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Nowadays, cannabis is the most consumed illicit drug. The global prevalence of the use of
cannabis in 2017 was estimated in 188 million of people, 3.8% of worldwide population.
Importantly, the legalization of cannabis in different countries, together with the increase
in the apparent safety perception, may result in a great variety of health problems. Indeed,
an important concern is the increase in cannabis use among pregnant and breastfeeding
women, especially since the content of delta9-tetrahidrocannabinol (THC) is currently
around 2-fold higher than it was 15-20 years ago. The purpose of this study was
to review cannabis use during pregnancy and breastfeeding including epidemiological
aspects, therapeutic or preventive strategies, and experimental considerations and
results from animal models of perinatal cannabis exposure to analyze the underlying
neurobiological mechanisms and to identify new therapeutic approaches. A recent
report revealed that among pregnant women aged 15-44, last month cannabis use
prevalence was over 4.9%, raising to 8.5% in the 18-25-year-old age range. Pre- and
post-natal exposure to cannabis may be associated with critical alterations in the
newborn infants that are prolonged throughout childhood and adolescence. Briefly,
several reports revealed that perinatal cannabis exposure was associated with low
birth weight, reduction in the head circumference, cognitive deficits (attention, learning,
and memory), disturbances in emotional response leading to aggressiveness, high
impulsivity, or affective disorders, and higher risk to develop a substance use disorder.
Furthermore, important neurobiological alterations in different neuromodulatory and
neurotransmission systems have been associated with cannabis consumption during
pregnancy and lactation. In spite of the evidences pointing out the negative behavioral
and neurobiological consequences of cannabis use in pregnant and breastfeeding
women, there are still limitations to identify biomarkers that could help to establish
preventive or therapeutic approaches. It is difficult to define the direct association
specifically with cannabis, avoiding other confusing factors, co-occurrence of other drugs
consumption (mainly nicotine and alcohol), lifestyle, or socioeconomic factors. Therefore,
it is necessary to progress in the characterization of short- and long-term cannabis
exposure-related disturbances.
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INTRODUCTION

Cannabis sativa contains more than 400 active chemicals
and over 100 unique cannabinoids (1), the most prominent
being trans-A-9-tetrahydrocannabinol (THC) as the main
psychoactive  constituent and cannabidiol (CBD) also
produced in high concentrations but without abuse liability
(2-5). The effects induced by cannabis use are mediated
by the endocannabinoid system (ECS), mainly through two
transmembrane domain and G-protein-coupled receptors
(GPCRs), cannabinoid receptor type 1 (CBlr), and type
2 (CB2r).

Nowadays, various types of preparations of C. sativa are
estimated to be consumed by 200-300 million people around
the world, particularly among the young people (6, 7). It
is the most popular illicit drug of the twenty-first century
(United Nations Office on Drugs and Crime, UNODC) (8).
Unfortunately, due to this growing demand in recreational
activities, consumption trends increase rapidly and unexpectedly
promoting the development of new synthesized cannabinoids
substances (e.g., K2, spice) and certain modifications of the plant,
especially those involving the increase in the concentration of
THC to satisfy market expectations. For instance, values of THC
were below 2% before 1990s; however, in 2017, there was a strain
whose content was modified to reach concentrations between 17
and 28% (9). In addition, according to a recent study in Europe,
the mean THC concentration was doubled between 2006 and
2016 both in the resin (from 8 to 17%) and in the grass (from 5 to
10%) of C. sativa plant (10). These changes cause greater potency
in the negative psychoactive effects than those usually caused by
cannabis itself (11).

The current legal landscape surrounding cannabis is
surprisingly complex and unsettled. For example, 11 states and
several municipalities of the United States (US) legalized medical
cannabis (12). Furthermore, in Latin America, there are seven
countries with a permissive legislation regarding the license for
the use of cannabis (Chile, Peru, Mexico, Colombia, Bolivia,
Argentina, and Uruguay, the latest being the first country in
the world to legalize the cultivation and sale of cannabis in
2013) (13). The emergence of more permissive laws has led to
the misperception of cannabis as a harmless substance, which
is a major potential risk. A concerning study registered the
incidence of cannabis use in children and teenagers aged 0-19
years from Massachusetts (98 calls were single substance and
120 polysubstance). The exposure cases were higher in male
individuals (60.6%) than female individuals (39.4%) (14).

Certain reports show that nearly 10% of cannabis users
consume this drug for medicinal purposes (15). In this regard,
a series of randomized clinical trials have been developed with
the purpose of investigating the short-term efficacy of smoked
cannabis for neuropathic pain (16, 17), as an appetite stimulant
especially for AIDS patients (18) or as an antiemetic drug
in cancer chemotherapy (19). Notwithstanding the short-term
efficacy for nausea, a recent approved and worrying application
of medical cannabis is the alleviation of morning sickness and
nausea in pregnant women (20, 21). Despite the difficulties to
measure prenatal cannabis use (22), recent studies report that

prevalence of cannabis use by pregnant women is increasing, and
almost daily use was reported (16.2%) (23). Census divisions in
the Midwest and West of US recently experienced the fastest
changes among cannabis use treatment admissions of pregnant
women (24). According to a study performed from 2018 to 2019,
the consumption during the year before pregnancy increased
daily from 1.17 to 3.05%, weekly from 1.39 to 2.73%, and monthly
from 4.26 to 6.74%. Additionally, during pregnancy, daily use
increased from 0.28 to 0.69%, weekly from 0.49 to 0.92%, and
monthly from 1.18 to 1.77% (25).

