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Abstract

Neurogenic inflammation results from the release of biologically active agents from the peripheral 

primary afferent terminal. This release reflects the presence of releasable pools of active product 

and depolarization-exocytotic coupling mechanisms in the distal afferent terminal and serves to 

alter the physiologic function of innervated organ systems ranging from the skin and meninges to 

muscle, bone, and viscera. Aside from direct stimulation, this biologically important release from 

the peripheral afferent terminal can be initiated by antidromic activity arising from five 

anatomically distinct points of origin: (i) afferent collaterals at the peripheral-target organ level, 

(ii) afferent collaterals arising proximal to the target organ, (iii) from mid-axon where afferents 

lacking myelin sheaths (C fibers and others following demyelinating injuries) may display 

crosstalk and respond to local irritation, (iv) the dorsal root ganglion itself, and (v) the central 

terminals of the afferent in the dorsal horn where local circuits and bulbospinal projections can 

initiate the so-called dorsal root reflexes, i.e., antidromic traffic in the sensory afferent.
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Introduction

The traditional way of thinking about the role of the sensory afferent is that following 

application of any nociceptive stimulus, its energy is transduced by a receptor (nociceptor) 

into a local generator potential expressed on the sensory afferent terminal. If the generator 

potential achieves threshold, action potentials are produced and conveyed orthodromically to 

the spinal cord. However, an important property of nerve conduction is that the excitable 

membrane can generate action potentials in both directions from a point of depolarization. 

Thus, when primary afferent nerve fibers are activated distant from the receptor/terminal 

(mid-axonally or dorsal root ganglia (DRG)), they will generate action potentials that are 

conveyed bi-directionally, orthodromically to the spinal cord, and antidromically away from 

the cord. Orthodromic input to the spinal cord depolarizes central terminals leading to a 

calcium-dependent extracellular release of neurotransmitters into the tripartite synapse, onto 
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second-order neurons as well as proximal glia. The antidromic signal travels peripherally 

and generates a comparable excitation in the peripheral terminals of the sensory axon, 

resulting in the calcium-dependent release of terminal contents, neurotransmitters, and 

trophic factors, into the peripheral extravascular/extracellular space. Importantly, at axonal 

branch points, action potentials can be conveyed along more than one axon collateral; thus, 

the antidromic message may be transmitted throughout the entire peripheral receptive field 

of the axon. As reviewed elsewhere in this themed volume, these released products have a 

substantial impact upon local vascular perfusion, capillary permeability, tissue integrity/

growth, and immune function as well as the trophic state of the innervated organ.

In this review, we wish to focus specifically on the points of origin of afferent activity 

leading to the depolarization of the peripheral afferent terminal. Broadly speaking, there are 

two mechanisms accounting for peripheral terminal activation: (i) activation of receptor/

channels on the peripheral terminal itself by agents in the immediate extracellular milieu and 

(ii) invasion of the peripheral terminal from antidromically conducted action potentials. In 

this latter case, we will consider the several mechanisms by which antidromic activity is 

generated: (i) collateralization of the distal or proximal afferent axon, (ii) antidromic activity 

arising from along the axon either through local irritation and/or cross-talk, (iii) the cell 

body of the afferent axon in the dorsal root ganglion, and (iv) antidromic activity arising 

from the spinal terminals though the classic dorsal root reflex.

Afferent terminal transmitters and their release

Terminal transmitter context—Afferent transmitter release is typically considered to 

originate at the terminals of the axon. However, extracellular movement of transmitters may 

occur from the cell body (DRG) [1] and has been demonstrated to occur mid axon after local 

injury [1]. Most neurotransmitters/neuromodulators are typically synthesized and packaged 

into vesicles in the dorsal root ganglion cell body and then transported to both the central 

and peripheral terminals of the primary afferent axon where they await release. Small 

molecules such as glutamate may be synthesized and packaged at the terminal [2]. Larger 

molecules (peptides) may undergo translational or post-translational processing after 

vesicular packaging, and even synthesis has been demonstrated within the terminal [3].

