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Abstract

The impedance of heavily diluted diclofenac centesimal
potentiated solutions in the range of 20 Hz - 10 MHz
was studied. Each dilution was accompanied by vigorous
shaking. The whole set of samples consisted of 33
iteration steps. Two parallel sets were prepared. There
was no permittivity increment in the samples, which
indicates the absence of mesoparticles with high dipole
moment. At the same time, the resistance of the samples
presented a non-monotonic character, including ultra-
high dilution samples, in which the concept of diclofenac
concentration does not make sense. The pattern of both
sets of samples turned out to be well correlated. The
evolution oftheresistivity patterns consisted of adecrease
of the average value with a significant preservation
of the shape of the pattern up to 30 days. This means
that the result does not depend on the concentration of
the solute, but on the sample preparation procedure. A
hypothetical explanation of the observed effects consists
in the appearance of reactive oxygen and nitrogen forms
during mechanical perturbation of solution and the
products of subsequent complex chemical reactions.

Introduction

Water is a polar liquid of high permittivity that makes
it a good solvent for polar and ionic substances. These
substances at not very high concentrations produce
ideal aqueous solutions where solutes do not interact
with each other, and solutions are homogeneous. The
main concept for physico-chemical properties of diluted
ideal solutions consists of a monotonic tendency to the
properties of a solvent at high dilutions. In practice,
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solutions of 10* M concentration and lower are named
as infinitely diluted solutions. Amphiphilic substances
at certain concentrations in water, called the critical
concentration of micelle formation (CMC), self-organize
into colloidal structures - various types of micelles.
These CMC points are registered as kinks on the plots of
various physical characteristics (viscosity, conductivity,
sound speed, light scattering, etc.) upon concentration
of amphiphilic substances. The values of the CMC are in
the range of 104102 M. Structural inhomogeneities in
binary systems, including water-alcohols or other non-
electrolytes, have also been known for a long time. They
are characterized by two maxima of the scattered light
intensity caused by the appearance of inhomogeneities
in the solution. In the case of water-alcohol, the main
one is wide on the scale of concentration of the added
component at the molar fraction of alcohol X=0.2-0.5 and
the other, narrower, at X=0.01-0.05. The main maximum
is caused by concentration fluctuations but the nature
of the sharp maximum at a lower concentration is still
not completely clear (Bulavin et al. 2016). It was found
that the equilibrium in these solutions is established for
a long time, up to several days after mixing the liquids.
Mesoscale inhomogeneities can exist also in surfactant-
free microemulsions (SFME) in ternary systems
consisting of relatively short amphiphilic components
(hydrotrope) and two nearly immiscible liquids. The
unigue mesoscope structuring in SFME offers various
opportunities. For example: SFME are powerful
solubilization media, providing anomalies in enzymatic
activity and chemical reactivity when used as reaction
media (Hahn et al. 2019; Krickl et al. 2018). All described
inhomogeneities registered by various physical methods
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appear at concentrations higher than 10°M.

From the second half of the 1970s on, a wide range of
concentrations of biologically active substances on
various functions of biological model systems were
studied that demonstrated polymodal non-monotonous
dependence of biological (biochemical) response on the
scale of concentration (Perchikhin et al. 1977, Yamskova
et al. 1977a, b; Burlakova et al. 1986; Burlakova, 1999;
Molochkina et al. 1999). A typical example is a two-
optimum curve of protein kinase C inhibition upon
concentration of the antioxidant a-tocopherol (Palmina
et al. 1999). The singularity of this dependence consists in
the presence of a maximum at low (they are also called
ultra-low) concentrations of the active substance in the
region of 10" M and the “dead zone,” which usually
lies in the region of 107-10"" M. When antioxidant
concentration increases to 10* M, the usually observed
maximum of activity appears. Another possible feature
of highly diluted solutions is that their significant effect
can be manifested against the background of a greater
endogenous concentration of the same substance in
the studied models. For example, opioids modulate the
immune activity of various cells at concentrations of
10%8-10" M, although the same opioid peptides are
present in cells at a much higher natural concentration
of 10°-10"2 M (Brown and Van Epps, 1985; Zaitsev et
al.1991). Similar effectswere found also with the combined
action of pharmacological agents and homeopathic
preparations in high dilution (Epstein, 2008, 2013).

The uniform non-monotonic polymodal response of
various model systems on the concentration of an active
reagent in the region of low and ultra-low concentrations
makes us think about the common cause of these
effects. A common component of all these experiments
is water. It is often possible to find a statement that the
observed complex effects are related to the structure of
water, but without giving sufficient arguments. Earlier
we showed that highly diluted solutions of amino acids
without chromophore groups possess a sharp increase
in luminescence and explained it by self-organizing of
the excited state regions with a size of about 100 nm
(Lobyshev et al. 1994, 1999; Lobyshev, 1999). Later the
clustering-triggered emission of solutes without traditional
chromophores were reviewed (Wang et al. 2020).

