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Abstract
For many years, the life sciences remained unaffected by 
the quantum mechanical revolution of physics, partly due 
to the assumption that quantum effects cancel out in the 
environment within living cells. However, it has become 
clear that quantum phenomena are at play in biological 
processes such as photosynthesis and enzymatic cataly-
sis, and quantum biology is now a well-established scien-
tific discipline.

Here, we review selected experimental findings to suggest 
a broader scope for quantum biology than currently be-
lieved. This includes repeated demonstrations of biologi-
cal effects of highly diluted substances as well as of elec-
tro-activation, a more recent method for the transfer of 
biological effects from a substance to a carrier. A separate 
discipline, biological transmutation, has demonstrated 
conversion of stable elements using highly selective ana-
lytical techniques. These findings further increase the ne-
cessity for abandoning the classical model of atoms and 
molecules as stable and solid entities, a model still used in 
chemistry and biology.

The accumulation of such phenomena poses a chal-
lenge to the current paradigm in life-science. This calls for 
adopting the quantum mechanical concepts on a broader 
scale in biology than done so far. Here, we propose key 
features of such a revised paradigm. We envisage that this 
will pave the way for the life sciences to break through 
some of their current conceptual barriers and to study 
unexpected phenomena such as those mentioned above. 
Moreover, new possibilities for prevention and treatment 
of disease are likely to emerge in the wake of such a para-
digm change.

Introduction
The life sciences have seen tremendous progress over 
the past several decades. Detailed observations of bio-
logical phenomena from disciplines including molecular 
biology, genetics, immunology, and pharmacology have 
clarified many chemical aspects of biology and resulted 
in a wealth of improved treatment options for many dis-
eases. However, serious limitations persist with regard 
to causative treatment of chronic diseases such as car-
diovascular disease and cancer, despite the allocation 
of vast amounts of resources. This raises the question: 
are there innovation barriers within the current life sci-
ence paradigm that impede the development of novel 
approaches for treating disease beyond the mere symp-
tomatic treatments?

Modern life science may be characterized by two major 
traits to evaluate the existence of such barriers. Firstly, 
many years of scientific progress have provided insights 
into a wealth of molecular mechanisms in biology and 
medicine. This includes understanding of the mecha-
nisms of action — both qualitatively and on a quantita-
tive scale — of essentially all newly approved pharma-
ceuticals. Without a demonstration of the mechanism 
of action, regulatory approval of new pharmaceuticals 
is hardly possible any more. Secondly, contrary to the 
growing insight into molecular interactions, life sciences 
appear to have disregarded the progress in physics over 
the last century, in particular regarding the strange be-
havior of the atomic and subatomic world. Hence, the 
revolution of quantum mechanics has passed almost un-
noticed by biology. This disregard is striking, as quantum 
mechanics makes up a crucial foundation of physics and 
chemistry and therefore, of life science. 

http://waterjournal.org
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Quantum mechanics emerged as a new scientific disci-
pline 100 years ago prompted by observations of a range 
of strange behaviors in the world of atomic and subatomic 
particles. These particles appeared to disobey the laws of 
classical physics, but rather to be subject to phenomena 
like coherence, entanglement, and tunnelling. Strikingly, 
the idea of a particle as a unique entity with a specific 
location in space had to be abandoned and replaced by 
the concept of particle-wave duality: such entities behave 
as particles in some experiments and as waves in others, 
thus giving rise to the phenomenon of coherence in a 
similar manner to macroscopic waves. Entanglement de-
notes the situation where two particles are coupled in a 
way which enables them to interact instantaneously over 
huge distances, a true situation of non-locality apparently 
defying any limitation of distance in space. Finally, quan-
tum tunnelling is the process whereby particles appear to 
be able to “tunnel” through an energy barrier which could 
otherwise not be surmounted due to the lack of sufficient 
energy.

For many years, life science researchers disregarded 
quantum mechanics, believing quantum mechanical phe-
nomena were irrelevant to biological processes. It was 
assumed that quantum mechanical phenomena, such as 
wave-like properties, were restricted to the nanoworld of 
atoms and subatomic particles, and would therefore not 
apply to macromolecules like enzymes and DNA. More-
over, it was known from the behavior of subatomic enti-
ties that quantum phenomena such as coherence could 
vanish as a result of an interaction of the particles with 
the surroundings, e.g. simply as the result of a measure-
ment, the so-called de-coherence. To many researchers, 
this made it unlikely for quantum phenomena to play a 
role in life processes with their wet, warm, and reactive 
environments offering huge possibilities of interactions 
with nearby chemical entities.

The assumption that quantum phenomena are irrel-
evant in biology has been proven wrong by a consider-
able amount of empirical evidence, and quantum biology 
is now a well-established scientific discipline defined as 
“the application of quantum theory to aspects of biol-
ogy for which classical physics fails to give an accurate 
description” (Marais et al., 2018). Scientists in this field 
use quantum mechanical concepts to study molecular 
and subatomic aspects of specific phenomena, such as 
photosynthesis, enzymatic catalysis, olfaction, migration 
of birds, and neurotransmission (Arndt et al., 2009; Ball, 
2011; Lambert et al., 2013; Vattay et al., 2014; Brookes, 

2017; Marais et al., 2018; Cao et al., 2020). 

Here, we review some areas from quantum biology and 
argue for a broader definition of quantum biology than 
the one cited above. To substantiate this, we review some 
unexpected empirical findings which seriously challenge 
the current paradigm and call for a revised paradigm. We 
propose that specific quantum mechanical concepts be 
adopted to facilitate such a revision. This will likely facili-
tate the development of innovative treatments for dis-
ease that may seem highly unrealistic under the current 
paradigm. 

Features of the Current Paradigm  
in the Life Sciences
Scientific paradigms are rarely formally defined, but 
some general principles and assumptions are broadly 
adopted at a given point in history. Table 1 summarizes 
key features of the current paradigm in the life sciences. 

The requirement that scientific results be based on obser-
vation rather than on pure belief was a cornerstone in the 
historical development of science and is shared among 
all the natural sciences. This is a principle which needs 
not be challenged, but rather be reinforced. Although it is 
understood that the acceptance of a fundamentally new 
phenomenon imposes high demands on the quality of 
the evidence, experimental results are occasionally con-
tradicted in the scientific literature with sole reference to 
current theory. Such behavior is approaching belief and 
should not be accepted in scientific discussions, as it rep-
resents a serious barrier towards innovation. Historically, 
most important discoveries and innovations were made 
only after the rejection of prior paradigms or theories.

The second requirement mentioned in Table 1 — that 
results should be reproducible — does not imply that 
unique incidents never occur in nature, but it is merely a 
requirement for drawing general conclusions from empir-
ical results. However, it is important to acknowledge that 
when experimenting within a fundamentally new field 
of phenomena, it may not be possible to control for all 
influencing factors during the initial experimental phase, 
hence problems with reproducibility may occasionally oc-
cur. Therefore, rather than completely rejecting results 
during a period with impaired reproducibility, a true sci-
entific approach would be to await further developments 
before jumping to final conclusions. Ultimately, science is 
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General 	 • Knowledge is based
requirements	    on observation.
in science	 • Experiments be reproducible.
	  