Transmitter release profile—Glutamate is the most common excitatory neurotransmitter 

in all afferent axons. Specifically, vesicular glutamate, identified with 

immunohistochemistry, is reported in about 65–80% of spinal dorsal root ganglion (DRG) 

neurons as well as in trigeminal neurons. This percentage varies with the spinal or medullary 

level, and although both large and small neurons may contain glutamate, a greater 

percentage of small cell bodies are positive for this excitatory amino acid. Increased 

extracellular glutamate, acting via both ionotropic and metabotropic receptors, elicits further 

neuronal activity and sensitization of peripheral Aδ and C terminals [4, 5]. Aside from 

glutamate, defined subsets of these afferent axons also contain and release a rich variety of 

neuromodulators (ATP) and neuropeptides; these include substance P (sP), calcitonin gene-

related peptide (CGRP), galanin, vasoactive intestinal peptide (VIP), pituitary adenylate 

cyclase-activating peptide (PACAP), neuropeptide Y (NPY), and somatostatin (Fig. 1). 

Other released products, based on the expression of the respective synthetic pathways in the 

Sorkin et al. Page 2

Semin Immunopathol. Author manuscript; available in PMC 2021 February 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DRG, may include modulators of excitability, such as prostaglandins and nitric oxide. 

Calcitonin gene-related peptide is found in roughly half of the somatic axons while the 

majority of terminals with CGRP containing vesicles are associated with unmyelinated 

axons, others are associated with both Aβ and Aδ fibers. In uninjured tissue, about half of 

the CGRP containing fibers, primarily the unmyelinated fibers, contain sP. Substance P is 

not expressed in the absence of CGRP within primary afferent fibers.

Terminal release mechanisms

In the face of terminal depolarization by a local agent acting upon a membrane receptor 

(such as capsaicin or a myriad of active factors present in the local milieu after injury) [6] or 

when an action potential invades the peripheral terminal, voltage-gated calcium channels are 

activated, leading to increased intracellular calcium serving to initiate intracellular signaling 

leading to neurotransmitter release. Local injection of botulinum toxin, which cleaves 

membrane and vesicular SNAREs (soluble NSF attachment protein receptor), blocks local 

peripheral terminal release, emphasizing the role of these synaptic proteins in this exocytotic 

process [7].

While increased intracellular calcium mediates release after terminal depolarization, there is 

controversy concerning which type of voltage-gated calcium channel plays the predominant 

role in vesicular neurotransmitter release in different compartments of the peripheral nerve. 

Claims have been made that N-type calcium channel predominates within the exocytotic 

process in the central terminal, while T-type channels are functionally more important in the 

peripheral terminal [8]. However, N- and L-type calcium channel blockade has been shown 

to prevent evoked neuropeptide release in isolated skin-nerve (peripheral terminal) 

preparations [9]. One complicating factor in data interpretation is that there are N-type 

calcium channels on the sympathetic efferent fiber terminals that control the release of 

norepinephrine and NPY [10] presynaptic to the peripheral terminals. Just and Heppelmann 

[11] showed that electrically evoked antidromic activation of joint afferents at low 

frequencies sensitizes almost half of the nociceptive fibers in an N-type calcium channel-

dependent fashion. However, at higher stimulus frequencies, antidromic activation 

predominantly resulted in desensitization. They concluded that all of the N-type channels of 

interest were on the sympathetic fiber terminals. As will be reviewed below, axonal 

compartments may display different calcium channel profiles. Mid-axonal release of CGRP 

induced by elevated extracellular potassium is regulated by L- and T-type, but not N-type 

calcium channels [1], and release from the cell body in the DRG is controlled by L-type 

channels [12]. Regardless of the calcium channel type involved, antidromic action potentials 

that invade the peripheral terminal evoke release of glutamate and peptides appear to reflect 

a conventional calcium dependent exocytotic coupling.

Peripheral effects of products released from the peripheral afferent terminals

Peripheral release of afferent transmitters plays a pivotal role in neurogenic inflammation. 

