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Rodelling of biologlosl aystems help in getting & olear
and consistent pioture of ite working and various processes, IS
san be used %0 verify sxperimentally knowa relstionships and to
establish nev relationships. The models are similar in function
buk different {1 structure from the original biologicol mystems.

In most of the csces $he modeds sre pradictive and it is
possible to ddduce some some oharscteristics of the qafﬂ. Hodel
also suggests $he connssaints existing iz the system beins
modelled. 'I‘l;uu the model reavesls, aompudas, extrapolates and
prediots the dew facls whioh sccelerates the proosws of learning
about the sotual nervous ayeten. | |

o Nodels could be of warious types m a8 Mathemstiocal;
cheatoal, electrioal, elecironica eto. (1} _Eim type of
#0delling Sechniques has some advantages and dissdventages and
their selection depends upon requirements and objoctives.
Blological aystems ususlly require complex eguations for
”bnununau io mathematical format. Chemical nodels require
large space, sore cust and also are mot gonvenient in varying
i1ts parameters for cbserving their offects on overall eysteas
or a mt'or the system. The electrioal/eleotronic models are
small in sise, less costly end convenient in handlings Any
type of nonlinearity can be included with monl,bh. socauraay .

00‘020#0
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Interest in the olimioal application of peripheral and
coniral electrisal stimulation of nerves h groving rapidly.
Thousands of pstients are now delng trested for chronie painm.

Using doth superfioial end inplanted aleotrode Glesn (4)
bave developed 0n elegtropnremic respizator whiob heve been
inplanted in nearly thousands of the patients with inadequate or
00 respiratory functiom. Waters have reported (5) on a series of
stroke viotims An whioh paralysed nusoles of the leg are sotivated
sleatrically during asbulation to fuprove welking. Experimental
work 4s usder vay (5) o develop neurcelestric prosthesss for
the desf and Drinde Ao these clinical efforts muldiply, it becomes
faperative that an elestirionl model of nerve ayatem is mneds svailable
$0 provide an analytiosl and experimental foundation for the study
of electrical eignsl propsgation snd nerve sxohtation,

Naxy physicad ultuin are linked o nerve tystesm and
therefore many attempis have been made to model the nerve
characterstias from last two centuries, (2) Keural hﬂu
modalling may be expected to exert incressing infiusnce on the

sourse of neurophysiological rosenrch.

The selection of parameters in nsural wodeliling has two
distinot philosophies. _
(a) A vexy lagge number of neural properties of sctusl Deuron
are reprodueed with high acquracies,
L)) A more reatrioted set of properties in wed Bt the
| reatriotions bave besn made 04 the Masis of a priori sed
of assumptions vith regard to the significant one,
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Hodela of first typs are more ooaplete Yus more diffisult
t0 realise and are more ¢ostlys Nodels of setond type are wre
smensble to analysis but are in great danger of important omaissions.

Oose & model ¢f meura) aysten has been realised, there are
three types of sotions which are %0 be taken, The first, which is
sandstory consists of prelimisary validstion by testing mrn' |
nodels performance with actusl physiological behvariour of the
neural system, GSudoesmive refinements of the model may then lend
$0 convergence $0 an acdurate and revealing sbstraction. Second,

- after the validity ie tentatively established At could be sthempted
to dimcover new propertiesof the model, f.e+ the operations not
_explicitly considered in the original design. Although such

| disgovered propertias are implivit owing to the choice of
parameters of the cireuit, it fe likely that all of them will
have been forssesn. Another vse of $ha model is tat 4% oan test
hypothesis and exploze $hen direct physiodogical measurement on
the aotusl nearone |

1ot ORGASLSAZION. OF PRESENR RORK¢w mé work deals with
anslysis and mmnna of aotual neural eystem for its fmportaat
electrioal charsoterstios. An electronic model of neuron with a
local fead Dack has been developed whioh hae capacity to show
squivalent elestrical properiies.

The second chapter deals with the disoussion on
asatonioal and physiological aspects of she nsurons It deals

seodocs
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‘She amslysis of the nerve sell or neurom which &8 the basic
functienal unid of tBhe neyvous system. Anatomy of neuren is
folloved by the analysis ¢f the prosesses ccouring inside

this uait, ALl She important electrical characterstics of the
BOUXCAS are analysed and dt-_aunea whioh form the bastis for the
developuent of the nouron model,

The third ohspter presents uptodate review of the
existing models of the meurs) system and the researoh work in
thies field.

The fourth chapter deals with & tev m&ql of the neuron
with & local feed back which kas been developed by the another.
The improvement in this wodel over existing acdels are slso given,
The model le construched and tested for all the faportant elsetrical
characterstic of t!xé neuron. The model i tested for stesdy state

snd transient conditions.

The £ifth shapter suumerises geteral conclusions adous
the exisiing modelsm and als¢ about the new model. Some suggestions
sre al3o given for the further work in this field,
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The nerveus system of multicellular organisn s typicslly
composed of neurons or nerve cells [2). w«mm 18 an elementary
undt of tervous system which serves to sense and transsit the
Anformation $n an eledtrical form from qentral nervous systes to
different parts of the dody and ﬂwvmm Shose W bDe arranged
in s sinple or in complex arrays. When » partioular part of dody
is exotted the infornation is carried in either direction with
sharsoteristic veloaity [1, 4} ®efe if s timor is suddenly expossd
to thermal shook, the information reaches to the brain through
the neural netuork and resotion of the brain fo Sransuitted busk
through the neurons ﬁ» thn finger nusclas for furtber necensssry
sotton (eay to remove the finger frou the wource of heat). Zhere
s mothing Snherrent 4n newrons which governe the direction of
informstion An 1&; thet §8, the saRe BAUroD vork &5 AeBS0IY As

vell as wotoneuron [1]e

The tuformation fiow is essendially an electrical
phencnenca as has besn evidenced by sxperimentel faote (2]« Theve

10

are some 10 aeurons lé] in the human Central Nervous Systes

(CNS) eonatetimg of drain and apinal corde

'!0600’
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The Ceatral Zervous D,ntvu. s most fmportant part of the
buman trausmission eystem. It sonsists of the following perts {34):-

1+ Kerve oells

2. G)ial celle

3+ Dloed vaouels

4¢ Cerabraspinal flutd

242 AEATONE_OF BEURORSs

She busan Central Nervous System contains o complicated
uetwork of perhaps ten dilllon hishly spectaliscd cells calied
DEUTORS, OF noﬂi ealls [2)e Although no two neurona have
sxactly the same ptructure; fortuntely they do share gertain
features [2] that are significsnt for the neurophsfologist. Like
other eells, the ﬁmm is supported By & thin membrane (the
plesna meabranse) and has a ocell body er squivalent some. Projeoting
from the soms imr & number of extenaions of $he cell kuown as the

dendrites and the axons Figure 2.1 shows $he important parts of
| the cell. Uenerally » single axon arises from the soma, but, as
shown itu the figure, this axon may give off side branches and
charsctertatioally divide into s nusber of smaller brauches, Just
" Defore terminating. BSeversl dendrites arise from the cell body
and then branch again and sgein to fors a complicated tree like
structure knovn as the dendritic tree. 2wo neurous are iater-
connsdted through o Retishaw Cell, The dimensions of a neuron
vary greatly from one to the next., UGenerally the oell Wody is
roughly 30 mioron aoross (1 sioron = 10"6 neter), and dendrite

LR ] .7.-"



s0 such so that the somatio and dendritio menbranes ave iiterally
enorusted with eynsptic endings {[2), on the other hand, a sysapse
botuean two agins ig less frequently cbserved [2) although sueh
AXO-axonal synapses 3o osour,

The synspoe is of such central imporbange thet it will de
uaeful to have a svre detailed picture of structural festures
shared by the more common types of synapse., Figurs 2.2 shows
s schematioc ¢roes seotion through s segment ot dendrites and seversl
of the numerous axon Lerminala which make dontact with the
dendrites. A narrow space about 200 %o 300%A wide (1°A=13'C meter
or 1514 storon) {3, 4) separates ihe presynsptic ssabrane (the
axon terminsl sdjeacht %o the dendrites) from the postesynapio
menbrane {dendritic part of ihe synapse)j ¥uis apadce is known as
the aymsptic oleft. On the presynsptic side are found a number
of mitochondxdia, indicating that the region is nﬁtﬁnltui&y
actives Al%hough mitochondria are found 4n celle of all types,
thers is & conmpiouous structrs which is sharscteristio of
syapses, the symsptic Yesssl. GSynaptic vehhel a0 seen with
the electron mioroscope are olroular in exoss section, 300 to
600°A in diemeter, and are nesrly siwaya found ia nuaders
sdjaeent to the presyusptic membrane,

A neuron receives informations through synapses located
o 4ta dendrites and soms, inbegrates ihis information in its
soms, and finally transadt the information ever its axon %0 other
dells. The soouracy of the CNS sontrol over the sotivity of
the vartous organs is due to the ezistande of & two way cirsular
connection between nerve centres & the peripheral organs [4).

Y
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sre 200 to 300 micron lenge. It is the length of the axon whieh
is subjested to the greatest varfation from one nerve aell %o the
next, for axons w be fml perhape 50 sforon to several meters
1ong [2].

Nerve dells are not Lsolated but rather are Anter gonnescted
50 & very charscteristio way. A Dundle of nerve is called a trunk.
A trunk inoludes a wide razge of axon sises. Dismeter of fibres
ranges between 003 0 1.3 mtoron [2]. The conduckion speed for
© typioal fibers is 1,75 % 10? diameter/sea {2, 3) indioating the
speed Detveen 0.5 and 2.3 #/se0 {2]. The same $zunk carries
afferant {toward the brain) fibers from sensoxy reseptors snd
efforent (avay from the brain) ilers fo suscles. The largest
fidera are ayelinated, Nyelinated sheath is n‘rohthm S$hiok
layer of fatty substances, myelin etc. The valls of he |
unuyelinated fibers also consists of fatty molecules bHut Shese
~ are not visidle beeauss they ars very $hin (100°A \ndt) [2, 4]).
Opeaial points of contact Detween nsurons talled synapses, are
of particular importange, for 1% is at the aynapse that information
fieva from one nerve Cell to the next. ‘%Typloally, the axon of
one nerve cell forms & tymu with (or synapses with) either the
 esll body or dendrites of other neurons. Thus there are $wo
prineiple types of synspses, sxowdendritic (axon with dendrite)
and axowsomatic (axon with cell body). In fact, it has deen
discovered in resent yesrs that virtually all of the surface of

& Deurons soms and dendrites are provided with axon terminals,

evsBoss
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Beocause neurons bave synsptic ceaneotions with one another,
they form neural circuits, and 4t is the property of these cirduits
that deternine the Debavicur of the nervous eystem and thus of the
organiss,

Although the drain is complioated, forbumately 1t ds not
ohaotio despite individusl variations. In gesersl, it is possidle
40 dietioguish particular brain areas wheve ¢ell bodies and
‘dendritic trees are consentrated {such aress are called ruclet)
‘and other reglons whioh consiets primsrily of axons runming from
one group of asurons %o snother. JIn these later region lazge

ausbers of closely packed axons run in parallel to fora struotures
oslled tracts (or £ibre tracts) fAber hers refers %0 axom or
nerve fibre. Siailar $racts slso run outside of the brein (for
oxexple, to muscles), 10 vhich 6ase they are referred to as
".'mm, Cell Bodies are greuped %0 form nmuclei. A singls
aucleus might costaine thousands of neuron oell bodies,

Thus the neuron consists of e
(1) Cell body or soma

(1) Processes
{a) Dendrites
(») Agon~Hillook & Axon

20240 GELL BOJX QR SOMAY

The aell bodies of neurons are coneentrated in the grey
‘matter of the sersdral hemispheres, the subcortical Lormations,
The brain stem, cersbellum and spirsl cord. The eell body of &

10010000
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seuron contains & well defined 'mzmn and nosleons. Within the
eytoplass are small usases Of & deep stending material called
Nissl cubastance. This '

The Reuron soms is oonbeined withdin o fhin wall simtler
$0 that of an unayelinated fibre. It receives the input from the
dendritie network. The motomeuron somas are pliysically located
da the spiral cord, topologically opposite the muscles they direct.
Soms responds t0 the algebratc sumamation of incoming message [2].