Specific 	 • Atoms and molecules are 
assumptions in	    considered tiny, solid entities 
the life sciences	    separated in space and holding
	    mass and size.

	 • Non-radioactive elements are
	    considered stable in living 
	    organisms.

	 • Biological effects are carried 
	    by molecules and work by local 
	    interaction.

	 • The law of mass action applies, i.e.,  
	    dose-response relationships apply.

not about accepting or rejecting a specific scientific pa-
per, but rather about approaching a deeper understand-
ing of nature.

Next, some specific assumptions have established them-
selves in the life sciences as well as in most areas of 
chemistry, as indicated in Table 1. First, atoms and mol-
ecules are considered to be solid spheres that are sepa-
rated in space and hold mass and size in analogy with 
our everyday surroundings in the macroscopic world. 
Importantly, atomic nuclei are considered stable over 
time (disregarding radioactive isotopes, which decay and 
transform to different isotopes by a characteristic half-
life). The physical explanation is that large energy bar-
riers need to be overcome for nuclear reactions to take 
place under normal circumstances, and similar barriers 
are believed to exist in living organisms. Finally, in the 
field of pharmacology, drugs are considered to act exclu-
sively via local interactions with soluble or membrane-
bound targets such as enzymes and receptors. Conse-
quently, the law of mass action is taken to apply to drug 
action, implying that drug effects are concentration-re-
lated and therefore subject to dose-response relation-
ships. If dose-response cannot be established, proposed 
drug effects are normally considered questionable.

The ball-like models of atomic structures with their as-
sumptions have proven their value for many purposes. 
However, as will be shown below, they merely reflect a 
19th century understanding of matter and do not take 
the 20th century’s evolution of quantum mechanics into 
consideration. First, let us take a closer view at some fea-
tures of quantum mechanics.

Table 1. Some features of the current paradigm of life science.

The Revolution of Quantum Mechanics
According to Thomas Kuhn (1970), science does not de-
velop in a gradual fashion but rather through “scientific 
revolutions.” One such revolution, that of quantum me-
chanics, occurred about 100 years ago. Quantum me-
chanics was essentially a farewell to the 19th century’s 
concept of atoms and molecules and the adoption of 
more complicated and probabilistic models of the struc-
ture of matter.

According to one of the pioneers, Nobel laureate Niels 
Bohr, quantum mechanics altered scientific thinking to 
the degree that “Those who are not shocked when they 
first come across quantum theory cannot possibly have 
understood it” (Bohr, 1971).

One important concept of quantum mechanics is that 
of superposition, or coherence of atoms and molecules. 
This concept was previously used to describe the mecha-
nism by which waves interact, e.g. by diffraction of light 
through a grating. Following the surprising discovery that 
atomic entities are also able to superpose with them-
selves, a theory of particle-wave duality was developed: 
subatomic items such as electrons, neutrons, and pro-
tons behave as particles in some experiments and as 
waves in others. Thus, it was demonstrated that a single 
electron can superpose with itself when passing through 
two adjacent slits (the so-called double-slit experiments). 
The electron, therefore, can be regarded as delocalized in 
space in such experiments. In other words, the electron 
may be at several locations in space at the same time. It 
was once thought that coherences are confined to the 
subatomic world, but quantum behavior has since been 
observed in larger molecules, such as C60 as well (Arndt 
et al., 1999). Consequently, quantum mechanical behav-
ior may also apply to the scale normally encountered in 
chemistry and biochemistry.

Another revolutionary concept in quantum mechanics is 
that of entanglement, which denotes the situation where 
particles originating from a single atomic event are cou-
pled in such a way that the characteristics of one particle 
(e.g. its spin) cannot be described independently from 
that of the other. If, for instance, two entangled electrons 
emanate from the same event, they must have opposite 
spins to obey the laws of physics. However, according to 
quantum mechanics, no spin value can be allocated to 
the particles until it is measured, and when the spin of 
one electron has been established, the spin of the other 
instantaneously assumes the opposite value. This has 
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been shown to be true experimentally, even with en-
tangled particles separated by such large distance that 
no communication could have occurred between them 
(Matson, 2012). Hence, such systems of two particles may 
be regarded as entirely delocalized in space.

On some occasions, atomic or subatomic entities can 
pass an energy barrier even if they lack the necessary 
kinetic energy to do so. This phenomenon — denoted 
quantum tunnelling — is well established in physics and, 
as we shall see, appears to be at play in biology as well. 
The probability of tunnelling is strongly dependent on 
size, with probability decreasing as mass increases (Arndt 
et al., 2009).

Taken together, the quantum mechanical discoveries led 
physicists to recognize a universe of strange phenome-
na in which the laws of the macroscopic physical world 
are not valid. Instead, quantum mechanics describes the 
state of a physical system by means of mathematical 
wave functions (e.g. Schrödinger equations) which may 
be used to derive probabilities of measurements made 
on the system.

The physicist Nobel laureate Max Planck, a pioneer of 
quantum mechanics, expressed his view of the atom in 
a radical way: “… my research has shown me that there 
is no matter as such! All matter originates and exists only 
by virtue of a force which brings the particles of an atom 
to vibration and holds this most minute solar system of 
the atom together” (Planck, 1944).

Literature Review 
 
Quantum Biology —  
a Well-Established Discipline
While it is difficult to understand quantum mechanics us-
ing concepts from the macroscopic world, quantum me-
chanical concepts have been accepted because of their 
ability to explain phenomena in the nanoworld of atoms 
and subatomic particles, which cannot be explained by 
classical physics. The basic findings of quantum me-
chanics were done with subatomic particles like elec-
trons, neutrons, and protons at dry, almost completely 
isolated conditions and at low temperatures. These pre-
cautions were taken in order to reduce the possibility 
of coherent particles (or rather waves) interfering with 
the environment and thereby losing their coherence, a 

process known as decoherence. Therefore, phenomena 
like quantum coherence were thought not to occur with 
macromolecules in the wet, hot, and crowded conditions 
within a living cell. 

However, over the course of the last 2–3 decades, a small 
but growing community of scientists has explored whe
ther quantum phenomena could play a role in biological 
processes. Phenomena like quantum coherence and tun-
nelling have now been investigated in several biological 
processes, including photosynthesis and enzyme cataly-
sis, as shown below. The question of how decoherence 
is avoided in macromolecules, especially in living organ-
isms, has been the subject of several studies. It was de
monstrated by interferometry that quantum coherence 
can occur for large organic molecules composed of up 
to 430 atoms (Gerlich et al., 2011). Moreover, simulations 
have shown that coherence time may be increased for 
systems with a balance between chaos and regularity 
(Vattay et al., 2014). Notably, proteins appear to be able 
to stabilize the quantum states of ligands, thereby im-
peding decoherence in ways that are not fully quantified 
(Brookes, 2017). 

Regardless of the mechanisms that facilitate coherence, 
quantum biology is now a well-established scientific disci-
pline (Marais et al., 2018). It has primarily been applied to 
studies of aspects of biology such as enzymatic catalysis, 
photosynthesis, olfaction, bird migration, ion channeling, 
and adaptive mutations. These are briefly reviewed be-
low.