THC and other cannabinoid compounds rapidly and
efficiently cross the placenta and accumulate into the breast
milk of nursing mothers (26, 27) producing multiple dose-
dependent abnormalities in rodents (28). However, there
are limited clinical reports evaluating the teratogenesis
potential in exposed human fetuses or the neurodevelopmental
alterations induced in lactating infants exposed to cannabis.
Meanwhile, the mechanisms underlying the effects of cannabis
on pregnancy and pregnancy outcome are poorly understood.
It is important to mention that epigenetic modifications
triggered by environmental factors during early life such as
cannabis exposure might be related to the development of
neuropsychiatric disorders in later life stages (29-32). Thus,
clinical and preclinical studies are warranted to improve the
knowledge regarding the potential negative consequences of
perinatal cannabis use, particularly taking into consideration the
actual legal and social cannabis landscape.

CANNABIS USE DURING PREGNANCY

Critical Involvement of the
Endocannabinoid System in the Female
Reproductive System and the Fetus

Development

The ECS is critically involved in human fertility, and its
components (enzymes, ligands, and receptors) are found in
reproductive structures. Anandamide (AEA) is present in
the human ovary, playing a crucial role in folliculogenesis,
preovulatory follicle maturation, oocyte maturity, and ovulation
(33, 34). AEA concentrations in follicular fluid appears to be
correlated with oocyte quality and maturation. In this context,
recent human studies indicated that plasmatic concentrations
of AEA fluctuate during the menstrual cycle and the first
stages of pregnancy. Clinical data suggest that high plasmatic
concentrations of AEA are required for the ovulation, whereas
in the period of embryo implantation and maturation, fatty
acid amide hydrolase (FAAH) activity is upregulated (34).
Indeed, high plasmatic AEA concentrations due to low
FAAH activity in peripheral lymphocytes are predictive of
spontaneous miscarriage (35, 36). Therefore, low plasmatic AEA
concentrations are necessary to achieve a successful pregnancy
(37). Indeed, uterine receptivity strongly depends on AEA
concentrations designing the receptive area with low AEA
concentrations and non-receptive area with high AEA levels
(38). 2-Arachidonoylglycerol (2-AG) distribution is similar to
AEA, suggesting the participation of these ligands in the early
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phases of the pregnancy and in the implantation regulation.
This evidence was supported in studies where embryos were
exposed to high levels of AEA showing embryotoxicity, reduced
trophoblast implantation, and implantation failure (39-41).
Similarly, women exposed to in vitro fertilization program
and achieving a successful implantation present low AEA
concentration associated with high FAAH concentrations in their
peripheral lymphocytes (42). A high FAAH activity during the
first trimester and low activity in the early second trimester
represent a profertility factor and predicts a successful pregnancy.
This idea was sustained in recent studies where low AEA
plasmatic levels were detected in healthy women in the first
trimester of gestation (35) but high levels in blood and placental
tissues of women presenting spontaneous miscarriage (42).
Here, decreased activity and expression of FAAH in maternal
lymphocytes could act as an early marker for the first trimester
miscarriage. Supporting these data, very low levels of FAAH
were detected in placental tissues from women with spontaneous
miscarriage (43).

ECS components were detected not only at the plasmatic
level but also in the human reproductive structures. High
levels of FAAH were found in the human cytotrophoblast and
syncytiotrophoblast, suggesting its protective role modulating
AEA concentrations and preventing AEA from crossing to fetus
by the placenta (44, 45). FAAH and progesterone appear to show
the same fluctuations during the menstrual cycle, indicating its
correlation and implication as AEA concentrations modulators
(46). Consequently, AEA levels during the period may be
controlled by gonadotrophins, estrogen, or its combination
(37). Furthermore, ECS receptors were detected in several
reproductive organs and structures in different gestational
phases, and its implication in achieving a successful pregnancy
has been suggested. Both CBIr and CB2r were found in the
medulla and cortex of the ovary and in the corpus luteum
and corpus albicans (47). In addition, it was reported that ECS
regulates a normal embryo transport via oviductal CB1r (48).
These findings suggest that, under physiological conditions, ECS
signaling through CBlr is crucial to various female reproductive
events and for the normal fetal development.

In the human fetal nervous system, EC receptors play
a crucial role in hardwiring the developing brain, and its
distribution is different from that in adults, suggesting that
endogenous and exogenous cannabinoids may present different
actions in prenatal and adult organisms. ECS dynamically
controls neuronal connectivity during prenatal development in
the corticostriatal-thalamic circuitry and several cortical regions
involved in psychiatric disorders. For instance, CB1r expression
was detected in the fetal brain at 14 weeks of gestation (49),
and CBIr gene expression was significantly increased in limbic
structures such as in the hippocampus CA area and basal nuclear
group of the amygdaloid complex at 20 weeks of gestation
(50). In addition, elevated CB1r expression is present on several
white neuronal tracts of the human fetus brain disappearing at
the infancy (50). In contrast, in the adult human brain, CB1r
gene expression is relatively prevalent in the frontal cortex,
hippocampus, basal ganglia, and cerebellum (50, 51). Thus,
CBl1r expression changes dynamically across the gestational

period in different brain regions, suggesting its crucial role
in the fetal brain maturation. CBlr signaling controls long-
range neuronal connectivity, and animal studies demonstrated
that prenatal THC exposure induces alterations in the structure
and function of cortical circuitry (52). These effects could be
correlated with the alteration of CBIr-dependent regulation of
both glutamatergic and GABAergic neuron development (52). In
addition, AEA could be also involved in fetal brain development.
AEA concentrations in the fetus brain are low at midgestation
and increases gradually during postnatal development. However,
2-AG concentrations gradually increase during embryonic phase,
reaching maximum concentrations immediately after birth while
these normalize during postnatal development (53).

