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Background: ProtonNuclearMagnetic Resonance (NMR) relaxation times T1, T2, T1/T2

are sensitive to motion and organization of water molecules. Especially, increase in T1/

T2 reflects a higher degree of structuring. My purpose was to look at physical changes in

water in ultrahigh aqueous dilutions.

Methods: Samples were prepared by iterative centesimal (c) dilution with vigorous ag-

itation, ranging between 3c and 24c (Avogadro limit 12c). Solutes were silicaelactose,

histamine, manganeseelactose. Solvents were water, NaCl 0.15 M or LiCl 0.15 M. Sol-

vents underwent strictly similar, simultaneous dilution/agitation, for each level of dilu-

tion, as controls. NMR relaxation was studied within 0.02e20 MHz.

Results: No changes were observed in controls. Increasing T1 and T1/T2 were found in

dilutions, which persisted beyond 9c (manganeseelactose), 10c (histamine) and 12c (sil-

icaelactose). For silicaelactose in LiCl, continuous decrease in T2 with increase in T1/T2

within the 12ce24c range indicated growing structuring of water despite absence of the

initial solute. All changes vanished after heating/cooling. These findings were inter-

preted in terms of nanosized (>4-nm) supramolecular structures involving water, nano-

bubbles and ions, if any. Additional study of low dilutions of silicaelactose revealed

increased T2 and decreased T1/T2 compared to solvent, within the 10�3e10�6 range, re-

flecting transient solvent destructuring. This could explain findings at high dilution.

Conclusion: Proton NMR relaxation demonstrated modifications of the solvent

throughout the low to ultramolecular range of dilution. The findings suggested the ex-

istence of superstructures that originate stereospecifically around the solute after an ini-

tial destructuring of the solvent, developing more upon dilution and persisting beyond

12c. Homeopathy (2013) 102, 87e105.
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Introduction
A stimulating challenge for physicists involved in re-

search in homeopathy consists in looking for the existence
of signals inwater in order to explain the storage of informa-
tione the so-called “memory of water”e in high dilutions,
ondence: Jean-Louis Demangeat, NuclearMedicine De-
, General Hospital, PO Box 40252, F-67504 Haguenau
ance.
an-louis.demangeat@ch-haguenau.fr
13 July 2012; revised 7 November 2012; accepted 11
013
up to and even beyond the Avogadro limit of molecular
presence of solute. The journal Homeopathy has devoted
a whole issue to “The Memory of Water” in which the prob-
lem was debated from a scientific point of view.1 The first
hypothesis proposed the existence of specific polymer
structures, like ‘imprints’, induced in water by the stepwise
dilution process under mechanical agitation.2 Such an in-
duced organization, if any, should be characterized by
a loss of freedom of water molecules. Nuclear Magnetic
Resonance (NMR) relaxation of the proton is sensitive to
dynamics and structural organization of water, and hence
has been widely applied for decades to the study of water
in numerous kinds of solutions and macromolecular
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systems. It has been applied since 1985 to high dilutions by
some teams, without definitive proof of reproducible results
(theywere sometimes discrepant). Most were not published
in journals of physical chemistry.3e11 From a general point
of view, there are numerous hypotheses regarding high
dilutions, but too little reliable experimental data. Meta-
analyses in the fields of clinical, biological or physical re-
search could demonstrate an effect of high dilutions, but
most experimental studies have been assessed of insuffi-
cient quality or reproducibility.12e15

Homeopathic remedies are prepared through iterative cen-
tesimal dilution (1c corresponding to a 102-fold dilution, and
nc to a 102n-fold dilution), so that the initial solute is virtually
no longer present beyond 12c (Avogadro = 6.02� 1023). Pro-
ton relaxation is very slow in quasi-pure water, thus particu-
larly sensitive to contaminants, especially the paramagnetic
atmospheric oxygen; contaminants even become predomi-
nant in high dilutions. Moreover, very minor signals are ex-
pected that are hardly distinguishable from random
experimental fluctuations. Rigorous protocols are therefore
required for preparations and measurements and for the re-
producibility of results, if any. Furthermore, I have empha-
sized the need for publishing in specialized journals in such
ahigh controversial field.16This has beenmyposition and ex-
plains why my works have been spread over 20 years. This
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voluntary restriction has led to a longer path to publication.
The underlying programe a threadwhere each paperwas in-
tended to confirm the preceding one and ask new questionse
has proceeded over years. Consequently, the links between
successive papers did not appear obvious. In addition, pub-
lishing in scientific journals led to limited access by the
main target e homeopaths e who may not be familiar with
pure physics. Through the present paper, I provide an
easier-to-read summary report of my work.17e21 For further
details and references, please refer to original papers.
I would like to thank all the collaborators who followed

me in this adventure of high dilutions, mainly Drs Pascal
Gries and Bernard Poitevin.
PrinciplesofNMRrelaxation
Theoretical and technical considerations

Let me briefly explain the basic phenomenon of NMR
and how relaxation is related to molecular motion. In the
water molecule H2O, only protons 1H have a spin (nuclear
magnetic dipole, the moment of which is m), so the motion
of the water molecule will only be ‘seen’ through the mo-
tion of its protons (Figure 1a). When submitted to a mag-
netic field B0, the magnetic nuclear dipole aligns itself
with respect to B0, and precesses at the Larmor frequency
elaxation
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Figure 2 Water proton T1 and T2 relaxation times as a function of
correlation time t at 29 MHz. The organization of water molecules
in aqueous dilutions can be followed by either decrease in T1 or
T2, increase in T1/T2, or divergence in T1 and T2; the two latter
parameters being the most reliable.
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u0 = 2py0 = gB0 (g is the magnetogyric
ratio = 42.57 MHz T�1 e Figure 1b).
According to quantum theory, there are two energy

levels corresponding to the nuclear moment, being either
parallel or anti-parallel to the magnetic field, the parallel
one being a lower energy state (Figure 1c). The energy dif-
ference between these two levels is DE = hy0 = (ghB0)/2p,
with h the Planck constant. For a large number of similar
nuclei, the spins will be distributed according to Boltz-
mann’s law, with a slight excess population in the lower
(ground) state, leading to a total magnetization vector
Mz0 parallel to B0 (z-axis, direction of B0, denoted longitu-
dinal e Figure 1d). If we provide energy which equals the
energy difference between the two levels, a transition is
stimulated from ground to excited state (Figure 1e).
In practice, these transitions are stimulated using radio-

frequency (rf) waves, generally in the 1e600 MHz range.
Once the spin populations equalize, the magnetization vec-
tor vanishes along the z-direction, and rotates in the trans-
verse xy plane (Figure 1e).

