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Abstract
Substance abuse by women of child-bearing age and fetal in utero drug exposure 
has increased in the number of infants born with health issues. Prenatal exposure 
to psychoactive substances can lead to neurological and neurodevelopmental 
deficits later in life. Useful data concerning the effects of psychoactive drugs on 
fetal neurodevelopmental status are sparse. Understanding the neurodevelop-
mental consequences of prenatally drug-exposed children has become a pressing 
global concern. The aim of this review is to gather current evidence and 
information on neurodevelopmental outcomes of in utero drug exposure. A 
literature search was performed on the PubMed, Scopus, and Google Scholar 
databases using the terms “psychotropic drugs”, “neurodevelopmental conse-
quences”, “prenatal drug exposure”, and “pregnancy”. Available studies on in 
utero drug exposure were reviewed and found to support the idea that some 
degree of health issues are present in fetuses and children. Different psychoactive 
substances have profound neurodevelopmental consequences, such as structural 
brain changes, poor attention span, Down syndrome, attention deficit hyper-
activity disorder, autism spectrum disorder, imbalances in neurotransmitter 
levels, and many structural deficits. The pervasive use of psychoactive drugs in 
women of child-bearing age is an important health concern. Further scientific 
efforts are needed to investigate the effect of prenatal exposure to psychoactive 
drugs on children.
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Core Tip: Use of psychotropic drugs during pregnancy is thought to contribute to the 
pathophysiology of neurodevelopmental disorders in children. In utero, drug exposure 
is related to different factors such as drug dose, its chemical structure that influences 
the entrance of the drug to the fetus body, drug distribution and elimination. However, 
neurodevelopmental consequences like autism, Down syndrome and structural deficits 
are the results of in utero drug exposure. Evidence from previous studies confirmed 
that in utero drug exposure played a key role in the etiology of neurological problems 
later in life, providing information and insights for preventing substance abuse in 
women.
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INTRODUCTION
Addiction to drugs is defined as the repeated use of addictive substances that cause a 
set of physiological and behavioral effects. The repeated use of drugs, cravings, and 
withdrawal symptoms after stopping drug use are among the most important typical 
symptoms of addiction[1]. The prevalence of the non-medical and recreational use of 
drugs and substances among women remains at a level comparable to that of men[2]. 
Alongside the increasing trend of drug abuse, there has been a corresponding rise in 
the use (and abuse) of licit or illicit drugs in women of child-bearing age[3]. Drug use 
among pregnant women may result in several medical complications, both for the 
mother and her child. There are many critical variables involved in the effects of drugs 
of abuse on fetal brain development. These variables include the duration, timing, and 
magnitude of exposure, as well as how much of the drug enters the fetus blood and 
central nervous system (CNS). As the amount of absorbed drug is not equal along 
different routes of drug administration (oral, inhalation, smoking, and injection), their 
effects on a fetus’s vital organs and fetal toxicity also differ[1]. Human research on 
pregnant mothers using illicit drugs has demonstrated associations between substance 
use and pregnancy loss[1].

There are several issues regarding drug abuse during pregnancy and its impact on 
child neurodevelopment. There are some practical difficulties in studying human 
embryos during in utero drug exposure. Drug-dependent mothers often use multiple 
drugs from different categories with various pharmacologic properties. This situation 
renders it challenging to study the effect of a single drug on the fetus’s neurodevel-
opment in isolation. Other factors, such as the mother’s hormones and blood glucose 
level, also influence the child’s neurodevelopment[4]. However, studies based on self-
reports of illicit drug use during pregnancy are subject to an underrepresentation bias
[5].

Prenatal drug exposure is a rising global phenomenon with significant variability 
across countries[6]. Fetal brain development takes place during pregnancy. The first 
trimester of pregnancy is a particularly important period of development[7]. Exposure 
to drugs and substances early in life has long-lasting adverse effects on brain structure 
and function[5]. Embryonic exposure to drugs and addictive substances can change 
the cellular morphology of cortical neurons. Previous reports have confirmed that the 
cerebral cortex is greatly affected by drugs. The architecture of neurons, receptor 
function, and the synaptic plasticity of many inhibitory and excitatory neurons in the 
marginal system of the midbrain cortex are altered by drug use[8]. Prenatal exposure 
to drugs is one of the important issues that impact the CNS development of a fetus 
and, subsequently, his/her future behavior. Experimental and animal studies offer 
evidence that prenatal neurodevelopmental insults continue to involve fetal, neonatal, 
infant, and childhood CNS development[9]. Understanding the relationship between 
prenatal drug exposure and its effects on children’s neurodevelopmental outcomes is a 
problematic task for researchers[10]. Associations between prenatal drug exposure and 
neurodevelopmental consequences in children are complicated because of con-
founding factors such as the type of drug used and its dose, environmental circum-
stances, and individual genetic profiles. Such circumstances limit researchers’ ability to 
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understand the connection between in utero drug exposure and late childhood 
consequences[9].

