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Abstract

Man has always been interested in animal electricity, which seems to be measured in
every living cell. He has been fascinated by trying to elucidate the mechanisms by
which this potential is created and maintained. Biology is the science that seeks to
explain this mystery.

Biology is based on basic sciences such as physics or chemistry. The latter, in turn,
make systematic use of mathematics to measure, evaluate and predict certain
phenomena and to develop ”laws” and models that are as general as possible while
respecting, as closely as possible, observations and facts.

The Nernst equation was one of the pillars of electrochemistry. Biology also uses this
same equation as one of the indispensable bases for the computation of membrane
potential. Man has established a cellular model that highlights this equation in several
forms. However, we are going to show by various means that this model is inadequate
or even inapplicable.

Introduction 1

To improve the understanding and interest of the reader, the authors decided to bring 2

an innovative form of storytelling to the writing of the article. We stage protagonists 3

gathered to discuss a topic. Our ”actors” are of course scientists... 4

Three friends decided, at a night out, to change the world. Well, a very small part of 5

the world. Walt is a physicist. His friend Jules is a biologist. Guy is the last comrade. 6

He’s a philosopher who likes to play devil’s advocate between the two scientists. It is 7

often he who decides the controversial subject. 8

The subject of the evening is the following: ”The exchanges between Galvani and 9

Volta remain famous, yet the first plausible theory concerning the membrane potential 10

was that of Bernstein. Is the model and its evolution still relevant today, or should 11

modifications be made or a new building be made?” 12

It is important to everyone that controversy does not in any way exclude arguments, 13

nor does it exclude keeping an open mind during the discussion. Participants make 14

appropriate use of references to support their assertions. Nevertheless, it is true that 15

some documents may be criticized in the same way. 16
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Materials and Methods 17

Model construction 18

Walt is the first to respond. 19

— If a model must, as usual, be close to the observations and in no way change the 20

way the observed thing works then I can easily say that this model is very bad for 21

several reasons. 22

— You’re pushing it a bit hard, Walt! 23

— You know well, Jules, that our friend Walt will try to defend his point of view; he 24

won’t fail to give us a brilliant demonstration as usual. 25

— I sense a touch of irony in your answer, my dear Guy, but I’m asking to see. 26

— I don’t think you can both dispute the fact that to measure this membrane 27

potential, two electrodes are inserted: one in the external milieu and one in the internal 28

compartment of the cell. Nor can you dispute that the electrodes are themselves 29

connected to the millivoltmeter by electrical and metallic conductors A bit like an 30

electrochemical cell (Fig. 1).

Figure 1. Example of an electrochemical cell. There is a potential because there
are chemical reactions at the interfaces and the compartments are connected to each
other by an external electric circuit and an ionic circuit is thus created in the electrolytes.

31

— Not even Guy can deny this statement based on a fact. 32

— Then you must necessarily admit that you electrically connect the external milieu 33

to the internal compartment by an external electrical circuit and thus create an internal 34

ionic conductor within the system that connects the internal compartment and the 35

external milieu. This ionic conductor exists only because there is an external electrical 36

circuit and electrodes [2]. 37

— You’re telling us that by wanting to measure the membrane potential, the 38

observers create a model and that the measured property depends only on what you 39

want to observe, a bit like observing certain properties of quantum physics. 40

— That’s right, Guy. You seem to be thinking, Jules? 41

— I’m indeed doubtful. Bernstein’s model [1] is based on Nernst’s equation, which 42

does indeed belong to electrochemistry [17], but you’ve just told us that using an 43
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electrical device to check the validity of the model automatically leads to the 44

appearance of an electrical property that might not belong to the real model (Fig. 2). 45

— That’s exactly right, Jules. Take a battery, for example; can you tell me its 46

voltage? 47

— Your question is imprecise, but a common battery is 1.5V, right? 48

— No, because to measure its potential at time t, you have to establish an electrical 49

circuit with a voltmeter that will induce an ionic movement in the battery and change 50

its state, and at the same time make an electric current flow. When it is not connected, 51

you have no way of knowing its tension and it is certainly higher than the one you are 52

going to measure.

