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ABSTRACT

Background and aim: The increasing use of cannabis among pregnant women raises concerns about its potential
impact on prenatal development. Many pregnant women use cannabis for its anti-emetic or anti-nausea effects,
often under the belief that it is safe during pregnancy. However, prenatal exposure to the primary cannabinoids,
THC and CBD, may result in neurodevelopmental deficits in offspring. This study aimed to assess the effects of
late prenatal cannabis exposure on neurodevelopment in Wistar rats.

Materials and methods: Twenty-four female Wistar rats (12 weeks old) were mated, and pregnancy was
confirmed by the presence of spermatozoa in vaginal smears on day 1. The animals were divided into four groups:
Control (Group A), Late CBD (Group B), Late THC (Group C), and Late THC/CBD (Group D), with six rats per
group. From gestational days 15 to 19, Group A received olive oil, Group B received CBD (150mg/kg body
weight), Group C received THC (150mg/kg body weight), and Group D received a combination of CBD and THC
(150mg/kg body weight each) via oral administration. After birth, the pups were allowed to grow, and at week 7,
the adolescent rats were subjected to neurobehavioral tests. Upon completion of behavioral assessments, the rats
were euthanized, and their brains were dissected, fixed in 10% formal saline, and processed for histological
analysis.

Results: The results showed a significant reduction in birth weight at postnatal day 1 (PND 1) in the CBD, THC,
and THC/CBD groups, with an increased percentage of alternate arm return at p< 0.05, morphological changes in
pyramidal cells in the prefrontal cortex, indicating impaired cognition.

Conclusion: These findings suggest that late prenatal exposure to cannabis, specifically THC and CBD, leads to
low birth weight and cognitive impairments in offspring, particularly in the prefrontal cortex.
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INTRODUCTION

Cannabis (marijuana) use has surged globally over
the past decade, particularly in recent years, for
both medicinal and recreational purposes
(Gilbert, 2020). It is one of the most widely
consumed illicit substances worldwide, with
increasing prevalence even among pregnant
women (Brown et al., 2017; Agrawal et al., 2019;

estimates that over 13 million adults smoke
cannabis, with a gender ratio of approximately
3:1, where 21.8% are men and 7.0% are women
(Fasakin et al., 2022).

Despite the widespread belief that cannabis use
during pregnancy poses minimal risk to offspring,
accumulating epidemiological and preclinical

Skelton, Hecht, & Benjamin-Neelon, 2021; Leung evidence suggests otherwise, highlighting
et al., 2022). Studies indicate a rise in cannabis- potential long-term neuropsychiatric
derived product usage among pregnant consequences (Bayrampour et al, 2019;
individuals in both North America and the Sarrafpour et al., 2020; Sarikahya et al., 2023;

European Union (EU) (Brown et al., 2017; Agrawal  DeVuono et al.,, 2024). Pregnant individuals use

et al, 2019). Additionally, the incidence of
frequent cannabis consumption in the United
States and globally has escalated, largely due to
increased legalization and a reduced perception
of risk (Hasin et al., 2013; Gregory et al., 2023). In
Nigeria, the World Health Organization (WHO)

cannabis to alleviate nausea, pain, stress, appetite
changes, and anxiety (Young-Wolff et al., 2020).
Moreover, an increasing number of individuals
with chronic pathological conditions substitute
cannabis for prescription medications, including
opioids, anxiolytics, and antidepressants (Corroon

This is an open access journal, and articles are distributed under
the terms of the Creative Commons Attribution-Non
Commercial-Share Alike 4.0 License, which allows others to
remix, tweak, and build upon the work non-commercially, as long
as appropriate credit is given and the new creations are licensed
under the identical terms.

For reprints contact: jecajournal@gmail.com

How to cite this article: Suleiman I.A., Taiwo-Ola D.O., Odubela
0.0., Fakunle P.B., Shallie O.F., Abdulsalam K.M., Adelakin L.A.,
Oresanya M.E., Idowu P.O. and Shallie P.D. Cannabinoid
exposure during pregnancy: consequences for growth, memory
and prefrontal cortex integrity in Wistar Rats. J Exp Clin Anat
2025; 22(1):12-21.
https://dx.doi.org/10.4314/jeca.v22il.2

JOURNAL OF EXPERIMENTAL AND CLINICAL ANATOMY — VOLUME 22, ISSUE 1, MARCH, 2025

12


mailto:jecajournal@gmail.com
https://dx.doi.org/10.4314/jeca.v22i1.2
mailto:stellydonald9@gmail.com
https://dx.doi.org/10.4314/jeca.v22i1.2

Suleiman et al.: Effects of Cannabinoid exposure during pregnancy on growth, memory and prefrontal cortex

et al., 2017). However, cannabis is a complex plant containing
over 100 individual phytochemicals, with the two primary active
cannabinoids being  cannabidiol (CBD) and A9-
tetrahydrocannabinol (THC). The distinct effects of isolated
cannabinoids, their impact on pregnancy, and their influence on
neurodevelopmental outcomes in offspring require further
investigation.

A dysregulated placental environment due to cannabis
exposure may contribute to maternal and fetal complications,
such as pre-eclampsia, spontaneous preterm birth, intrauterine
growth restriction (IUGR), and fetal resorption (Black et al.,
2023). The endocannabinoid system plays a crucial role in
pregnancy coordination and fetal neurodevelopment Costa
(2016). A reduction in intrauterine anandamide levels and
signaling via cannabinoid receptor 1 (CB1) and receptor 2 (CB2)
is essential for successful implantation (Paria, 2001; Black et al.,
2023). Disruptions in receptor expression and anandamide
levels in reproductive tissues and plasma have been linked to
ectopic pregnancy, miscarriage, and pre-eclampsia (Black et al.,
2023). Furthermore, CB1 coordinates directional axonal
migration, elongation, and the maturation of astrocytes and
oligodendrocytes (Bara et al., 2021).