Previous studies focused on the fetal health consequences of individual drug 
classes. The aim of this review is to summarize the effects of different categories of 
substances abused by pregnant women and their effects on children, including a 
detailed description of neurodevelopment difficulties.

DRUG PHARMACOKINETICS DURING PREGNANCY
Numerous factors play important roles in fetal exposure to drugs including drug dose, 
maternal drug pharmacokinetic parameters, drug distribution and elimination in the 
fetus body. However, three main factors determine a drug’s transfer rate from placenta 
to fetus body; drug lipophilicity, the pH gradient across the placenta, and drug’s 
protein-binding properties[11]. Non-ionized, low molecular weight and lipid-soluble 
drugs are freely absorbed from the placenta to the fetus body. Two important factors 
are responsible for drug equilibration between maternal and fetal blood compar-
tments; concentration gradient (fetal/maternal drug ratio) and the placental blood 
flow[11]. The metabolic power of the fetus for the metabolism of drugs and substances 
administered to the mother is not completed during the first 3 mo of fetus life, 
resulting in the exposure of the fetus to high quantities of drugs[11]. Physiologic 
changes during pregnancy affect several pharmacokinetic parameters such as ab-
sorption, distribution, metabolism, and excretion of drugs[11]. The first pharma-
cokinetic parameter, absorption, decreases during pregnancy as a result of gastric 
emptying time reduction as well as the small bowel drug transit time[11]. There is an 
escalation of maternal plasma volume during pregnancy, which can be increased by 
50% during the last trimesters of pregnancy, thus leading to lower plasma concen-
tration of drugs[11,12]. Most psychotropic substances have a lipophilic chemical 
structure and show a greater volume of distribution during pregnancy[12]. It is 
important to mention that hormonal induction or inhibition of metabolic processes 
plays an important role in pharmacokinetic changes of psychoactive substances during 
pregnancy[12].

PSYCHOACTIVE DRUGS AND SUBSTANCE CLASSIFICATIONS
Cannabis and synthetic cannabinoid receptors agonists
Cannabis consists of the flowering or fruiting tops of the cannabis plants — its sativa, 
ruderalis, and indica subspecies contain a number of chemical substances. The most 
predominant substance with psychoactive properties is delta-9-tetrahydrocannabinol, 
commonly known as THC. Other cannabinoids are cannabidiol (CBD) and cannabinol 
(CBN). The term “cannabis” is defined as different products obtained from the 
cannabis plant.

Marijuana, also known as cannabis, is obtained from plants of the cannabis genus 
that are members of the Cannabaceae family. The pharmacologically active ingredients 
of marijuana are the phytocannabinoids that interact with cannabinoid receptors. 
Tetrahydrocannabinol (THC) and cannabidiolic acid are two products of cannabinoids. 
There are many slang and street names for marijuana, including herb, weed, hashish, 
ganja, and grass. THC is the active ingredient of resin produced from the leaves and 
buds of female plants. The cannabis plant contains about 500 chemical compounds, 
100 of which are structurally and chemically related to THC. These compounds, 
together with THC, are called cannabinoids[13]. CB1 and CB2 are two known can-
nabinoid G protein-coupled receptors. CB1 is found on axons and nerve terminals in 
the CNS[14]. Meanwhile, CB2 receptors are mostly expressed on immune cells[14]. 
Two active components of the cannabis plant (THC and CBD) are CB1 and CB2 
receptor agonists. CB1 receptor agonists mediate decreased neuronal signaling across 
synapses[13]. Dried leaves of cannabis plant is shown in Figure 1.

Common routes of administration of cannabis products: Marijuana inhalation is the 
fastest route by which THC enters systemic blood circulation. Marijuana inhalation 
can be performed through smoking, dabbing, or vaporization. Different oral prepar-
ations, including drops, cakes, tinctures, candies, snacks, and drinks, are produced as 
oral marijuana. Rectal and vaginal suppositories are also made from oils and waxes 
that contain marijuana[15].
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Figure 1 Dried leaves of cannabis plant.

