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Abstract: - In this study, the effects of voltage change in ion
channels in order to reproduction of action potential and its
simulation by Hodgkin Huxley model have been explored . The
simulation has been performed by using the Matlab software . By
writing Hodgkin Huxley equations codes and applying the
parametersvaluesof it , action potential waveform to obtain. Then
by reducing theamount of excitation current, thelowest value that
the action potential is placed on the eve of the production will be
obtain. The next step isto stabilize the input excitation current to
the value obtained and then change the sudiom , potasiom and
leakage channelsvoltage. According to the characteristics of each
ion channels and voltage variations on them, action potential will
start to reproduce. Thus we have shown, with the decline of the
excitation current for reasons such as some illness, we can
reproduce the action potential and propagate it inside of axon by
changing theion channels voltage.

Keawords: Action potential, Axon, Hodgkin Huxley model,
Excitation current, Matlab simulation.

I. INTRODUCTION

Myelin is a substance lipoprotein around the somensa to
form a discontinuous covering sheath. On the dihed, the
same substance that causes the white color of#ie Ispinal
nerves and some areas. The myelin sheath is a tlagers
formed on the long axons. The main role of the mygieath,
cause an insulator on the surface of the axonsiribegases
the speed of electrical signals along the axoraddition to
the rapid transfer of myelin nerve impulses aloerya fibers,
it also has a duty to protect nerve cells. Thesaireaxon that
lacking of myelin sheath is called Node of Rantleat the
nerve impulses are transmitted by action potentfaisugh
these nodes. When the myelin sheath is destroyad-esult
of some diseases, the input excitation currentédsiced and
even in some cases generally disappears. As &,réstibn
potential can not be released into the axon amdtnd nerve
impulses, therefore we organs will not be able xecate
commands. Hence, we consider the minimum excitati
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Il.  ACTION POTENTIAL

When the membranes of neurons is stimulated,a duitéd
change that occurs in the nerve membrane and patgfigm
the stimulation site to other parts of the nervbber. This
phenomenon is called action potential. In otherdydhe
action potential occurs on excitable membranes of nerve
cells, over the length of the axon and has the tafsk
messaging .

Each action potential start with suddenly cleang
negative natural potential ( rest mode ) to posifietential of
memrance and come back with the same speed iretztive
mode and ends[l]. To convey a message of nervnact
potential travels along the nerve fibers to reduh merve
endings.The successive stages of the action potential are a
follows.

A. Redting stage
This is the resting membrane potential before tbgom
potential begins. The membrane is said to be padriuring
this stage because of the —70 millivolts negativamisrane
potential that is present [2].

B. Depolarization stage

At this time, the membrane suddenly becomes vaempeable
to sodium ions, allowing tremendous numbers of thady
charged sodium ions to diffuse to the interiorhaf &xon. The
normal polarized state of —70 millivolts is immedig
neutralized by the inflowing positively charged &od ions,
with the potential rising rapidly in the positiveettion. This
is calleddepolarization. In large nerve fibers, the great excess
of positive sodium ions moving to the inside cauties
membrane potential to actually overshoot beyondzttre
level and to become somewhat positive. In some lemal
fibers, as well as in many central nervous systearans, the
potential merely approaches the zero level and dus

%vershoot to the positive state [2].

current that theaction potential is in eve of the generation and C. Repolarization stage

then start to change the ion channels voltage. Wtk

Within a few 10,000ths of a second after the membra

method, the action potential was produced again ampgcomes highly permeable to sodium ions, the sodium

propagated inside of axon.
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channels begin to close and the potassium chaopetsmore
than normal. Then, rapid diffusion of potassiumsida the
exterior re-establishes the normal negative restiagibrane
potential. This is calledepolarization of the membrane [2].
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Capacitive currentl ¢)
According to the Hodgkin and Huxley model, eachhmfse