Technically, it is more convenient to obtain solutions of
low concentrations of biologically active substances by
diluting a more concentrated solution. In many cases,
low concentrations are achieved by the same type of
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sequential dilution (by 10 or 100 times, or in another
proportion) followed by active mechanical shaking
after each dilution, leading to rapid turbulent mixing
of the solution. This method of sample preparation
corresponds to the technology of preparation of drugs
adopted in homeopathy. The so-called potentiated
samples with an ultra-high degree of “dilution” can
reach and even exceed the Avogadro limit where the
concept of concentration loses its meaning. In this
case, it is appropriate to talk about the number of these
iterations (dilutions) only and to call the dependence on
the number N of iterations a pattern.

Using this technology, we studied the fluorescence
intensity of decimal sodium chloride dilutions including
N=23 iterations. The pattern for fluorescence intensity
occurred to be non-monotonic with a sharp maximum
at N=13 where water should be considered as a
fresh one. It is obvious that the salt solution will play
the role of a stress factor for freshwater unicellular
organisms. For the first time, we have shown that the
intensity of fluorescence in the region of its maximum
has a high negative correlation with the spontaneous
mobility of freshwater unicellular infusoria Spirostoma
ambiguum (Lobyshev et al. 2005). The presence of non-
monotonic dependences of various physico-chemical
characteristics in the concentration range of 102-10"8 M,
their connection with the appearance of nanoparticles,
and the corresponding change in biological activity has
been repeatedly confirmed (Ryzhkina et al. 2009, 2013,
2019, 2021). In our previous paper, we studied electric
properties of centesimal diclofenac solutions prepared
by 14 iterations (Lobyshev, 2019). In the present paper,
we demonstrate the resistivity patterns of centesimal
dilutions of diclofenac with the number of iterations up
to N =33.

Materials and Methods

Testing solutions were prepared using ultrapure MQ
water with the specific resistance of 18.2 MQ cm obtained
by purifying distilled water in the Merck Millipore
Simplicity System and diclofenac sodium salt (Sigma-
Aldrich D6899). The structure of diclofenac is shown in
Figure 1. Preparation of the samples was as follows. At
first, a diclofenac solution with the concentration of 1 mg/
ml or 3.14 *102 M was prepared. To avoid large particle
contamination and unsolved aggregates, the solution
was filtered through the 0.2 pm sterile Sartorius Minisart
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membrane. This solution was labeled C1 and used to
produce samples of centesimal serial dilutions. An amount
of 0.1 mL was taken from this sample and poured into
a bottle containing 9.9 mL of MQ water. These samples
were labeled C2, C3,...C33. Each dilution was accompanied
by 20 seconds’ potentiation, meaning vigorous shaking
by manually tapping half-filled capped vials on the table
surface similar to the stop flow method. All the samples
were prepared in 20 mL glass vials with polypropylene
screw caps and chemically inert teflon septa (Infochroma
AG). Two parallel sets of dilutions M(C2, C3,...C33) and
#M(#C2, #C3,...#C33) were prepared and were stored in a
closed cardboard box under room conditions.

Cl

NH

Cl OH

@)

Figure 1. The chemical structure of diclofenac.

Impedance characteristics of aqueous diclofenac solutions
were measured in a cell with coaxial cylindrical titanium
electrodes using Wayne Kerr 65120 BD1 precision
impedance analyzer. The volume of the cell is 0.6 ml. The
cell has a jacket to maintain the temperature accuracy no
worse than 0.1°C using a water thermostat. Measurements
were carried out at the temperature of 28°C. The measuring
cellwasfilled three times by the sample under investigation
to establish the stationary value. The ultimate error of the
measured quantities was below 0.5%. A parallel equivalent
scheme for the cell was used that allows the analysis of
resistance and capacitance of the cell in the frequency
range 20 Hz-10 MHz. To eliminate the effects related to
polarization of the metallic electrodes, the main part of
the experiments was conducted at the frequency 100 kHz.
All other technical details can be seen at Lobyshev (2019).
The first set of measurements was performed on the next
day after preparation of the samples. Next, measurements
were carried out at 7, 14 and 30 days after preparation of
the samples.

Results and Discussion

Dispersion effects in a wide 20 Hz-10 MHz frequency
range were not observed, except for the polarization of
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titanium electrodes at frequencies below 30 kHz. The
dielectric constant with an accuracy of 0.2% at frequency
100 kHz remains constant, which indicates that there is
no appearance of particles with a large dipole moment
in the sets of dilution. Figure 2 illustrates the patterns for
the resistance of two parallel sets of potentiated dilutions
M and #M.

