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Physicochemical Investigations
of Homeopathic Preparations:
A Systematic Review and Bibliometric Analysis—Part 3
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Sabine D. Klein, PhD,1 and Stephan Baumgartner, PhD1,4,5

Abstract

Objectives: In parts I and II of our review of physicochemical research performed on homeopathic preparations,
we identified relevant publications and analyzed the data in terms of individual experiments, looking for the most
promising techniques that were used in the past. In this third part, we analyze the results of the experiments
seeking to extract information about the possible modes of action underpinning homeopathic preparations.

Methods: We summarized the results from the 11 experimental areas previously introduced, extracting the
general findings and trends. We also summarized the results in terms of specific research topics: aging, medium
used for potentization, sample volume, temperature, material of potentization vessel, and, finally, the use of
molecules to probe homeopathic samples.

Results: We identified a number of effects that appear consistently throughout the data: Differences to con-
trols seem to increase with: time, moderate temperature, small samples volume, and in ionic medium, whereas
high temperatures seem to abolish differences to controls. Based on the present analysis, there is no consistent
evidence to date for the nanoparticle hypothesis to explain specific homeopathic treatment effects. However, the
quantum coherence domain hypothesis, the dynamic water cluster hypothesis, and the weak quantum theory are
still contenders and need to be further assessed experimentally.

Conclusions: The field requires further targeted experimentation to validate past findings reporting differ-
ences between homeopathic dilutions and controls, and to expand these findings by specifically testing the three
main working hypotheses that are currently at hand.

Keywords: physics, very high dilutions, serially diluted and agitated solutions, ultrahigh aqueous dilutions

Introduction

In the previous two parts of this review, we found
promising experimental evidence supporting the idea that

homeopathic dilutions have physicochemical properties dif-
ferent than appropriate controls.1,2 However, not knowing the

mode of action through which homeopathy might work leads
to a big stumbling block for research into this medical
treatment method.

Several hypotheses have been suggested to explain the
preclinical and clinical effects of homeopathic preparations;
however, consistent experimental evidence to back those
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hypotheses has been lacking so far (see reviews by Bellavite
et al.3,4 and Guedes et al.5). Any explanations of the specific
treatment effects induced by homeopathic drugs would have
to cover two areas: the pharmaceutical mode of action3 and
the pharmacological mode of action.4 The latter would have
to answer the basic question of pharmacodynamics, that is,
how homeopathic remedies work in living organisms,
whereas the former would concentrate on the question of
the effects at a physicochemical level. In the context of
our systematic review of physicochemical investigations,1,2

we considered it useful to relate the empirical results we
identified to some recently discussed hypotheses for the
pharmaceutical (physicochemical) mode of action of ho-
meopathic remedies. Not being aware of a recent systematic
review of the theories of how homeopathy works on a phys-
icochemical level, we refer to Bellavite et al.,3 who identi-
fied three major conceptual approaches to possibly explain
specific remedy effects of homeopathic preparations: the
formation of (1) water clusters or clathrates, (2) coherent
domains, and (3) nanoparticles from the original substance.3

Water clusters—clathrates—were proposed as the mode of
action of homeopathic remedies.6,7 Around molecules of the
original substance, shells of water molecules are expected to
be formed, mirroring the shape of these molecules. It was
speculated that these shells could survive and self-replicate
even if the forming molecules were diluted away during the
potentization process. These shells were hypothesized to
serve as an information carrier of the original molecules,
which could be deciphered by receptors on cell surfaces.

The Quantum Coherence Domains (QCD) theory was de-
veloped by Preparata and Del Giudice et al.8,9 This theory
predicts the formation of stable water regions or domains in
water, which—by carrying some information related to the
material potentized—could explain specific remedy prop-
erties of homeopathic preparations. A full description of this
theory is given elsewhere.10,11

More recently, nanoparticles of elements corresponding
to the starting material from which the homeopathic sample
was made were postulated.12–16 This launched the idea that
the many interesting properties of nanoparticles, which are
currently being researched, could serve to explain homeo-
pathic treatment effects.12–16

To complete the picture, we mention a fourth approach that
invokes non-local effects found in extensions of the quantum
theory to macroscales, such as the Weak Quantum Theory
(WQT).17 This theory serves as a formal framework to de-
scribe possible quantum-like entanglement effects between
the patient, the homeopathic substance, and the practitioner to
describe the clinical effects of homeopathy.18–23

Other hypotheses have been proposed to explain ho-
meopathic treatment effects on a physicochemical level,
such as nano-bubbles,24 epitaxy,25 hormesis,26,27 silica-
compounds,28 isotopic positional correlations,29 amino acids
and peptides,30 and others. However, the consensus opinion
of the authors is that the four main conceptual approaches
outlined earlier are currently the most commonly discussed
hypotheses within the homeopathic research community.
We will, therefore, concentrate on these in our discussion of
the results of the evidence coming from the physicochemical
experiments analyzed in this review.

