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Abstract 

Cannabis is one of the most commonly used substances during pregnancy. The components of cannabis are able to cross the 

placental barrier. Furthermore, perinatal cannabis exposure in affected offspring has been associated longitudinally with 

cognitive deficit in the form of attention. Therefore, we hypothesize that developmental Δ9-tetrahydrocannabinol (THC) 

exposure affects cognitive flexibility and leads to permanent neuron morphology changes in affected offspring. We propose to 

test these hypotheses in the offspring of 25 C57BL/6 THC-exposed pregnant mice by conducting a visual discrimination with 

reversal task (VDR) at post-gestational day 40 (P40), P80, P120 and a Golgi-Cox staining protocol at P140 in pyramidal cortical 

neurons of layer II/III and VI of the prefrontal cortex. The combination of this behavioural paradigm and the dendrite analysis 

for length, diameter and volume can provide insight on neurobiological consequences of perinatal cannabis and may lead to 

the development of therapeutic interventions in affected children. 

 

Keywords: attention deficit; cognitive flexibility; developmental Δ9-tetrahydrocannabinol; neuron morphology; perinatal 

cannabis; visual discrimination with reversal task 

Introduction 

Cannabis is one of the most commonly used drugs 

during pregnancy [1]. The components of cannabis can cross 

over the placenta which raises health concerns for affected 

offspring [1]. Based on large correlational studies in humans 

such as the Ottawa Prenatal Prospective Study (OPPS), 

Maternal Health Practices and Child Development 

(MHPCD), and Generation R (GEN-R), an impairment of 

short-term memory and attention in early childhood was 

observed consistenly with cannabis exposure during the 

second and third trimester of pregnancy [1, [2]. Studies have 

also shown an increase in impulsivity and hyperactive 

behaviour in affected offspring [4].  

Despite these large-scale studies, current literature 

in understanding attention-related effects of 

perinatal cannabis has been mainly correlational [3]. 

Although it has been shown that developmental exposure 

to Δ9-tetrahydrocannabinol (THC) has interfering effects 

in developing cortical neuron projections in mice [4], there 

is a gap of knowledge in understanding behavioural deficits 

and its relationship to permanent neuron morphology 

changes. Furthermore, developmental exposure to 

THC during certain trimesters of pregnancy and its effect 

on cognitive flexibility over time has not been 

thoroughly investigated.  

We propose a research protocol that investigates the 

developmental effect of THC in a C57BL/6 mouse model. 

THC will be administered during different combinations of 

trimesters of pregnancy and the effect to behaviour and 

neuron morphology will be measured in affected 

offspring (Figure 1). Visual discrimination with reversal 

task (VDR) will be conducted at post-gestational days 40 

(P40), P80, and P120. VDR consists of two phases. 

Animals are presented with visual stimuli that either leads 

to a rewarded or punishment. After learning these 

associations, the stimuli-reward relationship is switched 

and animals are measured on how quickly they can adapt to 

new conditions. This will establish an understanding of 

THC’s direct effect on attention and learning. Then, neuron 

morphology data will then be collected at P140 in cortical 

layers II/III and VI for pyramidal neurons of the PFC using 

a Golgi-Cox stain which allows for visualization of 1–3% 

neurons throughout a histology slice [5]. The dendrite 

length, diameter, and volume of these neurons will be 

measured and a sholl analysis will be conducted. This will 

establish an understanding of how neuronal circuitry may 

be affected from perinatal THC and relate to specific 

behavioural changes in mice. We hypothesize 

that increased THC exposure during pregnancy will 

lead to decreased cognitive flexibility and altered 

neuron 
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morphology. These results may provide an understanding 

of the developmental effects THC can have on attention 

related behaviours over time as well as changes in neuron 

morphology in affected offspring. 