Enzyme catalysis. Enzymes can increase the rates of 
chemical reactions by many orders of magnitude. Cata-
lytic reactions are supposed to involve chemical tran-
sition states, which are of low stability and therefore 
short-lived, and enzymes can catalyze such reactions 
by stabilizing these transition states by means of weak 
chemical bonds acting at the active site of the enzyme. 
This increases the probability of a reaction taking place 
and therefore increases the reaction rate. 

However, this mechanism of stabilizing transition states 
by chemical means is not always sufficient to explain the 
enormous increase — up to 1025-fold — seen in reaction 
rates in the presence of enzymes. Moreover, some en-
zymatic reactions have been shown to be temperature-
independent at low temperatures, further indicating that 
some non-chemical mechanism is at play. To account for 
this, the involvement of quantum tunnelling has been 
considered. Such mechanisms, which are well-known in 
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quantum mechanics, enable particles to overcome an 
energy barrier without the possession of sufficient ki-
netic energy. Indeed, quantum tunnelling has been dem-
onstrated for the transfer of electrons from cytochrome 
to bacteriochlorophyll in a photosynthetic bacterium. 
Moreover, enzymatic reactions often involve the trans-
fer of protons from a reactant (substrate) to a product, 
and quantum tunnelling has been demonstrated for pro-
tons as well, despite their much larger mass compared 
to electrons. The involvement of proton tunnelling in 
enzymatic reactions has been supported by observation 
of a “kinetic isotope effect” which manifests as reduced 
reaction rates when protons are replaced with deuteri-
um, which are less prone to quantum tunnelling. It now 
appears well-established that quantum tunnelling plays 
an important role in enzymatic processes (Al-Khalili and 
McFadden, 2015; Brookes, 2017).

Photosynthesis. Photosynthesis is the process whereby 
plants and other chlorophyll-containing organisms make 
sugars from water and carbon dioxide in the presence 
of sunlight. However, the remarkably high efficiency of 
this process is not explained by classical biology. It is 
known that the photosynthetic antennae (collections 
of proteins and pigments, PPC) in photosynthetic spe-
cies possess the ability to capture and harness photons 
(light particles). The primary steps in the process involve 
energy transport operating at near 100% efficiency. It is 
customary to describe this in terms of excited electrons 
and electron holes that are attracted to each other, the 
so-called excitons which travel to the reaction center to 
produce ATP. A proposed quantum mechanical explana-
tion of this extremely rapid and high-efficiency transport 
is that the excitons are delocalized and travel by sev-
eral routes simultaneously, i.e. in a state of coherence 
(Brookes, 2017; Cao et al., 2020).

Olfactory sense. The sense of smell is initiated when a 
scent (i.e. a volatile molecule) meets a specific receptor 
in the nose. However, the molecular shapes of odorants 
are unable to explain differences in scent (cf. Al-Khalili 
and McFadden, 2015), meaning other mechanisms must 
be at work. Brookes et al. (2007) tested the hypothesis, 
that electron tunnelling from a donor to an acceptor on 
the receptor is mediated by an odorant with a specific 
molecular shape and a specific vibrational pattern that 
activates the receptor. This would allow for discrimina-
tion between odorants with similar shape but differ-
ent vibrational frequences, which has been observed 
in vivo. By computing the vibrational spectra of several 

substances, they found that the proposed mechanism is 
consistent both with the underlying physics and the ob-
served features of smell, provided the receptor has cer-
tain general properties. Hence, quantum processes may 
well be at work during smelling.

Bird migration. Many scientists have tried explaining 
the astonishing ability of birds to migrate between their 
nest and wintering areas, and most are of the opinion 
that birds have a means to detect the magnetic field of 
the Earth to determine their position and direction. But 
despite more than 50 years of research into magneto-
reception in birds, scientists have been unable to work 
out exactly how a bird uses this information to stay on 
course. According to one proposed quantum mechanism 
(Hore and Mouritsen, 2022), magnetoreception involves 
the light-induced formation of radical pairs (i.e. pairs 
of molecular entities, each with one unpaired electron) 
of cryptochrome Cry4a in the birds’ eyes. These radical 
pairs undergo extremely rapid interconversions between 
two states of electron spin: singlet states with anti-par-
allel spin and triplet states with parallel spin. These two 
states are assumed to be coherently coupled and there-
by rendered sensitive to the relatively weak electromag-
netic field of the Earth. This may then form the basis of 
a magnetic compass allowing the birds to sense the size 
and direction of the magnetic field by which they navi-
gate their way.

Ion channeling. Ion channels consist of complex enti-
ties embedded in the cell membrane that act as gates for 
the passage of ions in and out of the cell. Ion channels 
typically possess extremely high capacity (up to 108 ions 
per second) combined with selective permeability and 
with low consumption of energy. The mechanism behind 
these extraordinary features is unknown. However, it 
appears that quantum coherence of ions located within 
and directly outside of a channel may explain both their 
high capacity and selectivity. In other words, coherent 
ions may be present at more than one location simulta-
neously, thereby allowing the ions to pass across the cell 
membrane in a delocalized state. Such quantum coher-
ence has been shown to be stabilized by the high ion flux 
which requires the coherence to persist for a very short 
time (Seifi et al., 2022, Wang et al., 2024).

Adaptive mutations. Mutations are generally supposed 
to occur randomly, before an organism is exposed to any 
environmental challenge. However, some mutations oc-
cur more rapidly than expected according to this theory. 
These mutations rather develop in response to a specific 
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challenge, and are therefore called selective or adaptive 
mutations. An early example of the use of quantum biol-
ogy in macroscale biology was the proposal that adap-
tive mutations result from destroying the superposition 
of mutant and non-mutant (tautomeric) states of the 
DNA bases (McFadden and Al-Khalili, 1999). According to 
this theory, tautomerization occurs by proton tunnelling 
and subsequent coherence of the regular and the rare 
tautomeric forms. This coherence, in turn, is destroyed 
by the process of decoherence due to driving factors in 
the environment, e.g. with lactose as the only nutrient fa-
voring the mutants to appear from the coherent state. 
This theory provides a plausible explanation but needs 
to be evaluated further.

Phenomena Outside the  
Current Paradigm
The aforementioned cases of quantum biology repre-
sent a minor but important step outside the currently 
accepted paradigm in the life sciences. Next, we pres-
ent some empirical findings of phenomena calling for an 
even more radical revision of this paradigm. 

Biological Effects of  
Highly Diluted Solutions
The concept of the “memory of water” has a long story 
of controversy. The claims by Benveniste and cowork-
ers of the biological effects of high dilutions of immuno-
globulin E on basophile granulocytes in vitro (Davenas et 
al., 1988) — which were seriously challenged by sceptics 
(Maddox et al., 1988) — were thoroughly evaluated by a 
consortium of institutions. The evaluation used a modi-
fied experimental design with ultrahigh serial dilutions 
of histamine, and the conclusion was clear: activation of 
basophil degranulation by anti-IgE could indeed be inhib-
ited by pre-incubation with high dilutions of histamine 
(Belon et al., 1999). These findings were subsequently 
confirmed by flow cytometry (Belon et al., 2004). In the 
study, effects of histamine were observed at apparent 
concentrations down to 10-36 M (Figure 1). 