The specific role played by this release in different systems is reviewed in other papers in 

this volume. As a general comment, several overarching effects are noted.
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Peripheral vasomotor effects—The peripheral release of pro-inflammatory mediators 

results in signs such as redness and edema, the hallmarks of neurogenic inflammation, which 

are virtually overlapping with the sensory receptive field for any individual axon [13-15] 

(Fig. 1). Release of the peptides sP and CGRP results in dilation and increased permeability 

of pre-capillary arterioles. Diffusion of blood products, such as bradykinin and serotonin, 

out of the vasculature may directly excite additional peripheral nociceptors. Direct acute 

excitatory effects of the peripheral terminal on immune cells are sparse; however, 

electrically induced antidromic afferent activity has been shown to induce mast cell 

degranulation and to have trophic effects on mast cell density [16]. The extent of the 

resulting changes in local perfusion and terminal excitability depends upon not only the 

examined species but also on specific characteristics of the innervated tissue [13]. 

Neurogenic inflammation is present not only in skin and joints but also observed in viscera, 

the trachea, heart, bladder, and reproductive organs [17].

Small versus large afferents—Not surprisingly, in naïve tissue, neurogenic 

inflammation is mediated by a combination of finely myelinated and unmyelinated fibers 

with different effector functions [15]. Thus, electrical stimulation of fine fibers, but not large 

fibers, elicits plasma extravasation into the peripheral tissue, including structures such as the 

skin and joint. Exclusive antidromic activity in Aδ fibers produces vasodilation, while 

stimulation sufficient to antidromically activate both A and C fibers appears to be necessary 

to induce plasma extravasation and edema [13]. The relevant afferent axons may also include 

small afferent axons classified as “sleeping” or “silent” nociceptors. Products released into 

the local milieu by tissue injury and inflammation readily sensitize these normally 

unresponsive receptors. Under these conditions, threshold for terminally mediated activation 

falls to very low levels, and accordingly, the propensity for silent nociceptors to initiate 

terminal release contributing to neurogenic inflammation would be similarly lowered [18].

Heterogeneity of the peripheral effect—Not all C fibers have peripheral vasodilator 

actions. In rat and rabbit, this action seems limited to a subpopulation of polymodal 

nociceptors with relatively high mechanical thresholds. In pigs, the relevant C fibers are 

selectively activated by heat. In man, flare due to axon reflex appears to be mediated by C-

fibers that are insensitive to mechanical stimulation, rather than by the common polymodal 
nociceptors [19].

Pro versus anti-inflammatory actions—Finally, under an important subset of 

conditions, including bacterial infection or immune complex-induced arthritis, peripheral 

terminals of nociceptors may also release anti-inflammatory neuropeptides, such as 

somatostatin and galanin (Fig. 1). These agents can modulate peripheral lymph nodes and 

may directly reduce the amount of pro-inflammatory cytokines released by infiltrating 

macrophages [20]. These inhibitory peptides also inhibit peripheral release of pro-

inflammatory neuropeptides from C-fiber terminals and thus can inhibit plasma 

extravasation and edema [21]. The changing balance of antidromic excitatory and inhibitory 

effects complicates interpretation of experimental results.
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Origins of antidromic activity in afferent axons

Neurogenic inflammation reflects the release of products from the peripheral afferent. This 

terminal depolarization may arise from several sources. We will review these sources and the 

cascades that lead to this antidromic invasion of the peripheral terminal to initiate terminal 

release.

Peripheral afferent collaterals—As noted above, explanations of neurogenic 

inflammation typically focus on the effects arising from direct activation of the terminal. 

Such activation leads to orthodromic activity in the afferent to the spinal cord. However, the 

peripheral afferent displays significant arborization leading to depolarization at branch 

points, which leads to activity traveling antidromically along these axon collaterals to the 

peripheral terminal. While the arborization area of a single axon is frequently small, in many 

cases, cutaneous receptive fields extend over distances of several centimeters and/or consist 

of more than one, non-contiguous areas [22]. Receptive fields on the trunk are the largest, 

but are relatively sparsely innervated as evidenced by larger 2-point discrimination 

thresholds. Cutaneous innervation density typically appears to increase and receptive field 

size to decrease in more distal receptive fields.

