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Abstract
Different types of cells of the human organism have receptors belonging to the steroid (nuclear) receptor superfamily which bind polycyclic aromatic hydrocarbon 
(PAH) molecules. As these molecules are present in the human environment and enter into man, disturb the physiological function of endocrine system, inhibiting 
the transmission of physiological stimuli or by giving false signal. These hormone-like molecules are massively present in the human environment as products or 
byproducts of the industrial activity (as plasticizers), as agrotechnical tools (insecticides, herbicides, pesticides) or medicaments etc and named endocrine disruptors. 
As their direct function is useful, rather difficult to avoid them. Similar PAH molecules (dioxine and benzpyrene) are present in the cigarette smoke enjoyed since 
the ancient times, causing voluntarily, similar destructive effect. These disruptors are rather harmful for adults however they are more harmful for fetus or newborn 
(perinatal exposure), causing faulty hormonal imprinting with lifelong consequences (diseases, inclination to diseases, or alterations of cellular functions in later (adult) 
age. Faulty perinatal hormonal imprinting can explain the developmental origin of health and disease (DOHaD). However, although  imprinting is the most decisive 
(and dangerous) perinatally it is not restricted to this period of life, it can be provoked at weaning and outstandingly at adolescence causing also lifelong problems.

*Correspondence to: Gyorgy Csaba MD, PhD, DScM, Professor Emeritus, 
Department of Genetics, Cell- and Immunobiology, Semmelweis University, 
Budapest, Hungary, E-mail: csaba.gyorgy@med.semmelweis-univ.hu

Received: June 19, 2019; Accepted: July 08, 2019; Published: July 12, 2019

Introduction
At present the mankind is living in an environment, which is 

filled with natural or man-made endocrine disruptors, hormone-
like molecules which are entering into the human organism, bound 
by hormone -(first of all steroid hormone)- receptors  disturbing the 
physiological regulation of and the effect by, the  endocrine  system. The 
endocrine disruptors  are transported to the human organism by air, 
water, food, medicaments, cosmetics etc. Some of them can be avoided 
but others not and there are such routes, which could be avoided, 
however others are willfully used as bad habits of men, for example 
smoking. In the tobacco smoke hundreds of aromatic hydrocarbons 
are present, which can be bound by aromatic hydrocarbon (PAH) 
or steroid hormone receptors. Many mothers during gravidity are 
smoking,  provoking lifelong consequences

The physiological and faulty hormonal imprinting: In the 
structure of the endocrine system hormones and their receptors are 
the two most important components. Hormones are produced by 
cells of the endocrine glands, while receptors are present on or in any 
cells of the organism (endocrine cells included). The two components 
are developing independently however, under the direction of the 
genetic program, and meet each other in a certain point of fetal 
development, taking place the hormonal imprinting which determines 
the binding capacity of receptors for life. This is an important point 
of the development of receptor-hormone complex without which there 
is not normal (physiological) function [1]. However, in this critical 
developmental period, when the window for imprinting is open, other- 
related- molecules (e.g. members of the hormone family or endocrine 
disruptors) also can bind to the developing receptor, causing faulty 
hormonal imprinting also with lifelong consequences [2]. This latters 
[3] could be some diseases, or inclination to diseases (which request 
further impulses for manifestation) or only mild or strong functional 
alterations. Although the main imprinting is taking place perinatally, 
the manifestation of its effect happens in adult age or at any time during 

life (late onset diseases) of the person touched (functional teratogenicity 
[4,5]. It is difficult to recognize the interrelation between the exposure 
of faulty imprinting and its manifestation, because of the long time 
between them, however animal experiments justify it [4-7]. There are 
a lot of endocrine disruptors in the  tobacco smoke however, there are 
two, which were studied thoroughly and are in closed correlation with 
disruptor activity: dioxin and benzpyrene.

