Physiology week 2 — Excitable Tissues VIVAs

JALEN PRINARY JMENL Physiology VIVA Thursday 25 March  pm

Candidate NUmbBer: . o oo, rer e

Mark.

3a). What is the basis of the
resting membrane
potential?

a}. Potassium — more open Potassium channels at rest therefore inracellular/exracellular Folassium concentrations are
prime determinants of resting membeane potential  b).Sodium
c}. Separeted by the cellular membrane

1.Ma actively transported out of cells

2K setively transported into celis

3. Activity of Na-K ATPase pump

Ma, K, ATPase and correct
' directions.

3h). Deseribe the ionie
fluxes during the action
potential

Veoltage gated Na channels open (short lived), Wa channels overwhelm K once threshold reached, Memb potential

Alse electrical gradient reversed,
Then opening of volt gated K chanmels-stower and more prolonged than Na, Slow return ta closed state causes after

| hyperpolarization

I
approaches Na (+60mV) . Na stops a5 short open phase, then they close/become inactivated, then resting siate again. i

Ma and ¥ and sequence.

Question 4:

muscle?

What are the sequence of events in
contraction and relaxation of a skeletal

Prompt: what about relaxation

1iMetor neurone dic + Ach presyn release

2)AcH to post syn- Micofinic receptors

T Na/K in end plate generates AP along muscle fibre

3) T tubules spread depolarisation releases Cat+
from sarcoplasmic reticulum (terminal cistems)

| 4) 1 Ca around myosin/ctin filaments, to TropC

uncovers myesin binding sites on Actin

| 5) B) X-links form thin/ thick — shorten as slide

Relaxation

Ca pumped out, trop C reactivaled and blocks
actinmyosin bind.
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Pass /FailShould have 3 /5 stepe
mentioned with soms deiaill and
know active Ca ++ reverses for
relation

Describe the sequence of
events in the contraction of
skeletal muscle after
discharge of the motor
neurone.

1 Discharge of motor neuron

2 Release of ACh at motor endplate **

3 ACh binds nicotinic ACh receptors

4 Increase jn Na and K conductance in end plate
membrane

5 end plate potential

6 Muscle action potential

7 Depolarization along T tubules

8 Ca release at SR

9 Ca binds Trop C and uncovers myosin binding sites
on actin **

10 actin myosin cross links and thin filaments slide on
thick **

Release Ach

Ca release and Trop C
bind

actin myosin link and
slide

How does tetanic contraction
occur?

How does this differ from

Treppe ?
(Differentiation)

Contractile mechanism has no refractory period. **

Repeated stimulation before relaxation has occurred -
summation of contractions

Fast repeated stimulation causes a fused continuous
tetanic contraction. Can be complete or incomplete.

Series of maximal stimuli at a frequency just below
tetanizing causes increasing tension between each
twitch. Due to increased calcium availability.

Describe tetanic
contraction.

What are the major
differences in types of
skefetal muscle?

Type 1

slow oxidative red,

Moderate Ca2+ pumping,diameter and glycolytic
capacity

Slow myosin ATPase rate. High oxidative capacity.

Type 11

fast glycolytic white.

High Ca2+ pumping,diameter and glycolytic capacity
Fast myosin ATPase rate. Low oxidative capacity

Know two types and
three differences




IVERILANIE. TS SN JUA LR LIGL LA RGLLE,

Weuromuseular Diescribe the sequence of events in Motor newrone action potential; end-plate potential
excitation contraction | transmission of a motor nerve impulse to a | Acetylcholine release; Ach binding to nicotinic
coupling muscle receptors; muscle end-plate potential,
How does the muscle them become T tubules and release of Ca® from sarcoplasmic
depolarised? reticulum.

TOPIC: Skeletal muscle excitation /contraction / relaxation

FIRST
QUESTION

Dezeribe the sequence of events in contraction and relaxaton of
skeletal muscle.

NUMEER:

POINTS
REQUIRED

Step: in contraction

(1) Discharge of motor neursn.

(2) Beleaze of transmitter (acetylcholine) at motor end-plate.
(3) Binding of acetvlcholine to nicotinic acetylcholine receptor=.
{4) Increased Wa+ and K+ conductance in end-plate memmbrans.

(%) Generation of end-plate potential.

(6) Generation of action potential in muscle fibers,

{7} Inward spread of depolanization along T tubulas.

(%) Releaze of Cal+ from terminal cisterns of sarcoplasmic
reticulum and diffuzion to thick and thin filiments.

(%) Binding of Cal+ to troponin C, uncovering myosin-binding sites
on actin.