The soma regulate their metabolism and outrition. As a
result the separstion of an axon from the body of the nerve cell
‘leads to dogeneration of its prooesses. Cell bodies vary
considerably in stee, roughly from 5 to 50 miorons in diameter.
Shey are & vital part of the nwwn; If, as & result of
mechanical injury or disesse, the ssll Body is udadle to survive,
then the procesues siso die and ave unsble to caryy nervous
impulses. Paralysio of sascles follows if 1ajury 0 neurons

prevents nervous iwpulses from resching the suscles,

20202  DENDRITRS»
The projected part from #ell body is known dendrites. Faoh
dendrite branches again and again to form complicated tree like
structure as shown in Figure 2.1+ The dendrites have gertain
properties wvhich spesialise then £or receiving the information
transnitted slong the axon; similar to the one which originelly
generated the axonsl nerve iapulwes. The dendrites integrate
she information qontaimed in arriving nerve impulaes,

L X1 i“‘!-’
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AfSer & Rerve fupulee arrives at an axos terainsl, there
48 & drief &elay of sbout a half millisecond kmown &s aynaptic
delay followed By a charsateristio flustuation of She demdritic
meadbrane potential. This fluctuation is known as the poste
synaptie potential or PSPe The $ypical PSP bas e rapid rise %o

s peak folloved by & musb longer (approx. sxponential) return %o
the Pesting potentials

there are tvo differences [2] Detwesn ‘?8?: and action

potentisle,
(1) PoPs time duretion is lerger than an sction potential.
(144) Wi sualler fn ssplitude. |

The arriving nerve impuloe Gauses the relosse of a small
quantity of a chexdcal, amemily known a3 o transediter mblumn

which diffuse across synaptdc cleft and results in the dendritic

elecirical response,

There are two important properties of dendrites,
98t~ It refers 0 the Lack $hat the sise of

a PSP is proportional to the amount of tranemitter released snd fa
to be esontrasted with the thresold and all or none behavious

sharacteriatic of the axon Figure 2.6,

X1 SENRORML SUMNALIOK:

Dendiiten, in contrast to0 the axon, shows o refractory
periad, "period during which second spike can not ariss till the
response of the first impulse is not completed”. Figure 2.7 shows

N I
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that two PSP esscuring in =myi.d auceession are seen t0 sule This
important yionﬂr. that & new PSP simply c&d.a to what resatns
of all prowesdings psﬂ 10 referred {0 & tupomi susnation, 1f
ab & particular synapse, nerve iapulse begin to arrive vith a
constant frequendy, esch resulting PSP will sdd to the reminger
of all preceeding an an incremsing depdlsrisation will cecur as
the PSPs sum. Bather than incresasing indefinitely, the
depolarisstion will level off at an average value proportional
%0 the frequendy at vhioh the ucvn' impulses are arriving as
sbown {n Figure 2.8

8ince the dmlaﬂnum‘ of the neuron results fn the
production of flerve impulacs; the depolarising PSP ia termed
an exoftatory postesynaptioc potentisl (EPSP).

The hyparpoleriaing PSP 4s kuown as an inhiditory
post«aynaptic potentsal (or IPSP) because 4t opposes theaction |
of WsPe and tends to prevent ihe generation of action potentisle,

The period in which the spike appesrs and develops
sorrespond to the cwaplete lack of miubmcn It is known as
the adsolute refraotory pertod [4] when another spikes cannot
Do evolved Wy & mecond s¥damlus, however strong i.e. ﬁu siniwun
poriod during whioh 4% is imposaidle to evoke & second action
Fotentish 4s known s sbeclute refractory peried, In the quick
cﬂuottnc fibres of warm blooded animals iti value is adout
0.3 siili-seoond, |

svelFoae
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The absolute refractory period 4s followed by relative
roﬁ&étafy phase vhieh lasts for 4 $o 8 milliesecond (4] in
nerve fidres during vhich $he excitability groduslly reverts to
the snitial level prevatling before the first mmns.em ia
the refractory period whioh fidre 4s capable $0 wespond to a
strong stimilus dut the smpiitude of the schion potentis) &» wuoh
reduceds The smplitude of spike induced by second stimulus
snoreases onl: vheo the interval iot&rm gonseutive stimuli
lengthened, | " |

2:243

The axon ip a process that donduots an iapulse svay
fzom the cel) dody to other celle or to peripheral organs, it
i» extended from cell body. The area of the cell from whieh
the axon arises ie the azon hillook. Over t:ae'nrth 30 %o 100
aforons of ite length the azom has 8o medullary shesth and
that portion with the hillock before the axon becomss covered
by the myolin sheath is the tnitial seguent. Tﬁ.a special features
of this megment 1o its high exoitability. xﬁ n‘bttmlm threshold
48 one=third of that of other parts of the meuron [4 2}« The
axon of the neuron may be v&ry short, s in m-oﬁuum neurOns
(Golegt type xx)‘ or it may be two or three feet long, such as
those extending from the grey astter to the epinal cord to the
nuscles of the fingers or toes, Axons terminate in fine
branches cslled terminal filaments or tmdw&h. The tips of
these terainal branches appear %0 be highly specielised to

'y “tlﬁ-
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provide the transmissien of the merve impulse te sucoveding
seurons Or to & wusole effestor. ZThe difference betveen axon
and dendrite is based primarily no% oo minor differeaces in
structure but on difference in funckion. The nexrve iumpulse
conduoted over a series of neurons passes from the axon aad
terninal filsaent of on nsuron by aynaptic tranamission to the
dendruoa and gell body of the succeeding neurcn,

The tafornstion is transmitted 4n the fors of
frequendy or the number of {mpulses per second travellingalong
the azots Thers are two properties of sxons vhich give rise to

nerve tapulse and to the coding of information [2). |

The ineideouiside voltage differsnce across the azon's
nenbrans 15 referred to as s meabrane potentisls In the new
terminology, the presence of nerve impulse fis eignalled by s
fluctuation in aemdrase potential, The valve of the neabrane
petential vhen the axon is at rest, that is, when no nerve
fiapulses sre cocuring £s known as resting menbrane potential or
sinply resting potentials The value of resting potentisl is m«
at different locations of the axéna‘ Typhoul value of resting
potential is .so.m.v.l 80 resting potential yrwida 8 ref erence

point.

¥henevar She mendrane potentisl s more positive than
the resting potential, thaty is, vhenever the Ltnnide~outside
voltage differende’. 4» lews than «-60 uV, the axon is said to
be depolaxized. If however, the memdbrane potential is bdeloy

!0*’500.
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‘the resting value {L+e. about =80 aV), that is more negative
than ;-60':?. the axon is léid to de hyper-polarized. Pinally
any ohange uhm decrsases the in-&dmmoide potential
difference ia known' a8 a depolarisation wvhereas an increase in
~ the membrane potential Ls oailed b u}por polarisation, Axon
is normally polarised, that is, has a resiing potential and
slterstion in membrape potential which dimioish this resting
polarisation are depclarisations, whereas thooe acting to

mr.u', the polarization are hyper polarizations,

The dendrites, 1ike all parts of tho nerve cedl
tacluding the azon has a resting potential of approximately
-60 a7, this resting potential i constant over the length of
dendriten and, indeed, aém the entire neuron. The dendrites
and axons have the aame response t0 hyperpolarising stimulis
In both nu‘w. the response wirrors the stizuli with a siight
distortion, The axon responss 0 wmall depolarisation is
passive Deing always a mirroy image of the response to
hyperpolarization of similar magnitudes The property 4s slso
shared by dendrites. In summary, dendrites have all of ﬂ:@
pessive electrical ‘;ropeﬁm of axons as ibéwn in Megure 2444

The dxatinc#iw property of the axon is its active
response t0 adove threshold depdlarisation known as ﬁho action
potmtiuix But the dendrites 4o 0ot respond to depolarisetion,
as do axons, by produsing action potentials, but rather slow
ORly passive recponses to both depolarisbigy and hyperpolarining
stimuli of all magnitude os shown 180 Pigure 245.°
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The magnitude of dendriti¢ depolarisation is ppreximtely
proportions) to transaitter eoncsntration. WVhen s merve impulse
arrives st the synapsey s swoll ssount of transdtter Lo relessed
and diffuse sorosa the 200°A4 or 300"A eypaptic oleft to ihe
dendritic membrane. The transmitter concentration at the dendritic
menbrane increases veyy rapidly o a pesk. Thus dendritio |
depolarizetion increases very repidly and returns slowly to the
resting potsutial, thus produoing the PSP.

24244  Sruapsey I8 AR CE3e
Speoial points of contact Batween neurons, ¢alled

_syBapses, sre of pariioular mportance, for it is at the syhapse
that inforsation :3.:0#& from one nwve call to the next. Iymspass
loceted on the body (Soms) of o neuron are called ax0 ssatic and
those on the dendyiter are called axo dendritic. As pointed out
earlier s synapse in the (NS, consists of three principal elements
Uo 2] a» shown in Figure 2.2,

(1) Presynspidic mendrane
(11) Pomtemynaptic mesbrane
(414) symaptic clefh
(s) RRP-SIBAPTIC BINDBRANES
 Nerve ending 1n the CNS ¥ary in sbape, gensrally looking
like knobs; each syneptic knob is covered with s mesbrane, the

" 80 ¢alled pre-aynaptic meabrane [, 2] It iw the sxon Sersinal
adjasent t0 the dendrith, Norve oellas are not fsolated rather

Qtt‘?baa
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{nter-comnedted In a vyory charecteristic waye. FPre-syiaptic meabrane
awnrn the nerve snding. %The nerve a2ding is & peculiar teuroee

~ seoretary apperatus, which sscrete t}u medtator thet produces a
stisulating exoitatory or ;mmm offect on the innerveted

Cell. [4). The mediatrons are highly ackive chewioal eompounds,

(42)  ROSP=SXMAPTIC NXWBRANE:

I8 1» the dendritic yart of the aynapse. ‘the portion of
the meabrane of the Anoervated eell directly sdjoining the nerve
ending is known as the post aynaptic mesbrane, The post synapiic
meabrane differs 1u to properties £om the mesbrans covering the
resainder of the gell, the oiief difference delog that it possesses
Yory high chenicul Snsitivity %0 the medistor and {s fusensitive

to an eleotric current (1, 2)s |

(414)

A BarTov mpace sbout 200 o 300°A wide (1*A « 15'C metre)
separates the preesynaptio menbrane (the axon Serminal adjscent %o
the dendrite) from the post aymaptic mesdrane (dendritic part of
the ayaapse)) thim space 4s kuown as the syvaptic oleft,

Becauss neuross bave synaptic mmwﬂm with one another,
they form neural ofreuita, snd &% tq the propertios of these
oireuits that ddgrptno the dehaviour of the nervous system snd
thus of organism,

2,243  DINCRLINATED AJOWS

It resendlien a tude that is filled with & wesk selution
nostly of potassium fons (X%)s The fidre ie surrounded by #he
interstitial fluid of the body essential & Na® 1™ wolution.
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fotal internal end exterpal congentrations are sbout the same,

The diameter of the fibres ranges Detweon 03 and 1.3 mieron [1],
The conduosion spesd for typioal fidres is 1.3 x 106 tines
diometer per ssoond indicating speed between 0.5 and 2,3 y/ne {1).

