@ Crimson Publishers
Wings to the Research

ISSN: 2637-8078

*Corresponding author: Vishnu
Suppiramaniam, Department of Drug
Discovery and Development, Auburn
University, USA, Department of Molecular
and Cellular Biology, College of Science and
Mathematics, Kennesaw State University,
Georgia, Center for Neuroscience Initiative,
Auburn University, USA

*Miranda N Reed, Department of Drug
Discovery and Development, Auburn
University, USA, Center for Neuroscience
Initiative, Auburn University, USA

Submission: g March 27, 2024
Published: g April 03, 2024

Volume 6 - Issue 5

How to cite this article: Priyanka D Pinky,
Jenna Bloemer, Vishnu Suppiramaniam*
and Miranda N Reed*. Prenatal Exposure
to Cannabinoids Decreases the Expression
of Polysialylated-Neural Cell Adhesion
Molecule  (PSA-NCAM). Significances
Bioeng Biosci. 6(5). SBB. 000650. 2024.
DOI: 10.31031/SBB.2024.06.000650

Copyright@ Vishnu Suppiramaniam and
Miranda N Reed, This article is distributed
under the terms of the Creative Commons
Attribution 4.0 International License,
which permits unrestricted use and
redistribution provided that the original
author and source are credited.

Short Communication ‘ @ ‘ @

Prenatal Exposure to Cannabinoids Decreases
the Expression of Polysialylated-Neural Cell
Adhesion Molecule (PSA-NCAM)

Priyanka D Pinky?, Jenna Bloemer?, Vishnu Suppiramaniam®3** and Miranda
N Reed'**

!Department of Drug Discovery and Development, Auburn University, USA
“Department of Pharmaceutical Sciences, College of Pharmacy, Larkin University, USA

*Department of Molecular and Cellular Biology, College of Science and Mathematics, Kennesaw
State University, Georgia

“Center for Neuroscience Initiative, Auburn University, USA

Abstract

The use of cannabis during pregnancy has continued to rise in recent years despite recent studies in
humans showing that prenatal exposure can elicit developmental delays and long-lasting cognitive
deficits. Using a rodent model, this preclinical study investigates the consequences of prenatal
cannabis exposure to Delta-9-tetrahydrocannabinol (THC) on offspring development, including the
day of fur development and eye-opening, spontaneous righting reflex on postnatal days 5, 8 or 11
and rate of bodyweight gain. We also examined the protein expression of Neural Cell Adhesion
Molecule (NCAM) and Polysialylated-NCAM (PSA-NCAM), which is required for neurogenesis,
neuronal pathfinding, learning and memory and has been shown in our previous studies to be
linked to synaptic plasticity deficits in offspring exposed to a cannabinoid agonist prenatally. THC-
exposed offspring did not differ on the day of fur development and eye-opening. Spontaneous right
reflex was significantly shorter on postnatal day 5 but returned to that of vehicle-exposed pups on
postnatal days 8 and 11. Bodyweight was slightly decreased for THC-exposed offspring during early
development but did not differ from vehicle-exposed offspring by postnatal day 45. THC-exposed
offspring exhibited reduced hippocampal protein expression of PSA-NCAM during adolescence.
These findings suggest prenatal exposure to THC can have long-term detrimental effects on the
expression of PSA attached to NCAM, which is developmentally regulated and may provide one
possible mechanism for the cognitive deficits associated with prenatal cannabinoid exposure.

Keywords: Prenatal; Cannabinoid; Developmental; Glutamate; Marijuana; Adolescence; Cannabis

Abbreviations: THC: Delta-9-tetrahydrocannabinol; NCAM: Neural Cell Adhesion Molecule; PSA-
NCAM: Polysialylated- NCAM; PCE: Prenatal Cannabinoid Exposure; LTP: Long-Term Potentiation;
GD: Gestational Day; PND: Postnatal Day.

Introduction

Cannabis use during pregnancy has increased dramatically in the past 10 years [1]. The
relaxation of state-level marijuana policies is expected to result in even greater neonate
levels [2], particularly as the perception that marijuana is safe for use during pregnancy has
increased [3]. Despite this, there is a relative paucity of literature regarding the mechanisms
mediating the cognitive deficits resulting from Prenatal Cannabinoid Exposure (PCE) [4,5].
This is particularly concerning given the high density of cannabinoid CB1 receptors in brain
regions devoted to higher cognitive function, including the hippocampus and prefrontal cortex
[6,7]. Moreover, CB1 receptors emerge early during prenatal development and are functionally
coupled to signal transduction mechanisms from early prenatal stages in both rodents
[8] and humans [9]. Given that CB1 receptors play an important role in CNS development,
affecting synaptogenesis, proliferation and migration of neuronal cells, functional synaptic
organization and signal transduction (as reviewed in [10]), persistent cognitive deficits after
PCE are not surprising. Furthermore, the prenatal brain is particularly sensitive to maternal
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drug use, making the fetal brain vulnerable during ongoing brain
development. Yet, mechanisms for these alterations have not been
fully elucidated.