(10) Formation of cross-linkages between actin and myosin and
sliding of thin on thick filaments, producing

movement.

Baoldad at leazt?

Steps in relaxation

(1) Cal+ pumped back into sarcoplazmic reticulum.
{2) Releaze of Cal+ fiom troponin.

(3) Ceszation of interaction between actin and myosin.

Baoldad at least

PROMPTS

SECOND
QUESTION

What is summation of contractions” COMMENTS

POINTS
REQUIRED

1. The electrical rasponse of a mmscle fibre to repeated
stinoulation.

1. Contractile mechanism does not have a refractory period,
so repeated ztimulation before relaxation has occurred
produce: additional activation and a response added to the
contraction already present.

3. With rapidly repeated stimulation, individual responzes
fuze inte ome comtnuous contraction (tetanus; tetamic
contraction).

4 Complete tetanus: no relaxation betwesn st tension
developed ~ 4 tomes that of an mdridual twitch contraction

5. Incomplete tetanus: periods of meomplete relaxation between
summated stinonli

PROMPTS

Describe the response of a mmscle fibre to repeated stimulation.
What is a tetanic contraction?




TOPIC: Smooth muscle contraction NUMBER:
OPENING Describe  the  sequence of events m | pPROMPTS COMMENTS
QUESTION | comtraction and  relaxation  of wisceral
smooth nmscle.
POINTS | Bmding of ACh to mmscarmic recepiors Is  there a
REQUIRED differsnce
betwzen smooth
mscle and
other muscle?
) Increased influx of Ca®” into the cell Es=sential
3 Activation of calmodolin-dependent Eszential
mrvosim light cham kinase
4 Phesphorylation of myosin
5 Increased mryosm ATPase activity and
binding of nryosin to actin
f Contraction
7 Dephosphorylation of mryosin light chamn
phesphatase
8 Pelaxation or sustamsd confraction dus to
latch bridge and other mechanisms
5%%2??0‘\: What factors mflusnce mtestmal smooth
Q - mmscle contraction?
EEOQIJ‘-{?ISRED 1 Stretch of visceral smooth mmscle canses Essential

confraction m the absence of mnervation

2 Cold mereases activity

3 ACh decreases smooth nmscle potential
and increases spike frequency so resulting in
more active muscle

4 Adrenaline and noradrenalne iecrease
smooth mmscle potential and decreasze spike
frequency cansing decreased nmscle activity

3 Weural




TOPIC: Conduction along 2 nerve call

OFENING | Draw & label the action potential in a netve | PROMPTS COMMENTS
QUESTION |-
PODLIIERID 1. Fiestnz membrane poteamal 1
2. Movement of sodium potassinm jons. 2
3. 3
SECOND o . ; 24
QUESTION Discuss the factors that affect conducdon.
(if peaded)
PODLIISRI_'D 1. Myelinated vs demyelinated 1
1. Saltatory vs non-saltatory 2
3. Size 3
4. Directon of the conducton 4
}  I— —
23 Actlon Tiescribe the action potential im | Dingram. —90 mv. Valage gated No channels = rapid depolarisation (phase 0); clodure of chansels > mitial rapid s
| porential in wardise muscle fare I repolarisation {phase 1); slower bui prolonged opening of Ca channels -> platean (phase 2); closure of Ca channels and
cardiac cells | opening of K channels == fimal repalarisation (phase 3) U0 resting potential (phase 4)

Why does tetany not ocewr in
eardiss mussla?

Whascle still contracting in relative refractory period &nd heyand the durstion of AP so canpot develop tetany.

[Key items marked with*]

Draw and label an action
potential of a neuron.

Prompt:
What are the phases of a
nerve action potential?

1 Latent period at =70 mV then upslope until firing
level is reached at -55mV.

2 Spike potential with overshoot to +35 mV.

3 Rapid repolarization then slow after-depolarization.
4 After-hyperpolarization beyond =70 mV.

5 Return to latent period.

Shape

From negative to
positive

What ionic fluxes occur
during the action potential?

Prompt:
What ions are involved in
nerve conduction?

1 At firing level, rapid influx of Na towards equilibrium
(+ 60 mV).

2 Na channels rapidly close (inactivated state) and Na
inhibits further Na influx.

3 Voltage-gated K channels open.

4 Slow K efflux completes repolarization,

5 Decrease (increase) in extracellular Ca decreases
(increases) the Na and K conductance required for an
action potential.

Na influx (depol)

K efflux {repol)

Where are ion channels
distributed in myelinated
neurons?

1 Voltage-gated Na channels concentrated in node of
Ranvier and initial segment.
2 Na channels flanked by K channels

Nodes of Ranvier

LSSy TR anar EEEREN SN WERLIE )

Please describe or draw an
action potential in ventricular
muscle.