The 4Lfferenge bDetween internal and externsl comgentration
and tinporgmrc are maintained by medabolic eckivity. The fnside
of the fibre at reat dlsplays s potential of v w «70 wV with
raspect t0 the outsides This corresponds to an sleotric fiedd
whibin the membrane of 70 w¥/100°A = 70000 V/Cne By way of
sompardson the dislestric streagth of insulating oil ts adout
10000 9/Cs [1)s It turn out that the fibre signal is & spike
thet 1s agcompanied by breakedown of the mesbranes This breske
down, in ?ﬂ@‘;f rwmutu the signa). The fibre oporates with
& threshold of about -50uV, when the inside at any point besioues
sore positive than this value; the break down is triggered. The
mwm becomes permeadble t0 sodium ions for sbous 2 milli second,
s8 the ione enter the fidre, the voltage inorssses to approximately
+50m¥.  After about 2 milli secopd internal, there is snsddisicnal
2 milit decond vefraotory period (intervel) during which the
senbrane hecomes & relatively good inesulator again. Becsuse
the disturbance 10 4 milli second wide, the mexizum possidle
frequency 4s 250 Hs. The excess sodium fons that lesked 10 arve
slowly and xore or less continuously pumped out with energy
supplied by the metabolic aotivitys The «708V resting semdrave
potentsal [1] may be regarded as » ducs component that is
superwisposed on the 100 sV pesk tpm knows a» an sction
potantial that wmetnally conautuﬁu the sxon signale

seet9s0e
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In unayelinated azon the sotion potential sweeps
ecntimwonsly slong the azon, the sction pobential from one smell
seguent Of axon spresds pansively #0 the adjecent segmmnt where
1t sots as a stimulus to produce snother ack¥ion potentials Thise
process is repeated for entire length of axon {2].

2206 NCRLIMARER  ARONs

The myelin sheath at a regular interval of t to 2.5m
is periodioslly interruped by the nodes of Ranivier [1, 4] s
shown in Mgure 2:9+ It L& at theme modes Shat the action
potential f5 regensraled 4n the nsm way by sn inward diffusion
of sodium ions Defwoon one node end the next+ 7he £idre behaves
3ike s passive RO aa’ble-thn s 1f « 100 aV spike originste at
& particular node [4], £t will appear at the next node with
inoreased vidth and roduced beighte. The height L& Sorwally
sufficient t0 overcome the thresbold requirement of 20 uV pesk,
a0 that mimnt&an takes places Pibre extornal diamster
range fxem 1 to 22 miorons [2). In contrest to the uamyelinated
structure fn vhich the nenbrane thickness remaine constent of
100°A. e myelin thickness &f approximately proportional %o
fidbre diameters The conduction speed is about 10 times
(4400 120 w/uec) than that of unmyelinated axon [2).

Large Bervo fibres are shara#terised by the faot that
they are surreuaded by o yelin shesth of mainly 1ipoid materiel
as shown in Figure 2.94. The myelin sheath {n turn is surrounded
¥ a spectalised fube of cell called the Schwapn Cell. According
$0 present conosyts, the myelim sheath actusily consista of sany

eeed2Qans
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layers of sshvann sell membrane which mere left Ushind ss the
cell body rotated around the sxon during growthe. fThe nodel region
1s characterined ¥y 4t lov clectricsl resistances This geometry
fmparis certsin constraints on eonduotion in ayelineted axons.

the plasna nendrane surrounding a nm‘ can s fnvestigated
by using electron microscopy and X.ray aifteraotion methods.
Additional information on the properties of the mgnbrane has been
deducted from permeability, elestrival conduotivity snd surfage

tension meastirements,

The presence df ayelin sheath around large azons tend
to alter the mode of propegetion in this type of fibre [1).

To sheath whioh nay ‘A‘bu conponed of a conojderedle nuaber
of tight turns of 120*A Wnick lamina [1, 2] has low slectricsl
condugtivity snd fumotions much se insulating saberssl ou a
metallic wire. The 0ode of miviw s voverel only by a#hvanh‘
sell tyteplaan snd fora s funotienal poimt of vtmr. the gxom
plasss menbrane is bare at the nodes Activation in the
ayelinated azons, therefore, oucurs at & hodal region and produces
s losal sirewit current which completes the closed loop via
adjacent nodes. As current flow ie constrained primarily to nodel
ares, carrent density 4z redatively bigh st tBess circumscribed
sites. Yor this reason, the activetion Juaps from node to node,
and this phenomenna is oalled saltutory conduotion. Myelinated
portion of the axon doss not give action potential when
depolarised, Thus the sciion potentisl mves along the axen dy
passive spread fu the myslinated regions and by the ocourence

L T
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 of sotion potentisls at the nodes [2).

2,247  RENSHAY. GCRLL'

Iapulees ar¥dving ot Seutral Dervous ayetes do not oaly
produce excitation 4n & glven neuron or nerve Senire dut also in
other neurcns or nerve centres. ?This spresd of excitation ie
knowa ss irradiations It is due to the numerous branching of the
Gendrites and azons and also dus to obaius of inter neurons
conneshed to various nerve centres. 2hie phenomenon of mudhunn
is odatructed by the inhibitory inputs &t various nerve centres.
An important role is played in limiting ¥his irradiation by
Renshay Cell.: X% has inhiditory synapses with neurons. Renshaw
‘Call gives inhibitory inputs $o neurons and its output frequency
dependent upon level of excitetion. Reoshav Jell mots a8 a
protestive device againgt excessive exoitation. _x# Sorns a local
negative feed back loop in the neuren snd aloo with neardy

seurens [3).

In Mgure 2.4 (s) the antagonistio fohidt tton supprecs
excitatory events without influencing the M%nfow procass by
wbich 1% was generated. Therefore, tBere £s no feed back to the
source of excitation m;' 0n the czn& hand, the tnb.tbitow
interneuron in Figure 2.9 {b) act dack as the cella by uhich
$hey themselves wore aotivated, In this oase there i8 & Degative
feod Back and this Achibitdon is termed as feed Back inkidition.
As Pigure 2.3 (b) ahows e motoaxons give off collatersls to

" .22;: [ ]
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ianidibory interneurons whose axons in sura forn inhiditory
ayoapse on motoneurons [7). ¢his fahibitory inter neurcns are
oalled Renshaw Cells. Ao the woto neurcba becomes more excited,
the Rensbaw Celle also bBecome wore excited, resulting in greater
imuum as the moto neurons after & short latent period {(one
tnter neuron), This guarantees that wesk moto netirons activity
ie Aransaisted undfsturbed to the muscles while the excessive
activity is dsmped to prevent hypersctivity of the suscles. The
imbttoxr inter neurons shown in dark in Figure 204

| A siniday form of inhibitory fesd Dack oirouit Crequantly
encountered in the CES s shown in Pigure 2.8 (o)«  The
inhibitory inder neurons are oomuscted 12 such s way that they
act Dot only back on he excited cell S¥self (arrow) but aleo
on neighbouring celis with the same funotion and in such &
manner thgt these ge)ls are particularly strongily inhivited,
This type of fnhidition 4a oslled laberal inhidition Decavwe it
'mm-u hat an 4ohibited sone is genersted latersl So the
_excited sone. Exoitation is thus surrounding from all sides by
# inhidited 3024, therefors, She phenonenon is also veferred
to as surrounding inhitivdon,

The ONS alao contsins positive Teed back siroult which
by fesding Wack exaitation to already excited cells, would csuse
thg excitation to move 18 a circle ( raverbarating sxoitation).
An excitatory feed back olvouit of this type is shown in

. 002’#1 »



wy 23 =

Pigure 2.8 (d). X% 0uld serve to maintain an $ndused aotivity
. for & Jomg period. Nasuy people say [7] shat sbort term memory

is due S0 the reverderating of exoltation 4n sueh positive fesd
back ciroults, yeb there is alwost no experimental evidence %o

~ support this (7).

'aoﬁla

The impulse shat tuxmi slong & nerve was once thought
to be sn slettric surrents o myelinaded terves of anisals it
travels st about the same speed 85 & bulled from & pevalusr, the
mazinus velooity belng about 90 t# 120 akive/second. The speed
of the nerve impulss is much nloﬂi in cold blooded animal. In
. the £30g, at room temperaturs, the saximum veloeily ie abous
30 meire/mecond, Conduotion rates vary vith She sesperaturs, the
kind of snimal dnvalued, the dlameter of fibdre and the aature of
the ftbrq covering, that 4a, wvhether or not the Cidre is
_inhutcﬁ». In nm:ﬂu the largest fidres record the highest
conduotion retes and grestest spike potential and vise versa,

. The serve impulss is an action potential $n the nerve
fibrs sendrane that progreases along the nerve Libre, jJumping
from one node $o another, and deriving Lis ensrgy from metaboltie
sources vithin the neuron as seen eariiers This sotiocn ia
called the waltatory conduction. 7The actdon potentisl s self
propagating and royéntnta a progravsive depolarisasion of the

menbrane. The nervous sxoitation is & series of ionto ohanges

sss2hone
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~ resulting in s ohange of sleotrical eign, as the mendrane excitation
becones much mors perYmeadle to sodium 1on8 and st rest 18 is

permssble to Podassium fons {K*),

The meabdrane resting pﬂtmun o approximately «70aV
(to the outside) and ite sction potential adout 110 mv wﬂh respect
te the resting potential [t]. In vara blooded snimals, action
potential duration 4 § to 3 as [1).

2»239‘

The potential differvence in rest state detveen the outer
surface and ite protoplesm is called resting nmb;-mn potential,
whioh s of the order of -60 %o =90 aV. Ita origin has been
-explajned ihgaroucany a8 well as experimentelly by 3adm‘m
Buxley in 1952 {1)s Acoording to their theory the blo-slestrie
potentisls are csused by unequal oongentrations of X*, Ne* and
01" donms within the dell and outeide 14 aod by the varisble
‘permesdility of the surface of the mesbraae %0 thes, The
protopim of vexve and muscle cells coatain 30 to 50 times as
many &% ions, 8 €0 10 ¥imes fover §a* 1488 and 50 tines fever
€1” dons as es the extra oellular fiutd N | @ick levelling
of the difference of comaensration Le haspered My the extremely
thin plassatic meabrane covering liviag cells (100°A)s

The structuze of this mesbrane is Dased on data obtained
with $he belp of electron mioroscopy, XeRay differaciion and
ocheaical analysis. It consiets of & doudle layer of phospholipid

eesdBane
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It i» wotuhtﬂ that in She resting neuron, so um.a

'Sodium pump’ conumm.n forces sodium 4008 natnrd through the
Bonbrane against an eleotyo-chemioal gradients: At the ssme tine
the potassium ione are abie to move into the fibre. To maintain
s ratio of 30s1, however, thers must De seme sort of aotive
transport for potassium ions slsos The energy for this sotive
transport sust come Crom the Gell's own metaboltem. Chloride
ions are sble to diffuse through $he ell memdrane in either
direction at egual ritcn Actually ohloride tons, being negative
(1™ tends to be repelled by the negstive charge incide the fidre
and sre forced sutvard throush the meabrane. The initiasl
negatively also Sends te koep thes outaides The interstitial
i‘lud on *hn‘auutda of the axon nexbrens £a vomponed largely
of sodium and chlorides Rous, whioh represents about 90F of the
ionic comsentration, where ever such ions represent less than
10% of the totel poncentration inside the fidres Nembrane
potential can be got from Nernst's equation [33)

ettt

R « Gas constant

2w Ablélutl; tampersture

T » Faraley constond

Oy = External donsentration
Oy = Internal concentratfon
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molesules lines en the inside and oo the outside with & layer of
molesules of compound eardohydrates mucopoly~sscsbarides, In the
oell mexdrane Shers are ninubte chansels or pores a fev A in
dismeter, through whioh wolecules of weter, 100 and other

audatances pass in and out of the sell As shown in FPigure 2+10.