Relaxation

Relaxation is the process by which the spin population
returns to its equilibrium distribution. For liquid systems
such as water, this process lies in the range 0.1e10 s. Ex-
perimentally, it is described by two characteristic constant
times (Figure 1f and g): T1, the “longitudinal relaxation
time”, corresponding to the realignment of the magnetiza-
tion vector along the z-axis, and T2, the “transverse relax-
ation time”, corresponding to the decay of magnetization in
the transverse xy plane.
These relaxation times are not equal (T2 shorter than

T1), depending on the molecular dynamics. According to
quantum theory, ‘spin-lattice’ relaxation is the mechanism
by which one nucleus undergoes a transition from excited
to ground state by exchanging its energy excess with mo-
tions of the surrounding molecules (the ‘lattice’). It con-
tributes to both longitudinal and transverse relaxation
(Figure 1f). Its efficiency is maximized when water mole-
cules have average time dynamics close to the Larmor fre-
quency of spins (resonance corresponding to the minimum
of the T1 = f(t) curve e see Figure 2 below).

In addition to interaction with the lattice, nuclear spins
can interact with each other, resulting in an additional
shrinking of the transverse magnetization. It consists of
an exchange of energy between two neighbouring spins
(Figure 1g). The net energy of the spin population is un-
changed (thus having no effect on the Mz component),
but the directions of the spins are different after the ex-
change, resulting in a dephasing and loss of magnetization
in the transverse plane.
At high temperature, the spinespin process is inefficient

due to the rapid molecular motion which hinders the ex-
change, and hence does not contribute to the transverse re-
laxation; thus T1 w T2. At low temperature, motion is
considerably reduced, allowing exchange between nuclei
which remain in the same relative positions for a long
time. Spinespin relaxation becomes very efficient, thus
T2 << T1.
So relaxation times T1 and T2 are strongly dependent on
the dynamics of water molecules and on the relative value
between dynamics and Larmor frequency. This relation-
ship is plotted on Figure 2 according to the following equa-
tions:22
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where t is the ‘correlation time’, i.e. the average time needed
for a water molecule to change its orientation or move over
a molecular distance.

For pure liquid water at room temperature (left side of
the t-axis), t is very short, of the order of
10�12e10�11 s; for ice (right side) it is considerably longer,
in the range of milliseconds. The maximal efficiency of
spin-lattice relaxation occurs at the resonance between mo-
tion and Larmor frequency, i.e. when u0t = 1. Spinespin
relaxation is inefficient at high temperature (left side),
hence T1 w T2. By lowering temperature, spinespin re-
laxation becomes more and more efficient, and governs
T2 (right side). Thus T2 is always more or less shorter
than T1, and the behaviours of T1 and T2 diverge in the
more ordered states.
In aqueous solutions of numerous solutes, in heteroge-

neous water systems and in biological systems, the molec-
ular motions are drastically reduced at interfacial regions
or within the hydration layer of solutes. The correlation
times are commonly reduced by a factor of 103e104, and
much more ($106) in macromolecules and biological sys-
tems. Such systems require more complex theoretical con-
siderations, but proton relaxation undergoes overall
variations similar to those described in Figure 2.
Homeopathy
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To sum up this part, it is possible to depict reduced mo-
tion and/or higher structuring of water through the four
NMR relaxation criteria: (i) decrease in T1, (ii) decrease
in T2, (iii) increase in T1/T2, (iv) divergent behaviour of
T1 and T2 (for very highly organized states). The two latter
criteria are the most sensitive and the more reliable if meas-
ured simultaneously, since they are less dependent on any
possible shift in the NMR apparatus.
Methodsandmaterials
Labs and NMR systems

The studies were successively carried out in three labs
equipped with different devices: (1) Dept of Biophysics,
University of Strasbourg, France. Bruker PC 104 Minispec
working at 4 MHz, (2) Dept of Organic Chemistry and
NMR Laboratory, University of Mons-Hainaut, Belgium.
IBM Research relaxometer (nuclear magnetic relaxation
dispersion e NMRD) working at 0.02, 0.04, 0.1, 1 and
4 MHz, (3) Dept of Nuclear Medicine, General Hospital,
Haguenau, France. Bruker NMS 120 Minispec working
at 20 MHz.
Data were expressed in my papers in terms of either re-

laxation times T (ms) or relaxivities R = T�1 (ms�1). How-
ever, they will only be expressed here in terms of relaxation
times T (ms) in order to improve readability.
Studies

My work was centred on Silica (Sil) and Histamine
(Hist) because high dilutions of these substances had
been shown to be biologically active when I started my re-
search.23,24Manganese (Mn) was studied in one study only.
Successive studies with repeated series (summarized in
Table 1) were designed to focus on different experimental
Table 1 List and characteristics of the previously published studies17e21

Study Sample Range Material

199217 Sil/Lac in Sal 3ce15c Glass
Sal (Ctrl) 0ce15c Glass
W (Ctrl) 0ce15c Glass

199718 Sil/Lac in Sal 3ce15c Glass
Sal (Ctrl) 3ce15c Glass
Mn/Lac in W 4ce15c Glass
Hist in W 4ce15c Glass
W (Ctrl) 4ce15c Glass

200419 Sil/Lac in Sal 3ce21c Glass
Sal (Ctrl) 3ce21c Glass
Sil/Lac in W 3ce21c Glass
W (Ctrl) 3ce21c Glass

200920 Hist in Sal 4ce24c Glass +Heated
Sal (Ctrl) 4ce24c Glass +Heated
Hist in W 4ce24c Glass +Heated
W (Ctrl) 4ce24c Glass +Heated

201021 Sil/Lac in Sal 6ce21c Glass
Sal (Ctrl) 6ce21c Glass
Sil/Lac in W 6ce21c Glass
W (Ctrl) 6ce21c Glass
Sil/Lac in Li 6ce24c Plastic +Heated
LiCl (Ctrl) 6ce24c Plastic +Heated

*No code-labelling but the tubes were randomized before NMR measurem
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parameters, namely (i) nature of the solvent: pure water
(W), saline (NaCl 0.15 Me Sal), LiCl 0.15 M (Li), (ii) na-
ture of the material used for preparations: glassware, poly-
ethylene ware, (iii) NMR frequency: 0.02e4MHz, 4 MHz,
20 MHz, (iv) heating of the dilutions. The dilution range
was progressively increased from 3c to 15c in the first study
up to 4ce24c and 6ce24c in the latest studies.