Cannabis constituents can cross the placental barrier,
accumulating in the developing fetus (Baglot et al., 2021; Black
et al., 2023). Studies report that in-utero THC exposure
interferes with endogenous cannabinoid signaling, impacting
neuronal growth cones, cytoskeletal architecture, and synapse
formation (Black et al,, 2023). Emerging human data suggest
that prenatal cannabis exposure increases the risk of preterm
birth, low birth weight, and persistent behavioral and cognitive
impairments across the lifespan (Marchand et al., 2022; Koto et
al, 2022). However, the long-term consequences remain
incompletely understood. Some studies correlate cannabis use
with adverse birth outcomes, while others report no significant
effects (Pandelides et al., 2020). While THC is known to exert
psychoactive effects (lezzi et al., 2022; Swenson et al., 2023).
Existing data on CBD indicates the amelioration of the
symptoms of pregnancy such as nausea and anxiety, it usage
during pregnancy is increasingly being discussed in social media
and online (Sarrafpour et al., 2020). There is still a need for high-
quality research studies to fully elucidate the risks and benefits
of CBD usage by pregnant patients (Sarrafpour et al.,, 2020),
however, data on CBD safety in pregnancy and postnatal life
remain limited.

Given the increasing use of cannabis among pregnant
individuals, further investigation into its impact on fetal
neurodevelopment is essential. We hypothesize that THC, CBD,
and THC/CBD combinations may influence neurodevelopment,
particularly in late pregnancy. The prefrontal cortex (PFC), the
largest cortical area in the human brain, accounts for
approximately 29% of the cerebral cortex. Located in the frontal
lobe, anterior to the primary and premotor cortices, the PFC
plays a fundamental role in personality formation, behavior
regulation, attention maintenance, motor planning, emotional
control, speech, memory, temporal perception, and working
memory (Chudasama, 2011; Akkoc & Ogeturk, 2017). Given its

critical role in cognitive function, examining the effects of
prenatal cannabis exposure on the PFC is significant.

The present study evaluated the impact of late prenatal
exposure to THC and CBD on the prefrontal cortex of Wistar rat
offspring, thereby elucidating the neurodevelopmental
consequences of maternal cannabis use during pregnancy.

MATERIALS AND METHODS

Ethical Approval

Ethical clearance was obtained from the Olabisi Onabanjo
University Ethical Review Committee
(OOU/SCIENG/EC/240924) with affirmation to maintain
humane interactions throughout the experiment.

Preparation of Cannabis Extract

Cannabis sativa (marijuana) was obtained from the National
Drug Law Enforcement Agency (NDLEA), where its identification
was confirmed (Identification Reference Number:
NDLEA/SD/2024/21/70). The cannabis leaves were dried and
weighed (278.7 g) before being ground into a fine powder using
a mechanical grinder. The powdered material was then soaked
in ethanol for 48 hours, followed by filtration using Whatman
filter paper No 42 diameter 12.5cm (Middlesex, UK).

To extract the active compounds, a liquid-liquid partitioning
method was employed using n-hexane and dichloromethane as
solvents. The filtrate was poured into a separating funnel and
thoroughly mixed with n-hexane. This mixture was agitated until
it separated into two distinct layers: ethanol at the bottom and
n-hexane at the top. The ethanol layer was carefully discarded,
leaving behind the n-hexane solution, which contained A9-
Tetrahydrocannabinol (THC) and cannabidiol (CBD).

The n-hexane solution was concentrated using a rotary
evaporator under reduced pressure to enhance the evaporation
process. The water bath was maintained at 40-45°C to facilitate
the removal of n-hexane without degrading the cannabinoids.

The final extract was collected, and the percentage yield was
final weight (W2) %100

determined using the formula: W2 X100 = ——
w1 initial (W1)

initial weight 278.7g and final weight 23.53g; 8.27% obtained as
yield.

The crude extract was fractionated to isolate THC and CBD using
Thin Layer chromatography (TLC) (Mano-Sousa et al., 2021)

Distance traveled by solute

Retention factor (Rf) - Distance traveled by solvent
The Rf values are used to identify unknown compounds by
comparing them to the known standard run under the same
condition (Bele and Khale, 2011, Mano-Sousa et al., 2021),

The Rf values obtained for CBD: 0.271 + 0.013; and THC: 0.336
+ 0.017 were consistent with standard values as reported by
Khan et al. (2021). Under ultraviolet light, THC appeared
greenish-brown, while CBD exhibited an orange hue.
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The median lethal dose (LD50) of THC has been reported in
various animal species, ranging from 800-900 mg/kg (Terance et
al., 2023) to 1270 mg/kg (Bioquest, 2024). The LD50 of CBD is
approximately 212 mg/kg bw (Gingrich et al., 2023)

Experimental Design

Twenty-four (24) female Wistar rats (10 weeks old), weighing
between 160-180 g, were obtained from a breeder (Peter’s
Farm (Nig.) Enterprises, Ibadan, Nigeria). The animals were
housed in wire mesh plastic cages under standard laboratory
conditions in the Department of Anatomy, Olabisi Onabanjo
University, Ago-lwoye, Nigeria. They were allowed to
acclimatize for two weeks with free access to water and
commercial rat chow (Jafel Agro Services, Sagamu, Ogun State).

At 12 weeks, following acclimatization, the estrous cycle of the
female rats was monitored, and those in the proestrus phase
were introduced to male rats for mating in a ratio of 2 to 1 per
cage, the mating was done in the evening time at done at 17:00.

