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Opinion
Neuronomodulation (NRM) is a proposition raised by one
of us as the change in excitability state of a neuron facing the
extrinsic modulatory actions of the chemical nature. Neuron lives
in the extracellular fluid environment, it would face influences from
chemical agents in “milieu interne” every time and everywhere.
Since excitability is the most important and characteristic feature
of the neuron, which is defined by the membrane polarization
state, every external perturbance that could alter the polarization
state of the neuron would have a modulatory effect. NRM is of great
importance for the neuron functioning. According to the mode
of action of modulators on the ion channel, NRM can be direct or
indirect. The excitable neuron is the basis of brain function, the
significance of NRM in brain function is obvious. Since NRM presents
every time and everywhere for any given neuron, therefore, every
act of neuronal conduction or chemical synaptic transmission
can only be implemented under such conditions. NRM is as
important as neuronal conduction and synaptic transmission for
the implementation of neural circuit and brain function in normal
and pathological conditions. In fact, we believe that NRM, together
with neuronal conduction and synaptic transmission are the three
underpinnings for the central nervous system functioning. It is not
strange that NRM have very wide pathological and pharmacological
implications in the clinic.

The idea of NRM is evolved from the modulatory action
of neurotransmitters. Around 1980, the distinction between
conventional synaptic action and the modulatory actions of
neurotransmitter are first discussed in depth [1]. Clearly this
modulatory action refers to the action of neurotransmitter acting
through intracellular second messengers. In a 2016 presentation,
the idea of ambient modulation of neuronal excitability was raised
[2]. Ambient modulation acts by three ways:
(a)

Spillover of neurotransmitters from nearby synapse

(c)

Paracrinal secretions (Figure 1) [2].

(b)

Hormones from the blood stream and

Conceptually, NRM covers even more broader area than
ambient modulation. For direct NRM, the most outstanding case
is the tonic inhibition mediated by extrasynaptic GABAa receptors
[3], a relevant issue is the action of neurosteroids [4], the binding
of animal venom toxins to the voltage-gated ion channels and its
actions are further examples [5]. Up to present we know little of
the existence of tonic excitation of the neuron. For indirect NRM, all
slow potential changes implemented by metabotropic receptors, be
it evoked by small molecule neurotransmitters or neuropeptides,
are all typical examples. Furthermore, there are evidences that
hormones, cytokines, and chemokines can act by means of indirect
NRM [6-9].
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Figure 1: Synaptic transmission, synaptic modulation and ambient modulation of neuronal excitability.
1.

Synaptic transmission

2.

Can be modulated by neuromodulators released by neighboring presynaptic terminals

3.

Acting either presynaptically or postsynaptically. The ambient modulation of neuronal excitability

Acts by three ways:
a)

spillover of neurotransmitters from nearby synapse

b)

Hormones from the blood stream

c)

And paracrinal secretions. (Adapted from Chen, 2016).

The molecular target of NRM is the ion channels on neuronal
membrane. The significance of allosteric modulation of receptor
and non-receptor molecules should be emphasized. Much of
the implementation of NRM is associated with allosterism and
binding activity of non-receptor molecules. This issue has been
made clearer due to the recent advancement of structural biology,
especially the advent of cryoEM [10,11]. The real situation of NRM
is akin to volume transmission, they may represent two sides of a
coin, with the former emphasizes the information transfer between
neurons and the latter emphasizes the alternation of excitability of
neuron. Brain modulatory systems and neuromodulation maneuver
in clinic are frequently used terms in neuroscience literature, but
their foundation is relied on NRM.
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