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The Lebanese Cannabis Oil Extract promotes 

resilience to Chronic Social Defeat in C57BL/6J 

male mice. 
 

Amar Mezher 

 

ABSTRACT 

Major Depressive Disorder (MDD) has become one of the most common mental disorders 

around the world. Although antidepressants remain the first-line treatment for moderate to 

major depression, however, numerous limitations have been reported regarding their efficacy 

and long-term side effects. Cannabis sativa is the most common type of Cannabis which is 

being extensively used for medical purposes. Conflicting results are reported regarding the 

effects of Cannabis on depression and anxiety. As a result, more studies are needed to 

understand how Cannabis affect these behaviors. Therefore, the aim of this study was to 

investigate the therapeutic effect of the Lebanese Cannabis Oil Extract (COE) in the context 

of depression and anxiety-like behaviors in C57BL/6J male mice using the Chronic Social 

Defeat Stress protocol (CSDS). The cotreatment paradigm was applied in order to examine the 

COE effects when given as a prophylactic treatment, along with stress induction. In a post 

paradigm, the antidepressant and anxiolytic effects of the COE were assessed after stress 

induction. In both paradigms, experimental mice received either 20mg/kg, 5mg/kg or 1mg/kg 

of COE through intraperitoneal injections. Control mice received injections of vehicle 

solution. Following every treatment, the social interaction test was used to assess depression-

like behaviors and social avoidance, whereas elevated plus maze test was used to assess the 
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anxiety-like behaviors in mice. We found out that the highest dose of COE promoted resilience 

to chronic social defeat stress and rescued depression- like behaviors, however turned out to 

be anxiogenic when given as a preventative treatment. the 5mg/kg dose showed positive effects 

on promoting resilience to stress and rescuing depression-like behaviors in mice with no 

particular effect on anxiety-like behaviors. The lowest dose turned out to be anxiogenic when 

given in a preventative treatment without any particular effect on depression-like behaviors in 

both paradigms. In conclusion, according to the behavioral outcomes of treated mice, the 

Lebanese COE showed antidepressant properties without affecting anxiety. Further 

investigations are needed to identify the molecular pathways by which COE exerts its positive 

effects.  

 

Keywords: Major Depressive Disorder, Depression, Anxiety, Chronic Social Defeat Stress, 

Cannabis, Cannabis Sativa, Lebanese Cannabis Oil Extract. 
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Chapter One 

Literature Review 

  

1.1  Major Depressive Disorder 

The number of people suffering from dysfunctional behavior and mental illnesses is 

constantly increasing worldwide. Major depressive disorder (MDD) is one of the most 

diagnosed mental disorders (WHO, 2011). It is a biologically heterogeneous disease 

characterized by mood changes, anhedonia, social avoidance, poor interest in daily 

tasks, psychomotor agitation, and many other symptoms (APA, 2013). MDD is a life-

threatening mental disorder with specific comorbidity with anxiety and stress 

disorders (APA, 2013). According to the Diagnostic and Statistical Manual of Mental 

Disorders (DSM-V), anxiety, phobias, and excessive worry can be associated with 

depression, affecting the general prognosis, treatment options, and the patient’s 

response. The DSM-V states that to be diagnosed with MDD, the symptoms must not 

result from specific substance abuse that led to the medical illness. Moreover, the 

patient must show five of the following eight criteria for two consecutive weeks. The 

first criterion is a depressed mood that is prevalent most of days. The second criterion 

is a decreased interest or pleasure in almost all activities. The third criterion is a 

significant weight fluctuation, or an imbalanced appetite, nearly every day. The fourth 

criterion is a dormant or slow thought process and a reduction of physical movement. 

The fifth criterion is unusual fatigue or loss of energy almost every day. The sixth 

criterion is a helpless feeling and inappropriate guilt. The seventh criterion is 
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decreased ability to think or concentrate. Finally, recurrent thoughts of death and 

suicidal thoughts can be noted. The lifetime prevalence of MDD is significantly lower 

in men compared to women: 26.1% in women and 14.7% in men (DSM-V, 2013). 

Depression is accompanied by suicidal thoughts in 13.6% of patients (Hasin et al., 

2018), which highlights the life-threatening characteristic of MDD. 

Numerous factors contribute to the onset of MDD. Environmental factors such as 

early childhood trauma, post-traumatic stress disorder, or medical disabilities are 

essential in triggering the onset of MDD (Nabeshima et al., 2016). MDD is also 

statistically linked to specific genetic predispositions. For instance, an individual is 

1.3 to 3 times more likely to develop symptoms of depression when an immediate 

family member has been previously diagnosed (Weissman et al., 1997). Moreover, 

studies have shown that an identical twin of a patient with MDD will also develop 

depressive symptoms in 25% to 93% of cases (Heim et al., 2012). Many studies on 

animal models have also found that genetic mutations can lead to depressive-like 

behaviors, supporting that genetic factors play an essential role in MDD (Mouri et al., 

2012).  

Such conditions alter brain regions’ volume and circuits, causing cerebral 

dysfunction. The underlying neuronal pathways and circuitry of MDD are not fully 

uncovered yet. Hence scientists are persistently trying to understand its underlying 

mechanisms and are constantly looking to find effective treatments with minimal side 

effects (YU Hui et al., 2011). 
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1.2 Neurobiology of Depression 

Several factors including environmental, genetic, and epigenetic factors contribute to 

the susceptibility and vulnerability of an individual to develop depression (Beck, A. T., & 

Breidemeier, K., 2016). Hence, multiple neuronal factors may contribute to the 

mechanisms involved in MDD. Neuronal atrophy and neuronal cell death have been 

linked to depression in many clinical and animal-based studies. Therefore, it has been 

hypothesized that low levels of neurotrophic factors can lead to a hippocampal 

abnormality during the development of depression which can be reversed by 

antidepressant treatments (Hui Yu et al., 2011). This has been linked to diminished Brain-

Derived Neurotrophic Factor (BDNF) levels in patients suffering from depression, which 

is reversed with antidepressants. BDNF is a secreted protein that belongs to the 

neurotrophic family of growth factors. It plays a vital role in neurogenesis, the 

differentiation of new neurons like 5-HT neurons (Martinowich et al., 2008), and in 

establishing new synaptic connections and cell survival. It significantly impacts the 

Central Nervous System (CNS) and Peripheral Nervous System (PNS) (Arumugam et al., 

2017).  BDNF is the most abundant neurotrophin in the CNS and PNS. It is also the most 

studied neurotrophic factor in MDD (Martinowich et al., 2008). The role attributed to 

BDNF in the context of depression depends on its location in the neuronal circuitry and 

brain regions (Hui Yu et al., 2011). Depression and Bipolar Disorder are correlated with 

low levels of BDNF in human plasma (Cunha AB. et al., 2006). Decreased levels of BDNF 

in the hippocampus and the prefrontal cortex are associated with depressive-like behaviors 

and stress susceptibility (Jiang et al., 2014). On the contrary, high levels of BDNF in the 

NAc and amygdala are correlated to depression-like and anxiety-like symptoms 
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(Govindarajan et al., 2006). A genetic polymorphism changing valine to methionine at 

codon 66 (Val66Met) decreases BDNF levels by 35% and is correlated to depression and 

anxiety symptoms (Notaras et al., 2015). Moreover, it has been shown that BDNF infusion 

enhances tryptophan hydroxylase (TpOH) in the brain, more specifically in the raphe 

neurons, and upregulates serotonin (5-HT) release (Goggi et al., 2002). This suggests that 

5-HT, a monoamine neurotransmitter involved in mood regulation, is released by 

serotonergic neurons in the raphe and can also be affected by BDNF expressions 

(Martinowich et al., 2008). Human-based studies have revealed that BDNF levels are 

enhanced in individuals treated with antidepressants (Chen et al., 2001). These outcomes 

have been supported by studies on animal models: antidepressants upregulate 

transcription of BDNF genes in the hippocampus and cortex of rodents (Martinowich et 

al., 2008). 

