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i Stay Positive!

If there are no ups and downs in your life

It means you are dead
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Sympathetic and Parasympathetic Actions

"Fight-or-flight"
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more than one organ)

Red = Sympathetic actions
Blue = Parasympathetic actions

EYE

Contraction of irls radial
muscie (pupll dilates)

Contraction of Iris sphincter
muscle (pupll contracts)
Contraction of clliary muscle

(lens accommodates for near vision)

TRACHEA AND BRONCHIOLES

Diiation
increased secretions

ADRENAL MEDULLA

Secretion of epinephrine and norepinephrine

LACRIMAL GLANDS
Stimulation of tears

SALIVARY GLANDS

Thick, viscous secretion
Coplous, watery secretion

o GASTROINTESTINAL SYSTEM
Secretion of renin ({, Increases; i Decreased muscie motility and tone;
1y decreases) ! contraction of sphincters
! Increased muscle motiiity and tone
URETERS AND BLADDER , : A GENITALIA (female)
Relaxation of detrusor; contraction | - |7 .\ Relaxation of uterus
Of WADONS e Apvincess 7o den ‘gee BLOOD VESSELS
Contraction of detrusor; A4 i (skeletal muscie)
relaxation of trigone and sphincter Dilation
GENITALIA (male)

Stimulation of ejaculation BLOOD VESSELS
and

Stimulation of erection ] | (skin, mucous membranes,

3 2 Constriction

"Rest-and-d| "
mm“usgest

Parasympathetic output
(discrete because I[]rosl nglionic
neurons are not bran , but
are directed to a specific organ)
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Neurotransmitters in Autonomic Nervous System
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Neurotransmitters in Autonomic Nervous System
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Parasympathetic
Cardiac and smooth muscle,
gland cells, nerve terminals

Medulla |

Sympathetic
Cardiac and smooth muscle,

gland cells, nerve terminals

Sympathetic
Renal vascular smooth muscle

Skeletal muscle

Voluntary motor nerve

FIGURE 6-1 Schematic diagram comparing some anatomic and neurotransmitter features of autonomic and somatic motor nerves. Only
the primary transmitter substances are shown. Parasympathetic ganglia are not shown because most are in or near the wall of the organ inner-
vated. Cholinergic nerves are shown In blue, noradrenergic in red. Note that some sympathetic postganglionic fibers release acetylcholine
rather than norepinephrine. Sympathetic nerves to the renal vasculature and kidney may release dopamine as well as norepinephrine during
stress. The adrenal medulla, a modified sympathetic ganglion, recelves sympathetic preganglionic fibers and releases epinephrine and norepi-
nephrine into the biood. ACh, acetylcholine; D, dopamine; Epi, epinephrine; M, muscarinic receptors; N, nicotinic receptors; NE, norepinephrine.
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RECYCLING
OF CHOLINE

® Choline is taken
up by the neuron.

DEGRADATION OF
ACETYLCHOLINE

® Acetyicholine is rapidily
hydrolyzed by acetyl-
cholinesterase in the
synaptic cleft.

Choline

caz-l-

e 7

= SYNTHESIS OF
ACETYLCHOLINE

® Transport of choline is
inhibited by hemicholinium.

Ac(_:o

Acetyicholine

!

UPTAKE INTO
STORAGE VESICLES
® Acetyicholine is protected

from degradation in the
vesicle.

Synaptic
vasicle

[+
Caz*_"ﬂ

RELEASE OF
NEUROTRANSMITTER

® Release is blocked by
botulinum toxin.

® Spider venom causes
release of acetylcholine.

BINDING TO THE
RECEPTOR
® Postsynaptic receptor is

activated by binding
of the neurotransmitter.

INTRACELLULAR RESPONSE




Binding of Ach with muscarinic receptor




Binding of Ach with nicotinic receptor

Somatic motor nerve

Contraction

FIGURE 7-4 Muscarinic and nicotinic signaling. A: Muscarinic transmission to the sinoatrial node in heart. Acetylcholine (ACh) released
from a varicosity of a postganglionic cholinergic axon interacts with a sinoatrial node cell muscarinic receptor (M;R) linked via Gy, to K* channel
opening, which causes hyperpolarization, and to inhibition of cAMP synthesis. Reduced cAMP shifts the voltage-dependent opening of pace-
maker channels () to more negative potentials, and reduces the phosphorylation and availability of L-type Ca’* channels (Ic,). Released ACh
also acts on an axonal muscarinic receptor (autoreceptor; see Figure 6-3) to cause inhibition of ACh release (autoinhibition). B: Nicotinic trans-
mission at the skeletal neuromuscular junction. ACh released from the motor nerve terminal interacts with subunits of the pentameric nicotinic
receptor to open it, allowing Na' influx to produce an excitatory postsynaptic potential (EPSP). The EPSP depolarizes the muscle membrane,
generating an action potential, and triggering contraction. Acetylcholinesterase (AChE) in the extracellular matrix hydrolyzes ACh.
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Locations of different types of muscarinic receptors




* The PSNS uses acetylcholine as its neurotransmitter.

* Nicotinic receptors are found at the ganglionic neurons of
both divisions (stimulates postganglionic fiber activity).

* Muscarinic receptors are found at the effector site for PSNS
( gland or smooth muscle), activation causes stimulation.
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— A. Responses to parasympathetic activation
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Figure 4.7
Actions of pilocarpine and atropine on
the iris and ciliary muscle of the eye.

Most important adverse effects
of cholinergic drugs
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Glaucoma 1 IOP
(Cuad) i £ 1) (3050

anterior chamber

fluid exits here

conjunctiva

fluid forms-here

The aqueous humor is produced behind the iris, flows
into the anterior chamber through the pupil, and exits
the eye via the drainage angle between the iris and
cornea. Too much aqueous production or obstruction
of its outflow from the eye causes a rise in intraocular
pressure (IOP) that can lead to glaucoma.

optic nerve
damage

In most types of glaucoma, elevated
intraocular pressure (IOP) is associated
with damage to the optic nerve in the back
of the eye.
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Actions of pilocarpine and atropine on
the iris and ciliary muscle of the eye.

Most important adverse effects
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PHASE |

Membrane depolarizes, resulting
in an initial discharge that
produces transient fasciculations
followed by flaccid paralysis.

neuromuscular junction Na'

PHASE Il

Membrane repolarizes, but
receptor is desensitized
to the effect of acetylcholine.
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- A. Effects of nicotine in body
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Ability to concentrate N\
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Nausea, vomiting
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temperature and

pain sensation

Stimulation s -
Avoidance of withdrawal
of reward system symptoms:
‘ Irritability, impatience
¥ Difficulty concentrating
Dependence Dysphoria
Release of
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