Timed and multiple pairing mating was employed to ensure
multiple pregnancies at the same time. The presence of
spermatozoa in a vaginal smear confirmed successful mating,
marking gestational day (GD) 0. The pregnant rats were
randomly assigned to four groups (n=6 per group) the estrous
cycle was determined for a period

Group A (Control) received 0.5 ml of olive oil orally from GD 15
to GD 19. Group B (THC) received 150 mg/kg body weight/day
of THC in 0.5 ml olive oil from GD 15 to GD 19. Group C (CBD)
received 150 mg/kg body weight/day of CBD in 0.5 ml olive oil
from GD 15 to GD19 and Group D (THC/CBD) received a
combined dose of THC and CBD 150 mg/kg body weight/day
each in 0.5 ml of olive oil from GD 15 to GD 19.

After delivery, the first day was regarded as postnatal day (PD)
0, and the pup's weight was recorded at PD1. The reduction in
weight of the pup was estimated as

mean (weight of control pup—weight of cannabinoid exposed pups) x100
mean weight of control pups ’

The offspring were allowed to develop naturally. Pups were
weaned at 5 weeks, and at 6 weeks (PD 42), they underwent
behavioral studies for memory and cognitive tests. The weights
of the rats were recorded at the end of the studies

Neurobehavioral Tests
The Elevated Plus-Maze (EPM)

Anxiety-like behavior was assessed using the Elevated Plus
Maze (EPM) test (Szkudlarek et al., 2019; Sotoudeh et al., 2020).
The apparatus consisted of two open arms (50 x 10 cm) with 5
cm-high edges and two closed arms (50 x 10 cm) with 40 cm-
high walls, extending from a central platform (5 x 5 cm). The
maze was elevated 50 cm above the floor.

Each rat was placed at the central platform facing an open arm,
and its behavior was recorded for 5 minutes using a video
camera placed above the maze in a way that all of its arms were

fully recorded. Time spent in the open arms and the number of
entries into the open arms were used as indicators of anxiety-
like behavior. The maze was cleaned with 70% ethanol between
trials to prevent olfactory bias. Entry into an arm was defined as
all four paws crossing into the respective area (Serafim et al.,
2012; Sudakov et al., 2013; Sotoudeh et al., 2020).

Y-maze

The Y-maze can be used to determine short-term memory,
general locomotor activity, and stereotypic behavior. This
apparatus consisted of three arms made of plywood joined in
the middle to form a “Y” shape at a 120° angle from one
another. The walls of the arms were 8 cm high, allowing the rat
to see distal spatial landmarks. The rats were introduced at the
center and allowed to move freely exploring the three arms. The
arms of the Y maze were labeled as A, B, and C. The maze was
cleaned with alcohol and allowed to dry before subsequent use.
The position was maintained throughout the Y maze test of all
the rats. The rat was placed into one of the arms of the maze
(start arm) and allowed to explore the maze with one of the
arms closed for 15 min (training trial). After a 1-h inter-trial
interval, the rat was returned to the Y maze by placing them in
the start arm, the rat was allowed to explore freely all three
arms of the maze for 5 min (test trial). The number of entries
into and the time spent in each arm, and the first choice of entry
was recorded with a video that was placed above the maze in a
way that all of its arms were fully recorded (Yinka et al.,2023;
Melbiarta et al., 2023).

.The percentage of spontaneous alternation was calculated
using the following formula

Spontaneous alternation (SAP) % =

Number of spontaneous alternation

x 100

Total number of arm entries - 2

The percentage of alternate arm return was calculated using the
following formula

Number of alternation arm return

Alternate arm return (AAR) % =
x100

Total number of arm entries - 2

(Biobserve behavioral research)
Histological assessment

Animals were sacrificed by cervical dislocation; the brain was
removed and the prefrontal cortex was collected and fixed in
Neutral buffered formalin (NBF). Tissues were dehydrated in
ascending grades of ethanol, cleared in xylene, infiltrated, and
embedded in paraffin wax. The tissue blocks were mounted on
a wooden block and trimmed to size 20u thick. They were
sectioned on a rotatory microtome at 10y thick. The sections
were stained with Haematoxylin and Eosin (H &E) (Sahar, 2009).
Photomicrographs were taken using the Evos FL Auto 2
microscope for histopathological evaluation.

Statistical Analysis
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Data were expressed as mean * SEM and analyzed using
GraphPad Prism version 10.01. The body weights and Y-Maze
data were analyzed with One-way ANOVA, while the Elevated
Plus Maze data were analyzed with Two-way ANOVA followed
by Dunnett’'s multiple comparison test was used for
comparisons between groups with a significance threshold set
at p<0.05.

RESULTS

Prenatal maternal exposure to THC and CBD in late pregnancy
significantly impacts offspring body weight at birth, with effects
persisting until PND 42.

Figure 1 depicts a significant decrease in pup body weight on
Postnatal Day (PND) 1. The control group had an average body
weight of 4.63 + 0.095 g, whereas pups in the Late CBD (3.53 +
0.180 g, p =0.0001), Late THC (3.58 + 0.173 g, p = 0.0001), and
Late THC/CBD (3.44 £ 0.177 g, p = 0.0001) groups exhibited
markedly lower weights. No significant differences were
observed among the cannabis-exposed groups. The reductions
in body weight relative to controls were 23.1% for Late CBD,
22.7% for Late THC, and 25.7% for Late THC/CBD.

Figure 2 demonstrates that by PND 42, body weight deficits
persisted in the cannabis-exposed groups. The control group
weighed 76.6 + 3.444 g, whereas the Late CBD (66.5 + 0.957 g,
p <0.05), Late THC (66.1 + 1.961 g, p < 0.05), and Late THC/CBD
(64.3 £ 1.84 g, p < 0.05) groups remained significantly lighter.
This sustained reduction in body weight may be linked to
intrauterine growth restriction (IUGR) or fetal growth restriction
(FGR), both of which have been associated with prenatal
cannabis exposure. IUGR is commonly characterized by birth
weights below the 10th percentile (Hoyert et al., 2006; Harris et
al., 2001).