Looking from the perspective of physicochemical prop-
erties of homeopathic preparations and assuming there is a

measurable difference to controls, in part I of our review we
searched for published experiments of good quality.1 Within
these, we identified the most promising techniques in part
II.2 In this third part, we seek to draw conclusions from all
these experiments in terms of the clues and constraints on
possible theories they provide. In light of these findings, we
sought to identify avenues for research, which is best able to
advance the theory-building efforts by confirming/informing
key findings, thus sorting between existing hypotheses and
setting constraints on future hypotheses aimed at explaining
specific physicochemical properties of homeopathic prepara-
tions. It was deemed out of scope for the present article to
enter into any discussion of how these physicochemical hy-
potheses could relate to any pharmacological mode of action.

Methods

The literature search, article selection, and data extraction
have already been described in parts I and II of this re-
view.1,2 In part II, we have identified methods that were
often used and further fulfilled important quality criteria
(randomization, blinding, statistics, use of succussed con-
trols, use of multiple independent production lots)—which
are summarized in the Methodological and Frequency of
Investigation (MFI) score (the average of five quality cri-
teria [randomization, blinding, statistics, use of succussed
controls, and use of multiple independent production lots]
and weighted by the number of studies in that research area).

In this third part of our review, we provide qualitative
descriptions of the results of all experiments, concentrating
on methods with a high MFI score. The methods with a
lower MFI score are briefly discussed, whereas in extenso
summaries of the evidence coming from all methods is
provided in online appendices.

We also extracted information regarding possible influenc-
ing factors, such as aging, composition of the potentizing me-
dium, effect of temperature etc. on homeopathic preparations.
Results of these analyses were grouped into research topics.

Results

Qualitative analysis per experimental areas

In this section, we relate the results from the experiments that
looked at differences between homeopathic preparations and
controls. In extenso analyses per physical method are provided
as Supplementary Data S1, and these are summarized later.

Nuclear magnetic resonance (MFI score = 15.8). Thirty
experiments (24 publications) were performed by using
Nuclear Magnetic Resonance (NMR) techniques.24,31–53

The majority of experiments (N = 26) probed the spin of the
hydrogen nucleus, and most studies investigated T1 and/or
T2 relaxation times. Twenty-two experiments (73%) repor-
ted statistically significant differences between homeopathic
samples and controls. Twelve studies were blinded, and 15
were randomized. Demangeat made extensive use of inde-
pendent series (9 out of 10 experiments), and one other
investigation used this rigorous procedure.32

Demangeat et al.’s contribution dominates the field, with 10
experiments published (34% of total), 9 of which reported
significant differences between homeopathic samples and
controls. Demangeat et al.’s results showed a general increase
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in T1 for the homeopathic samples,36,37 an increase in T1 as a
function of dilution,38–40 a decrease in T2 as a function of
dilution,40 and an increase in T1/T2 as a function of dilu-
tion.39,40 These results were interpreted as the sign of lesser
structuring (destructuralization) of the homeopathic samples in
the earlier publications,36,37 and as a sign of greater structuring
due to nano-sized superstructures within the homeopathic
preparations in the more recent publications.24,40,41

Three studies explicitly set out to replicate previous re-
sults,31,32,44 and all three were unable to replicate original
results. Four publications reported internal replications (two
succeeded, two failed to reproduce results).31,32,38,40

Summarizing, the more recent investigations with NMR
relaxation provide some evidence for nano-sized supramo-
lecular structures within homeopathic remedies.

Spectroscopy (MFI score = 10.2). Thirty-nine experi-
ments (36 publications) using optical spectroscopy were
included in this review.12, 25,48,49,54–85 Eighteen experiments
were in the ultraviolet (UV) range, 12 were in the visible
range (Vis), and 16 explored the infrared range. Twelve
studies reported blinding, 8 reported randomization, and 12
studies reported use of inferential statistics.

Some experiments reported an increase in absorbance
versus succussed controls (UV: Aconitum globules68; UV:
Cuprum Sulfuricum71,82; Vis: Arg. met.12), and one study
reported a decrease in absorbance (UV: Sulfur69). One study
assessed combined results of three independent investiga-
tions and observed an increased absorbance of Cuprum
Sulfuricum compared with succussed controls.69

One further study reported general changes in the shape
of the spectra compared with unsuccussed controls (UV-Vis:
Natrum Muriaticum and Nux vomica25).

A general narrowing of the O-H stretch band (*3284 nm)
was reported for homeopathic preparations.59,75 Several
groups reported a general shift of the O-H band toward
lower frequencies.48,49,59,62,76

In summary, the majority of studies investigating the aver-
age absorbance of preparations compared with succussed con-
trols reported an increase in absorbance (mainly in the UV).

Electrical impedance (MFI score = 6.0). In 41 experi-
ments (42 publications), electrical impedance, conductivity,
or dielectric dispersion was measured.60–62,64,66,67,72,86–120

The authors described differences between controls and
homeopathic preparations or between potency levels in 33
experiments. Only 5 experiments reported inferential sta-
tistics, blinding, and randomization. Elia and his group have
a big influence on this field with 17 such experiments, all
reporting differences compared with controls.

