptors which have stronger peripheral roles.

4. Specific Neurokinins: Substance P, Neurokinin A, and B
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Substance P (SP): Discovered first, SP is arguably the most extensively characterized neurokinin.

It is the principal neurotransmitter released by primary afferent C-fibers in response to painful

stimuli. In the spinal cord, SP facilitates pain signal transmission, contributing to central

sensitization. Peripherally, SP is a powerful pro-inflammatory agent, inducing vasodilation, plasma

extravasation, and mast cell degranulation, thereby linking the nervous system directly to the

immune response. It also plays a role in stress coping and mood disorders, often co-released with

glutamate in affective circuits.

Neurokinin A (NKA): Also known as Substance K, NKA is co-released with Substance P in many

neuronal populations but exerts distinct actions primarily via the NK2 receptor. Its main function

centers on peripheral smooth muscle contractility. NKA is integral to regulatory functions in the

lungs and gut, mediating bronchoconstriction and intestinal motility. While less involved in

nociception than SP, its co-release suggests a mechanism whereby painful input is immediately

coupled with local protective responses, such as increased immune surveillance or changes in

local blood flow.

Neurokinin B (NKB): NKB is predominantly a central neuropeptide, playing a specialized role in

hypothalamic function, particularly in regulating reproductive hormone release. Along with

kisspeptin and dynorphin (KNDy neurons), NKB is critical for the pulsatile secretion of

gonadotropin-releasing hormone (GnRH). Furthermore, NKB and its interaction with the NK3

receptor are implicated in the regulation of feeding behavior, thermoregulation, and anxiety,

solidifying its role as a key modulator of homeostatic and affective processes within the brain.

5. Physiological Functions and Role in Pain Perception

The involvement of the neurokinin system in pain perception is perhaps its most studied function.

Substance P, released from peripheral nerve endings upon injury or inflammation, initiates the

cascade known as neurogenic inflammation. This process involves the local release of SP, which

binds to NK1 receptors on immune cells and endothelial cells, leading to redness, swelling, and

increased sensitivity (hyperalgesia). In the dorsal horn of the spinal cord, SP release potentiates

the effects of primary excitatory neurotransmitters like glutamate, amplifying the transmission of

pain signals to supraspinal centers. This sustained activation contributes to the transition from

acute to chronic pain states.

Beyond pain, neurokinins are deeply integrated into the body's management of stress and

emotion. High concentrations of NK1 receptors are found in brain regions associated with fear,

anxiety, and depression, such as the amygdala, hippocampus, and periaqueductal gray. The

modulation of these circuits by endogenous neurokinins suggests a role in determining vulnerability

to stress-induced psychopathology. For instance, increased neurokinin signaling in the amygdala

has been linked to heightened anxiety responses, positioning the NK1 system as a potential

therapeutic target for generalized anxiety disorder and panic attacks.
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Furthermore, neurokinins contribute significantly to gastrointestinal and respiratory physiology.

NKA, acting through NK2 receptors, is a potent spasmogen, regulating the tone and motility of the

gut. In the respiratory system, activation of the NK2 receptor contributes to asthma and airway

hypersensitivity, often mediating the effects of inflammatory mediators on bronchoconstriction.

These widespread peripheral actions underscore the concept that neurokinins function as

comprehensive communication bridges between the nervous system, the immune system, and

major effector organs throughout the body.

6. Clinical Significance and Pharmacological Targets

The pivotal roles of neurokinins in nociception, inflammation, and emotion have spurred significant

efforts in medicinal chemistry to develop selective neurokinin receptor antagonists. These

antagonists aim to block the actions of specific neurokinin peptides, thereby treating various

disorders without interfering with other crucial neurotransmitter systems. The most successful

clinical application involves NK1 receptor antagonists. The discovery that Substance P signaling

via NK1 receptors is critical for activating the vomiting center in the brain led to the development of

drugs like aprepitant and fosaprepitant. These medications are highly effective antiemetics used

primarily to prevent chemotherapy-induced nausea and vomiting (CINV), demonstrating the

profound clinical utility of targeting this specific pathway.

While NK1 antagonists have proven effective for emesis, their use in chronic pain and depression

has yielded mixed results, largely due to the complexity of these conditions and the redundancy of

neurotransmitter systems involved. However, ongoing research continues to explore selective NK

antagonists for other specialized clinical indications. For example, NK2 antagonists are being

investigated for potential use in treating irritable bowel syndrome (IBS) or certain inflammatory

respiratory conditions by dampening excessive smooth muscle contraction.

More recently, the NK3 receptor and its ligand, Neurokinin B, have become significant targets in

endocrinology and women's health. Pharmacological manipulation of the NK3 receptor system is

being explored as a treatment for conditions characterized by dysregulated GnRH secretion, such

as polycystic ovary syndrome (PCOS) or menopausal hot flashes. The ability of selective NK3

antagonists to stabilize hypothalamic signaling offers a novel non-hormonal approach to managing

these symptoms, illustrating the expansive therapeutic potential unlocked by a deeper

understanding of the neurokinin family of peptides.

7. Further Reading

Tachykinin Peptides and Receptor Subtypes (Wikipedia)

Substance P in Pain and Inflammation (ScienceDirect)

Neurokinin Receptors: Pharmacology and Therapeutic Implications
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Neurokinin B and Central Functions (Wikipedia)
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