 

Methods 

Animals and Groups 

The experiment will begin with 25 nulliparous pregnant 

C57BL/6 mice aged from P90-P150. Pregnant mice will be 

observed until there is visual confirmation of a vaginal 

copulatory plug. This is an indication of pregnancy where 

pregnant mice will be separated into individual cages. At this 

point, gestational day 1 (G1) will commence. All VDR and 

neuron morphology experiments will be conducted in 

affected offspring. Food and water will be provided ad 

libitum to the offspring and mother with the exception of 

testing days. On VDR testing days, food and water will be 

restricted until testing is completed. Cages will be maintained 

in temperature and humidity controlled rooms with a 12 hour 

light/dark cycle. Lights will be on at 8:00 PM and lights will 

be off at 8:00 AM. VDR will be conducted with the lights off 

at 9:00 AM daily as mice are nocturnal. 

 

Developmental Treatment Regimens 

There will be five groups of five pregnant mothers 

as shown in (Figure 1) which includes two control groups 

(C1, C2) and three condition groups (T1, T2, T3). Therefore, 

five litters will be born per group and 1 male and 1 female 

will be randomly selected for use (n=10, 5M & 5F). Pregnant 

mice and pups will be administered 20 mg/kg of THC via 

intraperitoneal injections. This dosage translates to 

60 mg/m2 in humans which is below the maximum human 

recommended dose of synthetic THC [6]. The intraperitoneal 

injection method allows for greater bioavailability of THC 

than other methods of exposure [6]. Mice in the C1 group 

will receive saline injections rather than THC.

 

Figure 1: Outline of methodology for control and condition groups.

Humans have three perinatal trimesters during 

pregnancy which respectively correlate to gestational 

days (G) 1-10, 11-22, and postnatal days (P) 2-10 in mice 

for their brain development [7]. C1 pregnant mothers will 

not be given THC. C2 will not undergo any VDR testing 

and will receive THC in all trimesters (G1-22, P2-10). 

Results between all groups except C2 may experience 

induced learning effects from VDR testing, however, this 

effect will be consistent among these groups and will 

enable us to compare learning behaviours with neuron 

morphology changes. Therefore, C2 will be a control to 

account for VDR testing effects on neuron morphology. It 

is possible that T1 will be given THC in only the first 

trimester of pregnancy (G1-10). T2 will be given THC in

 the first and second trimester of pregnancy (G1-22). T1 

and T2 are representative of mothers who stop using 

cannabis after the first and second trimester of pregnancy 

respectively. T3 will be given THC in all trimesters of 

pregnancy (G1-22, P2-10). This is representative of 

mothers who do not stop using cannabis during 

pregnancy. C1, T1, T2, and T3 will undergo behavioural 

testing at 3 time points: P40, P80, and P120. This will 

measure longitudinal changes in cognitive flexibility. 

Offspring will be gonadectomized at P20 to avert 

variability of the estrous cycle and is done in both sexes 

to prevent confounding variables of surgical stress [8]. All 

groups will be euthanized at P140 and neuron morphology 

data will be collected.
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Visual Discrimination with Reversal Task

 

Figure 2: Visual Discrimination task acquisition and reversal phases. Mice are provided with a touchscreen interface 

where nose pokes on the CS+ result in a reward or nose pokes on the CS– result in a punishment. a) Habituation/Pre-

Training: Mice will undergo habituation in the testing chamber and learn how to make an instrumental response.  

b) Acquisition phase: Mice must have an 80% success rate over 2 consecutive days pressing the CS+. c) Reversal phase: 

CS+ and CS– are switched and performance levels are measured over 10 sessions with 30 completed trials.   

VDR methods are adapted from Van den Broeck et al. 

(2019) [3]. Animals will be food-deprived during any VDR 

training or testing day until they complete their task. VDR 

is used to measure learning and attention which is mediated 

primarily by the PFC and involves two phases shown in 

(Figure 2). VDR chambers will be ventilated and will 

attenuate sound/light. Inside the VDR chambers, there will 

be two touchscreen interfaces, a dispenser for reward, and 

an infrared camera for experimental monitoring. The 

touchscreen device registers any sort of touch regardless of 

the amount of pressure through infrared photocells. Mice 

will undergo habituation to become acquainted with the test 

conditions and environment. Then, mice will undergo a 

pre-training phase where they will learn how to make an 

instrumental response. The image used on the touchscreen 

device will be different than those used during the 

acquisition and reversal phase. Upon three consecutive, 

successful responses, the acquisition phase will begin. 