An additional study e unpublished previously e was
carried out in my lab (Haguenau) on low decimal dilutions
of silicaelactose and various chlorides in order to bring in-
sight into the first steps of the dilution/agitation process.
Preparation of samples

All samples apart from the additional study were pre-
pared by homeopathic manufacturers (LHF Strasbourg
and Boiron Lyon, France) according to the French pharma-
copeia except that alcohol was never used. Due to insolu-
bility in water, powdered pure silica and pure manganese
were first homogenized by successive centesimal 10 min
triturations ‘by hand’ with solid lactose (1/99 w/w) (two
triturations for silica leading to 2c and three for manganese
leading to 3c). The final powder obtained was suspended
into 99 parts of solvent (W, Sal or Li) under vigorous me-
chanical agitation. Thus, the first liquid dilutions obtained
consisted actually of mixtures of silicaelactose (Sil/Lac,
3c) and manganeseelactose (Mn/Lac, 4c).
The first dilution of histamine (1c) was obtained by add-

ing 200 mg of histamine hydrochloride to 20 mL of solvent
under agitation. Subsequent iterative centesimal dilutions
of Sil/Lac, Mn/Lac and Hist, as well as controls, were pre-
pared up to 15c, 21c or 24c by adding 20 mL to 1.98 mL or
200 mL to 19.8 mL of solvent under agitation. So the first
dilutions under NMR investigation contained
1.67 � 10�5 M silica and 2.92 � 10�2 M lactose (Sil/
Frequency Relaxation parameter Series

4 MHz T1eT2 7 Blind
4 MHz T1eT2 7 Blind
4 MHz T1eT2 7 Blind

4 MHz T1eT2 4 Blind
4 MHz T1eT2 4 Blind
4 MHz T1eT2 3 Blind
4 MHz T1eT2 3 Blind
4 MHz T1eT2 3 Blind

0.01e4 MHz T1 (R1) 5 Blind
0.01e4 MHz T1 (R1) 5 Blind
0.01e4 MHz T1 (R1) 5 Blind
0.01e4 MHz T1 (R1) 5 Blind

20 MHz T1eT2 6 Blind
20 MHz T1eT2 6 Blind
20 MHz T1eT2 6 Blind
20 MHz T1eT2 6 Blind

20 MHz T1eT2 5 Blind
20 MHz T1eT2 5 Blind
20 MHz T1eT2 5 Blind
20 MHz T1eT2 5 Blind
20 MHz T1eT2 6 *
20 MHz T1eT2 6 *

ents.
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Lac 3c), 1.82� 10�8Mmanganese and 2.92� 10�2M lac-
tose (Mn/Lac 4c), 5.43 � 10�8 M histamine (Hist 4c).
Particular conditions

A very rigorous procedure was applied that should ena-
ble statistical compensation for barometric and tempera-
ture fluctuations, as well as for any contamination from
the material used for preparation, the NMR tubes, the
batches of solvents, or the atmosphere. These particular
conditions required:

- Preparation of samples and controls within half-a-day
per series

- Preparation of samples in sterile and dust-controlled
conditions, under a laminar-flow exhaust hood

- Agitation by a 25-s vortexing at maximal rate (or by
a 14-s vertical stroker for one study)

- Simultaneous preparation of controls, in strictly similar
conditions, for each level of dilution

- Several independent series, roughly on a monthly
interval, with new batches of solvents

- Random permutation of the order of preparation of
dilutions and controls from one series to another

- Immediate storage of the prepared samples in flame-
sealed NMR tubes (and after filtration by 0.22 mm
Millipore in the preliminary studies17,18)
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- Blind measurements for most studies
- Immediately consecutive measurements of T1 and T2
Statistical analysis

Statistical tests were conventional (analysis of variancee
ANOVA, linear correlation). Less conventional discrimi-
nant analysis was used, briefly described in the Results
section. The significance level (p-value) was set to 0.05.
The p-value represents the probability of error in accepting
the observed results as valid (values of 0.05 or 0.001 indicate
that there is a probability of 5% or 0.1% that the results were
obtained by mere chance).
Results
Preliminary studies at 4 MHz17,18

Defining the experimental conditions for reproducible re-
sults: Proton relaxation is extremely sensitive to paramag-
netic contaminants, among these atmospheric O2 is the
most common. Uncontrolled PO2 levels during the prepa-
ration of samples might drastically affect the NMR mea-
surements. (Note that we did not degas solutions,
because homeopathic remedies are prepared under atmo-
spheric conditions).
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We observed that atmospheric oxygen dissolved in water
proportionally to barometric pressure, as predicted by Hen-
ry’s law (Figure 3A). As relaxivity 1/T is proportional to the
number of O2 molecules dissolved per millilitre in pure wa-
ter,25 a decrease of about 40 ms in T2 was found for an in-
crease of 20 mmHg in barometric pressure (Figure 3B);
such fluctuations in laboratory conditions may be ongoing,
even within a day. Oxygen dissolution was also condi-
tioned by the duration of vortexing. Beyond 10 s, dissolu-
tion reached a plateau with fluctuations of 2e2.5% around
the PO2N value (Figure 3C). The dilution/agitation process
itself did not produce PO2 variations exceeding 2e2.5%
(Figure 3D). So great care should be taken regarding baro-
metric conditions and vortexing.
All samples of a series must be prepared within a short

time, then immediately sealed for storage to avoid further
contamination by atmosphere. Other potential sources of
contaminants might come from the solvents and solutes
themselves. For that reason, new batches should be used
for each series, in order to statistically average the possible
effects of contaminants.
We examined, too, the uncertainties related to the NMR

measurements, especially the fluctuations in temperature
of the probe (controlled at 1� 0.2�C) and the mathematical
error in the exponential fitting used to calculate T1 and T2.
Table 2 summarizes the expected uncertainties despite
maximal care in our experimental protocol.
In good agreement with the expectations, observed stan-

dard deviations in solvents were found of that order, or
slightly greater. The preliminary measurements carried
out on Sil/Lac dilutions revealed that the maximal differ-
ences with solvents were of the order of the standard devi-
ations of the solvents (Table 2), and hence convinced us
that a rigorous experimental protocol including several in-
dependent series with statistical analysis was imperative to
expect significant results.