NCAM is a transmembrane glycoprotein important in several
neuronal processes, including neurite outgrowth, cell migration
and synaptogenesis. PSA is attached to the extracellular domain of
NCAM, which greatly affects NCAM function [11]. PSA is added to
the extracellular domain of NCAM by two polysialyltransferases:
ST8SIA2 and ST8SIA4. NCAM is the major carrier for PSA.
Therefore, NCAM knockout animals are also PSA deficient. PSA-
NCAM plays an important role in hippocampal synaptic plasticity
and the removal of PSA by endosialidase- N or knockout of ST8SIA4
leads to impairments in Schaffer collateral Long-Term Potentiation
(LTP) and impaired memory [12,13]. We have previously shown
that prenatal exposure to the cannabinoid agonist WIN55,21-2
reduces the protein levels of both NCAM and PSA-NCAM during the
adolescence period. Moreover, administration of exogenous PSA
rescues the deficits in basal synaptic transmission and long-term
potentiation in WIN55,21-2-exposed rats [14]. In the current study,
we aimed to determine whether prenatal THC exposure altered
developmental milestones, including the time to fur development
and the first eye-opening. We also sought to determine whether
the spontaneous righting reflexes and body weights of exposed
pups would differ. Finally, we examined NCAM and PSA-NCAM to
determine whether prenatal THC exposure would produce similar
deficits as that observed after prenatal WIN55,21-2 exposure.

Results

To assess the effects of prenatal THC exposure, timed pregnant
Sprague-Dawley rats were purchased from Envigo laboratories.
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Pregnant rats received a daily dose of THC (5mg/kg) orally
administered through a buccopharyngeal cannula from Gestational
Day (GD) 5 to Postnatal Day (PND) 9. THC (Cayman) was dissolved in
sesame oil (vehicle), as previously described [15]. Control pregnant
rats received the same volume (0.2mL) of vehicle. Male offspring
were examined. All procedures were carried out in accordance with
NIH guidelines and approved by the Auburn University Animal Care
and Use Committee (IACUC).

The median day to the first signs of fur development was PND
11 for both groups, and there was no significant difference between
the groups (Mantel-Cox log-rank test, Chi square=1.577, p=.2092;
Figure 1A). The time to eye opening was tracked daily and scored
if at least one eyelid was open [16]. Though the median time to eye
opening was PND 14 for vehicle-treated mice and PND 15 for THC-
treated mice, this difference was not significantly different between
the groups (Mantel-Cox log-rank test, Chi square=2.623, p=.1054;
Figure 1B). Spontaneous righting reflex was assessed on PND 5, 8
and 11 by placing an unrestrained pup on its back (supine position)
and measuring the time it takes for the animal to right itself with
all four limbs on the ground [17]. THC-exposed pups exhibited a
significantly shorter righting reflex on PND 5 but did not differ from
vehicle-exposed pups on PND 8 and 11 (Mixed-effects analysis,
Day*Group: F (2,61) =3.695, =.0306; Figure 1C). Bodyweights
were assessed from PND 5-45 and were found to differ slightly as a
function of the day (Mixed-effects analysis, Day*Group: F (15,315)
=1.953, =.0182; Figure 1D), such that THC-exposed offspring
weighed slightly less on PND 8, 11 and 16. Thus, though there were
some differences in the initial postnatal days for righting reflex and
body weight, these differences diminished as animals aged.
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Figure 1: Effects of prenatal exposure to THC on development. (A) Survival plot to the day of 4irst signs of fur
development. (B) Survival plot to the day of 4irst eye-opening. (C) The latency in seconds to spontaneous righting
re4lex. (D) Bodyweights as a function of time. *p<.05, n=14 for vehicles and n= 9 for THC. Mean + SEM.
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We have previously shown that prenatal exposure to the
cannabinoid agonist WIN55,212-2 reduces the protein levels of
both NCAM and PSA-NCAM during the adolescence period (PND 65)
and that that restoration of PSA in the form of colominic acid can
restore the deficits in basal synaptic transmission and long-term
potentiation observed in rats prenatally exposed to WIN55,212-2
[14]. Here, we sought to determine whether prenatal exposure to

Vehicle

THC would produce similar reductions in NCAM and PSA-NCAM
during adolescence (PND 65). To do this, rats were euthanized and
hippocampi dissected for immunoblotting, as previously described
[14]. We observed no differences in NCAM, though PSA-NCAM was
significantly decreased in THC-exposed offspring (t-test, p=.016;
Figure 24, B).
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Figure 2: Effects of prenatal exposure on levels of THC on polysialylated-neural cell adhesion molecule (PSA-NCAM).

(A) Representative western blot images for NCAM (EMD Millipore; 5032), PSA-NCAM (gift; see acknowledgments) and

GAPDH (EMD Millipore; CB 1001) levels in the hippocampus. (B) Quanti4ication of western blot for NCAM and PSA-
NCAM relative to GAPDH. Symbols represent means + SEM. n=3/group.