Prenatal maternal exposure to cannabis in late pregnancy did not
affect anxiety levels in the offspring at PND 42, as assessed by the
Elevated Plus Maze.

Elevated Plus Maze (EPM) analysis, assessed using Dunnett’s
multiple comparisons post hoc test, revealed no significant
differences in the average time spent in the closed arm across
groups (Figure 3). In the open arm, the average time spent was
30.9s for the control group, 27.2s for the Late CBD group, 16s
for the Late THC group, and 27.6s for the Late THC/CBD group.
The Late CBD group tended to spend more time in the closed
arm, whereas the Late THC and Late THC/CBD groups showed a
slight decrease. Time spent in the open arm was reduced in all
cannabis-exposed groups compared to controls, with the Late
THC group displaying the most pronounced reduction (Figure 3).

The mean number of entries into the closed arm did not differ
significantly among groups. However, while control animals had
fewer closed-arm entries, exposure to THC, CBD, and THC/CBD
resulted in an increased number of entries, particularly in the
Late THC and Late THC/CBD groups. Conversely, open-arm
entries were reduced in all exposed groups relative to controls,
although the Late THC and Late THC/CBD groups exhibited a
slight increase compared to the Late CBD group (Figure 4).

Prenatal exposure to cannabis during late pregnancy
significantly impaired offspring spatial memory at PND 41, as
measured by the Y-maze test.

Prenatal maternal exposure to cannabis in late preghancy
significantly impaired offspring spatial memory at PND 41, as
assessed by the Y-maze.

A significant increase in memory impairment was observed in
the Late THC group (36.5 + 5.36%; p = 0.001), Late CBD group
(43.3 + 3.33%; p = 0.01), and Late THC/CBD group (40.5 *
13.28%; p <0.05) compared to the control group (11.9 + 4.28%)
(Figure 5).

Spontaneous alternation was significantly reduced in the Late
THC (36.7 + 7.16%) and Late THC/CBD (32.2 + 13.7%) groups (p
= 0.001) compared to the control group (88.1 = 4.28%).
However, the Late CBD group (67.5 £ 5.95%) did not show a
significant difference relative to controls (p = 0.218).
Additionally, the Late THC (36.7 * 7.16%) and Late THC/CBD
(32.2 + 13.7%) groups exhibited a significant decrease in
spontaneous alternation (p < 0.05) compared to the Late CBD
group (67.5 + 5.95%) (Figure 6).

Prenatal maternal exposure to cannabis in late pregnancy altered
offspring Prefrontal Cortex Structural Integrity.

The photomicrograph of the prefrontal cortex in the control
group (A) displays normal structural architecture, with the
internal pyramidal layer clearly showing pyramidal neurons with
visible soma and pyramidal cells, as well as stellate neurons with
visible soma and granular cells.

In the L CBD group (B), chromatolysis changes in the Nissl
bodies, indicative of neuronal degeneration, were observed in
the pyramidal neurons. This group also showed an abundance
of granular cells, with the presence of perivascular cuffing, a
hallmark of neuroinflammation.

The THC group (C) showed pyramidal neurons with visible
somas, but some pyramidal cells exhibited morphological
changes, including pericellular spaces and vacuolation in the
ground In the Combination (THC and CBD) groups (D) displayed
pyramidal neurons with visible somas, and some pyramidal cells
showing altered morphology. These cells exhibited pericellular
spaces, indicating loss of cytoplasmic detail, and vacuolation in
the ground substance around blood capillaries.
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Figure 7: Photomicrographs of prenatal exposure of cannabis sativa

(150mg/kg THC; 150 mg/kg CBD and combined 150mg/kg THC
CBD) of the prefrontal cortex. (A) control, (B) LCBD, (C) L THC, and (D) L THC/CBD with H&E stain, 40x.

Legend: Red arrow- neuroglia, Green arrow-blood capillaries, Blue arrow- granular cell, Orange arrow- pyramidal cell, Black arrow —
change in morphology of the pyramidal cell, V- vacuolation, Brown arrow- perivascular cuffing.

DISCUSSION

Cannabis use during pregnancy is often perceived as harmless by
the general public, with little awareness of the potential long-
term neuropsychiatric risks to offspring, despite growing
epidemiological and preclinical evidence highlighting its
detrimental effects (DeVuono et al., 2024). Cannabis contains
two primary cannabinoids—tetrahydrocannabinol (THC), the
psychoactive compound responsible for most of cannabis' mind-
altering effects, and cannabidiol (CBD), which is typically
recognized for its anxiolytic and neuroprotective properties. Both
cannabinoids interact with the endocannabinoid system, leading
to widespread physiological and behavioral changes.

The present study investigated the effects of THC and CBD
exposure during late gestation in rats, administered at a dose of
150 mg/kg. Our results showed a significant reduction in the body
weight of pups at postnatal day 1 (PND1) (Figure 1), a hallmark of
low birth weight associated with exposure to THC and CBD.
Specifically, pups exposed to L CBD, L THC, and L THC/CBD
exhibited weight reductions of 23.1%, 22.7%, and 25.7%,
respectively. Birth weight below the 10th percentile is indicative
of intrauterine growth restriction (IUGR), a condition linked to

placental dysfunction and impaired nutrient supply to the
developing fetus. This low birth weight, a result of placental
dysregulation caused by cannabinoid exposure, could contribute
to late embryonic death or the onset of postnatal diseases
(Elmore et al., 2022).

