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BRAIN
Complex energy information system

Neuroendocrine organ



 Neurotransmitters
Neuromodulators:
 Neuropeptides
 Hormones

Diversity in cross talk and time of activity from msec to years



Neuropeptides 
facilitate activity 
of certain brain
compartments-
cross talk
with estrogen



 Though we used to think of estrogen target tissues as 
mainly those with female reproductive functions, in 
the last decade we have discovered that every 
cell/tissue/organ system in the body responds to 
estrogens in some way



Estrogen

 Neuromodulator
 Hormone (intra-organ and on the level of organism)
 Paracrine
 Neurotransmitter



Frontal cortex



Human frontal cortex development







 https://www.youtube.com/watch?v=BJL_l783SBM

https://www.youtube.com/watch?v=BJL_l783SBM


The most challenging period
 16- 24 GW



During intrauterine development 
number of compounds from 
environment may cross placenta 
and disturb brain development

Disturbances on anatomical but 
most frequently on molecular level



Level of biological effects of 
environmental agents depend on

 Gestational age and corresponding metabolism of fetus
 Metabolism of placenta
 Metabolism of mother which changes during pregnancy duration

 Capacity of elimination of xenobiotics



 During fetal development, steroids (testosterone, estrogen) are 
responsible for the sexual differentiation of the brain.

 Estrogens are also able to exert effects in other brain areas of the 
fetus including the frontal cortex, where

 they modulate cognitive function and behaviors



Estrogen receptors

 Alpha
 Beta 
 GPR30 (GPER1)



Large number of cells which bind estrogen are present during 16/17 GW  in the cortical plate. 

Expression of ER displays different spatial-temporal patterns during human cortical development 
(Gonzales et al., 2007)

At early developmental stages (9 GW), virtually all cells have ERalpha, then frequency decreases during 
gestation but increases again after birth. By contrast, ERbeta staining is observed at 15 GW, 
it intensity gradually increases during cortical development to remain high in adulthood



Estrogen is a proliferative regulator and migratory stimulator. 
Disruption to estrogenic signaling may result in an impaired migration and un-
regulated proliferative cycle. 
Cells may accumulate within the CP after being ejected too early from the cell 
cycle
Lui et al., 2011



 Cellular end points mediated by estrogen
 1) apoptosis, preventing it in some regions but promoting it in others; 
 2) synaptogenesis, promotes in some regions and inhibits in others 
 3) Estradiol impacts immediate-early-gene expression

 Estradiol action is regionally specific and often involve neuronal/glial 
cross-talk



ERalpha precedes the expression of ERbeta in the proliferative zones, 
suggesting that ERalpha plays a role in early developmental processes such 
as cell proliferation in the VZ, whereas ERbeta might be more important for 
later events of corticogenesis

ERalpha is expressed in the Cajal-Retzius cells. These cells are important for 
correct positioning of cortical neurons because they are the main source of 
the extracellular matrix protein reelin, which is critically involved in the inside-
out corticogenetic migration gradient 

Gonzales et al., 2007





 This is why there is great interest for disturbances caused by agents 
which can be found in air, water and food which disturb estrogen 
and which we call

ENDOCRINE DISRUPTORS



Neural circuits strongly dependent 
on estrogen and thus to EDs

 Not only child neurobehavioural problems but life long risk of 
 Alzhiemer disease 
 Parkinson disease 
 Epilepsy 
 lower IQ
 Schizofrenia

 Associated with disturbance of estrogen/testosterone levels





 Our organism is making mistakes and couple with xenobiotic
molecules which may be harmful

 adverse pathways that may be triggered by lower dose levels 
than conventional toxic effect



Estrogen-like activity

Metals
(aluminium, 

uranium, lead)

PAH
polycyclic
aromatic
hydrocar.

Heterocyclic
amines

arsenic some pesticides

dioxins

some 
antibiotics



Components of plastics, additives, cosmetics

 Bisphenols
 Phthalates
 Parabens



Majority of environmental EDs are 
xenoestrogens

 In an animal model is has been shown that bisphenol disturbs
levels of ERα, accelerate neuronal differentiation and
migration.

 No data available on impact of ED on development of 
human frontal cortex 

 Only epidemiology studies for some EDs
 No mechanistic insight



 Transplacental exposure – mothers who
smoke during pregnancy- fetus  exposed to 
high levels of testosterone - mitogen

Smoking

Alcohol
Increases estrogen

Phytoestrogens-

Aloe vera, soy food- slower elimination from fetus than from mother 



 Bisphenol A disrupts thyroid hormone function which is significant for 
brain development and

 Disrupt neocortical development by accelerating neuronal 
differentiation/migration (Nakamura et al., 2006)

 Paracetamol decreases testosterone and as shown on animal 
model males transplacental exposure causes disrupting of sexual 
neurobehavioral programming



Preciados et al., Int. J. Mol. Sci.2016,17, 2086

 Prenatal BPA exposure produce more aggressive and hyperactive 
behavior in offspring when compared to mothers with lower BPA 
levels 

 prenatal urinary BPA concentrations in the mother and child were 
associated with anxiety, depression, and hyperactivity 

 an association between BPA exposure and autistic spectrum 
disorders

 In autistic children, plasma levels of BPA and phthalates were 
significantly higher compared to controls 

 Gender and ethnic difference due to different levels of sex 
hormones

 Afro-american people have higher estradiol levels than white 
people. 

 Mexican-Americans had higher testosterone than white people but 
similar estradiol concentrations



 Rodent studies questionable
 different levels of receptors, sex hormones and different structure 

and metabolic activity of placenta – still better than petri dish







What they discovered is that the brain is full of multi-dimensional geometrical 
structures operating in as many as 11 dimensions.

Human brains are estimated to have a staggering 86 billion neurons, with multiple 
connections from each cell webbing in every possible direction, forming the vast 
cellular network that somehow makes us capable of thought and consciousness.
The progression of activity through the brain resembles a multi-dimensional 
sandcastle that materialises out of the sand and then disintegrates.

École Polytechnique Fédérale de Lausanne, Geneva, Switzerland

https://www.ncbi.nlm.nih.gov/pubmed/19226510
https://www.sciencealert.com/consciousness-could-be-a-result-of-entropy-say-researchers


Migration of cells through cortical layers- fluid 
mechanics
Migration of bubbles through the gel







Brain simulator





Air Traffic Management



Conclusion

Kanthaka program
 Simulation of intrauterine human brain development which include 

time 
 The most dynamic period of human frontal cortex development is 

between 16 and 24 GW
 Inventory of available data should be performed
 Mathematical tools exist
 Kanthaka would be crucial in simulation of deviations in human 

brain development after action of one or mixture of chemicals
 The priority for application of such stress system program would be 

endocrine disruptors





Investigation

Principle of pattern formation in plasticity process

Sustainible chain of common/define cross roads 
which may be changed by deviation due to 
exposure to xenobiotics



Questions?
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