Early (imprinting) effects and late pathological manifestations

Selected facts:

Effect of smoking, as a whole: In cigarette smoke approximately 
4.000 constituents can be found [8] in which about 500 different 
polycyclic aromatic hydrocarbons (PAHs) [9,10]. Estrogene synthesis 
is influenced by the cytochrome P 450 family and members of the 
family are involved in the hydroxylation of estradiol. These processes 
are influenced by cigarette smoke.This means that, first of all CYP1A1 
and 2 are influencing estradiol synthesis . These effects can influence 
fertility and fetal programming  causing serious pathological problems 
in later life [11-13]

Thyroid functions are attacked by smoking [14,15].  Male  cigarette 
smokers have higher thyroxine levels and lower TSH levels than never-
smokers and former-smokers. Manifestation of diabetes and obesity are 
influenced by it [16]. Pregnancy rate decreases, spontaneus  abortions 
are increased [17]. All stages of reproductive functions are touched  
in  males and females [18,19].  PAHs in urban environment adversely 
affect children cognitive development [20-23]. Prenatal tobacco smoke 
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exposure is associated with DNA-methylation [24] and consequently 
with epigenetic disturbances. In females lower concentrations of dioxin 
were measured [25], which points to gender dependency. Smokers 
have a higher frequency of goiter and increased thyroglobulin levels, 
especially in iodine deficient areas [26-28]. It could be responsible for 
male infertility [29-31].

The mother’s smoking changes DNA methylation of detoxification 
genes in the fetus, increasing the risk of manifestation of diseases 
later [32]. Thyroid and adrenal disfunctions were observed in adults 
which  had been exposed to maternal smoking during pregnancy or 
breastfeeding [33]. Prenatal exposure to PAHs alters DNA methylation 
and increases the manifestation of asthma in childhood [34]. Other 
diseases are also provoked  because of the epigenetic dysregulation.

A special problem is the difference in timing of puberty. In sons, 
months earlier can be observed pubic hair development and voice break, 
in girls breast development, pubic hair development and menarche 
[35]. Environmental smoking was partly responsible for the symptoms, 
and cognitive deficit was also observed [36-38].

An other special problem is the transgenerational effect of smoking 
which is manifested in the instability of genome [39] as well as the 
inheritance of imprinting (see benzpyrene).

Effects of dioxin

Animal experiments: 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) is a highly toxic chemical compound, which is present in the 
human environment. It is one of the most toxic substances known to 
humans.  It is produced naturally by volcanoes, erupting into the air, 
by the (plastics, paper and herbicide, etc) industry and (by personal 
decision) in the tobacco smoke [40], however this latter touches also 
other persons, especially in the closer environment. It is estimated that 
smoking 20 cigarettes/day leads to a dioxin intake almost equivalent to 
that from food (1-3 pg TEQ/kg bw/day), the major source of human 
exposure. It is mostly present in fatty meats, diary products and fish. 
There is a high level of TCDD in cigarette smoke [41]. It is accumulating 
in human fat and remains there to a very long time [42], with the half-
life of 7-12 years. It is excreted by feces and breast-milk .

In animal (rat) experiments single TCDD treatment of gestational 
day 15  decreased the androgen receptor level, also  the weight of 
urogenital complex and ventral prostate were observed as well as the 
glans penis length, the testicular and epididymal weigth and anogenital 
distance were also reduced, measured at the peripubertal period [43]. 
When TCDD was chronically added during gestation serum thyroxine 
and triiodothyronine levels was decreased  and TSH levels were 
increased up to the 30th day after birth. TCDD exposure at gestational 
day 15 suppressed sexual maturation of rat offspring after growing up 
[44]. There was an induction of transgenerational inheritance of adult 
onset diseases (kidney diseases in males, ovarian primordial follicle 
loss and polycystic ovary disease in females) up to the 3rd generation 
[45]. Disturbed ovarian function and spermatogenic capacity was also 
observed [46]. TCDD caused  an elongation of the period for sensitivity 
to cancerogenes. In a spermatogenesis related factor gene-clonal 
experiment the expression of genes was decreased in TCDD treated 
animals [47]. Altered fecundity, endometriosis and some cancers 
were observed in monkeys [48]. TCDD exposure influences porcin 
reproductive hormonal activity as ovulatory disruptor and abortificiens 
[49].  Early postnatal TCDD exposure decreased neurogenesis and gene 
expression in the brain with consequent behavioral effects . Perinatal 
TCDD exposure caused adult onset autoimmune disease.

Human observations: Perinatal dioxin exposure influenced 
neurodevelopmental alterations already in the first three years of life, 
in boys (decrease of motor and expressive communication scores, while 
there was no effect in girls [50] however, increased infant growth and 
increased body mass index (BMI) was observed in school -age girls. 
Triiodothyronine (T3) level was associated with serum dioxine levels in 
Vietnam [51]. TCDD causes mitochondrial dysfunction and apoptosis 
in human trophoblast-like cell cultures [52].