Consequences of Cannabis Use by the
Pregnant Woman on the Fetus and the

Neonate

Although the pharmacokinetics of THC in adults was studied in
detail, little is known during pregnancy regarding the maternal—-
fetal transfer of THC. Nevertheless, studies carried out in the
last years indicated that after cannabis use, THC easily passes
through the placenta inducing a variety of physiological effects
in the fetus. THC acts as an indirect stressor to induce distress
and physiological actions in later stages of life (10, 54, 55).
THC molecule is highly lipophilic and is distributed rapidly
to the brain and fat of the fetus after ingestion or inhalation
by the pregnant mother. After maternal cannabis consumption,
THC concentrations in fetal blood are approximately one-third
to one-tenth of maternal concentrations. Cannabis enhances
the placental barrier permeability to pharmacological and
recreational substances, resulting in a potential risk factor for
the fetus. The duration and magnitude of cannabis exposure
and the route of administration (oral, inhalation, and different
ways of smoking) are important factors involved in overall fetal
toxicity (56).

Considering the distribution of ECS components in the
human fetal brain, prenatal exposure to exogenous cannabinoids
may modify the maturation of neurotransmitter systems and
their functions through the activation of CBIlr. Indeed, the
binding of THC to CB1r during gestation alters the development
of central dopamine and opioid neurotransmitter systems in
brain areas regulating reward and motivation, increasing the
vulnerability to future drug use and addiction. Postmortem
studies with human fetal brains showed that prenatal THC
exposure reduces dopamine D2 receptor gene expression in
the basal nuclear complex of the amygdaloid system and in
the nucleus accumbens. This reduction was associated with
maternal cannabis consumption and was more prominent
in male individuals. This fact explains, at least in part,
gender differences observed in attention, learning, and memory
following cannabis exposure (57). Postmortem human studies
also identified that maternal cannabis use during pregnancy
affects fetal expression of opioid-related genes in areas involved
in emotional regulation, reward, goal-directed behavior, and
motivation. Therefore, fetal exposure to cannabis might induce
alterations in the limbic organization of the fetal brain, including
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mu-opioid and dopamine D2 receptor in several brain areas such
as the amygdala or the striatum, increasing the susceptibility
for the development of neuropsychiatric disorders later in
life. These genetic alterations were associated with epigenetic
changes. Cannabis prenatal exposure may induce alterations in
epigenetic regulation of the dopamine D2 receptor gene in the
nucleus accumbens, which was associated with increased heroin
seeking during adulthood. Interestingly, some studies suggest
that cannabis consumption in the prenatal period may induce
epigenetic changes with immunological consequences for the
offspring as well as long-term transgenerational effects.

Gunn et al. (58, 59) exhaustively reviewed the effect of
cannabis use on a pregnant woman, as well as on neonatal
parameters such as birth weight, head circumference and
length, admission to the Neonatal Intensive Care Unit (NICU),
gestational age, and preterm birth. They found that women who
used cannabis during pregnancy presented a higher likelihood
of developing anemia; however, no significant association was
found with precipitated delivery (60), manual removal of the
placenta (61), maternal diabetes, or premature onset of delivery
(62), among many other postpartum negative outcomes (59).
Children exposed to cannabis showed a decreased birth weight
and a higher likelihood of needing NICU admission, whereas the
statistical models employed by authors showed no association
between neonatal length, head circumference, 1 and 5min
Apgar scores, gestational age, or fetal distress, among other
studied variables (59). Nevertheless, this review was not able to
distinguish the independent effect of cannabis since the selected
population included individuals with polysubstance use. For this
reason, Conner et al. (63) attempted to address this limitation
evaluating specifically the effects of maternal cannabis use on
neonatal outcomes by adjusting for confounding factors such
as the consumption of other drugs of abuse (e.g., alcohol or
tobacco). This review analyzed the relationship of cannabis
use during pregnancy with some neonatal outcomes such as
birth weight, preterm delivery, admission to an NICU, stillbirth,
spontaneous abortion, Apgar scores, placental abruption, and
perinatal death. Authors concluded that women who smoked
cannabis only were not at risk for preterm delivery, but there
was an association with lower mean birth weight and lower
Apgar scores in neonates. However, authors pointed out that
maternal cannabis use was not an independent factor given
the confounding effect mainly of tobacco, which significantly
increases the risk for adverse neonatal outcomes. Similarly,
Varner et al. (64) showed that tetrahydrocannabinolic acid
(THCA) was found in 2.9% of women with a stillbirth while
in 1.7% of the controls, but according to the authors, this
result may be confounded by exposure to cigarette smoking.
Finally, other studies were consistent with no significant finding
association between cannabis exposure during pregnancy and
several negative outcomes on the mother (gestational diabetes
or hypertension/preeclampsia) or the neonate (length of infant
hospital stays, stillbirth, placental abruption, fetal anomalies,
gestational age) (65-67).