First demonstration of modifications of water proton re-
laxation in high dilutions: In our first paper of 199217 we
studied water controls (W), saline controls (Sal), and Sil/
Lac dilutions in saline (SL-Sal) from 3c to 15c, and man-
aged to demonstrate differences in T1 and T1/T2. Particu-
larly the T1/T2 ratio increased significantly in the order
W < Sal < SL-Sal (p < 0.0001 e Figure 4 top), reflecting
a higher degree of organization of water molecules in sa-
line compared to pure water and in Sil/Lac in saline com-
pared to saline.
Table 2 Expected and observed experimental variations

T1 T2

Expected fluctuations
- Dissolved O2 (2.5%)
- Temperature of probe (0.2�C)
- Monoexponential fitting
- Total

20e25 ms
12.5 ms
10e25 ms
42.5e62.5 ms

5e12 ms
12.5 ms
2e15 ms
19.5e39.5 ms

Standard deviations observed
in solvents

57e69 ms 30e32 ms

Maximal differences observed
between solutions and solvents

52 ms 49 ms
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Surprisingly the higher T1/T2 in Sil/Lac persisted be-
yond 6c (p < 0.013) and beyond 9c (p < 0.025), where it
was even enhanced (Figure 4 top). Note that the restriction
of the analysis to the 6e15c and 9e15c ranges totally ruled
out any potential interference from the most concentrated
sample 3c. These results were revisited in the subsequent
1997 paper18 where we applied discriminant analysis,
a multivariate statistical procedure that enables the exis-
tence of different groups (here the three types of solutions)
to be extracted and represented on a 2D- or 3D-graph.
Complete discrimination leads to clustering of values,

without any overlap, whereas absence of discrimination
leads to a homogeneous cloud. The separation between
groups can be assessed by the Wilk’s test, or by looking
at the percentage of misclassified samples. Figure 5 left il-
lustrates the discrimination ofW, Sal and SL-Sal beyond 9c
(p = 0.021). Looking at the individual values of T1 and T2
(not shown), a significant increase in T1 was observed in
SL-Sal compared to saline (p < 0.034) which persisted be-
yond 9c (p < 0.039); no significant difference was observed
in T2.
In the 1997 paper18 we repeated the experiment onW, Sal

and Sil/Lac in Sal (3ce15c), and studied dilutions of hista-
mine in water (Hist-W) and dilutions of manganese-lactose
in water (Mn/L-W), from 4c to 15c, with simultaneous con-
trols of water. Starting at 4c, the magnetic influence of Mn
could be neglected since 10�8 M is the admitted threshold
of NMR sensitivity to detect paramagnetic solutes.
Again the T1/T2 ratio was increased in the dilutions of

Sil/Lac, Hist and Mn/Lac compared to their solvents, and
surprisingly persistent e and even enhanced for Hist e be-
yond 9c (Figure 4 bottom). ANOVA performed beyond 9c
could almost significantly differentiate the five groups W,
Sal, Sil/Lac, Hist, Mn/Lac (p = 0.062). Discriminant anal-
ysis (Figure 5 right) separated SL-Sal, Sal, andW (100% of
well-classified values) and Hist-W, Mn/L-Wand W (100%
of well-classified values). Notably, the significant discrim-
ination of Hist-W fromMn/L-W suggested a specific orga-
nization of water around these solutes.
Looking at the individual values of T1 and T2, increases

in T1 were observed in Hist-W and Mn/L-W (significantly
for Hist; p = 0.0086), which were maintained beyond 9c
(significantly for Hist; p = 0.0285). T1 was unchanged in
Sil/Lac, contrary to the first experiment;17 however, a slight
decrease in T2 led to a higher T1/T2 ratio. T2 exhibited no
significant variations, but tended to decrease in SL-Sal and
Hist-W, especially at high dilution.
At this stage of the work, it was demonstrated, owing to

repeated series and statistical analysis, that NMR relaxa-
tion of water could be a potent tool to differentiate high di-
lutions of solutes from the solvents. The reproducible and
significant observation was an increased T1/T2 in dilu-
tions, suggesting a higher organization of water, unexpect-
edly maintained or even enhanced in the highest levels of
dilution, especially above 9c. With a lesser degree of repro-
ducibility and significance, T1 was found increased com-
pared to the solvent throughout the dilution range,
whereas T2 only showed a slight tendency to decrease (in
study 18) at high dilution.
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Study of silicaelactose dilutions by 0.02e4 MHz
NMRD19

NMRD is a technique designed to study the frequency
dependence of the longitudinal relaxivityR1 (the reciprocal
of T1, R1 = T1�1). NMRD was performed by field-cycling
relaxation spectroscopy over the 0.02e4 MHz frequency
range. We used for this study a quadrilateral experimental
scheme (W, Sal, Sil/Lac in W, Sil/Lac in Sal), allowing
more powerful statistical tests. In addition, we extended
the dilution range up to 21c. The NMRD spectrum of the
four types of solutions showed a slight dispersion (about
4%) around 0.55 MHz which was ascribed to wateresilica
interactions at the NMR glass tube interface. The relevant
result of this study was the T1 dependence on dilution.
No difference was observed in the controls. A slight de-
crease in T1 compared to the solvent was observed in the
first Sil/Lac dilution. This decrease was expected from the-
ory (Figure 2) but it vanished unexpectedly slowly upon fur-
ther dilution, as adjusted to a log-linear model (Figure 6,
Table 3). This finding, i.e. the slow linear re-increase in
T1 as a function of dilution, was slightly significant for
Sil/Lac in W (p = 0.023), but much more pronounced for
Sil/Lac in Sal (p < 0.0001), and maintained in the 6ce21c
range (p = 0.0013).
The persistence of a significant linear relationship