The acquisition phase will begin at P40, P80, and P120 

and involves two images being shown on touchscreen 

interfaces. Mice will be rewarded for pressing one 

touchscreen image (CS+) with a small quantity of 

strawberry milk. Mice who press the other image (CS-) will 

be punished through a 15 second timeout and a mildly 

aversive tone, mice will be punished with a 15-second 

timeout where no reward will be given and will receive a 

mildly aversive tone for pressing the other image (CS–). 

Counterbalancing of the shown images will be done for 

each group. One trial will consist of a mouse’s response to 

the shown stimuli. When 30 trials are executed or 60 

minutes have elapsed, one session will be completed. 

Sessions occur daily until the mice perform 30 trials with 

an 80% success rate for two consecutive days. The ability 

to achieve the task will be measured to compare learning 

characteristics between groups. After learning the initial set 

of conditions, the stimuli will be reversed and the mouse 

will be measured on its cognitive flexibility based on how 

quickly it recognizes the new conditions. This is called the 

reversal phase. Ten sessions will be completed and the % 

of correct responses will be recorded. The ability to 

perform in the reversal phase will be measured to compare 

cognitive flexibility between groups.  

 

Golgi-Cox Staining  

Methods are adapted from Louth et al. (2018) [9]. After 

the completion of the third VDR testing at P120, mice will 

be euthanized at P140 and brains will be placed in a 

Golgi- Cox impregnation solution to study neuron 

morphology. Brains will be incubated in this solution for 25 

days in the dark and then will be moved into sucrose 

cryoprotectant (30% (w/v) sucrose in phosphate buffer (PB), 

pH 7.4) for 48 hours. Then brains will be stored  

at –80 °C or can be sliced into 500 μm-thick sections with a 

vibratome. Sections of the PFC can be kept in 6% (w/v) 

sucrose in PB overnight and fixed with 4% 

paraformaldehyde in PB for 10 minutes. Sections will be 

washed in water for 5 minutes twice, incubated in 2.7% (v/v) 

ammonium hydroxide for 15 minutes, washed in water for 5 

minutes twice, placed into Kodak Fixative A for 20 minutes, 

and washed in water for 5 minutes twice. Next, sections will 

undergo a dehydration process with ethanol (100%, 95%, 

75%, 50%) and will be counterstained with 0.5% (w/v) 

cresylviolet. Brain sections are placed on a microscope slide 

and coverslipped with paramount. 

 

Imaging of PFC Neurons 

Researchers during imaging or tracing will be blinded 

to the groups. Bright field imaging will be used with a 

silicone immersion objective. Neurolucida software 

must be used to capture high-resolution image stacks. 
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All components of the neuron will be completely inside 

the brain slice to be included in the study. Two neurons 

from cortical layer II/III and 2 neurons from cortical layer 

VI will be selected randomly for each hemisphere (8 

neurons per mice). Apical/Basal dendrites will be traced 

using Neuromantic software and analyzed using 

Neurolucida Explorer software for dendrite length, 

diameter, and volume.  

 

Statistical Analysis   

Ten mice each for C1, T1, T2, and T3 will be used for the 

VDR analysis. The acquisition and reversal phase will be 

presented as mean ± SEM. T-tests will be used to assess 

general performance during both phases. A repeated-measures 

ANOVA will be used to measure significance in performance 

over time for both phases (number of trials and percentage 

accuracy). Statistical significance will be determined if p < 0.05. 