It is aupposed that ¥he presstce of dissdeiated phosphate
and cardoxyle groups is the reason why the seadragie of nerve fibre

4» nuch Jess permeable to anion than ha¥ the cetions. Perseability
_ of differeat cations also varies and changes vogularly in She
diffevent funotional conditions of the tissus. 4t zest, the
permesbility of Derve fibre menbrane ta K* ions is betwesn 20 to
100 times that to Na® ioms, whereus 1n %he excited state, the

ratio ie reversed,

In & state of mn&xogzm rest tho diffusion of
_bmﬂu«u charged X* dons from protoplasw to external fiuid gives
a posiiive charge t0 the outer surfage of the zexbrane and &
negative Wa‘ to the taner ones Exparizents have shown that the
| soncentration gradient of K* fons &s really the principsl factor
d.thnin‘ the value of the resting potential of the neuron L],

in the ruuw neuron, tha sodiun mu, mds are.
poasttn. sre in excess owu!.dq the seabrane in the ratio of about
1081,  Potassium fons, also put.luvu are in exoess within the
fibre, the ratio being 3011, 1% is odvious #Mt these ratios
represent o high degree of ionia unbdalance,

\\ 865
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The ressen for the sppesrance of an ao¥ion potenthal 4a
the nexve snd a suscle fibre e s changs in the fon pmubﬂtiy
0f the menbrane. fThe membrane perseability to potamsius in a
state of rest, exceeds that of the sodium. As & conmequense, the
flow of positively charged Potasaius L0ns fros the protoplasa to
the surrounding fluid excesds the mﬁtrm‘r flow of Sodium
Cations from the outside into the ¢ell, so that at yest the
outer aide of the cell body meabrane is electriocally positive

to the Anver one [2). |

Tader the effect of & stimulus on the cell, meabrane
permesdility of sodium fons fncresses remarkably o a point vhere
4% 48 approximately 10 timea that of potassium iona. The flow
of #a¥ tons fros ¥he surrounding fiuid in%o the protoplasm
therefore bagins to exceed the outflov of potanatium fons
considerably, vhloh reverses the sign of the meabrane charge,
ite outer suzrfase becomes eleetrically negetive 30 St inner
surface. The change s registersd as » rise of %he action
potential ourve (depolarisstion phass) Pigure 2.11A & 2,198,

The Luoreans in permeadility to sodium fous continue in
nervre fibres for ooly a very short tise, 80d &# followed ly the
appearance of restorative process in ihe cell that lewd to nex
decrense in menbrane permeabdility lw muui tons and an inoresses
in that .to potossiun tons,

e tzeit L
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Tho proogan leoding %0 o £foll 40 ¢ho nodiun pormeabildity
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‘4n chorply roduced, thilo o oiuulBaneoucly 4noranso 4n podacadun
pormcability iutonoifico tho fiow of poattive K* tons out of the
protoplacn into tho oursounding nmedduns The tuo provesses reoudte
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At reetiog states
S 4s larger Vhan g, and 00 ¥ ds neazer S0V, than
to '.‘o'

NEGATIVE APRER PORENTIAL
The repolarisation phase of the action poSentiz) is divided
1880 two parts of unwquel duration, A% firet depolarisation of
the nahr;ac progeeds quiskly, then there Le s alagkness and
f1aally stops, and 4% i at thie moment the beginning of the
negutive aftor potential starta. The membrane remains partly
_-famxmm for a oerain time and eomplete restoration 4o the
_smm potential of «85 aV oocurs after mpﬂuuﬁdy 15 nillie
second (1] Figure 2,13, Kegative after potential is often called
| after depolariention of the meshrane. This is apparently due $0
neabrane pevmeability to sodium dons remsining tnorssasd for s
specifiaitine after termination of the asction potential s
gompared with fnitial leval.

EQLTIVE ARTRR ROLRNLIALY

Positive after yotontm. vaours befors the upmmm
phase start and 48 4n well seen in unmyelineted nerve fidre
Pgure 2.14 (4], The positive action potentiol ie due to the
fact that membrans permesbility to k* tons vemains hetghtened for
a time of terminstion of the aotion potential ao eompared with
the iaitial leval, An sncresse in the flow of potassiun ions

] tisouu
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from the protoplesn leadn t0 an idereass i0 membrane potential
1s04 to an after hyper polarisstion of the nexdrans.

22014

| duy voltage applied 4o the electrvde, which &s Snserbed
gato the axon sots as stimulus. If & drief stimulus s applied
to the axon {a stimulos resultiog in & p«rhaﬁ 15 fi? dopolhrxtatton)
the rempotise Of axon Se an action potentiale This acbion potential
consists of s brief (approximetely0. milli mevond) fluctustion in
sembrans potential with a charaoteriatic confignrationg the
meabrane potential undergecs a largs, rapid depolarisation followed
Wy a s14ghtly less raphd retura to the resting potential (Fige. 2.11).
“The peak depolarisation makes axon positive on the inside Wriefly,
that 18, the a«»@z‘mmm, 1s 80 large st the pesk of the actiom
'potmttal that the sign of snumm»;aa wtmﬁt&; ditferences
';ctunxr reverse from negative t0 positive (430 a¥)¢ 1t ie called
susending phase. . During the deseeniing phass the mesdrane
-polarisation reverts to the restiag level is kuown as repolarisation
phase. The length of the svtion poteniial in nerve and skeltsl
.mm.' £ibres varies from O+1 to 5 ul during whiol repolarisstion
phase 18 always larger than the depolarisstion. Cooling of the
fidres By 10°C makes She aoction potential approximately three tines
larger [2), ;poouny Ats descending phase,
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Vhen hyperpolsrising stimnlus (Regative) is applied through
the eslectrodey no action potential results, Wut rather the aembrane
petential simply follows the stimulus with slight distortion, as
15 tho\c;u of Sendrites, shown in Figure 2.5,

Because the axon's response to the hwpcxfpalm”uon ¥ ]
auply. s reflection of the stinulus, 4% csn be said that hypder
polarising atimuli result in a passive respohssy while depolaririog
atimuli result 4n sn sotive reaponse Lee. sotion potmt:\.al.

Yor & very small depolarising stimuli, only a passive
respodse resulbe the response simply atrrors the atimulus 4ith
slight distortion. This passive response is identicel to the
one geed with hypexrwpolariging stiamuli, escept, of course, that
the direction i3 reversed to airror tho'domhrium ntin,uu‘
eppiied as shown in Pigure 2.16. '

As the funtensity of the s¥imulus is gradually inoreesed,
- the magnitude of tho passive remponse finereases pmpoxttaudlh
Vith still further incressve in stimulus stretgbth & new active
component of the stimulus is resoved, a saall hump Ls seen on the
falling phase of the pazsive response (Figure 2.17)s

As the stimulus magnitude 4% made uﬁ.l& large, this
bump grovs in sises Pinally, when the stimlus intensity is
inoreased Beyond threshold value, an action potential generated.
Further inoresss in the stimulus intensity prodhco no further
increases in the sise of axon's response, all notion potentials
are ¢f same sise frrespeotive of the stimulus magnitude as shown
in Plgure 2,18,

enedlens
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Thus, whenever stimulus dDeyond threshold value is availadble,
aotion potential is generated whersas no response results if atimulue
is less than threshold, This property of axon ie known as ‘all or

none lax".

The intervel be¥ween She onset of the stimulus and the
peak of the action potential 1s Knowa a8 latencys It detreases
syshematically e» stimulus magnitude increased. Thus stronger
the stimalus, the shorter the latency. A graph of latency ss a
t'unoﬁon of stimulus strensth (Figure 2.19) is imown os a strengih
1atency curve, it has approximately the same shape for different
types of axons although the range of latencies observed may be
veory differsnt. | '

The phenomenos of frequency coding &8 a conmequence of
several proporties of the sction potential, Frequenoy coding
means, the coding of the information in terms of the impulse
trequancy (2],

It a .lonc duration subeshreshold stiasulus is used, it
will sisply produce depolarisation lasting for the period of time
that the stimulus wes appnad.' However, if a» long lasting above
threshold stimulus is Nsed, acdion potential vill generste.
tunediately after the fires sction potential the situation is
complicated by the presence of a siimulus during the absolute
refractory period vhem anether action potential is not possidle.
In eme type of axon the Shresheld retums from ite high value
to the resting level and eveatnally reaches a point ad which the

> 11T
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naintained stinulus is effeotive in causing & secand action potential.
The saNe Process izn resooour agein and again a8 long as the |
atimulue 1s meintsined, repeatedly, giving riss to sotion potensial

a8 shovn 4o Figure 2,20 |

By sixdlar ressoning it is possidle to deduce the
relationship Delween nerve hpulu frequency and stimulus intensity
for the type of neuron which &s oconsidered.

The repetative vocursnsce of nerve impulses in response
to maintained depolarisstion was predicted on the dasia of the
refractory period) after one sokion poteniial hao occured, &
certuin amount of time ie mecessary for the threshold to return
$0 & Level vhore the naintained tﬂmlm is again sdle to evoke
& second sotion potentisle. If the a’tmﬁ stimlus uas used,
however, there would be s shorter intervsl between sucsesaive
fapulses since the threshodd would not havs to return to as low
level for the larger stimndus t# be offective. Thus nerve
ispulse frequency would imrmsg as the sagnitule of a meintained
depolarisation inocreased,

The strength ~ latendy relstionship provides & second
reason why increasing stimulusestrengdth produces s bigher nerve
inpulse frequency. |

The al) or mone law, which states that the sise f an

action potential is tudependent of the wagnitule of the stimulus
which produces its means that informstion about stimulus inSensity

peadde e
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aust be carried same way Other than respotse magnitudes an
alternate neana n:; coding infommation ie provided Wy the properties
of refractory peried and sirengthelatency relationships information
about stimulus intensity is conteined in the number of nerve

- impulses dcouring per second. The é-lﬂlomhip i» shown in

Pigure 2.21.

Sexe axons do not produce aotion potentiale repeatively
wvhen 4t 40 eubjected to a conatant depolarization, dut rather
, bmduuu only one or seversl aotion potentia) at the onset of the
stimulus and then becomes silent inspite of the sontinuing
@gpth&aaﬁan, This phencmenon is ususlly called sccomnodation.
Usually only the infitisl segments near the cell body transiate
'aqpclartuaﬁm ianto BDerve impulse frequencys

Emugtim of some neurons depends not only on stisuli
strength and duration but mo on the steepness of ite increases
¥Yhen the steepnoss of the rise 13 reduced below a ocartain miniuus
value, 5o sotion potential sppears, no matier how grest the ttw
strength of the current. Ihis is because of the fact that during
the pericd of Yuoveave An stisulus stredgth, sctivo changes
oscur in the tissues raising the threshold m‘ interfering with
stimnlation. This bhenomn io koown se sdeptation. The
phenomenon of adsptation of exoitadle tissue to & slowly
inoreasing stimulus 14 known as aggommodation,

. u'.’ﬁ‘ L3 ]



| laau the synaptic cleft is very marrow {adout 2000) the
mediator quickly (0.5 ailli second) diffuse to the posteeynsptic
semdrane snd interact with $is structural components when impulse
$s appiied, This results in considerably increase in permeadility
of the postesynaptic meabrane to sodium and potassium fons which
is followed by 4ts depolarimation and the FPsp appaure (4).

The impulse generated by $nhibitory neurons, which sre
- prescnt in the spinal cord and in brains, is arrived at the nerve
ending along the axons causs secretion of & medintor which does
not depolarise the postesynaptic membrane, but on the uontru.ﬁ.
hyper=polarises £t The hyperpolarisation is registered 10 thﬁ

forz of 2n slectzical positive wave desorided es IPSP.

242412

The effeat of tesperature ever the rangs of 30°C %o 3740,

on the mesbrane was gtudied by Mao Bver [22].

The experiment was conduched to carxy out the effect of
Semperature. It was abovn that the inter-cellular electrode
diffusion potentisl and ¥ip resistance varied aonssderably with
Senpersture. e folloving results yers made,

I.  MEClARIMION
Resting membrane potensial depolarised from «82,% & 0.5uV

%!Q’GQOQ
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| ad 39C to0 «4T 2 0.5 a% J7°C, The rate of change was 1ot linmear
fuu;u 2.22. The shange in. potential ss the funciion of
tesperature 0ooured in s step like sannery vhich asy reflect
$ransition ohsbgen of the meabrane at oritical tempersture,

11,

The menbrane resistance was reduged from 4t Nohms at‘
3%C to .2 Nohms at 37°C, The relationship an nenbrane
r;uatum and ﬁuppngnre &» nos-linear, and ocoured 40 &
- s%ep 1ike manner siuilar te the effects obaarved with resting
potentials The break point for bosh reletionship 2.2% (a) & (b)
ocodured st aisilar temperature,

Halothens produce depolarisation Mgure 2.23 (b).