The effects of prenatal cannabis exposure in humans was
investigated in three major prospective longitudinal clinical
studies with data on the offspring beyond the early neonatal

period: (i) the Ottawa Prenatal Prospective Study (OPPS) (68-
71), started in 1978 with the final objective of studying the
effects of cannabis used during pregnancy in white middle-
class families; (ii) the Maternal Health Practices and Child
Development Study (MHPCD) (72-74), started in 1982 and
focused on high-risk pregnant women with low socioeconomic
status, representing both white and African American women;
and (iii) the Generation R study (75-81), an ongoing population-
based study from the Netherlands (for more details see Table 1).
All these three studies assessed the effects of cannabis exposure
during the gestational period on the fetus with variability on
behavioral data (82) (Figure 1).

In the neonatal population from mothers consuming
cannabis during pregnancy, several physiological and behavioral
alterations were observed. Researchers of the OPPS and MHPCD
studies found a relationship between prenatal cannabis use
and preterm births, miscarriages, pregnancy complications, low
Apgar scores, and physical abnormalities in the neonates. In
addition, results from the OPPS showed a decrease in the length
of gestation by 0.8 weeks associated with heavy cannabis use.
In contrast, MPHCD study found an increase in birth weight
in neonates exposed to cannabis during the third trimester of
gestation. In the Generation R study, where the fetal growth was
measured by ultrasonography, an independent effect of cannabis
use was found especially when cannabis use by the pregnant
mother began early in pregnancy and continued throughout the
entire pregnancy. Furthermore, Generation R study assessed the
effect of paternal cannabis use reporting an association with
fetal growth. Fetal circulation variables were also assessed in
the Generation R in neonates, showing an increase in fetal
pulsatility index (variability in blood velocity in a vessel). In
addition, cannabis exposure during pregnancy was associated
with elevated resistance index of the uterine artery, suggesting
increased placental resistance. This effect could be related with
reduced oxygen and nutrients accessibility, limiting a proper
organogenesis that may be detrimental for the development of
the fetus nervous system (82-84). Finally, a recent population-
based retrospective cohort study in Ontario (Canada) was
aimed to evaluate the association between self-reported prenatal
cannabis use and adverse perinatal outcomes. From a cohort
of 661,617 women, 9,427 (1.4%) reported cannabis use during
pregnancy, and this was associated with greater frequency of
preterm birth, small for gestational age, placental abruption,
transfer to a NICU, and 5-min Apgar score <4 (85, 86).

Long-Term Consequences of Prenatal
Cannabis Exposure During Childhood,
Adolescence, and Early Adulthood

Nowadays, the scarce clinical data regarding the long-term
adverse effects of cannabis use during pregnancy on the offspring
mainly come from the previously mentioned OPPS and MHPCD
longitudinal studies. Apart from evaluating the consequences of
the prenatal exposure to cannabis on the pregnant woman, the
fetus, and the neonate, these studies also analyzed behavioral
and cognitive development disturbances during childhood,
adolescence, and early adulthood life stages (83, 87) (Figure 1).
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TABLE 1 | Summary of the main methodological aspects regarding the three most important longitudinal and prospective clinical studies evaluating the effect of perinatal

cannabis exposure.

STUDY POPULATION GOALS FOLLOW-UP REFERENCES
Ottawa Prenatal Prospective 698 middle-class, low risk Evaluate the effects of The offspring was followed (68-71)
Study (OPPS, started in 1978) pregnant women prenatal tobacco, alcohol, until the age of 18-22 years

Mostly Caucasian and and marijuana exposure

predominantly Canadian

cohort of women
Maternal Health Practices and 564 high-risk predominantly Evaluate the effects of The offspring was followed (72-74)
Child Development Study single pregnant women with prenatal alcohol and until the age of 14 years
(MHPCD, started in 1982) low socioeconomic status marijuana exposure

Caucasian (43%) and African

American (57 %) cohort

of women
Generation R Study (Gen R, 9778 women living in Ongoing population-based, The offspring will be followed (75-81)

started in 2001)

Rotterdam (The Netherlands)
Multi-ethnic cohort of women

large-scaled study aimed to
evaluate the effects of
prenatal marijuana exposure
on the offspring

until early childhood

\ Infant-Child
| memory
}(f{\ | verbal scores

Fetus-Neonate

/4
&, ~ | gestational age

| birth weight and length
| head circumpherence
| response to light
1 startle response
1 tremors

| sleep efficiency

+ motor skills
1 impulsivity
1 hyperactivity
1 aggression
1 delinquency

quotient.

| mental development
| attention & concentration

1 nocturnal arousals

FIGURE 1 | Main clinical findings of the effects of prenatal cannabis exposure on the offspring at different life stages. 1, increased; |, decreased; 1Q, intelligence

Young adult

| response inhibition

1 risk of psychosis

1 rates of marijuana and tobacco use

- Impaired neuronal functioning
during visuospatial working memory

- Depressive symptoms

Adolescent

| visual perception
| visual memory

| verbal reasoning
| concentration

1 1Q score

1 impulsivity

1 hyperactivity

1 delinquency

Childhood

Initial observable effects in cannabis-exposed children were
noticeable at 4 years of age in OPPS showing impaired mental
development evaluated by means of response, memory, learning,
vocalization, and verbal parameters (88). The MHPCD study
detected impaired mental development at 9 months of age

