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Movements of water and electrolytes through Movements of water and electrolytes through 
plasma membrane of excitable cells and plasma membrane of excitable cells and 
neuronsneurons

1. Passive channels
2. Water channels (Aquaporins)
3. Ion pumps (e.g. Na+/K+ ATPase)
4. Ligand-gated ionic channels (Receptors)
5. Voltage-gated ionic channels
6. Mechanical sensitive ionic channels
7. G-proteins-coupled receptors
8. Gap junctions (Nexus, Nexin channels)
9. Leak channels

Ionic Regulation ofIonic Regulation of
Neuronal excitabilityNeuronal excitability

Sodium ions
Potassium ions
Calcium ions
Chloride ions
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ระยะที่ 1: Resting State

-ท้ัง voltage-gated Na+ และ K+

channel ปด  ไมเกิดการเปลี่ยนแปลง
ตอ membrane’s resting potential

 ระยะที่ 2: Threshold

-ส่ิงเรามากระตุน ทําให Na+ channel บางสวน
เปด  ถาการไหลของ Na+ เขาสูเซลลมากพอ
จนถึงระดับ threshold potential จะกระตุน 
Na+ gate เปดมากขึ้น และกระตุนใหเกิด 
action potential

ระยะที่ 3: Depolarization

-activation gate ของ Na+

channel เปด แต K+ 

channelยังคงปดอยู  ดังนั้น
การเคลื่อนท่ีของ Na+เขา
ภายในเซลลจึงทําใหภายใน
เซลลมีประจุเปนบวกมาก
ขึ้น (หรือเปนลบลดลง)
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ระยะที่ 4: Repolarization

-inactivation gate ของ 
Na+ channel ปด และ 

K+ channel เปด  ทําให
Na+ไมสามารถเคลื่อนเขาสู

ภายในเซลลไดอีก  ในขณะที่ K+จะ
เคล่ือนออกนอกเซลล  จึงทําใหภายในเซลลมี

ประจุเปนลบเพิ่มขึ้น กลับคืนสูสภาวะ 
resting membrane potential

The membrane of a neuron
Embedded in the membrane are protein channels that permit 

certain ions to cross through the membrane at a controlled rate.

Ion channels. When they are open, ions can pass 
through them, entering or leaving the cell.

The sodium and potassium gradients 
for a resting membrane

.



5



6

TetrodotoxinTetrodotoxin (TTX)(TTX)
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Membrane Membrane 
Patch Clamping Patch Clamping 
TechniqueTechnique
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Measuring individual ion channel openingMeasuring individual ion channel opening
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Hyperkalemic periodic paralysis and SCN4a 
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SaltatorySaltatory propagation propagation (Conduction)(Conduction)

ไมอิลินมีผลตอการสงกระแสประสาทอยางไร?

Chemical Chemical synapesesynapese

“Leak” channels

KV channels

Kir channels

KCR1 MinK

Sulfonylurea receptor

Structural types of K+ channels 
and 

accessory proteins
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Humans have multiple channel 
variants for each major ion 

involved in membrane excitation
Variants of human 
Kv channel subunits

Kv

9.1
11.1
8.1
2.1
5.1
6.1
6.2
6.3
10.1
1.1
3.1
4.1

The major drug target among 
the K+-channels is the ATP-

sensitive ‘inward rectifier’
channel

Cation channels as drug 
targets

Sodium channels: 
Cardiac excitation → arrhythmia 
Neural conduction → local anaesthetics
Cerebral excitation → epilepsy

Potassium channels:
Cardiac excitation → arrhythmia 
Vascular smooth muscle tone → blood pressure
Pancreatic β-cells → insulin secretion

Calcium channels: 
Cardiac excitation → arrhythmia
Vascular smooth muscle tone → blood pressure

Kinetics of sodium channel 
blocking 

by local anaesthetics

Closed Open Inactivated

Depolarization Spontaneous inactivation

Slow reactivation after membrane repolarization
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Kinetics of sodium channel 
blocking 

by local anaesthetics

Closed Open Inactivated

Bound, Open

Ligand

Bound, Inactivated

Ligand

Fast Block Slow Block

Local anaesthetics derive from 
cocaine
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Lidocaine and two partial 
analogues
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Inhibition of a single NaV
channel by diethylamine and 

aniline
Incomplete 
block,
immediate, 
all the time

Complete 
block,
delayed, 
part of the time

Kinetics of channel 
reactivation

Fraction of 
channels 
remaining 
inactivated
(Fi )

Time (t) after inactivation

100%

0

1/e

τ τ

dFi/dt = -Fi /τ = -kFi

Fi = e-t/τ = e-kt

+lidocaine

τ > τ k < k

Dynamic equilibrium of 
channel states

at resting potential
open

inactivatedclosed

kopen kinactivation

kreactivation

kopen [closed] = kinactivation [open] = kreactivation [inactivated]
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The effect of lidocaine on 
sodium channels varies with 

the resting potential

Membrane potential (mV)
-100 -80 -60 -40

k of opening

- lidocaine+ lidocaine
k of recovery

The effect of lidocaine on 
sodium channels varies with 

the resting potential
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Membrane potential (mV)
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- lidocaine

+ lidocaine

1

0

One or two binding sites for 
lidocaine?

The heart

septumright ventricle

right atrium
valves

aorta

pulmonary artery

left ventricle

left atrium

The excitation / conducting 
system of the heart

sinoatrial node

atrioventricular
(AV) node

Bundle of His

Purkinje’s 
fibers

The excitation and the ‘worker’
cells have different ion flow 

properties 
K+

Ca++
T

Ca++
L

Na+
K+ (fast )

K+ (slow)Ca++
L
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Lidocaine and two metabolism-
resistant congeners

Lidocaine
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Tocainide Mexiletine

Phenytoin blocks sodium 
channels in the brain and is 

used in epilepsia
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Properties of phenytoin:
• Good penetration of blood brain 

barrier
• Acts on several cation channels 

besides sodium (contribution to 
therapeutic effect unsettled)

• Strong enzyme inducer (hepatic 
metabolism, CYP3A4) →
Multiple drug interactions

The major drug target among 
the K+-channels is the ATP-

sensitive ‘inward rectifier’
channel Kir-ChannelSulfonylurea receptor

ATP binding loops

ATP binding to the sulfonurea
receptor 
closes the K+

ATP channel

ATP ATP

ATP

K+

Insulin secretion in the 
pancreatic β-cell is triggered 
by membrane depolarization

Glucose

Glucose

H2O + CO2
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K+EMem
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Insulin

Insulin

Sulfonylurea derivatives such 
as tolbutamide promote 
closing of the KATP channel
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Both blockers and openers of  
K+ channels bind to the 
sulfonurea receptor

K+

Op Op

B B

K+ Channel openers reduce 
cell contraction in the vascular 

smooth muscle
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