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SUMMARY: Exposure to air pollution and its pollutants has been associated with important effects on human health since the
first years of life, thus it has been seen that exposure to tobacco smoke and wood smoke is directly related to cardimvascular
pulmonary diseases, respiratory and cancers. However, exposure to air pollution during fetal development and its efiacts on bra
structure and function during early childhood and adolescence have been little studied. In this review we have anagra¢aréherit
prenatal exposure to tobacco and wood smoke and its relationship with hypothalamic development and cognition in theofirst years
life.The molecular, morphological and physiological aspects of the relationship between pre- and postnatal exposure andobacco
wood smoke with neural developmental, cognitive and behavioral problems during early childhood and adolescence haveanot yet bee
fully clarified. The information available in the scientific literature based on antecedents obtained from epidemioloigisdlastiben
negatively affected by confounding variables and great methodological challenges that make it impossible to affirm arsalxact cau
relationship with certainty.
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INTRODUCTION

Exposure to air pollution (AP) during fetalis exposed to high levels of AP, the need to establish
development and its effects on brain structure and functicglationships between exposure to AP, TS and WS, with
during early childhood and adolescence have been litite possible effects on the structure and brain function. The
studied. Currently, there is information that suggests thaitm of this review is to analyze the literature that highlights
exposure to environmental pollutants, such as tobacttee general aspects of the relationships that have been
smoke (TS) and wood smoke (WS), have adverse headtstablished between prenatal exposure to TS and WS with
effects from the first years of life, which suggests athe development of the hypothalamus and cognitive aspects
association between both types of smokes with a highchildhood and adolescence.
prevalence of cardiovascular, pulmonary, respiratory
diseases and cancers. Although, antecedents related to brain AP and health risks. After COVID-19, AP is the
functions with TS and WS are scarce, there are reportsmost urgent environmental health risk facing the world's
newborn, children and adolescents (Slotkin, 2004opulation. According to the World Health Organization
Polanskat al, 2017; Luket al, 2018). Koninget al (2014) (2018a,b), it is the cause of death for seven million people
suggest that exposure to WS represents a risk to publiorldwide each year. Bomagt al (2003) estimate that
health similar to the risk of TS. In this sense, it has beémdoor AP in developing countries is responsible for nearly
reported that although the composition of TS and WS difféwo million excess deaths annually, caused for example
in components, there are also some that are present in dothchronic obstructive pulmonary disease, tuberculosis,
and have been associated with a decrease in cognitagute respiratory disease, and cancer. In addition, it states
functions. Then arises, and given that the world populatidghat more than 80 % of the world's population lives in urban
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areas exposed to air quality levels that exceed the limédult mice and rats. Consequently, epidemiological studies
compatible with health. The World Health Organizatioimave strongly associated exposure to WS with an increase
(2018a) declared that in addition to outdoor AP, indoan mortality and morbidity, most notably related to
smoke poses a serious health risk to some 3 billion peoplespiratory (asthma and COPD) and cardiovascular
Worldwide, 41 % of the population is exposed to AP frontthrough the pathways of cardiovascular, inflammatory and
polluted domestic air resulting from cooking with pollutingoxidative stress), however, they have not yet been
fuels and technologies, stating that 4.3 million deaths wetenfirmed in experimental or exposition studies (Sigsgaard
attributable to indoor AP (World Health Organizationgtal, 2015; Cascio, 2018; Senal, 2019; Environmental
2018a). Studies have revealed a link between exposurdtotection Agency, 2020). Prenatal exposure to SHS has
indoor and outdoor AP and cardiovascular disease, canbeen shown to be the leading preventable cause of sudden
and respiratory diseases (World Health Organizatiomfant death syndrome and low birth weight. Also, it has