Marijuana pharmacokinetics in pregnancy: Maternal use of marijuana has a high 
frequency due to the perception that marijuana is safe and can be used during 
pregnancy[16]. Human and animal studies have demonstrated that THC rapidly 
crosses the placenta and that its concentration in fetal blood correlates with that in 
maternal blood. A placenta’s normal physiology and transport mechanisms are 
affected by marijuana. The permeability of the placental barrier to licit and illicit drugs 
increases due to CBD exposure, thus enhancing fetal exposure to other drugs and 
poisons. Other human studies have confirmed that prenatal exposure to cannabis 
reduces blood flow that is essential to supply the placenta. After oral administration, 
the amount of THC absorbed exceeds 90%. However, due to first-pass hepatic 
metabolism, its bioavailability is limited to less than 20%. In contrast, after marijuana 
smoking, THC bypasses the first-pass hepatic metabolism, resulting in highly irregular 
bioavailability. However, its concentration reduces due to losses through sidestream 
smoke, absorption by cigarette butts, and pyrolysis[17,18].

Effect of cannabis use in pregnancy and childhood outcomes: Studies on the effects 
of marijuana in pregnancy are confounded by nutritional inadequacy and multi-
substance abuse that can show synergistic effects[19]. Animal and human studies on 
the effect of THC in fetal brains have demonstrated structural brain changes, especially 
in the nucleus accumbens[20,21]. One previous study showed that marijuana use was 
significantly associated with stillbirth, spontaneous preterm birth, and decreased birth 
weight[22]. Cannabis use was evidenced by tetrahydrocannabinolic acid positive 
screens in umbilical cord homogenate. This result was confounded by concurrent 
maternal tobacco use[23].

Prenatal marijuana use has a high prevalence as a recreational drug or to alleviate 
nausea and morning sickness. Babies exposed to prenatal cannabis suffer from 
problems associated with neurological development. These problems are manifested 
as changing responses to visual stimuli, shivering, and high-pitched cry[24]. Memory 
and skill gap problems are other important difficulties among school-aged children 
exposed to cannabis in the prenatal phase[25]. Neurologic tests and intelligence 
quotient (IQ) estimation manifested variable degrees of impairment in visual memory, 
perception, and language comprehension in different periods of children’s lives. 
Children also suffered from poor sustained attention and high hyperactivity and 
impulsivity[26].

A study conducted in Hawaii showed that many birth defects, including Down 
syndrome, cardiovascular issues, arm and hand defects, and orofacial clefts, are more 
prevalent among children exposed to cannabis during gestation[27]. Another study in 
Canada confirmed that congenital defects were more common in territories where 
cannabis is smoked more often than in other territories[28]. Concerningly, the elevated 
rates of acute lymphoid leukemia (ALL), acute myeloid leukemia (AML), rhabdomy-
osarcoma, and neuroblastoma in the pediatric population suggest further implications 
of cannabinoid-induced genotoxicity[27].

Synthetic cannabinoid receptor agonists: Synthetic cannabinoid receptor agonists are 
designed substances with structural features that allow binding to cannabinoid 
receptors. These substances mimic the effects of cannabis but are not licensed for 
medical use. In an experimental study conducted to evaluate the effect of synthetic 
cannabinoid receptor agonists on cortical and sub-cortical brain areas across postnatal 
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development, it was concluded that the administration of synthetic cannabinoid 
receptors has a disparate effect on neural morphology in adult and adolescent rats. 
Their results suggest that neural circuits in the adolescent brain may be more 
vulnerable to drugs[29].

Opium, opiates, and opioids
Opium is defined as the coagulated juice obtained from the plant Papaver somniferum.

There are a number of alkaloids with psychoactive properties which can be 
extracted from opium. Morphine, codeine, thebaine, papaverine, and noscapine are the 
major alkaloids in opium. Heroin (diacetylmorphine, diamorphine) is a semi-synthetic 
opiate obtained from the acetylation of morphine.

Opioids’ mechanism of action: The pharmacologic properties of morphine, heroin, 
and other opiates are mediated through the activation of opioid receptors. There are 
different types of opioid receptors. Among them, µ (mu) receptors mediate analgesic 
and behavioral effects[30].

Opioids refer to opiates and their synthetic congeners, which can be synthetic or 
semi-synthetic. Their pharmacologic properties are similar to those of morphine. 
Synthetic derivatives of opioids have different chemical structures and can be 
extremely potent. Fentanyl derivatives, methadone, and buprenorphine are classified 
as synthetic opioids[30].