1.3 Treatments of MDD 

Various treatments are used to manage MDD. Psychotherapeutic and 

pharmacological treatments remain the initial interventions, and their combination 

was shown to be the most effective (Cuijpers P et al., 2009). Antidepressants are the 

first-line treatment for moderate to major depression. Selective Serotonin Reuptake 

inhibitors (SSRIs) are widely prescribed antidepressants, followed by Serotonin-

Norepinephrine Reuptake inhibitors (SNRIs), prescribed for MDD patients with 

comorbid pain disorders. Atypical antidepressants are a secondary treatment in 

patients who develop sexual side effects from SSRIs or SNRIs. Other medications 

include serotonin modulators, tricyclic antidepressants (TCAs), or mood stabilizers 

(Bains N et al., 2022). 
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According to the monoamine hypothesis, it is suggested that depression is induced by 

a deficiency in the neurotransmitters such as dopamine, 5-HT, or norepinephrine. 

Therefore, antidepressants are designed to target and adequately increase monoamine 

neurotransmitters' synaptic content. Hence, monoamine reuptake inhibitors (SSRIs, 

SNRIs, and Norepinephrine Dopamine reuptake inhibitors (NDRIs)) are the most 

adopted categories of antidepressants (Cleare et al., 2015). However, these 

antidepressants are effective in only 50% of cases and they usually require 3 to 5 

weeks to take effect (YU Hui et al., 2011). Moreover, SSRIs display side effects such 

as problems in sexual function, gastrointestinal distress, tiredness and weight gain 

(Cascade et al., 2009). This suggests that novel neurobiological substrates could 

potentially provide further therapeutic effects leading to the rise of new drugs 

approved to be used as antidepressants. For instance, Ketamine is an anesthetic that 

has shown antidepressant effects. Ketamine upregulates glutamate production which 

allows the brain connections to be reformed. However, studies have revealed that its 

consumption is addictive and is linked to many psychological disturbances (Shin, C., 

& Kim, Y., 2020). 

Other compounds, such as cannabinoids, are being extensively consumed as mood 

boosters. Nascent research outcomes also show positive therapeutic effects of 

Cannabis plant extracts in treating psychiatric diseases such as MDD. 

 

1.4 Background Information on Cannabis 

Cannabis sativa, Cannabis indica, and Cannabis rudelaris are all species of the 

Cannabis plant. Cannabis Sativa is the most common type. The dried leaves of 
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Cannabis sativa are widely consumed by the young generation and are referred to as 

Marijuana (Pereira et al., 2014).  In many cultures and for hundreds of years, the 

medical use of Cannabis sativa has shown remarkable results in treating and 

alleviating symptoms of several diseases and illnesses such as pain, asthma, insomnia, 

depression, epilepsy, and loss of appetite (Andre et al., 2016). Cannabis is being 

extensively used for medical purposes, especially in Canada and the USA, where it’s 

legally sold and consumed. With the legalization of Cannabis consumption, 

consumers are buying it for self-medication (A Asselin et al., 2022). Other users 

began consuming cannabis to enhance physical performance during exercise. For 

instance, Ogle, W.L et al. published in 2022 a study conducted on 131 adults to 

understand why people take Cannabis before physical activity. The survey revealed 

that Cannabis consumption was mainly correlated with activities such as hiking 

(60%), yoga (58%), and aerobic machines (50%). When asked about the reason, 66% 

of consumers explained that cannabis helped them concentrate better, 65% said it 

helped in enjoying the exercise experience and 65 % claimed that it enhanced the 

mind-body-spirit connection. The increasing demand for cannabis consumption 

triggered the interest of scientists to understand the physiological and neurobiological 

mechanisms of Cannabis, particularly in the brain. 

Delta-9-tetrahydrocannabinol (THC) and Cannabidiol (CBD) are considered the 

primary cannabinoids. THC and CBD represent the main Phytocannabinoids 

expressed in mature Cannabis flowers or leaves and are extensively studied due to 

their important range of effects on humans. They are also extracted in high 

concentrations from Cannabis plants.  Scientific resources have reported the 

identification of 421 substances that are considered to be active compounds of which 
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100 are recognized as phytocannabinoids (Hebert Jair et al., 2020, Murphy et al., 

2017). The number of identified compounds in the Cannabis sativa plant has 

increased from 423 compounds in the 1980s (Turner et al., 1980) to 483 in 1995. To 

date, new components have been added and researchers have identified 565 

substances present in the Cannabis sativa plant (M.A. El Solhy et al., 2017). Among 

all the newly discovered compounds, THC remains the only psychoactive component 

in the Cannabis plant leading to the ‘high’ or euphoric effect after administration, 

whereas CBD, is the non-psychoactive and nontoxic compound when administered 

at recommended doses (Freeman T.P. et al., 2019). 

Four main methods characterize the consumption of Cannabis: oral with capsules, 

inhalation through smoking, sublingual with oils, or topical with creams and patches. 

The Drug Policy Alliance in the USA mentions that the administration methods 

provide different effects and hence could be more or less appropriate to its consumer. 

For instance, inhalation is the fastest delivery method by which the inhaled marijuana 

passes through the lungs and directly gains access to the bloodstream giving the 

desired effect within seconds. Oral administration is mainly adopted for a long-lasting 

alleviating effect of chronic pain. Indeed, in oral consumption, cannabinoids pass 

through the digestive system and are subjected to chemical transformation making 

them stronger and lasting longer. Hence, the effects are felt within 30 to 60 minutes 

and last up to 6 hours. Sublingual administration allows cannabis compounds to reach 

the bloodstream of the consumer within a few minutes, similarly to oral consumption. 

Sativex is one example of a clinically approved medication administered sublingually 

prescribed to reduce spasticity in patients suffering from neurological conditions 

(Hebert J. et al., 2020). Another way to use cannabis is through topical administration 
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by direct application on the skin. Local skin inflammation and pain are mainly treated 

through topical administration. Indeed, through the very complex mechanism of the 

skin in absorbing chemicals, cannabinoids penetrate the skin to relieve symptoms 

within minutes and can last for up to 2 hours. 

