
[Frontiers in Bioscience E3,  1128-1138, June 1, 2011] 

1128 

Postconditioning hormesis and the similia principle 
 
Roeland Van Wijk1,2, Fred A.C. Wiegant,3,4 
 

1International Institute of Biophysics, Neuss, Germany, 2Meluna Research, Geldermalsen, The Netherlands,  3University College, 
Utrecht University, The Netherlands, 4Faculty of Science, Department of Biology, Utrecht University, The Netherlands 
 
TABLE OF CONTENTS 
 
1. Abstract 
2. Introduction 

2.1. Hormesis 
2.2. Universality of hormesis in science 
2.3. Preconditioning and postconditioning hormesis 
2.4. Postcondioning hormesis and the homeopathic Similia principle 

3. Clinical potential of postexposure conditioning 
3.1. Postconditioning in immunology 
3.2. Postconditionig in cardiovascular disease 
3.3. Postconditioning in psychological diseases 
3.4. Postconditioning in intoxication 

4. Basic research 
4.1. HomBRex database 
4.2. Studies on intact rats 
4.3. Studies on cultured cells 

4.3.1. Homologous postconditioning hormesis with arsenite 
4.3.2. Homologous postconditioning hormesis with cadmium 
4.3.3. Homologous postconditioning hormesis with heat shock 

4.4. Heterologous postconditioning hormesis: Towards the Similia principle 
4.4.1. Methodological aspects 

  4.4.2. Remedy picture and similarity 
4.4.3. Similia principle tested 
4.4.4. Molecular aspects 

5. Discussion and conclusion 
6. References 
 
 
1. ABSTRACT 
 

Postexposure conditioning, as a part of hormesis, 
involves the application of a low dose of stress following 
exposure to a severe stress condition. The beneficial effect 
of a low level of stress in postconditioning hormesis is 
illustrated by a number of examples found in experimental 
and clinical research. Depending on whether the low-dose 
stress is of the same type of stress or is different from the 
initial high-dose stress causing the diseased state, 
postconditioning is classified as homologous or 
heterologous, respectively. In clinical homeopathy, where 
substances are applied according to the Similia principle, 
the same distinction is found between the isopathic and the 
‘heteropathic’ or homeopathic use of low dose substances. 
The Similia principle implies that substances causing 
symptoms in healthy biological systems can be used to treat 
similar symptoms in diseased biological systems. Only 
when heterologous substances are tested for therapeutic 
effects, the Similia principle can be studied. It is then 
possible to compare the effect of treatment with the degree 
of similarity between the diseased state and the effects 
caused by different substances. The latter research was 
mainly performed with cells in culture using heat shocked 
cells post exposed to a variety of stress conditions in low 
dose.  

 
2. INTRODUCTION 
 
2.1. Hormesis 

Different types of substances or conditions, for 
example, allergens, pathogens, ischemia, exercise, heavy 
metals or even psychological events may induce stress and 
disease. Remarkably, instead of causing a continuously 
linear increase or decrease in response with dose, most of 
these stresses seem to act in accordance with a non-linear 
dose-response relationship known as the biphasic response. 
It is characterized by a J-shaped or an inverted U-shaped 
dose response curve representing low dose stimulation and 
high dose inhibition. The biphasic dose-response pattern is 
termed hormesis. Historically, the phenomenon is traced 
back to the early 20th century. Hugo Schulz (1853-1932), a 
German pharmacologist, focused his research on the effects 
of different disinfectants on the metabolism of yeasts. He 
discovered that various toxic agents stimulated metabolic 
processes  at low concentrations, while being inhibitory at 
higher levels. This principle of low-dose stimulation high-
dose inhibition as described by Schulz became known as 
the Arndt-Schulz Law, representing the phenomenon of 
hormesis. Later, Chester Southam and John Erhlich were 
the first to use the term “hormesis” to describe a low-dose 
stimulation and high-dose inhibition of extracts from the 
red cider plant on the growth of various species of fungi 
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(1). Thomas Luckey, a pioneer researcher on radiation 
hormesis, initially discovered that dietary antibiotics 
stimulated animal growth (2,3). In the decades that 
followed, Luckey continued to verify the general nature of 
the phenomenon of hormesis (4-7). Subsequently, Edward 
Calabrese, a toxicologist at the University of 
Massachusetts, produced accumulating evidence in support 
of the phenomenon of hormesis (8-12). 
 
2.2. Universality of hormesis in science 

The phenomenon of hormesis has frequently been 
reported using different nomenclature. What these 
phenomena have in common is that their response relates 
biphasically to particular doses of stress. Such dose-
response relationships are qualitatively independent of the 
stress-inducing agent, the endpoint measured and the 
system under investigation (11,13). These typical dose-
response relationships are used as the Yerkes-Dodson Law 
in experimental psychology; the term subsidy-gradient is 
used in the area of ecological analysis; functional 
antagonism is employed nearly exclusively in enzymology; 
the U-shaped response, albeit applied in a wider range of 
disciplines, is commonly used in epidemiology; adaptive 
response is a term classically employed in molecular 
biology and physiology; biphasic response is frequently 
used in pharmacology; hormesis, finally, is the term that is 
most established in the area of toxicology. Recently, 
researchers from various scientific fields have agreed on 
the universality of the phenomena they are studying and, 
importantly, have agreed to use the term hormesis (12).  
 
