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Abstract

Membrane theory states that transmembrane ion transport is the key factor in the generation of membrane potential. However, a number of
research groups disagree with membrane theory and have rallied around another physiological theory called the Association-Induction Hypothesis.
The latter attributes the generation of membrane potential to ion adsorption. Although this theory has been little considered, the characteristics of
the membrane potential are entirely compatible with the adsorption mechanism. In fact, evidence in support of this theory has continued to emerge
up to the present day. More and more people are becoming interested in this ion adsorption mechanism. More than forty years ago, Ohki and Aono
unknowingly obtained clear evidence in favor of the ion adsorption mechanism, although they sided with membrane theory. The authors of this

paper discuss the Ohki and Aono’s work.
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Introduction

While membrane theory is a central concept in physiology,
which assumes that transmembrane ion transport is responsible
for the generation of membrane potential, there is other little-
known theory, Association-Induction Hypothesis (AIH) put
forward by Gilbert Ling [1, 2]. His most notable prediction is that
the membrane potential is generated by a binding of mobile ions
through their adsorption, but this prediction is totally at odds
with membrane theory. Despite almost general recognition of
membrane theory, some people are still interested in the AIH today.
Bagatolli pointed out that the cell is not in an ideal thermodynamic
state and should be considered as a kind of colloidal material, that
is, cellular activities can only be theorized from the point of view
of thermodynamics for the real system instead of the ideal system
[3,4]. Bagatolli’s view is in line with Ling’s AIH, which states that it
is wrong to treat cellular water thermodynamically as free water,
as the actual activity of cellular water is considerably reduced

@ @ This work is licensed under Creative Commons Attribution 4.0 License [MCMS.MS.ID.000622.

[1,2]. Consequently, thermodynamic treatment of water and
consideration of such low water activity are necessary to theorize
the activity of living cells. Schneider emphasizes that physiology
should be framed within thermodynamics. But at the same time,
he suggests that thermodynamics is not used in the right way in
today’s physiology. Indeed, we regard the living cell as overly
idealized matter. This is what Schneider expresses most typically
in his words the cell is not a bag filled with “free” water with
floating organelles, but the water is in a more ordered state, rather
like a liquid crystalline [5]. This view of water, the importance of
liquid crystalline water for the living cell had been for long while
advocated also by Ling, has been repeatedly reported especially by
Pollack over the past two decades [6,7].

In short, throughout his scientific career, Ling defended the idea
that cellular activities (the generation of a membrane potential,
the transport of substances across the cell membrane, etc.) are
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explicable simply as consequences based on old-fashioned well-
established ordinary thermodynamics and physical chemistry. He
even declared that ion channels and membrane pump were not
necessary for the activity of living cells [1,2].

Whnek et al. addressed this point, particularly with regard to
the membrane potential. He studied the characteristics of the cell
potential and found that potential characteristics similar to those of
the living cell can be observed even in non-living systems [8].

Thus, their findings suggesting that membrane potential
characteristics are not unique to the living system are in agreement
with Ling’s opinion, and their work is strongly supported by
experimental evidence. Funk and Scholkmann also broach this
subject, suggesting that the origin of membrane potential has not
been resolved, but still remains a controversial question [9].

During our investigation about the membrane theory and the
AIH, we came across an intriguing work by Shinpei Ohki and Osamu
Aono, which was performed more than forty years ago. Ohki had
done countless physiological works by wielding his deep theoretical
knowledge of physical chemistry and physiology [10]. One of his
works, “Membrane Potential of Squid Axons...” performed with his
colleague Aono [11], deals with the measurement of membrane
potential and its analysis using membrane theory. However, their
work clearly demonstrates the validity of Ling’s point of view.
Ohki and Aono never sided with Ling’s viewpoint while pointing
out that the Goldman-Hodgkin-Katz equation (GHK eq.), which
is a fundamental concept of membrane theory, cannot reproduce
experimentally measured membrane potential characteristics.
Ohki and Aono suggested that the surface potential due to electrical
charges on the membrane should be taken into account in order to
theorize the membrane potential, but that is also very the essential

Potential characteristics by the AIH prediction

Prediction 1

view of the AIH. Ohki must have been familiar with Ling’s AIH as he
discussed Ling’s work in his article [10], and both he and Aono cited
one of Ling’s works, ref. [12], in their work, ref. [11].

