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Abstract:

At present, there are misunderstandings and even subversive errors in the understanding of
cellular bioelectricity phenomena. The theory explaining the mechanism of bioelectricity
generation is the ionic theory, and the ionic theory is based on the membrane theory. The
membrane theory may be the correct part, and the ionic theory does not give a definite affirmation;
the membrane theory may be the wrong part, and ionic theory does not give a clear negative,
instead, has been further strengthened in the later period. Whether it is membrane theory or ionic
theory, the author has ignored the structure and characteristics of ion channels, and has not found
the essence and law of ion exchange inside and outside the cell membrane. Therefore, the GHK
equation and the H-H equation based on the ionic theory have congenital deficiencies. Therefore,
it is necessary to put forward a new doctrine on this basis and establish a new mathematical model
based on the new doctrine to re-explain the mechanism of bioelectricity generation scientifically
and rationally.

This paper is based on the principle of K* channel “origami windmill” model, the conservation
law of membrane area of cell action potential ion exchange was proposed, and establishes a new
mathematical model of cell action potential based on the conservation law of membrane area—ion
inequality equation. The expression of conservation law of membrane area: Sa (t) + Sg (t) = S,
the expression of the ion inequality equation: resting potential N = Ny + Vt; action potential N =
No+ 170t —90t2.

The conservation law of membrane area holds that bioelectrical activity is a process in which
different cations replace each other on the inner surface of the cell membrane. Cl is already
surrounded by the cell membrane at the beginning of cell membrane formation, which determines
the “positive” and “negative” of the cell action potential; The cations such as Na®, K, etc., the
amount of mutual replacement on the inner surface of the cell membrane determines the amplitude
of the action potential, and the ratio of mutual replacement complies with the principle that the
membrane area is equal and the ions are not equal.

The ion inequality equation, cited the kinematics principle, can not only reflect the nature and
rule of cation exchange on the inner surface of cell membrane,but also can reasonable avoid cell
membrane expansion force and ionic driving force, completed the bioelectricity generation
mechanism from the qualitative to the quantitative expression, supports the preexistence of
membrane theory, to verify the theory of brain cell activation, the theory of dove-likeparticles and
“origami windmill” model, has opened up a scientific and quantitative description cell action
potential new ways and means.

* Corresponding author: Zuodong Sun (E-mail: sunzuodong@pai314.com).
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Using the principle of K™ channel “origami windmill” model, the whole process of
action potential generation of nerve fiber cells and cardiomyocytes was explained
reasonably!>?. The establishment of the K* channel “origami windmill” model®® has
gone through the deduction process of practice-theory-re-practice-re-theory.Since
1994, the author has applied the transcranial electrical and transcranial magnetic
electrical stimulation technology to invent a brain function rehabilitation therapeutic
apparatus*® (1995), a depression therapeutic apparatus (2011)®", a Parkinson's
disease therapeutic apparatus®®!(2011), and Alzheimer's disease therapeutic
apparatus™®**! (2014) and other encephalopathy rehabilitation treatment equipment
are widely used in the clinical practice of cranial nerve diseases, and have achieved
significant rehabilitation treatment effects. As the inventor, in order to clarify the
treatment mechanism of equipment and the cause of severe cerebral disease,tracing
the source, applying the principles of physical biology, from the cellular and
molecular level, “the theory of brain cell activation”* (2015), “the theory of
dove-like particles”™® (2019), and “ K*channel‘origami windmill’Model” ®(2019)
were successively proposed.

The research work during this period naturally involved the mechanism of cellular
bioelectrical phenomena. Through combing the basic theoretical research of
bioelectricity and classic experimental results, it is found that there are still
misunderstandings, even subversive errors, in the current understanding of cellular
bioelectricity phenomena. The theory explaining the mechanism of bioelectricity
generation is the ionic theory™, and the ionic theory is based on the membrane
theory™™. Membrane theory believes that “biological tissue has its own bioelectricity
when there is no stimulation or excitement”. This preexistential view may be true, but
the ionic theory does not explicitly affirm it; Membrane theory holds that, “when
resting, the potential inside the membrane is negative because the K* outflow causes
the negative charge to stay inside the cell”, and “when a nerve or muscle excites, the
selective permeability of the cell membrane temporarily disappears”,this point of
view may be the wrong, ionic theory does not give a clear negative, instead,it has
been further strengthened in the later research work.Whether it is membrane theory or
ionic theory, the presenter has ignored the structure and characteristics of ion
channels—the inlet and outlet channels are independent and the ion inlet and outlet
channels are “same direction sharing”, not found the essence of the cell action



potential and the rules of ion exchange inside and outside the membrane — the
membrane area is equal, and the number of ions is not equal.

