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Abstract

Cannabis consumption is globally prevalent, and its gestation use has 
increased despite the unclear psychological effects, such as anxiety and 
risk behaviors.

Objective: To determine the effects of prenatal and recent cannabis 
exposure on anxiety-like behaviors.

Methodology: Sprague-Dawley rats (both sexes) were used, with (P+) 
or without (P+) a prenatal exposure to cannabis. Post-weaning, litters 
were subdivided into groups with (R+) or without (R-) recent cannabis 
exposure before testing. Anxiety-like behavior was assessed in an elevated 
plus maze by quantifying entries and time spent in each zone. Results: 
The R+ condition increased entries in the center of the maze and tended to 
increase entries in the closed arms.

Discussion: We found that R+ has at least partially anxiogenic effects by 
increasing risk assessment behaviors in a novel environment. Considering 
cannabis high consumption, future research should explore the long-term 
effects of both exposure conditions on anxiety and other psychological 
aspects.

Keywords:Cannabis; Prenatal exposure delayed effects; Anxiety; Risk-
taking; Animal models

Introduction

Cannabis is widely recognized as one of the most commonly 
used drugs, with increasing consumption observed during 
pregnancy. This tendency persists despite the lack of 
consensus regarding its impact on mental health [1–4]. This 
stresses significance as THC (Δ9-tetrahydrocannabinol, the 
primary psychoactive compound in cannabis), influences 
the endocannabinoid system, which regulates various 
psychological processes, including anxiety [5]. Given these 
uncertainties and the global prevalence of consumption, 
it is pertinent to investigate cannabis’s effects on anxiety 
across 3 dimensions:

1. Prenatal exposure to cannabis (P), considering its 
increased use during pregnancy, potentially exposing 
the foetuses to the drug [6,7].

2. Recent exposure to cannabis (R), level of study on 
which the cannabis literature tends to be focused; and 

3. the potential interactive effects of both P and R 
conditions, an area underexplored despite escalating 
cannabis consumption among the general populace 
and pregnant women.

Anxiety is a complex psychological phenomenon that 
primes an organism to respond to threats, potential harm, or 
uncertainty through a range of behavioral, psychological, 
and physiological reactions [8,9]. Anxiety also impacts 
other processes such as risk behavior and decision-making, 
suggesting a direct relationship between the level of anxiety 
and these processes [10–13]. Although anxiety inherently 
serves an adaptive purpose, prolonged periods of heightened 
anxiety or exaggerated responses can significantly impact 
mental well-being [14]. The endocannabinoid system plays 
a crucial role in emotional processing in stress and anxiety, 
as well as influencing their associated behavioral response 
[5,15]. This has been assessed through various experimental 
approaches. For example, Cannabinoid Receptor Type 1 
(CB1) knock-out mice evidenced an increase in anxiety 
and risk assessment behavior (known as the behavior of 
acquiring information in a potentially risky environment) 
in an anxiety task (elevated plus maze, described below), 
compared to the heterozygous and wild type [16]. However, 
scientific evidence regarding the relationship between 
cannabis and anxiety presents conflicting findings. While 



Journal of Drug and Alcohol Research2

some researchers advocate for cannabis as a therapeutic 
option for managing anxiety disorders, others contend that 
the drug may exacerbate anxiety symptoms [17,18].

Various methodological approaches are employed to assess 
anxiety in both humans and animals. In human studies, 
anxiety is predominantly evaluated through subjective 
reports (e.g., STAI) [19]. Conversely, animal studies 
often rely on physiological measures or the observation 
of anxiety-like behaviors [14]. Animal models of anxiety 
complement human studies, providing the advantage of 
allowing the study of several aspects of anxiety or anxiety 
like-behaviors under controlled conditions, contributing 
significantly to research in diverse fields such as psychology 
and pharmacology [20,21]. One widely utilized behavioral 
test in rodent models is the elevated plus maze. This 
apparatus comprises a raised maze shaped like a cross, 
with 2 enclosed arms, 2 open arms, and a central area [22]. 
Leveraging on rodents’ natural aversion to brightly lit 
and exposed areas, along with the height of the maze, the 
open arms induce an anxiogenic response in the animals, 
allowing the assessment of innate anxiety-like behavior 
provoked by this novel and anxiety-inducing environment 
[22,23]. Additionally, this test allows for the assessment of 
other anxiety-related behaviors or reactions such as risk 
assessment and their influence on decision-making, which 
are measured by their activity in the center of the maze and 
the conflict in approaching towards or avoiding the open 
arms [24–26]. Parameters assessed include the percentage 
of time spent and number of entries into each zone (center, 
open arms, and closed arms), where decreased values in the 
open arms are indicative of higher anxiety levels [27]. Thus, 
this test is frequently employed to investigate the potential 
anxiolytic or anxiogenic effects of pharmacological agents 
[27,28].