In this paper, we examine the work of Ohki and Aono (ref.
[11]) from the point of view of the AIH and explain that they
inadvertently obtained results in harmony with the AIH. We also
further suggest that the AIH is by far superior to the membrane
theory for theorizing the cell activity.

Membrane potential by the AIH

Membrane theory and AIH

Membrane theory is one of the main electrophysiological
concepts [1, 2]. It attributes the origin of membrane potential to
transmembraneion transport. Withoution transport, the membrane
potential is even unthinkable within the framework of membrane
theory. On the other hand, AIH attributes the origin of membrane
potential to ion adsorption: spatial immobilization of mobile ions by
their adsorption to cellular constituents, such as proteins and lipids,
results more or less inevitably in a heterogeneous distribution of
ionic charges. Such a heterogeneous distribution of ionic charges
results in a nonzero potential. This nonzero potential is merely a
consequence predicted by the ordinary electromagnetism, but it is
the membrane potential in the AIH. Conversely, the AIH means that
the existence of transmembrane ion transport has no bearing on
the generation of the membrane potential. The AIH is the simplest
and most solidly supported electromagnetic, physical, and chemical
explanation for the generation of membrane potential. Surprisingly,
the AIH which is supported by the basic physics has received less
attention from the physiological community to date.
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Fig. 1 (a) Two solutions separated by a membrane containing mobile cation and anions (b) Nonzero surface
potentials, Fy and Fg , are generated by the spatial fation of mobile cations due to their adsorption on the membrane
surfaces. Dotted curves represent the expected potentials. (c) The expected potentiak (dotted curves) of the
systens (A) and (B). V(") is the potential of left surface of membrane when the left phase ion concentration is (7
while Vg(C7;) is the potential of the right surface of membrane when the right phase ion concentration is (“g. The
difference between these two systems (A) and (B) lies in the right phase ion concentration only,C7p or C7p.
. J
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Figure 1(a) shows two electrolytic solutions separated by
a membrane. This is a model of a living cell. The left and right
phases correspond to the intracellular and extracellular phases,
respectively, and the membrane corresponds to the plasma
membrane. Some ions adsorb on the membrane, as shown in
Figure 1 (b). This means that a heterogeneous ion distribution
takes place in both the left and right phases. Heterogeneous ion
distribution inevitably leads to a nonzero potential, as predicted
by electromagnetism. The dotted curves in Figure 1(b) represent

the expected potential profiles, where F, and J, represent the
membrane surface potentials.

The AIH states that the nonzero potentials V;, and V, are
generated independently of each other, and Eq. 1 gives the
membrane potential. Therefore, ion adsorption is essential for
membrane potential generation, but transmembrane ion transport
has nothing to do with membrane potential generation. Even the
potential across the impermeable membrane can be explained by
the AIH.

O =(-V,)~ (V) )

Here we consider the experimental system illustrated in
Fig. 1(c) (A), with two solutions separated by an “impermeable”
membrane. Let us imagine that we are measuring the potential
across this impermeable membrane when the left-phase ion
concentration C', (1,2,3,4) varies from 105 M to 1 M while
keeping the right-phase ion concentration C‘R constant. The
AIH states that Ve (Clk)is constant, since ClR is kept cons'lcant.
Therefore, the membrane potential given by Eq. 2, o, ECIL ;Cr )a
is a function of a variable of C”L , and C'R is a kind of parameter.
Variation in C', inevitably leads to a variation in the amount of
adsorbed ions on the left surface of the membrane. Consequently,
Vv, (CiL) inevitably varies as a function of C’,,with the dotted
curves in Fig. 1 (c) (A) representing the expected potential profiles.
The same applies to the system shown in Fig. 1(c) (B), and Eq. 3 is
derived when 7, (CZR ) is constant. Consequently, @, (CiL;CzR)
is a function of C’, and C2R is a parameter.