Therefore, the mathematical model established according to the ionic theory —
GHK equation and H-H equation™®™® have congenital defects. GHK equation refers
to Nernst equation and tries to establish the relationship between ion concentration
gradient and membrane potential. It is believed that CI', like Na* and K", “go in and
out together” inside and outside the cell membrane, and its defects are fundamental;
H-H equation, is only an empirical equation, there is no linear relationship between
each data element, not a reliable molecular model, and references to ohm's law, the
cell membrane as a series of resistance, battery and capacitor connected into a circuit,
eventually because of too many principles and parameters, makes the solution to the
problem becomes extremely complex and difficult to understand (Figure 1), which
fails to truly reveal and clarify the nature and laws of cell bioelectricity.
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Figure1  Hodgkin and Huxley used to derive part of the mathematical
formula of H-H equation™
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If this situation is not corrected in time, not only does it not help answer the basic
biological questions of human health and disease from the source, but may also
profoundly affect the future research direction of life science. Therefore, it is
necessary to put forward a new doctrine on this basis and establish a new
mathematical model based on the new doctrine to re-explain the mechanism of
bioelectricity generation scientifically and rationally.

1. Theoretical basis for creating a new theory

Using the principle of the K+ channel “origami windmill” model, the entire process
of the action potential generation mechanism of nerve fiber cells and cardiomyocytes
has been reasonably explained. On this basis, can completely be further proposed a
new theory that can reasonably explain the mechanism of bioelectricity generation
mechanism, build a new mathematical model.

1.1 K* channel “origami windmill” model

The principle of the “origami windmill” model: the repulsive force formed by
cations such as K" and positively charged amino acid residues in the channel helix
drives the “wind teeth” back and the “windmill” rotate, the speed of the “windmill”
determines the “on” and “off” of the K* channel hole relative to K, its characteristic is
that the four channels spiral to form an independent functional unit, which rotates
synchronously in one direction, only in no out, and has no dependence on adenosine
triphosphate.

Inferred from the “origami windmill” model: there are at least two types of
channels on the cell membrane. One type of channel is the Enter (E) channel. The
structure is like a K'channel “origami windmill” model. Each cell has at least one E
channel; the other type of channel is Leave (L) channel, whose structure only changes
between the “on” and “off” conformations, is a passive one-way flow, and can only in
no out, and each cell has more than one L channel. Both the E channel and the L
channel have two states of “on” and “off” relative to K*. The pore size when “on” is
greater than or equal to the K™ diameter, and the pore size when “off” is less than the
K" diameter but not less than the Na diameter. All ion or molecular channels in and
out of the cell are “shared in the same direction”.

According to the “origami windmill” model, it can be further deduced: the ions that
replace each other inside and outside the cell membrane,the inner surface of the cell
membrane adheres to the principle that the membrane area is equal and the number of
ions is not equal, this is the new theory to be proposed—the core and foundation of
the conservation law of membrane area.



1.2 Physical phenomena of cell membrane ion exchange

What types of physical phenomena may be consistent with or similar to those
observed in Hodgkin and Huxley® (1939) experiments (Figure 2)? Through
comparative analysis, it is not difficult to find that the entire process of the cell's
resting potential and action potential coincides with the law of the displacement and
time of the object's movement, that is: the resting potential is equivalent to a linear
movement of the ion at a uniform speed; Action potential rising phase, which is
equivalent to the uniform deceleration linear motion of the ion; the action potential
falling phase, is equivalent to the ion uniform acceleration linear motion. In particular,
the rising phase and falling phase of action potential are more in line with the law of
motion of vertical throwing objects.

t

Figure2  Intracellular recording of squid giant axon action potential
Fig. A. Micrograph of the internal electrode of the calamari giant axon (diameter about 500 pm).
Two views of the same axon can be seen from the microscope designed by Huxley. Fig. B. The
first intracellular action potential record®”. Fig. C. Basic expectation of resting potential and
action potential using the inequality equation of ion. Rest potential: N = —60 + 2t, where t is about
0~ 10ms; action potential: N = —40 + 170t=90t* , where t is about 0 ~ 2ms.