The maximum percent inhibition observed was 42.8% 
and the effects were reversed by the addition of raniti-
dine or cimetidine, which are antagonists of histamine. 
The highly diluted solutions were essentially free of ac-

Figure 1. Percentage basophil activation after incubation with 
anti-IgE in the absence (anti IgE) or the presence of serially 
diluted histamine at final concentrations of 10-28 to 10-36 M. 
Results were obtained by flow cytometry of data from 29  
duplicate experiments. Activation following histamine  
incubations were significantly reduced compared to the  
control (p < 0.0001 by Kruskal-Wallis test). Reproduced with 
permission from Belon et al. (2004).

tive compound, and this supports the interpretation that 
somehow, the histamine effect was transmitted to the 
medium used for the preparation of the serial dilutions.

Various attempts to reproduce these data have been 
made. Guggisberg et al. (2005) found that histamine at 
the dilutions 10−2 M and 10−22 M was associated with a sig-
nificant inhibition of basophil degranulation. This raises 
the question of why the experimental results differ be-
tween investigators. Guggisberg et al. (2005) concluded 
that “seemingly, minor variables of the experimental 
setup can lead to significant differences of the results if 
not properly controlled.” Importantly, Sainte-Laudy and 
Belon (2009) compared different analytic methods of ba-
sophil counting and showed that flow cytometry gave re-
producible results with effects peaking between dilution 
steps 15 and 17 (C15–C17). They also showed that the 
effect was non-significant when histamine was replaced 
with histidine or cimetidine.

Studies on the physicochemical properties of homoeo-
pathic (serially diluted) preparations have been thor-
oughly reviewed by Baumgartner and his team (Klein et 
al., 2018; Tournier et al., 2019; Tournier et al., 2021). Based 
on their review of 183 publications from 1970s until 2015, 
the authors concluded that the quality of publications in-
creased sharply from year 2000 onwards with 48% of the 
publications rated as “high quality” during this later peri-
od (Klein et al., 2018). In their 2019 paper, they concluded 
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that the most promising techniques for studying physi-
cochemical properties of such preparations appeared to 
be nuclear magnetic resonance (NMR) relaxation, optical 
spectroscopy, and electrical impedance measurements 
(Tournier et al., 2019). The authors concluded that there is 
experimental evidence of specific physicochemical char-
acteristics of homoeopathic preparations and discussed 
seven different theories for the possible mode of action. 
In the context of the present study, the weak quantum 
theory is the most interesting, suggesting that quantum-
like entanglement takes place between the original sub-
stance and the final carrier (Tournier et al., 2021).

In accordance with the above-mentioned in vitro stud-
ies of highly diluted solutions, effects have been demon-
strated in numerous clinical studies — including random-
ized, placebo-controlled, double-blind trials, and the re-
sults were further supported by several meta-analyses. A 
meta-analysis was conducted of four randomized clinical 
trials, wherein allergenic substances, homoeopathically 
diluted to C30 (resulting in an apparent “concentration” 
far beyond the Avogadro limit), were used as oral therapy 
against perennial allergic rhinitis. The results showed a 
mean symptom reduction of visual analogue scale scores 
of 28% for the homoeopathic drugs compared to 3% for 
the placebo, a highly significant result (p < 0.0007) (Taylor 
et al., 2000). 

Due to the growing problem of antibiotic resistance, 
studies on homoeopathic treatment of infections are 
of particular interest. For example, a meta-analysis was 
conducted of three randomized clinical trials with iden-
tical basic study designs of diarrhea in children, aged 6 
months to 5 years. Children were treated with an indi-
vidually selected homoeopathic drug diluted to C30 or 

placebo measuring the duration of the disease as the 
primary outcome. The analysis showed a significant re-
duction in illness duration after the homoeopathic treat-
ment (3.3 days) compared to the placebo group (4.1 days) 
(p = 0.008) (Jacobs et al., 2003). In a comprehensive review 
of six meta-analyses of clinical trials, Hamre et al. (2023) 
concluded that all meta-analyses showed significant ef-
fects of homoeopathy compared to placebo treatments. 
Based on prespecified criteria, the review included a to-
tal of 182 different clinical trials reported in 165 publica-
tions. The six meta-analyses comprised of two analyses 
in individualized therapy, one in standardized therapy, 
and three in various types of homoeopathic treatment. 
The review indicates that individualized as well as stan-
dard homoeopathic therapies provide clinical effects.

In conclusion, in vitro as well as in vivo effects of highly 
diluted compounds have been demonstrated in numer-
ous studies. However, such effects are still considered 
controversial by most scientists, most likely because they 
conflict with the current paradigm of mechanistic effects, 
i.e. that therapeutic effects must remain bound to spe-
cific drug molecules and cannot be transferred to other 
media. This controversy is discussed further below.

Transfer of Biological Effects by  
Means of Electro-Activation

In recent years, different techniques have been inves-
tigated to produce results similar to those obtained by 
the serial dilution of drugs. These techniques exploit the 
interaction of electrodynamic fields with bioactive com-
pounds. In a typical protocol (Figure 2), the compound to 

Figure 2. Schematic representation of the experimental setup used by 
various researchers for performing electro-activation. The biologically  
active substance is placed within a solenoid coil (input coil) and  
electromagnetic signals of various frequencies are applied to the coil.  
The electromagnetic wave is modulated by the substance within the coil 
and subsequently amplified and applied to a second (output) coil holding 
a medium such as water. Reproduced with permission from Kim (2013).
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be investigated is placed in solution within a solenoid coil, 
and various electrodynamic frequencies are applied to 
the coil. The modified output signal from the coil is ampli-
fied and applied to a second coil containing pure water, 
which is subsequently investigated for biological effects. 
Several studies have demonstrated striking biological ef-
fects of electro-activated water samples prepared using 
this technique.

Amphotericin B is an antifungal which binds to ergo
sterol, a component of fungal cell membranes forming 
pores that cause rapid leakage of monovalent ions and 
subsequent fungal cell death. In a study of water imprint-
ed with effects from amphotericin B, the viability of the 
fungus Candida albicans was investigated following incu-
bation with the electro-activated water and compared 
to amphotericin B itself (Heredia-Rojas et al., 2012). The 
electro-activated water caused a significant reduction of 
46% in C. albicans viability compared to 80% inhibition 
by amphotericin B alone (Figure 3). None of the control 
samples exhibited any significant effects.

A study investigated the effects of electro-activated 
water on two cell lines of human breast cancer in vitro 
in combination with so-called mineral reduced water 
(MRW), which inactivates reactive oxygen (Kim, 2013). In 
the study, water was electro-activated using a transcrip-
tion factor (P53) which functions as a potent tumor sup-
pressor. Cancer cells were grown for 1–5 days in either 

regular medium, in the presence of MRW alone, or in the 
presence of MRW in combination with P53 electro-acti-
vated medium and were assessed for viability, apoptosis, 
and motility. The viability of both cell lines was somewhat 
inhibited in the presence of MRW itself but was almost 
completely blocked by MRW in combination with P53 
electro-activated water (Figure 4). Moreover, the electro-
activated water further stimulated the apoptosis and in-
hibited the motility of both cell lines compared to MRW 
alone.

