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ABSTRACT

Homeopathy is fundamentally based on the assumption that a biological activity is borne by a
chemical system made by a molecular solute within a solvent that is diluted and mechanically stressed
an undefined number of times and then reaches a zero point where molecules disappear and the
solvent is the only chemical species being left. With the exception of an author who recently stated
“We have been working in this field for over 20 years [35], and are thus perfectly aware of the issues
related to the “plausibility” of high-dilution pharmacology, particularly when using dilutions beyond
Avogadro’s constant”, yet no evidence was reported to date about the real nature of homeopathic high
dilutions.
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PRESENTATION

Homeopathy is fundamentally based on the assumption that a biological activity is borne by a chemical system
made by a molecular solute within a solvent that is diluted and mechanically stressed an undefined number of times
and then reaches a zero point where molecules disappear and the solvent is the only chemical species being left
(Bellavite et al., 2014a; Bellavite et al., 2014b). This simplistic view should retain the belief that homeopathy is based
on a fake, as no solvent possesses the extreme variability of molecular masses acting on any biological system. The
naive and simplistic approach to calculate the residual mass still existing in the bulk solvent after a homeopathic
dilution is founded on a Dalton’s derived model where molecules are considered as having the same gas-like
behaviour and atomic mass unit. A gas-like system is fundamentally made by particles within water, e.g. molecules,
which exhibit a gas-like behaviour and do not heterogeneously interact with solvent aside from following statistics
and thermodynamics of the moving molecules by chance. Homeopaths consider exclusively a gas-like system
during their calculations and never mind the effect of solvents on dilutions (Bellavite et al., 2015; Magnani et al.,
2010; Bellavite et al., 2011). Solvents, quite exclusively represented by water, would show their major role only when
dilutions are theoretically deprived of any active principles, never before (Vallance, 1998; Milgrom, 2006; Bellavite et
al., 2011). According to this approach, homeopaths calculate that a theoretical concentration made by 1.0 moles/L of
a defined compound A undergoing twelve centesimal dilution steps, reaches the zero log point of the dilution
function f(x) corresponding to 1 molecule/liter or a theoretical concentration of 1.67 yoctomoles/liter (1.67 yM or
1.67x10% M). According to this thesis, a 13cH should not contain any molecule but the sole solvent. This elementary,
quite childish approach, is based on the linear function derived from the log transformation of [y = a - b*], where y is
the final concentration of the compound A following a dilution, a is the concentration of A at the beginning of the
dilution process (time 0), b is the dilution factor and x is the series or step of the dilution process. This equation does
not take into account the effect of solvent and may be rewritten as [y’ = c-d*], where y’ is the amount of the A mass
of A at the x dilution step, c is the starting mass of A, d is the mass subtracted in a centesimal dilution (= 10%) and x
the dilution step. The log transformation of this equation generates an f(x) represented by a log/lin linear curve: [y =
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¢ — dx], considering ¢ and d as constants. Therefore, the linear approach of a homeopathic dilution is similar to the
serial homogeeous subtraction of a solid mass from a container. The model is based on a Dalton’s simplistic vision
of chemical masses, dated back to the 1814, when Avogadro established his very famous principle. In this model the
Avogadro’s constant is related to the atomic mass unit (amu), indicated with u and defined as the unitary mass
number or the 12" part of carbon “C atomic mass and in this sense the Avogadro’s number of these elementary
units corresponds to 1 g, i.e. 1.00 g = Nau = 6.022x10” u or, the same, 1 u = 1.660538921x10% Kg. The tenet of
homeopathic high dilutions indirectly considers any molecule as a simple particle with this unitary dimension.