Therefore, the whole process of cell resting potential and action potential can
theoretically be described as follows:

The resting potential, which rises from —60mV to —40mV, is a process where
extracellular Na* spins into the cell from the E channel at a uniform speed. Action
potential, relative to K*, rises from —40mV to +40mV, which is the process of
intracellular K* from the L channel uniform deceleration flowing to the extracellular;
The decrease from +40mV to —60mV is a process of uniform acceleration of
extracellular K* from the E channel into the intracellular. Relative to Na®, the increase
from —40mV to +40mV is a process of uniform acceleration of extracellular Na* from
the E channel into the intracellular;the decrease from +40mV to —60mV, is a process
of uniform deceleration of intracellular Na* from the L channel to the extracellular.At
+40mV, the ions on the inner surface of the cell membrane are saturated and all are



Na*; at -60mV, the ions on the inner surface of the cell membrane are saturated and
all are K",
1.3 Relationship between voltage and ion change

Kinematics is a branch of theoretical mechanics. It describes and studies the
changing law of the position of an object with time from a geometric point of view,
and does not involve the physical properties of the object itself and the force applied
to the object. Therefore, when we use kinematics to establish a mathematical model,
we can disregard the expansion force of the cell membrane and the driving force of
the ion, as long as the transformation relationship between voltage, charge, ion, and
ion number is clarified, and finally the relationship between voltage and time (E-t) is
converted to The relationship between ion change and time (N-t) is sufficient. Of
course, the value of membrane voltage, ion current, channel resistance or conductance
can also be calculated according to Ohm's law. This article only converts (E-t) to (N-t)
or (N-t) to (E-t).

For the cell membrane, a small change in charge can produce a large
transmembrane potential difference, and the amount of change in ions will only cause
a change in the concentration of ions in the cells of 1/10 million. A membrane voltage
of 100mV is generated, and the amount of charge change Q is equal to the product of
Cm (IpuF/em?®) and E (0.lvolt), that is, Q = 0.lmicrocoulomb / cm? Taking
monovalent ions as an example, the ion change is: N = Q /e = 0.1 %10 (Coulomb /
cm?) /1.6>10™° (Coulomb/ion) = 6.25 <10 (ions/cm?) = 6.25 x10° (ions/um?)?+ %,
The average area of the cell membrane is about 2000pm?, and the amount of ion
change is 1250 ions/mV. This value will be frequently used in subsequent calculations,
S0 we can set it to a constant G, namely:

G = 1.25 x 103ions/mV

2. Conservation law of membrane area and mathematical expression

The conservation law of membrane area is based on the principle of the K* channel
“origami windmill” model and the physical phenomenon of ion exchange inside and
outside the cell membrane. Its basic content: the bioelectrical activity of cells is the
process of different cations inside and outside the cell replacing each other on the
inner surface of the cell membrane. The rising phase of action potential is a
depolarization process, dominated by Na* influx; the falling phase of action potential
of cells is a repolarization process, dominated by K" influx. In the process of cell
bioelectricity generation, ClI is surrounded by the cell membrane at the beginning of
the formation of the cell membrane, which determines the “positive” and “negative”
of the cell action potential; Na*, K* and other cations on the inner surface of the cell
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membrane, the amount of mutual replacement determines the amplitude of the action
potential. The ratio of the mutual replacement obey the principle that the membrane
area is equal and the number of ions is not equal.

The conservation law of membrane area can be written as

When the initial moments are all A or B, then Sa (0) = Sp, Sg (0) =0 or Sg (0) =
So, Sa (0) = 0. It can also be derived from equation (1)

Ny 132
_Aziz (2)
NB T'A
Vi 12
2=22(3)
Vg ma
v,  dv
—=—— (4
dt dt

Among them, A and B are the two kinds of ions that replace each other on the inner
surface of the cell membrane; Sa and Sg are the area of the cell membrane occupied
by the two ions, Sy is the internal surface area of cell membrane; Naand Ng, the
number of A and B ions exchanged; ra and rg, radius of A and B ions, unit: um; Va
and Vg, ion flow velocity, unit: ions / ms; dV a/dt and dVg/dt, change amount of A and
B ion velocity per unit time, unit : ions/ms®.