Effects of benzpyrene

Animal experiments: Benzpyrene treatment during gestation 
makes susceptible male and female rats to mutagenic effects and 
this is manifested in adult age to higher sister chromatid exchange 
[53]. Benzpyrene exposure of newborn rats caused an increase of 
glucocorticorticoid receptor’s binding capacity in adult  males, while 
a decrease in females [54].  These effects appeared after a period of 
lability. Not only perinatal benzpyrene exposure is causing receptor-
modifying effect, but also pubertal [55] and also in uterine estrogen 
receptors [56]. Single neonatal or repeated benzpyrene exposure of rats 
influenced serotonin content of adults’ immune cells [57].

Single neonatal benzpyrene treatment reduced the thymic 
glucocorticoid receptors’ density in adult     offspings up to the third 
(F2) generation [58-60].    

Human observations: See at effects of smoking as a whole.

Discussion
The destructive effects of smoking to human health were 

demonstrated already earlier in many cases however, there was not a trial 
from the aspect of hormonal imprinting . The data selected clearly show 
that cigarette smoking as well as their polycyclic aromatic hydrocarbon 
components are strong imprinters and are able to cause serious 
alterations in the mammalian and human organisms. In contrast to this 
old knowledge (not considering faulty hormonal imprinting) only  a 
minority of smokers inclined to give up smoking, when pregnant. As an 
example, in Scotland, an economically and socially developed country 
more than 25% of the women is smoking whilst pregnant and this 
percent grows to over 60% in the most deprived social categories. These 
mothers expose their children to different diseases manifested in later 
life however, only about 4% of them stop smoking during pregnancy. 
Similar data are known worldwide. Considering the data listed in the 
Facts, more reason would be for abandoning smoking during gravidity.

There are enormous amount of different endocrine disruptors in 
the human environment. These  dangerous molecules are produced 
by the industry, agrotechnics or medicine, which are -as used to be 
told wrightfully, or without it- as unavoidable, because of the progress 
of mankind. These are derivatives of useful products for which the 
mankind feels worth to suffer, although their expected prolonged 
consequences  are not known, only guessed. Smoking does not belong 
among them. This is a bed habit, the prolonged personal consequences 
are known in case of adults (eg. cancer) however, the  effect of maternal 
smoking begins to be known only now, in the light of faulty hormonal 
imprinting [61,62] and developmental origin of health and disease 
(DOHaD) [63]. The speciality of this harm is a.) the voluntaryness (by 
the mother), b.) the antisociality (by the local environment: smoking 
people: passive smoking), c.) the timing of impact, d) the long distance 
between the exposure and manifestation of the effect, e.) the epigenetic 
transgenerational inheritance. f.) the prolongation of the endangered 
period in the early life (late prenatal and early postnatal period), g.) 
consequently the functional teratogenicity.
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As long as women were working in the houshold maternal 
smoking was scarce and dependent on the direct environment, as 
the habits of the husband or other members of the family. However, 
after the emancipation and mainly, with the entering of women into 
the industry, pregnant women begin to massively smoke, as this was 
one of the signs of equality (with man) and similar to present-day 
teenagers in the way of becoming adult, they also tried to demonstrate 
this with smoking. In that time nothing believed that this could be 
dangerous for the fetus when the women is pregnant, the knowledge 
of the medical science was too less, for dealing with it. Consequently, 
women’s smoking has been a tradition, neglecting the interest of the 
fetus developing in the womb, and when the science pointed to this 
mistake, it was very difficult to consider it. At present there are more 
than 200 million women smoker worldvide and it expected to grow 
for triple up to 2025. 