Most experiments did not use succussed/potentized con-
trols. Elia et al. used a different way to control the experiments:
They used analytical methods to determine the amount of
sodium in the sample to calculate the theoretical conductivity
of a given sample. This theoretical conductivity could then be
subtracted from that measured for the homeopathy samples,
and this was then referred to as excess conductivity. Many
experiments reported excess conductivity for the homeopathic
preparations investigated.88,89,92–99,101,105,107,121,122

Analytical methods (MFI score = 6.2). This group com-
prised 22 experiments (18 publications) where analytical

methods were used to investigate homeopathic preparations
against controls.12,14–16,33,40,55,60,81,82,103,117,123–128 Three
main topics were addressed: decrease of the concentration of
potentized substances on dilution, leaching from potentia-
tion vessel wall, and possible differences in concentration
between homeopathic preparations and controls.

Analytical methods were used to control the amount of
the original substance remaining after a number of dilutions.
This was done by detecting the original substance directly
using spectroscopic methods55 or by measuring the amount
of starting material using radioactive elements.55,123,124,126

The findings from this type of research were that the con-
centrations follow the expected logarithmic law, with vari-
ations due to adsorption of material by the vessel walls.

A second use of these techniques was to investigate the
leaching of material from the potentization vessel. Several
investigations showed that there was considerable leaching
from glassware (e.g., Na and Si) and also from polyethylene
containers (e.g., Na).16,117,128

Several investigations compared homeopathic samples
and corresponding controls in terms of their inorganic ion
concentrations. Two studies used inferential or descriptive
statistics and did not observe any differences between
preparations and controls.33,128 Two further studies without
statistical evaluation reported excess concentrations of the
inorganic compound potentized.15,40

In 2010, Chikramane et al. used Inductively Coupled
Plasma—Atomic Emission Spectroscopy to measure trace
elements in different commercial homeopathic preparations
of metals (Aurum metallicum, Cuprum metallicum, Stannum
metallicum, Zincum metallicum, Argentum metallicum,
Platinum metallicum). They reported the presence of trace
metals in the homeopathic preparations to be greater than in
their controls and concluded that the original substance was
present even at high dilutions.15 This work was extended in
2012 with the investigation of specially designed gold-
nanoparticles and the notion of ‘‘froth flotation,’’ which was
shown to be able to carry these particles to dilutions up to
15C under certain conditions.14 Subsequent investigations
by Holandino et al. and Van Wassenhoven et al. were not
able to find traces of starting metals beyond 4C in the case
of zinc and copper, respectively.81,125

There is some evidence for deviations from the expected
logarithmic dilution during potentization due to adsorption
to and leaching from the potentization vessel walls, and
maybe due to froth flotation. There is no solid evidence for a
difference in such trace levels of the original material be-
tween homeopathic preparations and controls.

Imaging methods (MFI score = 4.6). Thirteen experi-
ments (12 publications) used different microscopic tools
such as classical optical microscopy, fluorescence micros-
copy, electron microscopy, and atomic force microscopy
(AFM) to study homeopathic preparations.12,15,16,54,60,62,64,

72,81,125,129–132 In the more recent investigations published
(from 2010 onward), nanoparticles and aggregates were
identified in most homeopathic preparations as well as con-
trols. Quantitative comparisons between homeopathic dilu-
tions and controls were either not done or not meaningful
due to the use of unsuccussed controls or samples from
another batch of dilution medium. A few investigations used
clean room conditions for production of homeopathic samples;
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in all other investigations, unspecific contaminations during
production (e.g., leaching from the vessel surface, airborne
material from the environment) may be the reason for the
particles observed. No clear evidence emerged regarding a
possible difference between homeopathic preparations and
adequate controls with respect to the number, size, or nature
of the nanoparticles observed.

Further, three investigations described measurements of
homeopathic preparations by gas discharge photography, a
method based on measurements of coronal discharge from
samples exposed to high-frequency alternating current at
high voltage.87,133,134 Two of these studies performed a
computer-based image analysis with statistical evaluation.
In both experiments, significant differences between ho-
meopathic preparations and controls were observed.133,134

Various physical (MFI score = 2.6). In this category, we
summarized all those experiments that could not be assigned
to other categories. Nine experiments (seven publications)
were included.12,53,54,135–138 Five experiments reported dif-
ferences between homeopathic preparations and controls,
but the relevance of the effects observed in three studies is un-
clear due to the lacking statistical evaluation137 or the unclear
method used.135 In two experiments, Bell et al. observed a
tendency for larger zeta potential of preparations compared with
controls, which is interpreted as meaning that the nanoparticles
present in the samples (most probably originating from the cork
stoppers used during production) tended to be more stable in
homeopathic remedies compared with the succussed con-
trols.12,54 The experiments of the category ‘‘Various Physical’’
did not add substantially to the body of evidence.

Luminescence (MFI score = 2.4). Eight photolumines-
cence studies investigated homeopathic samples.78,139–145

All investigations reported differences between homeopathic
samples and controls. However, various homeopathic sub-
stances and measurement protocols were used, and no inde-
pendent replication trials were found. Further, in most cases,
no information was available regarding blinding, randomi-
zation, and the number of independent production series.

