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Abstract
In this paper a theory  on the possible transformation of endocrine disruptors (EDs)  to real  hormones, is introduced. The evidences, demonstrating the possibility 
of transformation, are reviewed. Lipid soluble vitamins (in fact,  exo-hormones, e.g. vitamins A and D)), which once could have also acted  as endocrine disruptors, 
were converted to physiologically active hormones during evolution, when they meet a claim.  Our model yields to the prediction that a similar conversion will happen 
by phytoestrogens. These already have a role in human food consumption since thousand years having both beneficial and harmful effects. However, the conversion 
of other (e.g. industrial) disruptors (the number and amount of which are enormously growing) is also likely. The (non-mutational)  epigenetic inheritance of faulty 
hormonal imprinting helps the stabilization of evolutionary changes. From this aspect the effect of EDs can also be useful, not only harmful, as it is believed up to 
now. The apparently harmful effects of endocrine disruptors (e.g. on male fertility) may also be beneficial in a certain respect, considering human overpopulation 
and its consequences. At present the whole human endocrine system is attacked by environmental and medical endocrine disruptors,  causing the imbalance of the 
system, creating conditions of epigenetically inheriting changes. The goal of this paper to  emphasize the possibility of evolutionary changes caused by the ubiquity of 
endocrine disruptors and to their importance in our present and future life.

Introduction
Background

The human evolution has not stopped [1] and new kind of 
factors are shaping it. Some of these factors originate from human 
activity itself and they are often followed by a backlash manifested in 
evolutionary alterations. This means that   the human evolution of the 
present age (and the future) is a consequence of the general conveyed 
evolution [2] of mankind (the transfer of human abilities to tools).

The hormonal regulation and control of mammalian organisms 
is one of the most important factors besides the nervous system. It 
is genetically controlled and under normal circumstances it is well 
balanced. However, human chemical interventions, which contaminate 
the environment can disturb it. The chemical components participating 
in this process are called endocrine disruptors (EDs), substances 
which are products of the industry (e.g. bisphenol A, the most wide-
spread ED which is used in plastic industry and bound by estrogen 
receptors; vinclozolin, which is used in the agrotechnics and bound 
by the androgen receptors etc), the communal tools (e.g. benzpyrene, 
dioxin), or plant products (e.g. soy hormone genistein, bound by 
estrogen receptors) used in the feeding human.The EDs can be bound 
to (intracellular) hormone receptors, acutely activating or inhibiting 
the response of the receptor-bearing cell [3]. However, in critical phases 
of receptor development (prenatally or during adolescence), they may 
provoke faulty hormonal imprinting, influencing binding capacity of 
receptors for life [4-6].  

Hormonal imprinting is a physiological process, which is taking 
place perinatally during the first encounter between the hormone and its 
target cell and it is absolutely  needed for the normal receptor-hormone 
binding in adulthood. This process is disturbed by the presence (excess) 
of strange ED-s, which can be bound by the developing receptor. 
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This faulty imprinting by hormone-like materials alters the normal 
imprinting.

Most of the ED-s are steroid-like molecules, or such molecules 
which can be bound by steroid hormone receptors. This effect is 
inherited epigenetically [7] to the progeny generations. Considering 
facts, the EDs can intervene in the human evolution by inducing faulty 
steroid hormone receptor formation and provoking routes for the 
transmission of receptor-perceived information [8].

Lipid -soluble vitamins as models for the evolutionary role of 
endocrine disruptors

