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Abstract

Recent studies on the use of highly diluted substances 
to treat aquatic animals have been raised in literature. 
These studies are mainly focused on experimental tools 
to elucidate the mechanisms of high dilutions’ actions 
on living beings, and that reveal the potential use of 
these products as a clean and cheap technology to im-
prove animal health. Endler and colleagues carried out 
the most reproducible experimental model in this field 
more than 20 years ago – that is, the effects of highly di-
luted thyroxine on tadpole development, whose papers 
were published between 1994 and 2015. More recently, 
certain species of aquatic animals – such as zebrafish 
and microcrustaceans – have been used as experimen-
tal models to evaluate toxicity and bioresilience. Con-
cerning microcrustaceans, a series of studies using 
Artemia salina have shown interesting results in induc-
ing adaptative processes to hazardous substances. At 
least partially, these effects seem to be associated with 
changes in the electric properties of water, as seen by its 
interaction with solvatochromic dyes.

Introduction

Environmental challenges demand new attitudes and 
perspectives from humanity concerning its economic re-
lationship with the Earth’s fauna and flora. Finding solu-
tions implies more research on the properties of water; 
thus, the global scientific community urges new and accu-
rate experimental models to be carried out to strengthen 
the planet’s bioresilience.

The use of highly diluted substances – including homeo-
pathic preparations – to promote aquatic animal health 
has been mentioned in recent studies. Some species are 
used as bioindicators of toxicity (Martins et al. 2007), a 
fact which motivated our group to conduct experimen-
tal research on the microcrustacean Artemia salina. The 
objectives of this research were to verify the putative 
protection of highly diluted substances, prepared accord-
ing to the homeopathic pharmacopeia, to xenobiotics-
exposed aquatic organisms (Coimbra Melo, 2020; Nagai, 
2021; Pinto, 2021).

The findings indicate that the protection is mostly – but 
not exclusively – related to both changes in electric prop-
erties of water (Bonamin et al. 2020; Cartwright 2016, 
2017, 2018, 2020) and hormesis, an adaptative phenom-
enon of living beings triggered by subtle stimuli (Berry III 
and López-Martínez, 2020; Bozhkov et al. 2010; Lajqi et 
al. 2019). The high dilution of toxic substances could hy-
pothetically desensitize intoxicated organisms in a post-
hormetic manner, even beyond Avogadro’s number, via 
specific information processed at a nanoscale level (Ca-
labrese and Giordano, 2021; Ullman, 2021). The results 
show not only enhancement of aquatic organisms-de-
rived food production (Lima et al. 2015; Mazón-Suástegui 
et al. 2019), but also the possibility of providing animal 
welfare (Narita et al. 2021).

Herein, we present an updated overview of the literature 
on basic and applied research concerning the effects of 
highly diluted solutions on aquatic organisms, followed 
by a discussion on further perspectives involving this 
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technical resource as a tool for improvement of water 
quality and bioresilience.

Search Methods
The same methodology for reviewing indexed articles on 
the Pubmed® website presented by Bonamin et al. (2015) 
was used: searching for different experimental studies 
using aquatic animals published between 2001 and 2021. 
A thorough investigation was carried out using the fol-
lowing keywords:

•	High-dilutions, high dilutions, highly-diluted, highly 
diluted, or homeopathy / fish;

•	High-dilutions, high dilutions, highly-diluted, highly 
diluted, or homeopathy / bivalve;

•	High-dilutions, high dilutions, highly-diluted, highly 
diluted, or homeopathy / crustacean;

•	High-dilutions, high dilutions, highly-diluted, highly 
diluted, or homeopathy / amphibian;

•	High-dilutions, high dilutions, highly-diluted, highly 
diluted, or homeopathy / zoological.

The inclusion criteria were based on language (only pa-
pers written in English) and type of article (only original 
experimental studies). Thus, the exclusion criteria were 
papers written in languages other than English, reviews, 
editorials, opinion articles, single-case reports, and stud-
ies focused on non-highly diluted interventions.

Results and Discussion
Keywords and their respective results are indicated in 
Table 1. From the general results, eligible articles were 
chosen according to inclusion and exclusion criteria, re-
sulting in 86 articles, of which 28 were eligible, and five 
were duplicates. Thus, 23 articles were finely selected for 
discussion.