 

1.5 The endocannabinoid System 

Cannabinoid compounds elicit their effects through the endocannabinoid system 

(ECS). The ECS is an endogenous neurotransmission system (Bilge S., et al. 2021) 

composed of CB1 and CB2 receptors, the endogenous cannabinoids Anandamide (N-

arachidonoyl ethanolamine, AEA) and 2 -arachidonoyl glycerol (2 -AG), along with 

catabolizing enzymes (Balapal S. Basavarajappa et al. 2017). AEA and 2-AG bind 

the CB1 and CB2 receptors in the CNS and PNS. For instance, increases in the 

concentration of CB1 in the hippocampus, the basal ganglia, the hypothalamus and 

the cerebellum, is responsible for the appetite regulation, memory functions, motor 

responses and postures of mammals (Aran et al. 2019; Mc Partlan et al. 2014). 

The endocannabinoids are naturally produced when the postsynaptic cells initiate the 

demand, therefore they are not stocked or stored. When the postsynaptic cells emit 

the stimulus, presynaptic terminals respond to it. This is known as a retrograde 

signaling pathway (Aran et al. 2019; Zamberletti et al. 2017). When not needed, AEA 

is hydrolyzed by the fatty acid amide hydrolase (FAAH) (Bridgemanan and Abazia, 

2017). 

THC molecules primarily bind to CB1, which are G protein-coupled receptors found 

on neurons in the CNS. THC also binds to CB2, found in peripheral tissues, and is 
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correlated to improved mechanisms of the immune system (Mc Partlan et al. 2014). 

CBD molecules inhibit FAAH, blocking its role in breaking down AEA, which 

eventually leads to an accumulation of that endogenous cannabinoid in the 

presynaptic terminal (Bridgemanan and Abazia 2017) and activation of the neuronal 

signaling pathway. Additionally, CBD has a strong binding affinity to the serotonin 

receptors 5-HT1A. Hence, they bind to the 5-HT1A receptors, and activate them, 

leading to the anti-anxiety effect (Lu et al. 2020). 

1.6 Cannabinoids as a potential antidepressant 

Cannabis was restricted in many countries and its therapeutic roles have been 

underestimated. However, with the emerging research targeting the medical use of 

Cannabis, this substance and its derivative compounds have gained significant 

success across several cultures leading to a rapid change in the policies of its medical 

applications (Freeman T.P. et al., 2019). Although the Food and Drug Administration 

(FDA) hasn’t yet fully approved the legal consumption of Cannabis, some 

pharmaceutical compounds have been synthesized to mimic the effect of the two 

cannabinoids, THC and CBD. These modulators are synthetic agonists of the 

cannabinoid receptors and are approved for medical consumption in clinical use and 

under research.  For instance, Dronabinol is the worldwide recognized generic name 

of THC along with Nabilone which is also a Cannabis sativa extract similar to THC. 

In fact, Marinol®, which contains synthetic dronabinol has been approved by the FDA 

in 1992 to treat anorexia and neuropathy in HIV patients (Abrams, Jay, et al. 2007). 

Moreover, the Sativex® spray, which contains equal amounts of dronabinol and CBD, 
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was approved in 2005 for the treatment of spasticity and pain in patients with multiple 

sclerosis (Hebert J. et al., 2020). Additionally, side effects of chemotherapy in cancer 

patients, such as nausea and vomiting, are alleviated through Cannabis administration 

(Machado Rocha et al. 2008). 

Aside from the positive therapeutic effects revealed from the medical use of 

Cannabis, other studies have shown side effects after consumption of Cannabis 

specifically rich in THC. For example, a positive correlation has been shown between 

cannabis consumption in adolescents and the onset of schizophrenia (Morgan C.J.A., 

et al., 2008). Moreover, in a research conducted by Farra Y., et al. in 2019, the 

locomotor and anxiety-like behaviors of mice receiving inhalation of vaporized 

cannabis, were assessed. Indeed, mice receiving cannabis spent more time in the 

corners when compared to the control mice suggesting an enhancement of anxiety 

like behaviors after cannabis inhalation without any effect on locomotor activity 

(Farra Y., et al. in 2019). Interestingly, the cannabis used in the previous study was 

composed of 10.3% of THC and 0.05% of CBD which is mathematically equivalent 

to 203 times more THC levels than CBD received through the vaporized cannabis 

compounds. Consistently with previous studies, these results suggest that consumers 

of high-potency Cannabis (high THC/ low CBD), have higher risks of developing 

psychotic disorders such as schizophrenia, or cognitive impairments, anxiety and 

depression (Stuyt E. 2018). Consuming cannabis containing higher THC levels in 

comparison to compounds containing higher levels of CBD than THC, leads to an 

impairment in memory skills and the development of depression and anxiety like 

behaviors (Morgan C.J.A., et al., 2012). 
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In alignment with the above-mentioned studies, separate and combinatorial 

treatments of CBD and THC were tested on adolescent (4-6 weeks old) and adult (9 

to 12 weeks old) male CD1 mice. Mice were injected with THC or CBD separately 

(3mg/kg) or a combination injection of 1:1 ratio of THC + CBD (3mg/kg each). THC 

treatment alone induced behavioral abnormalities such as compulsive behaviors, 

increased anxiety and impaired working memory. Treating with CBD did not induce 

any behavioral response. However, combinatorial treatment with CBD+THC 

revealed positive performances on behavioral testings suggesting that CBD treatment 

prevents THC-induced impairments (Murphy M., et al., 2017). These findings 

support the evidence that equal or higher CBD amount in cannabis decreases the risk 

of cognitive and psychotic disorders. 

Since the cultivation of “high potency” Cannabis was revealed as harmful, the growth 

of “Balanced Cannabis” or high CBD cannabis should be taken into consideration in 

order to reduce the unwanted negative effects of cannabis and encourage its 

administration for medical purposes (Murphy M., et al., 2017). 

Interestingly, the Lebanese Cannabis oil predominantly contains higher amounts of 

CBD (59.1%) in comparison to THC (20.2%) (Shebaby et al. 2020). Therefore, using 

the Lebanese extracts of Cannabis and monitoring its effect on depression and 

anxiety-like behaviors in mice could have promising therapeutic outcomes. 
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1.7 The Lebanese Cannabis Oil 

Until recently, Cannabis selling and consumption was prohibited in Lebanon even for 

medical use. However, its cultivation was operated unlawfully in the Bequaa Valley 

of East Lebanon (Shebaby et al., 2021). In the year of 2020, the Lebanese parliament 

authorized cannabis cultivation for medical and industrial use (Lebanese Official 

Gazette; issue 23; 2020). Moreover, Cannabis oil has been used in Lebanon through 

generations to alleviate symptoms related to many conditions such as cancer, diabetes 

and chronic pain associated with arthritis (Shebaby et al., 2021). In a study published 

by Shebaby et al. in 2021, the Lebanese cannabis oil was extracted for in-vivo and in-

vitro anti-inflammatory investigations. Eighteen main constituents were identified 

after extraction. The Lebanese Cannabis oil extracted from the Cannabis sativa plant 

is very rich in CBD which represents 59.1% of the total components. THC constitutes 

20.2% of the oil extraction. Other components such as CBN, CBC, Phytol, etc. were 

also identified with amounts less than 3.63% each. 