The ubiquitousness of EDs is characteristic to our present age, 
despite the fact that EDs were present in the human environment 
earlier, and could possibly had an evolutionary role.The substances now 
called lipid-soluble vitamins, such as vitamins A, D, E and K (which 
in fact hormones, as they are  bound by hormone receptors, inducing 
response) could have been such EDs in earlier times.  Vitamin A is 
(and was) never synthesized in the human body, however this lipid-
soluble vitamin can be found in many plants, which synthesized it or its 
provitamin, beta carotene. If vitamin A was introduced into the human 
body, it  found receptors among the steroid receptor superfamily  
which were also able to bind it. If the response was beneficial for 
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the organism, a special receptor could have developed and fixed for 
specifically binding the vitamin (retinoid receptor), having a hormonal 
effect. A similar sequence of events could have happened in the case of 
vitamin D with the important difference that cholecalciferol (vitamin 
D3) has been synthesized already (as synthesized today) by the effect 
of solarization, which gradually reduced by the absence of sunlight, as 
humans migrated to the north. In this case the utilizatory system was 
already available, as vitamin D3 (cholecalciferol) synthesis was present 
in the organism before [9]. However, the endogeneous production 
stopped or decreased, as the inducer (sunlight) was absent. So vitamin 
D had to be imported from outside or decreased. In the case of retinol 
(vitamin A), a similar system must have been developed by the human 
body. as the specific receptor,  as well as the mechanisms of transport, 
storage and detoxification was absent. It seems likely that the other 
two lipid soluble vitamins, vitamin E and K [10-12] also had a similar 
route during the transformation from endocrine disruptors to outer 
(exo)-  hormones. These vitamin-hormones are bound presently by 
the pregnane-X receptors and the specific prospective receptor (likely) 
develops later. The phytoestrogens presently are bound by members of 
steroid receptor superfamily and are waiting for their specific receptor. 
After having this, they become to the full-value member of the exo-
hormone system.

Vitamin A has a key role in the regulation of many biological 
processes, such as potent gene expression modulator during 
embryogenesis, organogenesis, cell differentiation and apoptosis [13]. 
It is essential for vision, growth, and differentiation in mammals [14]. 
Categorizing it as an ED-hormone, sheds a different light on its role 
and brings up intriguing questions, such as how and why the above 
mentioned very important processes are entrusted to an ED-hormone, 
which must be obtained from the environment? Vitamin A is stored in 
the adipose tissue but its source is outside the body, which necessitates 
some form of co-operation between the human (animal) being and the 
environment.

The conversion of ED hormones to physiologically active 
hormones (i.e. lipid-soluble „vitamins” to hormones) fundamentally 
altered the human body and the presence (the consumption) of these 
hormones became essential for human life, without them many life 
functions could not be imagined. It is not known, why these molecules 
had been picked by the human body for vital functions. It is clear, 
however that when vitamin-hormones had been built into the human 
physiological processes, only very few (almost nil) similar candidates 
were present in the environment which had the potential to become 
to hormones. At present, thousands of such materials are produced 
by the industry and are used in agriculture and industry, and they 
are found in our food, water, air and everyday objects. If the human 
organisms have a mechanism for internalizing these chemicals they 
are at their disposal.  In principle it can be imagined that during a 
relatively short time such new outer (exo) -hormones will appear 
which have  ED-hormonal origin.

Discussion
The environment was always the most important factor shaping 

human evolution, enforcing the alteration of morphology or function 
for accommodation or defense. In the case of ED-hormones a more 
intimate effect is at work, a direct intervention into the development of 
reproductive organs and other basic life functions. When ED-hormones 
act in the fetal period, malformations are caused such as cryptorchidism, 
hypospadias or micropenis [15,16] i.e.  the transformation of the shape 
of the human organism.When they act perinatally, faulty imprinting 

develops, resulting in functional teratogenicity [6]with lifelong 
functional effects. This is a direct intervention, which influences the life 
of the target. At the same time, these effects are inherited epigenetically, 
altering the characteristics of further generations, causing evolutionary 
change. According to Crews and McLachlan „consequent changes in 
DNA methylation patterns at cpG islands would be persistent and 
heritable” [17] and observations by my group and also by others support 
this observation [18-24]. The developmental effect and inheritance 
at first enforces the human organism to develop mechanisms for 
neutralizing ED-s or reducing their harmful effects, as without these 
defense mechanisms there would not be sufficient time to prove their 
benefits.

