Nonpolar, aliphatic R s
_ ic It groups Aromatic R groups
(IZOO C|IOO CcOO0 COO- Co0-
+ 1 f CO‘O_
HN—C—H HN—C—H HN—G—H .| . :
] I | H;N—C—H H;N—C—H H;N—C—H
H CH; CH I = I
Cﬁ \CH CH, CH, (IJH2
3 3
Glycine Alanine Valine s
Co0 Co0" 00" g
L] ] . Ot \ /
H3N—(I'J-—H H;N—C—H H;N—C—H '
?Hz (:31{2 H— (IJ_ CH, Phenylalanine Tyrosine Tryptophan
/C{'I CH, CH,
cf1, “CH, é (l;‘H Positively charged R groups
(|} H . (I:oo— C00™~ (IJoo—
8 | ) '
H,;N—C—H {.N—C— JN—C—
Leucine Methionine Isoleucine Vit HaN Cl £ Ha (IJ H
2 |EB B
CH CH C—NH
Polar, uncharged R groups (III-: (|3H2' “ \CH
CoO CO0" coo : [ G—N
U | b I I I CHZ NH H
H3N—C_‘H H-gN_C—H H;}N‘_C_H I I +
é | | *NH; C=NH,
H,OH H—?—OH ?Hg I|\TH
2
CHg SH Lysine Arginine Histidine
Serine Threonine Cysleine
Negatively charged R groups
000 oo ~ ¢oo CO0~ CO0~
v HN—C—H HN—C—H . |
H 21?' ?H 2 ?H2 Cl:Hz HsN— (lj —H H3N——(|}‘—H
H,C—CH, £ (sz CH, CHy
HN O C | B |
NG o cOO (|3H2
Prolinc Asparagine Glutamine cOO™
Aspartate Glutamate
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11,105 Highar Furencng of ghy Moo §

In nor followed By L, It soon eeases 1o elicir
he nesponse, This phenomenon s known as
Extinction or Internal Inkibition
i) 1f the animal is disturbed by an externl
stimulus immedizeely atter the €8 w oapphed,
thie condmoned FESP=0nse moy ool oocur Thi
is colled External Inhibition.
Thus the process of followmg up o CS with the basic
% s ermed rednforcemment.
&, Conditioned reflexes are difficult @ form i the
L'S proves o plene siihilr fespoennsy since the malar
responses are also under voluntary contral.
7. Condmoned reflexes ure relavuvely casily Tormed if the
U'S is associated with a pleasant or unpleasant effect.
tlere a repegred stmmulus produces a greatey rospeonae,
a form of sedsitization (page #9231 For example,
(1) Sumulauon of the brain rewand svsterm
porwerful L8 this s called MYoasint or positive
refrforcerment; and

(i) Somulation of the ovoidipg svstem or o painful
shwowk 1o the skin iy culled renplagsant or negative
revnforcerrnient

B, Operant Conditioning. (penal Means 1o operate

o the envirrmeny This s a firm of condinoning in
which o naruraily sceuring response 1s strengthenad
by posioive remforcement (reward) or weakened
by negative remforcement [ponsiumeni), This s o
clussicd example of simple Torm ol enrming based on
phenomenon of serrizarfen and hafitiaren {page
592y, Experimenially. the arimal s wwght wo perform
some sk o order o obtoun a reward or uvod
punshmene. The L% is the pleasant or unpleasant
event, and the G5 i a light or any signal that alers
the ammal o porlorm e ek
Condifoned motor responses that permmit an animal
to avoud an unplensant event are called Canditroned
Avoidance Reflexes. or exumple, an animal is
taught thar by pressing o bur @ con prevent an
clectnie shock tw the feet, Reflexes ot thus tvpe are
used mainly in tesung tranguilizers and other drugs
that affect behaviour,

- . Important Note
An aleoholic can be made 1o develop a strong
aversion 1o alcohol if it is coupled to a diug that
produces severe nausea or iliness (Food Aversion

Conditionirg).