A non-cutaneous example that beautifully illustrates non-contiguous receptive fields has 

been demonstrated within the pelvic viscera where a significant number of DRG neurons 

may each innervate more than one organ. Indeed, within upper lumbar and lumbosacral 

DRG neurons, up to 20% of neurons innervate both the colon and urinary bladder [23]; the 

numbers vary substantially among ganglia. Of these dually projecting neurons, 10–30% 

were positive for IB4, implying that they were mechanical nociceptors; others responded to 

capsaicin (indicative of being TRPV1(+) unmyelinated afferents). It is not known if these 

DRG neurons achieve their dual receptive fields because they have two separate axons, or if 

a single axon develops two widely projecting collaterals after it reaches the spinal nerve. 

Either way, following irritation/stimulation to the colon, the bladder may be invaded by 

antidromic activity. Similar pairings of dissimilar structures innervated by single DRG 

neurons have been shown for the uterus and urinary bladder. Other occurrences of 

nociceptive DRG neurons projecting through different peripheral nerves to separate 

structures have been reported for lumbar facet joints and sciatic nerve [24], lumbar muscles 

and knee [25], and lumbar discs and groin skin [26]; as for the viscera, the vast majority of 

these afferent fibers are thought to be nociceptive. This atypical wiring has been postulated 

to contribute to referred pain and sensitization of the second, non-directly stimulated, 

structure via neurogenic inflammation.

Proximal afferent collaterals—Early studies indicated an equal number of dorsal root 

ganglia neurons and emerging axons in proximal nerve segments; later studies employing 

electron microscopy, which allows clear visualization and quantification of unmyelinated 

fibers, indicate that there is a significant increase (2.3 axons/neuron) in fiber counts in the 

nerve taken 1–2 mm distal to the ganglia in sacral segments of the rat [27]. This implies that 

significant branching occurs shortly after the axons emerge from the DRG. Studies of the 

dorsal root indicate a higher degree of branching in unmyelinated compared to myelinated 

fibers [28]; equivalent studies do not appear to have been performed on the peripheral side of 
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the ganglia. However, electrophysiological examination of the C-fiber subset indicates that 

up to 30% of the unmyelinated axons branch within a few centimeters of their cell bodies 

[29]. This observation does not preclude additional branching as the axons continue towards 

their peripheral termini.

DRG—The cell body of the sensory afferent is connected to the main trunk of the afferent 

by the glomerulus. This sinuous structure can support conducted potentials traveling to and 

from the main trunk to the cell body. Depolarization of the DRG can thus lead to both 

orthodromic and antidromic action potentials in the main axon trunk. Importantly, it is 

appreciated that after nerve injury and inflammation, the DRG may display trophic changes 

that lead to ongoing cellular depolarization that will initiate action potentials that travel 

orthodromically and antidromically. The origin of the ectopic DRG depolarization has been 

widely considered [30-32]. Several of the relevant mechanisms are further cataloged here 

(Fig. 2).

i. Increased expression of excitatory (NaV/VGCC) and decreased expression of 

inhibitory channels (K+) [33].

ii. Increased excitatory receptor expression on DRG neurons (e.g., TRPV1) [34].

iii. Increased gap junction expression between satellite cells and neurons [35], 

associated with increases in neuronal activation [36]. After nerve injury, DRG 

neurons may develop ectopic activity, subthreshold voltage oscillations, and 

decreased firing thresholds [37, 38]. Local administration of gap junction 

antagonists blocks or prevents the cellular coupling and electrophysiological 

changes [39]. Activity in DRG neurons may evoke release of ATP, which can 

also activate local satellite cells, which in turn release TNF to activate DRG 

neurons [12].

iv. Migration of inflammatory cells including macrophages and CD8+ T-

lymphocytes which secrete a variety of cytokines increasing activity in DRG 

neurons [40].

v. Sprouting of local peptidergic (CGRP) neurons producing axon collaterals, 

which form pericellular baskets around predominantly large DRG neurons [41].

vi. Sprouting of post-ganglionic sympathetic terminals following nerve injury to 

form basket-like structures around DRG neurons [42-44]. Many of these tyrosine 

hydroxylase (TH)-staining fibers extend between the soma and the layer of 

surrounding satellite cells [43]; a likely consequence of satellite cell increased 

neurotrophin production [45]. Stimulation of postganglionic sympathetic fibers 

indeed leads to the activation of DRG neurons and neuromas (see below) [42]. 