At PND 42, although the animals reached a more mature state,
they continued to show growth deficits (Figure 2), suggesting that
prenatal exposure to THC and CBD had a long-lasting impact on
postnatal growth. The observed growth catch-up was insufficient
to fully overcome the effects of prenatal low birth weight. The
impact of CBD on growth could be related to its potential to
decrease food intake and alter metabolic functions, although the
exact mechanisms remain unclear. Kaplan et al. (2021) reported
that CBD's weight-reducing effects were more pronounced in
females, suggesting sex-specific differences in cannabinoid-
induced metabolic alterations.

Neurobehavioral assessments using the elevated plus maze
(EPM) and Y-maze further revealed cognitive deficits and
behavioral alterations due to cannabinoid exposure. The EPM
showed no significant changes in anxiety-related behaviors,
though there was an increase in the time spent in the closed arm
and a decrease in the time spent in the open arm. In the Y-maze
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task, which assesses spatial working memory, we observed
significant impairments in spontaneous alternation and alternate
arm return in the L THC, L CBD, and L THC/CBD groups (Figures 5
and 6). These deficits highlight the detrimental effects of THC and
CBD on cognition and memory, potentially due to disruptions in
the central nervous system. Carone et al. (2024) reported similar
cognitive deficits in animals exposed to high doses of THC, and
Yinka et al. (2023) found alterations in neurotransmitter levels
and spatial memory following cannabis exposure, along with
neuronal degeneration and astrogliosis in the prefrontal cortex
(PFC). Our findings align with these studies and emphasize the
negative impact of THC and CBD on brain function.

Histological analysis of the PFC revealed structural changes, with
evidence of neuronal degeneration and altered morphology in
response to THC, CBD, and the combination of both cannabinoids
(Figure 7). These changes included the loss of cytoplasmic detail
and vacuolation in the pyramidal cells, which may be attributed
to oxidative stress and hypoxia. This cellular insult is likely caused
by placental dysfunction during embryogenesis, which disrupts
nutrient and oxygen supply to the developing fetus and results in
long-term neurological deficits in adulthood. The ability of THC
and CBD to cross the placenta and affect fetal development has
been well-documented, with exposure leading to placental
insufficiency and fetal growth restriction (FGR) (Natale et al.,
2020; DeVuono et al., 2024).

Our findings also corroborate studies that suggest cannabis
exposure, particularly THC, can significantly alter body weight and
growth. Allen et al. (2024) reported reduced fetal weight
following CBD exposure at 3 mg/kg, and Cluny et al. (2015)
observed a decrease in weight gain in mice following chronic THC
exposure. Cannabis, especially THC, has been shown to reduce
maternal weight gain and disrupt fetal development, possibly
through alterations in appetite regulation and metabolic
processes mediated by the endocannabinoid system. THC
activates CB1 receptors, enhancing appetite and food intake, but
chronic exposure can disrupt metabolic regulation, contributing
to poor growth and low birth weight in offspring (Pintori et al.,
2023).

The PFC, a region heavily impacted by cannabinoid exposure,
particularly during adolescence, is critical for cognitive functions
such as working memory, decision-making, and emotional
regulation. During adolescence, the brain undergoes significant
maturation, including synaptic pruning and neural circuit
refinement. THC exposure during this developmental window
disrupts these processes, resulting in long-term cognitive and
emotional deficits (Gabaglio et al., 2021). Our study supports this
notion, as we observed significant alterations in cortical
morphology, synaptic density, and neuronal function in response
to THC and CBD exposure. Chronic THC exposure has been shown
to reduce cortical thickness and impair neuroplasticity in rodent
models, which are associated with deficits in cognitive and
emotional processing and increased vulnerability to stress-
related disorders (Testai et al., 2022).

In conclusion, our study provides strong evidence that prenatal
exposure to THC and CBD results in significant
neurodevelopmental and growth impairments, which are likely
mediated by placental dysfunction, oxidative stress, and
alterations in metabolic and neuroplastic processes. These
findings underscore the need for further research into the long-
term effects of cannabis use during pregnancy, particularly on
cognitive and emotional health in offspring.

REFERENCES
AAT Bioquest, Inc. (2024). Quest Database TM Delta
Tetrahydrocannabinol  Toxicity  (LD50) AAT  Bioquest.

Https://www.aatbio.com/resources/toxicity-lethality-median-
dose-td50-1d/delta-9-terahydrocannabinol

Agrawal, A., Rogers, C. E., Lessov-Schlaggar, C. N., Carter, E. B.,
Lenze, S. N., & Grucza, R. A. (2019). Alcohol, cigarette, and
cannabis use between 2002 and 2016 in pregnant women from a
nationally representative sample. JAMA pediatrics, 173(1), 95-96.

Akkoc, R. F., & Ogeturk, M. (2017). The Prefrontal Cortex: A Basic
Embryological, Histological, Anatomical, and Functional
Guideline. J. Hum. Anat. Physiol, 1(1):4.

Allen, S., Natale, B. V., Ejeckam, A. O., Lee, K., Hardy, D. B, &
Natale, D. R. (2024). Cannabidiol Exposure During Rat Pregnancy
Leads to Labyrinth-Specific Vascular Defects in the Placenta and
Reduced Fetal Growth. Cannabis and Cannabinoid Research, 9(3),
766-780.

Antunes, M., & Biala, G. (2012). The novel object recognition
memory: neurobiology, test procedure, and its
modifications. Cognitive processing, 13, 93-110.

Assa-Glazer, T., Gorelick, J., Sela, N., Nyska, A., Bernstein, N., &
Madar, Z. (2020). Cannabis extracts affected metabolic syndrome
parameters in mice fed high-fat/cholesterol diet. Cannabis and
cannabinoid research, 5(3), 202-214.