Ms* channels close

+50 -

Wb camaeie |\ channels acts independently and carries only afgpgpe of
il e ions. In other words, a sodium channel can onlyspart
teavecell [ || sodium ions. A leak channel on the other hand, doebave
E { \\\ \ selective permeability and therefore, differentetyf ions
F qof ’ | \ can move through it. And finally, capacitive curtrés a
£2 | | |\ current through the phospholipid bilayer of an tadulie cell
- 2 |nee O | \ ' [8]. lonic potential for sodium, potassium and chlorides
EE Byt \ are known Nernst voltages to be obtained through th
LR 4 \ K* channels close following equations :
L 4 2 \ -
i T R T = Eriogki __RT CiNa
T ORI Ve = pln 00 1
__RT Ci.K
Figl. lon Flow in Action Potential [3] Vg = ZF ™ ok (2)
Ci.Cl
IIl.  HODGKIN HUXLEY MODEL Vo =— ELH Co.Cl 3)

In 1952 , Hodgkin and Huxley provided a mathemética

model to explaln how to start and the distributibthe action C;' and Co values refspectwelydm the dabove dequhagzgsﬁm
potential in neurons that includes a set of noedimordinary € concentration of ions inside and outside t the

differential equations that approximation the efect Value of the parameter Z in sodium and potassims is

properties of excitable cells, such as neurons @rdiac €du@l to 1 and in the chioride is equal to -1.
muscle cells . Hodgkin and Huxley by presenting thodel,  >Ince the channel leakage passage of the sonalber of

received the nobel prize in physiology and medicine |ons from the inside to the outside and vice verBlaat's why
1963[4] t can be considered constant leakage conductamaenel

Hodgkin Huxleymodel made by electronic c:omponentéaInd along the channel voltage leakage can be agstniee
such as resistors and capacitors is shown in thewiog constant. Therefore, the total ion flow at regi®. Since the
figure. Each components of a cell irritable wittplaysical Cconductivity of the membrane to sodium and potassaia

component is shown[5]. Lipid layer is shown as pacitor.  function of voltage through the membrane , whidg=Vy,
voltage ion channels shown with a resistance tiet tan be there is no flow of sodium and sodium flow is elqoazero
based on a nonlinear conductor, in other word easelid the and whenV,, = V. , there is no potassium current and
conductivity depends on the time and voltage, whicpotassium currents is equal to zero . Channel azindoe are
indirectly through voltage channels gate proteirsveh obtained from the following equation :

relation to thepossibility of the opening of each that isgmz _Ina (4)
proportional to the voltage. o e

Leakage channels have been shown with a resisthatdét 9% = 3 (5)

can also be indicated by a linear conductivit. Etshemical g, = i (6)
gradient that causes a flow of ions with a batris also %  ¥m-¥g

shown. ¥ is the membrane potential that the difference i
between the internal and external potential. In the above equations , the unit is equaltd/Tm~].

Outside The general equation is the sum of the currentwirfigp

through all channels and membrane capacitancdaiass :

I F 3

d
tn — V) + g (¥ — W)

I'=Cn/+ 05 W — W) + e Uy
)
Cr R
— ‘ Wi
Tablel. Hodgkin Huxley equations parameters and the

¥ Em —ITE.L —ITE definition .
Parameters describtion
(L [ total current of membrangd /Cm?]
Inside Com Membrane capacitan@g/cm?
Fig2. Schematic diagram for the Hodgkin-Huxley mode[6] Um Membrane voltadenv]

Also they were modeled the currents influences o t| gwa Gx.: | Channels conductanegfnho /Cm’]

production _and propagation the action potenti&séhcurrent Vi Vie Vi nernst voltaggenv]

is as following [7] :

Sodium channel curren{,(;) A. Voltage gated sodium channel

Potassium channel curredt,} Sodium ions cross the cell membrane via voltagedjat

Leak channel currenfy,;.) sodium channels. Sodium ion equilibrium is achiewdekn
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the condition ¥, = ¥,
equilibrium potential there is no net movementaxfism ions
across the cell membrane because for each sodmrthéd
moves into the cell by diffusion, exactly one sadiion
moves out of the cell due to the electrostatic igratd
Therefore, the net current of sodium during thesests 0

