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Highlights 

 CBD administration into the rat vmPFC, either into PL or IL, reduced 

the immobility time in the forced swimming test, an antidepressant-like 

effect.  

 The administration of 8-OH-DPAT, a 5-HT1A agonist, into PL or IL 

induced antidepressant-like effects similar to CBD. 

 CBD-induced antidepressant-like effects were blocked by local 

pretreatment with WAY100635, a 5-HT1A receptor antagonist. 

  



Abstract 

Rationale: systemic administration of Cannabidiol (CBD), the main non-

psychotomimetic constituent of Cannabis sativa, induces antidepressant-like 

effects. The mechanism of action of CBD is thought to involve the activation of 

5-HT1A receptors and the modulation of endocannabinoid levels with 

subsequent CB1 activation. The brain regions involved in CBD-induced 

antidepressant-like effects remain unknown. The ventral medial prefrontal 

cortex (vmPFC), which includes the infralimbic (IL) and prelimbic (PL) 

subregions, receives dense serotonergic innervation and plays a significant role 

in stress responses. Objective: to test the hypothesis that the administration of 

CBD into the IL or PL would induce an antidepressant-like effect through 5-

HT1A and CB1 activation. Methods: Rats received intra-IL or -PL 

microinjections of CBD (10-60 nmol/side), 8-OH-DPAT (5-HT1A agonist, 5-

10nmol/side), anandamide  (AEA, 0.5 pmol/side) or vehicle (0.2μl/side) and 

were submitted to the forced swimming (FST) or to the open field (OFT) tests. 

Independent CBD-treated groups were pre-treated with WAY100635 (10, 30 

nmol/side, 5-HT1A antagonist) or AM251 (10 pmol/side, CB1 antagonist) and 

submitted to the same tests. An additional group was treated with WAY100635 

followed by anandamide. Results: CBD (PL: 10-60 nmol; IL:45-60 nmol) and 8-

OH-DPAT (10 nmol) administration significantly reduced the immobility time in 

the FST, without changing locomotor activity in the OFT.  WAY100635 (30 

nmol) did not induce effect per se but blocked CBD, 8-OH-DPAT and AEA 

effects. Additionally, AM251 blocked CBD-effects. Conclusion: administration of 

CBD into the vmPFC induces antidepressant-like effects possibly through 

indirect activation of CB1 and 5-HT1A receptors. 

 

Keywords: Cannabidiol; vmPFC; forced swimming test; antidepressant; 5HT1A  

  



1 Introduction 

Cannabidiol (CBD) is the main non-psychotomimetic compound of 

Cannabis sativa. CBD systemic administration induces several effects in the 

central nervous system, resulting in anxiolytic- [1] and [2], anticonvulsant- [3], 

[4] and [5], anticompulsive- [6] and antipsychotic-like effects [7] and [8]. 

Recently, our group demonstrated that systemic treatment with CBD is also 

able to induce antidepressant-like effects in mice submitted to the forced 

swimming test [9], an effect that was later confirmed by another group [10]. 

 Despite such an impressing potential therapeutic profile in preclinical 

studies, the molecular mechanisms involved in CBD-induced behavioral effects 

remain poorly understood. Evidence has suggested that CBD may act through a 

variety of mechanisms, therefore being able to promote different behavioral 

effects [11]. For instance, CBD has a low affinity for cannabinoid (CB1) 

receptors [12], but can potentiate the endocannabinoid neurotransmission by 

inhibiting the hydrolysis or the reuptake of anandamide [13] and [14]. 

Furthermore, CBD also causes direct or indirect activation of serotonin, 

adenosine and TRPV receptors, as well as receptors of the PPAR family and 

ion channels [15]. Animal studies have indicated that the contribution of each of 

these mechanisms for CBD-induced pharmacological profile depends on the 

behavioral tasks under investigation [11]. For instance, some central CBD-

induced effects, such as the compulsive and anxiolytic, depend on the 

activation of CB1 receptors [6] and [18]. On the other hand, most of the 

behavioral effects induced by CBD, including the antidepressant-like, involve 5-

TH1A receptor activation, since it can be blocked by pretreatment with selective 

antagonists [2], [9], [20], [21] and [22]. This effect could either happen through 

direct activation of 5HT1A by CBD due to its binding and agonist properties at 

this receptor [19], or indirectly through the modulation of serotonin levels in 

response to increased endocannabinoid levels and CB1 activation [15] and [20]. 