111, AGRION POTEHEIAL:

The saplitude of scbion potential decressed by 80 Vo
90 uV as teaperatuze was fncreassd (Figure 2). 4t 39C the
antidromic syike agplitude was 110 aV (average) and at 370 the
anplitude had decreassd to 20NV, The apike duration decreased
and gonduction velockty incrsaned as temperattre wos raised,

The mmt; of depolariastion current required to produse
s spike vis the intraeoellular clectrode dedreased ss temperature
vas rafsed 4.0, the threshold for spike initistion decreaned
Figure 2424,

l‘i”l'&’
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AS temperature deyond 28¢C, spostanecus discharge activisy
was obaerved (Figure 2424 (4). ‘!ﬁu may reflect the high level of
‘depolarisation produced at these Semperatures The normal discharge
pattern of sfugle sotfon potentisl was also altersd &t temperature
of 28°C or greater, such that mul¥iple spikes or burets were
pmdu;od in response t0 & single stimalus imput (Pigure 2.23 (o).

SEMAPTIC TRANSNISOIONs The IPSP durstion decreased ss tespersture
was increased. (omplete depression oocured at spproximately 20°0,

All the effects vbserved were reversidlea over the temperature
range from 3%C %o 37*0C. The tempersture above or below this range
usually pm&é«@ ca&i deaths In few dells hystresis was observed
whan the temperaSure was raised and mbngumtlj lovered back
to previous level.

Tho observed deoresses of menbrane resistance, apike
threshold and action potentisl, saplitude vere consistemt vith
ﬁhc depolarisation of the resting memdrane potential produced by
higher temperstures. |

shive
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The histosy of the neural wodelling is one of many false
starts, dead ends, and continual groupimg. PFrogress has seldon
bean rapil and hak often deen frustretivg, The advanoes, nonethel ess,

18 messurable. The sdvances has, 4o fact, besn substantial.

Heural stalogs take a variety of foras, ranging froa
informsl, verbal models $0 highly elaborate gﬁyﬁca& and aathe-
matiosl coustructss Most models that bave appesri(s) during
the last helf oestury or o have taken the form of chesdcsl
systens, electronic cirouits, mathemstioal Pforsulasion, or
computer sisulationss

Considerable advaniages and soricus shori.cosings are
found £n each, altbough for a given modelling problen there is
Generally little difficult in ;glmtu the moat appropriate
technique. Since mathematiosl, electrioal, sleotronic snd
computer sisulation models cnprxu the majority of contemporszy
analoga, it is of m;ﬁbrut to exanine some Of thelir intrinsic
merits and deficd uncio,u;,

Nathomatics) models have great ubdlily An Aimited
donaias. They are invalusdle &n cases whers the nuwber of

varisbles 10 reasonadly limited snd non-limearitiss do not presest

P, 1 PYN
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severs analyticsl diffioulties. An outstanding application of
this type of moded 4& found in the analysis of membrane biow
physica, Pormal motbhemstical description, however, is simply
unable in its present state of development to desl edequately
with the multivariable mmm noneiinear complexities of
_entire neurons, complete net=vork anslysis is oven more

formidadle.

In oertatn épmu ceses, however, msthematical models
nt net-work behaving are extremsly well qualified. This is
partioularly tyue for statical trestment of large ensenbles
“and for the snalysis of large scale eleotriosl activity suoh

as wzve formation and propagation.

Reotronic modeis can simulnte continuously veriable
and noneiinear operations seourately and economically. Providing
real time signals that may be obdserved while expervimental
conditions are manipulated, they permit a rapid snd effeotive
kind ot. observer nodel internction not easily achieved by other
Sechniques. There is considerable advaiitage of direst
obaervasion of wave forms, phaso relationship, modulations, and
tine depandent interwmactions while stimuli and model parameters
are changed. Such advantege is most effective for the modelling
of one or few inter<cemnscted units. ¥Yor large setevorks,
however, both observation and marmdpulation of parsmeters and

conneotions becomes very dAiffiouwdt,

lti‘o!“
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Apslog computers have sdvanteges similar to those of
electrenics wodels, but $and to Do mlow and cusbersome. Both
have the advantages over mathemastioal wodels that they do not
tend to compel ofex uapltftcuuom

The growing apeed snd storvage capabilities of digital
computers osrry great promise for flexible, realistic modelling.

In thio reviev the author has diaoussed elootrical and
sleotronio moded of the neurons %This roview L8 representative
eather than exhauative, The autbor attempts to delineats the
| moin atrean of sotividy in neural modeliing snd %o enphasize
what sees to be importent directions and achievements,

In this review the suthor restriot to models of fixed
properties of membrane, single unit and relatively small
Retevorks onlys There has been no attempt was made to include
mathematical models, obesical models and models of information
storage Lo, avaloges of memory, conditioning or learning. |
Buphasis throughout £s on the dynamic m\omatiwpromnatng

ampects of nervous asystems,

The following electricsl and electronici mcdels are
critically examinedse

"t Hodgiinefuzley's Nodel of Neuron

Qe Levis model »f Neurcn

b I G, Royts Rodel of Squaid Axon meadrome
4 R.Cs Nodel of nerve fibre

Se RLG model of nerve fidre

‘0.41 e
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6.  Levis mdel using Ballastie Netevorks
8 ﬁoﬁd besed o0 duuble energy oléumt syaten
8.  lonte $ransistor model of neursn |
9+  Neural sodel Mased on lowepsss & high~paos net-works
'¥0+ - Barman's sodel of nsuron |
t1s  Prench & Stein's sodel of neuron
12, Dendritic compartment model of neuron.
13, HKodel of nsuron by Nagumo |
4. Rectronic model of Neuron with feed dack through Renshaw Cell
15 Biophysiocal model to exphain Nerve Impulses

el

In this model electro.chemical effect is taken into acoount
forthe modelling of heural systes, Hodgkin and Husley proposed a
- #athematical model (S, 12] for squid nerve $0 mect the experimental
redults,

The general equation for the action potential for model shomn
in FMgure 3.4,

3, (7s 9 R ()

% = gt (B (1et)-R)

+6, (B (yo %) - B)

whers g, and g, represent the uaknown gonductauce functioney
conductange vill be funotions {at least) of membrane potential

and time,

tu"auo
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Eys ™ &4 (Bge 8) amd gy v & (B ¥)
The abeve squation is very complicateds

The nenbrane ourrent is exactly whatever current is applied

fros external sourses,

PL™
Teubrane ® Sopp = bu = Gy =5t~ * By (Fa = By,) ¢ & (Ta - K)oy (BB

Hers g, o condugiance of sodium dependent on the membrane
’ voltage & %inme ,
€, = sondutande of Potassiun dependent on the
sembrane voltuge and time
&§ - leskage conduetande whioh is independent of
volbage and time

Thess Sthrves fonis cospoments are in parallel,
¢, = nembrane aspacitancs,

B B, aud B ere the constent voltage

n‘ - am‘bmn voltage

¥  » Displasement of membrane potentd 2) fxom its resting
value

G (= B + o (Ba= B) ¢ by (BoR)
- ‘x;*‘k*‘)x; vBere I = leakage current

B, 48 the potential at which lesksge ourrent due to
ohloride aund Sone i; sero. The Na conductanse Ancreased when the
axon was depolarised, snd then decrsased again in the presence of
steady depolarisation is celled acdium inactivation. The &earsane

!'0""'
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4a sodium conduotance with Mﬁa&mﬂ depolarization £ Serned
sodius insctivation, and the conductsnce increases are ealled
posassium and sodium sctivation. Hodgkin and Buxley fousd

" emperical equstions dumbiu those functions, The patir of
equation anhim the potassium cmduqtmn are ww

& l;ll‘

ﬂgg" ﬂ(‘n (,' - 3). 'ﬁn-n

i‘g = Naxiauw potassium conductance (s constant)
are funcbions of Yoltage bus 5ot of time
8 « Dimensional variable having a value betvesn 0 and 1,

Ega * &0 wh

%- no(‘ (lq I) » /B.ol
& ey (t=1) o fo

: V 4§ .
d‘ ; AL £ |
ﬁl - 4 “V/‘ta

0( X = 0407 .V/ZO

Pa = ~xvisyree—

0.0“““
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Prom thin ve gathered -

4% Permeability appears to depends on mesdrane potential and

1ot on meadrane curranle

24 If Na congentration i» wuch that Ba . Ey Na ourrent i»s
onward. If 5« £, the current changes in sign dut follows same

"~ time course.

b At tixed depolarvisation of sodiua ourrent follows o time
oourse whose form s I:dcpi&hnf of ourrent through membrang,
32 RS MODELSS

The nodel [ 1] consists of seven parailel auwuu
fucludes the aynaptis nmbrm analoges Fime aonduutmo mt of
six are constant and they underge: transient change owing to
‘either to change fn symaptic Amputs or $0 change in trahs-menbrane
posensial (¥ )« The ourreat Shrough each condiotance is the
product of time varying comductance $¥self and the time varying
voltoge across 48, Pigure 3.2 illustraies the aperation of
siaulated aymaptie conduckance. Xn esmo of awupuc cmlnctmn
Mgure 5.2 (P) a preesynaptic strike is kxanstumd sato a
decaying exponential Yty means of a RO filter. The exponentisl
repressnts the time ocouras Of aynaptio conductance. The
multipifer adroutt pmdn«i & ourrent proportional to product of
condutanse snd voltage (Va « Vk) soross 4%,

33

rhi electronic model proponed bty ©, Ruy L8 Dased on the
HeH medel. Acoordiag %o He theory, sodium and potassium

seed50ce
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condutanses Dave very low values §n thelr resting state. Whea an
sxternal voltage ia applied across memdrane, the conductances of

both are inoressed, when the appliied potential ie large, they

reach & saturasion value deyond whioh they remain constant. G. Ray [17})
found shat PET is the ideal eleoctronic elemmt t0 simulate the axon

ambrane oondutanoes.

One PET i» used for gy atd one for g« The voltage
across axon mambrane s represented by a‘n&mn&waa voltage (Vds)
apd current by the dratpssource current Ide. Negative bdiss
is on the gate of PET for resting etate. Ao the Vis ie feed Dack
vis an intervening cirsuls to the gate for providing voltege wikk
dependence of vondutande €, The &, becomes time-dependent
with the fntroduction of RO in the feed Dadk olroutte Am omp,
is used 30 anplify the Vds and o isolate the PIP from the cirentt
determintng $he tinc dependende of gy« The «Ve blases ave
adjusted sc that the diode 15 non conducting when Vis w O, The
ooupling oapaddtor Le much smaller At order £0 provide faster

tasctivation for the Na* conduotance.

34

The equivalent RC analog of sxon {3, 12] 4s ahown in
Pigure=34+ These models are like the Sranssission line of power
aystem. The resistance and capsoitanoe are distriduted along the
lengtd. The nunder of Resistances (R) end Capacitances (C)
paramstars depends upon the length. The volitage & current can
be oaloulated from the differential equation st any point of moded.

uu“ut
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3. - BC_Nopw, OF NYRYR PIBRE:

| It 4o equivalent t0 the loag transxissicn line {3, 12). The
Ry L and O parameters are distriduted ail along the length of the
£idre lengths The value Of ourrent and yolVage can be get Ny
solving the aifferentisl equation of the uvelework: The fidre |

section is assumed to ‘Mtbu shroughout .