Regarding the consequences of prenatal exposure to 
cannabis on anxiety, human studies report that the offspring 
of mothers who consumed cannabis during pregnancy often 
exhibit a higher frequency of anxiety; with the severity of 
these effects seemingly contingent upon the dosage and 
timing of cannabis consumption [29,30]. However, these 
studies often rely on longitudinal reports, where results 
have been inconsistent, therefore a consensus on the 
prenatal effects of this drug has not been reached [31–33]. 
Moreover, interpreting the effects of prenatal cannabis in 
human studies is often complicated by the co-occurring 
drug consumption during pregnancy, the gestational 
period during which consumption, and underlying health 
inequities and socio-economic disparities [29,34,35]. 
Animal models allow the study of prenatal exposure to 
drugs on anxiety in an ethical manner, enabling control 
over environmental and nutritional variables for both the 
offspring and mothers, as well as providing consistent 
drug composition, dose, and administration route [36,37]. 
Like humans, animal models have suggested an increase 
in anxiety-like behaviors following prenatal cannabis 
exposure. Nonetheless, conflicting findings persist, likely 
due to methodological variations such as task type and 
route of drug administration [23,38,39]. These antecedents 

show that are contradictions regarding the consequences of 
prenatal cannabis on anxiety and more studies are required 
to comprehend these effects.

On the other hand, recent exposure to cannabis has shown 
to have a bimodal effect (anxiolytic/anxiogenic) in both 
humans and animals, depending on the dosage and timing 
of consumption [40,41]. However, the meta-analysis by 
Sharpe, et al. has proposed that clinical studies in humans 
show that THC consumption reports a common anxiogenic 
effect [18]. In contrast, Fokos and Panagis observed in rats 
that acute administration of THC at any dose has anxiolytic 
effects; however, in stressed animals an anxiolytic effect 
was observed at high dose and anxiogenic at low dose 
[42]. These discrepancies reveal the importance of further 
research into the effects of cannabis exposure, particularly 
in determining these effects in subjects with fetal exposure 
to the drug.

This study aims to investigate the effects of prenatal and 
recent exposure to cannabis on anxiety-like behavior 
(including risk assessment) using the elevated plus maze. 
Offspring of pregnant rats exposed to either a cannabis 
solution (P+ condition) or vehicle (P-condition) were 
utilized. After weaning, each litter was divided into 2 groups 
to facilitate subsequent assessment of recent exposure 
condition. Prior to testing, all experimental subjects were 
exposed to either cannabis (R+ condition) or vehicle (R- 
condition), resulting in the formation of 4 experimental 
groups (P-/R-, P+/R-, P-/R+, P+/R+). We hypothesize that 
the P+ condition will increase anxiety-like behavior in the 
elevated plus maze (indicated by increased time and entries 
to the closed arms), while the R+ condition will reduce 
it (resulting in more time and entries to the open arms), 
and the simultaneous presence of both P+R+ conditions 
will produce a medium (i.e., additive) effect, similar to the 
control condition.

Methods

Subjects 

A total of 71 Sprague Dawley rats of both sexes were used 
across 5 experimental replications, each sourced from 
different mother, fathers and dams. These animals were 
descendants of parental pairs obtained from the animal 
facility at the Faculty of Chemical and Pharmaceutical 
Sciences, University of Chile. Upon arrival at the 
laboratory, the animals were kept on a 12/12 light/dark 
cycle in the animal facility at the Experimental Psychology 
Laboratory: Prof. Ronald Betancourt Mainhard, Faculty 
of Social Sciences, University of Chile. To synchronize 
gestations, the parental pairs were kept together for 5 
nights to mate, after which the females were housed in 
pairs and exposed daily to vaporized cannabis or vehicle 
until parturition (approximately 21 days of vaporization). 
After birth, all litters were culled to 8 pups per mother, 
consisting of 4 females and 4 males. From weaning 
(PND21), all experimental animals (pups) were housed 
in same-sex pairs. To habituate the animals to handling, 
they were manipulated for 1 minute, 3 times a week, 
both experimental and parental animals. All experimental 
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subjects underwent the anxiety test on postnatal day 
28. It is important to note that the experimental subjects 
were naive to both the experiment and the treatment (R+). 
Details of these methods were pre-registered (https://doi.
org/10.17605/OSF.IO/MKSP8).