In this paper, the cells are modeled as a sphere, and the formula of sphere surface
area was used to calculate the inner surface area of cell membrane S, = 4nR?. If A
and B represent K and Na®, respectively, according to the previous estimate, Va/Vg
= rg” / ra’~2: 3. Some scholars calculated the ratio based on the experimental results
to be about 37: 63=2: 3. However, in order to facilitate understanding, we have used
the 2: 3 valuation in subsequent calculations. When the A and B ions are both
monovalent, the unit of the number of ions and the unit of charge can be used after
simple conversion.

3. lon inequality equation and its derivation process

The entire process of cell resting potential and action potential conforms to the law
of kinematics of objects or particles. Based on the conservation law of membrane area,
we can try to establish a new mathematical model of cell action potential—ion
inequality equation. A complete process of cell bioelectricity generation should
include two parts: resting potential and action potential, and action potential includes
rising phase and falling phase.



Kinematics, the four physical quantities that describe the motion of objects and
their changes include: position vector, displacement, velocity, acceleration, and its
main properties are vector, instantaneous and relative. Understand the meaning and
function of the equation of motion, you can master the calculation method of the four
physical quantities of the equation of motion.

3.1 Uniform linear motion and resting potential

The characteristic of uniform linear motion is speed V= constant. Let the particle
move linearly along the x-axis, then by the definition of velocity, we get

V=dx/dt namely dx=Vdt

Let to be the particle at Xy and the t be the particle at x then there is:

b t
f dx = j vde
X0 t

0

Because  x—Xo=V(t—to)

If t,=0 and x,=0, the above formula can be written as x=Vt

This is the well-known equation of uniform linear motion.

The resting potential of the cell corresponds to the uniform linear motion of the
object. The change in the number of ions in the equation N corresponds to x in the
equation of uniform linear motion. the change in ions per unit time corresponds to the
velocity V in the equation. If t5=0 and No=Nmin, then there is:

N = Ny, +Vt (5)

Among them
Niin = Ny, — Vit
2

NVth = Nmax - NHei = §Nmin

Among them, N is a physical quantity with size and direction, which is a directed
line segment from the initial position to the end position, the direction is from the start
point to the end point; V represents the speed of Na* screwing into the cell from the E
channel, and t is the time of resting potential (About 0~10ms); Nmi, corresponds to
the minimum negative value of the action potential falling phase, Nmax corresponds to
the maximum positive value of the action potential rising phase, Ny, corresponds to
the threshold of the triggering action potential; Ngei corresponds to the action
potential rising phase The maximum amplitude (Nyi to Nmax) IS a constant.

If t,=0 and No#0, the quantitative expression of resting potential (5) is a unary
one-time function:

N=N,—-Vt (6)



3.2 Uniformly variable linear motion and action potential

The characteristic of uniformly variable linear motion is acceleration a = constant.
Let the particle move in a straight line along the X axis. From the definition of
acceleration, we get

a=dVv/dt dV= adt

If the velocity of the particle at t = 0 is Vo, and the velocity of the particle at t is V,
then there is

v ¢
dv = f adt
Vo 0

Namely, V-Vy=at or V = V+at
And because V=dx/dt=V,+at
So dx= (Vptat) dt

If the particle is at position Xq at time t = 0 and the particle is at position x at time t, then there is
x t
j dx = f (Vo + at)dt
X0 0

Calculus gives x — xy, = Vot + %at2
If t = 0, Xo= 0 means the particle is at the origin of the coordinate, then there is

1 .
x=V0t+§at

From V =V, +at, x =Vt + %atz, the time parameter t is eliminated,can get

V2 —V,% = 2ax
The nature of the motion of the projectile in the vertical direction is a uniformly
variable linear motion with an initial velocity of not zero. Set the initial velocity Vg
vertically upward as a positive direction, and add the “—” sign before the value of
gravity acceleration g. The formula of the motion law of the projectile can be
simplified as:

1 5
V., =V, — gt x=V0t—§gt

This method is simple to calculate, but we must pay attention to vectorness and
physical quantity symbols. Using this method, several important inferences can also
be drawn: the maximum height at which the object can rise Hm = V¢?/2g; the time
required to rise to the maximum height t = V/g; the falling process is the inverse
process of the rise process, so the particles are passing through the same at the height
position, the rise speed and the fall speed are equal; When the object passes through
the same height, the rise time and the fall time are equal.
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The action potential of the cell conforms to the law of the motion of a vertically
projected object. The design of the action potential equation is based on the formula
of the motion law of a vertically projected object. For the L channel, set the direction
of ion flow from the inside of the cell to the outside of the cell as the “positive
direction”, then the geometric trajectories of K™ and Na* flow with time are in line
with the physical situation of vertical object movement, and the change of ion with
time N It is applicable to the formula of the motion law of a projectile thrown
vertically, that is, when t = 0 and Ny # 0, then there is:

1
N =N, +V0t—§at2 (7)

Among them, a is acceleration, unit: ions/ms?; t is action potential time course,
about 0~2ms; Vj is the initial velocity of K or Na* escaping from L channel. When
t=0, No=Nytn.

Note: The meaning of the letters used in the action potential equation cannot be
completely equivalent to the letters in the vertical motion formula of the projectile.
For example, a is acceleration, but it is not equal to the value of g.

According to Figure 2.B, the values of V, and a can be calculated according to
equation (7). Calculation method:

The action potential time t is about 0~2ms, the maximum value corresponding to
the action potential Nyax=40G, the minimum value Ny,i»=—60G, and the corresponding
value of the trigger potential No=Nyu=—40G. Assuming that when t=Ims corresponds
to Nmax=40G, when t=2ms corresponds to Nnin=—60G, then there is:

When t=1ms, 40 = —40 + Vot — 5 at?

When t=2ms, —60 = —40 + Vot — 5 at?

Obtain:

V=170G (ions / ms), a=180G (ions / ms?)

Nhei=Hm=V0?/2a~80G

Among them, Vy is the initial velocity of the ion, a is the acceleration of the ion,
and Npei (Nvin to Nimax) is the maximum amplitude of the rising phase. Vo, a, Npei can
be understood as the universal constant of cell bioelectricity.

The mathematical expression of the action potential is a quadratic function of one
variable. Equation (7) can be simplified to:

N = Ny + 170t — 90t? (8)

10



4. Explanation and verification

The conservation law of membrane area based on the K' channel “origami
windmill” model and the unequal equation of cell action potential ion inequality
equation based on the conservation law of membrane area, its scientificity and
applicability can be verified by quantitative expression or interpretation of the whole
process of action potential occurrence in nerve fiber cells and cardiac muscle cells.

4.1 Action potentials of nerve fiber cells

Applying the conservation law of membrane area and the ion inequality equation,
explain Figure 2.B. The ratio of the number of K" and Na" replacing each other is 2: 3.
When 2 K" are rotated into from the E channel, 3 Na* will be squeezed out from the L
channel, and there is one more negative charge in the cell, and the proportion is 2: 3: 1;
when 3 Na" are rotated into from the E channel, and 2 K'squeezed out from the L
channel are added, there will be one more positive charge in the cell, and the
proportion is 3: 2: 1.

The rising phase of the action potential, the K* that squeeze out the cell from the L
channel, and the Na" that is rotate into from the E channel occupy the same area on
the inner surface of the cell membrane; The falling phase of the action potential, the
K" that rotate into the cell from the E channel, and the Na' that issqueeze outfrom the
L channel occupies the same area on the inner surface of the cell membrane.

(1) Extreme value of action potential

When Epa=+40mV or Npna=+40G, the intracellular membrane surface ions are
saturated, all are Na', the calculation result is Qna=300G; when Emin=—60mV or
Nmin=—60G, the intracellular membrane surface ions In the saturated state, all are K,
and the calculation result is Qx=200G. Calculation method:

Qg _ 2
— Qg = 1006, ==
QNa QK QNa 3

Among them, Qna represents the amount of Na* on the intracellular membrane, and

Qx represents the amount of K* on the intracellular membrane.

(2) Action potential rising phase

When the E=0mV or N=0 position, the intracellular membrane surface ions are in a
saturated state, and the cell should contain 180G Na" and 80G K*, which isequivalent
to 180G Na'rotated into from the E channel, and 120G K'squeezed out from the L
channel. Calculation method:

QxL
Qnae — QkL = 606, =

QNaE §
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Among them, Quae is the amount of Na" rotated into from the E channel, and Qx is
the amount of K* squeezed out from the L channel.