Three thermoluminescence studies investigated homeo-
pathic samples of LiCl and NaCl specifically prepared in
D2O.146–148 One publication148 described an external repli-
cation of another investigation.146 Numerical differences
between LiCl 15c and D2O 15c were observed for the
emission peak at 160–200 K in four out of six single ex-
periments,146–148 with statistical significance for one exper-
iment.148 One investigation assessed variability by using
internal replicates, yielding standard deviations up to 80%
of the mean photon counts,148 pointing to unidentified fac-
tors influencing the experimental system. LiCl 15c had a
qualitatively similar (but quantitatively less pronounced)
effect as LiCl 0.1 mol/L on thermoluminescent emission.
LiCl is described as a structure breaking compound sup-
pressing hydrogen bonds.146

The experiments using thermoluminescence reported that
homeopathic preparations break up water structure. How-
ever, some confounding factors remain, and further inves-
tigations are required.

Raman spectroscopy (MFI score = 0.8). Raman spec-
troscopy has been seldom used in homeopathy research. No

statistics beyond descriptive were reported in all seven ex-
periments (six publications) assessed.25,53,74,149–151 Further,
most experiments used unsuccussed ethanol as a control,
thereby leaving out the possibility of unspecific effects due
to the succussion procedure. In the present state of the re-
search, there is only weak evidence for specific properties of
homeopathic samples identifiable by Raman spectroscopy.

Calorimetry (MFI score = 0.8). We identified 16 experi-
ments published that examined homeopathic preparations
using calorimetry, 13 of which were conducted by Elia et al.
using mixing-flow calorimetry.86,88,93–97,99,104,106,107,122,125,

152–154 Except for the study of Holandino et al., all studies
showed higher excess heat for potentized substances com-
pared with controls.125 Overall, considering that this area is
dominated by one research group, independent replications
are needed before firm conclusions can be drawn.

Chromatography (MFI score = 0.6). Homeopathic prep-
arations were investigated in three experiments published
between 1932 and 1959 by using paper chromatography
(assessing rising height, without aiming at separation of
compounds), however none of these was statistically eval-
uated.155–157 In some experiments, the amplitude of the
pattern observed for potentized substances was greater than
that for the controls (potentized water). Due to the lack of a
statistical evaluation, the relevance of the effects reported is
difficult to assess.

Electrochemistry (MFI score = 0.2). This set includes nine
studies, which measured electrical properties but could not be
grouped under electrical impedance.91,100,102,111,145,158–161

All these experiments tended to report differences between
preparations and controls. However, the three relatively old
experiments111,159,160 would need replication. Three inves-
tigations by the same Italian group91,100,102 reported results
measuring the electromotive force, which also warrants fur-
ther investigation.

Qualitative analysis per research topic

In this section, we review the evidence regarding specific
research topics: factors that appear to affect the experiments
and modalities that come out as significant in the field. In
extenso analyses by research topic are provided in the
Supplementary Data S2, and these are summarized later.

Effect of aging. Thirty-five experiments (31 publica-
tions) examined the role of the age of samples, 19 of which
were conducted by the group of Elia and showed an increase
in the excess heat and excess conductivity values of the
homeopathic samples over time.33,62,80,82,88,89,92,94,95,

97–99,101,105–110,117,118,124,128,142–144,148,154,162 Other experi-
ments also showed increasing experimental values over time
with other research methods; for example, Baumgartner
et al. using NMR reported an increased T1 signal in sulfur
preparations compared with controls after 1 year33 or Witt
et al. using the REDEM technology (‘‘REsonanzDämpfungs—
und EntdämpfungsMessverfahren’’) observed higher con-
ductivities in homeopathic preparations compared with
succussed controls and an increase in the difference over
time (6–30 h).117,128
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The analysis of the experimental results regarding aging
effects indicates that ions leaching from the glassware
containers used for production or storage may play an im-
portant role in understanding the physicochemical processes
in homeopathic preparations. However, the leaching repor-
ted by Witt in 2006 happens relatively quickly (6–30 h),128

whereas some effects reported cover much longer times
(several years in some cases), which would indicate that
other effects might be responsible for these long timescale
observations (Elia hypothesizes homeopathic preparations
to be nonequilibrium systems).101

Role of potentizing medium. Forty-two experiments
(25 publications) used a potentizing medium other than wa-
ter in the production of homeopathic preparations and cor-
responding controls.36,37,39,40,88,91–100,102–104,112,122

Elia observed more pronounced effects when the medium
included solutes such as NaHCO3 and H4O4Si in 10-5 mol/L,
which would be expected in glass containers (due to leaching
and contact with the atmosphere).93 Elia has used such
solutions in many publications; however, they present no clear
evidence that these solutes do help differentiate homeo-
pathic preparations from controls.88,91–100,102–104,122

In 2010, Demangeat observed that using 0.15 mol/L LiCl
yielded better differentiation from controls than saline
(NaCl 0.15 mol/L), which, in turn, yielded larger differences
compared with pure water.40 In 2014, Elia showed that the
presence of even 1% ethanol in the potentizing medium
yielded better differentiation than pure water.107

The overall findings indicate that the presence of solutes
might increase the size of the effect measured, thereby in-
dicating that solutes might be important for the mode of
action of homeopathic preparations.

Role of sample volume. Nine experiments (six publica-
tions) from the group of Elia report effects related to the
volume of the container (from 150 mL down to
0.25 mL).62,88,96,99,105,107 Excess conductivity and excess
heat of mixing are reported to increase with decreasing vol-
ume. Decreasing the volume of the container increases the
surface-to-volume ratio, thereby most probably increasing
leaching effects, which relates back to the potential role of
ions in these observations.