T1 = f(dilution) beyond 6c suggests that the solvent re-
mains unexpectedly modified by the presence of solute at
these high levels of dilution. Note that the values of T1
from 15c and above (Figure 6) appeared greater than those
of the solvent, corroborating the findings reported above.
The quadrilateral experimental scheme of the study al-

lowed cross-correlation analyses. A very significant corre-
lation was found between the T1 values of Sil/Lac inWand
those of Sil/Lac in Sal for the same dilution levels and fre-
quencies (p < 0.0001). Strikingly, the correlation persisted
in the 6ce21c (p < 0.0001) and in the 12ce21c range
(p < 0.0001).
Such a correlation was totally absent between water and

saline controls, despite having been submitted to the same
dilution/agitation steps (see Figure 7 which illustrates side
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Figure 6 Mean relaxation times T1 in the 0.02e4MHz range (all frequenc
and 95% confidence limits, and fitted by a linear regression function.

athy
by side Sil/Lac dilutions and controls in the ultramolecular
range).
This observation suggests that the presence of the solute

affects the organization of water and saline in a similar man-
ner, and that the modification is detectable at high levels of
dilution, up to and beyond the limit of the molecular pres-
ence of the initial solute. Moreover, discriminant analysis
managed to distinguish the four types of solutions in the ul-
tramolecular 12ce21c range (p < 0.0001 e Figure 8).

Post-experiment chemical analysis by atomic emission
spectroscopy (performed directly on the tubes that were
used for the NMR measurements), revealed high amounts
(6 ppm) of silica originating from the glass material
used, with a 10% excess in Sil/Lac samples compared to
solvents. This excess, expected in the first dilutions, per-
sisted beyond 12c, where initial silica was theoretically
no longer present (Table 4).
At this stage of the research, these unexpected findings,

especially within the ultramolecular range, prompted fur-
ther investigations in order to rule out artefacts, such as
possible effect of contaminating silica, or bias related to
the frequency dispersion. This required another solute
than silica, use of a plastic vessel and measurements at
a fixed frequency.

Study of histamine dilutions at 20 MHz20

This study was carried out at the fixed frequency of
20MHz, with histamine as solute in water and in saline, be-
yond 4c. Both T1 and T2 were measured. After completion
of measurements, the samples were heated for 10 min in
a bath of boiling water, rapidly cooled, and measured
again. The heating/cooling cycle was directly applied on
the sealed NMR tubes, thus preserving their chemical com-
position and gas content. The increase in T1, previously
observed with Sil/Lac as a function of dilution in the
NMRD study, was reproduced with Hist-W (p = 0.027)
and Hist-Sal (p = 0.019) (Figure 9, Table 3).
As in the NMRD study, the effect was more pronounced

in saline; the increase in T1 in saline was here significantly
observed up to the 10ce24c range of dilution. So Hist
3 5 7 9 11 13 15 17 19 21
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ies mingled) as a function of dilution, reported with standard errors



Table 3 Linear regression analysis between relaxation times and dilution. When significant (p < 0.05), the test means that the slope of the
variation differs from zero. In brackets, sign (+ or �) of the slope. Non-significant slopes are expressed by ns. Grey columns: no samples or no
measurement of T2

Dil range Regression T1 = f(c) Regression T2 = f(c) Regression T1/T2 = f(c)

$3c $4c $6c $9c $10c $4c $6c $9c $12c $4c $6c $9c $12c

Study 19
W ns ns
SL-W 0.023 (+) ns
Sal ns ns
SL-Sal 0.0001 (+) 0.0013 (+)

Study 20
W ns ns ns ns
Hist-W 0.027 (+) ns ns ns
Sal ns ns ns ns
Hist-Sal 0.019 (+) 0.040 (+) 0.040 (+) 0.043 (+) ns ns
Heated Hist
samples

ns ns ns ns ns ns

Study 21
W ns ns ns
SL-W ns ns ns
Sal ns ns ns
SL-Sal 0.057 (+) ns 0.036 (+) 0.050 (+)
Li ns ns ns
SL-Li 0.026 (+) 0.012 (�) 0.003 (�) 0.001 (�) 0.0005 (+) 0.001 (+) 0.001 (+)
Heated
SL-Li
samples

ns ns ns ns ns ns ns
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dilutions in saline, like Sil/Lac dilutions in saline in the pre-
vious studies, could be distinguished from controls up to
ultrahigh levels of dilution. Again, no significant variations
were observed in the controls. After the heating/cooling cy-
cle, the variations in T1 as a function of dilution totally van-
ished (Figure 9). No significant variations in T2 were found
in native and in heated Hist dilutions.
A linear positive correlation was found between T1 and

T2 in the native solvents (Figure 10A). This was expected
from theory for rapid motions of water molecules (left part
of Figure 2). Strikingly, this correlation vanished in the his-
tamine dilutions (Figure 10B), and reappeared after heating
(Figure 10C). According to Figure 2, a loss of correlation
between T1 and T2 is expected in the transitional region,
Controls (W versus Sal)
12c-21c
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Figure 7 Linear cross-correlation between T1 in solvents and between T
plotted with their 95% confidence limits.
where the values of t lie between 10�8 and 10�9 s at
20MHz. It could thus be deduced that the correlation times
of water in histamine dilutions reached this range of values.
As the correlation time is given by t = 4pha3/3kT (with ‘a’
the radius of the water domain visited by the proton during
resonance), the calculation led to a = 2.1 nm for
t = 5 � 10�9 s.
Since the structuring was destroyed after heating, it was

likely that dissolved atmospheric gases might be involved.
A structuring effect of gases below 30e50�C, which disap-
peared after boiling, had already been described by Kon-
drachuk using NMR T1 proton relaxation.26 Nanobubbles
(d = 3.6e4.0 nm) have been demonstrated in liquid water
by small-angle neutron scattering.27
Sil/Lac (W versus Sal)
12c-21c
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1 in Sil/Lac dilutions in the 12ce21c range. Regression lines are
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Hence I postulated that nanobubbles of atmospheric
gases with highly ordered water around them (and elec-
trolytes if any) are generated during the preparation un-
der vigorous mechanical agitation. Histamine molecules
then act as nucleation centres, leading to (and probably
stabilizing) 4-nm sized superstructures which could
thus be detected by NMR. To support this hypothesis,
it is worth emphasizing that vigorous agitation is likely
to enhance bubble formation through cavitation, and
that large-scale long-lived supramolecular structures of
water,28,29 involving rather stable nanobubbles,30 have
Table 4 Silicon content in controls and in silica/lactose dilutions

