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Oral Consumption of Cannabidiol During Pregnancy Alters
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Abstract
Background: Pregnant people use cannabidiol (CBD) to treat nausea, insomnia, anxiety, and pain. However,
CBD crosses the placenta and enters the fetal brain, where it can affect several targets important for brain
development. While consumption of high doses of CBD during pregnancy has been shown to disrupt offspring
neurodevelopment, pain sensitivity, and cognitive behavior in mice, lower doses have not been assessed.
Methodology: We administered 10 mg/kg/day CBD by oral gavage to pregnant C57Bl6 mice from
embryonic day 5 through birth. We used the puzzle box, the forced swim test, and Hargreaves thermal
sensitivity behavior tests and electrophysiology to determine how prenatal CBD exposure affects postnatal
behavior and prefrontal cortex physiology.
Results: We show that oral consumption of 10 mg/kg/day CBD during pregnancy increases thermal pain
sensitivity in male mouse offspring. Furthermore, the same dose impairs cognition and reduces excitability of
the prefrontal cortex in female mouse offspring.
Conclusion: These data show that lower doses of CBD consumption during pregnancy can impair fetal brain
development and postnatal behavior.
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Introduction
Pregnancy is accompanied by nausea, pain, anxiety,
and insomnia.1,2 To counter these effects, many self-
medicate with cannabis due to its antiemetic and anti-
anxiety properties.1,2 Cannabis is composed of two
primary cannabinoids, tetrahydrocannabinol (THC) and
cannabidiol (CBD). THC is psychoactive while CBD is
nonpsychoactive and is legal in many parts of the world.3

Self-reported cannabis use increased from 6.80% to
12.50% among pregnant women from 2009 to 20174 and
rose to 17% in the United States by 2024.2 In addition to
those who consume cannabis, 20% of pregnant women
report using CBD-only products.5 However, little is
known about the consequences of prenatal CBD expo-
sure on fetal development.
CBD crosses the placenta, reaches the fetal brain, and

acts upon targets relevant to fetal development.6 Several

neurodevelopmental disorders have been associated
with prenatal cannabis consumption, suggesting that
CBD exposure could be partly responsible for behavioral
outcomes.7,8 Many of these behaviors are mediated
by the prefrontal cortex (PFC), a brain region that
importantly expresses CBD targets implicated in neu-
ronal development.9,10 This suggests that prenatal
CBD exposure could impact brain development and
postnatal behaviors.
We previously found that administration of

50 mg/kg/day CBD to pregnant mice dams results in
increased thermal sensitivity in male, but not female,
offspring and cognitive deficits in female, but not
male, offspring.10 The same dose resulted in reduced
excitability of pyramidal neurons in the PFC of the
female, but not male, CBD-exposed offspring.10 Daily
10 mg/kg/day CBD is prescribed for human patients.11
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However, whether lower doses of CBD disrupt fetal
brain development remained an open question. Here, we
assess the consequences of a lower dose (10 mg/kg/day)
on behavior and neuronal activity. We found that gesta-
tional exposure to 10 mg/kg/day CBD increased thermal
sensitivity in male offspring and caused PFC-associated
cognitive deficits and changes in excitability in female off-
spring. This suggests that prenatal exposure to lower doses
of CBD results in adverse effects on fetal development.

Materials and Methods
CBD
CBD powder was obtained from the National Institute
of Drugs of Addiction with Drug Enforcement Admin-
istration Schedule 1 drug license (#RB0605026). CBD
powder was diluted to 2.5 mg/ml in pure sunflower oil
in an amber glass container. The iC42 lab at the Uni-
versity of Colorado Anschutz Medical Campus con-
firmed purity, and concentration of diluted CBD by
liquid chromatography-tandem mass spectrometry.