The populations of neurons surrounded by TH positive and CGRP positive fibers 

are overlapping, but the majority of enveloped neurons are surrounded by one set 

of fibers or the other. There is no co-localization of TH and CGRP staining in 

any fiber, indicative of their different origins (afferent versus post-ganglionic 

sympathetic).
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Mid-axonal activation—In the normal sensory nerve trunk, many C-fiber axons have 

some degree of electrical linkage with other fibers. Griffin reported that up to 10% of C-

fibers in Remak bundles in the dorsal root are not separated from neighboring axons [46]. 

Composition of these Remak bundles vary, e.g., axons “jump” from bundle to bundle, along 

the course of the nerve, and an individual Remak bundle can contain axons from more than 

one dorsal root ganglion [47, 48]; this implies that anatomically distinct structures can 

project through axons in the same Remak bundle. In rats, these polyaxonal bundles, 

containing a mean of 9 or more (depending on distance from spinal cord) axons/bundle, 

occur throughout the extent of the sciatic nerve. The authors speculate that electrical activity 

within any one of these non-insulated adjacent fibers is likely to increase the probability of 

action potentials in the others and that this probability would increase significantly in the 

presence of diffusible injury products such as occurs after partial nerve injury (Fig. 3). Mid-

axonal activation would, by its nature, result in bidirectional ectopic activity in the affected 

axon. As channels and receptors in the nerve are upregulated and downregulated as a 

consequence of the injury, new foci of ectopic activity develop in the uninjured fibers, first 

in the periphery near the receptor and then at later time points in the DRG (see below) 

[49-51].

Early work identified the development of ephaptic connections between pairs of sensory 

axons or sensory and motor axons in dorsal roots of dystrophic mice, between sprouts in 

neuromas, and within nerve trunks following crush [52, 53]. Activity in the excited fiber 

from a point of depolarization is usually bidirectional and does not seem to depend on local 

extracellular K+ ion concentrations [53]. In the dystrophic animals, the fibers initiating 

activity conducted at C-fiber velocities although this could be due to demyelination, and the 

fiber being excited always had faster conduction velocities, usually within the A-fiber range. 

The exciting fiber often displays spontaneous activity. Interestingly, this connection is stable 

and transmission in the excited fiber can follow bursting activity in the initiating fiber of 

over 70 Hz.

In the several days following sectioning of the L5 spinal nerve or the L5 ventral root, 

cutaneous C-fibers within the L4 spinal nerve display a high incidence of spontaneous 

activity, 100 and 40%, respectively [54, 55]. This incidence increases over time, but is 

present as soon as 1 day following the nerve injury. Ectopic activity is generated first within 

the peripheral nerve, and later (in an L4 intact animal), the irritative focus moves to the 

DRG. It is to be expected, but is not yet demonstrated, that action potentials generated mid-

axonally or from the ganglia in this manner are bidirectional. The most common explanation 

for the generation of the ectopic activity is that the injured axons are subjected to Wallarian 

degeneration, leading to macrophage infiltration, local Schwann cell activation, and local 

release of various growth factors, pro-inflammatory cytokines, and short-acting 

intermediaries. Interestingly, non-myelinating Schwann cells associated with uninjured (C-

fiber) axons also become activated and release diffusible mitogens [46]. Together, these 

factors alter the external milieu surrounding the co-mingled injured and uninjured sensory 

fibers in the mixed sciatic nerve. Alteration of each of these elements individually alters 

development of pain behavior and ectopic activity. Animals with delayed infiltration of 

macrophages following nerve injury develop a similarly delayed pain behavior [56]. The 
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pro-inflammatory cytokine tumor necrosis factor (TNF), when applied to the otherwise 

uninjured sciatic nerve trunk elicits ectopic activity in C-fibers within sural nerve, i.e., 

antidromic activity [57]. Similar results have been demonstrated for ATP, serotonin, 

norepinephrine [58], and interleukin-1β [59]. Importantly, this activation results in lowered 

mechanical withdrawal thresholds of the innervated structures (paw).