It is a long process for an ED-hormone to become an endogeneous 
component, as many factors are needed for the detoxification, for the 
transport (carriers), for finding of hemispecific receptors and for the 
development of specific receptors (just for the ED-hormone)   etc. The 
presently known lipid soluble vitamins are in different phases of this 
process. Vitamin A has a complete stock of these factors, while vitamin 
E and K are in transitional phase. Vitamin D (cholecalciferol) is a 
special case, as it was a real endogenous hormone (with an exogeneous 
production-inducer) before people leaving the sunlight-full Africa. 
Hence the ED-hormone- vitamin cholecalciferol does not require the 
preparation of the new factors, the existing binding places and factors 
used by the endogeneous calcipherol could be used by it.

At present, ED-hormones are considered harmful agents. However, 
from the perspective of the human evolution, these substances also can 
be advantageous, as it is the case of lipid soluble vitamins. It seems likely 
that these molecules would have been classified also as harmful ones, 
at the time of their discovery, however later their usefulness became 
apparent in such situations when the human organism was offended 
by dangerous external factors. Earlier we gave the example of reduced 
sunlight with human migration to the north, when exogenous calciferol 
was needed to supply the role of sunlight-induced endogeneous 
production of vitamin D,  or retinol import for normal vision. One could 
imagine a situation when phytoestrogens are needed for supplementing 
the reduced level of estrogen, as early or late onset of puberty would 
be more advantageous and phytoestrogens could help the execution of 
the program of it [25-27]. In these cases, genistein will be internalized 
similarly to lipid-soluble vitamins and the whole machinery for their 
utilization will be built and it joins to the numerous similar molecules 
participating in the normal physiology. When at present positive 
effects of phytoestrogens are compared with their harmful ones, 
already these possibilities are considered. The phytoestrogen example 
is obvious as these are natural products   however, artificial products 
(such as benzpyrene, dioxin, or bisphenol) could also be internalized 
and be advantageously utilized as components of the human organism. 
However, natural products are (and were) at our disposal continuously 
for very long time, while in a modern, industrialized environment 
artificial products come and go. However, there are some products 
which can be durably and easily introduced into our physiology, such 
as aromatic hydrocarbons (e.g. benzpyrene), which are only moderately 
toxic in typical concentrations and their hormone-like effect can be 
utilized for stimulating or inhibiting processes in the human organism

The consumption of EDs can help the European population to 
defend itself from a lot of diseases which is demonstrated by the 
differences in their statistical incidences between the European and 
Asian populations. For example, breast and prostate cancers are much 
higher in the United States and European countries, compared with 
Japan and China [25]. This caused that some EDs are recommended 
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in the prevention and treatment of tumorous diseases, etc [26]. At the 
same time, the so called harmful effects also could be beneficial from 
an other standpoint: EDs are reducing human (male) fertility [20,29]. 
Considering the rapid growth of human population, one could discover 
an evolutionary benefit in such reduction of fertility rates. From this 
point of view the extensive appearance of EDs could be a feedback of 
cultural (technical) evolution to the biological one, and the conversion 
of EDs to hormones is a considerate biological defense, leading to a 
more sustainable mankind with a reduced population [26,30].

Conclusion
The Asian population consumes soy foods' (a rich source of 

phytoestrogens) for thousands of years, however the effect of this 
hormonal provocation - in contrast to the phytoestrogen-less European 
populations - was not thoroughly recorded.This period of time had to 
be enough for the infiltration of this EDs into the human organism, 
similarly to the infiltration of lipid-soluble vitamins to the whole human 
population, which consumes carrots, milk, egg, fish or mushroom etc. 
for supplementing vitamin A and D. However, while the consequences 
of lipid soluble vitamin deficiencies are known, the consequences of 
phytoestrogen deficiencies are not registered. The physiological effects 
of vitamin A and D were concluded first of all from their deficiency. 
Albeit the signs and effects of phytoestrogen overdose are known, there 
is insufficient knowledge on the effects of phytoestrogen-deficiency in 
the Asian population, as phytoestrogens are not recorded as vitamins 
or physiological hormones. In addition, there are well-known diseases 
caused by vitamin A or D deficiency however, diseases in connection 
with phytoestrogen deficiency were not observed (or not yet known). 
The systematic and thorough observation of possible diseases could be 
a major argument toward the recognition of endocrine disruptor - ED-
hormone-conversion process.
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