(89). However, these cognitive deficits were not reproduced in
the Generation R study, but there was evidence of increased
aggression and inattention levels in girls (79). In addition,
disturbances in cognitive behavioral aspects regarding executive
function domains, such as attention, planning, or working
memory, were also described, entailing a significant impact on
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daily life experiences. In this respect, prenatal cannabis exposure
seems to critically affect attention/impulsivity and problem-
solving situations that require integration and manipulation of
basic visuoperceptual skills (68). Furthermore, MHPCD study
provided important information regarding intellectual abilities
and school achievement, revealing that cannabis exposure during
the first trimester predicted deficits in reading and spelling, as
well as lower child performance, whereas cannabis use during
the second trimester was associated with impaired reading
comprehension (90). On the other hand, both OPPS and
MHPCD studies revealed that those children exposed to cannabis
during pregnancy show externalizing behavior symptoms,
including hyperactivity, inattention, impulsive symptoms, and
delinquency (91-93). Moreover, maternal cannabis use during
pregnancy was associated with the development of psychotic-
like experiences in the offspring at 10 years of age (94). Despite
the evidence, in a 2017 report by the US National Academies of
Sciences, the committee did not identify a good- or fair-quality
systematic review that reported the association between prenatal
cannabis exposure and later negative outcomes for children. This
could be explained, at least in part, by the critical presence of
confounding factors such as the coabuse of other drugs (ie.,
tobacco, alcohol).

Adolescence

Despite the high variability of results during childhood when
evaluating the effects of prenatal cannabis use, there is a fair
described association consistency for adolescents and young
adults. Data from OPPS showed reduced visual perception and
increased impulsivity at 9-12 years and decreased concentration,
visual memory, and verbal reasoning at 13-16 years. Moreover,
the MHPCD study revealed a decrease in abstract and visual
reasoning, concentration, internalization, learning and memory,
and IQ scores, along with increased externalization, depression,
impulsivity, hyperactivity, and delinquency (82).

Early Adulthood

Previously mentioned deficits in executive functions associated
with prenatal consumption of cannabis seem to be long lasting
since 18-22-year-old young adults showed impaired neuronal
functioning during visuospatial working memory processing,
measured by functional magnetic resonance imaging (fMRI)
(95). Furthermore, authors of the OPPS found higher rates of
depressive symptoms at 16-21 years of age (96), and the MHPCD
study showed increased risk of psychosis in young adults (97).
Interestingly, both studies reported higher rates of cannabis and
tobacco use in the exposed cohorts at ages ranging from 14-16 to
21 years (96-98).

CANNABIS USE DURING BREASTFEEDING
AND ITS CONSEQUENCES

Despite the limited epidemiological data about the frequency
of cannabis use during breastfeeding, a report from the state
of Colorado (US) revealed that 7.4 and 4% of mothers
younger or older than 30 years of age, respectively, were
current marijuana users. From this population, 18% consumed

marijuana during breastfeeding (99). Due to the growing trend
of legalizing the recreational and medical use of marijuana,
the proportion of lactating cannabis-using women worryingly
increased in the last years. Furthermore, there is evidence that
chronic consumption of cannabis by women, especially with a
diagnosis of cannabis use disorder (CUD), does not decrease
during lactation.

There is very scarce data regarding the pharmacokinetics of
THC into human milk, as well as of other active cannabinoid
compounds contained in cannabis. However, due to the 99%
protein bound, liposolubility, and low molecular weight of THC,
it could pass easily to breast milk. The first study reporting
the presence of THC in mother’s milk was published by Pérez-
Reyes et al. (100), who detected milk THC concentrations in
women actively smoking marijuana during breastfeeding up to
7.5 times THC plasma concentrations. Afterwards, other studies
also evaluated the presence of THC in human milk providing
interesting data regarding the elevated half-life of THC in milk
and its clinical implications [for a recent review, see (101)]. In
addition, it is also important to consider the infant exposure
to THC by passive smoking (maternal or paternal) or by the
mother’s exhaled breath since THC was detected for 2 h after a
single cannabis cigarette (102).

A major concern regarding cannabis use during breastfeeding
is the availability of unclear, inconsistent, and even opposed
information from clinical guidelines and health professionals.
While some promote lactation for cannabis users independently
of active use (103), others recommend the absolute cessation of
cannabis use during lactation (104). Thus, there is a need to
establish unified and evidence-based recommendations on the
risk associated with cannabis use during breastfeeding.

There is very limited and variable evidence about the effects of
cannabis use during lactation on infant development. The results
from a study including 27 mothers reporting smoking marijuana
during breastfeeding showed no differences in growth or mental
and motor development, although infants were slightly shorter
(105). On the other hand, another study with 68 infants exposed
to cannabis during lactation revealed a slight and dose-dependent
reduction in motor development without detecting differences in
mental development in comparison with matched non-exposed
infants (106). In addition, other reported effects of cannabis use
on breastfed infants were sedation, growth delay, low tone, and
poor sucking (107).