The evolution observed over the last few years is no-
ticeable, indicating the topic’s relevance despite scarce 
literature. The first report contemplating aquatic organ-
isms and high dilution effects was seen in Endler and 
colleagues’ study, 1994. In this study, highly diluted 
thyroxine D30 (30 decimal dilution) was described as a 
factor that delayed metamorphosis in juvenile frogs fol-

lowing its introduction into water. It was the first study 
of a series from the same and other groups – see Table 
1 – (Guedes et al. 2004; 2011; 2016; Graunke et al. 2007; 
Weber et al. 2008; Welles et al. 2007), and is one of the 
most reproducible experimental models involving high 
dilution research (Endler et al. 2010, 2015a,b; Ober-
baum, 2013).

The reproducibility of Endler’s amphibian model was 
successfully tested by Guedes et al. (2004). The study fo-
cused on the 5 x 10-24 M (10cH or 10th centesimal Hahn-
emannian dilution) hormone, triiodothyronine (T3), and 
its action on tadpole tail explants that first suffered the 
induction of an apoptotic process by immersion in a 100 
nM solution of the same hormone (Guedes et al. 2011). 
This group also ratified the initial proposal – that the 
highly diluted solution could have transmitted certain 
drug information, via water, to the tadpoles. From then 
on, the group improved its experimental model (ran-
domized and blinded). 

The expression of caspase proteins is directly related to 
the process of cell apoptosis. In another experiment that 
reproduced their previous results, Guedes et al. (2016) 
identified lower RNA expression of caspases 3 and 7 in 
tadpoles stimulated by T3 solution at 100 nM and subse-
quently treated with the 10cH dilution of this hormone. 
Again, the ability of high dilutions of thyroid hormones 
to induce changes in the metamorphosis-related process 
through the water was seen.

Graunke et al. (2007) observed that the immersion of low-
land amphibians in highly diluted thyroxine also had a de-
laying effect on metamorphosis, preventing many from 
reaching the four-legged stage of development, even in 
amphibians that had been pretreated with thyroxin 10-8. 
On the other hand, Welles et al. (2007) found no direct 
relationship between the pretreatment of amphibians 
with thyroxine 10-8 and the subsequent immersion of the 
animals in a thyroxine 10-30 M solution to reduce meta-
morphosis. Later, Weber et al. (2008) demonstrated that 
sources such as microwaves and cellular phones inhib-
ited the transmission of information by dilution. Airport 
x-ray and barcode scanners did not alter the results of 
the dilution on amphibians.

To reproduce the data obtained in previous research, 
Endler et al. (2015) proceeded to carry out a study that 
compiled results – from different years and stages of 
development – from amphibians treated with the thy-
roid hormone in the 30cH homeopathic potency. Al-
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Keywords Results Eligible  
articles Author and publication year

High dilutions / high-dilutions and fish 5 1 Carlsson, 2009

Highly-diluted / highly diluted and fish 15 1 Mazón-Suástegui et al. 2020

Homeopathy and fish 26 11

Sukul et al. 2003; Valentim-Zabott et al. 2008; 
Júnior et al. 2012; Braccini et al. 2013;

Feitosa et al. 2013; Andretto et al. 2014;
Merlini et al. 2014; Rosero-García et al. 2019;

Mazón-Suástegui et al. 2017; 2019; 2020

High dilutions / high-dilutions and bivalve 2 0 -

Highly-diluted / highly diluted and bivalve 3 1 López-Carvallo et al. 2020

Homeopathy and bivalve 1 1 Mazón-Suástegui et al. 2017

High dilutions / high-dilutions and crustacean 1 0 -

Highly-diluted / highly diluted and crustacean 1 1 Reis et al. 2018

Homeopathy and crustacean (artemia) 1 1 Pinto et al. 2021

High dilutions / high-dilutions and amphibian 7 2 Guedes et al. 2011; 2016

Highly-diluted / highly diluted and amphibian 5 3
Graunke et al. 2007;
Welles et al. 2007; 
Weber et al. 2008