Corroborating this latter proposal, the antidepressant-like effect induced by 

genetic and pharmacological manipulation of the endocannabinoid system have 

been shown to involve the modulation of the serotonergic neurotransmission 

[23], [24] and [25].  For instance, genetic deletion of fatty acid amide hydrolase 



causes antidepressant-like effect that is associated with increased activity of 

dorsal raphe nucleus serotonergic neurons [24].  

Therefore, it is possible to hypothesize that CBD-induced antidepressant-

like effect may involve the activation of 5-HT1A receptors, either by direct 

agonistic properties or indirectly through the modulation of local 

endocannabinoid levels and CB1 activation. However, this possible interaction 

and the brain regions responsible for mediating this effect are not yet known.  

Since the antidepressant-like effect induced by FAAH inhibitor involves 

the modulation of the serotonergic system in the medial prefrontal cortex 

(mPFC)  [25], this brain region could be an important target for CBD-induced 

effects. The mPFC is a brain region deeply involved in several higher-order 

functions, such as memory, learning, decision-making and goal-directed 

behavior, in addition to the modulation of autonomic and endocrine responses 

to stress [26], [27] and [28]. The ventral portion of the medial prefrontal cortex 

(vmPFC) is divided into infralimbic (IL) and prelimbic (PL) subregions [29], 

which are cytoarchitectonically different and able to play distinct or 

complementary roles in the modulation of physiological and behavioral functions 

[30], [31] and [32]. Scopinho and colleagues (2010) [33] investigated a possible 

differential participation of the PL and IL in the modulation of behavioral 

immobility of rats submitted to the FST and found that acute reversible 

inactivation of these regions produced similar antidepressant-like effects, 

depending on the moment at which the pharmacological manipulation was 

performed. In addition, the antidepressant-like effect induced by inactivation of 

the vmPFC depended on the integrity of the serotonergic system [34]. This 

evidence supports the hypothesis that signaling within the vmPFC mediates 

stress adaptation and antidepressant-like effects.  

Based on the aforementioned evidence, we hypothesized that CBD 

injection into the PL or the IL would induce antidepressant-like effects in rats 

submitted to the FST, an animal model predictive of antidepressant effects [36], 

with the participation of local 5HT1A and CB1 receptors.  

 



2 Material and methods 

2. 1 Animals 

The experiments were performed with male Wistar rats (230-270 g). The 

animals were housed in pairs in acrylic boxes measuring 20X30X12 cm, under 

a 12 h light cycle (lights on at 7 am), with free access to food and water and in a 

temperature-controlled room (24±1°C). No environmental enrichment was 

presented. Procedures were conducted in conformity with the CONCEA for the 

care and use of laboratory animals, which are in compliance with international 

laws and politics, and were approved by the local Ethical Committee (protocol 

number 11.1.459.53.7). 

 

2.2 Drugs 

CBD (kindly supplied by THC-Pharma, Frankfurt, Germany): 10, 30, 45 

and 60 nmol/0.2μl/side; 8-OH-DPAT (RBI): 5 and 10nmol/0.2μl/side; 

WAY100635 (Sigma-Aldrich): 10 and 30nmol/0.2μl/side; anandamide-AEA 

(Tocris): 0.5pmol/0.2μl/side. WAY100635 and 8-OH-DPAT were dissolved in 

sterile isotonic saline solution, AEA in Tocrisolve solution and CBD in grape 

seed oil [22]. Each control group received the corresponding vehicle of the drug 

being tested.  

 

2.3 Stereotaxic surgery 

 Rats were anesthetized with 2,2,2 tribromoethanol (250mg/kg); 

intraperitoneally; Sigma-Aldrich, St Louis, Missouri, USA) and immobilized in a 

stereotaxic frame. Stainless steel guides cannula (0.11mm, 26 G) were 

implanted bilaterally into the vmPFC-PL [AP = +3.3 mm from bregma; L = +1.9 

mm from the medial suture, V = −2.4 mm from the skull with a lateral inclination 

of 22◦] and vmPFC-IL [AP = +3.3 mm from bregma; L = +2.7 mm from the 

medial suture, V = −3.2 mm from the skull with a lateral inclination of 24◦] [37]. 