PREVENTIVE AND THERAPEUTIC
STRATEGIES

Drug consumption during pregnancy is a major concern for
mother and offspring health. Consequently, it is necessary to
screen and detect the consumption of any substance of abuse
among pregnant women attending prenatal units. Although its
identification is still difficult, there are evidence supporting the
efficacy of routine screening in clinical history or structured
questionnaires in this regard (108). It is worth to mention that
screening tools should be used multiple times during gestation
as the patient-physician relationship progresses. Throughout
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enhancement treatment; CBT, cognitive-behavioral coping skills training; ContM, contingency management approach.

Approaches

the different sessions, patients are more confident with their
clinician, being more open to disclose substance use problems.
In addition, toxicological screening for determining drugs
and/or metabolites in maternal and neonatal biological samples
is an objective and reliable approach to identify women at risk.
However, in the case of cannabis, there are some limitations.
Urine remains the most used sample due to its easy accessibility
and the possibility of being obtained several times throughout the
pregnancy. One of the main limitations of measuring THC on
urine samples lies on the fact that THC can be detectable even
various months after the last cannabis consumption, hampering
the identification of abstinence. Meconium and umbilical cord
can also be used during the second and third trimesters. However,
it is not possible to identify periods of abstinence closer to
delivery, apart from its limited use based on its own nature.
Newborn toxicology can be used to identify families at risk of
ongoing drug consumption, allowing to take actions to protect
child or initiate treatment in cases of intoxication or withdrawal.
If drug use disorders are not well-treated during pregnancy, the
maternal difficulties handling emotions and coping with stressful
situations can increase the risk of developing physiological

and/or behavioral alterations in the newborn, making more
difficult the postnatal adaptation of the children and the mother.
Therefore, the sooner the diagnosis of cannabis abuse or
dependence during pregnancy is performed, the better therapy
may be planned.

CUD treatment during pregnancy is integrative including
a multidisciplinary team of gynecologists, obstetricians,
psychiatrics, pediatricians, social workers, and legal advisers
(Figure 2). The most successful treatment includes combinations
of motivation enhancement treatment (MET) in association
with cognitive-behavioral coping skills training (CBT) and
contingency management (ContM) approaches (109, 110). It
is essential to adapt treatment to the needs and peculiarities
of each patient. Treatment can be outpatient or residential.
Long stays in care homes are a good predictor for better
abstinence rates following medical discharge, less psychiatric
symptoms and legal problems, and a positive attitude to child
caring (111-113). Another point to highlight is the inclusion
of gender perspective in the programs (114). Specific programs
designed to address the special concerns of women, including
the care of their children and transportation to the treatment
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center, demonstrated to provide better results in comparison
to traditional intensive programs. In addition, programs
related to support social and familiar life improve adherence
(111, 115, 116). Other strategies that provide positive outcomes
are home interventions with weekly scheduled visits during the
first 6 months after the delivery and then every 15 days until
the year is over. Additional evidence support higher abstinence
rates with home monitoring during 18 months to 3 years of
duration (111, 114). The comorbidity with additional psychiatry
disorders as well as polydrug use worsen patient’s adherence,
requiring specialized care in day hospitals or residential
programs (117).

In summary, there are some key points to consider when
planning treatment for women drug users during pregnancy
and breastfeeding:

. Evaluate the main determinants of health such as access to
health services and the socioeconomic level.

. Focus treatment on maternal-fetal binomial, bearing
particularly in mind the needs of mothers to increase the
motivation to achieve abstinence and not exclusively the
health of the baby.

. Evaluate the family and social networks of each patient, with
emphasis in the partner, to identify problems related with drug
consumption and/or family violence.

. Identify comorbidities, in particular psychiatric ones.

. Avoid relapse during pregnancy and breastfeeding.

. Establish short-term goals.

Regarding breastfeeding in women with harmful use of
drugs, there are for and against positions (111). The most
conservative option is to discontinue lactation. Other clinicians
promote continued breastfeeding except for mothers with high
consumption of drugs, including cocaine, amphetamines, heroin
and other opiates, benzodiazepines, or alcohol as well as in VIH+
patients. An intermediate position is to contraindicate lactation
in women who consumed cannabis recently, for example in
the last month previous to delivery, and to continue if patient
remained abstinent during the second half of pregnancy or if
she shows a clear adherence to treatment during pregnancy or
postpartum. In the cases where lactation is maintained, it is
advisable to make routine screening controls to stop lactation
when relapse occurs.

ANIMAL MODELS OF PERINATAL
CANNABIS EXPOSURE

Cannabis use among pregnant and lactating women could
be recapitulated, at least in part, by preclinical experimental
approaches in rodents. These models are fundamental to
explore precisely and systematically the specific neurobiological
mechanisms altered by cannabinoid compounds during brain
development and the consequences on behavior and cognition.

Neurobiological and Behavioral Alterations
In the brain, CBlr is the main target of THC and is widely
expressed through many areas of the brain during development

and in the adulthood. The endocannabinoid system participates
in the regulation of many brain functions including neuronal
proliferation, migration, morphogenesis, and synaptogenesis,
as well as in regulating the mechanisms underlying several
neurological and psychiatric disorders. Consequently, it is crucial
to understand the long-term effects of cannabinoid exposure at
this critical stage of early brain development. Current animal
studies have proved important behavioral and neurochemical
alterations in several brain regions of the offspring exposed to
cannabis during gestation at doses considered to be equivalent
to current estimates of moderate human consumption. However,
the long-lasting effects of gestational cannabinoids exposure on
the adult brain of the offspring are still controversial due to the
low number of studies available and the use of heterogeneous
designs among studies.