Baglot, S. L., VanRyzin, J. W., Marquardt, A. E., Aukema, R. J.,
Petrie, G. N., Hume, C., Reini, E.L., Bieber. J.B., MclLaughlin, R.J.,
McCarthy, M.M. & Hill, M. N. (2022). Maternal-fetal transmission
of delta-9-tetrahydrocannabinol (THC) and its metabolites
following inhalation and injection exposure during pregnancy in
rats. Journal of Neuroscience Research, 100(3), 713-730.

Bara, A., Manduca, A., Bernabeu, A., Borsoi, M., Serviado, M.,
Lassalle, O., Murphy, M., Wager-Miller, J., Mackie, K., Pelissier-
Alicot, A. L., Trezza, V. & Manzoni, O. J. (2018). Sex-dependent
effects of in utero cannabinoid exposure on cortical
function. Elife, 7, e36234.

Bayrampour, H., Zahradnik, M., Lisonkova, S., & Janssen, P.
(2019). Women's perspectives about cannabis use during
pregnancy and the postpartum period: An integrative
review. Preventive medicine, 119, 17-23.

JOURNAL OF EXPERIMENTAL AND CLINICAL ANATOMY — VOLUME 22, ISSUE 1, MARCH, 2025 18


https://www.aatbio.com/resources/toxicity-lethality-median-dose-td50-ld/delta-9-terahydrocannabinol
https://www.aatbio.com/resources/toxicity-lethality-median-dose-td50-ld/delta-9-terahydrocannabinol

Suleiman et al.: Effects of Cannabinoid exposure during pregnancy on growth, memory and prefrontal cortex

Bele, A. A, & Khale, A. (2011). An overview on thin layer
chromatography. International Journal of Pharmaceutical
Sciences and Research, 2(2), 256.

Biobserve (2015). behavioral research.
http//biobserve.com/behavioralresearch/product/viewer/plug

Black, T., Baccetto, S. L., Barnard, I. L., Finch, E., McElroy, D. L.,
Austin-Scott, F. V., Greba, Q., Michel, D., Zagzoog, A., Howland, J.
G. & Llaprairie, R. B. (2023). Characterization of cannabinoid
plasma concentration, maternal health, and cytokine levels in a
rat model of prenatal Cannabis smoke exposure. Scientific
Reports, 13(1), 21070.

Brown, Q. L., Sarvet, A. L., Shmulewitz, D., Martins, S. S., Wall, M.
M., & Hasin, D. S. (2017). Trends in marijuana use among
pregnant and nonpregnant reproductive-aged women, 2002-
2014. Jama, 317(2), 207-209.

Carone, M., Premoli, M., Bonini, S. A., Latsi, R., Maccarinelli, G., &
Memo, M. (2024). Behavioral effects of two cannabidiol and
cannabigerol-rich formulas on mice. Heliyon, 10(21): 39938

Chudasama, Y. (2011). Animal models of prefrontal-executive
function. Behavioral neuroscience, 125(3), 327.

Cluny, N. L., Keenan, C. M., Reimer, R. A., Le Foll, B., & Sharkey, K.
A. (2015). Prevention of diet-induced obesity effects on body
weight and gut microbiota in mice treated chronically with A9-
tetrahydrocannabinol. PloS one, 10(12), e0144270.

CorroonJr, J. M., Mischley, L. K., & Sexton, M. (2017). Cannabis as
a substitute for prescription drugs—a cross-sectional
study. Journal of pain research, 989-998.

Costa, M. A. (2016). The endocannabinoid system: A novel player
in human placentation. Reproductive Toxicology, 61, 58-67.

Deacon, R. M., & Rawlins, J. N. P. (2006). T-maze alternation in
the rodent. Nature protocols, 1(1), 7-12.

DeVuono, M. V., Nashed, M. G., Sarikahya, M. H., Kocsis, A., Lee,
K., Vanin, S. R., Hudson, R., Lonnee, E. P., Rushlow, W. J., Hardy,
D. B., Steven R. & Llaviolette, S. R. (2024). Prenatal
tetrahydrocannabinol and cannabidiol exposure produce sex-
specific pathophysiological phenotypes in the adolescent
prefrontal cortex and hippocampus. Neurobiology of
Disease, 199, 106588.

Fasakin, O. W., Oboh, G., & Ademosun, A. O. (2022). The
prevalence, mechanism of action, and toxicity of Nigerian
psychoactive plants. Comparative clinical pathology, 31(5), 853-
873.

Fernando, D. T., Philip, B. G., Hugo, J. A., Francesca, M. F,,
Gonzalez, R., Rebecca, F. G., Miriam Melis, M., Piano, M. R.,
Tiziana Rubino, T. & Sarah, Y. S. (2022). Use of marijuana: effect
on brain health and cognitive impairment. Stroke, 53(4), 176-187.

Gabaglio, M., Zamberletti, E., Manenti, C., Parolaro, D., & Rubino,
T. (2021). Long-term consequences of adolescent exposure to

THC-rich/CBD-poor and CBD-rich/THC-poor combinations: A
comparison with pure THC treatment in female rats. International
Journal of Molecular Sciences, 22(16), 8899.

Gingrich, J., Choudhuri, S., Cournoyer, P., Downey, J., & Jacobs, K.
M. (2023). Review of the oral toxicity of cannabidiol (CBD). Food
and Chemical Toxicology, 176, 113799.

Harris, J. L., Yeh, H. W., Choi, I. Y., Lee, P., Berman, N. E.,
Swerdlow, R. H (2012). Altered neurochemical profile after
traumatic brain injury: HMRS biomarkers of pathological
mechanisms. J. Cereb. Blood Flow Metab. 32, 2122-2134.