2.3. Preconditioning and postconditioning hormesis 

The biphasic dose-response pattern is now 
generally thought to reflect the adaptive nature of 
biological systems in response to stress (13,14). Within the 
framework of hormesis, different approaches are used to 
elicit an adaptive response. Commonly, a stimulating low 
dose of stress is administered which initiates compensatory 
biological processes that confers a protective effect against 
exposure to a subsequent severe stress. This phenomenon is 
an evolutionary conserved mechanism known as 
preconditioning hormesis. Less conventional is the 
administration of a low dose of stress to enhance repair and 
recovery processes after exposure to a more severe stress 
(12,15). 

 
In various scientific fields it has been recognized 

that, in addition to the protective effect of mild stress 
against damage from a subsequent more severe stress (i.e., 
preconditioning hormesis), application of a mild stress 
following a more severe stress condition can also confer 
beneficial effects (16-21). The latter phenomenon is termed 
postconditioning hormesis. ‘Post’ in this case refers to 
treatment with a low dose of stimulating stress after an 
initial treatment with a large dose of stress. The term 
postconditioning hormesis may be preceded by the type of 
inducing agent. For example, ischemic postconditioning 
hormesis which involves low doses of hypoxic stress 
following a myocardial infarction, or chemical 
postconditioning hormesis which involves exposure to low 
levels of a chemical toxicant following a previous exposure 

to a severe stress condition such as a heat shock or a large 
amount of toxic agent, etc.  
 
2.4. Postconditiong hormesis and the homeopathic 
similia principle 

Depending on whether the low-dose stress 
administered during postexposure is of the same type of 
stress or is different from the initial high-dose stress, 
postconditioning can be classified as homologous (i.e., the 
subsequent stress is the same as the initial stress) or 
heterologous (i.e., the subsequent stress is not the same as 
the initial stress).  

 
Postconditioning hormesis is the main focus of 

this paper, and it will be discussed with reference to 
homeopathy and the homeopathic similia principle. It will 
be elucidated that the similia principle is a particular and 
clinically oriented application of postconditioning 
hormesis. In homeopathy the substances used in 
postconditioning are prepared in a characteristic way: 
following each dilution step, they are additionally 
succussed in a process indicated as potentization. The 
substances may even be potentized beyond the Avogadro 
number. However, even when substances are used within 
the molecular low-dose range, the homeopathic similia 
principle is highly unique. The similia principle implies 
that substances causing symptoms in healthy biological 
systems can be used to treat similar symptoms in diseased 
biological systems. In the homeopathic similia principle, 
the main vehicles used to investigate this phenomenon are 
heterologous rather than homologous agents. Homologous 
is defined as the application of a relatively diluted dose of a 
substance to an organism that was previously disturbed by 
a relatively concentrated dose of the same substance, also 
indicated as ‘isopathic’ application. Heterologous treatment 
includes a disturbance created with one substance and 
subsequently treated by different substances, also indicated 
as ‘heteropathic’ or homeopathic application. Only when 
heterologous substances are tested for therapeutic effects, 
the similia principle can be studied. It is then possible to 
compare the effect of treatment with the degree of 
similarity between the diseased state and the effects caused 
by different substances. 

 
Samuel Hahnemann (1755-1843), a German 

physician and chemist who founded the therapeutic 
doctrine of homeopathy did so on the basis of the Similia 
principle. In 1796, Hahnemann presented his paper on “A 
new Principle of Healing” which he termed homeopathy 
(22,23). The name is derived from the Greek words 
homoion pathos – “similar disease.” According to this 
therapeutic principle, there exists a similitude between the 
symptoms induced by the medicine and the symptoms of 
natural disease. From this point of view, to cure the disease, 
compounds or conditions associated with the occurrence of 
particular symptoms can be used as stimulators of intrinsic 
self-recovery process which then facilitates the diseased 
biological system to return to homeostasis (24-27). 
Therefore, postexposure conditioning relates primarily to 
this therapeutic strategy. It was Hahnemann’s idea to test 
remedies in healthy volunteers and to note the symptoms as 
a way to put the similia principle into concrete practice 
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(28). These symptoms he then used as indications of 
remedies in sick people. Initially, the use of large doses as 
remedy were in vogue (29). When he administered his 
remedies to his volunteers, initially his family and students, 
he soon discovered that crude substances needed dilution 
because of toxic side-effects. Only small doses would 
reveal the complete action of a substance. Small doses do 
not imply diluted doses. Only later did reports indicate the 
use of diluted medications. In 1829 one finds the following 
statement: “In recent times (not) only small but still (rather) 
highly diluted and potentized drugs are used because their 
powers are developed most fully.”(30). Hahnemann started 
the process of stepwise dilution and succussion. In the 6th 
edition of the Organon the dose recommended for proving 
is the 30th dilution (31). When diluting a substance, after 24 
steps in a dilution ratio of 1:10 or after 12 steps in a ratio of 
1:100, a dilution of one mole of starting substance would 
by calculation, not have any molecule of the initial 
substance left. This corresponds to a Hahnemannian 
dilution of C12 or 24X. Beyond that Avogadro boundary, 
statistically speaking, none of the starting material remains 
in the homeopathic remedy.  