The cannulae were attached to the bone with stainless steel screws and acrylic 

cement.  

Thirty-three Ga. Needles (Small Parts, Miami  Lakes,  Florida,  USA) 1 

mm  longer  than  the  guide cannulae and connected to a 10 μL syringe (7001 



KH, Hamilton Co., Reno, Nevada, USA) through a PE-10 tube were used for the 

microinjections. The needles were carefully inserted into the guide cannulae, 

and the solutions were infused over a 60s period at a rate of 0.2μl/min with  the  

help  of  an  infusion  pump  (KD  Scientific  Inc., Holliston,  Massachusetts,  

USA).  The needles remained in place for an additional 20-30 s period to 

prevent reflux.  

 

2.4 Histology  

At the end of the experiments the rats were anesthetized with chloral 

hydrate solution 5 % (1 ml/100 g, intraperitoneally, C2H3Cl3O2, VETEC, Brazil) 

and the Evans blue dye was injected (0.2 μl). The chest was surgically opened 

and the brain perfused with 10% formalin through the left ventricle. The injection 

sites were identified using a rat brain atlas as reference [31]. The injection sites 

can be seen in Figure 1. Rats that received CBD injections outside the targeted 

area were pooled together in another group named “OUT”. 

2.5 Forced Swimming Test  

 The forced swimming test was performed as described by Joca and 

Guimarães [38]. Rats were placed individually in plastic cylinders filled with 

water (24±1ºC) for 15 minutes (pre-test session). After pretest, animals were 

dried and returned to their home cage. Twenty-four hours later, rats were 

submitted to a forced swim section for 5 minutes (test) [39]. The water was 

changed between each section to avoid the influence of alarm substance [40]. 

All experiments were videotaped with Sony digital video camera model DCR-

SR47 and an observer that was blind to the treatments recorded the immobility 

time later on.  

 

 

2.6 Open Field Test 

 Since the forced swimming test evaluates a parameter that depends on 

locomotor activity, it is necessary to exclude possible confounding drug-



inducing locomotor effects. Therefore, an additional animal group was placed 

individually in a square open field arena, divided into 16 quadrants, where 

exploratory activity was videotaped during 5 minutes. During this time the 

number of crossings between the quadrants was counted and used as an index 

of locomotor activity.  All experiments were videotaped and an observer that 

was blind to the treatments recorded the number of crossings later on.   

2.7 Statistical analysis 

Behavioral data from the forced swimming test were analyzed by one-

way ANOVA followed by Dunnett’s post-hoc test. The open field test was 

analyzed by two-way repeated measures ANOVA. The significance level was 

set at p < 0.05. 

3 Experimental Design 

 

Experiment 1: Effects of CBD (10, 30, 45, 60nmol) microinjection into the 

vmPFC of rats submitted to the forced swimming test 

This experiment was designed to assess possible differences of CBD-

induced effects when injected either into the PL or the IL. The animals received 

bilateral injections of vehicle or CBD into the PL (10, 30 or 60 nmol/0.2 μL per 

site) or into the IL (30, 45 or 60nmol/0.2 μL per site) 10 min before the test 

session.  

 

Experiment 2: Effects of CBD (10, 30, 45, 60nmol) microinjection into the 

vmPFC of rats submitted to the open field test 

To investigate possible unspecific locomotor effects induced by the CBD 

at the doses that were effective in the FST, an independent group of animals 

received CBD administration into the PL or the IL and were individually 

submitted to the open field test, 10 minutes after the injection. 

 

Experiment 3: Effects of 8-OH-DPAT (5, 10nmol) microinjection into the 

vmPFC of rats submitted to the forced swimming test 

This experiment was designed to investigate if the administration of a 5-

HT1A agonist into the IL or the PL would induce similar effects as those induced 



by  CBD administration into the same cortical regions.  The protocol was similar 

to that of experiment 1, except that animals received intra-PL or IL injections of 

saline or 8-OH-DPAT (5 and 10 nmol; 0.2μL per site), ten minutes before the 

test session.  