Hasin, D. S., Saha, T. D., Kerridge, B. T., Goldstein, R. B., Chou, S.
P., Zhang, H., Jung, J., Pickering, R. P., June. R. W., Smith S. M.,
Huang B. & Grant, B. F. (2015). Prevalence of marijuana use
disorders in the United States between 2001-2002 and 2012-
2013. JAMA psychiatry, 72(12), 1235-1242.

Hoyert DL, Mathews TJ, Menacker F, Strobino DM, Guyer B .2006.
Annual summary of vital statistics: 2004. Pediatrics 117:168-183.
https://www.ncbi.nlm.nih.gov/books/NBK563174/

lezzi, D., Caceres-Rodriguez, A., Chavis, P., Manzoni, O.J.J (2022).
In utero exposure to cannabidiol disrupts select early-life
behaviors in a sex-specific manner. Transl. Psychiatry 12, 1-13.

Kaplan, J. S., Wagner, J. K., Reid, K., McGuinness, F., Arvila, S.,
Brooks, M., Stevenson, H., Jones J., Risch, B., McGillis, T,
Budinich, R., Gambell, E. & Predovich, B. (2021). Cannabidiol
exposure during the mouse adolescent period is without harmful
behavioral effects on locomotor activity, anxiety, and spatial
memory. Frontiers in behavioral neuroscience, 15, 711639.

Khan, I. H., Javaid, A., & Shad, N. (2021). Comparative efficacy of
organic solvent fractions of leaf extract of hemp against
Aspergillus versicolor. Pakistan Journal of Weed Science
Research, 27(1), 101.

Koto, P., Allen, V. M., Fahey, J. & Kuhle, S. Maternal cannabis use
during pregnancy and maternal and neonatal outcomes: A
retrospective cohort study. BJOG Int. J. Obstet. Gynaecol. 129,
1687-1694 (2022).

Leung, J.; Chan, G.; Stjepanovi'c, D.; Chung, J.Y.C.; Hall, W,
Hammond, D. (2022). Prevalence and self-reported reasons of
cannabis use for medical purposes in USA and Canada.
Psychopharmacology, 239, 1509-1519.

Mano-Sousa, B. J., Maia, G. A. S., Lima, P. L., Campos, V. A., Negri,
G., Chequer, F. M. D., & Duarte-Almeida, J. M. (2021). Color
determination method and evaluation of methods for the
detection of cannabinoids by thin-layer chromatography
(TLC). Journal of Forensic Sciences, 66(3), 854-865.

Marchand, G., Masoud, A. T., Govindan, M., Ware, K., King, A,,
Ruther, S., Brazil, G., Ulibarri, H., Parise, J., Arroyo, A., Coriell, C,,
Goet, S., Karrys, A. & Sainz, K. (2022). Birth outcomes of neonates
exposed to marijuana in utero: a systematic review and meta-
analysis. JAMA Network Open, 5(1), e2145653-e2145653.

JOURNAL OF EXPERIMENTAL AND CLINICAL ANATOMY — VOLUME 22, ISSUE 1, MARCH, 2025 19


https://www.ncbi.nlm.nih.gov/books/NBK563174/
https://jamanetwork.com/searchresults?author=Sydnee+Goetz&q=Sydnee+Goetz
https://jamanetwork.com/searchresults?author=Amitis+Karrys&q=Amitis+Karrys

Suleiman et al.: Effects of Cannabinoid exposure during pregnancy on growth, memory and prefrontal cortex

Melbiarta, P. P, Kalanjati, V. P., Herawati, L., Salim, Y., & Othman,
Z. (2023). Analysis of spatial working memory using the Y-maze
on rodents treated with high-calorie diet and moderate-intensity
exercise. Folia Medica Indones, 59, 40-45.

Natale, B. V., Gustin, K. N., Lee, K., Holloway, A. C., Laviolette, S.
R., Natale, D. R, & Hardy, D. B. (2020). A9-tetrahydrocannabinol
exposure during rat pregnancy leads to symmetrical fetal growth
restriction and labyrinth-specific vascular defects in the
placenta. Scientific reports, 10(1), 544.

Ng T, Keshock MC. Tetrahydrocannabinol (THC) [2023]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2025 Jan-. Available from:

Pandelides, Z.; Thornton, C.; Lovitt, K.G.; Faruque, A.S,;
Whitehead, A.P.; Willett, K.L; Ashpole, N.M. (2020).
Developmental exposure to A 9 -tetrahydrocannabinol (THC)
causes biphasic effects on longevity, inflammation, and
reproduction in aged zebrafish (Danio rerio). Geroscience 42,
923-926.

Pintori, N., Serra, M. P., Carai, A., Lobina, C,, Isola, R., Noli, R,,
Piras, G., Spano, E., Baumann, M. H., Quartu, M. & De Luca, M. A.
(2024). Evidence for enduring cardiac and multiorgan toxicity
after repeated exposure to the synthetic cannabinoid JWH-018 in
male rats. Toxicology, 507, 153878.

Sahar, M. M. (2009). Effect of aspartame on the frontal cortex of
adult male albino rats. a light and electron microscopic study.
Egyptian Journal of Histology [The]; 32 (2): 346-357

Sahlem, G. L., Kim, B., Baker, N. L., Wong, B. L., Caruso, M. A,,
Campbell, L. A,, Kaloania, I., Sherman, B. J., Ford, T. J., Musleh, A.
H., Kim, J. P., Williams, N. R., Manett, A. J., Kratter, |. H., Short, E.
B., Killeen, T.K., George, M. S. & McRae-Clark, A. L. (2024). A
preliminary randomized controlled trial of repetitive transcranial
magnetic stimulation applied to the left dorsolateral prefrontal
cortex in treatment seeking participants with cannabis use
disorder. Drug and Alcohol Dependence, 254, 111035.