Mice
Eight-week-old female and male C57Bl6 (Jackson Labs,
Maine, Strain #000664) mice were crossed. Upon obser-
vation of a vaginal plug (embryonic day 0.5), mice were
individually housed to monitor weight gain and embry-
onic timepoint. Dams were administered between 60 and
175 microliters of 2.5 mg/mL CBD to reach 10 mg/kg/
day or sunflower oil by oral gavage depending on dam
weight from embryonic day 5 through birth. Dams were
weighed daily after E5, and those that did not gain weight
after E11 were removed from the study. Experiments
were approved by the University of Colorado Institu-
tional Animal Care and Use Committee (protocols #139
and 721). Male offspring were used for the thermal sensi-
tivity test, while the same female offspring were used for
both the forced swim and puzzle box tests.

Behavior
Thermal sensitivity. Given our previous findings that
prenatal exposure to 50 mg/kg/day CBD affected ther-
mal sensitivity in male but not female offspring,10 we
tested male mice exposed to 10 mg/kg/day CBD or
vehicle for thermal sensitivity at 20 weeks of age using
the Hargreaves test. The Hargreaves test measures
latency to response in seconds to a calibrated heat
source that is directed at the center of each mouse
hindpaw.12–14 Removal of the paw or flinching is
recorded as a response. Three measurements per
mouse were averaged.

Forced swim. At 14 weeks of age, female mice exposed
to CBD or vehicle prenatally underwent the forced
swim test.15 The forced swim test is the most widely
accepted model of depression-like behavior in mice. It
is performed only once per animal. The characteristic
behavior of the test, termed immobility, develops
when a rodent is placed in a tank of water for an
extended time and “makes only those movements
necessary to keep its head above water.”16 Forced
swim sessions are conducted by placing mice individ-
ually in large glass cylinders (45 cm height · 20 cm
diameter) containing 24–25C� water approximately
20 cm deep. The mouse cannot escape or touch the
bottom of the container. The mouse is placed in the
cylinder for 6 min. Latency to float and amount of
time spent struggling are measured. Trials are video
recorded and later scored by a blind observer. During
the entire duration of the task, the experimenter is
present and watching the mice. If there is any indica-
tion that the animal is in danger of drowning, it is
immediately removed from the cylinder and excluded
from the study. At the end of the swim session, the
mice are towel-dried and returned to their home
cage. The water in the test arena is changed between
each subject.16 The Forced Swim test was performed
2 weeks after the Puzzle Box test, with the same
female offspring.

Puzzle box. Female mice exposed to CBD or vehicle
prenatally underwent the puzzle box test at 12 weeks
of age. The puzzle box is performed in a Plexiglas
white box divided by a removable barrier into two
compartments: a brightly lit start zone (58 cm long,
28 cm wide) and a smaller covered goal zone (15 cm
long, 28 cm wide). Mice are introduced into the start
zone and are trained to move into the goal zone
through a narrow underpass (*4 cm wide) located
under the barrier. Mice are motivated by their aver-
sion to the bright light to reach the goal zone. Mice
undergo nine trials (T1–T9) over 3 consecutive days
in which they are challenged with increasingly diffi-
cult obstructions. This sequence assesses problem-
solving abilities (T2, T5, and T8), learning/short-term
memory (T3, T6, and T9), and repetition on the next
day measures long-term memory (T4 and T7).10,17

Preparation of acute prefrontal cortex slices
Acute coronal PFC slices were obtained from post-
natal day (P) 15 female mice prenatally exposed to
either CBD (10 mg/kg/day) or vehicle. Mice were
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anesthetized with isoflurane and euthanized by decap-
itation. Immediately after decapitation, the brain was
extracted and placed in icy cutting solution contain-
ing (in mM) 215 sucrose, 20 glucose, 26 NaHCO3,
4 MgCl2, 4 MgSO4, 1.6 NaH2PO4, 1 CaCl2, and 2.5 KCl.
Using a Leica VT1000S vibratome, the PFC was sec-
tioned into 300 lm thick slices. PFC slices were incu-
bated at 32�C for 30 min in 50% cutting solution and
50% artificial cerebrospinal fluid (ACSF) composed (in
mM) of 127 NaCl, 25 NaHCO3, 25 D-glucose, 2.5 KCl,
1.25 NaH2PO4, 2 CaCl2, and 1 MgCl2. After 30 min,
this solution was replaced with ACSF at room tempera-
ture. For all electrophysiology experiments, the slices
were placed in a recording chamber and bathed in recir-
culating ACSF aerated with 95% O2/5% CO2 at 30�C
and allowed to equilibrate for at least 30 min prior to
the start of experiments.