Opioid use during pregnancy and its outcomes: The prevalence of opioid use among 
women of child-bearing age has increased dramatically. In utero exposure to opioids 
can have a direct effect on neuronal development[10]. Before environmental con-
founding factors influence child neurodevelopment, neurological changes can be 
observed shortly after birth in opioid-exposed infants[31]. Along with adverse 
neonatal outcomes associated with prenatal opioid exposure (stillbirth, premature 
delivery, and reduced gestational age), brain growth and poor neurodevelopmental 
outcomes are important health issues[32].

However, maternal confounding factors, such as the concomitant use of alcohol and 
cigarettes, and multi-drug use during pregnancy (and their effects on neurodevelop-
mental outcomes), should not be neglected[33]. Damage to the central and peripheral 
nervous systems of fetuses is the leading adverse effect of opioids use in pregnancy
[8]. The most significant consequences of opioid exposure on fetal neural development 
are neural tube defects and neonatal abstinence syndrome[8]. Incomplete closure of 
neural tube during 4 or 5 wk of embryonic neural tube development is a congenital 
malformation caused by opioids. It is demonstrating as anencephaly, encephalocele, 
and spina bifida[8,34]. Opioids can change connections and sizes between different 
parts of the brain, including the basal ganglia, thalamus, and cerebellar white matter. 
Also, the myelination process in developing oligodendrocytes is altered as a result of 
the effect of opioids on the fetus brain[35]. Opioid-exposed children suffer from lower 
cognitive and psychomotor scores and poor social-emotional consequences during 
infancy and preschool age. Preschool- and school-age children exposed to opioids 
during the prenatal period tend to have below-average IQ scores and language 
development and skills, as well as high attention problem scores. Results of previous 
findings strengthen the idea that opioid-exposed children suffer from a wide variety of 
long-term neurodevelopmental disorders. These problems were seen among infants 
born to opioid-dependent mothers taking methadone[3]. According to previous 
studies, methadone-exposed infants exhibit a more dysregulated pattern of neurobe-
havioral disorders at the time of birth in comparison to unexposed infants[3,36].

Prescription opioids are used as pain relievers and as substitutes for opioids in drug 
rehabilitation programs. However, these groups of substances are commonly abused 
by women of child-bearing age[8]. Methadone is a highly lipophilic substance with a 
low molecular weight. It readily crosses the placenta and reaches the embryo. Experi-
mental and animal model studies have demonstrated that methadone has a profound 
impact on a child’s neuronal development and brain function. It has been confirmed 
that methadone has deleterious effects at the critical stages of neuronal myelin 
formation[4,37]. Stoetzer et al[38] indicated that methadone disrupts locomotor ac-
tivity. Methadone and other opioids have a negative influence on ion channels, 
thereby altering neuronal network activities. Methadone disrupts the integrity of 
human cortical organoids in a dose- and stage-dependent manner. Methadone also 
antagonizes NMDA receptors in human cortical organoids[4].

It has been confirmed that poor attention, regulation, and quality of movement 
result from in utero methadone exposure. Methadone-exposed infants suffer from 
excitability, regulation, signs of stress, abstinence, neurological deficits, and intel-
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lectual disabilities later in life. Results of follow-up studies in children at 24 mo of age 
revealed that distinct neurobehavioral profiles, such as poor cognitive and motor 
development, persist over the first 4.5 years of a child’s life[3,4]. However, there was 
no difference between infants prenatally exposed to methadone in comparison with 
unexposed infants at the gestational age.

Stimulants
Amphetamine-type stimulants: The term amphetamine-type stimulants (ATSs) refers 
to a group of substances that are mostly synthetic. The principal members are 
amphetamine, methamphetamine, and 3,4-methylenedioxymethamphetamine 
(MDMA, ecstasy). ATSs have stimulatory effects on the CNS, as they interfere with the 
dopamine, norepinephrine, and serotonin systems[30].