(3) Action potential falling phase

When the E=0mV or N=0 position, the intracellular membrane surface ions are in a
saturated state, and the cell should contain 180G Na" and 80G K", which is equivalent
to 120G Na'* squeezed out from the L channel and 80G K" rotated into from the E
channel. Calculation method:

Qe 2
Qna. — Qkg = 406, Qnat =3

Among them, Qe is the amount of K™ rotated into from the E channel, and Qg is

the amount of Na" squeezed out from the L channel.

By quantitatively expressing the action potential of nerve fiber cells, it can also be
inferred that when E=OmV or N=0, the ions on the surface of the intracellular
membrane are in a saturated state, and the sum of the amounts of Na* and K* on the
intracellular membrane is 260G, the corresponding cell should already have 260G
anion or negative charge. Although the negatively charged cells in addition to CI,
there may be HCO3 , PO,%, proteins, nucleic acids, metabolites with phosphate groups
and carboxyl groups?, but the pre-existing anion of 260G in the cell is CI, It is a
high probability event. This inference supports the preexisting view of the membrane
theory that biological tissue itself has bioelectricity in the absence of stimulation or
excitement.

(4) Action potential threshold

When the position of Eyiy=—40mV or Ny=—40G, which is the trigger potential of
the action potential, the ion on the surface of the intracellular membrane is in an
excessive saturated state and should contain 200G of K* and 20G of Na'.
Theoretically, when the Enirm=—60mV or Npmin=—60G position, the E channel is “off”
relative to K*. Therefore, the resting potential period Vt=20G, and t=~10ms, 20G is
Na’ rotate into uniformly the cell from the E channel, and the flow rate of Na" is
V=2G (ions/ms). In particular, the flow velocity V in the resting potential phase is the
Na" that rotate into the cell from the E channel at a constant speed, resulting in the
“opening” of the L channel relative to K*. Therefore, V is not the initial velocity of
Na* and K" through the L channel.

In order to facilitate the understanding of the ion inequality equation, we can
change the previous statement about “the action potential rising phase is dominated by
Na’ inflow and the action potential falling phase is dominated by K* inflow” to “the
action potential rising phase is dominated by K" outflow Dominated by the action
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potential falling phase is dominated by K" inflow”. In this way, it is easier to explain
the meaning of the equation.
4.2 Action potential of ventricular myocytes

The theoretical basis of cardiomyocyte action potential is the theory formed by
nerve fiber cells. The difference is that in addition to K*, CI', Na*, there are more Ca?*
participation in the process of cardiomyocyte action potential generation: rising phase
Ca®" influx will shorten Polarization duration; Ca** influx in the falling phase will
prolong the repolarization duration. Cardiomyocytes include ventricular myocytes,
Pu's cells, atrial myocytes, atrioventricular node cells, sinus node cells, etc. Among
them, the action potential of ventricular myocytes is the most complex and typical
(25261 (Figure 3).

K*, Ca®* space replacement proportion: rotate into 2 K*, squeeze out 3 Ca**, and 4
more negative charges in the cell, and the proportion is 2: 3: 4; Conversely, rotate into
3 Ca®*, squeeze out 2 K*,and 4 more positive charges in the cell, and the proportion is
3:2: 4.

Na*,Ca**space replacement proportion: rotate into 1 Na*, squeeze out 1 Ca®*, and 1
more negative charges in the cell,and the proportion is 1: 1: 1; Conversely, rotate into
1 Ca®", squeeze out 1 Na*, and 1 more positive charges in the cell, and the proportion
isl:1:1.

C

Figure3  Dog “pseudo-tendon” self-generating activity

Fig. A. Spontaneous activity of a dog “pseudo-tendon” recorded with a hanging wire ammeter.
One end of the pseudo-tendon was clipped with tweezers and unidirectional electrical activity was
recorded®"?!, Fig. B. Assuming that there is no Ca?" participation, the basic expectation of graph
A using ion inequality equation. Fig. C. Conversion diagram explaining Fig. A.
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Na® diameter (204pm) and Ca®** diameter (200pm) are almost equal, and the
proportion of replace each other with K* (diameter 276pm) is the same. However, the
diameter of Na* is slightly larger than the diameter of Ca**. This slight difference has
a great influence on the action potential of cardiomyocytes, which determines that
ca®* will flow out of cells before Na*.