Experiment 4: Effects of 8-OH-DPAT and WAY100635 microinjection into 

the vmPFC of rats submitted to the forced swimming test. 

This experiment was designed to test if the effects induced by 8-OH-DAT 

administrations into the PL and IL could be blocked by the local administration 

of a 5-HT1A antagonist, WAY100635. The protocol was similar to that of 

experiment 1, except that animals received intra -PL or -IL injections   of   saline   

or WAY100635  (10 or 30 nmol;  0.2μL  per  site)  followed,  5 min later, by  a  

second  injection  of  vehicle  or  8-OH-DPAT  (10 nmol; 0.2μL  per  site). Ten 

minutes after the last injection, the animals were submitted to the forced 

swimming test.  

Experiment 5: Effects of CBD and WAY100635 microinjection into the 

vmPFC of rats submitted to the forced swimming test. 

 This experiment was designed to investigate if CBD-induced effects 

would be mediated by local 5-HT1A receptors. The protocol was similar to that 

of experiment 4, except that the second injection was of vehicle or CBD at the 

dose of 10 nmol into the PL and 45nmol into the IL.  

Experiment 6: Effects of WAY100635 and 8-OH-DPAT microinjection into 

the vmPFC of rats submitted to the open field test 

 An independent group of animals received WAY100635 (30nmol; 0.2μl 

per site) or 8-OH-DPAT (10nmol; 0.2μl per site) administration and, 10 minutes 

after, were individually subjected to the open field test.   

 

Experiment 7: Effects of CBD and AM251 microinjection into the vmPFC of 

rats submitted to the forced swimming test. 

 This experiment was designed to investigate if CBD-induced effects 

would involve local CB1 receptors. The protocol was similar to that of 

experiment 5, except that the first injection was of vehicle or AM251 at the dose 

of 10pmol per side into the PL region. 

 



Experiment 8: Effects of AEA and WAY100635 microinjection into the 

vmPFC of rats submitted to the forced swimming test. 

 This experiment was designed to investigate if AEA-induced effects 

would involve local 5HT1A receptors. The protocol was similar to the 

experiment 4, except that the second injection was of AEA at the dose of 0.5 

pmol per side into the PL region.     

 

4 Results 

 

Experiment 1: Effects of CBD (10, 30, 45, 60nmol) microinjection into the 

vmPFC of rats submitted to the forced swimming test 

 When administered into the PL, CBD (10, 30, 60 nmol) significantly 

reduced the immobility time of rats submitted to the FST, when compared to 

vehicle treated group (F4,50 =6.142, p<0,05).  Furthermore, the “out” group and 

the control group were not different from each other (n=7-16, Dunnett’s test, 

p<0,05, Figure.2-a). 

 CBD administration into the IL at the doses of 45 and 60nmol significantly 

reduced the immobility time in the FST (F4,38 =8.605, p<0.05) compared to the 

vehicle treated group (n=7-10, Dunnett’s test, p<0.001, figure 2-b).  

 

Experiment 2: Effects of CBD (10, 30, 45, 60nmol) microinjection into the 

vmPFC of rats submitted to the open field test 

 No difference was observed in the number of crossings performed by 

animals treated with vehicle or CBD in any of the doses tested (PL: 

F3,128=0.7104, p>0.05; IL: F3,72=0.1895, p>0.05). Moreover, there was no 

interaction between factors (PL: F12,128 =  0.1800,  p>0.05; IL: F12,72 =0.2527, 

p>0.05, figures 3-a and 3-b, respectively). 

 

Experiment 3: Effects of 8-OH-DPAT (5, 10nmol) microinjection into the 

vmPFC of rats submitted to the forced swimming test 

 8-OH-DPAT administration reduced immobility time, at the dose of 

10nmol/0.2μL, when injected into the PL (F2,16 =3.593, p<0.05;  Dunnett’s test,  

p<0.05,  n=5-8,  figure  4-a) or into the IL  (F2,11 =4.674, p<0.05;  Dunnett’s test,  

p<0.05, n=4-6,   figure  4-b).  



 

Experiment 4: Effects of 8-OH-DPAT and WAY100635 microinjection into 

the vmPFC of rats submitted to the forced swimming test. 