Amphetamines mechanism of action: Amphetamine and methamphetamine affect 
neurotransmitter levels through various mechanisms. The mechanism of ATSs is 
mainly based on direct interactions with neurons and the information transmitted 
between them. Each specific substance has its own mechanism of action, but the basic 
principles remain the same. ATSs increase neurotransmitter concentrations in neuron 
synapses. On the other hand, ATSs are also classified as non-catecholamine sym-
pathetic drugs that do not have catecholamine chemical structures and do not in-
fluence receptors[1]. Once methamphetamine enters the CNS, it releases norad-
renaline, dopamine, and serotonin, and it mediates an increase in monoamine con-
centrations in neuronal cytosols and synapses. Neurotransmitter reabsorption in-
hibition is another mechanism by which ATSs increase neurotransmitter concen-
trations in neuronal synapses. Monoamine oxidase (MAO) is an enzyme involved in 
the degeneration and inactivation of monoamines. The methyl group on the alpha 
carbon in methamphetamine structure inhibits MAO activity, resulting in an increased 
monoamine concentration[1]. The combination of these processes stimulates the CNS. 
Methamphetamine acts mainly via interference with dopaminergic and serotonergic 
neuronal response pathways. In other words, methamphetamine can be classified as a 
non-catecholamine sympathetic substance[1].

Methamphetamine pharmacokinetics: Methamphetamine is absorbed freely through 
the gastrointestinal tract. It passes through the blood-brain barrier (BBB) with greater 
ease than its less lipophilic analogues, such as amphetamine. Methamphetamine is 
widely distributed throughout the body. It is metabolized differently in various animal 
species. In the human body, a substantial amount of methamphetamine is excreted 
unchanged via urine as a parent drug. Hydroxymethamphetamine is one of the 
methamphetamine metabolites that is formed via hydroxylation in the liver and 
excreted in the urine. The other metabolite is amphetamine, which is produced as a 
result of the N-demethylation of methamphetamine[1].

Neurotoxic effects of methamphetamine: The neurotoxic effects of methamphetamine 
occur as a result of highly reactive free radical production due to dopamine auto-
oxidation. Also, vesicular pool storage depletion to the cytoplasmic compartment in 
dopaminergic neurons induces intraneuronal oxidation, which is one of the primary 
causes of dopamine terminal injury[39]. In conclusion, the imbalance among the 
vesicular, cytoplasmic, and extracellular dopamine pools is important in the neu-
rotoxic action of methamphetamine. After long-term exposure to methamphetamine, 
dopaminergic receptors are degraded, dopamine production decreases, and with-
drawal symptoms arise[40].

Different parts of the brain responsible for pleasure, motor control, and addiction 
are connected to each other by dopaminergic and serotonergic pathways. Monoamine 
transporters, such as dopamine, serotonin, and norepinephrine transporters, aid 
methamphetamine’s entrance to the neuron body. Methamphetamine displaces 
monoamine pools in vesicular and intracellular compartments, and it facilitates the 
release of monoamines into the synaptic space[41].

Methamphetamine is a neurotoxic substance that can cause striatal nerve terminal 
degeneration. Dopamine extracellular concentrations are elevated via the migration of 
dopamine from intracellular pools to the extracellular space induced by metham-
phetamine. Methamphetamine exerts its neurotoxic effect via the auto-oxidation of 
dopamine into highly reactive free radicals[1,39,41]. The primary cause of dopamine 
terminal injury is the redistribution of dopamine from vesicular stores to the cyto-
plasmic compartment, which causes intraneuronal oxidation[1,39]. In metham-
phetamine-addicted subjects and long-term users, reduced dopamine production and 
a loss of dopaminergic receptors trigger the need to increase the dosage of the abused 
substance[40]. Methamphetamine-induced hyperthermia is mediated by dopamine 
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receptor overactivation. However, as dopamine stores deplete over time, serotonin 
starts to play the main role. Methamphetamine reduces forebrain serotonin concen-
trations causing depression and sleep disorders.

Methamphetamine use during pregnancy and its outcomes: Women are more 
sensitive to methamphetamine than men. Unfortunately, methamphetamine use 
among pregnant women has increased. Pregnancy has an important effect on a 
woman’s sensitivity to drugs. In addition to malnutrition in addicted pregnant 
women, sensitivity to some drugs, such as cocaine, increases, sometimes causing 
sudden fetal death[42,43]. Methamphetamine’s concentration peak, distribution 
volume, and biological half-life are affected by physiological changes and altered body 
water volume during pregnancy. Many factors change in the placenta throughout 
pregnancy. The placenta’s cellular membrane, protein binding, nutrient and oxygen 
transfer capacity, blood flow rate, and drug permeability to the fetus are strongly 
affected by drug use[1]. Previous studies have confirmed that methamphetamine 
passes the placental barrier easily. It was also shown that half of the methamphe-
tamine concentration can be detected in the fetal blood circulatory system when 
compared to maternal blood[44,45]. Methamphetamine is mainly metabolized in the 
liver, but the enzymatic system in the fetal liver is not yet able to handle large amounts 
of drugs. After repeated exposure to methamphetamine, high drug concentrations can 
be found in fetal plasma[44]. Due to the oxidant activity of methamphetamine and 
reactive oxygen species production, antioxidant levels are decreased in the embryo 
during maternal methamphetamine use, resulting in oxidative damage to lipids, 
proteins, and DNA[46].