Temperature and other external influences. Ten experi-
ments (nine publications) explore the effect of temperature
and other possible influence.39,40,66,69,71,103,114,137,147 Some
experiments assessed the effect of heating and UV radiation
on homeopathic samples. High temperatures (>70�C)
seemed to abolish specific properties of homeopathic prep-
arations in most studies,40 whereas incubation at moderate
temperatures (30�C–50�C) tended to increase differences to
controls.71 UV radiation seemed to have no consistent in-
fluence on homeopathic preparations. These observations
are compatible with the hypothesis that leaching might af-
fect or interact with homeopathic samples and controls
differently (at least at moderate temperatures).

Role of substance of potentizing vessel. Most of the
experiments were performed in glass containers (>42% of
experiments, 35% was unreported). Experiments not per-
formed in borosilicate glass (90%) tended to report more

positive findings. This is compatible with the hypothesis that
the presence of ions might play a role in stabilizing the
observed phenomena.

Using molecules as probes. Sukul reported changes in
the circular dichroism spectra of bovine serum albumin in
the presence of homeopathic preparations. 78 Cartwright
reported differences in the absorbance of solvatochromic
dyes in the UV-Vis range in the presence of a homeopathic
preparation.56–58 The results suggest an interaction between
homeopathic preparations and solvatochromic dyes of an
electromagnetic nature, proportional to the dipole moment
of the dyes. Ambient light was also reported to have an
effect on the experiment. These observations are in line with
the hypothesis that the hypothetical water structures in-
volved in homeopathy might carry an electric charge or
dipole moment.

Isolating structures and characterizing their properties.
Elia et al. performed conductivity measurements of simply
diluted preparations (i.e., without succussion) and reported
a decrease in excess conductivity with increasing dilution of
the preparations, supporting the idea that the structures
present in the homeopathic samples were being diluted out
in this process.98 Also, lyophilization was used to remove
excess water and concentrate the structures. Structures vis-
ible under AFM were reported.62 Elia et al. also performed
titration experiments with acid and base solutions, while
performing conductometry and calorimetric measurements.
Their results suggest that these structures are mainly com-
posed of water, are charged, and have distinct thermody-
namic properties.106

Discussion

Explorative studies and hypothesis testing

Overall, we found relatively few studies that explicitly
stated their working hypothesis (e.g., ‘‘homeopathic poten-
tization has a structuring effect on water, which can be
demonstrated by using the XYZ technique’’). The reader has
to analyze a posteriori what the results of such studies ac-
tually mean with regard to specific hypotheses. In this sense,
most investigations we reviewed could be considered of an
exploratory nature, concluding to the presence (or absence)
of a difference between homeopathic preparations and
controls when investigated by using a particular technique.
For the field to progress, we would argue that the field needs
more experiments that are specifically designed to test
specific hypotheses (see later for some examples).

The research field is still in the process of refining work-
ing hypotheses and, as such, is a long way from being able
to validate any theory regarding the pharmaceutical mode of
action of homeopathy. This state of affairs is often raised as
an argument against the validity of the results (clinical and
other) reported in the field of homeopathy. It is, however,
worth noting that the lack of a theory that is able to explain
any given observations in no way diminishes the value of
these experimental findings. Historically, in most cases,
theories were built, extended, or refined to accommodate
novel experimental findings. As an example, quantum me-
chanics emerged as the result of attempts to understand
physical observations, which did not fit within the atomistic
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conceptual framework of the time. In this way, observations
and experiments have often led the way and shaped the land-
scape for new theories to emerge. Further, contemporary
philosophy of science debates often point out that there are
many scientific fields where theory-driven experimental re-
search is somewhat unusual. The philosopher and biologist
Hans-Jörg Rheinberger revealed this to be the case for the field
of molecular biology.163 However, theory-driven experimen-
tation, in general, makes sense once the outlines of this land-
scape are established. We suggest that the field of homeopathy
is about to reach a point where theory building makes sense,
based on the available experimental evidence, leading to
possible theory-driven hypothesis testing in the future.

Distinguishing between homeopathic preparations and
succussed controls remains a considerable challenge since
the differences measured are in general quite small. If the
differences relate to some informational content (see be-
low), the smallness of the effects could be an intrinsic
property and very much dependent on the measurement
technique and subsequent data analysis. Consider, as a
thought example, trying to distinguish the music of two
bands by inspecting their respective CDs or to detect the
difference between two books by analyzing their pages. If
the correct code for translating the patterns (sequences of 0’s
and 1’s on the CD, or the letters on the pages) into under-
standable language is unknown, it is extremely difficult to
properly distinguish the contents. Spectroscopic analysis, for
example, could detect the difference between a blank book
(or CD) and a full book (or CD); identifying a difference
between two books with different contents would be very
difficult, however, and also prone to errors, as long as the
code is unknown. A further analogy is that of radio wave
signals: There again it would be comparably easy to detect the
presence or absence of a radio signal but distinguishing be-
tween two senders is nearly impossible without a proper re-
ceiver that is able to translate the signal into a humanly
understandable audio signal. In homeopathic basic research,
we are at present lacking such a receiver that is able to trans-
late the signals. The question is whether biological systems
might constitute such a receiver, as biological systems appear
to be more sensitive to specific homeopathic dilutions.164

Main results

The most promising techniques in terms of the quality
and quantity of the research generated and the consistency
of the results reported were NMR, spectroscopy, and elec-
trical impedance.