Discussion

The dose of THC (5mg/kg) used in the present study has been
found to correspond to moderate cannabis exposure in humans
after correction for differences in body surface area [18]. We chose
amoderate dose because:

A.  The potency in confiscated marijuana as measured by
THC content is approximately 300% higher than it was in the
1980s and this continues to rise [19].

B.  The amount of marijuana consumed has also increased, in
part due to the rising popularity of blunts compared to joints or
pipes [20] and

C. Relaxation of marijuana policies in Colorado were
associated with a 10.4% increase in maternal marijuana use
and a 69% increase in neonate levels just two years after the
policy change (2012 vs. 2014) [2].

Therefore, we chose a moderate dose of cannabinoid to
reflect the increasing potency and level of marijuana to which
pregnant women are likely to be exposed. In addition, this dose is
not associated with maternal or fetal abnormalities, including no

alterations in maternal weight, fetal weight, litter size, gestation
time or pup mortality [18,21,22]. Treatment was initiated at
gestational day 5 as some data indicates that earlier administration
can lead to spontaneous abortion [23]. We chose to treat during
the postnatal period because the third trimester in humans
corresponds to an early postnatal period in rats. Estimates of the
PND in rats, which corresponds to the day of birth in humans, range
from PND 7-21. This treatment regimen has also been validated
in other studies of prenatal THC exposure [18,21,22]. Rats reach
puberty at an average age of 50 days after birth (PND 50) and
adolescence continues until approximately PND 65 [24]. We have
opted to examine the consequences of THC on the adolescent
period because most studies examining the consequences of
prenatal exposure in humans have focused on this period, thereby
allowing for comparison of our results to those obtained in humans.
For example, observational human studies have demonstrated
prenatal cannabinoid exposure results in cognitive impairments,
including impairments in memory, analysis and attention, during
the adolescent period [23,25]. Moreover, adolescent success is
highly predictive of adulthood outcomes [26,27], so deficits during
this period are likely to produce long-lasting consequences even if
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neurological alterations associated with prenatal exposure do not
persist into adulthood.

We found prenatal THC exposure had minimum effect on
development, as assessed by fur development, eye-opening,
spontaneous righting reflex and body weight, similar to our prior
studies with prenatal exposure to WIN55,212-2 [14]. A prior study
examining the effects of prenatal THC via a vaporizer did observe
more prolonged effects on body weight than that observed here,
with vaporizer THC exposure causing a reduction in body weight
up to PND 30 [28]. The human data is more mixed when it comes
to birth weight, as some studies have reported increases though
most have reported decreases (as reviewed in [29]). As noted in the
review, few studies adjusted for known confounders of birth weight,
such as maternal pre-pregnancy body mass index or gestational
weight gain, and none adjusted for maternal diet in pregnancy.
Unfortunately, few studies have examined the association between
prenatal exposure to cannabis and postnatal growth, with only one
human study showing that co-exposure to tobacco and cannabis
was associated with rapid BMI growth from birth through mid-
childhood, though the effects of cannabis could not be isolated
from those of tobacco [30]. Thus, whether prenatal THC exposure
causes long-lasting changes in body weight remains unclear and
may depend upon the route of administration or whether there is
co-exposure to other drugs.

We did not observe differences in the time to first eye-opening,
as previously shown following prenatal exposure to THC via a
vaporizer [28]. To our knowledge, other studies have not examined
the time to fur development after prenatal THC. Though the righting
reflex has been shown to be altered when cannabis is given acutely
at exceptionally high doses [31] or with other drugs known to affect
the righting reflex (e.g., hexobarbital or pentobarbital [32,33],
we did not find prior studies examining the righting reflex after
prenatal exposure to THC. Prenatal THC is associated with memory
deficits in both preclinical models and humans, as reviewed in [34].
As NCAM and PSA-NCAM are implicated in the maintenance of
synaptic plasticity and memory [12,35], we previously hypothesized
that the memory deficits observed following prenatal exposure
to cannabinoids might be due to deficits in NCAM or PSA-NCAM.
This hypothesis was supported by our findings that exogenous
application of bacterially produced PSA rescued LTP deficits in
offspring prenatally exposed to WIN55,212-2 [14], suggesting
that PSA-NCAM represents a potential therapeutic target for the
treatment of synaptic and cognitive deficits associated with PCE. In
the current study, we observed a reduction in NCAM, though not
statistically significant and a significant reduction in PSA-NCAM,
suggesting THC may cause memory deficits through a reduction in
PSA-NCAM. The differences in NCAM observed between the current
study and our prior research [14] might stem from differences in
drug potency. In our previous investigation, we administered
a 2mg/kg dosage of WIN55,212-2. Given that WIN55,212-2 is
estimated to be 3-10 times more potent than THC depending on the
measured outcome [36,37], it's plausible that the dosage utilized
was more potent compared to the 5mg/kg of THC employed in the
present study.

Conclusion

In summary, our study delved into the impact of prenatal THC
exposure on developmental milestones and the expression of NCAM
and PSA-NCAM, key molecules that modulate synaptic plasticity,
learning and memory. Our findings reveal subtle deviations in
early development while significant reductions in PSA-NCAM were
observed throughout adolescence.
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