Study design 

This study used a 2 × 2 factorial experimental design, 
with prenatal and recent cannabis exposure conditions 
as between-subjects factors. Anxious-like behavior was 
measured using an elevated plus maze by recording the 
number of entries and the percentage of time spent in each 
zone (open arms, closed arms, and center).

Materials

Cannabis: The cannabis extract was obtained from a 
confidential local laboratory in Chile (name under a non-
disclosure agreement). This extract contained 40 mg/
ml THC, diluted in ethanol. For both prenatal and recent 
exposure procedures, a total volume of 250 µl (10 mg 
THC) per session was vaporized.

Vaporization apparatus: Two Volcano Classic vaporizers 
(Storz and Bickel GmbH) were used for the vaporized 
administration of the cannabis solution or vehicle, 
respectively.

Elevated plus maze: A custom-made maze was used, with 
acrylic walls and floor, supported on an 80 cm high wooden 
stand. All walls and floor of the maze were black. The 
arms of the maze were 40 cm long and 9 cm wide, and the 
closed arms also had 20 cm high walls, which prevented 
the subjects from being exposed to the outside. To prevent 
the subject from falling from the open arms, a small 0.5 cm 
plastic barrier was placed. A Razer Kiyo camera was used 
for behavioral recordings, which also provided illumination 
via an LED ring light.

Procedures

Cannabis exposure: Prenatal and recent exposure to 
cannabis were conducted using the same method validated 
by Manwell, et al. (2014) who observed similar THC blood 
concentrations using this method and drug dose compared 
to 1.5 mg of THC administered intraperitoneally [43]. This 
pulmonary administration also replicates the most common 
administration route used by cannabis consumers. In each 
session, a 10 mg THC loaded pad was used, following the 
protocol of Nelong, et al. (2019) and Hamidullah, et al. 
(2021), who observed several effects on behavior and brain 
activity [44,45]. Specifically, the day before each session, a 
pad was loaded with 250 µl of cannabis extract (containing 
10 mg of THC) or vehicle (95% ethanol), allowing the 
ethanol to evaporate overnight from both solutions. On 
the day of the session, the pads were placed in the Volcano 
vaporizer, which was then heated to 226°C (level 9). Once 
reached this temperature, the solutions were vaporized, and 
the vapor was captured in 8 L balloons. After the balloon 
was filled, the vapor was immediately released into a 
sealed plastic box containing the subjects, where they were 
exposed to vapor for 5 minutes.

Anxiety task: The anxiety test was conducted in a single 
session, without prior training, in a dark room illuminated 
by the camera’s LED light ring. The test began by placing 
the subject in the center of the maze, facing an open arm. 
All behaviors were recorded using a camera positioned 
perpendicular to the center of the maze for 5 minutes [46]. 
From these recordings, the percentage of time spent and the 
number of entries into each zone (open arms, closed arms, 
center of the maze) were measured.

Data analysis

Coding: Data processing and behavioral coding was 
performed using Ethovision XT 16 software, which 
automatically quantifies the permanence time and number 
of entries to each zone of the maze (open arms, closed arms 
and center). From these data, the percentage of time spent 
in each zone (time in a zone/total time) was quantified.

Statistical analysis: The data were analyzed using factorial 
ANOVAs in Jamovi and Statistica 12. The effects of 
Prenatal (P) and Recent (R) cannabis exposure conditions 
on anxiety-like behavior were evaluated using the elevated 
plus maze, with measurements including the percentage 
of time spent and the number of entries in each zone. A 
significance level of α=.05 was employed for all analyses, 
with effect sizes reported using η²p. Mean Square Error 
(MSE) was reported for variables showing main or marginal 
effects, and post hoc power analyses were conducted for 
marginal effects to assess their statistical significance.

Ethical aspects: All experimental procedures were 
approved by the Institutional Animal Care and Use 
Committee of the University of Chile (21451-FCS-UCH).