Based on the high-quality experiments identified (see
tables 6 and 7 in part II of this review2), we extracted certain
features or properties of homeopathic preparations where
the evidence was deemed sufficiently consistent that it
makes sense to hypothesize these to be genuine properties of
(at least some) homeopathic preparations, open for further
experimentation and model building. Relative to succussed
controls, these were:

� Increased absorbance in UV spectroscopy (Cuprum
sulfuricum)

� Increase in T1/T2 NMR relaxation time ratio (Silicea,
Histamine)

� Increase in thermoluminescence radiation (Lithium
muriaticum)

Further, based on a qualitative analysis of the publica-
tions, we identified the following phenomena relative to
unsuccussed controls:

� Presence of nanoparticles
� Excess conductivity
� Excess heat in calorimetric studies
� Interaction with polar dyes, proportionally to polarity

of dye

We also extracted a number of effects where the evidence
is less strong and requires further investigation to in/validate
the findings. These effects were:

� Ionic solutions increase differences with controls
� Moderate temperatures increase differences with

controls
� Small sample volumes increase differences with

controls
� Aging of the sample increases differences with controls
� High temperatures abolish differences with controls

Experimental evidence led to some working hypotheses
regarding tentative specific structures that could be respon-
sible for such properties and effects:

� Structures are charged/polar
� Structures can be strengthened and stabilized by in-

creasing the solvent’s ion concentration
� Structures can be concentrated by dehydration/diluted

by addition of medium

Theoretical approaches being explored

Later, several conceptual frameworks regarding the phar-
maceutical mode of action of homeopathic remedies are
explored. As we will demonstrate, some are compatible with
the current evidence whereas others seem to be only par-
tially compatible with the available experimental evidence.
A full systematic review of all theories of homeopathy
(pharmaceutical/physicochemical as well as pharmacologi-
cal/biological) is beyond the scope of the present review on
physicochemical investigations. In the absence of an up-to-
date systematic review of homeopathy theories, we will
concentrate on the theories we consider most prominent at
the moment (see Introduction section), with emphasis on
how these are supported/invalidated by the evidence coming
out of the experiments we have reviewed. We hereby pri-
marily rely on the results from high-quality experiments (see
tables 5–7 in part II of this review2).

Clathrates. One of the first hypotheses put forward to
explain the effects of homeopathic dilutions referred to wa-
ter structures called clathrates.6,7 Clathrates, in general, are
inclusion compounds in which a molecule of type A is
trapped in a cage formed by a lattice of host molecules type
B. In the case of homeopathic remedies, the clathrates were
hypothesized to be hydrogen-bonded stable water structures,
which form around areas of bigger molecules of the po-
tentized drug. On successive potentization, these clathrates
were postulated to self-replicate even if the original drug
substance was not present anymore due to the dilution
process.

We identified two investigations that specifically assessed
this hypothesis and searched for stable water clusters in
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homeopathic remedies by NMR spectroscopy (where the
detection limit is *10mmol/L).32 In both investigations, no
evidence was found for stable water clusters.31,32

Hydrogen-bonded water structures that are stable on a
macroscopic timescale (>seconds) are quite improbable
based on the current understanding of physics. Around ions
or other charged molecules, water clusters (hydration shells) are
known to form.165 These clusters are not static, however, but
dynamic, which means that the molecules that belong to these
clusters are constantly changing place. Within liquid water, a
simplified two-phase-model involving cluster-bound water
molecules differing from free (bulk) water molecules charac-
terizes these two phases with respect to their correlation time t,
which can be roughly estimated to &10-11 sec in clusters166

compared with &10-12 sec for free water.167,168

Wolf et al.82 formulated a dynamic water cluster hypoth-
esis, which states that the solvent is less structured (more
dynamic, with lowered correlation times) after homeopathic
potentization. This hypothesis of enhanced molecular mo-
tion due to solvent-structure-breaking is compatible with
the main results of this review: increased UV absorption,82

increased T1 NMR relaxation times,33 and enhanced ther-
moluminescence radiation.146–148 Such an increase in mo-
lecular mobility could be due to a nonthermal effect, leading
to a metastable state of the complex system water.57 Elec-
tromagnetic structures (such as QCD, see the Quantum
Coherence Domains section) could be a candidate for such
an effect. However, the question of how such dynamic
structures could carry relevant information and act as a
therapeutically relevant agent remains open at the moment.

Quantum coherence domains. A promising theoretical
approach currently being explored is that of QCD, originally
proposed by Preparata and Del Giudice et al. on the basis of
their work in laser physics, applied to water.8–10,169 It pre-
dicts the presence of water structures of *100 nm in di-
ameter. This theory is based on a quantum electromagnetic
phenomenon and, as such, would, in principle, be compat-
ible with ions interacting with the structures for stability and
these structures being charged.169,170 These predicted
structures would be subject to ‘‘thermal erosion’’ and would
disappear at higher temperatures.169 These structures could
also affect leaching, as they would potentially better ac-
commodate certain ions, effectively taking them out of the
surrounding medium and thereby creating differential
leaching.171 There is no in-principle reason that these could
not be concentrated or diluted.