Figure 2. Example of a ”cell” in a real situation. As the measuring devices are
no longer electrically connected, the properties are no longer accessible and no more
necessarily electrical. If there are any, then the forces involved are chemical, electrostatic,
coulombic and mechanical.

53

— When you’re talking about greater, do you mean open-circuit voltage? ask Guy. 54

— Yes, that’s it. It’s always higher because the impedance of the load is infinite; 55

there isn’t actually any, but then you have to admit that the current flowing through it 56

is always zero. 57

Steady State 58

— This is like saying that the stationary state would not exist in the cell as a century of 59

biology has taught us. You are denying the validity of the work of renowned scientists, 60

most of whom have been awarded a Nobel Prize,” says Jules. 61

— The validity of a theory can be crowned with a Nobel Prize, but the job of a 62

scientist is often to criticize the theory and find a better one. On the contrary, I think 63

that all these illustrious researchers were acting in good faith because they saw that 64

certain problems such as junction potentials were affecting the observations. They 65

based their work on the knowledge of the moment, but we are lucky to be able to review 66

it with today’s theory, which is normally better but always in motion. 67

— But the diffusion potential was demonstrated and measured by Nernst and 68

Planck. Computations have proven the theory to be valid! asks Guy. 69
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— But it is still true that the theory is linked to chemistry. Nernst was forced to use 70

a luxury of precautions for his experiment and there is an electrical circuit because it is 71

electrochemistry [16]. In addition, he had not been aware of Hofmeister’s series, which 72

applies in the case of cells because it contains peptides and various proteins. 73

— Well, I’ll try to go your way, Walt. Let’s pull the circuit breaker. What’s going 74

on? Jules imposes. 75

— I’ll try to be clear: Nernst’s equation does not describe a steady state or its 76

establishment. 77

There’s always a beginning and then a kind of equilibrium state with all the ions 78

taken into account, positive and negative. 79

If there is indeed diffusion of positive ions it is because they are more mobile than 80

the negative ones in this case and they will go to the less concentrated side because they 81

are more abundant on the more concentrated side. 82

So initially both sides are electroneutral. 83

Then, little by little some positive ions go to the less concentrated side. But this 84

creates an electric field that opposes this movement. 85

A kind of equilibrium is reached when the field counteracts any ionic movement. We 86

can say that the system is somehow stiffening.” 87

— You don’t seem to like this stiffness? asks Guy. 88

— Exactly because it goes against what we know. It prevents any ion exchange and 89

it is mono ionic. It excludes all the independence that biologists want. It is the fastest 90

ion in terms of diffusion that will block the system. The blocking is total: the positive 91

ions cannot leave the cell but they cannot enter it either. Na/K pumps are then totally 92

useless. In any case, the multi-diffusion model as taught remains highly questionable in 93

any case. 94

Ionic Independence 95

— You also challenge the diffusion of several types of ions in a independent manner. Hille 96

is not going to be your friend! [9] Jules replies. 97

— Science is not about friendship, but about facts and logic. Nernst and Planck 98

have defined a very precise mono ionic model. This precision allowed them to simplify 99

the equation because the initial conditions were known. A concentration gradient has a 100

direction: it is a vector. The electric field induced by diffusion has itself a direction: it 101

is also a vector. The two are intrinsically linked. The diffusion of a positive ion implies 102

the direction of the electric field in the Nernst and Planck hypothesis [16]. There is no 103

notion of direction in the initial equation because the conditions of its application were 104

simple but logical. 105

— But couldn’t we say that what is observed is the resultant of the contribution of 106

each ionic species? says Guy. 107

— This is an interesting question: Some ions certainly act independently and this 108

action is simultaneous for all ions. But Nernst and Planck did not consider a case where 109

diffusion occurs against a concentration gradient because this does not exist. It is not 110

possible. The presence of an electric field imposes itself on all ions and they lose their 111

independence of freedom of movement. There can only be one electric field and therefore 112

diffusion is limited or even prevented. Ions cannot escape simultaneity and the notion of 113

superposition, whereas the current theory, on the contrary, shows it in a sequential way. 114

— You even dispute the unquestionable, Walt! Boyle and Conway [3], Hodgkin [10] 115

and many others have proven the validity of the ion diffusion theory. ironically Jules. 116