When authors measure some presumptive active principle, i.e. gelsemine from Gelsemium sempervirens, their
consideration although referring to this approach might give birth to gross biases. A starting concentration of
gelsemine as low as 6.5x10™ M corresponds approximately to 1.22172024x10"® u =~ 1.22x10" u = 10" 4, if a gram of
gelsemine is calculated as 1.8795696x10”" u. Homeopaths should be honest in considering these issues when naively
calculate their dilutions, a circumstance that should suggest the zero log intercept (1 molecule) within the 9cH range,
in this specific example. Yet, this approach cannot fulfil completely the complexity of a solution made by a huge
variability of organic molecules, as in the case of a raw plant extract. Usually, when herbal extracts are considered,
researchers endeavoured to demonstrate the scientific ground of homeopathy, explain any presumptive effect
related to a high dilution with the pharmacological activity of the molecule that has theoretically disappeared at that
dilution (Magnani et al., 2014; Marzotto et al., 2014; Olioso et al., 2014). Obviously this is a conceptual absurdum in
the linear approach. Actually, the behaviour of a complex mixture of different phenolic and organic compounds in a
water/ethanol solvent is highly complex and unpredictable and might change dramatically any consideration about
how reaching the zero point (Chirumbolo, 2011).. Researchers should evaluate the concentration of the supposed
active principle at any centesimal dilution performed throughout the whole process, rather than founding their
conclusions on previous non revised quantitative calculations (Marzotto et al., 2014; Olioso et al., 2014). The
approach based on a Daltonian simplistic view of high dilutions may generate gross biases in the real
comprehension of the nature of high dilutions. The linear model, arranged to achieve the Avogadro-Loschmidt’s
threshold by simple algebraic calculations on the serially distributed dilutions, should reach theoretically this
threshold only when: a) the molecule can be perfectly fitted to Daltonian’s amu in the water/ethanol solvated form;
b) the molecule is perfectly solvated into the bulk solvent, homogeneously dispersed without nano-heterogeneous
niches, molecular abducts, colloids or nanoaggregates; c) water is never nano-heterogeneously structured when in
its liquid thermodynamic state; d) the molecule does not interact with other molecules, biological surfaces,
nanobubbles and the liquid/air compartment (surface); e) the molecule does not interact with the wall of the glass
container; f) the molecule does not have any asymmetric interaction with ethanol in the solvent water/ethanol; g)
physical factors, such as temperature, storage, air pressure, glass, nanobubbles and so on do not affect the dilution
process; h) handling and process, such as withdrawal with laboratory tips, do not affect the dilution process; i) the
carry over component coming from the thermodynamic equilibrium of different regions (interface liquid/gas,
interface liquid/container walls, interface biological structures or suspended, colloidal nano-aggegates and bulk
solvent, nano-heterogeneous niches) is negligible respect to bulk liquid. These conditions are almost never fulfilled
in the real world. Homeopaths naively hypothesize that any molecule coming from a hydroalcoholic raw extract
from plants enter the water/ethanol solvent and form a perfect solution where any molecule is homogeneously
distributed in the bulk liquid. Moreover, more frequently operators pick up molecules by withdrawing a little
aliquot of solution very close to the interface liquid/gas of the same solution, where molecules may have a
relationship with solvents quite different respect to the bulk liquid. Some author has reported that even very high
diluted chemical systems may yet have matter (mass particles) of the previous concentration prevalently at the
interface liquid/gas (Chikramane et al., 2010; Chikramane et al., 2012). This evidence makes puzzling any further
issue concerning the chemical nature of a high dilution into water. Actually, the solubility profile of different bio-
molecules extracted from plant depends on the ratio water/ethanol and more precisely on the chemical feature of
molecules, their hydrophobic/ hydrophilic characteristics, the molar mass of ethanol, the nano-heterogeneous
behaviour of stressed (perturbed) water, the presence of bio-organic surfaces, the chemical composition of the
container walls. Therefore, plant-derived molecules in a solution made by water and ethanol organized their place
within the chemical system in a more complex way and at any dilution step a thermodynamic equilibrium,
according to the Langmuir adsorption isotherm, exists between the surface of the container walls and the bulk
liquid, the interface liquid/gas and the bulk liquid, the different niches made by nano-colloid aggregates and
solutes by changing the molar mass of ethanol in water and bulk liquid, the dispersed particles and nanosized
systems such as nanobubbles. This circumstance may change dramatically the exact concentration of a defined
molecule in a centesimal high dilution, where a 30cH may be really a 17cH or a 9cH, depending on the type of
dilution made (Chatterje, 2015). Therefore, some homeopathic remedies may work because of an incorrect
evaluation of their concentration, generating concern about their possible adverse effects (Csupor et al., 2013;
Chirumbolo, 2013; Chirumbolo, 2014). Therefore, when evaluating the amount of molecules entering a defined
dilution, the operators should take into account: a) the amount in the bulk liquid; b) the amount in equilibrium from
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walls to the bulk liquid; c) the amount in equilibrium between solutes and nanoclusters or nanoaggregates
(nanocolloids) in a nanostructured water; d) the amount at the interface liquid/gas; e) the amount in equilibrium
between different solvents and their different molar masses during dilution; f) the carryover effect of withdrawing tips.