2018b). It was established that the cause of these disedss=n linked to increased incidence of lower-respiratory
is mainly due to particulate matter found in polluted aitract infections, preterm births, otitis media, and dental
which can be found associated with TS and WS. Baghancaries. Exposure to SHS has also been correlated with
al. estimate that indoor AP in developing countries ismcreased incidence of food insecurity and the metabolic
responsible for nearly two million excess deaths annuallgyndrome in children (Rosenthal & Weitzman, 2011). It
caused for example by chronic obstructive pulmonatyas been shown in both animal and human models that
disease, tuberculosis, acute respiratory disease and cangentine and cotinine (a metabolite of nicotine) freely cross
the placenta and accumulate in fetal tissue (Koren, 1995;
Intrauterine and postnatal exposure Particulate matter Lambers & Clark, 1996; Jauniaekal, 1999a,b; Mattat
in the air is a complex mixture of solid and liquid particleal., 2007; Maritz, 2008). Likewise, SHS contains more than
of primary and secondary origin, which contain a wid&,000 toxic substances, which include hydrogen cyanide,
range of organic and inorganic components (@aal, carbon monoxide, butane, ammonia, toluene, arsenic, lead,
2013). From a health perspective, particles are defined tlyromium, cadmium, polycyclic aromatic hydrocarbons
size, the smallest, such as those with an aerodynani®AH), tobacco-specific N-nitrosamines, aldehydes, metals
diameter <2.5 microns (PM2.5), have greater impacts @amd organic compounds, these substances are transported
health, these are the main particles present in the smokétwbugh PM2.5 microparticles in the air (Rosenthal &
firewood and cigar (Taet al). TS is considered one of Weitzman). Exposure to SHS has been associated with
the main important pollutants of the indoor and outdoarumerous adverse health effects, particularly with
air. Its physiological and molecular effects in adult humarnscreased risk of cancer and heart disease even among
and the development of cancer have been well describebildren and unborn babies (Drogieal). Herrmanret al
In contrast, how TS affects embryonic developmer{008) established that prenatal and postnatal exposure to
remains poorly understood. Morphological studies of th8HS has shown a strong association with high rates of
fetuses of smoking pregnant women have shown variobshavioral disorders during childhood and adolescence,
physical deformities induced by constant fetal exposuseich as irritability, challenging or oppositional behavior,
to tobacco components, especially nicotine. In additioand attention deficit hyperactivity disorder.
nicotine exposure decreases fetal body weight and bone/
cartilage growth in addition to decreasing cranial diameter On the other hand, the effects of biomass burning
and tibia length. Unfortunately, the molecular pathwaysmoke have been studied and reported, both in mothers
leading to these morphological anomalies are ndKadamet al, 2013; Wylieet al, 2014; Scott & Reilly,
completely understood (Feltet al, 2013). There is a 2019; Borchers-Arriagadet al, 2020), children (Calde-
difference between smoke that is directly consumed bgn-Garciduefiast al, 2008) and fetuses (Fullertenhal,
the smoker, known as first-hand smoke and second-ha2@D8; Sreeramareday al, 2011; Trieet al, 2020; Sali-
smoke (SHS). Dropet al (2018) established that the risksnaset al.,, 2020a,b). Indoor AP, including that due to wood
of active smoking include kidney failure, intestinalcombustion, presents a severe health risk to those exposed
ischemia and hypertensive heart disease and that even(iMerld Health Organization, 2018a). In developed
damage caused by cigarette smoking begins durieguntries, WS encompasses various emission sources, such
intrauterine life, since pregnant women who smoke giwvas the combustion of wood for cooking, burning of wood
birth infants at increased risk for congenital disorder$or intra-residential heating or that from forest fires due to
cancer, lung disease, and sudden death. In other hagldpal warming. There is also a considerable contribution
prolonged inhalation of WS in high concentrations, inddrom residential wood combustion to outdoor AP,
ces mild inflammatory effects in the airways, systemiparticularly in developed countries, that contributes
inflammation, and decreased lung function in juvenile argignificantly to human health risks (Schwaatal, 2020).

774



MARIPANGUI, A. & SALINAS, P. Intrauterine and postnatal exposure to tobacco and wood smoke on hypothalamic development and cognition: an integrafiviee ditéeature.
Int. J. Morphol., 39(3¥73-779, 2021.