— Seriously, Jules, they have changed the concentrations of the solutions but does 117

that validate any diffusion theory? No, but it does change the flow of the 118

electrochemical machine. And it doesn’t change any of the objections that have already 119

been raised and many more to come. 120
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Electrical Circuit 121

— It’s no longer a deconstruction of a model, it’s a complete demolition! insists Guy. 122

— It is you who wanted this debate evening and we remain quite courteous. There is 123

another aspect that I have a big problem with. It’s this aspect of an electric circuit with 124

these notions of batteries, capacitors and other resistors: it’s very improbable as a 125

hypothesis. 126

— You are insane: you are now challenging a lot of biophysics and 127

electro-neuro-physiology. Koch will be laughing his ass off! adds Jules. [12] 128

— You can’t escape the laws of chemistry and electrochemistry. The proposed model 129

is connected. This connection involves ionic circulation and therefore arbitrary electrical 130

properties insofar as it is the instrumentation that will produce them. This electrical 131

model is a technological feat that would make any electronic engineer dream, for sure. 132

You agree that resistors have one terminal in the extracellular milieu and another in 133

the intracellular compartment. 134

You have to accept that membrane batteries have in the same way one pole in the 135

extracellular medium and another in the cell. 136

You must also accept that the capacitor has one terminal in the extracellular 137

medium and another inside the cell (Fig. 3). 138

— I don’t see what’s wrong with that description. It’s the definition of the 139

components that make up the classical electrical model. answers Jules. 140

— You have a faculty to close your eyes to the evidence, my dear Jules. If you 141

accept this definition then you are forced to connect all the terminals that have the 142

same origin together. Try to connect a battery and the resistor in series as in the model 143

we are taught! 144

— Hummmm, this is not possible because the components are connected in parallel 145

with the definition you gave me: you must have made a mistake. 146

Figure 3. Comparison of electrical circuits.The circuit on the left is made and
connected with the anatomical definitions and locations of the ”electrical components”.
The model on the right is the famous HH model. There is a big problem because it
connects components with wrong anatomical localization of some ”terminals”. This
leads to a short circuit (red circle) with all the consequences that can be expected.

— Well...Try again and reread this definition carefully. And don’t forget that the 147

5/16

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 September 2020                   doi:10.20944/preprints202008.0529.v2

https://doi.org/10.20944/preprints202008.0529.v2


capacitor is pierced by the resistors that are the ion channels and I don’t think the 148

battery is ideal either. And I don’t discuss the extraordinary dielectric of the 149

membrane... 150

— Looks like... you’re right. I can’t explain these anomalies. 151

— It’s more than just an anomaly and you can see it’s not working in a very simple 152

way anyway. It’s a very basic and inexpensive circuit and then you plunge it into a bowl 153

of salt water but be careful, it’s a bit hazardous. 154

— I don’t see the point, I’m pretty sure there’s going to be a short circuit. Guy 155

wonders. 156

— Almost certain... The first word is almost... too much. 157

In any case, if the circuit was really this one, then the voltage excursion is limited to 158

the maximum value of the membrane battery and you see, Jules, I’m going to do the 159

marine biologists proud. The electric eel is able to produce a potential of over 800 V. 160

This is only possible because the action potentials add up and to add up they cannot 161

have a common terminal. They must be insulated from each other. This is the only way 162

to make this summation. The electrocytes are teaching us a lesson, but do we want to 163

learn? You can even do a little experiment at home with a few batteries: How to put 164

them together electrically to obtain a voltage that is higher than the value of the 165

batteries taken separately? 166

— I can answer the question about batteries,” says Guy. 167

— Don’t be afraid. Give us the benefit of your science. 168

— The answer’s already in the question statement. All you have to do is put them 169

in series and it’s true then they no longer have a common reference. 170

— That’s exactly right. A small example that definitively rules out the electrical 171

model of the cell. But we already knew this from the recordings of the potentials of the 172

nerve trunks. We knew it and yet our model excludes this hypothesis which has already 173

been verified. 174

— I admit that you raise doubts in my certainties about the scientific foundations of 175