Homeopathy and amphibian 14 5
Guedes et al. 2004; 2011; 2016

Harrer, 2013 (erratum);
Weber et al. 2008

High dilutions / high-dilutions and zoological 1 0 -

Highly-diluted / highly diluted and zoological 1 0 -

Homeopathy and zoological 3 1 Narita et al. 2021

Duplications -5 -5
Weber et al. 2008;

Guedes et al. 2011; 2016;
Mazón-Suástegui et al. 2017; 2020

Total 81 23 -

Table 1. Keywords, results, eligible articles, author, and year of publication
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though external variables – such as season, sample size, 
and duration of the experiment – could produce minor 
interferences in the results, there was statistical confir-
mation on the dilutions’ capacity to delay metamorpho-
sis. Thus, following more than 20 years of refinement, 
the amphibian model seems to be well recognized now. 
Its outcomes can be considered a new cornerstone of 
fundamental research on high dilutions (Oberbaum, 
2013). A prospective analysis of the functionality of ex-
perimental models was carried out by Endler et al. in 
1994 (2015 b). Besides the apparent improvement of 
techniques and theoretical upgrade, the study found 
that most models – such as the amphibian model itself – 
were adequately developed and applied in laboratories. 

Sukul et al. (2003) are responsible for the oldest report 
about high dilution effects on fish. In this study, the au-
thors verified whether ultra-high dilutions of mercury 
chloride and Nux vomica extract (Mercurius corrosivus 
30c and Nux vomica 30c) could change water perme-
ability in fish erythrocytes pretreated with ethanol. Both 
testing dilutions increased water permeability in these 
cells, and these effects were related to aquaporin activ-
ity.

Between 2008 and 2014, a series of experiments using 
Nile Tilapia (Oreochromis niloticus) were performed at the 
State University of Maringá, Paraná, Brazil. They showed 
the effects of a homeopathic commercial product based 
on a mixture of highly diluted substances, Homeopatila 
Complex RS 100™ (Table 2) that, when poured onto food, 
improved weight gain, sex ratio, and gill and liver histolo-
gy. In this case, alcohol 30% (negative) and the hormone, 
17 alpha-methyltestosterone (positive), were the controls 
facing the treated group; the assays were performed in 
quadruplicate. Although Homeopatila Complex RS 100™ 
treated fish were significantly smaller than other groups, 
their survival was significantly greater (Valentim-Zabott 
et al. 2008).

Table 2. Composition of the Homeopatila Complex RS 100 ™

Iodum 12cH 250 ml

Sulfur 30cH 250 ml

Natrum muriaticum 200cH 250 ml

Streptococcinum 30cH 250 ml

Source: Real H Homeopatia - Brazil

Some years later, Júnior et al. (2012) applied the same 
homeopathic complex to verify a possible increase in 
hormone-induced muscle hypertrophy. Environment 
temperature, water temperature, pH, dissolved oxygen, 
ammonia, and nitrite contents were measured. Again, 
although the high dilution treated fish were smaller in 
size, their survival and muscle fiber hypertrophy had 
improved. Studies with Nile Tilapia and the homeopath-
ic complex continued in 2013 and 2014. Braccini et al. 
(2013) evaluated the prevalence of ectoparasites, and the 
morpho-functional response of the liver and gills of this 
aquatic organism fed with fishmeal and the Homeopatila 
Complex RS 100™ at different concentrations. Chemical 
parameters of water, temperature, pH, dissolved oxy-
gen, and electrical conductivity were also measured three 
times a week and verified twice a day. The best results 
in the liver and branchiae occurred in fish receiving Ho-
meopatila Complex RS 100™ at 40 mL/kg. Many parame-
ters were improved, such as hepatocyte cell density, inter-
cellular glycogen content, histological features (hyperpla-
sia, lamella fusion, and telangiectasia), and percentage of 
mucin-producing cells. One year later, Merlini et al. (2014) 
studied the effect of Homeopatila Complex RS 100™ in 
the levels of plasma cortisol under stress conditions. The 
same treatment enabled Nile Tilapia to cope with stress 
since there was a decrease in cortisol levels.

Other interesting results concerning the performance of 
fish meat production using this product were described 
in Andretto et al. 2015 and Fuzinatto et al. 2015. On the 
other hand, the same performance of Homeopatila Com-
plex RS 100™ could not be observed in an Amazonian 
fish, Tambaqui (Colossoma macropomum), as described 
by Pinheiro et al. (2015).

