DRUGS ACTING ON AUTONOMIC
NERVOuUS SYSTEM

Autonomic Nervous System:
General Considerations

ORGANIZATION AND FUNCTION

The autonomic nervous system (ANS) functions
largely below the level of consciousness and
controls visceral functions. The major differen-
ces between the somatic and autonomic nervous
systems are given in Table II.1.

Like the somatic nervous system, the ANS
consists of afferents, centre and efferents.

Autonomic afferents Most visceral nerves
are mixed nerves and carry nonmyelinated
visceral afferent fibres as well. The cell bod-
les of these afferent fibres are located in the
dorsal root ganglion of spinal nerves and in
the sensory ganglia (e.g. nodose ganglion of
vagus) of cranial nerves. They mediate visceral
pain as well as cardiovascular, respiratory and
other visceral reflexes.

Somatic

1. Organ supplied

Table I1.1: Differences between somatic and autonomic nervous system

Skeletal muscles

Central autonomic connections There
are no exclusively autonomic areas in the
CNS: considerable intermixing and integration
of somatic and autonomic innervation occurs.
The highest seat regulating autonomic functions
is in the hypothalamus—posterior and lateral
nuclei are primarily sympathetic while anterior
and medial nuclei are primarily parasympathetic.
Many autonomic centres (pupillary, vagal, res-
piratory, etc.) are located in the mid-brain and
the medulla in relation to the cranial nerves.
The lateral column in the thoracic spinal cord

contains cells which give rise to the sympathetic
outflow.

Autonomic efferents The motor limb of the
ANS is anatomically divided into sympathetic
and parasympathetic. Many argans receive both

Autonomic
All other organs

2. Distal most synapse Within CNS Outside CNS (in ganglia)

3. Nerve fibres Myelinated Pregang.——myelinateq
Postgang.—non-myelinated

4. Peripheral plexus formation Absent Present

5. Primary efferent transmitter Acetylcholine Acetylcholine, Noradrenaline

6. Effect of nerve section on organ supplied

Paralysis and atrophy

Activity maintained, no atrophy
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NEUROHUMORAL TRANS 5ION

Neurohumoral transmission implics that nerves
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Parasympathetic

1, Ongin Dorso-lumbar (T to L, or L) Cranio-sacral (IIl, VI, X, X; S-S
R D titon Wide Limited to head, neck and trunk
3. Ganglia Away from the organs supplied On or close to the organ supplied
4. Postgang. fibre Long Short
R RenubCibreata | 1:20to 1: 100 1: 1 to 1: 2 (except in enteric
plexuses)
8. Neuroeffector Major: NA Maor: ACh
transmitter Minor: ATP, NPY, DA, ACh Minor: VIP, NO
7. Stability of transmitter NA stable, diffuses for wider actions ACh—rapidly destroyed locally
8. Important function

NA—Noradrenaline, ACh—Acetylcholine, ATP—
VIP—Vasoactive intestinal peptide, NO—Nitric o

xide

Junctional transmission was thought to be
clectrical (it does occur in some lower animals
and probably in certain areas of mammalian
brain) but observations at the turn of last century
prompted Elliott (1905) to suggest that sympa-
thetic nerves functioned by the release of an
adrenaline-like substance, and Dixon (1907) to
propose that vagus released a muscarine like
chemical. Otto Loewi (1921) provided direct
proof of humoral transmission by perfusing two
frog hearts in series. Stimulation of vagus nerve
of the first heart caused arrest of both. Thus,
a chemical must have been released by vagal
stimulation in the first heart which passed in
the perfusate and arrested the second heart. This
vagussioff was found in 1926 to be acetylcholine,
which earlier Dale (1914) had characterised as
‘Parasympathomimetic’. The sympathetic transmi-
ter was eventually shown to be noradrenahr}e in
1946 by Von Euler. Many humoral transmlltters
(dopamine, 5-HT, GABA. glutamic acid, purines,
Peptides, etc.) are now known.

To be considered as a postjunctionally act-
Ing neurohumoral transmitter a substance must
fulfill the following criteria: ‘

(1) 1t should be present in the presynaptic neu-
rone (usually along with enzymes synthesiz-
mg it).

() It iho)uld be released in the medium follow-
Ing nerve stimulation.

Tackling stress and emergency.

Assimilation of food, conservation
of energy

Adenosine triphosphate, NPY—Neuropeptide Y, DA—Daopamine,

(1) Its application should produce responses
identical to those produced by nerve stimu-
lation.