Without considering the participation of Ca®*, equation (8) can be simplified to

N = —60 + 170t — 90t% (9)

When Enax=+20mV or Nmax=+20G, the intracellular membrane surface is saturated
state, all are Na', Qna=330G; when Emin=—90mV or Npnin=90G, the intracellular
membrane surface is saturated state, all are K, Qx = 220G. Calculation method:

Qg _ 2
— = 1106, — =<
QNa QK QNa 3

When the rising phase E=0mV or N=0, the ions on the surface of the intracellular
membrane are in a saturated state. The Na* on the intracellular membrane is at least
240G, the Ca*" is not more than 15G, and the K* is 40G.the intracellular congenital

stored of 310G of Cl . Calculation method:

(Qnas +20cas) ~ Qo = 906, —okb__ 2
NaE CaE KL ’ QNaE+2QCaE 3

Among them, Q. is K* squeeze out from the L channel; Qnae+2Qcze is the number
of monovalent ions represented by Na* and Ca’* rotate into from the E channel. Qcae
calculation method:

1
Qcak = E(NX - Nmax)

Among them, Qc,e is the amount of Ca’, Ex=+50mV, the maximum imaginary
value of the measured map, equivalent to Nx=+50G; En,=20mV, the actual
maximum value of the measured map, equivalent to Nma=+20G; Np=80G is a
constant, so the part that exceeds Ny is caused by Ca®*. Nx—Nma=30G, equivalent
to 30G monovalent cation. The actual situation is the “overshoot” part caused by the
participation of divalent Ca**, which is equivalent to Qcag=15G. This “overshoot” part
should belong to the rising phase of the action potential dominated by Na*.

4.3 Expectation of action potential

Through the conservation law of membrane area and the ion inequality equation,
can be expectation or restore the action potential diagram of nerve fiber cells (see
Figure 2.C, Table 1), equation (8) can be simplified as

N = —40 + 170t — 90¢t% (10)
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Through the conservation law of membrane area and the ion inequality equation,
can also be expectation or restore the action potential of ventricular myocytes.Without
considering the participation of Ca®*, equation (9) can be used as the basic formula for
expectating or restoring the action potential diagram of ventricular myocytes,
according to which the rest potential and action potential diagrams of ventricular
myocytes are prepared (see Figure 3.B, Table 2) , And compared with the measured
map (Figure 3.C), all the changed parts are the result of Ca®* participation.

It should be particularly pointed out that whether the measured results of ventricular
myocytes or nerve fiber cells are significantly different from the basic expected results
of formulas (9) and (10), and the changed part is not the result of Ca®* participation,
which may indicate the cells An exception occurred. For example, “differentiation”
caused by excessive participation of unnecessary cations in cells such as Pb%* and Cu?*,
It shows that these cations occupy the position of K on the inner surface of the cell
membrane. This situation should be reflected on the electrocardiogram and
electroencephalogram, or it is closely related to heart and brain diseases.

Table 1 Application of ion unequal equation to restore N-t data of action potential diagram
N=—40 +170t-90t* (t is about 0 ~ 2ms)

t 0 0.1 0.2 0.276 0.4 0.5 0.6 0.7 0.8 0.9
N —40 -23.90 —9.60 0 13.60 22.50 29.60 34.90 38.40 40.10
t 1.0 11 1.2 1.3 14 15 1.613 1.7 1.8 1.89
N 40 38.10 34.40 28.90 21.60 12.50 0 -11.10 —25.60 —40
t 1.91 1.92 1.93 1.94 1.95 1.96 1.97 1.98 1.99 2.0

N —-43.63 4538 —47.14 4892 -50.73 5254 5438 —-56.24 —58.12 —60

Table 1 Application of ion unequal equation to restore N-t data of action potential diagram
N=—60 +170t-90t*> (t is about 0 ~ 2ms)

t 0 0.1 0.2 0.3 0.469 0.5 0.6 0.7 0.8 0.9
N —60 -43.90 -29.60 -17.10 0 2.50 9.60 14.90 18.40 20.10
t 1.0 11 1.2 13 1.419 1.5 1.6 1.7 1.8 1.89
N 20 18.10 14.40 8.90 0 -750 -18.40 —-31.10 —45.60 —60

t 1.91 1.93 1.95 1.97 1.99 2.01 2.02 2.03 2.04 2.05
N -63.63 —67.14 -70.738 —-7438 -—-7811 8191 -83.84 8578 —87.74 -90