The RLC model (Pigure 3.5) 1a assuned wp&r&& than RQ
aodel due %0 Lfollowing ressonsje

1.+ The actual phenoxenon 4s considered
2+ The realistic wave £Orm say be conaidered

:;6

The Levia ioacl [1, 12} 40 bawed op the fact that the
Beurcs is funotionally much more complex than as Shought of in
the ciaesticsl viev | uhm the aynap‘tté rad.on was a'onétdem 17
_ be soupled directly to a apike. & simple RC resltestiou of a

ﬁﬂl#lﬁte netework is showm in Pigure 3.6 (af).,‘ In simnlating

the ballistic respouses Lewis assumes. threse parametoers,
1. Bise time whioh is determtned by 8, G,

2+ Fell time is determined by (O, / cg)aaz, |

3. Kaxinus anplitude

~ The impulees originsting in pre-synaptio neuron, transe
aitted threugh inter-sellularly, induce & charge in the synaptic

soedlane
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seabrane of posteaynsptic neuron. Thus, a single pre-symspsic
spike induses a slowly varying, long lasting posi~aynaptic potential
known s» ballistio potential, And the formation 4s mot completely

~ underssoed,
There are ¥wo fnportany mechaniasns e«

FACILITATRIOR:~ The first impulse conditions the aynapse
in such & vay as to qhaneo or faoilitate sudoeguent responses,
Pigure 3.6 (b). |

AFII-FACILITATION1e The first spike reduce or antie
factlitates the response, Pigure 3.6 (o).

An inhibited neuron, when inkibiting stisnlos was oeased,
was found to fire gpontansously. This fmplied that there was a
rebound or negative after offect, Ip » sinilar msnner an excited
neuren, on cessation of prolonged excitation may g0 through s period
of depreased excitability,

3e?

The system responses depends upon the physiocal chm&tcm
stios of the energy storcge eloment, Figure 3,7 {a). Cirouits
containing the energy atorage elemsnin have pales scperately
widely enough so that the transient vesponse can be appreximated
Wy treating them as two Lsolated single energy cfroutts,(16]

Lot & step voltuge ¥y &is applieds Nor full charging
euryent wvhich flove after the exoitation is appiied, {8 deterained
by the 48put capaoity Cgs The same ahange ia accumulated in Cg.

Qp’“.'p
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dtaes G, Ogs +he Yoltage chenged scross 0, will e vay
small, whieh G, sharged fully. Zhus Qu van be ssnused shors
cireutted during the n&tu intervel: The aquival ent ciroult
is nov reduced to a m«ut‘mmm & single overgy storage
Figure 3.7 (b)

Now we cen get the following :muonm” from the

eLrouttar-
Yo1 ”séi (1.3 .1)'
VowCy (gl B M By)
Oy atacherge through
YA
The final response ;qmﬂoi..

T (8) m¥gy 3V 2

Since Qecay time {a vexy lurge, error tntrcd\mu W
starting the devay anywhere in the vienity of SMO  will be
negligidle,

aselena
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Fig 3.7 (b)

Flg 3.7@ MODEL BASED ON DOURLE ENERGY ELEMENT

FIG 3.7(5) EQUIVALENT CIRCUIT OF E.M.SYSTEM



An equivalent circutt of tronsistor model is given dn
!&aurn 3&8 (l)o

A voltage step 18 applieds The Dehaviour of ionic
currenits are etudied by the smethod of Lapleave transform Yechniques.
Consept of membrang conductivity modulation is used to csloulate
the various paramobers of fonic transistor.

Yhere
r, = Neabrane resistance
Gy = Membrane capacitance

r, = Junotion resistancs detween nesdrane and uwmd

solution

r, = Junolion resistance between internal solution and

meabrane

.’/

Binoe the sxterna) solution i# ustally at or referred to
&8 the ground potentiel, & Mﬂ“c'm 80 callod grounded emitser
configuration. A .tmxmag potentisl is applied Between externsl

sae30eee
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solution and axoplasms Part of the potential will appear across

the outer junotion, and the rest across meabrane. Due to this

applied voltage, ourrent start flowing.

V¥hen applied step voltage i» grester then the voltage
providing at reserve biss aoross the dicde Dy ahow in Figure 3-50,
the nexdrene capacitance Oy disgharges through the dlode Dy with

tine constant equivalent to
2, +?
(el brtl) on
D L] L

Once capastionge Oy As discharged it starts getting
oharged up vith time constant of (R, ¢ By) Cgs During the
discharge period of Cy sodium gurrents !iou, and during the
oharging phase of Oy, sodium survent desrsases vhile K* ourrent
fnorease $o saturation valuss Using sn equivelent civoudt of
fonic transistor, and applying Laplace transforn ieqhntqm. the
exprassions for '°‘“"‘_‘ and potassium Surrente are obtained,

Applying a Laplace tvansform for the step voltage
excitation, and writing loop sguation for mesh one and two in
rMeure 2-0(b) The mmmm for sodium and potassiun currents
can bs obteimed. It is seen seen atep voltage wxcitation is
appiied Detwesn Antra-cellulsr and extra-cellular solution. Noet
of this applied step voltage ocours ﬁcrqn wenbrana region, as
the vesiativity of these solutions are negligidle compared to
the membdrane. The expression for ¥ime constans
r\ (rb . vr!) ¢ |

. S
2n+r) (1~

E L M e S e

. T
Ty \Fy + Ty} ¢ T Fg

l..s‘.il
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ina etmilarly T = T, fOr the rise of podassium currents
by adjusting different psrameters as By Hp and Rye The different
shapes of the wave form can De obtained requircd for the action
potential. It £5 also satisfying the ateady etate conditions,

39

In this wodel [12], there A» one low pass and one high
pass net-work, comnected in oadoade an shown in Figure 3.9 (s).
‘The sucoessiVe nﬂmﬁoﬂu 30 not load each othors The response
osa be meparated inf:q fwo rogions, both the regions depends upmm
she individual characteristics of snergy storage slement,

* ¥y » Input voltege
V2 = O/F of lov pass » 1/0 of Edgh Pass
V3 - Q/P of Bigh Pass

S0, Vy = Nexbrane Rosting Potential

L (t) =¥y {t - ‘3" t1-) vh&c T‘ - R‘ O’

| wtife, |

Vs (8) m¥yt 2 vhers v, = R, G,

The block diagram shown in i‘tm. 3.9 (b) aonsists of
threshold unit and pulse generating unit and wave sheping olreud$.
The differentiated 4nput is applisd to threshold olreuit, 7
input 4s gromter than Shreshold dovel, tlie multi-vibrator triggers.
This pulse cutput is fed to the wave shaping ciroutt which
convorts the pulse {nto spikes to satisfy the steady atate and

transient conditions,

44492404
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Fig 3.9() MODEL BASED ON LOW PASS AND HIGH PASS NETWORK

FIG 39(b)
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3410 BARNON'S ORI

Hormon [ 1] proposed an eleotronio sodel of Keuxon by using
the transiators, as shown in Pigure 3.10, to show the input
output properties of nsuron, In this model folloving four bdasic

properties of neuron are providedis

a) Spatisl and temporal summation
») m' or Bome law

o) Absolute refrantory period, spd
d) Graded inhibitations

he time constant of monostadie muliievidrator shows
the absolute refrsctory period.

a1t

MCE AND SErIED

The blook diagram of the model [13] ia shown in Pigure
The model consists a lesky integeater, threshold level Comparador
and pulse generators Leally integrator sums She various iaput over
a peried determined Yy the comstans ', of the integrator.: 4is the
integrated voltage exceeds the threshold level, the comparator send
a signal %0 the pulse generator which gives pulmes at the owipat,
The pulse durstion determines the absolute refractory period which
we can sdjust by chaxging the passive psrameters of the pulse

generator,

Bubthresdold voltages are fed to tmorsase the threshold’
level vith a second time constant U, , so that the anslog shoy
sccommodation to slovly rising inputa. Mch owbput pulse resebs

se05040
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$he integrator snd hold et at 4ts initial value until the end
of the pulse. Bach pulse also inoresses the thresbold by an
emount VO and effgote dectys vith tbe constant T, If ¥,
in 'mu, cmlm to the norwsl intervals botwsen pulses, 1%
determines & relative refractory period in which » second pulae
is resdily elicited.

This model of Prench end Steln incorporats =
1) Variable absolute & refyactory period

2) Two ttne conetant

| 3) Seperats control of the accomsodation to aud
threahold voltage changes

In this model H,‘b‘l sultiple iaput conpartuental systes
analogous to & dendritic net io néed. Tho model doseridbed &
simulated ection potential. The lnwt to the nﬁdﬂ. is voltage
pulses mﬁ o/% 1e ‘Mwﬂ mtiun m:mthl;

A Block disgram of the .’bui.c; 5 gompartment model is
given in Pigure 3442, In thie maa:\ 'rwq are useds The
aisulatsd ngdrane pﬁt-eﬂtﬁ oy thi trigeer region L8 contie
puously semplified compared to s rqf.nmu potentiszl, W¥When
thie aignal ixcom threshold, . mw Trigger L8 fixed whioh
in turn driggers a one-shot multivibretor. The O/P of the
ong-shot multi-vidrator ie tmi to both hyperpolerising and
depolarising conductanss wave from generatorss the 0/P voltages
fron these two vave shaping cirouiis are then applied to the gates
of the Nyperpolaricing and depolarising Pel's.

R ¥ SR
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313 HODEL _BY_NAQUNOs

| It is -imuma wmode) of the HodgkineHuszliey aerve equatien.
The neuron model [23) propossd By Hagums is the cirouit shown in
Tigure 3.13 shers 1D ind&utn s taonel diode whole voltsgecurrens
ocharacteristio (Vv Vs !‘(#) s shown in Pigure 5414 and ¢ ()

roprnonti the voltage applied by the voltage pulae gemsrator at
ﬁﬁl‘. 8,

The dift‘armﬁnl equation of the oirocuit was given bty
ettt
£- .-.é. (B+e(8) =¥ &I

The response characteristic of an electric neurcn model
proposed by Nagumo was theoreticslly investigatzd. In the degenerass
ease the bebaviour ..f}f this neuron nodel 2 governed by & non-?unau
differential equation of the firat order ond two 'Jump conditions,

It was shown that the relation between the pulse width ( or
asplitude )} of the stimulating pulee sequenco wvith a fized
.fmqumq and the firing rate of the nruon wmodol tskes tb; form

of an extended cantor function.

314

In thie model [34) proposed (ngun 5:15) the cell body
of the neuron is roprosented by sn integrator, the half vave
rectifier, adaptive threshold gate and a comparator. The axon-
hilldook 18 modelled by s monostable multi-vidrator, differentiator

' o,Sp&t\
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and pulse~stretcher, The axon i» represanted by a resistance
o&paonuicn sombinational transsisaion lime. fThis axon analog
lise 40 triggered by a switbhh thriugh monowstable multivibrator
"m genexrates action potential whioh travels down along the
iine. | '

The time aonatm\er the inkegrator reprecents the
menbrane time constsnd (= i), She mcconscdation snd
. adaptation phenomonon is simulated ly half wave rectifier and
~an adaptive throshold gate. The relative refractory period is
 decided by the time conatsnt of the adaptive threshold gete.
ohe 0/p of the integrator mnd the adaptive thresholéd gate Are
compared By & oomparators The output of aomparator is conneoted
to & nonc~atable mﬁﬁ&ﬂbmtar which triggers only when all the
conditidne are satisfioed 4n the Cell body unitss The time
constant of the momostable multivibrator decides the abaclute
refraotory period of nﬁirm nodel+ The @tput»pﬁlm of the
multievidrator gensrstes the action potsntisl through differen~
iuﬁr and #ul.aq shaper which $ravsle down on the axon analog.