 As previously observed (experiment 3), 8-OH-DPAT injection into the PL 

reduced immobility time at the dose of 10nmol/0.2μL (F5,24 =5.806, p<0.05). 

Moreover, intra PL administration of WAY100635 at the dose of 30nmol/0.2μL 

reversed 8-OH-DPAT effects (Dunnett’s test, p>0.05, compared to vehicle 

treated group; figure 5-a). Similarly, 8-OH-DPAT injection (10nmol/0.2 μL) into 

the IL reduced the immobility time (F3,23 =3,261, p<0.05), an effect that was 

blocked by pre-treating with WAY100635 at the dose of 30nmol/0.2μl 

(Dunnett’s, p>0.05, figure 5-b). 

  

Experiment 5: Effects of CBD and WAY100635 microinjection into the 

vmPFC of rats submitted to the forced swimming test. 

 Confirming results obtained in the first experiment, CBD injection into the 

PL (10nmol/0,2μl) or the IL (45nmol/0,2 μl) reduced immobility time in the forced 

swimming test (PL: F3,27 =8.933, p<0.05 and IL: F3,22= 7.125, p<0.05). 

Moreover, pre-administration of WAY100635 at the dose of 30nmol/0,2μL, into 

either the PL or IL, prevented CBD effects (Dunnett’s, p>0,05, figures 6-a and 

6-b, respectively).  

 

Experiment 6: Effects of WAY100635 and 8-OH-DPAT microinjection into 

the vmPFC of rats submitted to the open field test 

 No significant difference in the number of crossings was observed 

between rats that had received vehicle, 8-OH-DPAT or WAY100635 in any of 

the doses tested into the PL (F 3,80 =0.7873, p>0.05, figure 6-A) or the IL (F 4,48 

=0.1925, figure 6-B). Moreover, there was no interaction between factors (PL: 

F12,80 =0.0608, p>0.05; IL: F8,48 =0.6844, p>0.05, figures 7-a and 7-b, 

respectively). 

 

Experiment 7: Effects of CBD and AM251 microinjection into the vmPFC of 

rats submitted to the forced swimming test. 

 Confirming results obtained in the first experiment, CBD injection into the 

PL (10nmol/0,2μl) reduced immobility time in the forced swimming test (F3,23 



=4.268, p<0.05). Moreover, pre-administration of AM251 at the dose of 

10nmol/0,2μL, prevented CBD effects (Dunnett’s, p>0,05, figures 8).  

 

 

Experiment 8: Effects of AEA and WAY100635 microinjection into the 

vmPFC of rats submitted to the forced swimming test. 

 AEA (0.5pmol/0.2μl) injection into the PL, reduced immobility time in the 

forced swimming test (F3,36 =4.830, p<0.05). Moreover, pre-administration of 

WAY100635 at the dose of 30nmol/0.2 μl), prevented AEA- induced effects 

(Dunnett’s, p>0,05, figures 9).  

 

 

5 Discussion 

The present study showed that CBD administration into the vmPFC-PL 

reduced immobility time of rats during the test session at the doses of 10, 30 or 

60 nmol. Similarly, CBD administration into the vmPFC-IL induced 

antidepressant-like effects at the doses of 45 and 60 nmol. Additionally, none of 

the CBD doses employed changed the number of crossings in the open field 

test, thus indicating that the reduction in the immobility time in the FST was not 

secondary to changes in locomotor activity. 

 The FST is a widely used animal model to predict antidepressant activity 

[36]. It is based on the exposure of rodents to the stress of being enclosed in a 

cylinder filled with water, where the animal initially assumes an escape-oriented 

behavior and soon become immobile. Although the interpretation of immobility 

in this test is still a matter of debate in the literature, antidepressant drugs of 

different classes decrease immobility time in the test session in rats and mice 

[36] and [39]. Therefore, despite its weak face validity, the FST has been the 

most used animal model to investigate potential antidepressant effects induced 

by drugs and better understand the mood disorders. According to Slattery and 

Cryan, 2012, the FST is still able to identify pro-depressant effects in response 

to different stressors.  This fact shows that the FST could be safely used for 

pre-clinical study of mood disorders [40].  