« RMP -90 mV (+/- o
20) +20r 1
« No prepotential 2
« Phase 0 rapid or
upstroke to +20

Shape including
plateau

General voltages
(negative to
positive)

What are the ion fluxes that
produce this action potential?

mV {+/- 20}

* Phase 1 short-lived 2
rapid N
depolarisation to
around 0 mV.

+ Phase 2 prolonged 4
plateau,

« Phase 3 moderately fast repolarisation to RMP.

+ Phase 4 is the RMP.

« Phase 0 - opening of voltage-gated Na® channels allows
Na® influx.

+ Phase 1 - due to closure of Na* channels and transient
K* efflux.

» Phase 2 - due to slower but prolonged opening of
voltage-gated Ca®* channels with Ca®* influx.

« Phase 3 - due to closure of Ca®* channels and opening of

various types of K* channels allowing K* efflux

» Phase 4 - RMP is due to membrane permeability at rest

being much higher for K* than for Na™.

Na influx (depol)
Ca influx (plateau)

K efflux (repol)




TOPIC: AP in Cardiac pacemalker cell + effect SNSPNS NUMBER:

OPENING Draw the action potential in a cardiac pacemaler cell, and COMMENTS
QUESTION | explain the ionic fluxes.
PGD""_IE' 1 Prepotential initially due to decrease in efflux K, then S";.E—EE.“E':I' Fazs -:.El.'
REQUIRED completed by influx Ca®™ through T channels gnrer.a m Bolded
vpe

2 AP due to influx Ca®" via L channels

3 Repolarisation due to efflux K, no plateau All ezzantzal
PROMPTS What electrolytes are rasponsible for each phase of the AP? Stress cardiac

pacemazker call

S[_CD:‘-D _ | How do sympathetic and parasympathetic stimulation change
QUESTION the prepotential?
POD'"_IE' 1 Moradrenaline binds to Beta 1 receptor and raizes cANP,
REQUIRED resulting m mereased opening of L channels and Ca™ influx.

Thus increaszed slope of prepotential and firing rate

2 ACh bmds to M2 receptor and decreaszes cAMP, resulting i

beth slowing of Ca chamnel opening and opening of special K

channels (counters decay of K efflux) leading to zreater fall m

prepotential Thus decreased slope of prepotendal and firing

rate
PROMPTS What doe: noradrenalize do? What deoes vagal stimmulation do”

TOPIC: Pacemaker potential NUMBER:
OPENING Deseribe the featurss of the action potential | PROMPTS COMMENTS
QUESTION | i cardiac pacemaker tissue _ _
POINTS 1 Prepotential initially due to decrease mn | Compare it to All essential
REQUIRED | jrwvard K movement then mward Ca® | vent nmscle

through T channels

2 Action potential due to imward Ca®”

through L channels

3 PBepolanization due to mward K

movement

4 Mo platean
SECOND | How do autonomic factors alter the slope of | What doss
QUESTION | e prepotential? noradrenalne

do?
gEI}{II;ED 1 Noradrenaline from sympathetic endmmgs
Q raises mtracellular cAMP

2 Facilitates openng of L channels

3 Increased Ca” influx

4 Increased heart rate

5 ACh acts viza mmscarinic receptors and G

protem to open K7 channels and decrease

rate

COMMENTS




differences betweena
cardiac myocyte AP and .
the pacemaker

TOPIC QUESTION | ESSENTIAL KNOWLEDGE NOTES
CQuestion Draw and explain the | Pass-fall
18 action potential in a Must have shape to pass and know ion fluxes (|effil + infCa
cardiac pacemaker c2il. T} InfCa L - Eff K)
1 Pre-potential initially due to decrease in efflux K, then
completed by influx Ca® through T channels
= 2 AP due to influx Ca** via L channels
3 Repolarisation due to efflux K, no plateau
PROMPTS: What slectrolytes are
responsible for each phase of the AP?
X 1. Resting membrane potential, , =90mY rapid depolarisation
Question voltage gated Na (overshoots)
1B Describe the major 2. Phzse 1 rapid repolarisation = closure of Na channels (inner

v outer gates)

3. Flateau phase 2 voltage gated Ca2+ channels open (slower
L type)

4. Phase 3 repolarisation Ca2+ ch close

5. Phase 4 due to various K+ efflux

Differences-

1) Na fast v Ca dependent,

2) automaticity due to rising prepotential (K+/ Ca+),

3) plateau phase,

4) > resting potentials

Pass-Fail: Meed correct shape + some knowledge of
different channels (partic Na v Ca), no automaticity (no-
prepotential, as no leaking K/ Ca) and plateau due to Ca ++ (
>ar inactive phase)