Roughly equivalent situations exist when a nerve travels through an area of tissue 

inflammation with increased temperature, acidity, and/or pro-inflammatory agents. Mid-

axonal application of pro-inflammatory cytokines such as TNF elicits both orthodromic and 

antidromic action potentials and pain behavior, implicating the inflammatory milieu in the 

process [57, 60, 61]. Locally applied thermal stimuli also produce bidirectional ectopic 

activity along the axons in about two thirds of C nociceptors [62] as does application of 

capsaicin to the nerve [63]. Interestingly, Reeh and colleagues showed that heat, K+, and 

capsaicin applied to axons of passage in the sciatic nerve elicit a Ca++-dependent local 

release of CGRP mid-axonally at the site of stimulation [64]. They convincingly showed that 

the capsaicin and thermal effects are mediated via TRPV1 receptors located on the axon; 

thus, the acidity, in conjunction with the heat present in inflammatory sites, could 

synergistically activate TRPV1 and perhaps additional receptors to contribute to the mid-

axonal generation of ectopic activity. This is likely to hold for human subjects, as radiant 

heat applied to the superficial radial nerve results in reports of thermal pain referred to the 

center of the stimulated nerve’s receptive field, but not to the tissue in or around the 

stimulation site [65]. During the course of neuritis, but not in naive animals, axons 

associated with Aδ and C nociceptors develop ectopic activity as well as mechanosensitivity 

resulting in action potential generation [66]. Taken together, this implies that a nerve passing 

through an inflammatory environment may fire bi-directionally resulting in not only referred 

pain to the innervated structure but also an antidromically generated corresponding 

neurogenic inflammation of the same structure.

Spinal dorsal horn—Outflow (antidromic activity) along the dorsal roots in response to 

strong afferent activation was originally described by Gotch and Horsley in 1891 [67]. 

However, the concept was not well accepted until the late 1930s. Toennies [67] postulated 

that this slow recognition was due to the inherent conflict between reflexive efferent output 

along the dorsal roots and the long-standing law of Bell and Magendie, which states that all 

dorsal root traffic is sensory afferent in nature. Today, the dorsal root reflex (DRR) is 

recognized as a common component of dorsal root function, resulting in antidromic activity 

following intense peripheral activation of nociceptive afferent fibers.

It is now established that ongoing orthodromic activity in nociceptive afferent fibers 

activates ascending circuitry projecting to the brain and, in addition, triggers intraspinal 

processing within the superficial dorsal horn, including activation of γ-aminobutyric acid 

(GABA) containing inhibitory neurons (Fig. 4). These GABAergic neurons not only receive 

monosynaptic input from nociceptive Aδ and C primary afferent fibers but also have 

collaterals that form axo-axonic synapses on GABAA receptors located on the central 

terminals of afferent Aβ (low threshold mechanoreceptive), Aδ (guard hairs), and C (non-

peptidergic) fibers implying that the afferent signal is processed by the GABAergic neuron, 

which then reflexively modifies the afferent drive [68-72]. Reciprocal synapses, with 
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rectified GABAergic signaling onto presumed primary afferent terminals, have been 

demonstrated in primate superficial dorsal horn (lamina II) [70]. Due to the presence of an 

electrically neutral Na+K+Cl− pump, primary afferent neurons, including their terminals, 

have unusually high levels of intracellular Cl−. Following low to moderate amounts of 

nociceptive input, GABA-induced opening of the GABAA receptor channels in the 

membrane of the central terminal of the afferent fiber allows Cl− to flow outward, slightly 

depolarizing the terminal and leading to a phenomena known as primary afferent 

depolarization (PAD), see [73]. Low levels of PAD by a presynaptic action through partial 

inactivation of excitatory channels paradoxically inhibits the transmission of the afferent 

signal due to the partial inactivation (desensitization of voltage-gated sodium and calcium 

channels). In contrast, in the presence of substantial suprathreshold or maintained 

nociceptive input, as occurs after tissue inflammation or injury (excessive PAD), the 

magnitude of the afferent traffic induces significantly more central GABA release from the 

inhibitory interneurons and consequently a significantly greater degree of terminal 

depolarization that actually achieves membrane activation threshold and subsequently 

generates action potentials (Fig. 4). Under certain high-intensity stimulus conditions, there is 

also a K+ component [74]. If DRRs occur, the spinally generated action potential travels 

antidromically from the central terminal in the spinal cord, over the dorsal roots and back to 

the peripheral terminal in the injured tissue where it releases neurotransmitters into the 

extracellular milieu [75]. Primary afferent depolarization has been recorded on all sizes of 

afferent fibers, large myelinated Aβ fibers, as well as Aδ and C-fibers [76].