Study 200419

Glassware

3ce9c 12ce21c

Medium W + Sal (pooled) W + Sal (pooled)
Controls 5.6 ppm 6.3 ppm
Sil/Lac dilutions 5.8 ppm 6.3 ppm

athy
already been shown around low molar mass com-
pounds. It has even been claimed that bubbles stabi-
lized by small organic molecules could be a universal
phenomenon.30

In both Hist and Sil/Lac studies a more pronounced ef-
fect was observed in saline compared to water. This might
be explained (i) by the known stabilizing effect of ions on
nanobubbles,31 (ii) by the enhanced number of bubbles
formed on shaking a salt solution than pure water,32 (iii) by
the known inhibition of coalescence of nanobubbles by salt
concentrations higher than 0.1 M.32e35
Study 201021

Glassware Plastic

6ce12c 15ce21c 6ce24c

Sal W + Sal (pooled) LiCl
15.2 ppm 16.5 ppm 3.1 ppm
21.5 ppm 23.2 ppm 2.0 ppm
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Study of silicaelactose dilutions in glassware and
plastic ware at 20 MHz21

At this stage of my research, I could not rule out artefacts
due to leached silica. Indeed, samples were prepared in glass
vessels and I had unexpectedly found in the test tubes of
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Figure 10 Correlation between T1 and T2 in histamine dilutions and in co
(A) which vanished in the histamine dilutions (B), and reappeared after hea
correlation reflects a highly ordered structuring in the histamine dilutions
the NMRD study higher amounts of silica than expected
(Table 4). My last step was designed to reproduce once
more the previous results on silicaelactose, and to focus
on thepossible role of leached silica andof the ionicmedium,
since saline was shown to enhance the NMR modifications
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compared towater. This new aimwas achieved by preparing
a set of samples in plastic vessel with 0.15MLiCl as solvent.
Moreover, dilution/agitation was carried out using a vertical
stroker instead of a vortex. T1 and T2 were measured at the
fixed frequency of 20 MHz. After completion of the mea-
surements, the samples prepared in LiCl underwent a heat-
ing/cooling cycle like in the study on histamine.

T1, T2 and T1/T2 behaviours upon dilution: The most
relevant results are reported in Figure 11. No significant
variations were observed in water, saline and LiCl controls.
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Figure 11 Variations of T1, T2 and T1/T2 as a function of dilution for Sil/
prepared in plastic ware. No variations were observed in the controls, no
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Decreased T1 in the first dilutions followed by a progres-
sive linear re-increase upon further dilution were found
again in these new series. The linear correlation
T1 = f(dilution) was significant in LiCl (p = 0.026), nearly
significant in saline (p = 0.057), and only a trend in water
(not shown).
For the first time in my research, variations in T2 were

found, but unexpectedly as a decrease upon dilution and
starting from higher values than the controls, especially
in LiCl (mean value of controls: 1340 � 36 ms).
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This decrease in T2 was significant in LiCl (p = 0.012),

but only a trend in saline and not visible in water. Increase
in T1 and decrease in T2 resulted in a strong increase in the
T1/T2 ratio, much more significant in LiCl (p = 0.0005)
than in saline (p = 0.036). Notably, these variations re-
mained significantly detectable up to the 9ce21c for Sil/
Lac in saline and up to the ultramolecular 12ce24c range
for Sil/Lac in LiCl (p = 0.001, Table 3). As observed for
histamine, heating of the samples abolished all variations
in T1, T2, and T1/T2.

Correlation analyses: First, a very significant cross-
correlation was found between the relaxation times of
Sil/Lac in W and Sil/Lac in saline (T1: p = 0.001; T2:
p = 0.001; T1/T2: p < 0.001), whereas no correlation was
found between water and saline controls (Figure 12).
This confirmed the results obtained for T1 in the NMRD
study (Figure 7), and proved similar behaviours for T2
and T1/T2. Again, these observations suggest that the pres-
ence of the solute affects the relaxation of water and of sa-
line in a similar manner. All these correlations persisted in
the 12ce21c range (not shown; T1: p = 0.004; T2:
p = 0.004; T1/T2: p = 0.001).
Second, T1 and T2 were positively correlated in LiCl

controls (like for controls in the histamine study; compare
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Figure 12 Linear cross-correlation between T1 and T2 in solvents and
NMRD study reported in Figure 7).
Figures 13 and 10A), whereas they were negatively corre-
lated in Sil/Lac dilutions in LiCl (they were uncorrelated
in Hist dilutions; compare Figures 13 and 10B). This nega-
tive correlation was unexpected, as was the loss of correla-
tion found in histamine dilutions. The opposite behaviours
of controls and Sil/Lac in LiCl were maintained in the ultra-
molecular 12ce24c range (Figure 13). After heating, the re-
versal of the behaviour of T1/T2 in Sil/Lac compared to
controls was recovered, as expected. Notably, this reversal
remained demonstrable in the ultramolecular range
(Figure 13).
Chemical analyses: High amounts of silicon (about

15e20 ppm) were found in the samples prepared in glass-
ware (Table 4), reflecting the silica leaching from the glass.
Again, an unexplained excess in the dilutions of
silicaelactose was found, compared to the controls, which
persisted beyond the 15c level. By contrast, in samples pre-
pared in plastic ware, no excess was observed in the Sil/Lac
dilutions compared to the solvent, and low amounts of sil-
ica were found (2e3 ppm), which only reflect the leaching
during the storage in the NMR test tube.
Interpretation: The previously reported NMR modifica-

tions in high dilutions prepared in glassware were repro-
duced here in glassware and in plastic ware as well
Sil/Lac Dilutions
(SL-W versus SL-Sal)
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Figure 13 Linear cross-correlation analysis in the ultramolecular 12ce24c range. Left: ‘Positive correlation’ in LiCl controls between T1 and
T2 and between T1/T2 before and after heating (the inset shows that the correlation persists after exclusion of outliers). Right: ‘Negative
correlation’ between the same parameters in Sil/Lac dilutions.
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(where they appear evenmore pronounced, probably due to
the LiCl medium). This weakens e and even denies e the
involvement of contaminating silica in the observed NMR
modifications. I found here for the first time a divergent be-
haviour of T1 and T2 as a function of dilution, owing both
to an increase in T1 and to an unexpected decrease in T2.
Such values, clearly located to the right of the T1,