Likewise, successful extraction and transfer of biological 
effects by means of electro-activation has been reported 
for vancomycin (Heredia-Rojas et al., 2015), metronida-
zole (Heredia-Rojas et al., 2011), and retinoic acid (Foletti 
et al., 2012, 2015). Unfortunately, no attempts by inde-
pendent scientists to reproduce the studies of electro-
activation have been published yet. Despite repeated 
reports of such far-reaching results, relatively little at-
tention has been devoted to electro-activation, likely 
because it conflicts with the current paradigm in the life 
sciences. 

The accumulated evidence of biological activity trans-
ferred from a substance to a different medium has led 
to suggestions of novel human treatment modalities. 
The efficacy and safety of such hypothetical treatments, 
termed Quantum Information Medicine (Norman et al., 
2016), need to be investigated in-depth. However, it is 

Figure 3. Effects of amphotericin B (125 µg/mL) and of electro-activated 
water on the growth of cultured Candida albicans. Electro-activation was 
conducted for 15 minutes using a solution of amphotericin B (125 µg/
mL) in the input coil. Negative controls were non-activated, sterile water 
and water obtained from the input and output coils following electro-
activation of water without amphotericin B. Data represent mean ±SD 
of 8 replicates per treatment group from 3 independent experiments. 
Reproduced with permission from Heredia-Rojas et al. (2011).
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tempting to speculate that electro-activation may pave 
the way for future therapeutics associated with fewer 
side effects and possibly holding improved absorption 
properties compared to traditional drug formulations.

Transduction of DNA Information  
by Electromagnetic Fields
Using a technique similar to that used in the electro-
activation of water, Nobel laureate Luc Montagnier et 
al. (2015) demonstrated that information from DNA se-
quences could be extracted from fragments of DNA and 
subsequently transduced to water using a low (7Hz) 
frequency electromagnetic field. Following the addition 
of the reagents necessary for conducting Polymerase 
Chain Reaction (PCR), DNA strands with similar molecu-
lar weights to the original DNA fragments appeared in 
the imprinted water, although identity was not verified 
through sequencing. Moreover, electromagnetic signals 
from the DNA source were recorded as digital files and 
submitted via the internet to distantly located laborato-
ries, where they were shown to imprint water with DNA 
information. 

Importantly, transduction of DNA information via electro-
magnetic fields was confirmed by an independent team 
of researchers (Tang et al., 2019). Using extreme precau-
tions to avoid DNA contamination, the team investigat-
ed significant factors impacting the transduction: It was 
found that by optimizing the experimental conditions, 
the success rate of transduction could be increased to 
above 85%, although false positives could not be com-
pletely avoided. It therefore appears, that further optimi-
zation of the technique is required to achieve full repro-
ducibility.

Structured Water
Related to the transfer of biological effects to a carrier 
by serial dilution or electromagnetic activation are the 
findings of structured domains in water. Of note, Gerald 
Pollack and co-workers have studied the properties of so-
called exclusion zones in water (also termed EZ water), 
which emerge in the vicinity of hydrophilic surfaces im-
mersed in water (Zheng et al., 2006). As observed in the 
microscope, microspheres of approx. 1 µm in diameter 
are rapidly excluded from the water layer closest to the 

Figure 4. Effects on two cell lines of human breast cancer of a 
scavenger of reactive oxygen species (MRW) alone and in  
combination with electro-activated water imprinted by P53, a tumor 
depressant transcription factor with a molecular weight of 53  
kilodaltons. Cell proliferation was evaluated every other day by  
measuring growth in 6-well culture plates at initial density of 2x105 
cells per well. Reproduced with permission from Kim (2013).
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surface of an immersed gel such as NafionTM. Exclusion 
zones may form within seconds and develop to a thick-
ness of more than 100 µm within a time frame of 5 min 
(Figure 5), remaining stable for hours.

EZ water has been shown to hold properties which dif-
fer from those of bulk water: it appears to have a higher 
density, a larger refractive index, and is associated with 
a higher degree of order than bulk water. Moreover, a 
negative electrical potential develops in the exclusion 
zone as a result of protons being excreted to the bulk 
water phase outside the zone. As a result, pH measure-
ments revealed an acidic wave migrating from the exclu-
sion zone into the bulk water phase following immersion 
of the above-mentioned hydrophilic gel. This process of 
separation of electrical charge requires input of energy, 
and the energy source for this was shown to be infrared 
irradiation from the surroundings. Based on its various 
observed characteristics, Pollack (2013) proposed a liq-
uid crystalline structure of EZ water composed of layers 
of fused rings in a honeycomb pattern with a net compo-
sition of H3O2. However, more recently, several research-
ers have argued against this interpretation of the forma-
tion and structure of EZ water and have proposed alter-
native explanations, as reviewed by Elton et al. (2020).

Many researchers are actively studying phenomena in 
water related to the discovery of EZ water, as evidenced 
from conferences of the physics, chemistry, and biology 
of water, organized by Gerald Pollack. Whether the ef-
fects of highly diluted solutions could be explained by 
the appearance of exclusion zones in vivo remains to be 
seen, but exclusion zones have been shown to appear 
near biological surfaces which are abundant in living cells 
(Pollack, 2014). 

Alternative proposals for mediators of high-dilution ef-
fects have been the appearance of coherence domains, 
which are hypothetical domains of clusters of water 
molecules behaving in a synchronized — or coherent — 
manner. The molecules in such domains are thought to 
fluctuate between ground and excited states under the 
influence of electromagnetic radiation (Bono et al., 2012). 
Such clusters may participate in a further level of coher-
ence, through the interactions between a plurality of co-
herence domains, thereby reaching even larger volumes 
of structured water (Messori, 2019). The search for evi-
dence of coherence domains is an active field of experi-
mental research. 

Regardless of the underlying mechanism(s), the findings 
regarding highly diluted solutions and structured water 
described here indicate that under some circumstances, 
water may be associated with subtle and dynamic pro-
cesses beyond the well-known equilibria of dissociation 
and hydrogen binding of liquid water.

Figure 5. Microscopic examination during 5 min following  
immersion of a hydrophilic gel into a suspension of 1 µm 
microspheres. The exclusion zone (EZ) appears within seconds 
and grows to about 100 µm within 5 min. Reproduced with 
permission from Pollack (2013).
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Biological Transmutation of Elements
The stability of elements over time — disregarding radio-
active isotopes — is a well-established concept in physics 
and a key assumption in biology. It is well-known that the 
fusion of nuclei requires surmounting a considerable en-
ergy barrier due to the electrostatic repulsion of the posi-
tively charged nuclei. Consequently, such processes are 
considered highly unlikely in a physical environment at 
normal temperature and pressure.

Non-radioactive elements are also assumed to be stable 
in living organisms, and numerous experiments have 
been interpreted over the years, based on this assump-
tion, which is still considered a cornerstone in the para-
digm of life science. However, during the 19th and 20th 
century, several scientists, such as Baranger and Kervran, 
presented data to suggest that transmutation of elements 
actually does occur in plants and animals under some 
circumstances (Biberian, 2012). Unfortunately, these stu
dies have been largely ignored by modern science. 

