Central Nervous System

Other
sensory
input
Motor
output
Sensory onto
reception Patt d muscle
- Sensory atternea _
Stimulus el =~ Processor Behavior
filtering neuronal —-
activity
Past

experience



(a) Single-cell connection
Receptor cell

Stimulus

Effector cell

(b) Monosynaptic reflex arc

-

7 —
I
0 |
by \
Central nervous
Motor system
neuron
Effector

cell

(c) Polysynaptic reflex arc

Receptor cell

Afferent

= sensory
) neuron
Interneuron
@ |
=

Effector cell

Central nervous
system

Efferent
motor neuron



(a) Magnocellular neurons of hypothalamus

Stretch-inactivated Input from Stretch-inactivated
channels close; other neurons channels open;
ADH release A ADH release
decreases / \ increases
BR\"

<
Decreased Increased
osmolarity makes osmolarity
cells swell shrinks cells
R ()
y o ® /(l ’:‘ . o'::



(b) Nephridial nerve cell

Blood meal causes

increase in [Cl7]
Normal outward CI™ Q}
current gets smaller;
cell hyperpolarizes




(c) Trout pinealocyte

Dark Light

Pinopsin and
transducin

Ciliary
structure

Depolarized
membrane




(d) Human

Cerebral hemisphere
Corpus callosum

Anterior _.
commlssure

Thalamus

Occipital
lobe
Hypothalam us =
Olfactory Cerebellum

bulb

Optic chiasm  Pituitary Pons “Medulla






(a) Segmental ganglion of Hirudo

|

Anterior

Neuronal
somata

Interganglionic
connectives

(b) Abdominal ganglion of Aplysia

Interganglionic
connectives

N\ \///

Neuronal
somata

Peripheral nerve " |
trunks 500 um

250 pm



(a) Segmental ganglion of Hirudo

Anterior /

Peripheral

Interganglionic | “ |
connectives | ‘(/ // 200 pm

Axons to
body wall




(b) Abdominal ganglion of Aplysia

Interganglionic
connectives

250 um




Optic nerve
Supraesophageal
ganglion
Circumesophageal
connective Brain

Subesophageal
ganglion
| Connective
| __— Nerve roots

. Thoracic ganglia

L Abdominal ganglia




* Segmented animals have a chain of segmental ganglia

— Ganglia are larger in arthropods
— One ganglion for each thoracic and abdominal body segment
— Decentralized brain function

* Evolutionary trend toward enlarged anterior region of the CNS
(cephalization)

— The most advanced brains are found in cephalopod mollusks and
vertebrates

— Ganglia are enlarged and organized into lobes
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The Man Who Mistook His Wife
for a Hat: And Other Clinical Tales
by Oliver Sacks
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General Adaptation Syndrome
(GAS)

* Alarm & mobilization ¢ Exhaustion stage

stage — Negative consequences
— Become aware of of stress appear
stressor

* Resistance stage

— Preparation to fight the
stressor



Table 8-1

Opposing effects on target tissues of the sympathetic and

parasympathetic divisions of the autonomic nervous system

Target tissue

Sympathetic division

Parasympathetic division

Glands
Lacrimal (tear) glands

Salivary glands

Adrenal medulla

Eye

Radial muscles of iris
Iris sphincter muscles
Ciliary muscle (controls

thickness of lens)

Heart
Pacemaker cells

Ventricular contractile fibers

No effect

Stimulates production of a
small amount of viscous
saliva (“dry mouth”)

Stimulates secretion

Pupillary dilation
No effect

Relaxation (focuses on distant
objects)

Increases rate of heartbeat

Increases force of contraction

Stimulates production of tears
Stimulates production of a large
amount of dilute saliva

No effect

No effect

Pupillary constriction

Contraction (focuses on close
objects)

Decreases rate of heartbeat

Little or no effect




Table 8-1  Opposing effects on target tissues of the sympathetic and
parasympathetic divisions of the autonomic nervous system

Target tissue Sympathetic division Parasympathetic division
Lungs
Smooth muscles in walls of Dilates bronchioles Constricts bronchioles
bronchioles
Mucous glands No effect Stimulates secretion of mucus

Gastrointestinal tract

Sphincter muscles Contraction Relaxation

Smooth muscles in walls of Reduces tone and motility Increases tone and motility
tract

Exocrine glands Inhibits secretion Stimulates secretion

Gallbladder Inhibits contraction Stimulates contraction

Liver Increases glycogenolysis and No effect

therefore blood sugar
Other tissues
Urinary bladder No effect Stimulates muscle contraction
Arterioles Vasoconstriction in vessels No effect

supplying skin and gut;

vasodilation in some vessels

supplying skeletal muscle
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Table 8-2  Pharmacology of neurotransmission in the autonomic nervous system

Transmitter of Receptors on

Transmitter of

pregangliom'c postgangliom’c postgangliom’c Receptors on
neuron neuron neuron target tissue
Sympathetic Acetylcholine  Nicotinic ACh ~ Norepinephrine  a- or B-adrenergic
division (ACh) receptors receptors
Parasympathetic ~ Acetylcholine Nicotinic ACh  Acetylcholine Muscarinic ACh
division receptors receptors
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Table 8-2 Pharmacology of neurotransmission in the autonomic nervous system

Transmitter of

Receptors on

Transmitter of

preganglionic postganglionic  postganglionic Receptors on
neuron neuron neuron target tissue
Sympathetic Acetylcholine  Nicotinic ACh ~ Norepinephrine  a- or B-adrenergic
division (ACh) receptors receptors
Parasympathetic ~ Acetylcholine Nicotinic ACh  Acetylcholine Muscarinic ACh
division receptors receptors
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