T2 = f(t) curve, correspond to correlation times larger (pos-
sibly much larger) than 10�8e10�9 s, i.e. to superstructures
much larger than 4-nm in diameter. The progressive in-
crease in the T1/T2 ratio even suggests that the superstruc-
tures develop more upon dilution. The most striking result
is the persistence of these superstructures in the ultramo-
lecular range (Figure 14A). Note that Tiezzi9 already
reached the evidence for supramolecular structures in dilu-
tions beyond 12c from a similar interpretation of divergent
behaviours of T1 and T2 (Figure 14B).
As already discussed in the study on histamine, I postu-

lated the involvement of nanobubbles in these superstruc-
tures on account of the canceling of the NMR signals
after heating. I calculated that a 2� 10�5 fraction of highly
organized water was enough to explain a 30 ms variation
(likely to be detected) in the relaxation times.20 At normal
athy
temperature and pressure, dissolved air in water has a con-
centration of around 1 mM, that is a gas/water ratio of
2 � 10�5; it is enough to consider the structuring of water
around gases to reach this fraction.
The observed modifications in NMR relaxation times

were clearly dependent on the medium, following the order
LiCl > NaCl > Water. Usually the effect was less visible in
water than in saline, albeit cross-correlation analyses
strongly supported similar induced effects on the solvents.
The more pronounced effect found in salt media might
merely reflect an enhanced ‘nanobubble effect’, as already
discussed, especially at the concentrations of 0.15 M used
here. Probably ions might also act as stabilizing agents in-
side the superstructures. The greater effect of LiCl com-
pared to saline might be related to the known stronger
structure-making properties of the Li+ cation demonstrated
in viscosity and NMR relaxation measurements.36

This study confirmed unexpected amounts of silica in
high dilutions of Sil/Lac prepared in glassware, compared
to controls. This might reflect a catalytic effect of silica
when initially present in the solution. Silica exists as solu-
ble silicic acids, and as insoluble colloidal nanoparticles,
especially in supersaturated solutions. When silica is
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Figure 14 (A) The figure locates the behaviours of controls and of
Sil/Lac dilutions (reported from Figure 13) on the theoretical curve.
Opposite behaviours are observed for controls and Sil/Lac dilu-
tions, even in the ultramolecular 12ce24c range. The negative
correlation between T1 and T2 in Sil/Lac dilutions reflects a very
highly ordered state. (B) (reprinted from Tiezzi9 with permission).
Experimental values obtained by Tiezzi at 200 MHz for ultrahigh
12c dilutions and controls (ref). Unfortunately, neither the nature
of the solutions, nor the experimental procedures were given by
the author.
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present as solute, the leached silicic acid may deposit on
silica particles, thus allowing more silicic acid to dissolve
from the glass surface. Such a mechanism is likely strongly
enhanced by the vigorous shaking procedure.
Study of low dilutions of silicaelactose in LiCl and
various chlorides in water at 20 MHz

This additional unpublished work was designed to bring
insight into the paradoxical decrease in T2 observed in
silicaelactose dilutions in LiCl. Indeed, T2 exhibited a pro-
gressive decrease, strikingly starting from higher values
than the solvent. Similar trends were already mentioned
in the previous papers.17,18 Such an observation
theoretically implies a less structured state of water in
the dilutions compared to solvents. If this is the case T2
should exhibit a transient maximum while passing from
highly concentrated to highly diluted solutions.
This question prompted a more detailed investigation of

the initial steps of the dilution/agitation procedure. So I car-
ried out two additional series of Sil/Lac in LiCl (plastic
ware) as described above, except that the serial dilutions
were decimal, starting from 2x (nx corresponds to a 10n-
fold dilution). This first liquid dilution was obtained by
suspending 200 mg of a solid silicaelactose trituration
(1/9/w/w) into 2 mL of LiCl 0.15 M under 20 s-vortex agi-
tation.
In addition, I tested decimal dilutions of numerous chlo-

rides starting from 1 M, in Milli-Q purified water under
similar agitation in the same polyethylene tubes. LiCl
0.15 M and water were simultaneously submitted the
same agitation (but not diluted) as controls for each series
of Sil/Lac and for each chloride. All results are reported in
Figure 15.
A paradoxical higher T2 followed by a progressive de-

crease was confirmed in the first decimal dilutions of Sil/
Lac, as well as in the dilutions of chlorides. T1 did not ex-
hibit such behaviour. As a consequence, T1/T2 exhibited
a transient nadir, reflecting the less structured state of wa-
ter. So this transient phenomenon observed at low dilution
is likely to explain the unexpected findings at higher levels
of dilution, which were a progressive decrease in T2 and
a progressive increase in T1/T2 above 3c.
Strikingly, in chlorides, the nadir in T1/T2 approached

unity, a value characterizing a totally free state of water.
These findings seemed to prove that the superstructures
do not exist in the very first dilutions.
It is worth recalling that bulk water at ordinary temper-

ature exists in an ordered hydrogen-bonded (HB) tetrahe-
dral structure. The nadir in T1/T2 may be described,
especially for chlorides, in terms of chaotropicity or struc-
ture-breaking.36e39 The mobility of water molecules
around anions and beyond the first hydration layer
around cations is higher than in pure water.
At high ionic concentration, there is no bulk water and

not even enough water to totally solvate the ions;40 water
is firmly bound and highly structured in the electric field
of the ion. In the course of dilution, ions become totally hy-
drated and free water emerges. With increasing dilution,
the regime is dominated by bulk water. So one may expect
a transitional disordered phase of water, corresponding to
the nadir in T1/T2, before the restoration of the structure
of bulk water. In the course of this restoration, water may
form stereospecific hydration structures around solutes
(imprints?) and even stereospecific superstructures devel-
oping in proportion to available free water.
This transient chaotropic effect, referred to as ‘negative

hydration’ for ions some decades ago,41 was also found
here for Sil/Lac, a non-ionic species. Thus, it might be
a common feature of the first dilution steps of many solutes
in water.
Similar transient phenomena have been described in