Electrophysiology
PFC layer 2/3 pyramidal neurons were identified by
morphology and distance from layer 1 and patched
in the whole-cell (8–10 MX electrode resistance;
20–40 MX series resistance) current clamp configura-
tion (MultiClamp 700B, Molecular Devices). Using
a potassium-based internal solution (in mM: 136 K-
gluconate, 10 HEPES, 17.5 KCl, 9 NaCl, 1 MgCl2,
4 Na2-ATP, 0.4 Na-GTP; *300 mOsm, and *pH
7.26), spiking properties were examined at 30�C in
recirculating ACSF with 2 mM CaCl2 and 1 mM
MgCl2. Excitability was measured by injection of
depolarizing current steps (25–250 pA, 300 ms). Rest-
ing membrane potential was recorded prior to the
first depolarizing current step. The minimum current
required to elicit an action potential was defined as
the smallest current step triggering at least one
spike.10 For each neuron, two trains of current injec-
tions were delivered per current step as technical rep-
licates and averaged before further analysis.

Statistics and reproducibility
The alpha value was set at 0.05. Datasets were com-
pared using an unpaired two-tailed t test, Mann–
Whitney test, or two-way ANOVA depending on nor-
mality and equal variance. For neuronal excitability
and resting membrane potential, statistical compari-
sons were performed using individual neurons as
independent biological units. For the puzzle box
behavioral test, we used multiple t-tests to test for sig-
nificance of individual trials and for overall perform-
ance of each mouse. Each trial tests a different

cognitive ability (problem-solving at increasing diffi-
culty, short-term memory, and long-term memory).
Thus, trials were analyzed separately.

Results
10 mg/kg/day CBD exposure does not affect
gestational length, litter size, or survival
To model human oral consumption, we administered
10 mg/kg of CBD dissolved in sunflower oil or sun-
flower oil alone (control) daily to C57BL6J pregnant
dams from E5 to birth by oral gavage (Fig. 1A).5 We
quantified the gestational length, gestational weight
gain, and size of litters (Fig. 1B). CBD consumption
during pregnancy did not significantly change these
litter factors.

10 mg/kg/day CBD prenatal exposure increases
thermal pain sensitivity in male offspring
50 mg/kg/day of CBD during prenatal development led
to heightened responses of male offspring to the Har-
greaves test.10 We tested whether prenatal 10 mg/kg
CBD daily exposure was sufficient to elicit the same
effect. We found that latency to respond to the thermal
stimuli was significantly shorter in males exposed to
CBD during pregnancy (Fig. 1C).

10 mg/kg/day CBD prenatal exposure does not result
in depression-like behaviors in female offspring
We assessed whether female offspring exposed to
10 mg/kg/day CBD during pregnancy had increased
depression-like behaviors in the forced swim depres-
sion test.18 CBD-exposed females did not spend sig-
nificantly more time inactive compared to controls
(Fig. 1D).

10 mg/kg/day CBD prenatal exposure decreases
problem-solving abilities in female offspring
Another possible long-term consequence of prena-
tal CBD exposure is its effects on cognitive abili-
ties (problem-solving)7,10 To evaluate whether the
10 mg/kg/day CBD exposure impacts problem-
solving abilities, CBD-exposed and control female
offspring underwent the puzzle box test. Female
offspring exposed to 10 mg/kg/day CBD took sig-
nificantly more time to reach the goal area in trial
eight (Fig. 1E, left). CBD-exposed female offspring
took more time to reach the goal area across trials
(Fig. 1E, right).
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10 mg/kg/day CBD prenatal exposure decreases
excitability of layer 2/3 pyramidal neurons in the PFC
of female offspring
The PFC is a brain region critical for higher-order
cognitive behaviors.19,20 Given the effects of CBD on
problem-solving behavior, we investigated the neuro-
nal mechanisms underlying this impairment. We
previously showed 50 mg/kg/day CBD decreased excit-
ability of PFC layer 2/3 pyramidal neurons in female
offspring.10 To determine whether this effect remained
following 10 mg/kg/day CBD exposure, we measured
the intrinsic electrophysiological membrane properties
of PFC layer 2/3 pyramidal neurons. CBD significantly
decreased excitability and increased the minimum cur-
rent required to trigger an action potential compared
to controls without affecting the resting membrane
potentials (Fig. 2C–E). 10 mg/kg/day CBD daily

exposure during pregnancy is sufficient to reduce PFC
neuronal excitability in female mouse offspring.