Results

Anxiety-like behavior in the elevated plus maze was 
assessed by quantifying the number of entries and the 
percentage of time spent in each zone of the maze (open 
arms, closed arms, and center) in subjects approximately 
28 days of age. Regarding the number of entries, it was 
determined that the R+ condition generates an increase in 
the number of entries to the center of the maze, F (1,67)=9.6, 
p=.0028, MSE=236.2, η²p=0.12 (Figure 1). No differences 
in this variable were observed for the P+ condition (F=0.01, 
p=0.9, η²p<0.001), nor was there an interaction between 
the P and R conditions (F=0.7, p=.393, η²p=0.011).

Figure 1: Recent cannabis exposure increases the number 
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of entries into the center of the maze: The number of entries 
through the center of the maze was compared between 
the P+ and R+ conditions. The R+ condition had a main 
effect of increasing this variable, whereas the P+ condition 
or the simultaneous presence of both conditions had no 
difference. White bars represent the P+ condition (with 
prenatal cannabis exposure), while black bars represent the 
P- condition (without prenatal cannabis exposure). Both 
bars are ordered under their respective R condition, where 
R+ represent with a recent exposure to cannabis and R- 
without a recent exposure. Error bars represent the standard 
error. Abbreviations: P+: With prenatal cannabis exposure; 
P-: Without prenatal cannabis exposure; R+: With recent 
cannabis exposure; R-: Without recent cannabis exposure

Regarding entries into the closed arms, a marginal increase 
was observed for the R+ condition, F (1,67)=3.1, p=.079, 
MSE=55.7, η²p=0.045 (Figure 2). A power analysis 
detected a power of .43. No differences were observed 
for the P+ condition (F=0.8, p=.325, η²p=0.013), and no 
interaction between variables was evident (F=0.5, p=.479, 
η²p<0.001).

Figure 2: Recent cannabis exposure marginally increases 
the number of entries in the closed arms of the maze. The 
number of entries per closed maze arm was compared 
between the P+ and R+ conditions. The R+ condition 
had a marginally increasing effect on this variable, while 
the P+ condition or the simultaneous presence of both 
conditions had no difference. White bars represent the P+ 
condition (with prenatal cannabis exposure), while black 
bars represent the P- condition (without prenatal cannabis 
exposure). Both bars are ordered under their respective 
R condition, where R+ represent with a recent exposure 
to cannabis and R- without a recent exposure. Error bars 
represent the standard error.

Finally, the number of entries into the open arms was 
evaluated, and no significant effects were observed for 
either the R+ or P+ conditions, nor was there any interaction 
between the variables (all p>.232; graph not shown).

As for the variable percentage of time spent in each arm, 
no significant effects were observed for either the R+ or 
P+ conditions, nor was there any interaction between the 
variables in any of the maze zones (all p>.139; graphs not 

shown).

Discussion

Our findings show that the R+ condition increased entries 
to the center and tended to increase entries to the closed 
arms of the maze, independent of the prenatal exposure 
condition. Interestingly, the R+ effects were only observed 
for the number of entries, but not for the percentage of time 
spent in each zone of the maze. This suggests that these 
subjects increased their exploration of the less exposed 
zones of the maze but maintained similar times spent 
in each zone. These findings are interesting but do not 
support our hypothesis, particularly due to the absence of 
an effect in the P+ condition. Additionally, while effects 
were detected for the R+ condition, they differed from the 
original hypothesis. These results will be discussed further 
below. Finally, as proposed, no differences were observed 
between the control group (P-/R-) and those subjects 
with both exposure modalities simultaneously (P+/R+), 
behaving both in a similar manner.

To understand these results, it is important to consider the 
characteristics of the task used. The elevated plus maze 
measures a subject’s emotional behavior, such as anxiety, 
through exploratory performance, where avoidance of 
the open arms is interpreted as anxiety-like behavior. 
Additionally, these changes in activity patterns within the 
maze reflect risk assessment behaviors in a novel situation, 
behaviors that have shown a high sensitivity to anxiolytic/
anxiogenic drugs [23,47-49]. In this apparatus, both the 
closed arms and the center of the maze can be considered 
‘protected’ areas compared to the open arms [50–52]. Thus, 
behaviors evaluated in the center of the maze are usually 
related to novelty seeking and risk assessment, with this 
sector acting as a ‘decision point’ where the subject faces 
the conflict of whether to approach or avoid exploring the 
open arms, processes which reflects elements of anxiety 
[26,53,54]. Considering this, and that anxious responses 
include apprehension and modifications in decision-making 
under conditions of uncertainty, it is suggested that the 
increased entries into the center zone in the R+ condition 
are associated with greater conflict in avoiding exposed 
zones compared to the other exposure conditions [55,56].