4.4 Action potentials of other shapes

According to the conservation law of membrane area and the ion inequality equation,
the action potentials of other different shapes can also be interpreted reasonably (Figure
4). In Figure 4, @ is the upward “peak value” before the action potential occurs, which
is caused by the “excessive” Na'rotate into from the E channel and squeeze out from
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Figure 4 Various shapes of action potential

Action potential curves recorded on different cell types of different animals. The horizontal black
dotted line represents zero potential. The top two images compare the action potentials recorded in
the giant axon of squid after being dissected from living body A and B. C comes from the action
potential measured in the cell axons of the cat's peripheral nervous system. D A similar potential
measured in the cat's spinal neuron cell body. E is the action potential recorded in the muscle fiber of
the frog's heart rather than in the neuron. F action potentials recorded by regulatory neurons in the
heart of sheep. G has a fish that can shock its prey with its charged organ, which is composed of
abnormally special muscle tissue, recording the potential generated from this tissue. H the action
potential in the more typical muscle cells of the frog's thigh!?**”.

the L channel; @) It is the downward “peak value” before the action potential occurs,
is a “small amount” of Ca®* instantaneous squeeze out from the L channel ,again caused
by the instantaneous rotate into from the E channel; @& It is caused by the Na'rotate
into from the E channel, and the intracellular Ca®* is “squeeze out” of the cell. This
“overlapping” part should be attributed to the rising phase dominated by Na* inflow,
and should not be classified as the falling phase dominated by K" inflow. This
“overlapping” part is the “imaginary value”, which can be understood as the “overshoot”
caused by Ca®participation .Applying the ion inequality equation, Nma does not
include the “overlap” part, but the amount of Ca®* involved in the cell ion replacement
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process can be estimated based on the “overlap” part; @The reason why the straight
line of the resting potential period is inclined downwards with respect to the horizontal
axis is that the amount of Ca**squeeze out from the L channel is more than the amount
rotating into from the E channel.

4. Conclusion

The conservation law of membrane area based on the K' channel “origami
windmill” model is equivalent to a new theory based on the membrane theory; the
new mathematical model of cell action potential based on The conservation law of
membrane area—ion inequality equation, applied objects kinematics principle can
reflect the nature and law of cell bioelectricity, and complete the expression of
bioelectricity generation mechanism from qualitative to quantitative, which is
essentially different from GHK equation and h-h equation.

The conservation law of membrane area and the ion inequality equation can well
explainand restore the experimental results of action potentials of nerve fiber cells and
cardiomyocytes; conversely, by explain and restore the experimental results of action
potentials of nerve fiber cells and cardiomyocytes, it is verified The scientific and
applicability of the conservation law of membrane area and the ion inequality
equation are supported, and some views of the membrane theory are supported, the
theory of brain cell activation, the theory of dove-like particles and “origami windmill”
model are verified, it opens up a new way to describe action potential scientifically
and guantitatively.

Finally, it is necessary to explain that since 1994, the author of this article has been
engaged in the research of basic theoretical research of brain science and the research
and development of encephalopathy rehabilitation equipment, the tasks he has
undertaken have been included in the national key new product plan project”, the
national torch plan industrialization project”, and the major scientific and
technological breakthrough plan project in Heilongjiang”, he has won the first prize
of Heilongjiang Science and Technology Award (invention category)” and the first
prize of Heilongjiang Excellent New Product”. He has won many national, provincial
and municipal science and technology funds, including Heilongjiang Outstanding
Youth Science Fund”.The author himself is a technology leader of the leading talent
echelon of “biomedical electronics” in Heilongjiang Province”, the head of
Heilongjiang Provincial Brain Disease Rehabilitation Treatment Equipment
Engineering Technology Research Center *, principal of National Postdoctoral
research workstation”, be selected for the national new century talents project”,
enjoying special allowances of the State Council®; Aobo Medical Founder, Dean of
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Ya’ou Brain Science Institute of Heilongjiang province. Founded in 2001, Ya’ou
Brain Science Institute of Heilongjiang province is an independent legal entity and a
professional academic research institution supported by Harbin Aobo Medical
Devices Co., Ltd., focusing on basic theoretical research of brain science.
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