Cortical neurons in the adult progeny of rat dams exposed
to low doses of cannabinoids during gestation show reduced
long-term depression and increased excitability. In addition,
gene expression changes in metabotropic glutamatergic receptor
1/5 (mGluR1/5) and transient receptor potential cation channel
subfamily V. member 1 (TRPV1), as well as impaired social
interaction in a sex-dependent manner (118), were also
described. Furthermore, THC exposure affects cortical projection
neuron development of both glutamatergic and GABAergic
neurons dependent of CBl1r regulation leading to impaired fine
motor skills, altered corticospinal connectivity, and increased
seizure susceptibility (52). In the cerebellum, maternal exposure
to the CBIlr agonist WIN55,212-2 affected the intrinsic
membrane properties of cerebellar Purkinje neurons of the
offspring and decreased the rearing frequency, total distance
moved, and mobility, but a significant increase in the time
of righting reflex, grooming frequency, and immobility was
observed. Moreover, the neuromotor function as evaluated
in the grip test and balance beam test was also affected
in the WIN-treated group (119). Long-lasting alterations in
GABAergic hippocampal neurotransmission was present in adult
rats following perinatal cannabinoid exposure (120). In addition,
reduced glutamatergic neurotransmission accompanied with a
decrease in astrocyte glutamate transporters (121) and impaired
cortical N-methyl-D-aspartate (NMDA) function has also been
documented (122). These alterations may account for the altered
emotional reactivity (123) and memory dysfunction observed in
adult rats exposed to CB1r agonists during gestation (122).

Prenatal cannabis exposure in rodents has been associated
with increased vulnerability for the reinforcing and motivational
actions of certain addictive substances during adolescence and
adulthood. This suggests that neurodevelopmental alterations
of the endocannabinoid system may affect neurotransmitter
pathways associated with reward and drug dependence. Studies
using rat models of perinatal THC exposure showed an enhanced
morphine self-administration accompanied with changes in mu-
opioid receptor binding in female brain regions related with
drug reinforcement (124). Perinatal exposure to cannabinoids
altered the normal development of nigrostriatal, mesolimbic, and
tuberoinfundibular dopaminergic neurons in a sex-dependent
and brain region restricted manner. Cannabinoid effects were
marked and constant in the striatum of male subjects while
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alterations in limbic neurons were mostly transient, and
those produced in hypothalamic neurons occurred after drug
withdrawal (125, 126).

Most studies investigated the impact of in utero cannabis
exposure in the offspring during the juvenile and adult age.
However, the neurochemical changes that may occur during
brain development at gestational ages are also essential to
understand the concomitant mechanisms at this period and
to determine the critical windows during gestation that are
important for the long-term developmental outcome. Only few
studies assessed the neurodevelopmental effects of cannabis
in gestational brains. A study of Perez-Rosado and colleagues
showed sex-dependent differences in the gene expression of the
opioid peptide proenkephalin (PENK) in distinct regions of the
fetal rat brain (127). Another study of Ana Bonnin et al. evaluated
the gene and protein expression of the rate-limiting enzyme for
dopamine synthesis, tyrosine hydroxylase (TH), and its activity in
the brain of fetuses at different gestational days. Authors found
increased TH gene and protein expression and activity at G14
compared to controls. Intriguingly, at G16, such effects were
normalized, but the TH messenger RNA (mRNA) was again
altered at GD18 and GD21 in a sex-dependent manner (128).

Animal studies play a pivotal role to provide critical
clues regarding the neurobiological basis of perinatal cannabis
exposure and its correlation with the clinical observations
of the potential harmful effects of cannabis use during
pregnancy. Indeed, preclinical studies suggest that the exposure
to cannabinoids during pregnancy disrupts the normal brain
development and produce long-lasting neurochemical changes.
These phenomena may affect some behavioral traits later in
life, increasing the susceptibility to develop neurological and
neuropsychiatric disorders (Figure 3). However, the precise
mechanisms require to be elucidated.

Experimental Designs

This section provides an overview of currently employed
perinatal cannabis exposure rodent models, attending to the main
experimental aspects, and considering its potential strengths and
weaknesses (Figure 4).

Type of Cannabis Compound

Given the chemical complexity of the cannabis plant producing
over 100 phytocannabinoids as well as the novel high herbs
varieties and the new synthetic cannabinoids, it is important
to consider which cannabinoid compound to select. The
most widely employed phytocannabinoid is THC, the major
psychoactive compound of C. sativa plant that binds to CBlr
and CB2r. In addition, the synthetic CB1r agonist WIN55,212-2
is commonly used. Some models of perinatal cannabis exposure
employ crude cannabis extract, made up of several cannabinoids,
including THC, cannabidiol, and cannabinol. However, the other
constituents of cannabis should be taken into consideration and
administered separately to precisely uncover the harmful or
beneficial effects. Nevertheless, the selection of the cannabinoid
compound(s) to reproduce perinatal cannabis exposure depends
on the experimental question addressed by the investigator.