The QCD theory also has the advantage that the infor-
mation would be stored as electromagnetic frequencies,
thereby bypassing the need for the original substance to be
present and thereby being immune to the dilution problem as
long as the information is passed on from dilution to dilution
(through the succussion steps).

As the hypothesized QCD water structures would carry
electrostatic charges, techniques using such electrical effects
might be useful. The observations of an increase in con-
ductivity for homeopathic samples and of excess heat in
calorimetric studies106 could be compatible with that of
QCD’s. Another example of this might be the coronal or
Gas Discharge Method, where the electrical field generated
during a rapid discharge through a sample is recorded.133,172

Another approach might be the use of crystallization assays

where such charge effects would be a key role in the forming
of distinctive crystallization patterns.173–175

More testable predictions from QCD are needed to start a
process of validation/invalidation of this theory, which will
require considerably more theoretical work.

Nanoparticles. Another hypothesis, which is being ac-
tively pursued, is that of nanoparticles of the potentized
material being present in even highly diluted homeopathic
preparations. Analytical techniques (Inductively Coupled
Plasma Mass Spectrometry, Energy Dispersive X-ray Ana-
lysis, Transmission Electron Microscopy) have been used in
pursuing this hypothesis and have reported the presence of
nanoparticles in general and traces of the original material
(in the case of metals) even at ultramolecular dilution levels.
The nanoparticle hypothesis is to be distinguished from the
QCD theory, referred to earlier, where the structures are
water based. Here, trace elements of the original material
are believed to persist through the dilution/succussion pro-
cess (potentially through the ‘‘froth flotation’’ mechanism14)
and form the basis for the specific medicinal effects. It is,
however, beyond the scope of the present review to enter
into a discussion of recent interesting developments in the
area of the pharmacological/biological mode of action in-
volving nanoparticles.13,176

Though nanoparticles and aggregates were identified in
most homeopathic preparations as well as controls, the or-
igin of these nanoparticles is unclear. In some investiga-
tions, comparable numbers of nanoparticles were found in
homeopathic preparations and controls (such as succussed
medium).81 Thus, the nanoparticles found were not specific
to the homeopathic remedy potentized but were contami-
nants from the production process, for example, from the
cork stoppers used during potentization12,54 or from ambient
air, potentization medium, and container walls.81 In other
investigations, nanoparticles were identified in homeopathic
remedies of commercial origin,15 but no controls were
measured. Keeping in mind that nanoparticles are ubiqui-
tous, we should expect to find them everywhere unless
working in extremely tightly controlled conditions. Also,
metals are relatively common in nature and should be ex-
pected at trace levels just about everywhere—unless again
special care has been taken to control this (use of radio-
labeled elements, e.g.). Summarizing, there is no convincing
evidence that highly diluted homeopathic preparations
contain nanoparticles of the starting material.

Although it is easy to see how such nanoparticles could be
concentrated or diluted, it remains unclear why nanopar-
ticles would be sensitive to temperature, to the presence of
ions or why they would be influenced by leaching. Further,
it is unclear how homeopathic nanoparticles of metals, for
instance, would carry any more therapeutically relevant in-
formation than the ubiquitous metal nanoparticles present
just about everywhere. This argument is even more severe
when looking at dilutions of the more ubiquitous (and sol-
uble) organic salts (such as NaCl, KCl etc.).

Weak quantum theory. Finally, an interesting theoretical
approach has been formulated by using macroscopic quantum
entanglements, through the WQT formalism.17 According to
this theory, quantum-like entanglement would take place
between the patient, the practitioner, and the homeopathic
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remedy. Walach hypothesized that homeopathy might be
explained by a double-entangled structure, with one entan-
glement being between original substance and remedy by
means of the potentization process, and a second between
disease symptoms of the patient and symptoms of the remedy
picture by means of the simile principle.177 Walach makes
two testable predictions regarding these entanglements. The
first is that the more time-intensive production processes
would produce more potent remedies.18 The second hypoth-
esis is that the entanglement should get stronger with in-
creasing potency.177 We did not find physicochemical
investigations that addressed either of these predictions.

Based on related considerations, Beauvais hypothesized
that centralized blinding eliminates differences between
homeopathic samples and controls, whereas local blinding
procedures should not influence any such differences.22,23

We did not find any physicochemical investigation that
addressed this prediction.

We conclude that the working hypothesis of macroscopic
quantum entanglement as a possible mode of action for
homeopathic preparations still needs to be addressed by
specifically designed investigations.

Other theoretical approaches. Another hypothesis being
envisaged is that the structures might actually be nano-
bubbles created during the succussion process.39,40 We can
readily see how such nano-bubbles would be sensitive to
temperatures and to ion content, for example. Diluting them
would be possible although concentrating them would lead
to bubbles joining and eventually coming out of solution.
Also, it is unclear how such nano-bubbles could carry any
therapeutically relevant information and action.