The plot does not contain sample C1 because its
corresponding resistance naturally sharply differs
from the subsequently diluted samples, and requires a
change in the scale that does not allow analyzing data
from high dilutions.

The experiment carried out 7 days after the preparation of
samples is not given to simplify Figure 2. One can see that
the procedure of vigorous shaking during each step of
dilution results in non-monotonic changing of the sample
resistance significantly exceeding the experimental error.
This feature persists from N=11 up to N=33, where the
concept of diclofenac concentration in solution has lost
its meaning. The evolution of patterns occurs during the
storage of the samples. Over time, the average resistance
of the samples decreases, i.e. their conductivity increases,
but the shape of the pattern remains. The patterns of
two parallel sets are similar also. The results of linear
correlation analysis are given in Table 1.

correlation cross correlation
M, - M, R |#M,-#M,| R M, - #M, R
1-7 0.84 | #1-#7 | 0.86 1-#1 0.57
1-14 0.63 | #1-#14 | 0.74 7-#7 0.74
1-30 0.49 | #1-#30 | 0.50 14-#14 0.70
7-14 0.93 | #7-#14 | 0.96 30-#30 0.60
7-30 0.83 | #7-#30 | 0.80

Table 1. Correlation coefficients R between patterns M of
various days (k,n =1-7-14-30) after preparation and cross
correlation coefficients R between patterns M and #M . Critical
values for correlation coefficient are: Py 45(30) = 0.35; Pg;(30) =
0.45; Py 001(30) = 0.55
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Figure 2. (upper)- The pattern for resistance of centesimal potentiated dilutions of diclofenac, set M; (bottom) -The
pattern for parallel preparation, set #M. N-is the number of dilutions. The accuracy does not exceed the size of the
points. Lines for clarity connect the experimental points. The curves are measurements a day after the preparation
of the samples (solid), 14 days later (dashed), 30 days later (dotted).

One can see from Table 1 the strong correlation between
patterns measured up to 30 days after preparation of
the samples. Correlation coefficients decrease in time;
however, they remain high. Statistical significance for
correlation between patterns 1-30 and #1- #30 is equal
to p<0.01, and all others have p<0.001. Statistical
significance for cross correlation between patterns M
and #M for 30 days is equal to p<0.001. Table 2 shows
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correlation coefficients between partial patterns divided
into two parts with N=2-15 and N=16-33. Correlation
coefficients decrease in time in both partial patterns.
The first partial pattern (N=2-15) has high correlation
coefficients that remain significant up to 30 days, but the
second partial pattern (N=16-33) has smaller correlation
coefficients that become insignificant on the 30th day
after the preparation of samples.



Critical
values of R

Correlation coefficients
for M, - M,, and *M, - *M,,

1-7 | 114 | 1-30 | #1-#7 | #1-#14/*1-#30| Roos | Roor | Rooos

2-15 094 | 084 | 071 | 091 | 0,83 | 0,55 | 0,53 | 0,66 | 0,78

16-33 | 0,79 | 0,56 | 0,38 | 0,75 | 0,60 | 0,43 | 047 | 0,59 | 0,71

Table 2. Correlation coefficients R between partial patterns
M (2-15 and 16-33 steps of dilution). Critical coefficients for
correlation coefficients with corresponding degrees of freedom
are given.

What is the reason for such a strange non-classical
behavior of highly diluted solutions? There is no
exact explanation for the phenomenon, but there are
certain hypotheses. Nanobubbles called bastons are
spontaneously formed and always present in water
(Bunkin et al. 2015). Vigorous shaking of the solution
leads to the formation of many micro- and nanobubbles,
which, when collapsing, release a lot of energy, which
leads to the appearance of reactive oxygen and nitrogen
forms in the solution. Several papers confirm this
assumption. Stable bubbles with an average size of 600
nm appear in vessels with water subjected to vibrations
with an amplitude of 5 mm and a frequency of 30 Hz.
At the same time, there is a “blue” luminescence that is
typical for sonoluminescence. The amount of hydrogen
peroxide and hydroxyl radically increases with the time
of mechanical action (Gudkov et al. 2020; Bruskov et al.
2020). The formation of reactive oxygen species under
the influence of weak external forces and fields leads to
the appearance of long-term chemical transformations,
including cyclic ones (Gudkov, 2012).