Ten mice each for C1, C2, T1, T2, and T3 will be used 

for morphological analysis. Four neurons from each 

hemisphere of the PFC will be selected from each mice and 

traced (8 neurons per mice). Morphology measures of 

dendrite length, volume, and diameter for both apical/basal 

dendrites will be averaged and data will be presented as the 

mean ± SEM. Sholl-analysis for dendrite length, volume, 

and diameter will be conducted afterwards. These 

morphology properties will be measured in concentric 

spheres that increase by a 25 μm radius (25 μm radius 

steps). The main effect of condition and distance from soma 

will be subjected to two-way ANOVAs. Statistical 

significance will be determined if p < 0.05.  

 
Figure 3: Timeline of experiment. This does not include pilot experiments or time to reconduct any experiments if needed. 

Results 
It is anticipated that this investigation will take 360 days 

to 540 days to complete. As (Figure 3) shows, the experiments 

and data analysis alone should take approximately 302 days to 

complete. This project would take multiple individuals to 

conduct the behavioural testing and neuron tracing. 

 

Discussions 

This research protocol suggests a methodology to 

understand the effect of THC on cognitive flexibility and 

neuron morphology in affected mice offspring. The 

proposed groups are expected to reveal the effects of THC 

during certain trimesters of pregnancy. T1 represents 

pregnant mothers who stop using cannabis after trimester 1. 

T2 represents pregnant mothers who stop using cannabis 

after trimester 2. T3 represents pregnant mothers who do 

not stop using cannabis regardless of their pregnancy.  

With increased duration of THC consumption, we 

expect there to be greater attention-related deficits and 

alteration of apical/basal dendrite length, diameter, 

and volume in comparison to C1 offspring. During VDR, 

we expect T3 will likely perform the worst in the acquisition 

phase and reversal phase. Thereby, mice will take a longer 

time to acquire the task (more sessions) and will make a 

greater amount of errors when the CS+ and CS– are 

switched for all VDR testing periods (P40, P80, P120). The 

longer acquisition period and greater amount of errors 

during VDR will likely be attenuated slightly as mice age 

similar to previous correlational literature [4]. Furthermore, 

we expect neuron morphology in T3 to also have the 

greatest amount of altercation when compared to C1 in both 

PFC layers measured. Direction of the neuron morphology

is unknown as no previous literature, to our knowledge, has 

explored changes in neuron morphology in the PFC in 

offspring affected from perinatal cannabis usage [1]. 

Furthermore, we expect T1 and T2 to have an intermediate 

effect between C1 and T3 for behavioural and neuron 

morphology analysis. Lastly, the C2 group plays an 

important control in our set of experiments. We can observe 

the effects of the behavioural paradigm on neuron 

morphology with this group. As all other groups will be 

undergoing behavioural testing, any neuron morphology 

differences measured will be relative to each other and will 

still play a role in understanding the effects of perinatal 

cannabis in affected offspring. 

 

Conclusions 

Current research on developmental cannabis exposure 

and attention has been mainly correlational in humans. To 

our knowledge, this research protocol is the first to address 

the need to understand the effects of developmental THC 

usage on cognitive flexibility over time and dendrite 

morphology in PFC cortical layers II/III and VI of mice. 

The PFC is important for many cognitive functions. 

Alteration of the morphology can affect efferent signaling 

in this region which can underlie a variety of behavioural 

changes in affected offspring. Therefore, the results of this 

study may provide valuable insight on the neurobiological 

effects of developmental THC. Furthermore, this 

information may play a role in developing future 

therapeutic interventions in affected children. Future 

studies should investigate differences in neuron 

morphology at different ages in mice which correspond to 

the time points investigated for VDR
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in this study (P40, P80, P120). This will provide a 

comparison between behaviour and neuron morphology 

throughout development. Furthermore, whole-cell 

electrophysiology with biocytin-patch solution can be used 

to directly investigate a neuron’s functional properties to its 

morphological properties. Another area of exploration is 

spine analysis for the same histology samples collected 

from affected offspring. This protocol may provide further 

information on the effects of perinatal cannabis and its 

health implications in affected offspring. 
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