@, (C:Ch)=(-7.(C1))=(-7(ch))

Membrane potential of the system in Fig.1(c) (A)

0, (€i563) - (74 (c1)-( ()

Membrane potential of the system in Fig.1(c) (B)

3

Egs. 2 and 3 have been derived using the AIH. They lead to a
mathematical relationship given by Eq. 4. This relationship suggests
that the potential difference between the two systems illustrated
in Figures 1(c) (A) and (B) is constant independently of CiL. To
be more precise, if the potential of O, is represented as shown
in Figure 2(a), the profile of @, is different from @ & only by a
constant value independent of | C* L] as illustrated in Figure 2(b).
This is one of the most notable consequences of the AIH. Membrane
theory cannot lead to this result since we are discussing the system
in which the “impermeable” membrane is employed in the first
place.

D, (Cp:Ch)-@,(Cr:Cr) =V (Ch) =V, (Cy ) = const. @

( Ve (CI"e ) = const.,i = 1,2)

<Prediction 1> Membrane potential is merely the potential
difference between two phases, which are generated independently
from each other. Eq. 4 is one of the noticeable consequences of the
AIH.

Prediction 2

The typical GHK eq. is given by Eq. 5. But our previous work
based on the AIH suggests that the potential ® should be given by
Eq. 6 where [ is the binding constant between the ion i and the
adsorption site for j [13]. If the membrane permeability is zero, Eq.
5 (i.e. P =0) collapses. But Eq. 6 holds as long as ion adsorption
is the determining factor in membrane potential generation,
regardless of the membrane permeability.

(2)
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Fig. 2 (a) Membrane potential @4 vs. the Left phase ion concentration [(";] in case
the Right phaseion concentrationis (' (h) Membrane potential @ vs. the Left
phasc ion concentration [(7;] in casc the Right phasc ion concentration is (“galong
with @, vs. [(";]. Even thoughthe (" # (g, @p vs. [(7;] is parallel to @, vs. [(7].
. J
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RT P [K* ]L +P, [Na*]L +P, [Cl’ ]R

FUR[K ] +By[Na' ], +RalCl]

D =
(5)

_Eln K I:K+ :|L + Ky, |:Na+ ]L +Kq [Cli ]R

D=
F UK (K] +Ky[Na' ] +Kq[Cl ]

(6)

<Prediction 2> Potential is generated by the ion adsorption as
typified by Eq. 6 regardless of the membrane permeability to ions.

Potential Generated Across an

Membrane

Impermeable

The consequences, which are introduced in the previous
section, will be experimentally verified in this section.

Verification of the <Prediction 1>

We measured the potential generated across an impermeable
separating two aqueous The
experimental setup is basically the same as that illustrated in Figure
1. We used lithium glass LICGC™ AG-01 (OHARA, Kanagawa, Japan)
as the membrane, and the left and right phase solutions are LiCI
solutions. The potential across the lithium glass was measured by

membrane ionic solutions.

varying the concentration of LiC! in the left phase from 10~° M to
1 M, while the concentration of LiC! in the right phase remained

constant.

Figure 3(a) shows the result. Any pair of potential curves
maintains a constant potential difference as long as [LiCl ]L is
identical. For example, let us take the potential data represented
by © and x in Figure 3(a). When log,, [LiCl]L = -5, the potential
difference between them is 0.131 V. When log,, [LiCl]L =-2, the
potential difference between them is 0.127 V. Thus, their potential
difference is almost constant~ 0.13 Vaslongas [LiC!], isidentical for
o and x. This feature is consistent with the <Prediction 1> described
in the previous section. It can be quantified mathematically by Eq.
4. Agreement of the characteristics of the potential data with Eq. 4
suggests the validity of the AIH.