1.8 Aim of the study 

Studies have reported that CBD can lead to an antidepressant-like effect, suggesting 

the potential of this compound to present novel antidepressant properties. Although 

CBD oil and combinatorial treatment of CBD and THC revealed promising 

therapeutic effects on psychiatric diseases, research outcomes remain inconclusive 

regarding the benign or detrimental effects of cannabinoids on depression and 

anxiety-like behaviors. Certainly, research regarding Cannabis is still nascent, and 

more studies should be conducted. To the best of our knowledge, few studies 



 

 

13  

investigated the effects of Lebanese cannabis in the context of psychiatric diseases 

such as Depression. Moreover, no research has targeted the effects of Lebanese 

Cannabis Oil in the context of a Chronic Social Defeat Stress (CSDS) paradigm. We 

investigated the use of Cannabis oil as a protective factor (along with CSDS) or as a 

treatment (following CSDS) for depression. Therefore, the aim of this study is to 

examine whether the administration of specific dosages of the Lebanese Cannabis Oil 

promotes resilience to CSDS and whether it has an anti-depressant or anxiolytic effect 

in 6 to 8 weeks old C57BL/6 J male mice. 
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Chapter Two 

Methods and Materials 

 

2.1 Animal housing and experimental paradigms 

Male C57BL/6 J mice aged of 6-8 weeks were housed in cages and divided into 

groups according to the experimental paradigms. Food and water were provided and 

mice were maintained on a 12h light-dark cycle. Animal use and care were in 

accordance with the recommended guidelines and as approved by the ACUC.  

The co-treatment paradigm consisted of male C57BL/6 aged of 6 to 8 weeks old, 

housed next to an aggressor CD1 mouse to undergo CSDS with simultaneous 

intraperitoneal (i.p.) injections of COE for a period of 10 days. Behavioral testing and 

animals’ sacrifice were performed on Day 11. The nucleus accumbens, the 

hippocampus and the prefrontal cortex of mice were collected on dry ice and stored 

at -80°C. 

 

Figure 1. Illustrative schematic of cotreatment paradigm 
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In the post-treatment paradigm 6 to 8 weeks old male C57BL/6 mice were housed 

next to an aggressor CD1 mouse to undergo CSDS for 10 days. Behaviors testing was 

performed on day 11. On the 12th day, Cannabis Oil Extract (COE) injections start to 

be administered for 2 weeks. Then, on day 26 animals were tested again and 

sacrificed. The nucleus accumbens, the hippocampus and the prefrontal cortex of 

mice were collected on dry ice and stored at -80°C. 

Figure 2. Illustrative schematic of cotreatment paradigm 

2.2 Plant Collection and Cannabis oil Extraction 

In October 2019, a sample from the cannabis plant was taken from the Yammoune, 

Beqaa valley in the North-East of Lebanon. The cannabis strains were then procured 

to the Faculty of Pharmacy of the Lebanese American University by the Drug 

Enforcement Office in Zahle, Beqaa Governorate, and was kept in a safe location on 

campus. 10 g of air-dried cannabis flower was used for ethanol extraction for 48 hours 

(ID, 2019–0011). It was then filtered and concentrated at 45°C under decreased 

pressure and 1.17 g of cannabis oil extract (COE) was obtained. 
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2.3 Cannabis Injections 

Experimental mice received daily i.p injections of either vehicle solution or the crude 

Lebanese COE at different concentrations (20mg/kg/day, 5mg/kg/day or 

1mg/kg/day). In the cotreatment paradigm, control mice received for a period of 10 

consecutive days i.p injections of vehicle solution containing ethanol, Tween 80 and 

PBS with a ratio of 1:1:18. Experimental mice received either 20mg/kg, 5mg/kg or 

1mg/kg daily over 10 days. In the post-treatment paradigm, mice started receiving at 

day 12 daily i.p injections of COE for a period of 2 weeks post CSDS. Controls were 

injected with vehicle solution and experimental mice with either 20mg/kg, 5mg/kg or 

1mg/kg. 

2.4 Chronic social defeat stress (CSDS) model 

The CSDS model was used in order to induce and mimic depression and anxiety-like 

behaviors in experimental C57BL/6 J male mice. The CSDS paradigm was performed 

as previously described (Karnib et al. 2019; Nasrallah 2019). CD-1 mice were singly 

housed for a period of 1 to 2 weeks to habituate with constant access to food and 

water. A screening step of 3 consecutive days was then performed in order to select 

the aggressors. During this phase, different C57BL/6 J mice were placed in the home 

cage of the CD-1 mouse for 3 min each day. To be selected and used as an aggressor, 

the CD- 1 mouse had to initiate at least one aggression episode daily during the three 

days of screening. Finally, prior to every CSDS experiment, CD-1 mice were 

screened again and mice that did not meet these criteria were excluded. Then, each 

CD-1 aggressor mouse and experimental C57BL/6 J mouse were housed in the same 
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cage, separated by a perforated plexiglass.  

To determine whether the Lebanese COE promotes resilience to stress, a co-treatment 

paradigm consisted of experimental C57BL/6 male mice receiving COE injections 

daily followed by a defeat session of 5 to 10 minutes by a 3 to 5 months old CD-1 

aggressor for 10 days. On Day 11, mice underwent behavioral tests followed by 

animal sacrifice and tissue collection. In a post treatment paradigm, we investigated 

the effect of Cannabis after the establishment of stress susceptibility. Hence, male 

C57BL/6 mice experienced defeat sessions by a CD-1 aggressor for 10 days. On Day 

11, mice were subjected to Social Interaction test. Susceptible mice received 

Cannabis injections daily for 14 days. On day 26, mice undergone a second set of 

behavioral testing followed by animal sacrifice and tissue collection. 

In both paradigms, the control animals were also housed in pairs with a resident 

mouse and alternated every day, however no physical contact was allowed between 

the experimental and aggressor mice. 

 

2.5 Social Interaction Test 

The social interaction (SI) test was conducted one day following the last defeat 

session, as previously described by Kaidanovich-Beilin et al. (2011). Experimental 

C57BL/6J mice were acclimated in a cage with three compartments, two of which 

had a circular wire enclosure, for 5 minutes. A social stimulus C57BL/6J mouse was 

restricted to one of the circular enclosures after the habituation phase, and the 

experimental mouse was restored to the cage in the central chamber. The social 

stimulus was chosen to match the age and sex of experimental mice. During the test, 

a camera was used to track the movement of the experimental mouse for 10 minutes 
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and recorded on ANY-maze which is an application used to track the amount of time 

spent in each compartment (central, social, and non-social). The mouse showing 

social avoidance and depressive like behaviors will spend more time in the non-social 

compartment whereas the resilient mouse will spend more time interacting with the 

stimulus in the social compartment. 