Sarikahya, M. H., Cousineau, S. L., De Felice, M., Szkudlarek, H. J.,
Wong, K. K., DeVuono, M. V., Lee, K., Mar Rodriguez-Ruiz, M.,
Gummerson, D., Proud, E., Jason Ng, T. H., Hudson, R., Jung, T.,
Hardy, D. B., Yeung, K. K.-C., Schmid, S., Rushlow, W. & Laviolette,
S. R. (2023). Prenatal THC exposure induces long-term, sex-
dependent cognitive dysfunction associated with lipidomic and
neuronal pathology in the prefrontal cortex-hippocampal
network. Molecular Psychiatry, 28(10), 4234-4250.

Sarrafpour, S., Urits, I., Powell, J., Nguyen, D., Callan, J., Orhurhu,
V., Simopoulos, T., Viswanath, O., Kaye, A. D., Kaye, R. J., Cornett,
E. M. & Yazdi, C. (2020). Considerations and implications of
cannabidiol use during pregnancy. Current pain and headache
reports, 24, 38.

Serafim, K. R., Gianlorenco, A. C. L., Daher, F. P., & Mattioli, R.
(2012). H1-histamine receptors in the amygdala are involved in
emotional memory but do not mediate anxiety-related behaviors
in mice submitted to EPM testing. Brain research bulletin, 89(1-
2),1-7.

Skelton, K. R., Hecht, A. A., & Benjamin-Neelon, S. E. (2021).
Association of recreational cannabis legalization with maternal
cannabis use in the preconception, prenatal, and postpartum
periods. JAMA network open, 4(2), e210138-e210138.

Sotoudeh, E., Sangari, M., Bagheri, D., Morammazi, S., & Torfi
Mozanzadeh, M. (2020). Dietary organic acid salts mitigate plant
protein induced inflammatory response and improve humoral
immunity, antioxidative status and digestive enzyme activities in
yellowfin  seabream, Acanthopagrus latus. Aquaculture
Nutrition, 26(5), 1669-1680.

Sotoudeh, N., Namavar, M. R., Zarifkar, A., & Heidarzadegan, A. R.
(2020). Age-dependent changes in the medial prefrontal cortex
and medial amygdala structure, and elevated plus-maze
performance in the healthy male Wistar rats. /BRO reports, 9,
183-194.

Sudakov, S. K., Nazarova, G. A., Alekseeva, E. V., & Bashkatova, V.
G. (2013). Estimation of the level of anxiety in rats: differences in
results of open-field test, elevated plus-maze test, and Vogel’s
conflict test. Bulletin of experimental biology and medicine, 155,
295-297.

Swenson, K. S., Gomez Wulschner, L. E., Hoelscher, V. M., Folts,
L., Korth, K. M., Oh, W. C., & Bates, E. A. (2023). Fetal cannabidiol
(CBD) exposure alters thermal pain sensitivity, problem-solving,
and prefrontal cortex excitability. Molecular Psychiatry, 28(8),
3397-3413.

Szkudlarek, H. J., Desai, S. J., Renard, J., Pereira, B., Norris, C.,
Jobson, C. E., Rajakumar, N., Allman, B. L., & Laviolette, S. R.
(2019). A-9-Tetrahydrocannabinol and Cannabidiol produce
dissociable effects on prefrontal cortical executive function and
regulation of affective behaviors. Neuropsypharmacology, 44(4),
817-825.

Yinka, Q. S., Olubunmi, O. P., Zabdiel, A. A., Oladele, O. J., Taiye,
A.S., Ayodele, A., Fasesan, O. A, Olanrewaju J. A. & Kayode, A. A.
(2023). Peroral Exposure to Cannabis Sativa Ethanol Extract
Caused Neuronal Degeneration and Astrogliosis in Wistar Rats’
Prefrontal Cortex. Annals of neurosciences, 30(2), 84-95.

Young-Wolff, K. C., Sarovar, V., Tucker, L. Y., Goler, N. C., Alexeeff,
S. E., Ridout, K. K., & Avalos, L. A. (2020). Association of
depression, anxiety, and trauma with cannabis use during
pregnancy. JAMA network open, 3(2), €1921333-e1921333.

JOURNAL OF EXPERIMENTAL AND CLINICAL ANATOMY — VOLUME 22, ISSUE 1, MARCH, 2025 20


https://www.nature.com/articles/s41380-023-02190-0#auth-Kendrick-Lee-Aff4-Aff5
https://www.nature.com/articles/s41380-023-02190-0#auth-Mar-Rodr_guez_Ruiz-Aff1-Aff2
https://www.nature.com/articles/s41380-023-02190-0#auth-Dana-Gummerson-Aff1-Aff2
https://www.nature.com/articles/s41380-023-02190-0#auth-Emma-Proud-Aff1-Aff2
https://www.nature.com/articles/s41380-023-02190-0#auth-Tsun_Hay_Jason-Ng-Aff1-Aff2
https://www.nature.com/articles/s41380-023-02190-0#auth-Roger-Hudson-Aff1-Aff2
https://www.nature.com/articles/s41380-023-02190-0#auth-Tony-Jung-Aff1-Aff2
https://www.nature.com/articles/s41380-023-02190-0#auth-Daniel_B_-Hardy-Aff2-Aff4-Aff5
https://www.nature.com/articles/s41380-023-02190-0#auth-Ken_K__C_-Yeung-Aff3
https://www.nature.com/articles/s41380-023-02190-0#auth-Susanne-Schmid-Aff2-Aff6
https://www.nature.com/articles/s41380-023-02190-0#auth-Walter-Rushlow-Aff1-Aff2-Aff7-Aff8