 
“Hanhnemannian” refers to the method of using a 

fresh vial for every step. In contrast, the same vial is used 
for Korsakovian potencies. Avogadro’s number refers to 
the number of molecules in one mole (i.e., 6.023 *1023). 
This fact was not known to Hahnemann. Although 
Hahnemann did not know for sure, he guessed that his 
dilution would have very little or none of the starting 
substance and, therefore, he called his remedies 
dynamization or potencies, referring to the paradoxical 
experience that, with his stepwise process of dilution and 
succussion, he observed stronger therapeutic effects than 
with original substances. Hahnemann’s vitalistic views 
could have been responsible for this change. His opinion 
regarding succussion varied. His assertion that a drug could 
become potentized merely by shaking is important (32). 
Presumably some of his “high potencies” were not actual 
dilutions to a high degree but rather prepared by prolonged 
shaking. It is precisely homeopathy’s emphasis on so-called 
high potencies (i.e., remedies succussed and diluted beyond 
Avogadro number) that creates tension with modern 
science because no accepted rational theory exists that 
could explain increased therapeutic effects with decreasing 
amount of the active agent, even to the point of there being 
no molecules of the initial agent present at all (33).  
 
3. CLINICAL POTENTIAL OF POSTEXPOSURE 
CONDITIONING 

Promising discoveries indicating the beneficial 
effects of exposing a biological system to a low recovery-
enhancing dose after a severe stress condition are emerging 
from different scientific disciplines. The next section 
provides a number of examples that illustrate the clinical 
potential of postexposure conditioning. 
 
3.1. Postconditioning in immunology 

In immunology, particular types of adjuvants can 
be used to purposely infect rats thereby triggering systemic 
inflammation. This stress can be greatly reduced by a 
subsequent injection of that same adjuvant in small doses. 

The therapeutic effect was antigen-specific (34). The 
principle of (homologous) postexposure conditioning 
hormesis is also reflected in allergen-specific 
immunotherapy. This therapy is based on injecting patients 
suffering from allergies with increasing amounts of the 
offending allergen to reduce their level of sensitivity (34). 
For example, a case study on a patient whose milk 
sensitivity was repeatedly confirmed by dietary challenge, 
both blind and non-blind, reported sublingual milk therapy 
to be a successful homologous postconditioning hormesis 
treatment. Another study on specific immunotherapy 
suggested clinical benefits for allergic asthma. The double-
blind placebo controlled trial indicated that immunotherapy 
modified the natural progression of asthma by improving 
lung function (35). 

 
In patients with a chronic viral infection, 

therapeutic vaccination (homologous postconditioning 
hormesis) is aimed at modulating the host immune response 
to become more effective against the particular infection 
(i.e., reduce the level of susceptibility to the infection). 
Depending on the virus, chronic infection has, presumably, 
modulated the host immune response to become less 
effective against the invading virus thereby promoting viral 
persistence (36). It has been another area for homologous 
postconditioning hormesis. Already in the mid-1900’s, the 
bacillus Calmette-Guérin (BCG) vaccine was used to treat 
established infection with tuberculosis (37). Other chronic 
viral infections that are considered possible targets for 
therapeutic vaccination are the hepatitis B virus (HBV), the 
hepatitis C virus (HCV) and human immunodeficiency 
virus (HIV-1) (36).  

 
In 1985, Karpas and colleagues described the 

principle for HIV infected individuals receiving infusions 
of inactivated plasma collected from symptomless HIV 
infected individuals (38). Two studies, based on monthly 
infusions of this HIV-positive inactivated plasma 
demonstrated a positive clinical effect (38,39). Another 
study demonstrated the benefit of this treatment in a delay 
of the appearance of the first AIDS-defining event (40). 
Since the findings of Karpas and colleagues, both clinical 
observations and systematic trials related to homologous 
postconditioning hormesis have suggested a correlation 
between a.) the goal of the immunotherapy, that is, to 
decrease viral loads and increase CD4+ cell counts, and b.) 
the decreased morbidity and mortality resulting from HIV-
1 infection (41).  
 
3.2. Postconditioning in cardiovascular disease 

Ischemic homologous postconditioning 
demonstrates consistent and clear cardioprotective effects 
in every experimentally utilized animal model (42). For 
example, the homologous postexposure conditioning effect 
of ischemia applied during early reperfusion in anesthetized 
open-chest dogs was cardioprotective by attenuating 
reperfusion injury (43). Postconditioning could be an 
efficient cardioprotective intervention (44-46) in patients 
with acute myocardial infarction submitted to primary 
percutaneous coronary interventions. Other studies have 
demonstrated that homologous postconditioning can protect 
the kidney from ischemia/reperfusion injury (47). Other 
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research has indicated that homologous postconditioning 
also reduces ischemic damage in the brain. However, it 
remains to be elucidated whether or not this type of 
postconditioning provides long-term protection and also 
improves neurological function (21).  

 
Physical exercise is currently viewed as a potential non-
pharmacological antihypertensive treatment for diet-
induced obesity hypertension. In both obese and non-obese 
rats, hypertension, subsequent cardiac hypertrophy, 
myocardial fibrosis and myocardial vascularization 
improved in response to exercise training (48). Low 
exercise training also decreases blood pressure in the 
majority of patients with hypertension (49). The treatments 
are an example of heterologous postconditioning hormesis.  
 
3.3. Postconditioning in psychological diseases 

Observations of Charles Bradley in 1937 led to 
the paradoxical discovery that stimulating drugs such as 
amphetamines (benzedrine) tend to calm hyperactive 
children and improve their behavior. The treatment is an 
example of heterologous postconditioning hormesis. Owing 
frequently to their ameliorating (calming) effect, 
psychostimulants such as methylphenidate (MPH) and 
amphetamines, are widely used medications for treatment 
of ADHD in children (50). 