 

Figure 1. Illustrative schematic of the social interaction test 

 

2.6 Elevated Plus Maze 

 

The Elevated Plus Maze (EPM) is also performed one day after the last CSDS session. 

It is a validated test to assess anxiety like behaviors in mice. It is composed of two 

open arms and two closed arms. During the test, mice are allowed to explore the maze 

for a period of 5 minutes. Time spent in the closed and open arms were tracked by a 

camera and recorded on the ANY-maze program. The resilient mice are expected to 

spend more time in the open arms than in the closed arms. On the contrary, mice 

showing anxiety like behaviors rather spend more time in the closed arms. 



 

 

19  

 

Figure 4. Illustrative schematic of the Elevated Plus Maze test 

 

2.7 Statistical Analysis 

 

Results were analyzed using Prism9 application. Two-way ANOVA was performed 

followed by the Dunnett, Tukey, or Bonferroni multiple comparison tests. A p value 

below 0.05 was considered to be statistically significant with the following degrees 

of significance: *p<0.05, **p<0.01, ***p<0.001 and ***p<0.0001. 
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Chapter Three 

Results 

 

3.1. Cannabis promotes resilience to Chronic Social Defeat Stress 

 

In order to assess whether the COE promotes resilience to stress, we first applied a 

cotreatment paradigm of CSDS. Male C57BL/6 mice aged of 6 weeks old were housed 

in cages with a CD-1 aggressor separated by a perforated plexiglass. Experimental mice 

were exposed to a daily defeat session of 5 to 10 minutes for a period of 10 days along 

with daily i.p injections of either vehicle solution, 20mg/kg, 5mg/kg or 1mg/kg of COE 

(Figure 5.A). Mice were divided into several groups; control mice receiving vehicle 

solution (n=27), defeat mice receiving vehicle solution (n=23), 3 groups of control mice 

receiving three different doses of COE (n= 12 in each group) and 3 groups of defeat mice 

receiving the three different doses of COE (n=12 in each group). On the 11th day, mice 

were subjected to behavioral testing (Figure 5.A). The SI test was used to assess the effect 

of Cannabis injections on resilience to stress. During the test, mice were habituated for 5 

min in a cage divided into three interconnected compartments. Two of these 

compartments contain a circular wire enclosure. Following the habituation phase, a social 

stimulus C57BL/6J mouse was introduced to one of the empty enclosures and the 

experimental mouse was added to the central compartment. The test lasted 10 minutes 

during which the experimental mouse was left to freely navigate between the three 

different compartments. The trajectory of the experimental mouse as recorded with a 

camera. The time spent in each compartment (central, interaction, and non-interaction) 

was measured by the ANY-maze program. To determine whether the mouse is susceptible 



 

 

21  

or resilient to stress, the social interaction ratio was calculated as the ratio of the time 

spent in the interaction compartment over the time spent in the no interaction 

compartment. A ratio of < 1 indicates susceptibility and > 1 indicates resilience to stress 

(Henriques-Alves and Queiroz 2015; Kaidanovich-Beilin et al. 2011). 

As expected, control mice will spend more time interacting with the stimulus as compared 

to the defeat mice that showed avoidance behaviors and spend more time in the empty 

compartment. Indeed, defeat mice receiving vehicle solution interacted significantly less 

than the controls. The interaction time of control vehicle group is significantly higher than 

defeat vehicle group (Two-way anova P<0.0001) (Figure 5). Daily injections of 20mg/kg 

of COE promoted resilience to CSDS by significantly increasing interaction time in the 

defeat cannabis group (p<0.05) (Figure 5.C). Moreover, injections 5mg/kg also 

significantly increased interaction time of defeat mice that received COE in comparison 

to defeat mice that received vehicle (p<0.05) (Figure 5.D). This shows that 20mg/kg or 

5mg/kg of COE administered at the same time as the induction of stress promoted 

resilience to stress by reducing social avoidance behaviors in mice subjected to daily 

defeat sessions. 

In order to select the minimal dose at which this positive effect can be observed, we 

assessed whether 1mg/Kg of COE also promoted resilience to chronic stress. Injections 

of 1mg/kg of COE did not increase interaction time of defeat mice as compared to the 

defeat mice receiving vehicle treatment (P>0.05). Our data suggests that daily injections 

of 1mg/kg COE does not promote resilience to stress nor rescue social interaction 

behavior (Figure 5.E). Moreover, according to the protocol that we applied, the minimal 

dose at which positive effect can be seen is above 1mg/kg and lower or equal to 5mg/kg 

of COE. 
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mice that received vehicle solution. The pie chart of defeat mice that received 1mg/Kg of COE indicates a 

susceptibility percentage calculated at 79% in comparison to 59% for defeat mice that received vehicle.  

C. Bar graph representing the average social interaction ratio measured by the social interaction test. The 

social interaction ratio equals the time spent in interaction with the stimulus divided by the time the mouse 

spends not interacting with the stimulus. Results show that i.p injection of 20mg/kg COE significantly 

increases interaction time in defeated mice as compared to non-treated defeated mice. Statistical significance 

was measured by 2way Anova. Defeat: F (1, 61) = 325.7, p<0.0001 & Treatment: F (1,61) =134.2, p<0.0001. 

Followed by Tukey’s multiple comparison test; significance was measured versus the defeat group: Vehicle 

vs Defeat (p<0.0001); Defeat vs Defeat Cannabis 20 (p<0.0137). The n number of Control Vehicle = 27; 

Defeat Vehicle = 24; Control Cannabis 20mg = 12 and Defeat Cannabis 20mg = 12. 

D: Bar graph representing the average social interaction ratio measured by the social interaction test. Results 

show that i.p injection of 5 mg/kg COE significantly increases interaction time in defeated mice as compared 

to non-treated defeated mice. Statistical significance was measured by 2way Anova. Defeat: F (1, 61) = 252.1, 

p<0.0001 & Treatment: F (1,61) =146.2, p<0.0001. Followed by Tukey’s multiple comparison test; 

significance was measured versus the defeat group: Vehicle vs Defeat (p<0.0001); Defeat vs Defeat Cannabis 

5 (p<0.0059). The n number of Control Vehicle = 27; Defeat Vehicle = 24; Control Cannabis 5 mg = 12 and 

Defeat Cannabis 5mg = 12. 

E: Bar graph representing the average social interaction ratio measured by the social interaction test. Results 

show that i.p injection of 1 mg/kg COE did not increase interaction time in defeated mice as compared to 

non-treated defeated mice. Statistical significance was measured by 2way Anova. Defeat: F (1, 67) = 752, 

p<0.0001 & Treatment: F (1,67) =14.82, p = 0.0003. Followed by Tukey’s multiple comparison test; 

significance was measured versus the defeat group: Vehicle vs Defeat (p<0.0001); Defeat vs Defeat Cannabis 

1 (p<0.5933). The n number of Control Vehicle = 27; Defeat Vehicle = 24; Control Cannabis 1mg = 12 and 

Defeat Cannabis 20mg = 12. 