Discussion
We found that maternal consumption of 10 mg/kg/day
CBD during pregnancy in mice increases thermal sen-
sitivity in male offspring, while in female offspring it
decreases problem-solving behaviors and reduces excit-
ability of PFC layer 2/3 pyramidal neurons. These find-
ings indicate that even low-dose prenatal CBD
exposure produces neurobehavioral effects similar to
those previously observed with high-dose exposure
(50 mg/kg/day).10

Our previous work showed that prenatal exposure
to 50 mg/kg/day CBD caused increased sensitivity to
thermal pain dependent upon the TRPV1 receptor.10

CBD desensitizes TRPV1 at lower doses but activates
TRPV1 at high doses, presenting a question of whether

FIG. 1. Fetal CBD exposure alters postnatal behavior. (A) Experimental timeline for fetal CBD and vehicle
treatment (daily oral gavage) and postnatal behavior paradigms. (B) Dams’ gestational length (p = 0.54, t-test),
gestational weight gain (p = 0.57, t-test), and litter size (p = 0.296, t-test) were unaffected by CBD (blue squares)
compared to vehicle (gray circles) treatment (gestational length and weight, n = 18 vehicle and 11 CBD; litter
size, n = 10 vehicle and 8 CBD). (C) The Hargreaves test displayed increased thermal sensitivity in fetal CBD
exposed male offspring (vehicle: n = 8 male mice; CBD: n = 10 male mice; p < 0.0001, t-test). (D) The forced
swim depression test showed no difference in vehicle and CBD treated female offspring (vehicle: n = 10 female
mice; CBD: n = 10 female mice; p = 0.38, t-test). (E) Performance in puzzle box test was impacted in CBD
exposed female offspring (vehicle: n = 16 female mice; CBD: n = 16 female mice; p < 0.05 by t-test for individual
significant trials and overall performance). *p < 0.05, **p < 0.01; error bars represent SEM. n.s. not significant.

4 GOMEZ WULSCHNER ET AL.



a lower dose of CBD would similarly affect thermal
pain sensitivity in mouse offspring. Here we show that
male mouse offspring exposed to 10 mg/kg/day CBD
throughout gestation are more sensitive to thermal
pain than control offspring, similar to when they were
exposed to higher doses of CBD.
Our work adds to the body of evidence that prena-

tal CBD exposure impacts fetal neurodevelopment and
postnatal behavior. Previous work has shown that
maternal injections of 30 mg/kg/day CBD impair social
and object recognition and increase anxiety-like behav-
iors in female rat offspring.21 Furthermore, this same
treatment decreased the firing frequency of pyramidal
neurons in the PFC of rat offspring of both sexes.21

These results are similar to our own findings, showing
that a lower dose of CBD decreases excitability of
pyramidal neurons of the PFC, but in female offspring

only. Prenatal CBD exposure has been shown to affect
communication, motor skills, and memory in early life
for mouse offspring.22,23 A recent study showed that
fetal exposure to even 3 mg/kg/day CBD is sufficient to
increase anxiety-like and reward-seeking behaviors in
mice.24 Our data adds to this work by showing that
cognitive function and electrophysiological properties
are altered in offspring exposed to 10 mg/kg/day CBD.
Anxiety is typically comorbid with depression, but we
found that our paradigm for fetal CBD exposure was
not sufficient to induce anxiety-like behaviors in mice.
Our results corroborate studies that show subcutaneous
daily injection of 3 mg/kg CBD into pregnant mice
does not significantly alter performance in the forced
swim test in mouse offspring.25

The PFC is important for higher-order cognitive
behaviors, and its function is crucial for brain