other chemicophysical fields, within the same order of di-
lution range. A sharp transient maximum in electrical prop-
erties of ice-water systems was reported during freezing of
Homeopathy
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Figure 15 Relaxation times T1, T2 and T1/T2 in decimal dilutions of Sil/Lac in LiCl 0.15 M (two experiments) and in decimal dilutions of
various chlorides in water. Paradoxical transient maximum in T2 and nadir in T1/T2 within the 3xe6x range theoretically reflect a less ordered
structure in dilutions than in pure solvent (‘chaotropic effect’).
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very dilute NaCl solutions, around 1.5e2.5 � 10�4 M,42

attributed to increase in the Maxwell relaxation time
and to conductivity effects. A sharp increase in conductiv-
ity was reported in dilute solutions of NaCl below
1.5e2 � 10�4 M,43 with similar trends for KCl, HCl and
NaOH. The authors attributed the phenomenon to a transi-
tion between an ‘ionic regime’ and a ‘water cluster’
regime.
Figure 16 Effect on bacterial colony growth of heavy metal chlo-
rides, compared to controls (reprinted from Calabrese56 with per-
mission). These typical hormetic doseeresponse relationships
show the reversal of effect (toxic at high concentration/stimulatory
at low concentration). The transition occurs within the
10�3e10�6 M range. Note the striking similarity of these curves
with T2 and T1/T2 variations (Figure 15), especially for SnCl4
and NiCl2.
Discussion
Despite extensive studies for decades, the structure of wa-

ter is not fully resolved. The work on high dilutions is chal-
lenging and may contribute to this knowledge, especially by
supporting the claim that water is a self-organizing system in
which collective motion or disturbance by impurities or
admixtures could influence the structure at long-
range.2,31,44e49

At the end of this twenty-year research on high dilutions,
I have reached the conviction that such disturbances not
only exist but can persist in the ultramolecular range be-
yond 12c. My conviction is based on the reproducible ob-
servation of an increase in the T1/T2 ratio as a function of
dilution, never observed in controls submitted to strictly
similar dilution/agitation process. Moreover, analyses of
data restricted to the highest levels of dilutions (>6c, 9c,
12c) ruled out any potential interference from the most
concentrated samples.
I cannot imagine that my findings could be obtained by

chance. They were observed with various solutes and sol-
vents, various methods of preparation, various frequencies
and devices belonging to different institutions. Moreover,
some similar results have been reported by other teams,
namely increased T110 and T1/T29 in high dilutions at
high frequencies.
I wish to make it clear that my findings should not be

taken as a proof for the effectiveness of homeopathy. My
exclusive aim was to afford the scientific and medical com-
munities experimental evidence for physical signals in ul-
tramolecular dilutions of solutes likely to counter the
scepticism towards high dilutions, the stumbling block of
homeopathy. But the mechanism for storage of information
remains unsolved.
Benveniste postulated that the bio-information should

lie in the solvent. Several attempts were carried out to sup-
port evidence that electromagnetic signals (EMS) are emit-
ted from the solution, with positive50e53 and negative54

results. Recently, Montagnier et al55 showed that DNA se-
quences were able to emit EMS as a function of dilutions
ranging from 10�5 to 10�12 (up to 10�18 in one experi-
ment), provided that the dilutions had been previously sub-
mitted to a strong agitation. The EMS were not observed in
the first dilutions and were destroyed by heating or freezing
the samples. The size of the structures producing EMS
ranged between 20 and 100 nm.
Let me underline the similarities between Montagnier’s

results and mine, which only differ on the size of the super-
structures, which I estimate to be larger than 4-nm in diam-
eter. But I showed that they seem to develop more with
increasing dilution; however, I did not evaluate the size
of these extended structures. Applying the same calcula-
tion as above (t = 4pha3/3kT) to Tiezzi’s results, the largest
correlation times deduced from Figure 14B correspond to
superstructures of about 80 nm in diameter.
Barnard and Stephenson2 postulated the formation in the

solvent of stereospecific polymers that become longer and
longer with increasing dilution. It is not unconceivable that
the superstructures initially formed around the solute be-
have as a new kind of solute and act as nucleation centres
at each step of dilution, leading to increasingly larger struc-
tures up to sizes of several tens, even hundreds, of nanome-
ters.
As an attempt to explain biological activity of homeop-

athy, two opposite hypotheses coexist. Let me emphasize
that the superstructures demonstrated here might support
both hypotheses. The former, called the ‘imprint theory’,
requires specific, supramolecular structures. To support
this, I postulate that solutes are stereospecifically solvated
after a transient destructuring of water occurring within the
3xe6x range, then are stabilized by superstructures.
The lat, quantum theory relies on non-molecular EM

transfer of information which requires coherent water do-
mains. The superstructures might be the substratum of
these domains. Specificity of information might be
achieved through a multiplicity of EM frequencies, carried
by domains of different sizes. The vigorous shaking e
claimed to be essential for homeopathy and non-
molecular transfer of information e might actually be
fundamental by promoting multi-sized superstructures,
likely to constitute multi-frequency resonators.
My study of low dilutions, corroborating other chemico-

physical studies, supports the idea that dilute solutions may
behave non-monotonously, with a ‘phase transition’ when
passing from a concentrated to a dilute regime. Interest-
ingly, such transitions have also been described in
Homeopathy
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pharmacology and toxicology, generally within the same
10�3e10�6 M range.56

This phenomenon, known as ‘hormesis’, is a dosee
response reversal characterized by a high dose inhibition
and a low dose stimulation (see Figure 16 for illustration).
It is tempting to highlight the similarity of behaviours, es-
pecially with my NMR findings, and to suggest a link be-
tween pharmacologic and chemicophysical properties of
agents.
The central role of water in biological function of mac-

romolecules (enzymes, proteins, DNA) is well-recognized;
especially that critical hydration levels are required, corre-
sponding to at least one layer of hydration water.57 Might
hydration of ions and small molecules also be critical for
their biological activity?
I speculate that dilute agents which have been fully, ste-

reospecifically solvated during the restoration of the HB
network of bulk water in the course of the dilution/agitation
process, will exhibit different, even opposite, biological
properties compared to non-fully solvated agents.
Conclusion
Proton NMR relaxation managed to demonstrate physi-

cal modifications of the solvent throughout the low to ultra-
molecular range of dilution. The findings suggested the
existence of nanosized ($4-nm) superstructures which
originate stereospecifically around the solute after an initial
destructuring of the solvent, then develop more upon dilu-
tion and persist beyond 12c.
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