Katoh et al. describe that lithium glass is permeable to Li"
[14]. Consequently, it is important to analyze whether the GHK eq.
can reproduce the membrane potential in Figure 3(a). Eq. 7 is the
GHK eq. for this system. We tried to compute the experimentally
measured potentials in Figure 3(a) using Eq. 7. However, we found
that the computed potential does not necessarily reproduce the
experimental potentials. The disparity between the experimental
and computational potentials becomes non-negligible when
[LiCl]R =10"°M, as shown in Fig. 3(b) (the computational
potential reproduces the experimental potential only when
[LiCl]L =107 M) Thus, the GHK eq. is not tenable, and we can
say that the membrane theory is indefensible.
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(a) log,o[LiCT], (b) log,o[LiC7],
Fig. 3 (a) Experimentally measured potential across the lithium glass vs. the logarithm of the
left phase Li('l concentration  During the potential measurement, the left phase Li('/
concentration [LiC/]; was varied while the right phase LiC'/ concentration [LiCl]; was
maintained constant Q: [LiCMz = 1075 M, A: [LiClg = 10 # M, [: [LiCllg = 1073 M, X:
[LiCNg =102 M, +: [LiCNz = 107" M, <0: [LiCllg = IM  (b) Experimentally measured and
the GHK eq.-based computational potentials across the lithium glass vs. the logarithm of the
left phase LiC/ concentration where the right phasce LiC7 concentration [LiC/]; was maintamned
at 1075 M. (O Experimental, @: Computational (GHK eq.-based)
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DK —Eln P [Lf ]L __ RT [Li+ ]L

F PL" |:Li+:|1e ) 7

n
|:Ll ]R (7)

However, irrespective of the membrane’s permeability to
mobile ions, the AIH is in harmony with the experimental fact
illustrated in Figure 3(a), which is in agreement with <Prediction
1>. We assume that L;i* is adsorbed onto lithium glass surfaces,
which is in contradiction to the report by Kato et al. in ref. [14].

We performed the same experiment using an 4gCl — coated
impermeable silver plate in place of lithium glass and using KC/

solutions in place of LiCl solutions. Experimental data when
[KCI]R =10 Mand 10> M only are shown in Figure 4 (too much
data makes the diagram too cluttered). The potential difference
between these two curves is constant. Therefore, <Prediction 1> is
again sufficient. Figure 4 is therefore a proof of the validity of the
AIH. Of course, we have confirmed that the experimental potential
data when [KCI ] . is different from 10-* M and 1072 M are sufficient
for the <Prediction 1> (these data are not shown here).

s a
0.3
9 !
- L
~—
— 0.1 F [ A
8 ® A
E 0.0 ¢ ® A A
g .01 t X
“02 T L 1 I L
-5 -t -3 -2 -1 0
log o[ KCT],
Fig. 4 Experimentally measured potential across the Ag(/-coated silver plate vs. the
logarithm of the left phase K('/ concentration During the potential measurement. the left
phasec KC! concentration [KC/]; was varied while the right phase KC concentration
[KCM was maintained constant @: [K(7]z=10*M, &: [KC/[ =102 M
N J

Verification of the <Prediction 2>

First, we focus on Figure 3(a). The AIH-based equation (Eq. 6)
can explain this, assuming that Li* adsorbs onto lithium glass. We
have indirect evidence suggesting that Li* adsorbs on the surface
of lithium glass, and we will show the abstract below.

Figure 5(a) illustrates a lithium glass and a metal wire bonded
with an electrically conductive adhesive; we refer to it hereafter as
meLiGlass. A lithium glass was inserted on the surface of a LiCl
solution so that the bottom surface of the lithium glass was in
contact with the surface of the LiC/ solution, as shown in Figure

5(b). The “surface potential” of the meLiGlass was then measured
by varying the concentration of LiCl.It should be noted that the
generated potential cannot be the membrane potential, since this
system is a single-phase solution.