Treatment

To develop an appropriate animal model, it is important to
consider the differences in the developmental ontogeny. Prenatal
brain development in humans does not correspond to the
same developmental period in rodents. Mouse and rat postnatal
period extend up to approximately 21 days, which in humans is
comparable to the third trimester of pregnancy. Usually, brain
maturation among species is compared using various criteria
such as cerebral growth, neurogenesis, synaptogenesis, and other
variables. For instance, maximal cerebral growth speed in rodents
occurs up to 8-12 postnatal days while that in humans occurs
in 2-3 postnatal months. Using neurogenesis as a criterion,
it has been shown that E18 and E21 rat brain match with
weeks 8-9 and weeks 15-16 after fertilization in the human
embryo, respectively (129). In addition, differences may occur
between mice and rats. Barbara Clancy et al. developed a useful
online tool that translates the specific developmental time periods
across mammalian species (130). Therefore, depending on the
experimental question, a good translational design to study
perinatal cannabis exposure from rodents to humans needs to
consider these developmental differences. Furthermore, more
studies are needed to simulate the type of consumer. Some
users begin the consumption during the pregnancy, to diminish
anxiety or nausea, and then reduce the use during the third
semester or continue it during breastfeeding. Other dams are
chronic users, which might cause other types of physiological and
metabolic adaptations in the body that may impact differently on
the fetus.

Route of Administration

The selection of a proper route of administration depends
on different factors including the pharmacokinetics of the
drug. Smoking is the most used route of administration by
pregnant women consuming cannabis. Although this route
can be simulated with inhalation chambers, animal models
of perinatal cannabis exposure do not employ this design.
Instead, intravenous route is the one that most closely mimics
the pharmacokinetics of cannabis smoking while having the
advantage of rapid response, high bioavailability, and reduced
irritation in response to solutions that may contain irritant
diluents. However, this route presents the difficulty of an invasive
surgery and the need for trained personnel. An easier and
commonly employed route is through oral, but it has certain
disadvantages such as poor bioavailability, first-pass effect, and
the absorption can be slower or faster depending on the stomach
contents (i.e., presence of food). Subcutaneous route may also
be considered. Finally, some studies used the intraperitoneal
administration, but this route is not advisable for pregnant female
rodents.

Period and Dose

Most of the studies perform the treatment from gestational
day 5 (GD5) and prolong it to different postnatal days (PND)
depending on the gestational period to be covered from a
translational point of view. For instance, some studies treat
animals from GD5 to PND2, which corresponds to the human
midgestation (gestation week 20), although these usually extend
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cannabinoid treatment until litter weaning (PND21-24). It is not
adequate to start the treatment before GD5 since there is a higher
risk of spontaneous abortions.

The dosage will depend on the experimental question and
the type of compound used. The doses employed in animal
studies are the equivalent to current estimates to moderate
human exposure, and they must be corrected by the route of
administration and the body surface area. Commonly used doses
for THC are 1.5-5 mg/kg (p.o. or s.c.) or 0.15 mg/kg (i.v.), and
for WIN55,212-2, these are 0.5-1 mg/kg (p.o. or s.c.) or 0.15
mg/kg (i.v.). However, it is worth to mention that considering the
current higher THC contents in C. sativa plant, animal models
must be updated correspondingly.

Litter Size

The size of the litter matters especially when studying
developmental mechanisms. Following birth, if the pups
continue to be studied into later developmental period, a
culling of litter should be performed since litter size influences
pup growth and development and a number of experimental
parameters (131, 132). To mention a few, body weight gain

during lactation is inversely proportional to litter size, and
this is associated with milk availability. Litters more than 11
pups have shown developmental delays in maturation, such
as in eye opening and pinna detachment and differences in
motor behavior, reflex, emotion, and memory of the offspring.
Uneven growth and development can impact on the variability
of statistical analysis. The number of pups born varies depending
on the strain of rat or mice used. It is desirable to keep between 8
and 10 pups, and culled litters should consist of an equal number
of males and females to avoid differences in maternal behavior
between both sexes.

Cross-Fostering Pups

Another aspect to study is the effect of the mother on the
development of the pup after birth. The cross-fostering of
pups after birth avoids the confounding factor of whether
the developmental alterations were potentially due to a poor
maternal care or abstinence behaviors of the females exposed
to cannabis during pregnancy. Therefore, a safe approach is to
consider cross-fostering the litter to surrogated mothers that have
not undergone to any procedure. However, when cross-fostering
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the litter, the effects of cannabis exposure during breastfeeding
disappear. This depends on the experimental question since the
physiological changes that may occur in the neonatal brain could
be different choosing one or another experimental paradigm.

CONCLUDING REMARKS

Despite the limited information regarding the consequences of
perinatal cannabis exposure on the offspring at different life
stages, there is enough evidence to be aware of the potential risk
of cannabis use during pregnancy and/or lactation. Considering
the increasing rates of pregnant and breastfeeding women
consuming cannabis due to the more permissive legislations of its
recreational and medicinal uses, as well as the higher contents of
THC in currently cannabis preparations, it is critical to establish
preventive strategies to detect women at risk, especially with a
CUD diagnosis, and to identify the most adequate interventions.
Finally, the use of animal models of perinatal cannabis exposure
is an essential tool to improve our knowledge regarding the
underlying neurobiological mechanisms involved and to identify
behavioral alterations avoiding the confounding factors present
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