biology. The edifice now seems to me to be wobbly. What about permeability and ion 176

channels?” Jules worries. 177

Permeability and ionic pumps 178

— Don’t push it, Jules. I can only observe that the puzzle is no longer assembling and 179

that the same must be true with membrane permeability and the function of ion 180

channels. 181

— Too late, but I have both good and bad news on that front. 182

Permeability was an innovative concept that would have explained the different ion 183

activities. Their authors take potassium as a reference and give it a value of 1. Hodgkin 184

manages to demonstrate that sodium, for its part, must have a permeability of 0.01 for 185

resting potential. It is also said that the famous Na/K ion pump works permanently 186

and makes 2K+ for 3Na+ enter the cell to maintain this same resting potential. Sorry 187

Jules, but you have a problem. 188

— But these notions have been accepted and taught for decades. You can’t just 189

throw around a simple allegation without any proof! And besides, it’s a resting value as 190

you say, sodium permeability increases in action potential. 191

— I just gave you arguments but you don’t make a connection. The permeability is 192

exerted in the same way on each side of the membrane as the biologists wanted so we 193

can say: 194

The potassium comes in and out easily because the permeability PK = 1. 195

Sodium, on the contrary, does not enter and leave easily because the permeability 196

PNa = 0.01. 197
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How do you exchange 3Na+ that did not go in with 2K+ that cannot go out 198

because of the existence of an electric field? Even without this last pitfall, the given 199

permabilities contest the validity of this exchange: the ratio is not correct. However, I 200

give you a point about the action potential but the drawback is that I subtract it again 201

because the model taught gives us an initial value for sodium identical to potassium, 202

dixit Hodgkin and Huxley. You have to choose, either it’s the same or 100 times lower. 203

You can’t have both answers at the same time. 204

— You’re getting boring, I assure you, being right all the time. 205

— I, too, have a question about this permeability. It’s purely mathematical and 206

logical,” says Guy. 207

It is said that Goldman’s equation is only a variation of Nernst’s and indeed, the 208

addition of permeability is done on both the numerator and the denominator(see: 209

About permeability). It is also said that permeability allows the membrane, as it were, 210

to change the value of the potential. But then, it is also possible to reformulate this 211

equation by saying that permeability can be eliminated in the same way in the 212

numerator and denominator and thus conclude that whatever its value, permeability 213

has no influence on the potential [6]. 214

— I had noted this anomaly as well,” Walt adds. 215

— You’re both very sick people. 216

— I have another way of bringing it about,” Walt replies. 217

Figure 4. Permeability and charge imbalance. If there is a charge difference
between the two sides of the membrane then the permeability has no influence on the
potential difference. The computation remains the same and the permeability can in no
way change the electrical value of the charge.

— At this point, go to the end of your argument,” says Jules. 218

— One of the ways often used to compute the value of this potential and the small 219

amount of ions involved in its generation is to estimate the number of ions leaving the 220

cell. 221

— Yes, so what? 222

— Take an example where 10 potassium ions have left the cell and two cases; one 223

case where the permeability is 1 and the other 0.1. What is the potential in these two 224

cases? (Fig. 4) 225

— You’re an asshole and you fooled me. 226
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Ion channels and concentration gradient 227

— So what’s the good news? asks Guy. 228

— It’s about ion channels. Well, maybe it’s not the good news you were expecting... 229

— I expect the worst!” ironizes Jules. 230

— You know me well. It is true that I must first point out a small mismatch. You 231

agree that the vast majority of ion channels have a selective filter that arranges the ions 232

in some sort of sequence. 233

— This is indeed the basis of the theory. Answer immediately Jules. 234

— Absolutely, there are even multiple hypotheses and types of sequences. adds Guy. 235

— You probably also agree that a membrane concentration profile is a diagram that 236

gives the values of the different concentrations between the external and internal milieu 237

of the cell. You admit, that this same diagram, in the membrane the concentration 238

evolves globally in a linear way between the external and internal concentrations. 239