The increase in entries into the center in the R+ condition 
was observed alongside a tendency to increase entries into 
the closed arms of the maze. This close arm entry behavior 
reflects greater exploration of these protected areas, which 
are usually considered less anxiogenic than the open arms 
due to their lack of exposure to the outside [47]. Taken 
together, these results support the proposition that the R+ 
condition modifies the pattern of motor behavior in the 
maze, reflecting a conflict in avoiding the exposed area 
while increasing the transit of subjects through the safer or 
less risky areas of the maze.

Interestingly, despite the observed differences in the 
number of entries for the R+ condition, no differences were 
observed in the percentage of time spent in each arm for 
any conditions or their interactions. This indicates that the 
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effects of R+ are mainly on the pattern of motor activity, 
rather than on the time in each zone. These findings 
suggest that the R+ condition generate partial effects on 
anxiety, increasing transit through the safer or less risky 
zones of the maze, where the conflict about entering the 
unprotected zone seems to decrease during the test, as no 
differences were observed in the variables measured in the 
open arms. Different results could be detected by analyzing 
chronological differences in these variables during specific 
time segments (e.g., minutes) of the test, allowing a deeper 
exploration of risk avoidance and risk assessment behavior. 
Such an analysis would increase sensitivity to detect 
changes in behavioral states, as used by Casarrubea, et al. 
(2015) [57]. Additionally, future studies should complement 
this analysis with other behavioral variables of anxiety and 
risk assessment, such as the number of stretch attempts and 
head dips [58].

In reference to the absence of changes in the P+ condition, 
it’s interesting to note that although human and animal 
studies have suggested greater anxiety in the offspring of 
consuming mothers, the lack of observable effects in our 
study could be attributed to specific aspects of the task 
employed. Weimar, et al. (2020) discuss that while this task 
is regularly used to assess anxiety, its results also allow 
for the assessment of other aspects of this variable, such 
as differences in risk assessment behaviors [23]. These 
behaviors may differ from the anxiety domain present in 
human offspring of consumptive mothers. Another aspect 
that may differ from an increased anxiety is the age when 
the subjects of this study were tested.

For this study, the age of the subjects (average 28 days) 
could be a potential factor influencing the discrepancy 
between the proposed hypothesis and the obtained results. 
Anxiety is differentially expressed at different stages of 
postnatal development, so the sensitivity to detect these 
behaviors using the elevated plus maze could be affected 
by age [59]. Previous research using this same task has 
shown differences in the expression of these behaviors 
between adolescent and adult rats, which varied according 
to the experimental manipulation, suggesting that these 
results could be due to differences in neurodevelopmental 
stages and anxiety regulation [60]. In reference to anxiety 
and P+, Weimar, et al. (2020) using the elevated plus maze, 
determined that P+ generates an increase in anxiety-like 
behavior that is observable when the offspring are adults 
(73 days old) but not when they are juveniles (29 days old) 
[23]. Their results are consistent with the lack of effects in 
the P+ condition observed in this study and suggest that 
the determination of the consequences of P+ on anxiety is 
sensitive to the period in which they are evaluated.

A limitation of this study was not acknowledging anxiety as 
a multifaceted construct, and that our assessment covered 
only the behavioral dimension of anxiety. Future studies 
could address this limitation by complementing these 
measures with physiological variables such as heart rate. 
Additionally, it’s important to note that while the effects of 
the drug were not observed in all behavioral measures of 

anxiety, the lack of effects does not necessarily indicate their 
absence. Another potential limitation of this study is the 
inability to measure plasma THC concentrations, however, 
the administration protocol and drug dose employed were 
selected based on vast literature supported by behavioral 
and physiological evidence of its efficiency [44,45,61].

Conclusion

In conclusion, the R+ condition, but not the P+ condition, 
generates a partial effect on anxiety by increasing the 
pattern of motor activity in the elevated plus maze. This 
pattern change is associated with avoidance and conflict 
in entering the unprotected zones of the maze, without 
impacting the time spent in all zones, suggesting that recent 
cannabis exposure has partial anxiogenic effects that may 
alter risk assessment and other anxiety related processes in 
a novel environment. Given the rising cannabis use among 
the general population and pregnant women, coupled with 
the significant impact of anxiety on mental health, it is 
crucial to continue studying the effects of cannabis use on 
anxiety.
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