Concerning marine organisms, Mazón-Suástegui et al. 
(2017) conducted the first research of another high di-
luted commercial complex (Passival™) on juvenile scal-
lops,  Argopecten ventricosus, challenged with the bacte-
rium, Vibrio alginolyticus. Growth, survival, and immune 
response were evaluated. The other two products, 
Phosphoricum acid 30cH and Silicea terra 30cH, were 
also studied and compared with two antibiotics (Ampi-
cillin and Oxytetracycline). The researchers concluded 
that homeopathic treatments improved growth and sur-
vival against V. alginolyticus  infection in juvenile scallops 
compared to the controls and the antibiotics. The for-
mula of Passival™ was described as Passiflora incarnata 
30cH, Valeriana officinalis 30cH, Ignatia amara 30cH, and 
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Zincum valerianicum 30cH. In 2019 and 2020, the same 
group studied the gene expression of immune response 
cytokines in Seriola rivoliana juveniles (30- and 60-days 
post-hatching) treated with a high diluted product made 
from V. alginolyticus and a complex made by a mixture of 
Phosphoric acidum and Silicea terra. Fishes challenged 
with V. alginolyticus and treated with both protocols 
presented over-expression of IL-1 beta, but different 
outcomes related to oxidative and digestive enzymatic 
activity. In general, the complex Phosphoric acidum and 
Silicea terra improved immune response and food con-
version – promising tools for sustainable and clean meat 
fish production (Mazón-Suástegui et al. 2019; 2020).

Another recent study was carried out by Roséro-Garcia 
et al. (2019) on intestinal coccidia infection, and cellular 
immune response of Pargo Rosa (Lutjanus gutattus) after 
different homeopathic treatment protocols; the prod-
ucts were sprinkled on the food. An increase in the ac-
cumulation of metabolic reserves in the liver, and of mu-
cin production in gills, alongside significant maturation 
of neutrophils and lymphocytes in the blood, revealed a 
positive effect on fish health.

The most relevant paper published by this group (López-
Carvallo et al. 2020) shows a transcriptome analysis of 
Catarina Scallop (Argopecten ventricosus) juveniles treated 
with high dilutions of three immunostimulatory agents: 
Phosphoricum acidum with Silicea terra; lysate obtained 
from Vibrio parahaemolyticus, and scorpion venom. A 
combination of gene expression and silencing was seen 
among the tissue samples for the different treatments. 
The increment in specific genes’ expression related to 
different molecular functions (ion binding, oxireductase 
activity, and transmembrane transporter activity) and 
metabolic pathways (enzymes related to food assimila-
tion, biosynthesis of secondary metabolites, thermogen-
esis, hemocyte count, phagosomes, endocytosis, and NF-
ĸB signal) highlighted A. ventricosus juvenile skills to cope 
with pathogen infections, also reducing proliferation. 
In sum, the authors state that transcriptome analysis 
allowed for comprehensive understanding of highly 
diluted treatments related to the immune response, re-
ducing parasite proliferation, and allowing survival de-
spite infection challenges.

Less frequent studies about the toxicology of highly di-
luted substances have also been reported. However, 
most of the studies in this field are related to the toxicol-
ogy of nanoparticles, low doses, and low concentrations 
of active substances (Mirshafiee et al. 2017; Pulido-Reyes 

et al. 2017; Syberg et al. 2015), representing a higher level 
of active substances in comparison with ultra-dilutions. 
Thus, these studies are not in the scope of this issue.

Regarding the safety of high diluted products, Gupta et al. 
(2016) observed the presence of nanoparticles in highly 
diluted solutions related to patterns of tissue health in 
zebrafish embryos (Danio rerio) using electron microsco-
py technique. No toxicity was identified for the embryos 
(studied by the incidence of malformation, edema, ne-
crotic or apoptotic cell processes, and death), even at dif-
ferent times of exposure.