 

3.2. Cannabis acts as an antidepressant by rescuing the social avoidance behaviors of 

susceptible mice. 

In order to determine whether the COE rescues depression-like behaviors and act as a 

potential antidepressant, we implemented a post treatment paradigm of CSDS. Animals 
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were divided into 2 groups: a control group (no CSDS) and a defeat group (daily CSDS). 

Daily defeat sessions of 7 minutes were conducted for a period of 10 days. On day 11, SI 

test was utilized to help us segregate the defeat group into susceptible or resilient to stress. 

Only animals that were susceptible to stress were selected for the experiment and received 

either vehicle or COE i.p injections (20 mg/Kg, 5 mg/Kg and 1 mg/Kg).  On average, 50 

percent of the defeat animals were susceptible to stress (Golden et al., Nature Protocols, 

2011) and selected for the treatments. Four subgroups were formed from the susceptible 

mice: defeat vehicle (n=23), defeat cannabis that received 20mg/Kg (n=12), defeat 

cannabis that received 5mg/Kg (n=10) and defeat cannabis that received 1mg/Kg (n=12). 

The control group was also divided into four subgroups: a control vehicle group (n=22) 

and 3 control cannabis groups each receiving a different dose of the COE: 20 mg/Kg, 

5mg/Kg and 1 mg/Kg (n= 10 in each). Treatments were maintained for a period of 2 weeks 

after which behavioral testing was performed followed by animal sacrifice and brain tissue 

collection (Figure 6.A). The 2 weeks treatment with 20mg/kg and 5 mg/kg reversed the 

depression-like behaviors and social avoidance traits induced by the CSDS protocol. 

Indeed, 87% of defeat mice that received vehicle were still susceptible and only 13% were 

resilient after the 2 weeks of vehicle injections. Mice that received 20mg/kg of Lebanese 

COE were only 16% susceptible and 84% resilient (Figure 6.C), which reflects a major 

amelioration due to the cannabis effect. Similarly, mice that received 5mg/kg of Lebanese 

COE were only 10% susceptible in comparison to 87% for the untreated defeated mice 

(Figure 6.D). 

In order to determine the minimal dose at which positive effects could be seen in the post 

treatment paradigm, we administered the 1 mg/kg treatment. This dose did not rescue 
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depression-like behaviors since the percentage of mice that were still susceptible to stress 

was calculated at 70% following the 2 weeks of treatment (Figure 6.E) 

A.  

B.           C.  

D.             E.  

 

Figure 6. Specific doses of the Lebanese COE rescue depressive like behaviors, 

therefore showing antidepressant properties. 

A: Timeline representing the post treatment paradigm of the CSDS. It consists of subjecting C57BL/6 

6-week-old mice to daily CSDS. On the 11th day, mice are divided into susceptible and resilient mice 

according to their social interaction ratio. Then, vehicle or cannabis are administered. After two weeks 

of treatment, animals’ behaviors are analyzed through behavioral tests. Then, mice are sacrificed and 

parts of the brain are extracted for further molecular analysis. 

B: Pie charts showing Control vs Defeat groups before the 2 weeks of Cannabis treatment. The 

percentage of resilience is presented in black and the percentage of susceptibility in white. Since only 

susceptible mice are chosen to undergo treatment, pie charts clearly indicate that before treatment, mice 

were completely susceptible to stress. 





 

 

27  

 

Figure 7: Specific doses of the Lebanese COE significantly rescues depressive like 

behaviors by increasing social interaction time.  

A:  Bar graph showing the average social interaction ratio as measured by the social interaction test. Results 

showed that the defeated mice treated with Cannabis 20mg  had a significantly higher social interaction ratio 

compared to the defeated mice treated with vehicle. Statistical significance was measured by 2way Anova. 

Defeat: F (1, 63) = 61.20, p<0.0001 & Treatment: F (1,63) =68.12, p<0.0001. Followed by Tukey’s multiple 

comparison test; significance was measured versus the defeat group: Vehicle vs Defeat (p<0.0001); Defeat 

vs Defeat Cannabis 20 (<0.0008). n number of control vehicle = 22, defeat vehicle = 23, control cannabis 

20 =10 and defeat cannabis 20 = 12. 

B: Bar graph showing the average social interaction ratio as measured by the social interaction test. Results 

showed that the defeated mice treated with Cannabis 5 mg had a significantly higher social interaction ratio 

compared to the defeated mice treated with vehicle. Statistical significance was measured by 2way Anova. 

Defeat: F (1, 61) = 163.7, p<0.0001 & Treatment: F (1,61) =101.6, p<0.0001. Followed by Tukey’s multiple 

comparison test; significance was measured versus the defeat group: Vehicle vs Defeat (p<0.0001); Defeat 

vs Defeat Cannabis 5 (p=0.0053). n number of control vehicle = 22, defeat vehicle = 23, control cannabis 5 

and defeat cannabis 5 = 10. 

C: Bar graph showing the average social interaction ratio as measured by the social interaction test. Results 

showed that the defeated mice treated with Cannabis 1 mg did not have a significantly higher social 

interaction ratio compared to the defeated mice treated with vehicle. Statistical significance was measured 

by 2way Anova. Defeat: F (1, 62) = 64.78, p<0.0001 & Treatment: F (1,62) =12.77, p < 0.0001. 

Followed by Tukey’s multiple comparison test; significance was measured versus the defeat group: Vehicle 

vs Defeat (p<0.0001); Defeat vs Defeat Cannabis 1 (p=0609). n number of control vehicle = 22, defeat 

vehicle = 23, control cannabis 1 = 10 and defeat cannabis 1 = 12. 
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Figure 8: The Lebanese Cannabis Oil Extract shows an anxiogenic effect in prophylactic 

treatments. 

A: Bar graph showing the average open arms time in seconds as measured by the EPM test. Results showed 

that the defeated mice treated with Cannabis 20 mg spent significantly less time in the open arms compared 

to the control vehicle mice. Statistical significance was measured by 2way Anova. Defeat: F (1, 71) = 120.9, 

p<0.0001 & Treatment: F (1,71) =40.53, p=0.0003. Followed by Tukey’s multiple comparison test; 

significance was measured versus the defeat group: Vehicle vs Defeat (p<0.4772); vehicle vs Defeat 

Cannabis 20 (p<0.0395). n = 27 Vehicle, n = 24 Defeat Vehicle, n =12 Cannabis 20 & Defeat Cannabis 20. 