The idea that silica-compounds28 are responsible for ho-
meopathic efficacy is in line with the phenomena that mod-
erate temperatures, small sample volumes, and aging of the
sample increase differences with controls. However, there is
one investigation with homeopathic preparations produced in
polyethylene vessels (e.g., without measurable content of
Silica) that showed efficacy of such preparations.40

The hypothesis that amino acids and peptides30 are
mainly responsible for the mode of action of homeopathic
preparations most probably can be ruled out, because many
investigations showing differences between homeopathic
samples and controls were carried out with pure water and/
or highly purified ethanol as potentization medium (without
traces of amino acids and peptides).

Conclusions and Outlook

Based on the analysis of the main findings, we conclude
that there is empirical evidence for specific physicochemical
characteristics of homeopathic preparations (i.e., measurable
differences to succussed controls, such as increased UV
absorption and increased NMR T1/T2 relaxation time ratios).
Further, a number of physical and environmental influences
were identified: Differences to controls seem to increase with
time, moderate temperature, small sample volume, and in
ionic medium, whereas high temperatures seem to abolish
differences to controls. No consistent information is avail-
able regarding the specificity of homeopathic preparations,
that is, when looking for differences between homeopathic
preparations made from distinct starting materials or differ-
ent potency levels. Further, independent replications are rare,

and setup stability assessments using systematic negative
control experiments are entirely missing.

Based on our analysis, there is no consistent evidence
to date for a number of proposed working hypotheses, such
as stable clathrates, nanoparticles, nano-bubbles, silica com-
pounds, or peptides as being constitutional for the phys-
icochemical homeopathic mode of action. The QCD
hypothesis, the dynamic water cluster hypothesis, and the
WQT cannot be excluded at this point and need to be
thoroughly assessed experimentally.

From this body of work, it comes out quite clearly that
the field requires further targeted experimentation to validate
past findings reporting differences between homeopathic dilu-
tions and controls and to expand these findings by testing the
different hypotheses that have been proposed. We further noted
that there are no recent systematic reviews on pharmaceutical as
well as pharmacological concepts to explain specific homeo-
pathic remedy effects; we, therefore, recommend performing
such reviews to gain a complete picture of all theoretical ap-
proaches on the physicochemical as well as biological level.
Emphasis should be placed on possible interactions between
pharmaceutical and pharmacological concepts, for example, an
informational mode of action might imply that bioassays could
be better suited than physicochemical measurements to identify
an informational content in homeopathic drugs.

Regarding experimental validation, independent replica-
tions are needed to verify the main results of the current
analysis, using measurements of the highest quality, including
systematic negative control experiments, and by measuring
the same samples using different methods. Further, additional
systematic investigations are needed to address the question
of specificity by comparing homeopathic preparations of
different origins and/or different potency levels.

In terms of experimentally assessing specific theoretical
models of the physicochemical mode of action, we recom-
mend concentrating on three areas: the QCD hypothesis, the
dynamic water cluster hypothesis, and the WQT. The field
also needs more efforts in terms of model building, to ex-
tract predictions from the different theoretical approaches
and to test them systematically to progress toward a more
specific working hypothesis for the pharmaceutical mode of
action of homeopathic preparations.
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164. Ücker A, Baumgartner S, Sokol A, et al. Systematic re-
view of plant-based homeopathic basic research: An up-
date. Homeopathy 2018;107:115–129.

165. Franks F. Water, a Comprehensive Treatise: Aqueous
Solutions of Simple Electrolytes. New York, USA: Ple-
num Press, 1972.

166. Hertz HG. Nuclear magnetic relaxation spectroscopy. In:
Franks F, ed. Water, a Comprehensive Treatise: Aqueous
Solutions of Simple Electrolytes. New York, USA: Ple-
num Press, 1972:301–399.

167. Keutsch FN, Saykally RJ. Water clusters: Untangling the
mysteries of the liquid, one molecule at a time. Proc Natl
Acad Sci U S A 2001;98:10533–10540.

168. Cowan ML, Bruner BD, Huse N, et al. Ultrafast memory
loss and energy redistribution in the hydrogen bond net-
work of liquid H2O. Nature 2005;434:199–202.

169. Del Giudice E. Old and new views on the structure of
matter and the special case of living matter. Third Inter-
national Workshop DICE2006—Quantum Mechanics be-
tween Decoherence and Determinism: New Aspects from
Particle Physics to Cosmology. J Phys Conf Ser 2007;67:
U63–U69.

170. Del Giudice E, Galimberti A, Gamberale L, Preparata G.
Electrodynamical coherence in water: A possible origin of
the tetrahedral coordination. Mod Phys Lett B 1995;9:
953–961.

171. Yinnon TA, Liu ZQ. Domains formation mediated by
electromagnetic fields in very dilute aqueous solutions: 2.
Quantum electrodynamic analyses of experimental data
on strong electrolyte solutions. Water J 2015;7:48–69.

172. Korotkov KG, Matravers P, Orlov DV, Williams BO.
Application of electrophoton capture (EPC) analysis based
on gas discharge visualization (GDV) technique in med-
icine: A systematic review. J Altern Complement Med
2010;16:13–25.

173. Kokornaczyk MO, Scherr C, Bodrova NB, Baumgartner
S. Phase-transition-induced pattern formation applied to
basic research on homeopathy: A systematic review.
Homeopathy 2018;107:181–188.
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