The imii;t-.[zs] proposed by Ssxens sisulates the

| irm-n@u of information in the dendrites, cell imdy, sxon

~ billoek, axon and tahibitcr,y_ Leed dack thénuch fenshav Call.
Remshay Call works as protective device uuut}oxaéuam
‘excitation and generation of action potential. In this Noded
shown in Pigure 5,16, moat of the eleotricel characteristics of

vnv'bssmu
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hmrm along with Ltts feed back loop $hrough Benshaw Cell, fThe
sunsation and iategrstion of RPSP and IPSP foputs, An¥egration
phenomenon in ¢ell body memdrane, threshold snd sudsthreshold
phenonenon, refractory period, inhiditoxy input from Henshay

Cell etos 0an be eaaily etudied By the biowengineers. In this osse
threshold fs Saken arbitary value,

13 1

The clssnioal theory [24] of function in the nervous
systen posulates that the nerve impules is the result of o
sequential reverssl as the menbrane potential due to an inorensed
persesbility of the mendrane, first to shdium ions, $hen to
Potasslum jons. The new theory presents s bioephysical model
which depiets the nerve tapulse s an svent invoiving the motione
of the sleottons and waves, and their inter-sotions with sodium
and potassium stoms and ions. The velooity of thenerve impulse
{she moat important parsweter of the nerve funcéion) is detersined
Wy the products of two oonstants 5 U = the spesd of 1light,
wbich is a constant for all nerves)

k = a constent for esoh nerve ahd is believed 40 De a specific
property of nerve matter related in sane way $0 the sabomio process,

The theory proposes that ww
D) Funotion in the nerve axzon is dublistics £t savolves three
significant aspectsy electrons and waves in motion and tueir intere
sotion with atems snd ionw.

i‘iﬂ"?. L2
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2. The duslistio naturs sccounis for the most fundanental
charsoteristies of gonduotion ef the nerve impulaes

a) periodicity: Conduction of nerve impulse over long distences
with gonstant velocity and form.

b) Jonesusnings (w0 nexve impulses can mov be She ssse at the
sane)¥ine) . | |

) Suantus nagure of sach nerves The unit sessage of the nerve
impulse L8 an Sndivisidle unit,

| The mplmttén for this offared 3y the alsssifical

‘- .thooxy (thg ironic htpotfun&u of nerve eommdﬁm) is that nerxve

mma have an 'absclube rnfracto:y period?. During this j;ct:lgd

& seoond nerve iwﬂn' san noi be generated. Acwi*dias $0 new

,fthwry, ﬁhq nﬁﬂp im.u is an event during which two very

d4fTerent bdut m#wamwad phenomenon are not ‘mizablet since

"um can m oceur unless the other has coupleted Sts function,

Thus, each cqnpmmt of the &ma-m phmmh ronatns

dinmorste,

3« . The veloolity of the nerve impulse is dependent upon
the product of the two constants; G, the universal constant - the
speed of light and X, a product of two "Constants® factors the
speed of the atomie precess, a,, and the fidre configuration, b,

a8 & rate constant,

ibigabtb
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'™ Panction 4n the axen 48 regarded as buing mathematieal.
The mathematios arims &8 & result of the fusion (4nterwsction, usien,
combinations) 0f cnersy and sitter as deploted in the schematios and

She gquantua theorstical ogm‘ei.oni..

Be The ookions of time, distance, velocity, etc. sro formulated
in symaptic region where “*brain function" aotually tekes ymé. The
agon 1is regerded mainly as a tranaporting systss Sransporting numbers
$% reveives from the synaptic region to another aynaptic region. %o
ocorreotly express thio belief, it in postsulated, thers £» a aynpptie
funotion, such that | |

2

vn.i. ' x

Were x 45 8 conctant nusber for every Nerve impulse in
& apsoifioc ma; the £ 1is the syoaptio funotion,

6s therefore, the narve twpulse in the axon is regavded ¥oth

as a yave and a number,

) I8 The resting menbrane potentisl of verious axons vary from
0405 to 0,0t volds, ' '

2. The nexve fupulse 16 a two=time sequantial rsversal of the
Tapolis |

(a) Trom negative inside and posikve outside, to pon&t.tﬁ 13&“
and negative outside. 7Thia corresponds 36 tho ascending liads of
the nerve impulse; '

vee59a0e
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(») From posttive inside and megetive outsidey $0 negative inetde
and posttive outsddes This corresponds to the descending limp of
the nerve inpules and the restorstion of the r.pm.

Se The process described in (2) repeats ftsalf eyoatanecusly
all along the axoa with constant veloolty and fros rezardless of
its Ioncth.

4 Nerve axons under constant gonditions comduos a nerve
iapulse vith & velocity asd froa thet is specific and constaad

for shat axof.

- he velocity of the neyve impulse is an udayslinated
nerve i approximately 1/10 of the velooity in myelinated nerve,

6. 1a & myelinated nerve, the resiatance to current flov
in nerve envelops (nerve mwbdrane and myelin abest) is a0 high,
ions (sodium, posassius, chioride) cannot move across ks nerve
suvelapes The current is msde to flow between the gaps 1o the
syelit sheath. These gaps are called the modes of Hanvier. Thus,
the nerve inpulse is satd to *Jump' from mode to node 'M‘pﬁu'
considerable sections of nerve, thus acsounting for the higher
velecities in myelinated nerves. his form of condustion in &
ayelinated nerve s called *Saltatery Conduotiont,

Te Comductfon veloodty is generally dependent upon fiber
dlanster. In myelimated nerves the velooidy also depsnds wpom
the thickness of $he myelin sheath relative o azon dismeter,
and on the distense bDatween moden (0.5 t0 2.0mm) c&lmmu.
these paransters will B¢ refersred to 4n the theory as fider
geometzy with the aymdol (r‘).

01-50.;-
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8. The node of Ranvier « the distancs Retween adjacent
Sehwann Cella As approximately 1 miorc meter {ixt "‘ Roter),

This 18 the onlr section of o myelinated nerve wheve the axon

| nenbrane $» 40 free ecamunioation vith the extre-eelluler fiuid,
T™his section of the nerve the sode of Renvier plys s sost sritioal
role in formation of the nmerve impulse, and in nerve conduction
becauss resting snd action pﬂﬂﬂd& are genarated only at

aodes,; fnter-n0dsl regions ars unezciiables

N EXiRE



The author develdped an elecbronic model of neuron which

exhidits all eleotrical properties of actual neuron. This eleotrontic
woded of neuron Ras & local feed Back path as 4is exiating in sctual

yeten,

Thia proposed model has following advantages over other

sodels devaloped in the paste

L)

1)

4i4)

iv)

vi)

vii)

The model is compact, relisbdle and inexpensive.

The physiological data has Sm handled with reasonable
A0CUTEUT »

The model fncludes the local inhibitoxy feed back through

~ Renshaw Cell as peported by Rodert P. Schmidt [7).

The model includes the effests of temperature on heural
oxodtadility as reported by X.B, Maciver and 5,4, Reth [22]),
The medel includes protective device Henshav gells against
exaesaive exoitation and generation of sotion potential,

fhe model includes sl the fmpsrtant elestrical characher-
iaties such as sumestion, all or none law, threshold,
refractory peried, sto. [M4).

Linesar I0*s have Doet uwsed to handle the physiological
data of nsuron for SOAVeniotde,

PR < JRN
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viii) Resting potential in actual neuron {s taken {nto
eoneideration to decide threshold lovel.

Teking into evnsideration the above points, it is thaught
that the propesed model xight be of use $o understand and

demonstrate the functions of the newron.

4ot

The dleck diagram of the zneurem model proposed by the
suthor takes into considérationo all the features of an actual
neuron. The block diagres shown in Figure 4.1 shows the
different blooks of the newron model. The neuron and its feed
back loop 3s divided fato IGth} ¢ell bdody or soma, axon |
hillock, azon ox; nerve f£ibre; and Renshaw Cells Dendrites
sense the daformation from adjoining oedls at aynaptic junctions
and pass it on %o ocell body. In actusl aystes sumber of
dendrites can be as fev as one and as many ss thousande [2}. The
cell body ymougm the information received from dendrites.
The sxon«hillock 4s& the next sectionhere action potensial is
initiated vhich finally travels down along mon, This output
stgnsl is feed back through Renshaw Celld.

The dendrites receiving excitatory,inhiditory fuputs
from other oells and sn iohibitory input whose fvequendy depends
upon $he level of excitstion from iis axon through Renshaw Cell.
The excitatory and mutm‘ tnpnfa of sctusl aystem -Lu similated |
fa the form of positive and #eutiu pulmes by differentiating

P -5, TR
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chroudd. The fraquency of puleses can be refeed upto 500 Bs [2].
The c¢ell body rcprnmhuon conaiats of an integratosy, threshold
gote and temperature dependent threshold levals As the tewperaturse
ghsnges the value ¢f threshold changes Pedause resting potential
of the neuron obanges as tempersture changes 45 sctusl wates.
Phe axon hillock £8 represensed by s pulae genersior (mono-stable
multividbrator)« 7The transaiesion line anslogy is given % axon.
The axonm sonsists resistanse « ospacitanse combinational
travonienion lines The Renshaw Cell eonsiste of wave shaping
olreult and & voltage centralled osoillotor. 7The mave shaping
otrouit furbher sonchets an differentiator and Sntegrator. The
output of the Renshay Cell is feed Back $0 the osll body of the
neurons 8o 4t foras a local negative feed hack loop with nesrby
neurons, In this way the Ranshaw Cells sots a» protective device
sgaingt excessive sxcdtation.

The adaolute vefrsctory period is equsl to the time
period of the sultivibrator (L.we » § M1l seoabd) and the Sime
constant of the integrator is equal to menbrane time conatant
of cell h& snd fs of the opder of ¢ milli second, The relstive
refrastory period ins decided by the time pericd of threshold gate,

442

The complate cireult debails of the sledtranic model of
the neuron is shown tu Figure 4.2, 7There ars twd types of inpud
are fod 0 the m0del one e exoftatory inpud equivalens $o P3P

* Qﬂ“ﬁ“
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and other As fnhiMtory iaput equivalent $0 1PSP, The excitatory
taput 1s given Lo the form of positive potential pulses and
fubibitory inputa are in the form of negative potential pihu.
Input pulses are differentiated with the help of RC differentiator
to get the sharp pulses. The diodes Dy are used tn the EPSP
daput ellows only positive pulses. It Blooks the degative pulses,
Simtlerly diodes Da axe used An IPSP 4apub allows only negative
pulses. It blocks positive pulsess Thet means that $he same
line cannot De used for passing on both FPSP and IPSP faput
differsatisting time constant of 1 nilld Qmﬁ has been selected
vith € = 0,01 mdcro farade and B = 100 kéha,

The length of dendrites f.0, the distance Velvesn synaptis
Junctions and the cell body is represented by » resistanees The
larger valwe of resistanse shovs that she synaptic junotion i{s for
aury from cell bédy and the ansller value of rasfistance indicates
that the synapdic Junction La very close to cell body. For $his
purpose & variable resistance of 100 kohs whioh can Be sdjusted as
per the requiremsnt is thdught te Be the acceptable representstion,

the input of the Renshaw Call and the BPSP and IPSP inpute

are differentiated defore applying st dendrites, All the inmpute
¥PSPs IPSP amd Teod Mack through Renshaw Cell are connscted 40 an
Antegrator vhere integration of Lnpuls takes place. The tine |
sonstant of the tnzrator which is decided by the parsilel
coubination of resistenee and capacktunce is adjusted to be equal
$0 sctusl meabrane time constant. 7There are many experimentsl

* result svailable [2] to show the mewhrane time constant &s of the
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order of t nilll second. To provide the { millf sesond value of
“%he menbrane time conetant a 100 kohm resistance and 0.01 stcro
faralde capacitance has Deen used in thu'w«h The otbher value
of capacitance (1.0 Out moro Larades; 1.0 mioro farade) msy be
used in the same model for getiing the large volue of neabrane
tine constant for further atudy of newron model. ghc output of

the integrator is dnverted sum of the signals received by 4,

The output of the integrasor L1a given to the threshold
for its oomparison against the reference level, ¥hen the
integrator output exceeds refersace level (threshold) the
threshold gate shanges Lis state and provide a signal for further
processing in the model. If theingrator output is below the
reference level then threshold gives no response, This show the
all or none lav.