The linear reduction of a) is biased by the many factor here indicated, widely described as factors present in a complex
solution, and while increasing the dilution, steps factors b) to f) should enhance their effect on the final calculation of
the concentration of the compound A in the dilution. This means that, with some approximation, the linear function
f(x) in the equation [y" = c-d"] is most probably valid at the beginning of dilution, when the concentration of the
compound A is very high, the leakage from walls is negligible, the distribution at the interface liquid/gas is in a
dynamical equilibrium with the bulk solvent and does not change this latter, the occurrence of solvent-derived
nanosized species is low and the plastic tip has a very low carry over ability. However, the linear component expressed
by [y = ¢ — dx] in a log/lin transform is going to be overwhelmed by the increase of the non bulk-components while
increasing the dilution and the equation should change as [y” = c-d™] and then (log transf) as the equation [y = e - f/x],
which represents a hyperbole of the [y = ¢ — dx] if the concentration of the compound A depends on the non bulk
components that increase with ongoing the dilution steps. The effect of carry over of very few molecules between the
tip and the interface liquid/gas, where with increasing dilutions increase nanobubbles and nanosized water structures
(Roy et al., 2008) and the possible activity of nanostructures (Demangeat, 2015), may represent important factors that
hamper dilutions to reach the zero intercept at 1.67 yM with the supposed linear approach and probably high dilutions
are asynptotes and perhaps they never reach the zero (Chikramane et al, 2010).

However, strictly from a pharmacological point of view, if resting molecules in very high diluted chemical systems
are below 1.0 aM (10" M), they cannot interact by chance with biological receptors and signaling molecules or
enzymes, leading to a sustained, reproducible and reliable biological effect, as 1.0 amole is the lowest limit permitted
in the mass action law (Gurevich et al., 2003). Therefore, in a high dilution, homeopaths cannot be sure, unless they
evaluate how the concentration of the compound A is fading away, of how much compound A is present at any
step. The effect of solvent is yet to be elucidate. According to Elia and coworkers, liquid water undergoing serial
dilutions and mechanical stress, filtration or Nafion treatment behaves as a dissipative structure and is able to
aggreagate at standard pressure and room temperature (Elia et al., 2007; Elia et al., 2013; Elia et al., 2013b; Elia et al.,
2013c; Elia et al., 2014; Elia et al., 2015). This evidence should suggest that water, which exhibits the ability to form
macroscopic aggreagates, bears an informative variability. In an attempt to elucidate this conundrum, we might
speculate that the variability attributed to the nanoheterogeneity and dissipative property of water could bear an
information able to be translated by cell in a defined function. Although some thesis was recently forwarded
(Ynnon, Elia, 2013; Czerlinski and Ypma, 2010), water structures were never demonstrated to bear a bioactive
property. Even when supposed water aggregates were investigated in a biological system the effect was scarcely
reproducible, contrarily to the evidence that these structures may even be macroscopic (Brizzi et al., 2011).
Homeopaths are therefore convinced that water is able to bear a bio-active information. Whether water structures
are real or not, although they are not visible in any diluted solutions and do not interfere with light adsorption, they
cannot be involved in any information because there is neither hypothesis nor evidence able to explain why water,
which is the same in any dilution aside from its original source, may elicit a biomolecular activity without any
biomolecule. Furthermore, no researcher has ever demonstrated to date that these presumptive aggregates may hide
molecules, which disappear at any analytical chemistry assay but might be released in a biological target.

These are all speculations, of course. The existence of water structures should give a high impact on the
reproducibility of randomized controilled trials with homeopathic remedies, just because these structures are easily
to form and with micro- or macroforms amounts, able to trigger a cell response likewise a massive molecule. Yet,
only dilutions still containing molecules were reported as active in blinded vs placebo randomized controlled trials
(RCTs), while other formulas gave negative evidence and high diluted preparations showed less reproducible
results but only in some report about mental and somatoform syndromes, such as irritable bowel syndrome (IBS)
and fibromyalgias, where placebo should play a major role (Peckam et al., 2013; Adler et al., 2013; Macias-Cortés
Edel et al.,, 2013; Zanasi et al., 2014; Pérol et al., 2012; Bell et al., 2004; Fisher et al., 1989). With the exception of an
author who recently stated We have been working in this field for over 20 years, and are thus perfectly aware of the issues
related to the “plausibility” of high-dilution pharmacology, particularly when using dilutions beyond Avogadro’s constant
(Bellavite et al., 2011), yet no evidence was reported to date about the real nature of homeopathic high dilutions.
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