The results obtained herein are in accordance with previous data from 

our research group showing that systemic administration of CBD induces 



antidepressant-like effects in mice submitted to the FST. These effects were 

also dissociated from locomotor effects [9]. Although similar, the active doses of 

CBD were lower in the PL than the IL. Therefore, both vmPFC subregions, 

seems to be involved in the antidepressant-like effects of CBD after systemic 

administration, although with different sensitivity to the drug. While it is not 

possible to assess the precise extension of CBD diffusion from its injection site, 

it is unlikely that the results observed herein would rely in neighboring regions, 

since no effect was observed when the drug was injected in adjacent regions to 

the PL or IL.  

The vmPFC is functionally connected with limbic structures such as the 

hippocampus, amygdala and nucleus accumbens and modulates several 

behavioral responses [42]. In addition, the mPFC is involved in numerous 

higher-order functions and in responses to stress [26], [27] and [28]. 

Accordingly, stressful situations activate the vmPFC [28], [43] and [44]. 

However, the specific role of PL and IL in stress responses is not entirely clear. 

Several studies have demonstrated opposite functions of the PL and the IL in 

autonomic, endocrine and emotional responses to stress [9], [30], [45], [46], 

[47], [48] and [49]. On the other hand, similar roles for PL and IL in emotional 

control have been described [50]. A study of our own group showed that the 

blockade of either PL or IL induced antidepressant-like effects, indicating a 

similar participation in this behavioral response [33]. On the other hand, Hamani 

and colleges [34] reported different results after manipulations of the PL or IL, 

where only blockade of the former subregion induced antidepressant-like effect 

by a serotonin-dependent mechanism. Therefore, we decided to investigate 

CBD effects when injected separately into these two cortical subregions. The 

present results demonstrated that administration of CBD into the PL or IL 

produced similar antidepressant-like effects. This result reinforces the idea that 

the PL and IL are similarly engaged in modulating behavioral responses to 

swimming stress. Although both subregions, the PL and IL, are intimately linked 

to brain structures involved in behavior control, they present distinctive 

projections throughout the brain, including limbic structures [30]. This could be a 

possible explanation to the higher sensitivity of the PL to the CBD effects 

although more studies are necessary since they lack work relating the systems 

modulated by the CBD and differences between PL and IL. 



The mechanisms of CBD-induced behavioral effects are not yet 

completely understood [11]. Initially, it was shown that some CBD-induced 

effects, such us anxiolytic [2] and [51], neuroprotective [21] and [52] and 

antidepressant [9], depended on 5HT1A receptors activation, although it is not 

yet clear if it is a direct or indirect effect. Russo and colleagues, 2005, showed 

that CBD (32 µM) in vitro can displace the binding of a known agonist, 8-OH-

DPAT, from 5-HT1A in a ligand-binding assay, and to activate this receptor. 

This result demonstrated that CBD may act as a 5-HT1A receptor agonist [19]. 

On the other hand, CBD could also indirectly facilitate 5-HT1A receptor 

activation by 8-OH-DPAT at lower concentrations, as showed by Rock and 

colleagues, 2012 [20]. Corroborating these results, the facilitation of 5HT1A-

mediated neurotransmission has been shown to mediate CBD effects in various 

behavioral tasks [2], [20], [21], [22] and [51]. The present data add additional 

evidence for the involvement of 5HT1A receptors in CBD-induced behavioral 

effects, since the antidepressant-like effect of CBD injected into the vmPFC was 

also blocked by pre-treatment with WAY100635, a 5HT1A receptor antagonist, 

and mimicked by 8-OH-DPAT, a 5HT1A receptor agonist. They also agree with 

previous data observed after systemic pre-treatment with WAY100635 [9].  

Although some in vitro results have suggested that CBD acts as an 

antagonist or inverse agonist at cannabinoid CB1 receptors [52], it can also 

block anandamide reuptake or inhibit its hydrolysis by fatty acid amide 

hydrolase [12], [13] and [53], thus facilitating endocannabinoid-mediated 

neurotransmission. In vivo studies have shown that this latter mechanism is 

probably responsible for some of the behavioral effects of CBD, such as anti-

compulsive-like [6] and pro-neurogenic [18]. Accordingly, in the present study 

pretreatment with AM251 blocked the antidepressant-like effects of CBD. 