Figure 5(c) (A) represents the model of the experimental setup
in Figure 5(b). Assuming that Li" adsorbs onto the lithium glass
surface, the expected surface potential is assumed to increase
V, <V, <V, as the concentration of Li" increases, as shown in
Figure 5(c) (B). The experimental result shown in Figure 6 exhibits
the expected characteristics.
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Fig. 5 (a) meLiGlass : a lithium glass and metal wire bonded together with an electrically
conductive adhesive  (b) bird’s eyes view and side view of the experimental setup for measuring the
lithium glass surface potential ~ (¢) (A): the model of the experimental setup of (b) (B): expected
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Fig. 6 Lithium glass surface potential vs logarithm of LiC'/ solution concentration
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Our previous works [13, 15] suggest that the potential formula
based onthe AlH is given by Eq. 6, which can be derived by evaluating
the surface potential generated on the membrane surfaces (the
exact procedure is described in the refs. [13, 15]). We consider the
system illustrated in Figure 5(b) in the same way. We derived the
surface potential formula Eq. 8 on the assumption that Li*
on the surface of lithium glass and is responsible for the generation
of the potential. We have confirmed that Eq. 8 reproduces the
experimental data in Figure 6 by appropriately determining the

adsorbs

numerical values of K, and A (See again especially the ref. [15]
for deriving Eq. 8). The factor governing membrane potential

generation must be ion adsorption, as predicted by <Prediction 2>.

V.= —ElnL A = const. (8)

O F KL

Figure 4 is another verification of <Prediction 2> and is detailed
as follows: Temsamani and Cheng suggest that C/~ can adsorb onto
AgClI [16]. Consequently, C/~ mustadsorb onto the surface of the
AgCl — coated silver plate as shown in Figure 7 and the potential

must be generated as indicated by the dashed curves. We measured
the true potential through the AgC/ — coated silver plate. During
the measurement, the concentration K/ in the right phase was
kept constant, while the concentration KC/ in the left phase was
varied. For example, when the concentration of KC/ in the right
phase is kept constant ([KCZ]R =10" M or 102 M), the amount
of CI™ adsorbed on the right surface of the silver plate coated with
AgCl never changes, as illustrated in Figure 7. Consequently,
the potential profile of the right phase never changes. However,
the amount of ¢/~ adsorbed on the left surface of the AgCI—
coated silver plate changes as a function of the concentration of
KCl in the left phase. The potential generated across the AgCl—
coated silver plate is given by Eq. 9 where the definitions of y, are
illustrated in Figure 7. The value i/, is given by Eq. 10 like Eq. 8.
Consequently, @, is given by Eq. 11. We have confirmed that Eq.
11 quantitatively reproduces the experimental data in Figure 6. So,
this is another proof of the validity of <Prediction 2>, and at the
same time, the constant potential difference between the potential
data represented by @ and Ain Fig. 4 also suffices for <Prediction
1>.

/ Ag/AgCl electr ode

KCI solutiono© l

==
ey

moderate KCl
cone.

2 -~
Ufﬁl low KClcone. 4.~ l WR

A

A

a AgCl-coated silver plate 0 : CTF

Fig. 7 Expected potential profiles (dashed curves) in response to the KC7 concentration

J

(I)[ =(_V/L)_(_l//R) (lszMaH) (9)
K| ClI
v, = —ElnM B=const. (10)
F B
RT._Kq[Cl]

=_L__R=_1 +Wp
(v )= ()= In———=+y an

Wy = const.

Ohki and Aono’s work

Verification of <Prediction 1>

We will now show and discuss the work of Ohki and Aono
[11], which was reported over forty years ago. They measured the
potential generated across the plasma membrane of the axon by
controlling the concentrations ofintracellular and extracellularions.