 
In psychology, homologous postconditioning hormesis is 
recognized in exposure therapy for a wide variety of 
phobias. Exposure therapy is an effective means of 
reducing negative affective symptoms associated with 
different phobias (51). In recent experiments, phobic 
subjects experienced increased activity in the amygdala, a 
key brain structure implicated in fear sensation. Two weeks 
after exposure therapy, a significant reduction in 
hyperactivity at this location was recorded (52).  
 
3.4. Postconditioning in intoxication 

Application of homologous and heterologous 
postconditioning hormesis also appears in the field of 
toxicology. In an early multi-centred, double-blind study, 
administration of low-dose mustard gas and an extract of 
the plant toxin Rhus toxicodendron was suggested to 
modify local mustard-induced blistering and hasten the rate 
of healing (53). Recently, research suggests that exposure 
to sub-toxic, low-levels of toxic agents may be used to treat 
the effects resulting from exposure to higher doses of toxin. 
This may provide an alternative therapeutic approach from 
biological and chemical agents (16,54). Data from a cell 
model demonstrated the molecular basis for modulating 
cell’s survival capacity in stress-disturbed cell cultures by 
application of low doses of stress conditions according to 
the similia principle (27,55).  
 
4. BASIC RESEARCH  
 

Reproducible assessment of postconditioning 
within a clinical framework may be difficult to realize. 
Application of postconditioning within a clinical context is 
further complicated by the narrow window within which 
the inducing agent initiates protective effects. Outside the 
therapeutic window, the postconditioning stress may 

become harmful. In addition, effectiveness of the agent 
used to induce stress may differ at the interindividual level. 
To study the mechanisms underlying mechanisms of 
postconditioning hormesis an experimental setting for 
accurate assessment of postconditioning hormesis is 
required. The advantage of experimental systems is that a 
diseased state can be manipulated by the dose of the 
inducing substance. When a diseased state is too mild, the 
organism recovers spontaneously at maximal speed. This 
offers no possibility for stimulation of recovery. When the 
diseased state is too severe, recovery is severely hampered. 
Even after application of diluted doses for curative 
purposes, a long experimental time may be necessary to 
observe stimulation of recovery. There is an important 
difference between the spontaneous clinical disease and 
induced disease in fundamental studies. In the spontaneous 
clinical situation, normal recovery is usually blocked. With 
the potential therapeutic substance, the doctor aims to 
unblock the healing mechanism. Experimentally induced 
diseases are recoverable, unless the recovery mechanism is 
damaged or disturbed. One can argue that an intermediate 
diseased state with highly significant clinical parameters 
can be used to study effects. Examples of such parameters 
are survival (for intact organisms) and cell viability (for in 
vitro cultured cells). 
 
4.1. HomBRex database  

A review on basic research regarding 
homologous and heterologous postconditioning hormesis 
may be based on the HomBRex database (56-58). The 
HomBRex database deals specifically with basic research 
experiments in the field of homeopathy indexed studies 
using biological systems including animal, human, plant, 
fungi and microbial organisms. The main objective of this 
database is to index proving and therapeutic experiments on 
the Similia Principle and the role of dilution and succussion 
of substances in experimental biological systems. The 
establishment of the HomBRex Database on Fundamental 
Homeopathy Research and analysis of the collection has 
been described elsewhere (http:// www.carstens-
stiftung.de/hombrex). This archive is continuously updated 
by systematically searching bibliographic databases and 
screening for duplications. In 2008, the database provided 
information on 1300 experiments. These experiments were 
divided into ’ídeal’ model proving, prophylactic and 
therapeutic experiments. In the latter experiments, an effect 
of a substance was tested in a diseased or disturbed system.  

 
An extraordinary diversity of model systems has 

been examined in fundamental homeopathy research. The 
research database includes investigations of biological 
systems ranging from complex, multicellular organisms 
(i.e., mammals and plants) to single cell organisms and 
from intact organisms to isolated cells and subcellular 
structures. The majority of experiments were carried out on 
animals: the second largest group is with plants. Complex, 
multicellular organisms (animal, human and plant systems) 
were tested as whole or parts of systems either after 
isolation or in vitro culturing (e.g., as isolated organs or 
cultured cells). The data demonstrate an overwhelming 
variety in biological systems, diseased states and 
substances. The majority of experiments with animals and 
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plants were with intact organisms. In experiments with 
animals or part of animals, the favorite animals were rats 
and mice. A large number of substances were used for 
therapeutic postconditioning purposes including high and 
low dilutions and potencies. 
 
4.2. Studies on intact rats 

The intact rat is the biological system most 
utilized in basic science homeopathic research. It was 
recently selected to study the Similia Principle utilizing the 
HomBRex database. The database was analyzed for basic 
therapeutic experiments with diseased intact rats and the 
administration of a substance with a therapeutic intention, 
both homologous and heterologous treatments of disease 
states (59). Several diseased states and substances utilized 
for induction of these states were registered in 67 
experiments; intoxication was the major induced state. In 
40 experiments, the effects of treatments were measured at 
the level of the whole organism. The parameters that 
characterize the effect of substances at the levels of the 
entire rat are highly specific to the diseased state. In 
intoxicated rats, excretion of a toxin was one frequently 
used parameter. Specific behavioral disturbances, edema 
and inflammation were also frequently recorded. Rats with 
cancer, diabetes, other hormonal disturbances, arthritis, 
ulcer, organ enlargement, wound healing and itching were 
studied less frequently. In 27 experiments, the effect of a 
therapeutic substance was studied in isolated organs. The 
major organs in the intoxication studies were liver and 
blood. Changes in liver were characterized by histology 
and enzyme activity.   