There is no complete clarity in the mechanisms of the
described observations. About 40 chemical reactions
involving reagents and products of oxygen-hydrogen
molecules are known (lgnatiev et al., 2008). Among
them there are both very fast and very slow reactions,
which leads to a long evolution of the system (Bingi
and Sarimov, 2014; Belovolova et al. 2014). In water
saturated with atmospheric carbon dioxide, hydrogen
carbonate anions can act as electron donors and affect
the course of conjugated chain electron-radical reactions
(Voeikov, 2012). The initiator of these processes can also
serve as natural sources of ionizing radiation, leading to
the appearance of hydrated electrons. The changes of
conductivity caused by the changes of the charge carriers
in solution. The analogous non-monotonic conductivity
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of diluted solutions was observed earlier and explained
by formation of stable water nanostructures (Elia and
Niccoli, 2004; Elia et al. 2014). This point of view is more
a hypothesis than a proven fact since the structure of
inhomogeneities in solutions has not been established
and their characteristics are not known. Most likely, the
heterogeneity of aqueous solutions should be explained
by the presence of clusters of nanobubbles and the
changes in conductivity by the appearance of reactive
oxygen species and their evolution.

Conclusions

The complex non-monotonic pattern of conductivity
in a wide range of dilutions accompanied by intensive
mixing indicates that the result is determined not by the
concentration of the solution, but by the procedure of
its preparation. Intensive bubble formation is observed
in such solutions. The collapse of these bubbles leads
to the appearance of chemically active forms of oxygen,
nitrogen and decomposition products of water, which
together with the dissolved substance form a complex
chain of chemical reactions. Each subsequent dilution
with potentiation changes the concentrations of reacting
components, which leads to significant variations in
conductivity, which results in a complex pattern over
the entire dilution range, including the region of non-
existent concentrations of diclofenac. The task for the
future is to determine the real participants of charge
transfer in such systems.

Discussion with Reviewers (DWR)

Reviewer: What is the rationale for using diclofenac rather
than another molecule? Could you maybe add a sentence
to clarify this?

Author: Diclofenac is a very popular medicine that
reduces inflammation and pain. It is used to treat
aches and pains, as well as problems with joints,
muscles, and bones. Diclofenac is presented in tablet,
capsule, suppository, gel, plaster, injection and eye
drop form. However, it is toxic in large doses and with
prolonged use. Earlier on, for the first time, we found
a high correlation between physical properties and
the physiological response of highly diluted solutions
(Lobyshev et al. 2005). Now we want to find a high
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dilution of diclofenac, which will have the same activity as
at high concentration based on the results of a physical
experiment. The biological experiment will be carried out
at the next stage.

Reviewer: Both M and #M are dilutions series of diclofenac
and therefore you cannot discard the possibility that the
effects observed are due to the starting substance. This
seems to contradict your sentence in the abstract: "This
means that the result does not depend on the concentration
of the solute, but on the sample preparation procedure.”

Author: | agree that any substance including diclofenac
will influence the pattern of resistivity. | want to
emphasize that the patterns of probes prepared in
parallel (M and #M) are very similar, but the patterns of
probes prepared on different days may have much less
correlation coefficient due to unspecified reasons. This
is not surprising, since the processes of self-organization
in complex systems strongly depend on small variations
in the initial parameters, ie., the procedures of
sample preparation, including the state of always non-
equilibrium water.

Reviewer: You mention measurements over the 20-10 MHz
but, as far as | understand, you only present results obtained
at 100 kHz. This needs to be made clearer.

Author: We did not observe dispersion effects in a wide
frequency range except for the polarization of electrodes
at frequencies below 30 kHz. Due to technical reasons,
we can say that dielectric constant of solutions is very
stable within 0.2% at 100 kHz and it does not depend
on variable conductivity. At lower frequencies, the
measured capacity greatly increases, and this is the result
of polarization but not dielectric constant of the liquid
probe. Unfortunately, | found this mistake in several
authors. At 100 kHz frequency, the role of polarization
is absent with great accuracy and does not have an
influence on complex impedance measurements of the
solution. Technical details including the whole spectra
and electrical equivalent schemes are published in
Lobyshev (2019).

Reviewer: Did you think of the chance to probe the hypotheses
according to which reactive oxygen and nitrogen species
play a role (in the trend of resistance with the number of
succussion and dilution), by the measurement of the Oxy-
Reductive potential of the sample..? Could it give some insight
about what is happening inside there...?

Author: Yes. We thought about it but prefer to use more
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specific methods in future works.

Reviwer: How would you qualitatively, heuristically, update
your hypotheses by taking into account the proven bi-phasic
nature of liquid water, were a coherent fraction - organized
in dynamic aggregates about 50-70 nm large - to co-exist
with a gas-like fraction, and where solutes give rise to a
complex interplay with the two phases of water? (Keeping
the role of nanobubbles valid, of course.)

Author: Unfortunately, the general QED theory cannot
presently predict anything for specific systems. This
was clearly explained in the answers to questions by
Giuseppe Vitiello at WATER CONFERENCE 2018. In
addition, the composition of these coherent regions is
still unknown (pure water does not exist at all), so it is
difficult to talk about their interaction with active oxygen
and nitrogen forms.
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