Citation: Hirohisa Tamagawa* and Bernard Delalande. Early confirmative work of the Association-Induction Hypothesis. Mod
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The intracellular ionic composition remained unchanged during
the potential measurement, while the extracellular potassium
concentration was altered. This experimental procedure is virtually
the same as that used to obtain the diagrams in Figures. 3(a) and
4. The measured potential data are presented in Figure 8(a) where
the intracellular ionic composition is indicated in the figure legend.
We note that any pair of potential data curves in Figure 8(a) is
basically sufficient for Eq. 4 as long as log,, K*| >-1.5.Thus,
<Prediction 1> is basically satisfied and can be interpreted as a
proof of the validity of the AIH. However, Ohki and Aono attempted
to explain the potential data in Figure 8(a) using the GHK eq., but
they found that the GHK eq. could not reproduce the potential
profiles unless the permeability coefficient was a variable and
also depended on the environmental solution and composition.
Intriguingly enough, they even say “A part of the dependence may
be explained by taking into account the surface potential due
to electrical charges on the membrane”, and this comment is in
agreement with the AIH although they trust the membrane theory.
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Fig. 8 (a) Experimental potential across the axon membrane from the ref. [11] vs, logarithm of extracellular concentration of
potassmm [K7],.  (b) Computational potential obtamed by Eqs. 12 and 13 vs. logarthm of extracellular concentration of
portassmm [K7],, () Computational potential obtamed by Eqs. 15 and 16 vs. logarithm of extracellular concentration of
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Verification of <Prediction 2>

Ohki and Aono attempted to reproduce the potential data in
Figure 8(a) using the GHK eq. from Eq. 12. But they couldn’t find
the right permeability coefficient as described in the section 4.1.
They found the permeability coefficient relationship given in Eq.
13, but it was not satisfactory. Figure 8(b) shows the computational
potential profiles obtained by Eqs. 12 and 13. The potential
profiles in Figure 8(b) do not reproduce the potential profiles in
Figure 8(a). Of course, the potential profiles of Figure 8(b) cannot
suffice Eq. 4. Ohki and Aono also describe that the experimentally
measured potential is not so sensitive to the intracellular potassium
concentration, contrary to the prediction of Eq. 12.

RT, B [K'] +BR.[Na'] +R[F ]
———In
F P K] +py[Cl ]

PP, :FP,:P.=1:0.037:022:0.16

@, =

(12)
(13)

We will now reexamine the potential data of Eq. 12 in the
context of the AIH in the following way: We transform Eq. 12 into
Eq.14.

The K, of Eq. 14 represents the binding constant. Then we turn
to the binding reaction between the mobile ion and the membrane
surface. Binding is, of course, dependent on the characteristics of
the binding site, such asits structure, density, and so on. It is unlikely
that the characteristics of the binding site on the outer surface of
the axon are exactly the same as those on the inner surface of the
axon. Therefore, it is natural to assume that the binding constant
depends on where the binding occurs. For example, the binding
constant on the outer surface of the axon, K, , must be different
from the binding constant on the inner surface of the axon, K", .

Therefore, it is assumed that the binding constants K*, and K"
need not be identical and that Eq.14 should be modified to Eq. 15.
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In other words, intracellular potential generation is independent
of extracellular potential generation and vice versa. This concept is
widely known as the AIH principle.

rr KK k[ ] e [,

" K [K ] +Ko ]

(14)

Kg[K'] +Kg[Na'] +K7[F]
ke[ ], +x5lor],

in 15
- (15)

Assuming Eq. 16, the potential computation was performed
using Eq. 15. The result is shown in Figure 8(c). Although there
is still some disagreement between the computational result and
the experimental result shown in Figure 8(a), the data agreement
improved significantly.