Problems of puberty

Faulty hormonal imprinting is not time-dependent, but dependent 
on the developmental state of the cells (organs), so it is executed at 
weaning, puberty and at any time, when the cells are continuosly 
dividing (differentiating). It seems to be the most important period the 
puberty, which is in general the time of instability and when smoking 
used to be started. The National Institute on Drug Abuse of the USA 
reported  that at 2017 9.7 percent of 12th graders, 5.0% of  10th graders 
and 1.9% of 8th graders used cigarettes in the past month. According 
to the American Lung Association „every day almost 2500 children 
under 18 years of age try their first cigarette and more than 400 of them 
will become new regular daily smokers”. In 2015 9.3% of high school 
students reported smoking cigarettes in the  last 30 days however, this 
amount was 36.4% in 1997 (this is – fortunately- a decreasing tendency, 
nevertheless it is still too much). Adolescent smoking causes various 
acute health problems (upper respiratory infections, immature lung 
development, lung cancer) and become a gateway for all kinds of 
substance abuse. However, it seems to be likely that pubertal faulty 
imprinting causes more problem, than the treatible acut diseases, 
considering its long and inheriting nature. Puberty is the time, when 
the nervous system and the systems regulated by it are overwrited in the 
program and if  this happens in the crude presence of such imprinters, 
as dioxin and benzpyrene make deep traces in such systems, as e.g. 
reproduction , immunity and behavior. Some signs of these already 
can be observed, without knowing that faulty pubertal imprinting is 
the cause of them. In addition -what is a more serious problem- we 
do not know, what will be shown in the next generations. Up to the 
3rd generation the inheritance of imprinting is justified in mammals 
however because of the long changes of generations this was not studied 
further, or had not been studied in man. Nevertheless in a unicellular 
model system (Tetrahymena) the effect was observed up to the 1000th 
generations [64,65]. And there is not known -at present- the way for 
undoing.

Women, during pregnancy (and postnatally) can determine the 
further fate of their offsprings by smoking or not smoking. However, 
pregnant women are adults, whose responsibility for their children can 
not be questioned, although in most of cases the liability of environment 
seems to be also responsible. The behavior of human environment forces 
(?) the women for passively smoking and even more the teenagers, who 
bears also to record the adulthood by it. However, the teenager (in 
general) does not bear with the accountability of adults for itself and 
others, at the same time it can faultily imprint its own systems for the 
further life and for their progenies.

Exposure in adulthood

As the differentiating capacity, as well, as the period of 
differentiation are different, there are many kind of cells which are 
sensitive to faulty hormonal imprintig in adults. This are mainly the 
cells of the immune system and the stem cells. Nothing is known 
on the imprinting sensitivity of stem cells however, there are  data 
on immune cells. This latters show, that faulty imprinting of adult 
immune cells influences the reactivity of the immune system, although 
the exact signs or  direction are not detected [66].

The future and the transgenerational faulty imprinting

As hormonal imprinting is an epigenetic process, it is inherited 
to the progenies of the touched cells (cell-line). This seems to be 
natural and understandable: imprinting touches directly the receptor 
bearing cell, which  in an adult person is independent on the germ 
cells which are participating in the process of fertilization. However, 
the experimental results show, that the signs of faulty impring appear 
even in the 1000th generation in unicellulars. This could be explained 
in this case, that the transmission of hereditary information  of cells 
here happens by the division of the treated cells however, in the case of 
mammals by special (germinal) cells, which are independent entities 
of the same organism. Nevertheless, inheritance was observed until 
the third generation.This means that faulty imprinting influences the 
receptors of the whole organism, or ovogonia and spermatogonia has 
similar nuclear receptors for PAHs, as the direct target cells and the 
epigenetic -reprogramming- effect is also manifested in these cells. 
There is not data on the span of heredity, that is: how many generations 
will be touched in human beings. Nevertheless, the faulty imprinting 
in the further generations will be manifested in an altered epigenetic 
milieu, and can be accumulated. This means that in the future must lay 
on the accounts with faulty hormonal imprinting. As faulty  hormonal 
imprinting is not a new non-physiological process, which never had 
been before, only its incidence is enormously growing, it is not known 
how much had been its role in the formation of the present day 
endocrine system, so there is not possibility to forecast of the impact of 
massive present-day endocine disruptor influences. Nevertheless, the 
preseent-day disruptor influences are so strong, that adverse impacts 
are expected.

Conclusion
The (epigenetic) process of hormonal imprinting had been 

recognized by us 40 years ago and later the possibility of faulty imprinting 
also have been justified in animal (unicellular and mammalian) 
experiments. The physiological and faulty hormonal imprinting theory, 
as well,as the functional teratogenicity was based on these observations 
[2,3,5,61,62,64-70]. However, its human importance have been 
confirmed in the last time by Barker’s DOHaD  (developmental origin 
of health and disease) theorys [67,68] and its evidences. The growing 
presence of endocrine disruptors in the human environment and the 
provocation of later onset and inherited diseases by them calls attention 
to the magnitude of danger [69,70]. This requests the increased 
attention on the problem.
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