(1v) lts effects should be antagonized or poten-~
tiated by other substances which similarly
alter effects of nerve stimulation.

Steps in neurohumoral transmission

I. Impulse conduction The resting trans-
membrane potential (70 mV negative inside) is
established by high K permeability of axonal
membrane and high axoplasmic concentration
of this ion coupled with low Na* permeability

and 1ts active extrusion from the neurone.

Stimulation or arrival of an electrical impulse

causes a sudden increase in Na' conductance
— depolarization and overshoot (reverse polari-
zation: inside becoming 20 mV positive); K
ions then move out in the direction of their
concentration gradient and repolarization is
achieved. The ionic distribution is normalized
during the refractory period by the activation of
Na' K' pump. The action potential (AP) thus
generated sets up local circuit currents which
activate ionic channels at the next excitable
part of the membrane (next node of Ranvier
in myelinated fibre) and the AP is propagated
without decrement.

Tetrodotoxin (from puffer fish) and saxitoxin
(from certain shell-fish) selectively abolish
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increase in Na'® conductance in nerve fibres
and thus block impulse conduction.

ll. Transmitter release The transmitter
(excitatory or inhibitory) is stored in prejunc-
tional nerve endings within ‘synaptic vesicles’
(Fig. I1.2). Nerve impulse promotes fusion of
vesicular and axonal membranes through Ca*"
entry which fluidizes membranes. All contents
of the vesicle (transmitter, enzymes and other
proteins) are extruded by exocytosis (also see
Fig. 2.6) in the junctional cleft.

While majority of the neurotransmitters are preformed,
kept stored in synaptic vesicles and released on activation
by exocytosis as outlined above. some mediators like
NO, prostaglandins, endocannabinoids are synthesized on
demand and reach their target by diffusion or by active
transport.

The release process can be modulated by the
transmitter itself and by other agents through
activation of specific receptors located on the
prejunctional membrane, e.g. noradrenaline (NA)
release is inhibited by NA (o receptor), dopa-
mine, adenosine, prostaglandins and enkephalins

e

while isoprenaline (B, receptor) and ane

; ’ if)l&m.’,
(AT, receptor)‘ x'ncrease' \}1 release. Simjiab;:"
o, and muscarinic agomsts. inhibit acgt}'jchm‘:;‘;
(ACh) release at autonomic neuroefiecy, =
(but not 1n gangha and skelets! muscles),
lll. Transmitter action on ¢ - iunctiona‘
membrane The released i1z r combmg
with specific receptors on *junctiopa;
membrane and depending on - induce.
an excitatory postsynaptic r EPSP) &;
an inhibitory postsynaptic [PSP).
EPSP Increase in perme Cationg
— Na” or Ca” influx (th or slow
channels) causes depolariza ved by K-
efflux. These ionic movemse assive a
the flow 1s down the conce oradients.
IPSP Increase in permeab anions, sg
that CI" ions move in (axor concentra-
tion is lower than its extrace! " concenira-
tion) and tend to hyperpolarize the membrane

— an IPSP is generated. Stabilization of the
membrane or hyperpolarization can also result

Inhibitory
transmitter

Na+

Ras

Fig. 11.2: Diagrammatic representation of steps in excitatory
EPSP—Excitatory postsynaptic potential: IPSP—inhibitory
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H i ‘nation of transmitter action o : :
Me'cgzntr::;zzsniﬁorrr:‘el?iﬁe primary transmitter acetylcholine (ACh), which is an estﬁ:t,):z r::pl/(\ilz :r!r/l‘:: g'g’i%‘f
¢ enzyme acetylcholinesterase (AChE) located strategically on the synapgc gwee ey pontidases at
s vasoactive intestinal peptide (VIP), ‘{Vr:gh on releﬂascetociisﬂuses slowlyobo 88

. It may act on the same as well as Nelg OUINGIOTEEETS A) is largely taken back into the neu-
thetic o rimary transmitter, an amine, noradrenaline (N ) is largely ’ o aiithe
mb gnrfbuéﬂﬂi’ r-\rgzgineph?line transporter (NET) and recycled. A minor s?svon diffuses away
Lt nauropeptide Y (NPY), which on release meets @he same fate asGABA) oleased into the synaptic
c ‘;ﬂel;iron'e' The amino acid transmitter gamma—ammobutyrnc acuq ( aighbouring glial e o
aken up into the neurone by GABA ransporter (GAT), as well as into n€i9

s by diffusion.