Among these, the smoke whose main source of emissiamd smallest portions of the brain (Saper & Lowell, 2014).
is the combustion of residential wood is considered it is composed of heterogeneous nuclei that control
countries of the southern (Chile and Argentina) andifferent physiological functions (Gao & Sun, 2017), such
northern hemisphere (Canada) as one of the main sourassdiet, sleep-wake cycles, body temperature, sexual
of localAP, even displacing the index of AP produced blgehaviors, reproduction, responses to stress, and circadian
the combustion of oil derived from motor vehicles andhythm. (Gao & Sun), among the most important. This
industries. WS, caused by the burning of residential woostructure is characterized by a plethora of nuclei and
is a mixture of volatile and particulate substances matieritories arranged in a mosaic pattern that interact to
up of organic and inorganic elements, among its maregulate behavior (Burbridget al., 2016). The
components are carbon monoxide, nitrogen dioxida@ypothalamus produces neurotransmitters such as 5-
particulate matter (Junemann & Legarreta, 2007), frdeydroxytryptamine, dopamine, glutamate, gamma
radicals and polycyclic aromatic hydrocarbons (Unoss@minobutyric acid (GABA), as well as various
et al, 2013). Evidence of the effect of WS on theneuropeptides and hormones that contribute to the
development of the fetus or on behavioral aspects régulation of basic physiological functions. The
children and adolescents obtained from experimentdévelopment of the hypothalamus, derived from the
studies or direct exposure is scarce. precordal mesoderm, begins early in embryogenesis and
is a complex series of events that includes the establish-
Hypothalamic development impairmentsThe structure ment of the hypothalamic regional territory, the
and function of the brain are established from the first yeaspecification of the subdivision of regional territories, the
of life in processes that are extremely sensitive to exterrdifferentiation and neuronal migration and the formation
influences. Thus, during prenatal development, the branf sub-nuclei (Gao & Sun). The rostral part of the
is more susceptible to the negative effects of environmentafpothalamus contains key integrative circuits for
toxins (Polanskat al; Rivaset al, 2019). These external thermoregulation, fever, electrolyte balance, wake-sleep,
influences (Fig. 1) have repercussions by inducing changgscadian rhythms, and sexual behavior. The tuberal
in normal neurodevelopment, such as reduced psychomdtgipothalamus contains circuits for sexual behavior,
functions and an increased risk of behavioral disturbancaggressiveness, and autonomic and endocrine responses.
(Polanskeet al). The hypothalamus is one of the oldesThe posterior region of the hypothalamus plays a role in
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Fig. 1. Synthesis of the effects of intrauterine and postnatal exposure to cigarette and wood smoke
on hypothalamic development.
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the regulation of wakefulness and stress responses (Sapkich include attention, orientation, perception, memory,
& Lowell). There are reports that demonstrate th#hought and language. Portella (2016) has described the
relationship between intrauterine exposure to TS and somain cognitive functions, defining learning as the process
conditions to specific regions of the brain (Rosenthal &y which new information or knowledge is acquired, and
Weitzman). Rivkiret al (2008) reported that intrauterineestablishing that from a physiological point of view it is
exposure to TS is related to a reduced head circumferendearacterized as a set of plastic changes in the effectiveness
a reduction in cortical gray matter and also in totadf transmission synaptic of the medial and inferior tempo-
parenchymal volumes at school age. Decreased braal wolves including the amygdala and hippocampus.
growth in utero is associated with an increased risk dMemory constitutes the process by which acquired
cognitive difficulties during early childhood (Rosenthaknowledge is encoded, stored and retrieved. Likewise,
& Weitzman). In turn, Slotkin establishes thatFuster (2008) characterizes the executive functions,
environmental toxins interfere with the different functionslefining them as the set of cognitive abilities that allow
of neurotransmitters, generating abnormalities ithe anticipation and establishment of goals, the formation
neurological development by interrupting the time oof plans and programs, the initiation of activities and mental
intensity of neurotrophic actions; and that, amongperations, the self-regulation of tasks and the ability to
environmental toxins, exposure to TS has long-terwarry them out efficiently, considering their main
adverse effects on specific processes involved in ttemponents: working memory, inhibitory control,
replication and differentiation of brain cells, theplanning, monitoring, categorization and cognitive
development and function of synaptic. flexibility. Both describe attention, as the fundamental
cognitive function that allows filtering irrelevant sensory
Cognitive Impairments. The mental functions present ininformation and processing relevant information; and
the human being, which allow them to relate to thefinally, they establish language as the cognitive function
environment and have knowledge of their own inner worldhat allows to express experiences and communicate them
have been grouped into 3 large groups: affective (emotiorisrough the use of symbols, signals and sounds registered
motivation and feelings), psychomotor (related tby the sense organs. Cognitive functions depend on