9. Disvriminate Conditioning, When o condiioned
reflex is first established, it can be produced not
only hy the (5 but also by sirmilir stimule, However,
if only one purtcular €5 remnforced and the

similor samuli are not, the animal can be wught

0 dilcrimuinne betwieen def¥erenn signaby with Bicat

becursey. This phenomenon iy endled PO s
- D : 1

Coorditiming. ' "

Biochemicel Basis af Conditioned Reflex
The bivchemicul event, involved Wi AYTIEDE Tlastieit
¥ ¥

(habiuation, seositizatg, PosT-ToTUING poleniution apd
long-term potentiation) are described on e 91

In condiboned reflex. the uncondinoned srimuliin
(LiS) acts presynapucally on the crubings of reurons
activated by the condinoned sumulis (CS). This leaves
free 30" 0 the vell resulung n long-tarm change in
the adenylare cyclase molecule, therefore, when this
enzvme Is detivated by the C5, more cAMP w produced
This in wm closes K* channels and prolongs action
peentals,

FPirvsrological Basis of Conditioned Reffexes

O of the exsential features of a conditioned reflex s the
forrmation of i new (unetons] connecoon in the nervouE
system. This may be caused by speafic neree gronth
fuctory relessed from the sumuluied cells. For example,
by fiefor elassecad experpments, salivalion o response (o
n bell rging indicates that o lunclional connection
Fas developed Berween the auditory pathways and the
autonone centers controbling salivaoon,

Site of formanon of functional conwnections
The site of Tormuinon of new connecaon in the nervous
EYSLeMmE ooours al fwo levels:

1. mmacorucal level (menly), and

2. subcorneal level

Entdences

() Conditioned  reflexes can be built up with
difficulty in decorncare animals.

(i} When the C8 is o complex sepsory stumulus, the
corficd rensory area for the sensory modality
invedbved must be present.

() Non-discnminative  condimoned retlexes (o
simple sensory sumuli can be formed in the
absence of the whole neocertex. This indicates
that new funictional connections can be lermed
at sub-cortical lesels,

p—

Important Note 0 )
The phenomenon resembling learning occurs at
subcortical and spinal levels (synaptic plasticity - page
891); whereas more advanced type of learning, such
as discnminating conditioning, are largely cortical

henomenon.
B a i

Chinical significance
1. By means of discriminative conditionimg, dogs cun

8
-

w way A RT R
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| ' iih betwe et Pt
s Eﬂ@&ﬁiﬁﬂﬁﬁm smriells and other s
sounds, _

- rgcmicm ic, visceral and other neural
L Al number of somatic, A :
| | n be made to occur as condinonecd 1e ex
| changes cu d d refl
| T i:r

: s
¢ conditioning of visceral rca::.::: =
e culled Th edback. Ihe changes ll“li!l1 e |
= :i:i:d}f:.{ﬁm alteration in bowel gnﬂu: :mﬂnc,d
ﬁ;u" o B has e P"“—'““":’-w treatment of
decrease in BP has been used for

hypertension. = vith mental
3 'T'l:f:: words like Hare Rama arc associated v

" . HONS
calmness, bliss and purity and m_ m:altffu‘;rief;
disappear, Fare, i.e. Haran means remr_-“: o
Rama i.e. atraction. (He also remn‘:tﬂthg o
supreme attractor, the god.) Therefore, the o
Hare Rama are the CS for control of rage (pag
1072) (which is normally not easy to control).

I

Intercortical Transfer of Learning

L IFanimals (catsfmonkeys) arc conditioned to respond
W a visual stimulus with one eye covered and then
tested with the blind fold transferred to the other
Y€, it performs the conditioned response, This is
trie even if the opiic chiasma has beep cut, making
the visug| Input from cach eve 10 g0 only to the
ipsilatery] tortex. However, if in addition,
and posterior commissureg
Are sectioned (Split Brain

of learning occurs. This demonstrages that the neural

coding necessary for Ienrning and Memory hag been
transferred somehow to the

commissures,
2. Similar results are s¢cn i

anterior
and corpys callosum
Animal), no transfer

OPposite cortey via the
N humans ip whom either
corpus callosum js congenitally abseny Or it has been

Ontro| Cpileptic S€izureg
(fits).