Previous studies demonstrated that methamphetamine decreases dopamine and 
noradrenaline levels, followed by an increase in synaptic activity that produces 
neurotoxic effects on the CNS. Cui et al[47] showed that methamphetamine combined 
with monoamine neurotransmitters can disturb fetal brain development.

Issues regarding methamphetamine exposure during the prenatal period are 
associated with impaired neurological development[48]. Infants suffering from 
prenatal exposure to methamphetamine show neurobehavioral development manifest-
ations, such as poor movement, electroencephalogram (EEG) changes, elevated stress 
levels, and physical tension[48,49]. Other studies confirmed low birth weight, still-
birth, and intrauterine growth retardation in methamphetamine-exposed children[50]. 
Fetus brain structure can also be affected by methamphetamine. Previous studies offer 
evidence of decreased volumes of subcortical structures such as the putamen, globus 
pallidus, caudate nucleus, and hippocampus; smaller striatum; and fewer dopamine 
(D2) receptors due to prenatal methamphetamine exposure[51]. However, these 
children do not suffer from language problems or low IQ[52]. Young school-aged 
children exposed to methamphetamine during their prenatal life exhibit problems 
related to adapting with their peers and cognition. They show anxiety, emotional 
instability, aggression, and personality disorders such as attention deficit hyperactivity 
disorder (ADHD)[53].

Coca and cocaine 
Cocaine is obtained from the plant Erythroxylon coca. It consists of different kinds of 
alkaloids, including cocaine (the main psychoactive substance of coca leaves), 
benzoylecgonine, and ecgonine[30]. Cocaine exerts its stimulant activity by affecting 
the brain’s dopamine, norepinephrine, and serotonin neurotransmitter systems. 
However, cocaine’s effect on the level of dopamine is more pronounced than that of 
methamphetamine and amphetamine[30].

Cocaine’s mechanism of action: Cocaine binds to monoamine transporters in the fetal 
brain. Animal model studies have described decreased dopaminergic, beta-adrenergic, 
and serotonergic receptor expressions in the embryonic brain following prenatal 
cocaine exposure[5].

Long-term repercussions of cocaine exposure have been found in GABA and 
glutamate neurotransmitters systems, resulting in an increase in the numerical density 
and anatomical alterations of glutamatergic neurons. These changes suggest 
alterations in neocortical connectivity that can cause behavioral and cognitive deficits
[5,54].

Cocaine use during pregnancy and its outcomes: Recent studies report that cocaine 
use among pregnant women continues to be a public health concern. Fetal cocaine 
exposure during pregnancy disrupts brain monoamines, especially dopamine, during 
a critical stage of brain development. Animal-based and experimental studies permit 
rigorous and hypothesis-driven explorations of the effect of prenatal cocaine exposure 
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on brain development. There are some confounding factors in the human-based 
studies, such as multi-drug use. Multi-drug use is common among cocaine users. They 
often use alcohol, nicotine, and marijuana with cocaine[5].

Prenatal cocaine exposure can affect early brain development. It causes fetal growth 
retardation, seizure, respiratory distress, cerebral malformation, and, in some 
instances, sudden infant death syndrome. An infant’s behavioral profile correlates 
with the timing of cocaine exposure. Cocaine exposure during the first and second 
trimesters causes abnormal reflexes, but its exposure during the second and third 
trimesters induces reductions in motor maturity and muscle tone[5]. Other con-
sequences of prenatal cocaine exposure are disrupted arousal regulation, attention, 
emotional reactivity, and reward systems[5]. Children exposed prenatally to cocaine 
have shown specific language and cognitive deficits, behavioral problems, and 
impaired social development[5,55]. Abnormal brain development can be exhibited as 
decreased head circumference and microcephaly as a result of high levels of prenatal 
cocaine exposure. In fact, head circumference is a good predictor of neurobehavioral 
deficits in prenatal cocaine-exposed children. Magnetic resonance imaging (MRI) of 
brains revealed size reductions in cortical and subcortical structures, including a 
smaller caudate, corpus callosum, and pallidum. In contrast, the amygdala’s size 
increases[56]. Significant reductions in the volume of cortical gray matter, thalamus, 
and putamen resulted from in utero cocaine exposure[57]. Brain wave activity changes 
and seizures are other outcomes of prenatal cocaine exposure. Prenatal cocaine-
induced seizures continue throughout the child’s initial months of life and, in some 
cases, even after 6 mo, suggesting long-term neurodevelopmental consequences of 
early life cocaine exposure[58].

