


Antidepressant-Like Effects of Cannabidiol and Tetrahydrocannabinol in a Reserpine-Induced Mouse Model of Parkinson’s Disease



Abstract
Parkinson's disease (PD) is the second most common neurodegenerative disorder after Alzheimer's disease, characterised by the progressive degeneration of dopaminergic neurons in the substantia nigra. Beyond its well-recognised motor manifestations, PD is associated with a broad spectrum of non-motor symptoms including constipation, pain, cognitive impairment, and depressive symptoms. The aim of this study was to investigate the antidepressant-like effects of cannabidiol (CBD) and tetrahydrocannabinol (THC) in a reserpine-induced Parkinson's disease mouse model. Forty-two adult mice were randomly allocated into seven groups of six animals each. Group I received distilled water (10 ml/kg) and served as the normal control; Group II received reserpine (0.5 mg/kg) only; Groups III and IV received reserpine plus CBD at 30 mg/kg and 60 mg/kg respectively; Groups V and VI received reserpine plus THC at 4 mg/kg and 6 mg/kg respectively; and Group VII received reserpine combined with CBD (60 mg/kg) and THC (6 mg/kg). The primary outcome measures were immobility time assessed using the forced swim test (FST) as a behavioural index of depression, and brain dopamine concentration measured by enzyme-linked immunosorbent assay (ELISA). Treatment with CBD and THC, both individually and in combination, significantly reduced immobility time (P < 0.05) compared to the reserpine-only group, with the combination treatment producing the most pronounced effect. Mice treated with THC (4 mg/kg) and the combination of CBD (60 mg/kg) and THC (6 mg/kg) demonstrated significantly elevated brain dopamine concentrations relative to the reserpine-only group. These findings suggest that CBD and THC may exhibit antidepressant-like properties in a preclinical model of Parkinson's disease, with effects potentially mediated through modulation of dopaminergic neurotransmission. Further studies are warranted to evaluate the long-term safety, dose optimisation, and translational relevance of these findings before clinical applications can be considered.
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1.	Introduction
Parkinson’s disease (PD) is a chronic, progressive neurodegenerative disorder that was first described by Dr. James Parkinson in 1817 (Goetz, 2011). The disease is characterised by both motor symptoms, including tremor, rigidity, bradykinesia, and postural instability, as well as non-motor symptoms, which include sleep disturbance, anxiety, depression, cognitive deficits, and neuropsychiatric symptoms (Sousa and DiFrancisco-Donoghue, 2023). Parkinson’s disease, in contrast with some neurological disorders, benefits from a wide range of available animal models which include pharmacological, toxin, genetic and α-synuclein models (Lama et al., 2021).
Parkinson's disease poses multifaceted challenges not only to the patients themselves but also to those around them. It affects 1–2% of individuals above 60 years of age and 4% of individuals above 80 years of age amounting to over 7 million people worldwide (Tysnes and Storstein, 2017). In Nigeria, the estimated prevalence rate of PD is between 10-249 per 100,000 of the population (Oluwole et al., 2019). Over the past 26 years, the burden of neurological disorders including PD has increased substantially, making PD one of the leading causes of disability and mortality worldwide (World Bank, 2015; Dorsey et al., 2018). Thus, PD has become an important contributor to the neurological disease burden. Nigeria is the most populous country in Africa, and alarmingly, approximately 5.25 million Nigerians are above 65 years and are therefore at risk for developing PD (Oluwole et al., 2019). Although current pharmacological treatments such as levodopa, dopamine agonists, and MAO-B inhibitors are effective in alleviating motor symptoms, they provide limited benefit for non-motor complications, which are equally disabling (Zhang et al., 2024). 
Apart from the motor symptoms, Parkinson’s disease is also associated with a large burden of non-motor symptoms including neuropsychiatric (depression, anxiety, apathy) and cognitive disorders (executive dysfunctions, memory and learning impairments) and they significantly worsen during the course of the disease (Zhang et al., 2021). Research studies have provided evidence for the potential effectiveness of medical marijuana and its components in the treatment of PD as cannabinoids act on the same neurological pathway that is disrupted in Parkinson’s disease (Costa et al., 2022; Ueberall et al., 2022). A recent systematic review of phytocannabinoid use across multiple animal models of Parkinson's disease, including reserpine, 6-OHDA, MPTP, and rotenone models, confirmed that CBD, THC, and related compounds consistently preserved dopaminergic neurons, maintained dopamine levels, and reduced neuroinflammation and oxidative stress, acting primarily through TRPV1, 5-HT1A, GPR55 receptor activation and inhibition of COX-2 and NF-kβ pathways (Alves et al., 2024). Recent reviews have further documented the multi-target pleiotropic properties of CBD in PD, highlighting its interactions with dopaminergic, serotonergic, and endocannabinoid systems as well as its anti-inflammatory and antioxidant actions relevant to both motor and non-motor symptoms (Hafida et al., 2024). Cannabinoids have been shown to have neuroprotective effect due to their antioxidative, anti-inflammatory actions and their ability to suppress excitotoxicity (Babayeva et al., 2016). Given that dopamine depletion is a hallmark of Parkinson’s disease and disruptions in serotonergic signalling have been implicated in the pathophysiology of neuropsychiatric symptoms such as anxiety and depression (Siderowf and Lang, 2012).
[bookmark: _GoBack]For several decades, considerable scientific attention has focused on the role of the endocannabinoid system in the physiological regulation of conditions including pain, nausea and vomiting, seizures, neuroprotection, anxiety, and multiple sclerosis (Fraguas-Sánchez and Torres-Suárez, 2018). More recently, this system has been implicated in the molecular pathogenesis of Parkinson’s disease, with modulation of cannabinoid receptors within the basal ganglia proposed as a potential therapeutic approach for both motor and non-motor manifestations, such as depression and cognitive impairment (Khaspekov and Illarioshkin, 2024). Cannabis sativa contains over 100 phytocannabinoids, which are classified into 11 chemical groups (Corroon & Phillips, 2018), among which delta-9-tetrahydrocannabinol (∆9-THC), the primary psychoactive constituent, and cannabidiol (CBD), a non-intoxicating compound, are the most extensively investigated (Abrams, 2018). Cannabinoid-based products may be administered via multiple routes, including inhalation through smoking, water pipes, or vaporisation, as well as via dabbing and nebulisation (Kocis and Vrana, 2020). Oral administration is also common, using capsules, oils, solutions, or tinctures, and cannabinoids may additionally be ingested when incorporated into food or beverages. Alternative routes include sublingual and oral mucosal delivery through formulations such as lozenges, lollipops, or sprays. Topical and rectal administration are also possible, with preparations including gels, creams, ointments, transdermal patches, and suppositories (Fasinu et al., 2016). The present study aimed to evaluate the antidepressant effects of cannabidiol and tetrahydrocannabinol in a reserpine-induced mouse model of Parkinson’s disease..