(Also refer to Page 925 for cortical p!mzicfry)
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Uy X1+ T Murvosss Syrstem :
| (i) Dvep for tenidom? mffexes: knee ond hiceps jerk (%] must begin tis operate hrfmﬂw unm-uﬂw :
 {pegr 904}, and retnehis (USY 1 applied. 1T the O Jallowa the L_"i.}’
r (B} Orgurne  reflerer:  degluntom Gwallowang), o comditionad response develips
defecution, sucking, grosping end micturition 3. The ©8 must be alluswed 1o mmflﬂlﬂ-‘ 10 0T %5 gy |
rellex, to vverlup the U5 Almost any simubus. if suiably |
emmphrved. may become a CN [
The Acqulred or Conditioned Reflex 4. The conditianed rexponse follows CX by the timg
Feoturca the imtervul that separuted the CS and 1S during
oIt is a reflex respomse to a sumulus thue did ot raininig. T he delay betwesn stimulus I-In:.l_ FER PO e
previousky pridiuce the response; however, it can may be ax lung as 90 sces. When the e mnterva) gy
b dn-ulupﬂl '.r'.ll.‘ql.ll'!'ltl:lfl- Iy l"':]"".'n'ltdj}' Jrtiring the more than Y secs, the respaomas s called os MW
stimuilus with ancther stirmshsy thi normally does Canditioned Raflex.
produce the response. 5. Necessity for Reinforcermsnt . .
2. s, therefore, pecadiar o the individual and refers For u €8 o rern s new [ropertics, it is sssennal thy
to the fact thar cermain condinons must be present it should atways be followed by the UN. Therefore,
tf this class of response is 1o develop, (1} If the €N % carried our several nmes alane apyg
3. Ivdepends for its appearunce on the formation of ——
new functional connections in the NS, Belore condilloning

Example: Pavlov's classlen) dog experiment |
(Fag. 11110841,

() The inroduction of tood (enconditioned — Respiornse

stimulng) e e mouth  ses up  reflex | Sallvabim
salivarion m a dog. This is called uncondittoned Uncanilitloned Uncendiluisd

A, o [imualus responee
g o g v |

(i) Applicanon of a seneral stimulus like ringing of fefare conditioning
a bell alone produces me =alivition

(i) Application of ninging of a bell just before the ‘

uncondiioned stimulus {the taking of foeod)
produces salivatien. I this procedure 15 repeated
several imes. the nnzing of a bell alone produces
salivauon. Therefore, the fnitfof peutma) sumutus |
finully develops {acquires) fresh properties | e.
pew connecuons i the CNS and can now by
itself produce salivation
[n thix example. the fow of saliva in response to
ringing of the bell (conditioned stimudus) is referrad
1o as conditioned reflex.

Moy salivatsn

Neutral stimulus Mo conditianed
reypone

Before conditinning

e ]
+ @ Response

Mechanism of Development of Conditioned
Reflex

The conditioned reflexes are always built up primarily on U"de
the basis of fnbors refleves. Habitudtion and sensitization

(poge 921 are simple form of learning in which the
organism learns about a single stumulus. A classic |
example of such type of learning 1s a conditioned reflex, |

Salwation |

After conditinni ng

In more complex form of learning, the organism learns P —
about the relition of one sumulus to another by means SApa
of ‘synapuc plasticity” in the brain (page 891). = 5 Sallvatten
Factors which influence conditioned reffex to o, .
develop are: cﬂ:::?::d n::f;::::d
- The animal must be alert and in good health, Fig. 11.105.4 Paviov's classical
2. For conditioning to occur, the conditioned stimulus - =i il

1071
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ads 10 formation of current sink (Fig. 822y and
arpes rom the adjacen parts af the muscle membrane,

ie.. sare A,

IIr., Sarcolemma. Therelore the NP m the adjacem sarcolemma
vecreases and when the firing potential is reached. it fires.
Thus, an AP i« formed |