 
Four types of diseased states were analyzed in 

greater depth: intoxication, behavioral disturbances, 
edema/inflammation and hormonal disturbances. The 
objective was to compare the nature of the pretreatment and 
the substances used for therapeutic purpose. The data make 
it possible to distinguish, for each diseased state, 
homologous and heterologous applications of the 
therapeutic substance to evaluate both the isopathic and the 
heteropathic approach, respectively. The major compounds 
used for intoxication are arsenite, carbon chloride and lead. 
In arsenite intoxication, almost all treatments are 
homologous. In contrast, in carbon tetrachloride 
intoxication, rats were treated in a heterologous fashion. 
Rats intoxicated with lead were treated in both homologous 
and heterologous fashion. A few intoxications were studied 
in only a single experiment. In the single study on bee 
venom, the treatment was homologous, for bromobenzene 
it was heterologous. Gentamycin intoxication was treated 
both in a homologous and heterologous manner. The major 
behavioral disturbances are ethanol addition, motility 
dysfunction after strychnine and hexobarbital exposure, 
disturbed oculomotor reflexes and hyperactivity following 
excess caffeine. A few other behavioral disturbances were 
only studied in a single experiment. Oculomotor reflexes 
were treated in a homologous fashion, whereas ethanol 
addiction and motility dysfunction were treated only in a 
heterologous way. Both homologous and heterologous 
treatments were used in hyperactivity after caffeine 
exposure. Edema and inflammation were induced by 
different treatments and in most experiments these 

conditions were treated in a heterologous manner. 
Likewise, the treatments in the studies on ovariectomy or 
hormonal disturbances were mostly of the heterologous 
type. Overall, both low and high potencies were used. In 
addition, a potency range was tested in many experiments 
(59). 

 
For both homeopathy-oriented and modern 

postconditioning hormesis oriented researchers, this dataset 
is of interest for its potential to unravel the mechanisms. 
The selected group of experiments can be further used to 
analyze and evaluate treatment effects. Researchers will 
then also be able to address the following questions: “Why 
was a particular substance selected?” and “Is treatment 
based on proving data and substance specificity?” With 
these data, it should be possible to document more evidence 
to enhance the understanding and therapeutic use of the 
similia principle in the general science of medicine. 
However, it must be noted that full evaluation of the similia 
principle requires more than evaluating the effect of the 
homologous (isopathic) approach and more than a 
heterologous treatment. The similia principle implies that 
the heterologous substances are effective remedies only if 
they trigger similar symptoms when applied to healthy 
biological systems. Therefore, the study of the similar 
principle requires a comparison between heterologous 
different substances with respect to both therapeutic effects 
and the similarity of symptom patterns they induce in 
healthy systems. This is discussed in the next paragraph 
utilizing cultured cells as biological model.  
 
4.3. Studies on cultured cells 

The research on postconditioning hormesis has 
been carried out with cells isolated originally from the 
well-differentiated hepatoma Reuber H35. The cultured 
Reuber H35 rat hepatoma cells have proven to be a stable 
cell line from which many characteristics have been 
described (60).  In the research, both a harmful physical (heat 
shock) and several chemical stressors were used. Cells were 
exposed to different strengths of stress by varying dose and 
time in order to select the harmful (high dose) and subsequent 
postconditioning hormetic (low dose) effects. The stress 
condition was carefully selected in order to prevent the 
occurrence of much irreversible damage or compromised 
resilience ability. For an experimental protocol, stressed 
cells should be able to express their recovery- and survival 
capacities as well as allow a further increase by changes in 
environmental circumstances. Only then, an addition in 
survival capacity in response to a subsequent exposure to a 
low dose postconditioning treatment can be achieved. A 
final harmful test stress exposure is used to record the 
possible increase in cell’s survival capacity (27,55). The 
present paragraph also describes a molecular biology 
approach to the field of postconditioning hormesis utilizing 
stressed “in vitro” cultured cells. It focuses on: a.) the 
proteotoxic response of cells and b.) the regulation of heat 
shock (stress) protein (hsp) synthesis. Proteotoxicity, 
originally defined by Hightower (61) to indicate the 
detrimental action of denatured proteins in cells, is a 
phenomenon of increasing interest in biomedical disciplines. 
Damage to cellular proteins occurs: a.) after heat shock, b.) 
after ingestion of environmental pollutants such as heavy 
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metals, and c.) following ischemia. The damage incurred is 
frequently due to reactive oxygen species (oxidative stress). 
Denatured proteins are increasingly recognised as crucial 
factors in the development of various chronic diseases 
including neurodegenerative, atherosclerotic, diabetic, etc. 
and in the process of aging (62-67). To limit proteotoxicity an 
automatic set of hsp’s (chaperones) are produced that are 
involved in cellular repair, recovery and defence mechanisms. 
Bacteria and eukaryotes defend against misfolded (“toxic”) 
protein aggregation utilizing two protein types: molecular 
chaperones (typically hsp27, hsp60, hsp70, hsp90 and 
hsp100) and the ATP-dependent proteases (including the 26S 
proteasome) (68). It has since been demonstrated that 
chaperones possess many active functions: they repair 
structural damages by forcefully disentangle aggregated 
proteins, unfold and refold them into ‘re-educated and born 
again’ functional proteins (68,69). The various hsp’s appear to 
be differentially induced depending on the stress condition 
(70,71). With this framework in mind, the question was raised 
regarding the possible stimulating effect of the 
postconditioning hormetic treatment on the stress protein 
response. The next paragraphs will first focus on homologous 
and then on heterologous postexposure conditioning using 
chemical (arsenite and cadmium) and physical (heat) stress 
conditions. 
 