Subcutaneous injection of capsaicin (activating TRPV1 bearing peptidergic C-fibers) results 

in primary afferent neurotransmitter release in the skin, not only within the injection site but 

also in the surrounding area. This latter effect has been attributed to antidromic activity in 

Aδ and C-fibers, but not in the larger Aβ fibers [75, 77]. This release results in neurogenic 

inflammation, i.e., increased blood flow, edema, cellular infiltrates, and enhanced 

nociception. In contrast, continuous irritation of joints in several models of arthritis results in 

warmth and edema of the affected joint which is attributed to DRRs in groups II, III, and IV 

fibers within the joint afferents, indicating that DRRs can be generated in the large 

myelinated group II fibers as well as the fine fibers [78]. This difference is commonly 

considered to be due to differences between cutaneous and joint innervation; although the 

exact underlying anatomy is not clearly defined, it is possible that the difference lies in the 

initiating stimuli employed to initiate the original afferent barrage. Thus, although high 

levels of activity in Aδ and C group III and IV nociceptors are necessary to trigger the 

conditions permissive for generation of dorsal root reflexes, once this sensitization has 

occurred, Aβ fiber activation appears to be sufficient to generate continued DRR activity 

[79, 80].

Pharmacological studies confirm that the antidromic discharge following joint inflammation 

is dependent on activation of GABAA and non-NMDA receptors in the dorsal horn [81]. 

Unexpectedly, despite the presence of presynaptic NMDA receptors, there does not appear 

to be an NMDA receptor component, in spite of the prominent role of this receptor in dorsal 

horn neuronal sensitization. Similar pharmacological results have been observed following 

induction of experimental arthritis using joint heat, edema, and pain behavior as outcomes 

[82, 83].
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In addition to an afferent barrage of nociceptive activity, primary afferent depolarization can 

be initiated by descending modulation from a variety of brainstem sites including loci known 

to be involved in the so-called endogenous analgesia system. This activity is relatively 

specific for generating PAD and DRR in nociceptive and thermally sensitive afferents [84]. 

Primary afferent depolarization is induced in all sizes of myelinated fibers following 

stimulation of the ventromedial medulla [85]. Stimulation of supraspinal motor sites such as 

the red nucleus/rubrospinal tract and various cerebellar nuclei [74, 86-88] are also 

documented to produce PAD and DRR in afferent sensory fibers. Multiple studies have been 

performed to determine the spinal pharmacology for some descending PAD/DRR-producing 

pathways. In all instances where it was examined, a GABAergic link was demonstrated, 

presumably the GABAergic interneuron mentioned above. There is also a 5HT pathway, 

independent of the GABAergic interneuron (Fig. 4). This system effect is thought to be due 

predominantly to a direct action of 5HT acting on the 5HT3 ligand gated ion channel located 

on primary afferent terminals of some myelinated and unmyelinated nociceptors [89-92]. 

This serotonergic linkage has been demonstrated within the trigeminal system as well as in 

the lumbar cord [90]. Activation of bulbospinal systems through stimulation of the 

periaqueductal gray is clearly seen to elicit DRR fibers of the sural nerve [89]. Oddly, 

transection of the ventral quadrant at the upper cervical level eliminated the PAD/DRR 

induced by supraspinal stimulation implying that this descending pathway differs from that 

of the descending inhibitory pathway originating in the ventromedial medulla and which 

travels in the dorsolateral funiculus [87]. Surprisingly, dorsal root reflexes can be triggered 

bilaterally following a unilateral insult. This is consistent with the thought that focal 

inflammation on one limb produces a mirror image inflammation on the contralateral side 

[89]. This phenomenon appears to be mediated via a neuronal polysynaptic pathway and 

may involve sympathetic efferent fibers and/or capsaicin sensitive primary afferent fibers 

[93]. Sympathetic fibers sprout into contralateral DRGs and form baskets around individual 

neuronal somata following a unilateral lesion; following establishment of this connection, 

sympathetic activation elicits an α1-dependent activity in the DRG neurons [42]. This 

activity should be conveyed peripherally as well as centrally.