_ in the muscle membrane and then ravels
i all direction, (Ap in the molor nerve ending—Ca®
cplr:.'—xcm-:}-:miﬂ of Ach—attachment with the receplors—
Na entry —=EPP— AP in the sarcolemma,)

The arrangement is such that a nerve impulse leads 1o
n:I:I:_a!-rc of a specific quantity of Ach which combines with
sufficient number of receptors and leads 1o development of
an EPP which can form AP in the muscle membrane

The foldings in the el Plate are essential for transmssion as these
help the Ach @ act on 2 wide surface and 10 combine with large number
of receptors. A given amount of Ach if injected by micrapipette 1n one
place on the end plate, fails 10 stimulate the muscle, as suflicient
feceprars are not involved. Bui the same amount of Ach, when applied
by a brush over a wider area of the epnd plate, can stimulate the muscle.

= .
|

released

rp
EPP E

Muscle

Flg. 5.22,

Neuromuscular fransmission,

IT the amount of Ach released is less. the EPP developed
dies locally and the muscle is not stimulated. One such EPP is
called miniature end plate potential (MEPP) which develops
normally in the motor end plate even in absence of nerve
impulse. This is due to spontaneous release of small quantities
of Ach (quantal release, quantum = smallest unit of energy)}
from the nerve ending. The Ach released in the junction is
quickly destroyed afier its action is over by the enzyme
cholinesterase present locally and the receptors are kepl free
for combination with the Ach released in subsequent
transmission.

Factors affecting Transmission

The faciors which affect the neuramuscular transmission
act ot three levels, These are :
{1} the release of Ach,
{ii) destruction of Ach {i.e., on cholinesterase), and
(1i1) the Ach receplors.

Release of Ach

Belease of Ach should be sufficient. If the amount is less there will be
no muscle contraction. Su:nm.‘lliunl may occur ir ﬂlnnthcr amount !,
released while the Ach released previously is still active. Ach release is

DRSS —— — ——————

prevented by hotulinum tovin dthe tovin produced by the bacteria,
clostodorm hotolinum invalved m Tond poisomng) which may lead 1o
sloppage of neuromuscular fransomssion and even Jdeatl

Destruction ol Ach

Narrrally Ach released at the gunction is destroyed by the enzyme
cholinesterase 11 thas does not occur, Ach accumulates and keeps the
channels continuwsly apen. Ir resulis in o continuous depolarisation,
=0, subiequent transmissions cannol occur and depolarisation Wock
results

This type of block of transmission is caused by ngents jike
physostigmine, neastigmine, cie. Organophosphorus compeunds Jike
dyflos, parathian, etc . act in the same way but unlike the former group
these apents cause permanent inactivation ol the ensyme Jind |1'|l1n1,1:¢|],
death. Some compounds like carbachol, hethanichol, methacholipe,
etc, behuve as Ach but these are destroyed very slowly. So, these
compounds cause a persistent depolarisption, All these compounds,
which cause depolarising block, lead o an initial sirong muscle
contraction fconvulsion) and then paralysis,

Ach receplor

As stited above, for normal transmission to oecur, sufficient numhber
of receptors are needed. These rece ptors are decreased in myasthenia
gravis, a crippling discase of muscle, This disease oecurs due 10
formation of antibodies dgamst micalimie Ach receptors in the
neuromuscular junction and subsequent destruction of these Ach
receplors. So. neuromuscular transmission fails 1o ocgur; as a resmli,
muscle contraction and thus the ability for movement is severely
jeopardised. ’

Lambert-Eaton syndrome 1 11 is a disense characterised by muscle
weakness due 1o less Ach release from the motor nerve ending. Iy
oceurs due to less Co®* entry due to antibodies against same Ca*"channels
present here.

