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Key:

Resting membrane potential: Voltage-gated
Na" channels are in the resting state and
voltage-gated K™ channels are closed

Stimulus causes depolarization to threshold

Voltage-gated Na* channel

activation gates are open Absolute
3 refractory
Voltage-gated K™ channels are period

open; Na* channels are
inactivating

Voltage-gated K™ channels are Relative
still open; Na* channels are in refractory
the resting state period



Resting Membrane Potential &
Goldman Equation
RT, P[K] +P[Na] +P[CI']

V. =—-Iog
" F PIK"] +P [Na'] +P [Cl]

P = permeabllity -
atrest: P Pya: Po=1.0:0.04:0.45 -
Net potential movement for all ions

known V_:Can predict direction of -
movement of any ion ~



Effect of K lons on the RMP



Effect of K lons on the RMP

* hyperkalemia :
« weakness, ascending paralysis,
* If untreated cardiac arrnythmias



Effect of K lons on the RMP

* Hypokalemia :
Weakness , fatigue, motor paralysis
Myopathies (Myotonia)



Effect of Na lons on the RMP



Effect of Na lons on the RMP

 Hyponatremia



Effect of Na lons on the RMP

 Hyponatremia

* |lethergy, confusion, weakness and muscle
cramps, nausea and vomiting >>>> coma
>>>>selzures



Effect of Na lons on the RMP

Hyponatremia

t
only 1 mimol/L/hour

Osmotic demyelination syndrome (central
pontine myelinolysis)



Effect of Na lons on the RMP



Effect of Na lons on the RMP

 Hypernatremia



Effect of Na lons on the RMP

 Hypernatremia

* pausea, and vomiting, altered mental
status, confusion, neuromuscular
excitability and hyperreflexia, irritability,
selizures, and even coma or death.



Effect of Na lons on the RMP

Hypernatremia

Tt
0.45% sodium chloride

brain edema or hemorrhage, potentially
seizures, permanent brain damage, or
death



Effect of Ca lons on the RMP



Effect of Ca lons on the RMP

 Hypercalcemia



Effect of Ca lons on the RMP

 Hypercalcemia

Headache, and lethargy. anxiety,
depression, and cognitive dysfunction,
Insomnia, coma



Effect of Ca lons on the RMP

 Hypocalcemia



Effect of Ca lons on the RMP

 Hypocalcemia

 The hallmark is
neuromuscular irritability
and tetany

(Trousseau's sign &
Chvostek's sign )

Trousseau's Sign




Effect of Ca lons on the RMP

 Hypocalcemia

Trousseau's Sign

 Irritability , hyperreflexia,
Seizures, psychosis and
hallucination
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e Action Potential (excitaiilty/
changes)
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Action potential of cardiac muscles Grigorly Iionnikov and Eric Wong

Membrane potential (mV)
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Action potential of cardiac muscles

Grigoriy Ikonnikov and Eric Wong
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@ 0 by K+ efflux through 3 delayed rectifier K+
= delayed rectifier K+ channels remain open and
s —50 - channels return TMP to ~90mV
o
E Na+, Ca2+ channels
= closed, open K+
rectifier channels keep
TMP stable at ~90mV
4
-90
-100

Time

neuron from the inferior olive



Channelopathies



Epilepsy and migraine

Nat K* Ca?+ GABA, Nicotinic

Epilepsy SCNIA KCNQ2  CACNATH GABRA1 (CHRNA2

SCNIB KCNQ3 GABRB3 CHNRA4

SCN2A KCNMAT GABRG2 CHRNB2
Migraine SCNTA CACNATA

Neuromuscular disorders A
Nat K+ Ca?+ c- Nicotinic
Myasthenia CHRNAT
Fetal akinesia CHRNB1
CHRNG

Myotonia

Perlodic
paralysis

Pain
Erythema

SCN4A

SCN4A KCNJ2 CACNAITS

SCN9A

CHRND
CHRNE

CLCNT

Cerebellar ataxia and excessive startle

K+ Ca?+ Glycine
Ataxia KCNAT CACNATA
KCNC3
Hyperexplexia GLRAT
GLRB

Ataxia is typically defined as the presence of abnormal,
uncoordinated movements



Table 1. The neurological channelopathies

Gene Channel subunit Disease
CHS Sodium channels SCNTA o subunit of Nav1.1 Epilepsy, migraine
SCNTE f1 Epilepsy
SCN24A o subunit of Nawl.2 Epilepsy
Potassium channels KCNQZ2 Kvi.2 Epilepsy
KCNQ3 Kvi.3 Epilepsy
KCNMAT BK Epilepsy with dyskinesia
KCNAT Kvl.1 Episodic ataxia
KCNC2 Kv3.2 Ataxia
Calcium channels CACNATH a1H subunit of Cav3.2 Epilepsy
CACNATA a 1A subunit of Cavl.1 Episodic or progressive ataxia,
migraine, epilepsy
GABA, receptors GABRAT 'l Epilepsy
GABRE3 A3 Epilepsy
GABRGZ pe Epilepsy
Micotinic ACh receptors CHRNAZ wl Epilepsy
CHNRAL ced Epilepsy
CHRNEZ ¥ Epilepsy
Glycine receptors GLRAT 'l Hyperekplexia
GLRE i Hyperekplexia
Peripheral nerve Sodium channel SCN9A o subunit of Nav1.7 Excessive pain, insensitivity to pain
Muscle Sodium channel SCN4A @ subunit of Nav1.4 Periodic paralysis, myotonia
Potassium channels KCNI2 Kir2.1 Periodic paralysis
KCNITE Kir2.b Periadic paralysis
Calcium channel CACNATS @15 subunit of Caly/1.1 Periodic paralysis
Chloride channel CLCNT CLC-1 Myotonia
Nicotinic ACh receptars CHRNAT il Congenital myasthenic syndromes
CHRNET £1 Congenital myasthenic syndromes
CHENG ¥ Congenital myasthenic syndromes
CHRND & Congenital myasthenic syndromes
CHRNE E Congenital myasthenic syndromes