— These are the very fundamentals of electrodiffusion according to Nernst-Planck 240

and, of course, Goldman, Hodgkin and Katz,” says Jules. 241

— So, tell me what is the concentration in an ion channel since it is through this 242

organelle that the transition between these two concentrations is made? 243

— Well... a value between the two extremes, obviously. recites Jules. 244

— You’ve learned your lesson well, but the sequences that are proposed reveal 245

another truth. At best the ions follow a molecule of water and at worst they follow each 246

other in single file [7]. These are extraordinary concentrations, to say the least (see: 247

Membrane concentration profile). 248

— Does that mean you are challenging those assumptions, too? 249

— It would be easy to say that they are only hypotheses and that we do not yet 250

have the technology to visualize and therefore verify such sequences, but no, they are 251

extraordinary because they contain very little or no water. We must then assume and 252

conclude that the concentration in the ion channel is immensely high and exceeds all 253

the dilutions that we would be able to make in the laboratory. I’ll spare you the 254

computations but leave them for your analysis. 255

— So that’s what I was saying: you rule out the possibility of diffusion because in 256

the membrane the concentration is such that Nernst-Planck’s theory is no longer valid,” 257

Jules admits (Fig. 5). 258

— It is indeed a wall totally impenetrable to diffusion, but I will say that these ions, 259

in single file, are not happy at all. They are restless and must be very thirsty. 260

— You’re perfectly ridiculous! Now you’re giving life to ions. Ironically Jules. 261

— Not as ridiculous as it sounds. I understand the metaphor. Ions attract water 262

molecules and that creates a strong force if, as Walt says, the concentrations are such 263

that the water seeks contact with the ions in the ion channel. But is this possible in this 264

pore? 265

— You got the idea, but I see something much more elegant, but I must admit that 266

it’s still marine biology that gave me quite a hand. 267

— Come on, don’t leave us hanging! Admit Jules. 268

— Like I said, the arrangement of the ions in the filter is unusual. The ions tend to 269

want to separate. Coulombic interactions are very important and are exerted in all 270

directions as well as on the walls of the filter. I would tend to say that the retention of 271

the physical structure of the ion channel itself is under severe strain. This must lead to 272

a kind of elastic fluctuation and to a minimal vertical movement of the ions present in 273

the filter. This movement could very well be recorded electrically. 274

— The theory would be that this signal would be that of the opening and closing of 275

the channel. Jules intervenes. 276

— Let’s go back to marine biology and its findings. Let me introduce you to the 277

nematocyst [20] [14]. It’s a highly specialized cell. It’s what sea anemones, for example, 278

8/16

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 September 2020                   doi:10.20944/preprints202008.0529.v2

https://doi.org/10.20944/preprints202008.0529.v2


Figure 5. Membrane concentration profile. Considering the different concen-
trations present, the ion channel always has the highest concentration. Indeed, it is
stated that diffusion takes place through these channels. In such a case, the membrane
concentration profile shows that it is not possible for diffusion to take place as the
theory would suggest. The concentration in the ion channel is at least 14 moles: such a
concentration defies chemists and biologists.

use to harpoon their prey. The particularity of this cell is that the harpoon is folded 279

inside the cell and unfolds when calcium ion channels are activated and their contents, 280

calcium ions, enter the said cavity. And, of course, water enters by simple osmolarity in 281

more than significant quantities and at such a speed that the harpoon is deployed. Ions, 282

water and it’s done. Simple, elegant and this system has been around for hundreds of 283

millions of years. 284

— Okay, that’s wonderful, but you’re not telling us how they’re activated. In the 285

case of the neuron, the membrane depolarises, right? Guy tempers. 286

Depolarization and information 287

— For once, I’m going to be the one with the critical eye. That phrase: ”The membrane 288

depolarizes” has always left me wondering. That sentence is the opposite of scientific 289

principles. No argument, no means and no theory. reject Jules. 290

— With all the elements that have been discussed, you might have an idea about 291

this. Invite Walt. 292

— With what I’ve learned, a few ions that change location with a few more of water 293

molecules are a perfectly presentable way to go. 294

— No better. But you’re missing the why! You give the means: the ion and water 295

molecule transport across the cell membrane, but for what purpose? 296

— Don’t take me for a fool! The transduction and transfer of information. The 297

mechanoreceptors are known. I suppose, logically, heat, pressure and other kinds of 298