Some chemicals also lead to 5 decrease in the number of the effective
feceptors. These compounds have structural similarity with Aeh and
combine with the receptors but without depalarisation of the musele,
As the receplors are blocked, Ach canno combine, so there is no
transmissian. The o-bupgarotoxin present in snake venom tcobra group)
acts in this way and leads ta death, The famous arrow-head poison
curare, once used by the natives of South America acts by blocking the
Ach receptors in neuromuscular junction. Gallamine a synthetic drug
also acts like curare.,

Applied Physiology

Different chemicals as discussed above are used in treatment and also
used in other causes (nerve gas, pesticides), The curare denivatives (the
active vompound of curare is called d-tubocuraring) are used as muscle
relaxants. Prostigniine, neostigmine, ete.. are used in the treatment of
snake bite, myasthenia gravis, etc.. i.e., in discases where either the
receptors are blocked or are decreased in number. These agents help
Ach to accumulate and 1o act through whatever amount of receptors is
avuilable.

Agents influencing neuromuscular transmission

(1) Which interfere Ach symhesis
Hemicholinium, triethylcholine.
(2) Which interfere relense of Ach :
Botulinum 1oxin, streptomycin.
(1) Which interfere the action of Ach :
(n} Recepror blockers : Tubocurarine, gallamine.
{b) Receptor stimulators ; Decamethonium, suxamethonium,
{4} Which interfere cholinesterase actviy ¢
(a) Edrophomum _ :I_ Reversibly
(b)  Neostigmineg, physostigmine.
(c) Dyflos, parathion : Irreversibly,
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| NEUROMUSCULAR PHYSION 00y 167
Description

he somatic motor nerye which is poi
muscle breaks Y ERIng Lo supply noskeletal
(Fig. 5.21 \‘ E U nte several branches (axon terminals)
““h;:-[-:-. 4 I Each terminal supphies one muscle fibre. The end
!.;m,h,k ITnIuLII is hu.-ntlcn ke wbulh tterminal button/synaptic
N which s o o 11;']'!“'\.\]11" on the mitscle cell The
sSynaphic knobs contain acetyleholine (Ach

. | storet o [
vexicls red an clear

The relate i . -
(sarcolemma) is lhiu!kl:':]:?d -1:::1 Iiui.f'l Il'*hlL i "l'-'l"'”-'l_fw
i s m-l.‘ . .L.I ed motor endd pl:lith which

! 1w motor end plate is folded to
form the junctional folds (Fig. 5.2118). This folding increases
the area of the motor end plate, so that it can necommodate
sufficient number of Ach receptors tligand-gated channels)
for the transmission of the impulse. The space inside the
Junction, in between the nerve membrane and muscle membrane
is called neuromuscular cleft or synaptic cleft.

Axon terminal
Axon .

[
L}

Terminal button =

,+— Terminal button
o Vesicle ||

& C
=== Nerve membrane
P

© /7~ Molor endplate

e (Muscle membrane)

Fig. 5.21A. Axon terminals  with bt
B. Myoneural junction.

Transmission

[ avels erve up 1o its
When a nerve impulse lr.w::lz: down the mm:::r n'm“h %ﬁq =
endings, there is Ca®™ entry into the synaplic s i,
i f voltage-gated Ca™ channels by the AF.
because of opening of vollage-g: e < WRvough
This Ca?* leads to exocytosis of the ve! . sh
; vin< in the vesicular membrane as
involvement of several proteins in ! o
well as in the cell membrane and release @ Ach in ks
vnaptic cleft (Fig. 5.22). Ach molecules then cross e
b}naplic cleft within i millisccond or so and attach to the Ach
s .:Pmrs on the motor end plate. This comhination leads 1;.1
o I-Jin of channels in the centre ol each receplor lh_muE]
OILE'I:I: IE\!Ju‘ enters into the muscle cell. All smaller mn[.\ like .
r - L - - B Iy - ' \
“J ! also pass through but eniry of Na*is quu.l»l.e:]II; u:.ilr:qide
ij“] ¢ inward gradiental RMP. (It may be n.-cullc: :\;u- “.MH
i s Na'e s
hig ‘L: cell is negative and has very luw_lh.: . T s T;"-.; e
of fhe lectrical and concentrafion gradient. s N
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jecules and Catalysis
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Figure 1.15 The hydrogen bonding arrangement In the a-helix.

for aminao acids near the ends of an a-helix, all the main-chain CO and NH groups are hydrogen
:ains of amino acids extend outward from the helix, All H bonds lie parallel to the helix axis anc
direction.