B: Bar graph showing the average open arms time in seconds as measured by the EPM test. Results showed 

that the defeated mice treated with Cannabis 1 mg spent significantly less time in the open arms compared 

to the control vehicle mice. Statistical significance was measured by 2way Anova. Defeat: F (1, 77) = 72.87, 

p<0.0001 & Treatment: F (77) =82.32, p<0.0001. Followed by Tukey’s multiple comparison test; 

significance was measured versus the defeat group: Vehicle vs Defeat (p<0.0001); Defeat vs Defeat 

Cannabis 1 (p<0.3784). n = 27 Vehicle, n = 24 Defeat Vehicle, n = 15 Cannabis 1 and n=14 Defeat 

Cannabis1. 

3.4 Cannabis does not show anxiolytic properties 

We also assessed the anxiety-like behaviors in the post treatment paradigm, following 

stress induction. As represented in the panel A of figure 6, the post treatment 

paradigm consists of inducing stress using the daily CSDS for a period of 10 days, 

followed by a social interaction test to segregate different groups according to their 

treatments. The Cannabis treatments were administered over a period of 14 days, after 

which a second round of behavioral testing was performed, followed by brain 

dissection and tissue collection. Here, we also used the EPM test to assess the effect 

of the cannabis treatment on anxiety-like behaviors in defeat mice. As expected, we 

saw that susceptible mice that received vehicle injections spent significantly less time 

in the open arms as compared to the control resilient mice (p< 0.05; figure 9, A, B and 

C). However, the three doses of the Lebanese cannabis oil extract, 20mg/kg, 5mg/kg 
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C. Bar graph showing the average open arms time in seconds as measured by the EPM test. 

Results showed that the untreated defeated spent significantly less time in the open arms as 

compared to the control vehicle group. Defeated mice treated with Cannabis 1 mg did not 

differ from the untreated defeated mice. Statistical significance was measured by 2way 

Anova. Defeat: F (1, 62) = 64.78, p<0.0001 & Treatment: F (1,62) =12.77, p < 0.0001. 

Followed by Tukey’s multiple comparison test; significance was measured versus the defeat 

group: Vehicle vs Defeat (p<0.0129); Defeat vs Defeat Cannabis 1 (p=0.9322). n = 22 

Vehicle, n = 23 Defeat Vehicle, n = 10 Cannabis 1 & n=12 Defeat Cannabis 1. 
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Chapter Four 

Discussion 

 

The number of people encountering mental illnesses keeps on increasing and MDD 

has become one of the most commonly diagnosed mental disorder (APA, 2013). 

Underlying causes of MDD are not fully uncovered yet. The predisposition of an 

individual to develop psychiatric disorders such as MDD is mainly due to an 

interaction between environmental and genetic factors (Beck et al., 2016). 

Antidepressants remain the first-line treatment for moderate to major depression. 

However, numerous limitations have been revealed regarding their efficacy and long-

term side effects (Kato et al., 2021). Hence, finding novel effective treatments with 

minimal side effects is primordial. 

In Canada and the US, teenagers and young adults are relying on novel substances as 

mood boosters. For instance, THC and CBD, cannabinoids extracted from Cannabis, are 

being extensively used in youth and young adults. The cannabis compounds, also known 

as Marijuana, are known to provide a distressing, analgesic and soothing effect to its 

consumers. Its selling has been legalized in several countries and their consumption have 

significantly increased (Andre et al., 2016). In many cultures, THC and CBD have been 

widely prescribed for medical purposes in cancer patients as an anti-suffering drug in 

terminal phases and individuals diagnosed with neurological disorders such as multiple 

sclerosis, Huntington Disease, Alzheimer and Parkinson’s Disease (Barrales-Cureño, 

H.J.; et al., 2020). 
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 In Lebanon, cannabis has been cultivated unlawfully for decades until it was 

legalized for medical purposes (Shebaby et al.,2020). The beneficial therapeutic 

effects of cannabis in treating psychiatric disorders such as Generalized Anxiety 

Disorder or MDD are supported by a vast wealth of scientific resources (Bahji et al., 

2022). 

Therefore, the aim of this project was to assess the therapeutic effects of the Lebanese 

Cannabis Oil Extracts on depressive and anxious like behaviors in male mice. Indeed, 

our results provided evidence that the Lebanese COE possesses potential 

antidepressant properties and promotes resilience to chronic stress. Moreover, our 

results also show that Cannabis can have anxiogenic effects in high and low doses 

when administered as a preventative treatment whereas it does not have any specific 

effect on anxiety like behaviors when given as a curative treatment.  

Several human and animal-based studies have shown the positive effects of the 

cannabinoids compounds on improving social avoidance behaviors and depression 

symptoms. Combined treatment of THC and CBD have effective and safe therapeutic 

effects in mental illnesses such as depression and schizophrenia. In fact, it is put 

forward that CBD inhibits THC psychoactive effects and improves symptoms of 

depression (Newton et al., 2020). In the brain, cannabinoids interact with the CNS 

through the CB1 receptors and activate the endocannabinoids signaling. The ECS 

exerts a major role in maintaining general body homeostasis, enhancing 

neuroplasticity and refining neuronal connections. The exogenous cannabinoids were 

shown to mediate their effect through the endocannabinoids system, hence improving 

emotion regulation and reducing stress response (Katona et al., 2012; Befort K. 2015). 
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Cannabis composed of high levels of THC and low CBD was correlated to major 

memory dysfunctions in addition to depression and anxiety symptoms (Morgan et al., 

2012). Moreover, THC-induces impairments were reversed by CBD treatment in 

mice (Murphy M., et al., 2017). These studies support our results in the present study. 

Indeed, the COE, which naturally contains higher levels of CBD to THC (59.1%: 20.2 

%), increased social interaction behaviors in the cotreatment protocol. This suggests 

that the Lebanese COE can be effective in preventing the onset of social stress and 

avoidance behaviors, which are one of the main symptoms related to MDD. 

Moreover, our treatment rescued depressive like behaviors in the post treatment 

paradigm by increasing the interaction time of treated defeated mice in comparison 

to the untreated defeated mice which reveals the effective antidepressant properties 

of the Lebanese cannabis crude oil. 

In the second part of our study, we assessed the effects of the Lebanese COE on anxiety 

like behaviors. In fact, we found out that high levels (20mg/kg) and low levels (1mg/kg) 

of cannabis treatment triggered anxiety in the cotreatment paradigm of the CSDS. In the 

5mg/kg dose, the treatment did not induce anxiety however, no preventative effect was 

noted. This suggests that Cannabis oil does not prevent the onset of anxiety like symptoms 

and can be anxiogenic when given at very high or very low doses. A possible reason to 

which high concentration of the Lebanese COE have induced anxiety like behaviors could 

be due to a more elevated THC level in the 20mg/kg doses in comparison to the 5mg/kg. 