data can be transformed in this way. 299

— Far be it from me! I would just like to add to the system, the notions of 300

robustness and redundancy. Robustness is the essential notion in the transmission of 301

information. It is important that all information, unimportant, is discarded and not 302

transmitted and it is important that all important information is always transmitted 303
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without distortion. However, it is clear that unimportant information can become its 304

opposite when it is repeated at a certain rate or if two stimuli are sufficiently close 305

together. These are the notions of spatial and temporal summation. It should also be 306

noted that the initiation of the message takes place either near the soma or at the 307

periphery. It is unusual for the stimulus to take place on the axon itself, yet it is this 308

mode of stimulation that is often studied. 309

— Here again, it must be understood that the study of the neuron and the action 310

potential was not an easy thing with technology at the time. tempers Guy. 311

— Yes of course, but it is still true that spatial summation is described as the 312

algebraic addition of potentials but without explaining the underlying phenomena, and 313

the same is true for temporal summation. The only assertions remain depolarization 314

and its opposite: hyperpolarization. If you establish a model based on cnidarians then 315

you give it a dynamism and a theory that works for these sub-threshold potentials. If 316

you deform the membrane by any means, you already get a potential variation, but if 317

you force it to deform from the inside, then you force the ions contained in the ion 318

channels to enter the cell. And if ions enter then water enters because the concentration 319

of our ions is still extraordinary at that moment. So there can be a rapid pressure 320

gradient which is countered by the elasticity of the membrane itself. It is even possible 321

to add that some ion channels can be triggered by a potential. An ion is a potential 322

when it becomes mobile. If the stimulus is not sufficient, then the water tends to come 323

out through the effect of the elastic membrane and the recharging of the ion channels 324

which will return to their initial shape. There is a return to a state of tension ready to 325

be triggered again. It can be extrapolated that this recovery is slower than the active 326

phase. 327

— It’s hard for me to argue with that logic because you’ve already provided some 328

evidence to that effect. Jules insists. But we’re talking about local potentials that 329

aren’t being propagated. I understand the local distortion but I don’t see how the signal 330

is propagated! 331

— If you admit what has just been said then it’s simple. You have to look at it in 332

three dimensions. An axon is a kind of cylinder and a local stimulus will deform its 333

surface at a specific point but the edges of that point will also be impacted. The entry 334

of water is not evenly distributed under this surface, but the more ion channels are 335

triggered and the larger the surface is, the larger the surface will be, to complete a 336

whole circumference of the cylinder. You then have a volume with uniform and 337

connected edges. It’s a robust geometry that will be the vehicle for our message. The 338

edge becomes active because its deformation causes the entry of ions and this entry 339

pulls the water that is already present near the active edge. You create a suction on the 340

opposite edge of the ring and this closes the ion channels of that edge. You get a 341

self-sustained movement towards the active edge of the ring (Fig. 6). 342

— The hypothesis is elegant and has a rationale that is difficult to contradict, but I 343

still see a flaw in it: you don’t talk much about a return to normal! asserts Guy. 344

— The hypothesis is certainly not complete but it already perfectly explains the 345

refractory period. I admit that at the moment the return to normal remains a bit vague 346

for me. admits Walt. But we’ve already made quite a bit of progress in the 347

reconstruction of the world. 348

The problem of electroneutrality 349

— I have indeed learned a certain amount of new knowledge that now forms a more 350

acceptable puzzle, but can I address a question about electroneutrality? asks Guy. 351

— I am cautious of Guy’s questions. He’s always looking for things that others 352

haven’t thought of. 353
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Figure 6. Action potential propagation cycle.Once the threshold is exceeded, the
amount of water mobilized is sufficient to deform the membrane at the rising front of
the action potential. The membrane is then stretched to deform the ion channels and
allow the entry of ions. This results in a movement of water towards the incoming ions
and a pressure drop at the falling front. The cycle is then repeated.