5 can be formed from either D- or L-amino acids, but a given hellx must be composed entirely of
configuration. The a-helix cannot be formed from a mixed copolymer of D- and L-amino acids. L
rm either right or left handed o-helices.
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rel.15 _ (2) Describing the geometry of a-hefix. The helix structure is defined by: the pitch
g the axis between success J

turn is equal to plAZ.
The right handeq -

P (the
ive turns), the radius, r, and the rise per residue, AZ, The number of

The angular difference between successive residues, ap=360
helix. A complete turn of the helix contains an average of 3.6 aminoacyl

the distance it r
It rises per tyrp (j
. ts
toutward (ot shown 4 (its pitch) Is 0.54 nm, The R groups of each aminoacy! residue jn :
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_ﬂ_"le repolarization process, leading to full recovery of the
‘resting membrane potential within another few 10,000ths
of a second.

Research Method for Measuring the Effect of Voltage
on Opening and Closing of the Voltage-Gated
Channels—the “Voltage Clamp”
The original research that led to quantitative umliersta_nd-
ing of the sodium and potassium channels was so Ingenious
that it led to Nobel Prizes for the scientists respgnable.
Hodgkin and Huxley. Figure 9-3 shows an experimental
apparatus called a voltage clamip, which is used to measure
flow of ions through the different channel
are inserted into the nerve fi
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Figure 9-3 “Voltage clamp” method for study :
through specific channels. or studying flow of ions

equal to but of oppasite polarity to the net current flow
thl.'(}llgh the membrane channels, To measure how much
current flow is occurring at each instance, the current
electrode is connected to an oscilloscope that records the
current flow, as demonstrated on the screen of the oscil-
loscope in Figure 9-3. Finally, the investigator adjusts the
concentrations of the ions to other than normal levels both
inside and outside the nerve fiber and repeats the study.
This can be done easily when using large nerve fibers
removed from some invertebrates, especially the giant
squid axon, which in some cases is as large as 1 millimeter
in diameter. Y
Another means for studying the flgw of ions through an
individual type of channel is to block 8ne type of channel al
4 time. For instance, the sodium channels can be blocked
by a toxin called tetrodotoxin by applying it to the outside
of the cell membrane where the sodium activation gates are
located, Conversely, tetraethylammanium ion blocks the
potassium channels when it is applied to the interior of the

nerve fiber.
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these two gates in the normal resting membrane when the
membrane potential is —90 millivolts. In this state, the acti-
vation gate is closed, which prevents any entry of sodium
ions to the interior of the fiber through these sodium

channels.

Activation of the Sodium Channel

When the membrane potential becomes less negative
than during the resting state, rising from -90 millivolts
toward zero, it finally reaches a voltage—usually some-
where between -70 and -50 millivolts—that causes a sud-
den conformational change in the activation gate, flippin

it all the way to the open position. This is called the m::t'E
vated state; during this state, sodiurm ions can pour in Ti
through the channel, increasing the sodi i

it ium permeability of

as much as from 500- to 5000-fold.
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A Positive-Feedback Cycle Opens the Sodium
Channels. First, as long as the membrane of the nerve

fiber remains undisturbed, no action potential oceurs in
the normal nerve. However if any event causes enough
initial rise in the membrane potential from -90 millivolts
toward the zero level, the rising voltage itself causes many
voltage-gated sodium channels to begin opening. This
allows rapid inflow of sodium ions, which causes a fuir-
ther rise in the membrane potential, thus opening still
more voltage-gated sodium channels and allowing more
streaming of sodium ions to the interior of the fiber. This
process is a positive-feedback cycle that, once the feed-
' b;ck is strong enough, continues until all the voltage-gated
mdt;ltjinm channels have become activated (opened). Then,
:irane zr;:tl;lzli fraction of a millisecond, the rising mem-
potential causes closure of the sodium channels and
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Action Potential of the Nerve

Learning Objectives

Draw and label a typical nerve action potential

Describe the ionic basis of each of the phases.