In recent years, the work of Vysotskii and Kornilova has 
provided a considerable amount of data to support the 
notion of biological transmutation. Importantly, these 
studies used selective, modern analytical techniques in 
contrast to previous studies. Many of their studies were 
carried out using microorganisms. In a typical study pro-
tocol, a culture of microorganisms is grown in a well-char-
acterized medium under controlled conditions and fol-
lowing incubation, cells are separated from nutrients by 
centrifugation, rinsed in water, and finally dried. In stud-
ies of iron isotopes, the residue is ground into powder 
and analyzed by Mössbauer spectroscopy. Typically, the 
residue is further processed for analysis by time-of-flight 
(ToF) mass spectrometry.

As one example, the transmutation of a manganese iso-
tope (Mn55) to the rare iron isotope Fe57 was studied in 
several bacteria as well as yeast cultures. Cultures were 
grown in the presence of MnSO4 and heavy water (D2O) 
in media essentially free of iron (Vysotskii and Kornilova, 
2013). As seen in Figure 6, mass spectra of Saccharomyces 
cerevisiae grown for 72 hours indicated the appearance of 
the rare Fe57 isotope present only in cultures exposed to 
both Mn55 and D2O. 

The proposed nuclear reaction responsible for these 
findings is the fusion of manganese nuclei with nuclei of 
deuterium (d2):

Mn55 + d2→Fe57

Figure 6. Mass spectra demonstrating biological transmutation 
of Mn55 to Fe57 by Saccharomyces cerevisiae. a) Reference mass 
spectrum of natural multi-isotope iron containing Fe56 as the 
main component and traces of Fe54 and Fe57. b) Reference mass 
spectrum of natural single-isotope manganese (Mn55). c) Mass 
spectrum from a control experiment with S. cerevisiae grown 
with D2O but without addition of manganese, in which no 
enrichment of Fe57 occurred. d) Mass spectrum from 
experiments with S. cerevisiae grown with D2O and manganese 
showing increased content of Fe57. Reproduced with 
permission from Vysotskii and Kornilova (2013).

In a separate experiment, cultures of Bacillus subtilis were 
grown in an iron-deficient medium containing controlled 
quantities of Na23 and P31 (Vysotskii and Kornilova, 2010). 
Following this, elevated amounts of Fe54, which existed 
only in trace amounts in the nutrient, were detected by 
mass spectrometry in the presence of both Na23 and P31. 
Contrary to this, no increase in Fe54 was observed in the 
absence of P31. 

The proposed reaction to account for these findings was:

Na23 + P31→ Fe54

In addition to transmutation of stable isotopes, microor-
ganisms appeared to influence the decay of radioactive 
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isotopes. In experiments with Cs137, a highly toxic waste 
product from nuclear reactors, a mixture of microorga
nisms (“Microbial Catalyst-Transmutator,” MCT), acceler
ated the radioactive decay at various degrees depending 
upon the chemical composition of the media (Vysotskii 
and Kornilova, 2010, 2013). As seen in Figure 7, the appar-
ent half-life of the decay of Cs137 could be substantially 
reduced from the “natural” half-life of approximately 
30 years to 310 days in the presence of CaCO3. Similar 
results — though less effective — were observed in the 
presence of KCl or NaCl or without addition of mineral 
salts. 

The proposed reaction responsible for these observa-
tions was the fusion of a Cs137 nucleus with a proton, al-
though the formation of barium was not confirmed ex-
perimentally: 

Cs137 + p1 → Ba138

Importantly, the accelerated decay of Cs137 by microor-
ganisms has subsequently been confirmed by indepen-
dent scientists (Yum et al., 2019). 

Entanglement in Living Organisms
In a remarkable study of the effects of X-ray irradiation in 
fish, evidence was presented to suggest the occurrence of 
entanglement between groups of fish in vivo (Mothersill 

et al., 2018). Rainbow trout or zebra fish which had been 
irradiated with X-rays were subsequently allowed to 
swim for 2 hours with groups of identical species which 
had not been irradiated. As a result, after swimming to-
gether in a container in which they were separated only 
by a mesh, the two groups acquired similar radiation ef-
fects. Hence, the irradiated group appeared to transmit 
the radiation effects to the non-irradiated group, a phe-
nomenon known as the bystander effect. Surprisingly, 
when the sequence was reversed and the two groups of 
fish were swimming together before irradiation of one 
of the groups, the non-irradiated group again displayed 
similar radiation effects as the irradiated group although 
they had not been physically close during and after irra-
diation. The authors suggested that the two groups had 
been coupled in a kind of entanglement during and fol-
lowing the pretreatment phase of the experiment. Other 
mechanisms such as quantum tunnelling have also been 
suggested to account for these findings (Matarèse et al., 
2023).

Perspectives: an Expanded View  
of Quantum Biology
Almost a century after the birth of quantum mechanics, 
biology has partly adopted quantum concepts such as 
the delocalized and wave-like nature of chemical sub-
stances. This development has given rise to quantum 

Figure 7. Summary of experiments with radioactive decay of Cs137 with 
and without the presence of a mixture of microorganisms (MCT) to 
stimulate biological transmutation. Accelerated decay by MCT occurred 
at various degrees depending on the presence of mineral salts (KCl, 
NaCl, CaCO3, or without mineral salt). Reproduced with permission 
from Vysotskii and Kornilova (2013).
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biology as a distinct scientific discipline which aims to 
apply quantum concepts for the understanding of phe-
nomena which can otherwise not be understood. Quan-
tum biology is still in its infancy as a small community 
with limited impact on life science, a situation which is 
likely to change over time.

However, an ever-increasing amount of empirical data 
has emerged to pose even more serious challenges to 
the foundation of modern life science. As shown here, 
these challenges point towards more radical revisions of 
some of the basic scientific concepts, and we propose a 
view of quantum biology which is expanded to such an 
extent that it represents a step forward towards an en-
tire shift of paradigm. Table 2 summarizes key features 
of an expanded paradigm, which we should like to pro-
pose.

Any new paradigm in science should comprise the previ-
ous paradigm as a special case, and this is met for our 
proposed revision (Table 2). Importantly, the require-
ment that science be based on observation is crucial and 
should be reinforced going forward. The tendency to re-
ject empirical findings based on current understanding 
(Mukerji and Ernst, 2022) should be carefully reconsid-
ered. It represents an unscientific approach which ne-
glects the requirement of observed data behind scien-

Table 2. Features of the proposed expanded paradigm of life 
science.

General 	 • Knowledge is based on observation.
requirements	 • Experiments be reproducible.
in science
		   
Specific 	 • Atoms and molecules are 
assumptions in	    considered manifestations of energy 
the life sciences	    and subject to particle-wave duality.

	 • Transmutation of radioactive and 
	    non-radioactive elements may 
	    occur in living organisms.

	 • Biological effects/information may 
	    either be bound to molecules or
	    transferred to other carriers.

	 • Delocalized effects occur.