— Although we have shown that this is unlikely, it is said that this membrane 354

potential is the result of a charge difference between the inside and outside of the cell. 355

In this case, an output of potassium ions. If this theoretical model was valid then it is 356

also valid for all cells with exceptions of course. 357

— For once, Guy, your logic is flawless, but where does it all go? replies Jules. 358

— Well... I think this is the best proof that the model is not correct, Jules! 359

— You’ve had proof from the beginning the model doesn’t work, but you’ve been 360

waiting until almost the end of the night to let us know. It’s the best one of the day! 361

Jules ironizes. 362

— I find it so obvious that I don’t understand how it could escape all the biologists. 363

It’s also the reason why I’ve been waiting. I thought you were going to find this 364

evidence too, which is so logical! 365

— Okay, it seems, cautious indeed. Walt adds. So? 366

— You take a Hela cell and put it in a nutrient environment of known volume [15]. 367

Logically you add m potassium ions to that solution. If the cell is dividing and this is 368

still the case with the Hela stem then you must have 2 time m ions at the first division 369

outside and so on. This logically, after a short time, forces us to be able to measure an 370

increase in the concentration of potassium in the solution and also an increase in the 371

potential difference with respect to the inner milieu of a reference cell (see: 372

Electroneutrality violation). 373

— You have just buried all my certainties in a few sentences and there is nothing I 374

can do about it. Bravo!” Jules yelps. But if we can avoid Hela, that would be a plus. 375

— Looks like the model has never been tested with an n > 1. That’s a pity! But our 376

new model is even more robust because the electroneutrality is preserved in the external 377

environment as well as in the internal compartment. Finally, it is a little more 378

complicated for the internal environment... says Walt. 379
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Towards a better model 380

— However, I think that my explanation, which is perfectly logical, has yet another 381

consequence in my humble opinion. I’m willing to bet that the external concentration of 382

potassium will decrease as the cells multiply and since the internal concentration of 383

potassium is higher than the external, the cells will draw from this pool,” Guy insists. 384

— Well found and this supports the studies of Conway, Hofmeister [11] [4] and 385

especially Ling [13] [18]. confirms Walt 386

— Regarding Conway’s paper, it is surprising that Hodgkin, who refers to it, does 387

not once appeal to his explanation. He downplays it to impose permeability. Conway, as 388

Ling gives an explanation based on facts: potassium enters the cell because it contains 389

proteins that bind it better than sodium, but I don’t really understand why? asks Jules. 390

— Potassium is slightly more voluminous than sodium, but its valency is the same. 391

It is therefore less electronegative than sodium. Proteins have receptor sites that are 392

more friendly to potassium because sodium tends to bend proteins too much and that 393

tends to reject it. explains Walt. 394

— As Boyle and Conway say, potassium enters the cell at the same time as protein. 395

It’s a kind of chemical and electrostatic fatality of some kind. Proteins act like magnets 396

on potassium,” Guy adds. 397

— Okay, but then it forces us to review almost all the mechanisms of ion inflow and 398

outflow into the cell, the generation of membrane potential and the propagation of 399

action potential. Facts have been observed but the theory to explain them does not 400

seem valid. Others will have to be found but some already exist. reassures Jules 401

— I think our model’s not so bad already. There may be a missing explanation for 402

the phase change of the membrane, but again Tasaki [19] and now Heimburg [8] are 403

giving us facts and theories that bring new pieces to our puzzle and we have a solid 404

foundation that holds together and complements each other harmoniously. adds Guy. 405

— There is still one missing piece to this model. It does not explain in any way the 406

saltatory conduction but this omission can also be filled by mechanical waves. We then 407

have a simple extension of the basic mechanism that respects thermodynamics laws. It 408

is indeed logical that the increase in speed of transmission of action potential can only 409

be achieved at the expense of greater energy expenditure [5]. Moreover, you have a 410

compressive phase which is followed by an expansion, which fits perfectly with the 411

observed facts. concludes Walt. 412

Conclusion 413

— Guy can you give us a synthesis of our findings? asks Jules. 414

— We certainly need to engrave our interview in marble. We have the chance to get 415

to know each other well, which has made it easier to keep an open mind, which is not 416

always the case in real life,” adds Guy. 417

The generation of membrane potential, the sustaining of this membrane potential, 418

the action potential and its propagation as we know it form an empirical model based 419

on the discoveries and deductions of illustrious scientists. 420

Nevertheless, the use of the law of Nernst and Planck cannot be used in this case. It 421

is not possible to conceive of a two-way diffusion. 422

Diffusion cannot be a driving force for the generation and maintenance of membrane 423

potential. If the ion channels are not disputed then they impose a membrane 424

concentration profile that is outside the acceptable values for any possible diffusion. 425