K K", K", : K", : K", =1:0.083:0.417:0.017:0.333 (16)
In summary, Eq. 16 suggests thation binding (adsorption) is the
determining factor in potential generation. This conclusion is in line
with <Prediction 2>. We should add a few comments: Importing the
type of parameters (Kji,i =K,Na,CLLF j= in,ex) as we wish
seems unscientific or absurd, and it is quite understandable to think
that they should have been experimentally measured quantities.
However, even the permeability coefficients in the GHK eq. are not
always experimentally measured but are determined so that the
GHK eq. can reproduce the experimentally measured membrane
potential [17-20]. Therefore, if the way to determine the numerical
value of K"fi described above is scientifically inappropriate, so is
the prevailing procedure for finding the numerical value of P from
the GHK eq. We believe it is necessary to reexamine previous works
by taking into account both the membrane theory and the AIH.
Currently, it is not fair to exclude the AIH as a physiological theory.
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Ohki’s Perception to The AIH And the Membrane
Theory

Ohki did not blindly deny the AIH. He examined the AIH and
concluded that the AIH was not correct in his article [10]. He
addressed the membrane theory in the same article [10] and
concluded that the membrane theory was more correct. He cited
a number of works published by other researchers and explained
why the AIH is not sufficiently valid and why the membrane theory
seems correct. His conclusion is not based on superficial ideas. Ling,
on the other hand, came to the opposite conclusion. He disproved
membrane theory and created a new physiological concept called
AIH [1, 2]. Ling also put considerable effort into identifying previous
publications. Neither Ohki nor Ling had done a botched scientific
job. Both Ohki and Ling refer to a number of scientific works by
other researchers [1, 2, 10], and these works are replete with
experimental data. But they came to opposite conclusions: Ohki
sided with the membrane theory, while Ling presented the AIH. But
such a problem is not so uncommon in physiology. For example, one
of the authors of this paper and his collaborator, Tamagawa and
Ikeda, previously suggested that the ion adsorption model based on
the AIH can quantitatively reproduce the experimental membrane
potential theoretically [13], though the conventional theory, the
membrane theory, attributes the membrane potential generation
to the transmembrane ion transport [1, 2]. We will show another
example from Ling’s book [1]: Imagine that a protein is dissolved
in water. The structure of this protein is extraverted (the NH group
and/or oxygen atoms are exposed to water in the bulk phase). The
water molecules on the extraverts are polarized and these water
molecules exhibit a decrease in solvency. On the other hand, if the
same protein structure assumes that the introverts (the NH and CO
groups are enclosed by the H bond) are not available to interact
with water. Water molecules are not polarized by introverts. Water
of this type does not exhibit a decrease in solvency. Water is often
used as a solvent with proteins in physiological work, but even a
simple and ubiquitous molecule such as water exhibits varied
characteristics, depending on slight differences in conditions. Some
may not think that water’s characteristics are variable. But such
improbable characteristics of water have been frequently reported
particularly by Pollack [6,7,21-26]. So, it’s not so easy to derive a
right conclusion even from a simple experimental work. Therefore,
Ohki and Aono came to side with the membrane theory despite
their research results in favor of AIH [10,11]. What do we need to
do to get around the difficulties, perform the right experiments
under the right conditions, and draw the right conclusions? We
believe that physiologists need to take a thermodynamic and
physical chemistry views of the real system. As a matter of fact,
theoreticians have already come by such a tool a century ago [27].
However, it is not so wide-spread in physiology field even today.
Thermodynamics and physical chemistry for the real systems (not
ideal systems) are needed since the biological phenomena never
exhibit the thermodynamically ideal characteristics. We have to
consider the experimental system as a thermodynamically real
system.

Citation: Hirohisa Tamagawa* and Bernard Delalande. Early confirmative work of the Association-Induction Hypothesis. Mod
Concept Material Sci. 5(5): 2024. MCMS. MS.ID.000622. DOI: 10.33552/MCMS.2024.05.000622

Conclusion

The Association-Induction hypothesis was long rejected by
mainstream physiology, while membrane theory has been the
central concept of physiology. However, the work done by Ohki and
Aono more than forty years ago clearly validates the Association-
Induction hypothesis. Nevertheless, Ohki and Aono did not endorse
this theory, but rather the membrane theory. This means that
there exists the difficulty in drawing the right conclusion even in
a simple experimental system. To overcome these difficulties, we
should reconstruct physiology on the basis of physical chemistry
and thermodynamics for the real system instead of the ideal one.
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