FIG. 2. Fetal CBD exposure decreases excitability of layer 2/3 pyramidal neurons in female offspring.
(A) Experimental timeline of fetal CBD exposure (daily oral gavage) and postnatal electrophysiology.
(B) Representative traces of an action potential train elicited by 250 pA current injection for 300 ms in
vehicle (gray) and CBD (blue) exposed female offspring. (C) Fetal CBD exposure significantly reduced
intrinsic excitability of PFC layer 2/3 pyramidal neurons compared to vehicle exposed controls (vehicle:
n = 20 cells, 3 mice; CBD: n = 19 cells, 3 mice; treatment effect: p < 0.0001, 2-way ANOVA). (D) The mini-
mum current required to elicit action potential spikes was increased in CBD exposed female offspring
(vehicle: n = 20 cells, 3 mice; CBD: n = 18 cells, 3 mice; p = 0.0049, Mann–Whitney test). (E) Resting mem-
brane potential was unaffected by CBD (vehicle: n = 20 cells, 3 mice; CBD, n = 19 cells, 3 mice; p =
0.7919, Mann–Whitney test). *p < 0.05, **p < 0.01; error bars represent SEM. n.s. not significant.
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development.19,20 CBD exposure may affect PFC devel-
opment, potentially contributing to reduced problem-
solving behavior in female offspring. One potential
mechanism through which CBD could elicit this effect
is through binding to serotonin 1A receptors
(5-HT1ARs), which are highly expressed in the fetal
PFC.26–30 CBD activates 5-HT1ARs, and their activa-
tion decreases neuronal activity.27,29,31–33 We observed
that 10 mg/kg/day of CBD during fetal development
decreases excitability of PFC layer 2/3 pyramidal neu-
rons. Average resting membrane potential did not differ
between groups, indicating it does not account for the
reduced excitability. Thus, prenatal CBD exposure
could activate 5-HT1ARs, resulting in a higher thresh-
old for action potential firing in the PFC and decreased
problem-solving abilities.32,33 This part of our study
focused on female offspring because previous work has
shown that the effects of fetal CBD exposure on the
central nervous system are more pronounced in female
rodents.10,22–24 One limitation of this study is that we
did not monitor the estrus cycle of female offspring
during behavioral tests, given that the estrus cycle can
affect behavior. However, electrophysiological record-
ings were performed before the estrus cycle commen-
ces, suggesting that prenatal CBD exposure reduces
excitability of the layer 2/3 pyramidal neurons of the
PFC independent of estrus cycle contributions.
CBD has been shown to inhibit voltage-gated sodium

and calcium channels.34–37 Thus, fetal CBD exposure
could directly affect neuronal membrane potential
and electrical activity. Electrical activity directly
effects transcription through calcium-activated tran-
scription factors.38–41 Furthermore, it mediates bone
morphogenetic protein (BMP) release and down-
stream signaling, which is crucial for cortical develop-
ment.42–47 In addition, CBD inhibits G-protein
coupled receptors, potentially disrupting axon guid-
ance and altering neuronal connectivity.34,48 While
these mechanisms suggest that CBD consumption
during pregnancy could impact cortical development,
they remain speculative, as none were directly exam-
ined in the present study. Future research will be nec-
essary to experimentally test these hypotheses and
determine the mechanisms underlying the neurodeve-
lopmental effects of prenatal CBD exposure, including
potential sex-dependent effects.

Conclusion
These results show that prenatal exposure to a lower
dose of CBD induces adverse neurodevelopmental
effects in mice.
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Abbreviations Used
5-HT1ARs ¼ serotonin 1A receptors

BMP ¼ bone morphogenetic protein
CBD ¼ Cannabidiol
cm ¼ centimeter
DEA ¼ Drug Enforcement Administration
Kg ¼ kilogram

LC-MS/MS ¼ liquid chromatography-tandem mass spectrometry
Mg ¼ milligram

NIDA ¼ National Institute of Drugs of Addiction
PFC ¼ prefrontal cortex

T ¼ trial
THC ¼ THC

TRPV1 ¼ transient receptor potential vanilloid 1
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