4.3.1. Homologous postconditioning hormesis with 
arsenite 

To study homologous arsenite postconditioning, 
studies were carried out with cells that were exposed for 1 
h to either 100 or 300 µM arsenite (17). The data 
demonstrated that postconditioning treatment (1, 3 or 10 
µM) increased survival capacity compared to cells that 
were only pretreated with 100 or 300 µM. However, the 
stimulation was dependent on the pre-exposure. A larger 
stimulation was observed when increasing low doses of 1, 3 
and 10 µM followed pre-exposure of 100 µM arsenite. In 
contrast, cells pre-exposed to 300 µM arsenite only 
demonstrated an enhancement in the presence of 1 and 3 
µM; 10 µM was detrimental. Effects of these low 
concentrations could not be observed in non pre-exposed 
cells. The effect of postconditioning arsenite treatment on 
the production of stress proteins was also evaluated (17). 
When a treatment with 100 µM arsenite was followed by 
incubation under control conditions (arsenite-free medium), 
synthesis of the hsp60, 68, 70, 84, and 100 could be 
observed. The synthesis of most of these stress proteins 
reached a maximum 3 hr after the start of the exposure to 
arsenite. When, however, the pretreatment was followed by 
continuous postconditioning incubation with low 
concentrations of arsenite, an enhancement of the synthesis 
of stress proteins was observed. Since the treatment with 3 
or 10 µM arsenite alone (without pretreatment) did not 
cause any induction of stress proteins, it was concluded that 
small doses of arsenite enhance the relative synthesis of 
stress proteins.  
 
4.3.2. Homologous postconditioning hormesis with 
cadmium. 

To study homologous cadmium postconditioning, 
cells were exposed for 1 h to either 10 or 30 µM cadmium 
(20). In addition, the effect of small dose treatments on cell 

cultures with different initial exposures of cadmium was 
studied. Following exposure to 10 or 30 µM cadmium, the 
cultures were subsequently incubated utilizing a range of 
lower concentrations of cadmium (up to 1 µM) for 10 h. 
The data demonstrated that lower concentrations of 
cadmium (ranging from 0.03 to 1 µM) increased survival 
capacity in cells that were pre-exposed for 1 h to 10 µM. 
No effect of these low concentrations was observed on 
survival capacity in non-pre-exposed cells. When cells 
were pre-exposed to 30µM cadmium, survival capacity 
increased only when cultures were exposed 
postconditionally with low concentrations of up to 0.1 µM. 
Higher postconditioning concentrations of cadmium (0.3, 
0.6 or 1.0 µM) resulted in an inhibition of the development 
of survival capacity. Thus, it was again demonstrated that 
small-dose enhancement of survival capacity is a function 
of the initial condition of the cadmium-exposed cells. In 
addition, a small dose of cadmium applied 
postconditionally was able to enhance the synthesis of 
stress proteins in pre-treated cells. Previous data on specific 
stress protein synthesis demonstrated a transient increase in 
synthesis of all stress proteins (hsp28, hsp32, hsp68, hsp70, 
hsp84, and hsp100) when cells were pretreated with 10 µM 
cadmium followed by incubation in a cadmium-free 
medium (71). When similarly pretreated cells were 
incubated in media containing a low concentration of 
cadmium (0.3 µM), an enhanced and prolonged induction 
of several stress proteins was observed (74).  
 
4.3.3. Homologous postconditioning hormesis with heat-
shock 

To study post-heat conditioning hormesis, cells 
were initially exposed for 30 min at either 42°C or 43.5°C 
and postconditionally incubated at mild (fever-like) 
temperatures (38-41°C). These mild postconditioning 
fever-like temperatures appeared to be beneficial following 
the 42°C heat treatment whereas they depressed the 
survival capacity of cells if they were pre-exposed to 
43.5°C treatment. Interestingly, the exposure of untreated 
cells to 40°C for 6 hours was without effect on survival 
capacity (19). Schamhart and coworkers were the first to 
study whether the synthesis of specific stress proteins 
(hsp28, hsp60, hsp68, hsp70, hsp84 and hsp100) induced 
by a 30 min heat shock at 42°C was influenced upon post-
conditioning exposure to a lower hyperthermic 
temperature. The homologous postconditioning caused a 
significant induction (72). Similar observations were 
reported for mRNA levels of hsp68 and hsp84 when heat 
shocked cells were post-exposed to 40°C and 41°C (19). 
These observations were further supported by the 
observation of Delpino et al (73) who demonstrated an 
enhanced synthesis of stress proteins and an enhanced 
survival capacity when the initial heat shock was followed 
by a lower hyperthermic temperature. 
 