Inhalation of Cannabis augmented anxiety behaviors in mice (Farra et al., 2020). In human 

studies, THC has been linked to anxiogenic response; high consumption of Δ9-

tetrahydrocannabinol can trigger paranoia, elevate anxiety and increase panic attacks 

(Sharpe et al., 2020).  
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However, why the middle dose did not have anxiogenic effect whereas the low 

concentration induced anxiety, is not very clear. Numerous work have mentioned the 

biphasic property of cannabis in treating anxiety (Braida et al., 2009). Studies have also 

indicated that the combination of low doses of CBD with THC leads to an intoxication 

effect whereas high doses of CBD attenuate this effect and reverse the intoxication 

induced by THC (Solowij et al., 2019). It is thought that CBD reverses the side effects of 

THC in many human-based and animal studies and that this mechanism could be dose 

dependent. This supports the fact that different doses of THC or CBD can show different 

effects. It is suggested that the cannabis effect on anxiety depends on the interaction of its 

different compounds within the brain: cannabis compounds that act on the GABAergic 

terminals induce anxiety like behaviors whereas cannabinoids interacting on the 

glutamatergic terminals could decrease anxiety behaviors and act an anxiolytic (Rey et al., 

2012).   

By the present study, we also reported by that cannabis treatment does not have anxiolytic 

properties in all administered doses (20mg/kg, 5mg/kg and 1mg/kg). This suggests that 

the Lebanese COE not rescue anxiety like behaviors and does not have anxiolytic effects. 

In fact, studies outcomes regarding the therapeutic effects of Cannabis on anxiety 

behaviors remain very contradictory. The lack of lucidity concerning cannabis 

consumption and its effects, is explained by either the heterogeneity of the cannabis 

compositions (Burggren et al., 2019) or the administration mode (Farra et al., 2020). 

Despite the wide range of papers targeting the relation between cannabis and anxiety, the 

mechanism of action behind the anxiogenic or anxiolytic effects of Cannabis remain 

unknown (Sharpe et al., 2020). Furthermore, treatments involving a combination of 

cannabis compounds in comparison to treatments with isolated compounds are crucial. 
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Indeed, the vast amount of chemicals reported in the cannabis plant have been found to 

have different effects, and to be less active when purified than when combined with other 

compounds (Namdar et al., 2019). Further behavioral research and molecular 

investigations on specific brain tissues targeting the proteins levels and epigenetic 

modifications remain necessary to address these questions and provide clearer and more 

accurate evidence. 

 

Mental illnesses such as MDD are associated with major epigenetic modifications that can 

alter the brain structure and functions on the long term. In order to apprehend the 

mechanism of action of existing antidepressants such as SSRIs or potential new 

antidepressants such as Cannabis, we need to understand the pathogenesis of MDD. 

Concerning the different brain structures, the PFC, the amygdala and the hippocampus are 

suggested to be directly linked to MDD induced modifications (Trifu et al., 2020). 

Magnetic Resonance Imaging suggests a shrinkage of these brain areas in depressed 

patients as compared to healthy individuals (Palazidou et al., 2012). MDD is also known 

to reduce brain neuroplasticity which is the structural and functional modifications that 

occur in the nervous system in attempts to make adaptive changes (Fuchs & Flügge, 2014). 

Concerning epigenetic mechanisms, DNA methylation is a commonly studied epigenetic 

modification occurring in the depressed brain. Indeed, deoxyribonucleic acid methylation 

increases vulnerability to psychopathological illnesses (Carbadello et al., 2012). 

It is still adopted that depression is mainly explained by a decreased level of monoamine 

in the brain such as 5-HT, dopamine and noradrenaline (Tifu et al., 2020). Hence 

antidepressants such as SSRIs and SNRIs exert their effect by increasing the levels of the 

neurotransmitters and enhance the synaptic transmission to improve depressive symptoms 
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(Chai et al., 2016). More studies have outlined that the activation of 5-HT1a receptors 

mediates the antidepressant effect of CBD (Sartim et al., 2016). To further support this 

evidence, it has been shown that the administration of 5-HT1a antagonists blocked the 

antidepressant effect of CBD, suggesting that the positive therapeutic effect is achieved 

through an enhancement of the serotonin neurotransmission. This is succeeded by an 

activation of post synaptic 5-HT1a receptors (Sartim et al., 2016). Moreover, an elevated 

extracellular level of Serotonin (5-HT) in the ventromedial prefrontal cortex was 

correlated with an acute intake of CBD (Linge et al., 2016). Another study elucidated that 

chronic high doses of CBD augmented levels of serotonin in the hippocampus. Moreover, 

30mg/kg and 100mg/kg of CBD treatment were found to have antidepressant effects in 

mice which is mediated through a downregulation of NF-kB in the hippocampus. 

Therefore, NF-kB holds a major role in mediating antidepressants effects (Caviedes et 

al.,2017). This suggests that CBD may be mediating its effect through the NF-kB signaling 

pathway (Abame et al., 2021).   

BDNF is greatly involved in the neurobiology of depression. Antidepressant drugs and 

neurotransmitters functions are highly correlated to BDNF (Palazidou et al. 2012). BDNF 

is enriched in the hippocampus and is crucial for neuronal survival, maturation and 

plasticity. BDNF is downregulated in the hippocampus and PFC of depressed brains and 

antidepressants increase their levels and alleviate depressive symptoms. Studies on post-

mortem brains revealed that hippocampal BDNF levels were more elevated in treated 

patients than untreated patients diagnosed with MDD supporting the fact that 

antidepressants elevate BDNF levels in specific brain parts and improve symptoms (Trifu 

et al., 2020). An interesting number of studies have mentioned the synergy between the 

ECS and BDNF in invitro and invivo (Maison et al., 2009; De Chiara et al., 2010; Galve-
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Roperh et al., 2013; Zhao et al., 2015). A study has elucidated that a genetic aberration of 

CB1R is correlated with a reduced expression of BDNF. On the contrary, a protective trait 

of the CB1R is correlated to an induction of BDNF expression (Aso et al., 2018). 

Moreover, THC upregulates BDNF in mice brain (Butovsky et al., 2005) and 

downregulates BDNF expression in plasma of cannabis consumers compared to non-users 

(Lisano et al., 2020).  

With the above-mentioned data and studies, we provide several possible molecular 

pathways through which the Lebanese COE might be mediating its antidepressant effects. 

Further research is essentially required in order to clarify the mechanisms of actions and 

the neuronal pathways involved in the promising behavioral results reported in the present 

study. 
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Chapter Five 

Conclusion 

 

The target of this study was to analyze the behaviors of mice and to evaluate the 

therapeutic effect of the Lebanese COE. We showed promising results regarding the 

antidepressant effect of the Lebanese COE. Our treatment boosted resilience to chronic 

stress and rescued depressive like behaviors in male mice. However, the Lebanese COE 

can be anxiogenic in preventative treatments and does not show anxiolytic properties. 

The lack of consistency among researches concerning the impact of cannabis on anxiety 

may be due to the heterogeneity of the cannabis plant, to different rodent species used 

across studies or to the adopted cannabis administration methods. Extensive molecular 

examination is needed in order to understand the underlying mechanisms behind which 

the Lebanese COE is mediating its antidepressant effects. Identifying which neuronal 

pathways are implicated in the cannabinoids effect is crucial in order to better elucidate 

the clinical impact and uses of cannabis compounds in the treatment or prevention of 

mental illnesses such as MDD. 
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