Concluding commentary

The release of active factors from the peripheral terminals of the sensory afferent is a 

common phenomenon with a broad impact upon the physiology of peripheral systems, as 

reviewed in the other papers in this journal volume. The present commentary emphasizes 

that this phenomena can be initiated not just by activation of the peripheral terminal but also 

through at least five principal points of origin: (i) afferent collaterals distal to the cell body 

(e.g., at the peripheral level), (ii) collaterals arising in the vicinity of the DRG cell body, (iii) 

from the mid axon where afferents lacking myelin sheaths may display crosstalk and 

following injuries wherein demyelination has occurred, (iv) the dorsal root ganglion itself, 

and finally (v) the central terminals of the afferent in the dorsal horn. In the dorsal horn, 

local circuits and bulbospinal projection can initiate the so-called dorsal root reflexes that 

represent antidromic traffic on the sensory afferent. Importantly, as reviewed, each of these 

originating circuits is subject to activating cascades that will yield antidromic potentials 

influencing the physiological function of the local organ systems receiving this innervation.
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Fig. 1. 
Injury and/or injury products triggers an orthodromic action potential that also invades local 

collaterals and terminal endings unaffected by the original insult. When these action 

potentials enter the terminal, they trigger voltage-gated calcium channels, Ca++ entry, 

activation of SNAREs, and neurotransmitter release. Neurotransmitters may be excitatory 

and cause excitation of nearby terminals from other afferents (not shown), increased 

capillary permeability and degranulation of mast cells, or they may be inhibitory and thus 

pre-synaptically reduce neurotransmitter release from nearby terminals. Excitatory and 

inhibitory neurotransmitters are released from different axons, but have been shown on the 

top and bottom, respectively, in this schematic. NK1r neurokinin1 receptor, SST(r) 

somatostatin and its receptor, Gal(r) galanin and its receptor, Glu glutamate GluR any of 

several glutamate receptors including both ionotropic and metabotropic receptors, 5-HT 

serotonin, SNAREs soluble NSF attachment protein receptor
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Fig. 2. 
Following various nociceptive insults, neurons in the DRG may increase expression of 

excitatory channels and receptors and decrease expression of inhibitory channels. Satellite 

cells increase expression of gap junctions, signs of activation, and release of cytokines and 

other excitatory agents. Sprouting can occur from postganglionic sympathetic efferent fibers, 

which stain for TH and/or intrinsic peptidergic neurons, which envelop some of the larger 

cell bodies. Immune cells frequently infiltrate the DRG and release a selection of pro-

inflammatory cytokines and other agents. TH tyrosine hydroxylase, NPY neuropeptide Y, 

NE norepinephrine, TNF(r) tumor necrosis factor and its receptor, VGCC voltage-gated 

calcium channel, NaV sodium channel TRPV1
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Fig. 3. 
An inflammatory environment, including increased K+ from damaged tissue, macrophage 

infiltration, and release of pro-inflammatory cytokines, may develop after local tissue injury 

or damage to (compression) or degeneration of fibers in the fascicle (c). In such an 

environment, adjacent unmyelinated C fibers in a Remak bundle may develop an ephaptic 

connection such that orthodromic activity in one fiber (b) initiates bidirectional activity in 

the other (a). If concentration of pro-inflammatory agents builds up to sufficient levels, 

receptor-mediated events may also result in bidirectional activity in nearby fibers (d) 

resulting in apparent “spontaneous activity”
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Fig. 4. 
Following a maintained barrage of afferent activity, activation of GABAergic neurons in the 

dorsal horn elicits suprathreshold levels of depolarization in GABAA receptor containing 

primary afferent terminals sufficient to trigger antidromic actions potentials (DRR). 

Depending on the system, these may be axons of any caliber. Dorsal root reflexes may also 

be triggered by any descending activity that normally elicits primary afferent depolarization. 

The illustrated example is serotonergic bulbospinal fibers from the raphe in RVM that are 

presynaptic to 5HT3 receptors on the primary afferent terminal. RVM rostroventral medulla
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