4.4. Heterologous postconditioning hormesis: Towards 
the similia principle 
4.4.1. Methodological aspects 

In homeopathy, the selection of a remedy is 
based on the overall symptom pattern of the patient and 
includes subjective and objective symptoms. However, not 
all symptoms are equally important. A symptom like 



Postconditioning hormesis and the similia principle   

1134 

headache, for example, is too general to be of any value. 
Likewise in a cell model not all changes in cell structure, 
metabolism and physiology observed following stress 
exposure are useful ‘symptoms’. A change in cell 
morphology for instance is, like headache, rather general. 
In contrast, the pattern of induced stress proteins is more 
specific and has been selected in research as molecular 
symptoms at the cellular level, to analyze the specificity of 
the similia principle. The pattern of induced stress proteins 
(both heat shock proteins [hsps] and glucose-regulated 
proteins [grps]) was considered the sole indication to direct 
research as to the choice of the low dose agent. The next 
question relates to the specificity of the stimulation of 
survival capacity and of hsp synthesis. Related to this 
question is the utilization of a protocol in which damaging 
stress conditions were followed by exposure to a smaller 
dose of different stress condition treatments (74-76). The 
stress conditions differ in stressor-specific induction of 
stress proteins (71).  
The stress conditions used for post-exposure purposes 
included arsenite, several heavy metal ions (cadmium, 
mercury, lead and copper), two different oxidative stress 
conditions (menadion and diethyldithiocarbamate) and a mild 
hyperthermic temperature. These stress conditions differ both 
in the extent as well as the pattern in which various stress 
proteins are stimulated. The qualitative specificity, for 
instance, shows that lead induces the grps (grp78/grp94), 
which are not induced by heat shock, other heavy metals or 
oxidative stressors. Only arsenite induces grp94 slightly. Heat 
shock and arsenite induce hsp60, whereas cadmium and 
diethyldithiocarbamate do not.   
 
4.4.2. Remedy picture and similarity 
 Based on the differences between stress induced 
protein patterns, one particular condition corresponding with a 
particular pattern can be taken as standard; all the other 
conditions and patterns can then be compared to this. In the 
study heat shock was selected as the standard condition and 
the similarity between response patterns was estimated based 
on the major hsps (hsp28, 32, 60, 68, 70, 84, 100) and on the 
major grps (grp78 and 94). Analogous to the symptoms that 
an agent is able to induce in healthy biological systems, the 
stressor-specific patterns of induced proteins can be 
considered ‘remedy pictures’ at the cellular level. The ability 
to quantify the ‘overlap’ between disease picture and remedy 
picture, a crucial prerequisite to study the similia principle, 
has now been met. The specificity of low dose stimulation on 
cell survival capacity was evaluated by analyzing the effect of 
a range of mild stress conditions that were used 
postconditionally following a heat shock (76). A heat shock 
was selected (42°C for 30 min) that was not substantially 
affecting actual cell survival but was able to stimulate sub-
optimal development of cell survival capacity.  
 
4.4.3. Similia principle tested 

To select the small dose treatment, conditions were 
established that were just below the limit of having an effect 
on survival capacity as well as on the synthesis of stress 
proteins during an 8 h time period. When the various small 
dose stressors were applied after an initial heat shock, an 
increase in survival capacity was observed. This increase was 
labelled “survival stimulation factor” (the ratio of relative 

survival with low dose postconditoning versus the effect on 
survival due to the initial heat shock only). It represents the 
degree of stimulation of survival capacity as exerted by 
postconditioning with the low doses. However, the increase 
appeared to depend on the nature of the low dose stressor. 
Heterologous postconditioning demonstrated an increase of 
the “survival stimulation factor” but not as much as 
homologous postconditioning. The stimulation of survival 
capacity was correlated with the degree of similarity between 
the stress protein pattern induced by heat shock and the 
pattern of stress protein induction characteristic (specific) for 
the compounds that were applied in small doses. The survival 
stimulation factor plotted against the degree of similarity 
demonstrated a highly significant correlation. It was 
concluded that, in general, a higher percentage of similarity in 
stress protein induction pattern predicts a higher stimulation 
of survival capacity (76). 
 
4.4.4. Molecular aspects 
To explain the variability of small dose stimulatory action 
on heat-shocked cells, it was hypothesized that such 
conditions only induce an increased survival if they are 
able to stimulate the specific endogenous defense and 
recuperative mechanisms required by damaged cells. Since 
stress proteins are viewed as a reflection of the initiation of 
endogenous defense at the molecular level, the research 
evaluated whether observed differences in stimulation by 
small doses were related to the specificity in the overall 
pattern of stress proteins. Indeed, a significant correlation 
was observed for most stress proteins between enhanced 
additional synthesis due to low dose stress and the degree 
of similarity between the induction of individual hsps by 
high and low dose stress conditions (76). It was also 
concluded that during the period of enhanced sensitivity, 
cells react to substances applied in low dose, to which they 
would normally not react, and that the stimulation of 
recovery processes depends on the similarity in effect 
between high dose and low dose stress condition.  
  

In summary, the degree of stimulation appears to 
be stressor-specific. The specificity is not only present in 
the development of the survival capacity, but also in the 
subsequent enhancement of the heat shock induced 
synthesis of stress proteins. The degree of stimulation of 
survival capacity by sequential postconditoning exposure to 
low doses of the mentioned stressors is determined by the 
degree of stress protein pattern similarity between the stress 
condition used as a low dose and the initial high dose pre-
exposure condition. This observation supports the validity 
of the similia principle at the cellular level.  
 