TOPILC: Pacemaker potental NUMEER:
OFENING | Describe the features of the action patential | PROMPTS COMMENTS
QUESTION | ip cardiar pacemaker fissus.
Pm?tsun 1 Prepotential initially due to decreese m B | Compare it o | AL essencal
REQ effin, then imerense in imward Ca® thoough | vent muscle
T channels.
2 Action potental due o ipward Ca* | Can you dnw
through L chammels. Na+ s fadry |27 [se zmph
npimpornant, unlike veniric myocytes. below]
3 FPepolanzation due to  ioward E°
maovemsnt
4 Mo platean
SECOND | How do autoneowic £actors alter the slope of | What does
QUESTION | e prepotental” i noradrenaline
do®
REQUIRED 1 Noradrepaline from sympathetic endimgs

raises imracallalar cAMP

2 Farilitates opening of L chapnels

3 Increased Ca™ influx

4 Increased heart rate

5 ACh acts via puscarmic recepbors and G
protein to open K chammels and decrease
rae




DETAILS
Diescribe the features of the action potential in cardiac pacemalier fissne. . esp
how it differs o ventricular muascle AP
NEB draw two grapis:
»  Fenmicular muscle AP Tz 3-8, B0
»  Pacemurkar AP vy grapk back of pd 2-1 = fiz 25-2, pi48

Wantrculas Myocyte

Acton Polenlial 24 Mode
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Remember the stages of ventricular AP:
depolarization

imirial rapid repolarizston

plasean

lzte Tapad repolansation

baselina

Bo Lbd B e £

Overview:
+  SAWN has grestest capactry for self-excication [dub!]
= The kev is that the cell membrane is inberently bealsy to Ma+, & the fast Na
channels don’t worle, unlike the veniricnlar mmscle cells. Who cares? Well .
= The constant 1Ma mflow is slways rending 1o depolarize the call-
thet’s winy phase 4 is up-slopmz
= The phases of the AP are due to slow Ma+ and Cz++ charmels only
[& E+ too of course], rather than fast WNa+ channels fwdich don't
work at -35m\]
= This smoods out the curve because overall s+ bas linde effect on
the AP

With that in mind, the ley features are:

= restog pofental is -35 o <60 mW [cof -90] [note the different y-anas]

+ ironically, phase 0 [depolarizanion] s slower, becanse fast Na channels don's
work [blocked be the cell rembrane s parthy repolaised ar -55]

+ phases 1 & 2 don'thappen



+ repolarisation [phase 3 here] is not due o Ma channels closumng bus voltage-
zated E channels opening & K+ floods out

+  When these K channels closa, depolanzation stars again.

*  Phase 4 is up-sloping a5 noted

The gory details:

1. there ara I tyvpas of Cx— channel:

a. When T-channsls [mransient] open, they canse phase 4 to be an up-
slopingz ‘prapotendal’
b, When L-channels [long-lasting] open, e depolarizaton begins,

2. Depolarisadon [Phaze 0] due to imward Ca™ through L channels, and the
oageing mward Ma+ dioft

3. Fepolsnzatnon due o mward K movement

a. Phase 1 [miriz] rapid repolarisatgon] doesn’t happen [ no fast Ma+
channels to close]

b. Phase 2 [platezn phasa doe to Ca— channels] practcally doesn’t azour

. Phase 3 [late rapid repolariszton] sdll ocoars.

4. Phase 4 [baseline] is upward sloping because it's so excitble duar it stams
eraduzlly depolarizing again sbmost nuvediztely. As noted above, bast fo call
phase 4 the prepotgrntial. Irs upward slope is doe 1o 2 things:

a. The repolarising F-channels close, so decrease in outward ' movement
b. then inward Ca®* flow trongh T channels

How do awtonomic factors alter the slope of the prepotential” [fig 28-3, p548]
+  Moradrenaline from syropathenc endings raises the slope
o raises ivracellular cANE
o this facilitates opening of L channels, apd Ca++ enters more rapidly
o end result THE
*  ACh decreases the slope
o 8CTS VA Dmscarmic receptons and G protein
o this opens ' channels & more E floods our, prolonzing the basaline

o |HRE
Nerve action Diraw a nerve action potential, Resting membrane potential (-70mV); firing
potential potential (-35mV); depolarises to positive level

What are the ion fluxes that occur during
an action potential 7

{+35mV) (Concept, not exact figures)

Fast sodium influx; slow potassium efflux