	 • The law of mass action may or may 
	    not apply to biological effects, i.e. 		
	    dose-response relationships may 
	    or may not apply.

	 • Heat and frequency interactions 
	    (electromagnetic, sound etc.) 
	    occur with living organisms.

tific knowledge. Likewise, the classical requirement that 
empirical results be reproducible is a prerequisite for 
drawing general conclusions and should be retained with 
the limitations which may occur during the initial studies 
of a phenomenon. During this phase, it may not be pos-
sible to control for all factors of importance, as they may 
only be partly known. Although this seems of particular 
importance for the subtle phenomena encountered in 
quantum biology, such limitations eventually need to be 
resolved. 

One crucial concept here is the model of molecules com-
monly used in chemistry and biology. These are usually 
depicted as consisting of solid spheres — representing 
atoms — which are connected by chemical bonds de-
picted as sticks. Such models have proven useful for de-
scribing the structure and stoichiometry of chemical re-
actions, but they remain models based on 19th century’s 
science and, therefore, do not do justice to the diversity 
and dynamics encountered in recent experiments, some 
of which are reviewed here. 

An alternative and more realistic view of molecules 
is that they represent various forms of energy, forms 
which in some situations behave as localized particles 
and in others as waves which are delocalized in space. By 
adopting such characteristics of matter in biology, it ap-
pears logical also to accept a broader understanding of 
biological effects: effects may be mediated either by local 
effects, such as direct interactions between a molecule 
and a receptor, or by delocalized effects, e.g. by carriers 
such as water which have been imprinted with effects 
extracted from biologically active compounds. The for-
mer represents the majority of drugs in common use to-
day, whereas the latter includes ultra-high dilutions and 
electro-activated preparations. Effects of the latter clear-
ly defy the law of mass action, and hence dose-depen-
dency. Currently, demonstration of dose-dependencies 
is required for regulatory approval of new drugs, which 
makes sense for classical drugs involving local effects of 
a chemical compound. However, for ultra-high dilutions 
or electro-activated preparations for which “concentra-
tions” of chemical reactants are either null or very low, 
dose-dependency in the classical meaning of the word-
ing does not make sense and therefore does not apply.

As pointed out in our suggestion for an expanded para-
digm (Table 2), local and non-local drug effects are not 
mutually exclusive, but are considered to be in action 
side-by-side, although they obey different laws of action. 
Exemplified in a series of 10-fold dilutions of a drug sub-
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stance (from D1, D2, D3 up to D30), a dose-effect relation-
ship is to be expected for the initial dilutions containing 
active concentrations (e.g. D1, D2, D3 up to D6). Contrary 
to this, at higher dilutions, other factors will determine 
the effects. Hence, the effects of ultra-high dilutions de-
pend on the actual dilution (or potentiation) step (e.g. D7, 
D8, D9 up to D30). For electro-activated preparations, the 
factors determining biological effects remain to be estab-
lished. 

Biological transmutations pose another serious challenge 
to current scientific understanding. It seems inevitable 
that quantum mechanics is at play in understanding such 
transmutations, and quantum tunnelling is one possible 
explanation for the phenomena’s occurrence. Nuclei of 
stable elements are generally considered to be resistant 
to nuclear reactions due to energy barriers caused by 
electrostatic repulsion. Such barriers need to be over-
come for transmutation to occur. In the current para-
digm, nuclear reactions are believed to occur only under 
extreme conditions. However, living cells somehow ap-
pear to be able to utilize quantum tunnelling to penetrate 
electrostatic barriers at ambient temperatures. This calls 
for a whole new research area to elucidate to what extent 
— and under which conditions — plants, animals, and hu-
mans utilize such transmutations as supplements to their 
metabolic reactions. Hence, it will be important to define 
the borders between conditions with and without the oc-
currence of transmutation.

Discussion
The overall objective of life science is to provide new 
insight into living nature as well as to develop applica-
tions in health care, nutrition, and biotechnology based 
on such insight. Scientific progress is an intricate balance 
between adopting new ideas based on experimental data 
and holding on to well-established knowledge. At times, 
this balance suffers from an overly conservative attitude 
among scientists, and in such situations, science itself be-
comes a barrier to innovation and new insight (Cooper, 
2017).

As shown here, by ignoring the quantum nature of sub-
stance, life science has neglected a range of empirical 
data which do not comply with widely adopted scientific 
understandings. A variety of mechanisms — psychologi-
cal barriers as well as resource limitations — may be at 
play in such a conservative approach. Importantly, the 

human mind tends to hold on to previously acquired 
knowledge, and moreover, some scientists may be ham-
pered by fear of cognitive dissonance and of losing face 
in front of colleagues. Equally important perhaps is the 
issue of funding. Public and private funding organizations 
often rely on established scientists for evaluating appli-
cations for research grants, although some foundations 
now allocate funding for unconventional projects. Such 
an approach is likely to provide a broader scientific in-
sight and should be expanded onwards. 

The paradigm proposed here is unlikely to be adopted 
in the short term given its current opposition from the 
scientific community as well as from media. A reversal 
of this over time will require new attempts to reproduce 
crucial experiments and to thoroughly characterize the 
conditions and properties of non-classical, strange phe-
nomena. The study by Tang et al. (2019) in their attempt 
to reproduce the transfer of information from DNA to wa-
ter as reported by Montagnier et al. (2015) is a textbook 
example of an effort to characterize a non-classical effect 
in which extreme precautions were taken to rule out ex-
perimental pitfalls. Moreover, in vitro results should be 
projected to in vivo evaluations to elucidate practical ap-
plications of the findings. This is still in its infancy.

Conclusions
We have presented experimental evidence to suggest 
that quantum biology has the potential to develop into 
a broader discipline than is currently the case, and we 
have suggested key features of a life science paradigm 
allowing for the study of phenomena which have hitherto 
been dismissed as impossible or even pseudoscientific.

It is to be expected that new avenues for the preven-
tion and treatment of disease will emerge, once such a 
paradigm gains widespread acceptance, as pointed out 
by Goh et al. (2020). We suggest that candidates for such 
treatments are those based on physical mechanisms, 
such as heat, magnetism, and sound, as well as on elec-
tromagnetic and other fields. 

Of particular interest are the prospects of electro-activat-
ed media, e.g. water, for human therapy. This technology 
represents opportunities for medical treatments based 
on biologically active compounds which themselves are 
unsuited for human treatment due to issues with drug 
formulations, prohibitive toxicities, or — for antibiotics 
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— due to the risk of antimicrobial resistance. Future re-
search is required to map out the basic characteristics 
as well as the clinical effects and safety profiles of such 
preparations.

Furthermore, the recognition and intensified study of a 
range of existing complementary treatments are likely to 
ensue, which applies to traditional Western (e.g. homoe-
opathy) as well as Asian therapies.
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Discussion with Reviewers
Reviewer 1: “In a study of water imprinted with effects from 
amphotericin B, the viability of the fungus Candida albicans 
was investigated following incubation with the electro-acti-
vated water and compared to amphotericin B itself (Heredia-
Rojas et al., 2012).” Was there a control using an inactive 
form of amphotericin B?