From another point of view, due to the need to control 
the impact of water pollution on living beings, efficient 
models have been developed to study bioresilience. 
The discharge of untreated industrial effluents favors 
the accumulation of heavy metals in water bodies that, 
in turn, have a great capacity to generate alterations in 
animal behavior, such as the establishment of anxiety-
like behavior. Carlsson (2009) described that very high 
levels of a range of pharmaceuticals were found in an 
effluent that receives garbage from approximately 90 
manufacturers of bulk drugs. Despite their high toxicity 
to microorganisms, the effect of these drugs is unknown 
for aquatic animals due to the lack of studies involving 
chronic toxicity in these species. Milligram-per-liter lev-
els of fluoroquinolones, for example, can be conserved 
across various organisms and impact wildlife, like the 
metamorphosis of tadpoles and zebrafish behavior. 
Coelho et al. (2018) demonstrated the anxiolytic capac-
ity of Arsenicum album 6 cH by reversing the effects of 
intoxication induced by sodium arsenate added to water 
containing a zebrafish (Danio rerio) population.

Microcrustaceans can also perform different bioresilience 
mechanisms when facing various sources of stress. Know-
ing the impact of metals such as uranium on aquatic eco-
systems is critical to ensure their long-term health and 
sustainability. Reis et al. (2018) have shown that expos-
ing Daphnia magna to a 2% uranium solution permitted a 
transgenerational recovery auto-capacity under intermit-
tent stress. Metal-induced DNA damage is no longer de-
tected after the third generation, although more research, 
especially considering mutations, is still required.

Between 2019 and 2020, the Artemia salina model was in-
serted into the routine of our research group. There were 
three different works; each one focused on a specific in-
toxication challenge: mercury chloride, sodium arsenate, 
and glyphosate; thus, treatments based on homeopathic 
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highly diluted solutions of the respective intoxicant were 
applied (Coimbra Melo, 2020; Nagai, 2021; Pinto, 2021).

Coimbra Melo (2020) observed that the hatching rate 
of Artemia salina cysts was higher following exposure to 
sodium arsenate in a concentration-dependent manner, 
and the effects were modified according to the moon 
phase. Furthermore, all testing with highly diluted so-
dium arsenate (6cH, 30cH, and 200cH corresponding to 
3.2 x 10-14 M; 3.2 x 10-62 M and 3.2 x 10-402 M, respectively) 
reduced the hatching rate and improved the survival of 
the born nauplii; the crescent moon was established as 
standard. Curiously, the treatment of water containing 
sodium arsenate at the highest concentration (6.0 mg/
ml) and the co-treatment with sodium arsenate 30cH re-
sulted in greater arsenic precipitation and probably less 
bioavailability.

Nagai (2021) demonstrated that the treatment of glypho-
sate exposed Artemia salina cysts (at EC10 or 10% effi-
cacy concentration) with glyphosate 6cH (5.9 x 10-13 M) 
reduced cysts’ hatching rates, leading to a selection of 
nauplii presenting more vitality and less defective mor-
phology – an apparent effect of bioresilience. The post-
treatment delay in the hatching rate was even more sig-
nificant in 80% salinity water. The water analysis by the 
interaction of solvatochromic dyes revealed coumarin 
as the most specific physicochemical marker of samples 
treated with glyphosate 6cH, whatever the degree of 
water salinity. However, the statistical significance was 
higher in water containing glyphosate EC10 and 80% 
salinity. The results suggest that, besides the expected 
hormesis effect, the participation of the electrical prop-
erties of water after adding glyphosate 6cH could be at 
least part of the adaptative process of Artemia salina to 
glyphosate exposition, following its clear effects on sol-
vatochromic dyes.

Pinto et al. (2021) subjected Artemia salina cysts to mer-
cury chloride exposure at a concentration of 5.0 μg/ml 
(EC10), and treated them with Mercurius corrosivus at 
6cH, 30cH, and 200cH dilutions (or mercury chloride 3.68 
x 10-14 M; 3.68 x 10-62 M; 3.68 x 10-402 M respectively). Com-
pared to control groups, the results showed a statistically 
significant delay in cyst hatching following treatment with 
Mercurius corrosivus 30cH. This outcome was associated 
with an increase in the total soluble mercury concentra-
tion in water, and an increase in the chlorine/oxygen ra-
tio in microaggregates found in suspension, again sug-
gesting some reduction in mercury bioavailability. In this 

case, there was a particular interaction of MC 30cH with 
the solvatochromic dye ET33.