Previous studies have confirmed that cocaine- or heroin-exposed infants are 
impacted by a combination of drugs (known as cocktails) with a variety of pharma-
cologic properties[7,59]. Cocaine users often use other substances, such as alcohol and 
tobacco, simultaneously[7].

Hallucinogens
Hallucinogens are naturally occurring or synthetic substances that induce hallucin-
ations and distortions in consciousness and perception, thinking and feeling, often 
accompanied by some degree of auditory or visual hallucinations. They are also 
known as “psychedelics,” and they produce synaesthesia and alter the user’s 
perception of reality. Hallucinogenic agents fall into different chemical groups, 
including tryptamine (lysergic acid diethylamide or LSD and psilocin) and phenethyl-
amines (mescaline, the main psychoactive component of peyote cactus). Hallucinogens 
mediate their hallucinogenic activity through interactions with serotonin receptors. 
LSD is one of the most potent hallucinogenic substances. It is derived from lysergic 
acid, an alkaloid found in a fungus named Claviceps purpurea. LSD’s mechanism of 
action is similar to those of other hallucinogens. LSD exerts its hallucinogenic effect via 
its agonistic activity at the serotonin receptor 5-HT2A. Serotonin is a neurotransmitter 
with biogenic properties. It acts as a neurotrophic agent in neuronal development 
processes such as neurogenesis and neuronal differentiation[60]. It has been shown 
that each agent that alters serotonergic signaling is linked to neurodevelopmental 
disorders such as autism spectrum disorder (ASD), ADHD, depression, and schizo-
phrenia. Previous studies have demonstrated that normal placental structure and 
function are associated with equilibrium in serotonin signaling[61]. In fact, deficient 
placental serotonin levels are correlated with fetal growth restriction, anxiogenic 
behavior, and ASD[61].

Alcohol
Alcohol pharmacokinetics during pregnancy: Alcohol is absorbed readily from the 
placenta into the fetal bloodstream. Prenatal alcohol exposure begins with the 
dispersion of alcohol through the placenta to the fetal compartment. The chemical 
structure of ethanol enables rapid diffusion across the placental barrier and dispersion 
throughout the body water. The time needed to obtain an equilibrium between fetal 
and maternal alcohol concentration is one to two hours. Alcohol dehydrogenase is the 
enzyme responsible for ethanol metabolism in the mother, placenta, fetus, and 
neonates, though this occurs with different concentrations and activities. Available 
studies showed that the metabolic capacity of a fetus for ethanol oxidation is limited 
and that the majority of ethanol metabolism takes place in the maternal body to clear 
ethanol from the fetal-maternal unit. Small amounts of ethanol can be excreted 
unchanged through pulmonary excretion and in fetal urine, which can accumulate in 
amniotic fluid. It has been shown that the reuptake of amniotic fluid by the fetus has a 
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dramatic effect on the duration of fetal exposure to alcohol[62].
Alcohol (ethanol) use in pregnancy predisposes developing fetuses to health risks 

and is linked to adverse prenatal outcomes and fetal alcohol spectrum disorder 
(FASD)[63]. Many pregnancies are unintended. Therefore, a fetus may unintentionally 
be predisposed to alcohol in utero during critical embryonic development stages. 
Some health issues of alcohol use during pregnancy are miscarriage, preterm labor, 
stillbirth, and intrauterine growth restriction[64,65]. Women are more sensitive to 
alcohol than men due to their greater alcohol absorption and slower metabolism rate. 
Therefore, women exhibit higher blood alcohol levels than men upon drinking equal 
amounts of alcohol[63]. There are some varieties in response to alcohol in the fetal and 
neonatal stages. Several factors, such as the clearance rate of alcohol in the body, 
genetic variability, fetal developmental sensitivity, time (critical stages of organ 
formation), duration of alcohol and multi-drug use, influence the dose-response 
relationship between the amount of alcohol consumed during pregnancy and child 
health outcomes.