= 0). Any deviation from this statel}l, = I7,,) will result in a
non-zero current in the sodium channel. Accordm@®bm’s
Law the current in a sodium channel is equal ta [8]

Tya = gva Vim — Vya) (8)
Hodgkin Huxley model is based on the assumptitt
sodium channel activation is based on the parametam be
opened and closed. Parameter m sodium channedditnasd
the state when the channel is open and unregulatete

when the channel is close@ihe other parameter is called hsatisfied V.=V
can be used to disable the channel. In other wadtts, " y

parameter h represents the active mode and (hel)ridde
and just have one condition is described.Thusglaionship
between sodium conductivity and parameters m aacklas
follows :

_ 2
Ong = Giamey — -1

9)
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is satisfied. At the sodium each state . Thus, the relationship between théumtivity K

and n parameters are as follows:

Gy =Gy .n*

(13)

Where, G represents the maximum conductance

potassium channeldActivation of potassium channels are
expressed by the following equation

2o ap{1 —n) — Bym

2 (14)

C. Leak Channel

Different types of ions (e.g. potassium, calciuradiam)
cross the cell membrane via leak channels. Eqiuifitbrin
leak channels is achieved when the following coonlitis
During this state there is no leak current

going through the cell membrane and therefgre 0. Any

deviation from this state¥, # ¥;) will result in a non-zero
current in the leak channel. According to Ohm’s Ldhe

current in a leak channel is equal to[8]:

L =gV - W) (15)

Where gy, ismaximum conductivity of sodium channels. D. Memrane capacitance

Activation of sodium channels are expressed afotlwaving
equation :

i—:‘ =ap(l —m) — fpm (10)

Another component that contributes to the total tm=me
current is the membrane capacitance.

dv,
dt (16)

IL.=¢C

Inactivation of sodium channels are expressed a&s th

following equation :

%:ﬂh{].—h:] —_Ehh

11)
Alpha and beta coefficients transmission rate depenthe
voltage and independent of time.

B. Voltage Gated Potassium Channel
Potassium ions cross the cell membrane via volteged
potassium channels. The equilibrium for potassionsiis
achieved when¥, = V5.
potassium current going through the cell membrdge Q).
Any deviation from this state If, = V%) will result in a
non-zero current in the potassium channel. Accordim
Ohm'’s Law, the current in a potassium channel isaetp [8]:

Ty = gx (Vi — Vi) (12)

Hodgkin Huxley model is based on the assumptiort the
potassiunthannel activation is based on the parameter n ce
be opened and closed. Parameter n potassium chamael

allowed the state when the channel is open andgutated

mode when the channel is closed . so, (1-n) ineéctite time
when the channel is closed. Hodgkin and Huxley for

parameter n is assumed that the four conditionsttier
activation of potassium channels is required tdidensed in

During this state, there is no

IV. SIMULATION

As mentioned, sometimes due to certain diseasetharldss
of the myelin sheath, the excitation current todoice an
action potential is reduced and isn’t longer ablgtoduce
action potentials. For this reason, in this sectwm first find
the least amount of excitation current that théoagbotential
is in eve of the generation. Then By fixing the amtoof the
excitation current, Changes the voltage of eachmélaso
that the action potential is generated. First, &iteuthe
equations and obtain the general form of the agimtential
which is as follows:

Yoltage
[
o

£ L L L L L ! L L
0 4] 10 15 20 25 a0 35 40 45

Time
Fig3. Action potential
Now, we examine the excitation current effects &mal
channel voltage change to reproduce the actiompate
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A. The effect of excitation current thrshould