Finally, the effect of high dilution was also described in 
marine birds. Narita et al. (2021) reported a series of 
clinical cases about treating acute and chronic pododer-
matitis in Magellanic penguins (Spheniscus magellanicus) 
with Calcarea carbonica 12cH and Arnica montana 6cH. 
The better rate of improvement was related to the early 
treatment. Animals presented regression of edema and 
infection, and no side effects.

Final Considerations 
As seen above, there are a reasonable number of stud-
ies about highly diluted products concerning their ef-
fects on fish and other aquatic animals in both clinical 
and experimental approaches. These studies have two 
main foci of interest: the development of sustainable 
fish or bivalve meat production and laboratory models 
to elucidate the biological mechanisms of high dilution. 
An improvement of adaptative processes is seen, such 
as changes in metamorphosis or cysts’ hatching rates 
following the addition of highly diluted substances into 
water. These adaptative changes are related to the im-
provement of natural bioresilience processes that can 
vary according to species and environmental context, 
but in all cases can be facilitated by high dilution. Similar 
adaptative mechanisms on immune and physiological 
parameters to stressful situations were also reported by 
other authors (Dias-Neto et al. 2017). The set of findings 
present an interesting approach that contributes with 
the one-health concept – in which human, animal and 
environmental health must be considered as a whole 
- to provide modern and efficient solutions to contem-
porary problems, such as microorganism resistance to 
antimicrobials.

Nevertheless, a series of new studies points to the pos-
sibility of electric water changes being somehow in-
volved in the bioresilience process. Although these in-
volved mechanisms are not entirely understood, certain 
changes seem to be related to hormesis, since they are 
associated, at least in part, to the regulatory process of 
gene expression and protein production (Berry III and 
López-Martínez, 2020; Calabrese, 2018; Calabrese and 
Giordano, 2021; De Pádua et al. 2021; López-Carvallo et 
al. 2020). From the method developed by Steven Cart-
wright, variations on dipole moment of high dilutions 
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submitted to succussion have been well established in a 
series of studies (Cartwright, 2016. 2017, 2018, 2019) in 
which a broad panel of dyes was tested. Additional stud-
ies performed on both cell cultures (Bonamin et al. 2020) 
and Artemia salina hatching cysts (Nagai, 2021; Pinto et al. 
2021) have shown the capacity of the culture medium to 
interact with the same solvatochromic dyes that were re-
active with the respective homeopathic products used as 
treatment. Moreover, the treatment of water reservoirs 
with homeopathic products has been prospected, open-
ing up a new technical perspective to improve adapta-
tive processes in the natural environment through water 
(Aparicio et al. 2020).

Conflict of interest
There is no conflict of interest referring to this article.

Discussion With the Reviewers (DWR)
Reviewer: Would there be a hypothesis for the result of Pin-
heiro et al. 2015?

Authors: The authors declared that it might be due to dif-
ferences in fish metabolism, since Homeopatila Complex 
RS 100™ was designed to improve weight gain in Nile tila-
pia but not in Tambaqui fish. A certain species specificity 
was then observed.

Reviewer: According to the presented review, “high dilutions” 
have an essential role within the “One Health” perspective 
– so discussed nowadays. I would like to know the authors’ 
views on the subject. Moreover, how can they be used to 
demonstrate this role to the scientific community?

Authors: The One Health concept doubtless perfectly 
matches new possibilities to warrant potable water by 
means of innovative useful techniques of treating wa-
ter. Social venues in parks with lakes, lagoons, and riv-
ers could be an initial focus to proceed with scientifically 
established methodologies regarding water clean-up and 
increase of bioresilience in degraded fields through ultra-
diluted aqueous solutions. Water physical and physico-
chemical analysis has been carried out over the last two 
years, resulting in outcomes that are related to the re-
spective mechanisms (Aparicio et al. 2020; Bonamin et al. 
2020; Cartwright 2018; Cartwright 2020; Yinnon and Liu, 
2015; Yinnon, 2020). The reunion of all results could af-

ford critical importance to homeopathy and its possibili-
ties for human, animal, and environmental health.
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