5. DISCUSSION AND CONCLUSION 
 

The generally accepted concept and evolutionary 
conserved phenomenon of hormesis involving both low-
dose stimulation and high-dose inhibition has been studied 
over decades in many fields. Initially, hormesis had only 
been identified with preexposure conditioning. 
Postexposure conditioning has only recently arrived in the 
field of hormesis and has, therefore, not yet reached a 
comparable level of acceptance in the scientific world. 
Postconditioning hormesis involves administration of a low 
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dose of stress following exposure to a severe stress. The 
initial severe stress affects the homeostatic (balanced) state 
of a biological system and activates intrinsic self-recovery 
mechanisms. Administration of a subsequent low dose 
stress may modulate or over-activate these recovery 
mechanisms. Activation of these adaptation strategies with 
a low dose stress can confer beneficial effects to the 
biological system. Promising results indicating the 
beneficial effects of postexposure conditioning are 
emerging from different scientific disciplines. This paper 
presents a number of such reports from current clinical 
research illustrating the relevance and therapeutic potential 
of postconditioning hormesis. 

 
To study the mechanisms underlying mechanisms 

of postconditioning hormesis an experimental setting is 
required. The advantage of experimental systems is that a 
diseased state can be manipulated by the dose of the 
inducing substance. For such study, the HomBRex database 
has been developed (56-58). The database deals specifically 
with homeopathic proving and therapeutic experiments as 
well as with the use of dilutions and succussions in 
experimental biological systems. In the therapeutic 
experiments, an effect of a low dose substance was tested 
in a diseased or disturbed system. The research includes 
investigations of biological systems ranging from complex, 
multicellular organisms (i.e., mammals and plants) to single 
cell organisms and from intact organisms to isolated cells 
and subcellular structures. An extraordinary diversity of 
model systems has been examined in fundamental 
homeopathy research. The intact rat is the biological 
system most utilized in basic science homeopathic research. 
It was recently selected to study the homologous and 
heterologous low doses treatments of disease states (59). 
Intoxication, behavioral disturbances, edema, inflammation 
and less frequently, rats with cancer, diabetes, hormonal 
disturbances, arthritis, ulcer, organ enlargement, wound 
healing and itching have been studied. The data make it 
possible to distinguish, for each diseased state, homologous 
and heterologous applications (both low and high 
potencies) of the therapeutic substance to evaluate both 
isopathic and homeopathic treatments. For both 
homeopathy-oriented and modern postconditioning 
hormesis oriented researchers, this dataset is of interest for 
its potential to unravel the underlying mechanisms. This 
group of experiments can be further analyzed to evaluate 
treatment effects.  

 
A full evaluation of the similia principle requires 

more than demonstrating a beneficial effect of an isopathic 
(or homologous) treatment and more than that of a 
heterologous treatment. The similia principle implies that 
the heterologous substances used for postconditioning 
purposes are effective remedies only if they trigger similar 
symptoms when applied to healthy biological systems. 
Therefore, the study of the similar principle requires a 
comparison between many different heterologous 
substances with respect to both therapeutic effects and the 
similarity of symptom patterns they induce in healthy 
systems. This approach has been systematically studied 
utilizing cultured cells as a biological model (27,55,76). 
The data support the hypothesis that small doses of toxic 

compounds may, under certain conditions, have beneficial 
effects related to stimulation of endogenous cytoprotective 
mechanisms. It is of interest that this stimulatory effect of 
small doses is dependent on the initial exposure condition. 
The more severe the initial stress conditions, the smaller the 
concentration required for stimulating survival and hsp 
induction. However, small doses can unexpectedly merge 
into a harmful range, especially when the initial stress 
condition has been severe. These observations in the 
framework of homologous postconditioning are in 
agreement with the “Law of Initial Values” formulated by 
Wilder (77,78). This law states that the response of a 
(cellular) function to any (outside) agent depends to a large 
degree on the “initial level” of that function at the start of 
the experiment. According to this law, the higher the initial 
postconditioning stimulus, the smaller the response is to a 
“function-raising” substance, and the greater the response is 
to “function-depressing” agents. Conversely, the lower the 
“initial level”, the greater is the response to ‘function-
raising’ agents and the lesser to function-depressing ones.  

 
Agutter (13) raised the question as to how the 

toxic effect of the stressor can be ameliorated by 
subsequent exposure to a low dose of the same stressor. 
Although mechanistic explanations of hormesis have been 
suggested during the past few years (13,14,79), the 
beneficial effect of low dose stress, is experimentally best 
explained by the proteotoxicity and stress protein response 
defense system (80). Postexposure of heat-shocked cells to 
different chemical low-dose stress conditions demonstrated 
a differential stimulation of both survival capacity 
development and of heat shock protein synthesis. The 
degree of stimulation appeared to depend on the similarity 
of both the molecular and cellular effects of the stress 
conditions used as initial disturbance and the postexposure 
treatment.  

 
It is suggested that the discovery of Hahnemann’s 

similia similibus curentur (‘let like be cured by like’) is still 
worth-while in the twenty-first century. In this respect the 
comparative research on the relation between 
postconditioning hormesis and the homeopathic Similia 
principle is an interesting challenge for ‘bridge-builders’ 
between science and homeopathy. 
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