The excitation cyrrent threshold which is an impattfactor,
in time of the damage to axons is subject to chamgkto a
large extent, its value is close to zero. In th@sti®n, with
simulation of Hodgkin Huxley equations and changehie
amount of excitation current,The action potenttalveform

is observed.
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Tirne
Fig4.action potential with the input excitation current of 10uA
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Fig5.action potential with the input excitation current of 5.8uA
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Fig6.action potential with the input excitation current of 5.7uA

“oltage

5 10 5 0 25 0 3B 40 45
Time
Fig7.action potential with the input excitation current of 2uA

The results show that the excitation current canbeoless
than 5.7 pA because the waveform will lead to alisatero.
You'll see the waveform in 5.7 pA largely damped bot
zero in general and it can be considered as tlestibid. So
with this amount, nernst voltages can be changedl an
reproduced action potentials that Our main purgosthis
paper. According to the above explanation ,we ctarsihe
least of input excitation current is equal to 54 .

B. Survey the effect of sodium channel voltage change

Now with keeping the excitation current amounbt@ pA ,
we see that by changing the sodium channel voléageto
what extent and accuracy can be reproduced aatimpals.
So we start by changing the sodium voltage .

150

100F .

50+ 1

“oltage

Time
Fig8.action potential when ¥y, = 50mv
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A E
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Time
Fig9.action potentialwhen V. = 70mv
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Figl0action potential when ¥y, = 93mv
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Figllaction potential when ¥y, =115mv

The results show that by increasing the sodiunageltfrom
55mv to 93mv in 5.7p A stimulation current, actiagntials
begin to produce.

C. Surveythe effect of potassium channel voltage
change
In this section we consider the effect of potassairannel
voltage change in order to reproduce the actioargit .
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Figl5Action potential when Vy.= - 77mv
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Fig12 Action potential when ¥3,= - 49mv

Titne

Fig13Action potential when V= - 55mv

Tirne
Fig14 Action potential when V.= - 69mv
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0
Tirme

Fig16 Action potential when V= - 90mv

The results show that by increasing the potassiottage
from -77mv to -69mv in 5.7pgA stimulation currenttian
potentials begin to produce.

D. Survey the effect of leakage channél voltage change

In this section we consider the effect of leakapannel
voltage change in order to reproduce the actioargiatl.
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Figl17.Action potential whenV;= - 54.4mv
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Fig18.Action potential whenV;= - 37mv
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Fig19.Action potential wher¥;=- 20mv
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Fig20.Action potential wher¥;= - 10mv

The results show that by incrising the leakageagaltfrom
-54.4mv to -37mv in 5.7yuA stimulation current, adcti
potential begin to produce.

V. CONCLUSION

In this paper, with simulating of Hodgkin Huxleywdions
and obtaining a minimum amount of excitation currerdtth
may be due to certain diseases is reduced or aliednwith
holding constant the amount of excitation currehttre
threshold of action potential generation, starthange the
voltage of sodium, potassium and leakage ion cHasieehat
we see in what voltages reproduction of action e is

[6] S. Alford, "The Hodgkin-Huxley equations.".Cell aridolecular
Neurobiology.

[7] Hodgkin, A.L. and A.F. Huxley, A quantitative deigtion of
membrane current and its application to conducaiod excitation in
nerve. J Physiol, 1952. 117(4): p. 500-44.

[8] Vladimir Ruzov “neuro modulation : action potentmbdeling ”

Appendix
Constants for Hodgkin Huxley equations that usetthén
simulation.
Parameters Value
Vira 55 mu
Ve -77mv
| -54 4 mrw
Ine 120 mmho [ Cm?
O 36 mmho [Cm”
a1 0.3 mmho /Cm?
Con 1F/Cm?

possible. Based on the simulations performed and with
voltage change in sodium, potassium and leakage ion

channels, respectively at voltage of 93n89mvand-37mv
action potential reproducedhus in this method , we could
reproduce the action potential and propagate rgaéxon .
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