Therefore, our data indicate that the acute antidepressant-like effect induced by 

CBD in the vmPFC is mediated by both CB1 and 5-HT1A activation. 

The literature has consistently shown that the serotonergic system of the 

vmPFC is under the control of local endocannabinoid levels and CB1 receptor 

activation [23], [24] and [25] . For instance, administration of a FAAH inhibitor or 

its genetic deletion increases the firing rate of serotonin neurons and elicits 

antidepressant-like effects, in a CB1 dependent-fashion [54] and [24]. 

Furthermore, the administration of a CB1 agonist into the vmPFC induced 



similar effects, suggesting that CB1 agonists modulate 5-HT neuronal activity 

via the vmPFC [23]. FAAH genetic deletion also produced antidepressant-like 

effects paralleled by altered 5-HT transmission and postsynaptic 5-HT1A 

activation [24]. 

Corroborating these data, the present study showed that the 

antidepressant-like effect of anandamide in the PL is blocked by a 5-HT1A 

receptor antagonist (WAY100635). Considering that the activation of CB1 

receptors located in the PFC increases local serotonin release [23] and knowing 

that pre-frontal cortex is intensely connected with the raphe nuclei through 

glutamatergic projections [55], it is possible that CBD, by indirectly activating 

CB1 receptors, modulates serotonin release in the vmPFC. Our results are 

consistent with this hypothesis, since the antidepressant-like effect induced by 

anandamide was blocked by local administration of a 5HT1A antagonist.  

Whereas pre-synaptic 5-HT1A receptors are located in cell bodies of 

serotonergic neurons in the raphe nuclei of the brain stein, post-synaptic 5HT1A 

receptors are found predominantly in limbic structures, including the prefrontal 

cortex [56] and [57]. These receptors have been extensively related to the 

neurobiology of depression and the therapeutic effects of antidepressant drugs 

[35]. For example, systemic administration of 5-HT1A agonists causes 

antidepressant-like effects in animal models such as the forced swimming test 

and olfactory bulbectomy [58], [59] and [60]. In addition, activation of 

postsynaptic 5-HT1A receptors seems to be required for the antidepressant 

effects of 5-HT1A agonists and, probably, selective serotonin reuptake inhibitors 

[61]. Our results, therefore, corroborate the hypothesis that activation of post-

synaptic 5-HT1A receptors located in the vmPFC induces antidepressant-like 

effects. In the PFC, 5-HT1A receptors are found in postsynaptic pyramidal 

receptors and their stimulation decreases neuronal excitability and glutamate 

release [62] and [63]. Since inactivation of either the PL or IL or the local 

blockade of glutamate NMDA receptors promotes antidepressant-like effects 

[33] and [64], it could be speculated that the antidepressant-like effects 

observed with the 5-HT1A agonist administration into the vmPFC would involve 

modulation of glutamate release in these brain regions. This hypothesis, 

however, warrants further investigation. 



In conclusion, the present results show that the activation of 5-HT1A 

receptors in the PL or IL subregions of the vmPFC decreases immobility in the 

forced swimming test, indicating an antidepressant-like effect. A similar effect is 

produced by local administration of CBD into these subregions. This latter effect 

depends on the activation of local 5-HT1A and CB1 receptors, and could 

involve CB1 facilitation of the local serotonergic system.   
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Figure Captions 

 (a) 

 (b) 

Figure 1 Histological (a) and photomicrograph (b) localization of injection sites 

(0.2 μL) located in the ventral medial prefrontal cortex (prelimbic and infralimbic) 

in diagrams (3.20, 2.70 and 2.20 mm from Bregma) based on the atlas of 

Paxinos and Watson (1998). 

  



 (a) 

 (b) 

Figure 2 Effects of CBD in the forced swimming test. a- CBD (10, 30 and 

60nmol), administered into the PL, induced antidepressant-like effects in the 

FST (p< 0.05, n 7-13/group). b- CBD (45 and 60 nmol), administered into the IL, 

induced antidepressant-like effects in the FST (*p<0.05, n 7-10/group). The 

control group represents vehicle treated animals and “out” group represents 

animals that received CBD outside the PL or IL. Each bar represents the mean 

+/- standard error (one-way ANOVA followed by Dunnett’s test, p<0,05).    