Table 2 Classification of neurclogical channelopathies according to channel

Channel Muscle Gene CNS Gene
Sadium channel Hypokalaemic periodic SCHA4A Generalised epilepsy with SCH1A
paralysis febrile seizures plus SCMI1B
syndrome (GEFS+), ST 24
severe myodonic epilepsy
of infancy
Hyperkaloemic periodic SCNA4A
paralysis
Faramyotonia congenita SCH4A
Potassium aggravated SCHA4A
myctonia
Chloride channel Myotonia congenita: CLCNI
Thomsen's, Becker's
Calcium channel Hypokalaemic periadic CACHALS Episodic ataxia type 2 CACHATA
paralysis
Malignant hyperthermia CACMATS Familial hemiplegic
CACHLZA migraine
Childhood absence epilepsy  CACNAIH
Potassium channel Andersen’s syndrome KCN)2 Episedic ataxia type | KCNA
Hypokalaemic periadic KCHES Benign familial KCMNG2
paralysis neonatal convulsions KCNQ3
Hyperkaloemic periodic KCHES
paralysis
Ryanodine receptor  Malignant hyperthermia RYRI
Central core disease RYR1
Glycine receptor Hyperekplexia GLRA
Acetylchaline Autasomal dominant CHRMBZ
receptor frontal lobe epilepsy CHRMA4
GABA receptor GEFS+, juvenile GABRG2

myodonic epilepsy




* Pages 84 & 85 In

Neuroscience 3" edition by
Dale Purves



lon Channel Neurotoxins



Synapses and Neurotransmitters



Communication Between
Neurons

* Synapse:



Communication Between
Neurons

« Synapse: A specialized site of contact, and
transmission of information between a neuron
and an effector cell

Anterior
\Yi[e] (o]}
Neuron

Figure 45-5




Communication Between
Neurons

Electrical synapse

Presynaptic |
neuron f |

."I =5 \\ A
y SO Mitochondrion
./ S
V/ % .‘IYl |
A A
: |
.; /£ -

//’j

-
\ W L
Le 23

;::'>,.,,f(’_:"'.‘ :
Gap~ Postsynaptic
M
== junction neuron
Presynaptic

membran

Si=is

=

.
b4 \
A BT ST SN N A

\ 2
Postsynaptic
membrane

f
/
\l

e® o e .0.‘”..

- - ¥ .
Gap junction
channels



Communication Between

Neurons

« Electrical synapse
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Communication Between
Neurons

« Chemical synapse

A SYNAPSE

Axon

= Neurotransmitter:
. e IS a messenger of
neirsianaminer | o @@ B - Miochonarin neurologic
exocytosis as i bl : : . n
b SR e INnformation from
= <acloal one cell to another.

Postsynaptic
membrane
has receptors for -
neurotransmitters . Dendrite of

second neuron
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Synaptic Transmission

i. Presynaptic I |




Action of Neurotransmitter on
Postsynaptic Neuron

* postsynaptic membrane contains receptor
oroteins for the transmitter released from the
presynaptic terminal.

* The effect of neurotransmitter on the post
synaptic neuron depend on the type of the
receptor




Action of Neurotransmitter on
Postsynaptic Neuron

« Two types of receptors
— lon channels receptors




Action of Neurotransmitter on
Postsynaptic Neuron

« Two types of receptors
— lon channels receptors
— Second messenger receptors




lon Channels receptors

 transmitters that open sodium
channels excite the postsynaptic
neuron.

 transmitters that open chloride
channels inhibit the postsynaptic
neuron.

 transmitters that open potassium
channels inhibit the postsynaptic
neuron.




Seconded messenger receptors
(as example G-protein)

1. Opening specific ion
Chann e/S O Transmitter substance

N °%
2. Activation of cAMP or |
cGMP > E e
*G-Dro'ein c%gg?\zl / Y .. ::21;229
o ‘ .l X J / 2
3. Activation of one or —
more intracellular 3 /4 e o ek
enzymes e e T
cAMP cGMP

Specific cellular Proteins and
chemical activators structural changes

4. Activation of gene
transcription.



G-Protein-Coupled Receptors and

Effectors

* GPCR Effector Systems (Cont’d)

 Push-pull method (e.g., different G proteins for
stimulating or inhibiting adenylyl cyclase)

Copyright @ 2007 Wolters Kluwer Health | Lippincott Williams & Wilkins



G-Protein-Coupled Receptors and
Effectors

« GPCR Effector Systems (Cont’d)
« Some cascades split

— G-protein activates PLC—-> generates DAG and
IP3-> activate different effectors

Smooth ER Ca®*

Copyright @ 2007 Wolters Kluwer Health | Lippincott Williams & Wilkins




Receptor

G-protein

Effector
protein

Second
messengers

Later
effectors

Target
action

Protein kinase A

°

Increase protein
phosphorylation

Phospholipase C

Diacylglycerol [P;
Protein Ca?*
kinase C release

N X

Increase protein phosphorylation
and activate calcium-binding proteins

Protein kinase A

°y

Decrease protein
phosphorylation
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G-protein-coupled Ca®* channel Receptor tyrosine
receptor kinase
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G-Protein-Coupled Receptors and
Effectors

* GPCR Effector Systems
(Cont’d)

« Signal amplification