Authors: As mentioned in the legend to Figure 3, the three 
control samples were without effect.  A control sample 
with inactive amphotericin would have been of value but 
was not included in the study.

Reviewer 1: “Likewise, successful extraction and transfer of 
biological effects by means of electro-activation has been re-
ported for vancomycin (Heredia-Rojas et al. 2015), metroni-
dazole (Heredia-Rojas et al. 2011), and retinoic acid (Foletti 
et al. 2012).” Did any of these papers have a control in which 
an inactive version of the molecule was used?

Authors: None of these studies included inactive ver-
sions of the molecules. However, in an additional paper 
by Foletti et al. (2015), shielding of the electromagnetic 
signals during electro-activation was shown to remove 
the effects on cell proliferation.

Reviewer 1: In Montaigner et al. (2015), the authors write 
“after 40 PCR cycles of amplification the original DNA was 
detected, as shown by a specific band in gel electrophoresis 
of the expected molecular weight.” If this ‘DNA’ was not se-
quenced, they might mention this since it is conceivable that 
the treatment simply generated a fragment of the same size 
as the original but with no sequence similarity. This criticism 
might be levelled at the Tang et al. (2019) paper too.	

Authors: We agree that a band with the expected mo-
lecular weight does not constitute final proof of identity 
and have mentioned the lack of sequencing in the revised 
manuscript.

Reviewer 1: “Pollack (2013) proposed a liquid crystalline 
structure of EZ water composed of layers of fused rings in a 
honeycomb pattern with a net composition of H3O2” The in-
terpretation of these results has been criticized. The authors 
might cite these criticisms and the rebuttals, e.g.: 

Elton DC, Spencer PD, Riches JD, Williams ED (2020). “Exclu-
sion Zone Phenomena in Water — A Critical Review of Ex-
perimental Findings and Theories.” Int. J. Mol. Sci. 21: 5041.  

Florea D, Musa S, Huyghe JMR, Wyss HM (2014). “Long-range 
repulsion of colloids driven by ion exchange and diffusio-
phoresis.” Proc Natl Acad Sci 111(18): 6554–6559. 

Sordello F (2025). “Established electrochemistry theory rules 
out the existence of exclusion-zone water at polarized Pt 
electrodes.” Chem Phys Lett 865: 141920. 

Authors: We agree that criticism of the exclusion zone 
phenomena should be considered and have referred to 
the Elton et al. (2020) review paper in the revised manu-
script. 

However, we consider an in-depth discussion of this to be 
outside the scope of our paper.

Reviewer 1: The authors might mention how quantum ef-
fects have been invoked (or could be invoked) to explain: the 
action of restriction enzymes (Kurian et al.); possible com-
munication between irradiated cells and non-irradiated 
neighbors (Mothersill et al.); peptide synthesis by ribosomes 
(Acosta-Silva et al.); the ideas of Hameroff, Tuszynski, and 
collaborators on collective dipole interactions in tubulin etc. 
(e.g. https://doi.org/10.1038/s41598-017-09992-7); and son-
ic communication between bacteria (Matsuhashi et al.).

Authors: Thank you, we appreciate these suggestions.

We find the papers of Mothersill et al. (2018; 2023) highly 
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interesting and relevant and have referred to them in a 
new section “Entanglement in living organisms.”

Kurian et al. (2016), who proposed a quantum mechanical 
model for collective electronic behavior in the DNA helix, 
where dipole-dipole oscillations are quantified through 
boundary conditions imposed by the enzyme, is relevant. 
However, we already have examples of coherence and 
therefore refrain from referring to this. The paper of 
Acosta-Silva et al. (2012) on quantum-mechanical mecha-
nisms of peptide bond formation is interesting and rel-
evant, but we prefer to refrain from further expanding 
the number of quantum biological examples. 

The paper of Craddock et al. (2017) deals with the effect 
of anesthetics, substances with a clear dose-response re-
lationship and therefore beyond the scope of our article. 
Matsuhashi et al. published a paper in 1995 demonstrat-
ing a “totally new” phenomenon — a signal that crosses 
from one petri dish to another. Later (1998), however, 
they presented evidence that this effect is mediated by 
sound waves, and therefore is beyond the scope of our 
article.

Reviewer 2: There must be some acknowledgement and un-
derstanding of the conditions for a paradigm shift in science. 
Paradigm shifts define boundaries: Newton is not valid as 
speeds approach the speed of light, classical physics breaks 
down when uncertainties approach Planck’s constant, and 
so on. This provides a fit between old and new and an un-
derstanding of the scope of the respective paradigms. The 
reason for skepticism regarding the proposed extension of 
quantum biology is that this supposed new paradigm is not 
defined by a boundary. What is the parameter? You cannot 
establish a new paradigm without this — it is just a number 
of unrelated observations awaiting explanation. This should 
be admitted. 

To put this a bit differently: Physics is quantum, hence so is 
biochemistry. The issue is under what circumstances does 
a classical model begin to apply. Otherwise, every odd ob-
servation (telepathy, spoon bending) can be “explained” by 
entanglement; this does not establish them as a discipline 
(or paradigm).

Authors: This discussion seems very important, and we 
have changed the Perspectives section accordingly. Here 
we can add some experiments which have been done 
to test the difference between substantial amounts of a 
substance with a biological effect, and the serially dilut-
ed substance (Pelikan W in: Itschner V (ed): Potenzierte 

Heilmittel. Verlag freies Geistesleben, Stuttgart 1971. p. 
74-81). For the dilutions D1, D2, D3, and D4 of heavy met-
als corresponding to the concentrations 10%, 1%, 0.1%, 
and 0.01%, a declining inhibitory effect on the growth of 
plants was demonstrated. To test the effect of the poten-
tization process, Pelikan (1971) made an experiment with 
nitrate of lead in the potencies D8-D19 on the one hand, 
and the dilutions with other proportions between sub-
stance and medium as 1+9 ppm on the other hand. The 
result was that the effect on growth of plants depended 
on the number of dilutions, not of the “concentration.” 
Perhaps this experiment is able to contribute an answer 
to your question “What is the parameter?” Here, substan-
tial amounts (D1–D4) give classical effects, whereas D8–
D19 give quantum effects. The limit is very different for 
different substances.

Reviewer 3: Could you expand on the Yum et al. 2019 study 
on the decay of Cs137 by microorganisms—was Ba138 found, 
and, if so, how?

Authors: It appears that neither Vysotski nor Yum et al. 
confirmed the appearance of Ba138. The reaction was sug-
gested by Vysotski based on energetic considerations.

Reviewer 3: You make a case for why the door for a paradig-
matic shift should be at least not locked and perhaps even 
ready to be opened. Does it not require a set of experiments 
that replicate key findings and build on that all the way to 
practical, even medicinal applications? In your opinion, what 
would this process look like? What experiments, where, and 
by whom? What would constitute undeniable results?

Authors: We agree and respond to this under Perspec-
tives. Here, we can add that we do hope that our article 
can give an incentive to do research and help to get fund-
ing. Who could do the research? Some experiments could 
be done by the working group of Stephan Baumgartner 
(Institute of Complementary and Integrative Medicine, 
Faculty of Medicine, University of Bern, Bern, Switzer-
land).