  



 (a) 

 (b) 

Figure 3 Effects of CBD in the Open Field Test. a- CBD (10, 30 and 60nmol), 

administered into the PL, did not change locomotor activity in the OFT (p>0.05, 

n 5-11/group). b- CBD (30, 45 and 60nmol), administered into the IL, did not 

change locomotor activity in the OFT (p>0.05, n 5-11/group). Points represent 

the mean +/- standard error (2-way ANOVA, p>0.05 for treatment effect). 

  



 (a) 

 (b) 

Figure 4 Effects of 8-OH-DPAT in the forced swimming test. a- 8-OH-DPAT (10 

nmol), administered into the PL, induced antidepressant-like effects in the FST 

(p<0.05, n 5-8/group). b- 8-OH-DPAT (10 nmol), administered into the IL, 

induced antidepressant-like effects in the FST (*p<0.05, n 4-6/group). Control 

group represents vehicle treated animals. Each bar represents the mean +/- 

standard error (one-way ANOVA followed by Dunnett’s test, p<0,05).    

  



 (a) 

 (b) 

Figure 5 Effects of WAY100635 and/or 8-OH-DPAT in the forced swimming 

test. a- The 5-HT1A agonist (8-OH-DPAT, 10nmol), administered into the PL, 

reduced immobility time, an effect that was attenuated by previous treatment 

with the 5-HT1A antagonist (WAY100635, 30nmol) (p<0.05, n 4-8/group).  b- 

The 5-HT1A agonist (8-OH-DPAT, 10nmol), administered into the IL, reduced 

immobility time, an effect that was attenuated by previous treatment with the 5-

HT1A antagonist (WAY100635, 30nmol) (*p<0.05, n 5-8/group). Control group 

represents vehicle treated animals. Each bar represents the mean +/- standard 

error (one-way ANOVA followed by Dunnett’s test, p<0,05).    

  



 (a) 

 (b) 

Figure 6 Effects of WAY100635 and/or CBD in the forced swimming test. a- 

CBD (10nmol), administered into the PL, reduced immobility time, an effect 

attenuated by previous treatment with the 5-HT1A antagonist (WAY100635, 

30nmol) (p<0.05, n 6-10/group).  b- The CBD (45nmol), administered into the 

IL, reduced the immobility time, an effect that was attenuated by previous 

treatment with the 5-HT1A antagonist (WAY100635, 30nmol) (*p<0.05, n 6-

7/group). Control group represents vehicle treated animals. Each bar represents 

the mean +/- standard error (one-way ANOVA followed by Dunnett’s test, 

p<0,05).    

  



 (a) 

 (b) 

Figure 7  Effects of 8-OH-DPAT and WAY100635 in the OFT. a- 8-OH-DPAT (5 

e10nmol) and WAY100635 (30 nmol), administered into the PL, did not change 

locomotor activity in the OFT (p>0.05, n 5-9/group). b- 8-OH-DPAT (10nmol) 

and WAY100635 (30 nmol), administered  into the IL, did not change locomotor 

activity in the OFT (p>0.05, n 5/group). Points represent the mean +/- standard 

error (2-way ANOVA, p>0.05 for treatment effect). 

  



 

Figure 8 Effects of AM251 and/or CBD in the forced swimming test. CBD 

(10nmol), administered into PL, reduced immobility time, an effect blocked by 

previous treatment with the CB1 receptor antagonist (AM251, 10nmol) (p<0.05, 

n 6-7/group). Control group represents vehicle treated animals. Each bar 

represents the mean +/- standard error (one-way ANOVA followed by Dunnett’s 

test, p<0,05).     

  



 

Figure 9 Effects of WAY100635 and/or AEA in the forced swimming test. AEA 

(0.5pmol), administered into PL, reduced immobility time, an effect blocked by 

previous treatment with the 5-HT1A antagonist (WAY100635, 30nmol). (p<0.05, 

n 9-12/group). Control group represents vehicle treated animals. Each bar 

represents the mean +/- standard error (one-way ANOVA followed by Dunnett’s 

test, p<0,05). 