psychomotor skills and motor systems), and cognitive onésteractions between multiple neural systems that use a
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variety of neurotransmitters, such as the cholinergic system the aspects of hypothalamic development, stress
(mediated by acetylcholine, which is important in processessponse and cognition. According to the literature
such as learning, memory, neural development and in tbensulted in this review, they have not been the focus of
reward system ), the gabaminergic system (mediated éytensive research in recent years. Information on the
GABA, which mainly fulfills an inhibitory function that effects of intrauterine exposure to WS in these aspects is
exerts a control on memory processes), the dopamienergigited. However, two lines of research derive from the
system (mediated by dopamine, which has implicatiomeviewed literature: (1) it has been established that
on cognition, motivation, reward responses and plays anvironmental toxins interfere with the functions of
important role in specific synaptic changes in learning ameturotransmitters (Slotkin; Gao & Sun; Polanekal),
memory), the noradrenergic system (mediated lyiven that the hypothalamus regulates physiological
norepinephrine, which is related to functions based on thenctions, such as the response to stress through the
alert system), and the serotonergic (mediated by serotongynthesis of neurotransmitters, it is possible to hypothesize
and glutamatergic systems (mediated by glutamate, whigarding the probable role of intrauterine exposure to WS
are involved in learning and memory processes). Ritasin high concentrations to WS , particularly in the early
al. reported an association between exposure to AP duristgges of the development of the nervous system and (2)
gestation with reduced psychomotor development, autisntrauterine exposure to TS has been associated with
spectrum disorder and impacts on cognitive developmenegative effects on cognition, such as learning, behavior
In addition, they showed that prenatal exposure and duriagd attention problems (Slotkin; Polanskaal; Luk et
the first years of life to TS has a negative association wi#th.), and in turn. An important association has been reported
fundamental cognitive skills in children between 7-10 yeais the composition of TS and WS, since both present carbon
old, such as: working memory and attention, and they alsmnoxide, particulate matter (PM2.5) and PAH, likewise,
reproduce a reduced memory working memory and #@rhas been reported that prenatal exposure to PM2.5 and
association with reduced performance of the confli®AH is negatively associated with cognitive abilities such
network, one of the functional networks of attention, whichs working memory and attention (Peretal; Rivaset
had already been previously reported by Slotkin. Recealt). Finally, it is possible to hypothesize regarding
studies highlight that passive smoking during pregnanaytrauterine exposure to WS and given the similarity of its
could affect the fetus in the future with respect to behaviorabmponents to TS, it may have the same significance in
development, and in particular aggressive and externaliziddgferent cognitive abilities and functions.
behaviors. Different studies have associated the effects of
prenatal exposure to TS with a decrease in neurological
development, including cognitive, language and mot@ONCLUSION
skills, during the first two years of life (Polans&gal)
and with behavior problems, hyperactivity and inattention
(Luk et al). In turn, Pererat al. (2012) established an The molecular, morphological and physiological
association between prenatal exposure to PAH, anotlapects of the relationship between pre- and postnatal
component of TS and WS, with a decrease in cognitiexposure to TS and WS with neural developmental,
functions, and found that a high prenatal exposure to PAEbgnitive and behavioral problems during early childhood
in combination with high levels of exposure SHS isnd adolescence have not yet been fully clarified. The
associated with a reduction in intellectual capacity (IQhformation available in the scientific literature based on
levels at the age of 5 years (Fig. 2). epidemiological studies has been negatively affected by
confounding variables and great methodological challenges
Perspectives.Although the evidence recognizes thahat make it impossible@taffirm a causal relationship with
existence of PAH in WS, there are still no robust studiegrtainty. A positive and outstanding aspect is the use of
that provide conclusive evidence that may associad@imal models, and the consequent reduction of confounding
secondary effects in neurodevelopment. We hypothesivariables, that have provided causal antecedents that would
regarding a probable effect of WS on the development bélp to understand and demonstrate the probable deleterious
the central nervous system and its a posteriori effectfect on the neurological and cognitive development of those
mainly due to the antecedents obtained in studies who were exposed to WT or SW during intrauterine life.
cigarette smoke, given the fraction of similar componenihe only certainty is that fetuses and children who were
between both types of smoke. The effects of exposuredrposed to high concentrations of ST and/or SW for a long
WS have been associated mainly with respiratory and lutigne during intrauterine and postnatal life are at a
diseases, cancers and also with cardiovascular diseasesdvantage in relation to their cognitive and behaliora
and although these have been well described, its effeatslities during adolescence.
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