The threshold gate excite only when there is negative
potentisl at the output of Antegrator L.e. the value of EPSP inpuse
are wore than the value of IPSP tnﬁutu If Ipsp inputs value is
wore then RXPSP'a inputs value then the cubput at the 1nh§rﬂar
is positive and then threshold will not bBe orosoed. Resting
pokential of about 80 m¥ [2) of a ctual meuron systes provides for
this reference. Thus the threshold gate has bBeen designed %o
bave refercuce of 480 uVe I this model the sffests of temperature
on the exditadility of neuron as givoen ¥y Naodver and Roth [22)
has also heen considered. For this purpose a thermosensor has
been used 8¢ that Lts oharacteriatic match with the reguiremasnt
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Por this purpose a thersosensor of 107 OHN which exhidited the
required oharactersistics is used. The resistance of theraosensor

for differvent value of temperature Ls alwo shown in the Table-t,

For the working of edectrenic wodel, At i» assumed that
$he resting membrase potential of the neuren As ~80sV at 190,
This assumption As velld since $his figure of =B0nV has been found
% sany iuvestigators As the Sempersture changes to the 40°C the
valus of resting senbrane potential changes from -80mV to -'iw‘.
1¢ the resting potentia) deorecses %0 & value of ~60m¥ then the
sction poteutial 48 genersted even there is no input et that
instant [2)s To got the above value of the cesting potential we
used & resistance of 10 ohn and a themmonensor of 109 ohs 4in the
threshold gate cirouit, |

80 as the Sewperature m:wn the resting memdrane
potentiad changes, so the threshold value chongess 50 the outpus
 of the Shresho)d will not only depends om ¥he input oseitation
signal put ou Senperature alsos At Bigh temporature the input
sigual of camparatively low amplitude can excite the threshold gate
and gemerate s signals This output signal of the threshold gate
Sriggers the pulos generator which is a monostable aaltividrator.
The time period of the multi-vibretor is ¥ milli second which is
equsl to the absolute refractory peried,

In the presant moded, IG 555 4s Used ae monowstsble
aultividbrater. The saternal dimimg cepaditor Gp i held initially
discharged« Upom application of & negative pulse to pin 2, the
£1ipfiop 48 med wiich releases the shors oiroult across the exteraal
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eapacitor, How rise exponentially with the time oonatmf Rr%' this
time conatant Rtoi! is equivalens to the absolute Pefroaotory peried.
" When the voltage acroos the eapmoitor equal 2/3 Voo the threshold
comparator rests the flipflop whioh in turn, disoharge the capackier
nytdly. and desired ihe output to ﬂplln\v state. The cirouit
triggers on a negative going input siggsl, vhen the level reaches
/3 Vec. Onutrtéaerca the ofrouit will remain 12 this stateu
untsl the set tims 48 elapsed, even Af 4t 1w triguered sgein during
tass interval, The time that the output is in high state Vs f.t

a.zo_ ’ {pvlraué s nezative pulse simmkisneonaly to reset terminal
(Pin 4) and trigger tersinal (PAn 2) during the timtng oycle
discharge the exiernsl capacitor O and ceuse the cycle o start
over ggein. The dutpﬁt pulse {5 square wave which can be get

st (Pin 3) |

ﬁu mmmt geverated by the monostable multivibrator
travels down on rmtutanu-upamtmn analog of axon. As the
length of axon inureaces the numder of resistance-capacitance
groups also inéruaga, It is azsumed oo a long transnission line
which is unuotmﬁ distributed over entire length, Ko action takes
place in the axon~sualog it dnly shown the elapse to transmit the
pignal 4in the exon. | | .

These output pulses sre transmiited 1o the central nervous

syeten _1’0:- further uwnim control PrOcessing,

The shapo of the outout pulses are distorted due to the
transnission of pulses elong the entire length of the axon snalog
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vhich ts the comdimationm of resistanes and capacitances To over some
Abis 4ifficulty, the axon is comnscted to the differenvistor wait
vhose output depends upcs the nusber of sotion potential dravelling
along the axon uot on Sbe shape of action potemtial, Por this
purpose an operational ampiifier IC T41 48 taed as & ammm{m
units The $ime sonstant of the differentiator unit is deoided Wy

the resistantioe and cspacitance conneoted to ite tCerminals and this
is of the order of  milli sevond. Uith selecting the value of

R w100 K and ¢ » 0,01 miorol. The outpuk of the differentintor

4m & trats of spikess F\G 4 4.

The 2ifferentiator output is conneoted %0 an integrstor
which integfates the traln of spikes. The integrator controls the
frequency of vollage sontrolled oseillator (VCO), The frequenay of
the output pulses of the integrater depanis upon the time constant
of the \ntegrator vhich is decided by the rasistance and cspactience
coanscted to $he cperational amplifier IC 741 The time constant
(80) of the integrator is token 1 #1131 second by choosing Rut00 K |
and ¢u0.01 mioronPs During the time cometant KC 4f there is any
spike arrives than it will not excite the integrator, 8o outpus
of the integrator 4s s trein of pulses of square pulses. Theim
time of integration is t milli second,

The Qutput_ of the integrater is vehnected to & voltage
comtroller csciliator. In this eleotric oirewls IC-566 1 wmed
a» & yoltage comtrolled oscillators The SNC 546 functios generator
is a geaeral purpose voltage eontrolled oseillator designed for
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bighly limesr frequessy modullation, The control Yerminal (Pin 5)
£s bianed externally with & voltage (Ve) 4n the remge of

32-7’ v, v

wvhere Voo is the total supply voltages The comtrol voltage Vo
10 sent By the voltage divider formed with Ry and ll,. The
modulsting sigasl 4s then a0 coupled vith the capactior Gye The
sodulating &ml can de direoctly sonneoted as well; if the
appropriate do bias voltage 1 applied $0 the control terminal.
The frequency is given a,pptoxilitolx by

‘ * .
a0, ™

and a, should be in $he range 2 X n‘ | 0K A spall myt’ﬁtim
‘Sypieally 0,001 sic¢ronF should de eonnected bedween Pins 5 & 6; to
elisinste possible oscillation in the control cUrreNt SOBroe, '

The output of VCO 1e oconnected as an dnhiditory fmput $0
dendrites through s differentiator L.es & combination of Resistance
and Capscitance, The V0O owtput facresse with inoreass in excitation.
Ho this aots as prefection device un*:m" u&eusu lwttat;aﬁi is
the ixutltzqn tmmc from o @xt&h Jovel the dnjus of the VOO 48
also large. So ousput of Voo also Smoresce proportionately bus ¥CO
umu is connected as inhibitory inpus t0 dendeites, it decresse
the sunming of all WSP &d IPSPe Anpute. So far bigh excitation
the output ab the ason is not effected to much so the sigasi
trmtﬁd to the CAS fs of regularised natures The imeresse of
the output frequency of YEO ultimstely decrsased the exoitation
taput of ‘mum. | |
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443 ZEPEBIMENTAL. . BESULIS:
T™he edectronic model of neurctt proposed by the suthor was

fabriocated and has Been tested for {ts various characteristios and

processes, It shove all the eledtrical oharacheristios of neuron,

fe There 48 a particular threshold value for an input below
whieh there is no excitation (there is no output)e 411 the threahold
or above threshold input the neursl systenm ie excited and output is
observed snd sotion potential gemersted. Output 5’”91:%4. response
for differeut values of the atsp input for different values of

. threshold is shown in Tablesi,

Iablen)

Threshold value w § ¥ Threshold value = 27  Threshold values3V

m;n: ;nﬁput o ”!nwt Mpn‘im vﬁpﬂi- butpﬁt
0.0 BiL 0 ML 0 NIk
0.5 "L 0u5 "L 0.8 nL
140 K11, W KL 10 "
U R s w1 ML
2.0 10 20 ML 240 NIL
40 10 " 2.5 10 2,5 ML
540 10 5.0 10 3.0 XL
| 440 10 4.0 10
9.0 fo 5.0 10
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2. (11) The dsfferemt values of the FPSP and IPSP {nputs
" are spplied es input to the bropcu& wdel, The aotion potential
is genersted only when the sum of the EPSPs and IPSPs inputs is
above Shreshold level. |

Se ) When & pulss of aonstent amplitude above the thnahoid

" devel aad va::t.nie £xequency As applied st the dnput of theneuronsy
the ouiput signal ia observed only forthe time whioh satiefies
the condition for absolute refraotory periods bhen the frequency
oxdeeds the limit, the oukpus action potential $» absent, _Iui the
proposed moded the Mm: refraotory puﬂéd As § 81114 second
£.0s equal to the time conetant of the monoetable multividrator.

The trugﬁm@ rangs of neuron model and ﬁhniﬂu the
model becomes slowe This is similar to an eotusl neuron. Table-2
shows the frequency response for the sbmolute refractory p-riod
of 1 milli second, |

fable-2
. Input Pulse Prequency | Output Response
50 Present
100 _ Present
450 Present
200 | ' Present
250 ~ Present
300 | . Present
350 Present
400 ' Present
4% Prescnt
500 Absent
250 Absent

600 Abaent
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&v) The outpus fyequensy response of the neuron mydel ts shown
in Migure 4.3 £or the sevsral valuos of the input eignal, which ie &

stoady state d«c« wolisge, whea they arc applied just before the
multievibrators It is within the range es in the actual neuron.

Se " When the sun of EPSPs and IPSPe inputs a?a less than the
threshold value then thore is no sction potential generated and when
the sum 18 more tha.p.-thu_uhol.d level then action potential e |
generateds Above thréshnld lovel it does not depend ‘tipou the
aaplitude of the inputs So 1% show a1l or pooe ll"li-: As 10 tbe
actusl neuron i.e, for sub-threshold etimulus produces no oﬁtaﬂoa.
while threshold and a‘n&e thoi& produces excitation e» sbown

in Pablewt,

6 I# the present work the effect of temperaturs ia slso |
canétdcrcﬂ. A thepmoesensor s used 4n the threshold levelegates
As the temperature increases threshold level deorsases, so the
threshold gate triggered at subethreshold level,

Te The menbrane resting potential is used ror threshold
level, whieh ¢hanges as the teapesrature chungass As Vtaqenturc
jnoreass resting moabrane potential inoreases 3o the threshold

level detreases,

8. The. Waveshapes a4t oliffevent Laxmimal
axe Shoom m Fia 4 4. _

wuo?’aﬁu
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The model proposed by the autbor showe all She elsotricsl
properties of an &ctusl neuron. The experimental results observed
are similar to the vesulis which have been observed by the many

blo-engineers and scientiet in past,

$38013)



o 14 3=

SHARRER = 3
SONCLUSION ARD  DESCUSSLONS

-

"«Eh disaeriation deals with an elestronic model of neuren
proeesses and its feed dack Joop through Renshav Cells It simalates
the trasamission of information tn the dendrites, cell hody, axon
Rillock, azon and M‘Whm‘ feed dack througn Renshaw Jell. Renshaw
Cel) works aa protective device sgainat exceasive oxoitation and
gsneration of action poltentiale The axisting modeds are reviewed

Ao the present work,

The zadel descrided in this dissertion includes moat of
the electrical characteristica of neuron. The effect of the
tupoutnr& on the resting ueﬁbr&nc potentisl whioh acts as the
threshold of the proposcd neurls model 48 also taken inta accomt,
The summatiom and integration of IPSPs and IPSPe inputs, integration
phenomenon in cell body mepbrane, threshold and eubwihreshold
phenomenon, refruciury period, inhibitory input from Renshaw cell
oto, can be easily studied by the dis-engineers and neurophysiologiete
for ezplainipng the neuron proccsses. The model is compast, reliabdle
and inexperionce and meversl such models can be interwconnested to
study the dehaviour of intir-neuinna, nerve ocnbteres and' other
complex processes. X% alsc proves to be s goodedld %o diagnostio
and prosthetic purpoacs. If 4t becomes possible to construct a
Very smell sierowstructure model than {t may de helpful £in treatment
of ion paralysis oases, where a small saegmant has stopped working,

N T



- B

YWy replacing i% with artifieial built mioro-etructure nodel of

naurol.

This model has the advantage that it in very flexible in
Lte principal of operatiop and etudies oan be carried out on the |
properiies of different kinde of nerve oells by the simple process
of changing several parameters of the cirouit, Inﬁm&ted chrouit
ohips bave been used in the pressnt wodel a0 as to mingturize
the set up. | |

The above model sould be perfested by idncluding gradually
diacovered physiological aspects of the neural styuocture,
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