Violation of electroneutrality is not possible because it prevents the model from 426

functioning. 427
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The model has a divergent and impossible functioning when the number of cells 428

increases. 429

The permeability can in no way change the membrane potential. 430

The use of electrical equipment leads to major changes in the possible actual 431

functioning of the model. This equipment adds arbitrary and error-prone electrical 432

properties. 433

The resting potential, the initiation and propagation of action potential cannot be 434

like an electrical circuit. Such an electrical circuit does not conform to the anatomical 435

description of its components. Such a circuit cannot under any circumstances run in a 436

saline environment. 437

However, it seems that almost all the elements necessary to build a more natural and 438

especially more elegant model are already known and observed. It is indeed possible to 439

have a perfectly functional model which finally respects the laws of thermodynamics 440

and which calls upon known and validated foundations. 441

Annexes 442

Table 1. Symbols used in the text

Symbols Definition

C Capacitance
Q electric charge
R universal gas constant
T temperature
z ion valency
F Faraday constant
Em membrane potential
PK potassium permeability
e elementary charge = 1.602, 176, 634 · 10−19 C

About permeability 443

The Goldman equation can be written in the following form, for potassium, because it is 444

a simple variation of the Nernst equation: 445

Em =
RT

zF
ln

PK [K+]out
PK [K+]in

(1)

There are then an infinite number of PK values with PK > 0 that do not change the 446

generated membrane potential in any way. It is indeed possible to simplify the equation 447

to return to the Nernst equation. 448

Em =
RT

zF
ln

[K+]out
[K+]in

(2)

In addition, it is stated that the potential can be computed as the charge difference that 449

exists between the inside and outside of the cell. This difference is in no way affected by 450

permeability, since permeability does not change the valence of the ion, nor its charge. 451

Similarly, the permeability of one ion has no influence on the charge value of the 452

other ions. This is a recognized principle in chemistry that is not disputed. 453
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Membrane concentration profile 454

In the human body the concentration of potassium in the external cell environment 455

[K+]out is measured on average at 4 milli moles per litre. 456

The concentration of potassium in the internal cell compartment [K+]in is measured 457

on average at 140 milli moles per litre. 458

It is expected by theory that the potassium concentration inside the membrane 459

[K+]memb should be between these two values. 460

[K+]in > [K+]memb > [K+]out (3)

The concentration of pure water is calculated at 55.5 moles per litre. 461

The distance between the ions or water molecules inside the selective filter contained 462

in the ion channels is about the same as the distance that naturally exists in a solution. 463

However, theory tells us that the ions follow each other in sequence in the selective filter. 464

At worst, there is only one ion for 3 molecules of water and at best the filter contains 4 465

ions. These arrangements make it possible to compute a minimal concentration of 466

13.875 which excludes any possibility of diffusion through the ion channel! 467

[K+]memb > [K+]in > [K+]out (4)

[K+]memb > 13.8Ml−1 (5)

Electroneutrality violation 468

The membrane potential is based on the assumption that there is a small electrical 469

charge difference between the inside and the inside of the cell. The outer surface of the 470

cell would have a small positive charge difference. 471

This small difference m is often estimated to be in the order of a few million 472

elementary charges e. 473

It is therefore possible to say that the external environment contains m more 474

positive charges than the inside of the cell. This must also be true for each cell added to 475

the external compartment. 476

It is then possible to say that if the external milieu contains n cells then it contains 477

n time m elementary charges e for an ion of valence +1 478

This configuration excludes both the possibility that the membrane is a capacitor 479

and also excludes the possibility of charges being distributed over the surface of the cell. 480

If this were the case, the charge accumulated in the external environment would become 481

dangerous but still measurable. 482

Our measurements of the external milieu remain hopelessly electroneutral and the 483

only scientific conclusion to this mystery is that the external milieu does not contain n 484

time m elementary charges e. 485
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