Alcohol use during pregnancy and its outcomes: Intrauterine alcohol exposure is 
associated with various fetal structural anomalies, including renal, cardiac, and 
craniofacial malformations. Children sometimes have complications with vision, 
hearing, short palpebral fissures, smooth philtrum, and a thin vermilion border of the 
upper lip as the most important craniofacial structural impairments[66]. Children with 
FASD may show abnormal facial features; low height and/or weight; and CNS 
complications such as small head circumference, poor attention and coordination, and 
hyperactive behaviors.

New psychoactive substances: New psychoactive substances (NPSs) are designer 
analogues of licit or illicit drugs designed for recreational use. The rapid growth in the 
global production of NPSs poses a considerable public health risk. These substances 
have spread in the market under names such as “legal highs”, “research chemicals”, 
and “bath salts”[67]. However, little is known about the adverse effects, health issues, 
and psychological properties of these new emerging substances. Safety data on the 
effect of prenatal exposure to NPSs, their toxicity, and their carcinogenic potential are 
either not available or limited[68]. Previous studies have pointed out that prenatal 
exposure to some classes of NPSs represents a risk to fetal health since several 
newborn outcomes such as neonatal abstinence syndrome have been correlated with 
these substances[69].

Synthetic cathinones have beta-keto-phenethylamine chemical structures. Their 
structure and mechanism of action are similar to those of ATS. Mephedrone, 3,4-
methylenedioxypyrovalerone (MDPV), and methylone are classified as synthetic 
cathinones. It has been reported that mephedrone exposure during the gestational 
phase boosts the risk of low birth weight and stillbirth. Salimi et al[70]’s study on 
animal models showed that repeated use of mephedrone induces hippocampal 
damage, resulting in learning and memory process impairment. Table 1 shows 
different psychotropic drugs that are commonly used during pregnancy.

CONCLUSION
Pregnancy evolves a myriad of physiological variations in body organs that result in 
unavoidably significant changes in drug delivery to the fetus. Notably, many licit and 
illicit psychoactive drugs are designed to reach the brain and penetrate human barriers 
such as the BBB and the placenta (thus reaching the fetus body).

Substance use during pregnancy is associated with an increased risk of neurodevel-
opmental disorders. Drugs may have subtle outcomes in the late fetal development 
period when the main organs are formed. Some of these harmful consequences are 
altered brain formation, imbalanced neurotransmitter volume, changes in receptor 
expression, and unusual fetal growth patterns. Taken together, findings from previous 
studies suggest that being born to a drug abuser is a reliable indicator for later 
neurodevelopmental issues.

Further research is needed on the amount and timing of substance use during 
pregnancy and childhood health consequences. As NPSs are not categorized as 
controlled substances in many countries, the effects of prenatal exposure to these 
psychoactive chemicals and their neurodevelopmental outcomes are obscure and 
should be considered further.
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Table 1 Commonly used psychotropic drugs during pregnancy

Drug 
classification Drugs Common forms Routes of administration

Marijuana

Hashish

Cannabis

Synthetic cannabinoid receptor 
agonists

Greenish-gray mixture of dried different parts of 
cannabis plant; resin (hashish) or sticky, black liquid 
(hash oil)

Smoking, dabbing, or vaporization; 
Eaten (drops, cakes, tinctures, candies, 
snacks, and drinks); Suppositories

Opium

Heroin

Narcotics

Synthetic opioids (methadone, 
tramadol, buprenorphine)

Sticky brown gum; White or brownish powder, or black 
substance known as “black tar”; Colorful methadone 
and tramadol tablets with imprinted logos, capsules, 
powder, liquid

Injected, smoked, snorted; Swallowed

Amphetamine-type stimulants 
(Amphetamine, 
Methamphetamine, Ecstasy)

Stimulants

Cocaine

White powder, crystal or shiny blue-white “rocks”; 
Colorful ecstasy tablets with imprinted logos, capsules; 
White powder and rock crystal cocaine

Snorted, smoked, injected, swallowed

Hallucinogens LSD, psilocin mescaline (peyote) Decorated squares of absorbent paper that LSD has 
been added to, Tablet, capsule, clear liquid; small pills 
(dots); Peyote cacti

Swallowed, absorbed through mouth 
tissues (paper squares); Mixed in food or 
brewed as tea

Alcohol Ethyl alcohol Alcoholic beverages with different alcohol content Ingested

LSD: Lysergic acid diethylamide.

Limitations
The majority of the previous studies focused on early neurodevelopment, thereby 
limiting assessment of long-term impacts of prenatal drug exposure.
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