List the differences between the action potential an

a local potential.

= Define refractory perio
absolute and relative refractory period

NN

d and differentiate between

Nerve signals are transmitted by action .r.eom;u.-:fs. which
i notential that spread

are rapid changes in the mer
- ne. Eachaction poten-

from the normal resting

negative membrane potential to 2 positive potential and
then ends with an almost equally rapid change back to the
the nerve action poten-

negative potential. The duratio

tial as indicated in Figure 9-11s 03 millisecond. To conduct
a nerve signal, the action potential moves along the nerve
fiber until it comes to the fiber’s end.

The upper panel of Figure 9.1 shows the changes that
occur at the membrane during the action potential, with
transfer of positive charges to the interior of the fiber at
t onset and return of positive charges to the exterior at
its end. The lower panel shows graphically the succes
sive changes in membrane potential over 2 few 10,000ths
of a second, illustrating the explosive onset of the action
potential and the almost equally rapid recovery.

The successive Stages of the action potential are as

follows.

Resting Stage. This 1S the resting membrane potential
pefore the action potential begins. The membrane is said
to be 'pﬂlari:ed" during this stage because of the -90 mil-
livolts negative membrane potential that is present.

rization Stage. At this time, the membrane sud-

denly becomes permeable to sodium ions, allowing tremen-
dous numbers of positively charged sodium ions to diffuse
to the interior of the axon. The normal “polarized” state of
_gg millivolts is immediately neutralized by the inflowing
jtively charged sodium ions, with the pmentiaj rising
rapidly in the positive direction. This is called depolariza-
tion. In large nerve fibers, the great excess of positive sodium

-

tial begins with a sudden chang

Glossary of Terms
Depolarization A change

Repolarization The process
Hyperpulama‘ti

Threshold stimulus

Action potential

P
in the resting membrane
amg.vhofﬂ'veiﬁﬂw.n‘f posi-

potential toward 2ero as
tive ions into the cell.
by which the cell mem-

brane potential is returned 10 its resting state after

excitation.
on &mbrwwmid:hatiswen

more negative than the potential at rest {in an unex-

cited state).

The electrical response of the mem-
brane to 3 threshold of greater than threshold

stimulus.
Local response (potential) The potential that is devel-
oped at the cell membrane in fesponse 10 3 sub-

threshold stimulus. o
Absolute refractory. period The perigd during the action
potential where the nerve cannof respond 102 sec-
ond stimulus, no matter Row strong it .
relative refractory period The period during the action
potential where the nerve can.respond o 3 S&C
ond stimulus, provided it is greater than threshold

strength.

causes the membrane potential to
actually “overshoot” beyond the zero level and to become
smaller fibers, as well as In

somewhat positive. In some
many central nervous system neurons, the potential merely
approaches the zero level and does not overshoot to the

positive state.

ions moving to the inside

Within a few 10,000ths of 2 sec
e becomes highly permeable fo
channels begin to close and the
potassium channels open more than normal. Then, rapid
diffusion of potassium ions 10 the exterior re-establishes

the normal negative resting membrane potential. This i

called repolarization of the membrane.
To explain more fully the factors that cause both depo-

larization and repolarization, we will describe the special

Repolarization Stage.
ond after the membran
sodium ions, the sodinm



Table 9.2
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cefractory period is further divided intoan absolute refrac-
elative refractory period. The difference

the explosive devel-
s highlighted in Table 9.2,

el of ~65 millivolts is tory period and a ¢

to about —65 millivolts usually causes
between these two L

oj:!ment of an action potential. This lev
gaid to be the threshold for stimulation.
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