2.0	Materials and Methods
2.1	Source of Materials
Cannabis sativa (National Drug Law Enforcement Agency, Kaduna State Command), Cannabidiol (Releaf Pharmaceuticals, South Africa), Tetrahydrocannabinol (extracted from cannabis sativa in the Department of Pharmacognosy, ABU Zaria), Reserpine (Shanghai Ideal Medical Tech. Co., Ltd, China; CAS No. 50-55-5), Ethyl acetate, Tween 80, ELISA kits (Wuhan Fine Biotech Co., Ltd, China) and Methylated spirit.
[bookmark: _Toc167827531][bookmark: _Toc188528745][bookmark: _Toc190933925][bookmark: _Toc210132735]2.2	Instruments and equipment
Animal feed, plastic cages, hand gloves, hand towels, cotton wool, distilled water, face mask, feeders, markers, sawdust, stop watch, plain bottles, syringes and needles, water and weighing balance, dissecting kits and dissecting board.
[bookmark: _Toc188528746][bookmark: _Toc190933926][bookmark: _Toc210132736]2.3	Experimental animals 
A total of forty-two (42) adult mice of either sex weighing between 25-32g, of ages between 8 to 10 weeks were used for the study. They were sourced from the Animal house, Department of Human Physiology, Ahmadu Bello University Zaria. Mice were fed with standard diet and allowed free access to drinking water. 

2.3	Extraction of Δ⁹-tetrahydrocannabinol (THC) 
[bookmark: _Toc188528750]Tetrahydrocannabinol (THC) was extracted from the dried cannabis sativa plant in the Department of Pharmacognosy, Ahmadu Bello University (ABU), Zaria, following a protocol adapted from WO2016/179247 A1. The process involved solvent extraction, phase separation, purification, and decarboxylation. Initially, the plant material was soaked in heptane for one hour at room temperature to dissolve Δ⁹-tetrahydrocannabinolic acid (THC-A). The extract was filtered through Celite to remove plant debris, then combined with an aqueous sodium chloride (NaCl) solution and adjusted to a high pH using sodium hydroxide (NaOH). This facilitated phase separation, where the middle oily layer, enriched with THC-A, was collected. Further washing and extraction using tert-butyl methyl ether (TBME) converted any remaining THC-A into its sodium salt, followed by acidification with hydrochloric acid (HCl) to regenerate THC-A. Purification was achieved by dissolving the crude THC-A in pentane and treating it with activated carbon. The pentane was then evaporated, yielding purified THC-A (97–99% purity). Decarboxylation was performed by dissolving the purified THC-A in ethanol and heating it at 90°C under a nitrogen atmosphere for 40 minutes, converting THC-A into Δ⁹-THC. The final product was extracted using pentane, dried over sodium sulphate (Na₂SO₄), and concentrated under vacuum, resulting in Δ⁹-THC with a purity of 92–94%, giving rise to a THC-rich extract.
[bookmark: _Toc188528751][bookmark: _Toc190933931][bookmark: _Toc210132740]2.4	Induction of Parkinson’s disease-like symptoms
In this study, induction of Parkinson’s disease-like symptoms was carried out by the administration of reserpine intraperitoneally at a dose of 0.5 mg/kg once per day for a period of 10 days, according to the procedure described by Park et al. (2018). 
[bookmark: _Toc210132741]2.5	Dose selection of cannabidiol and tetrahydrocannabinol
The doses of cannabidiol and tetrahydrocannabinol used in this study were selected based on a preliminary study and adopted LD₅₀ values from previous studies. The intraperitoneal LD₅₀ of THC in mice has been reported as approximately 454.5 mg/kg (Phillips et al., 1971). For cannabidiol, a reliable intraperitoneal LD₅₀ in mice has not been firmly established. However, studies report its low acute toxicity, with lethal doses rarely observed within the ranges used in experimental studies (Huestis et al., 2019). In our preliminary study, various doses of CBD (15, 30, and 60 mg/kg) and THC (2, 4, and 6 mg/kg) were evaluated through neurobehavioural assessments including the open field test, elevated plus maze, forced swim test, novel object recognition, and histological examination of the substantia nigra pars compacta. The doses of 60 mg/kg CBD and 6 mg/kg THC produced the most potent effects, followed by 30 mg/kg CBD and 4 mg/kg THC. Based on these findings, together with the reported LD₅₀ values, these doses were selected for use in the present study.
[bookmark: _Toc188528752][bookmark: _Toc190933932][bookmark: _Toc210132742]2.6	Animal groupings
Mice were divided randomly into 7 groups of 6 each as follows; 

GROUP 1 (Normal Control): Distilled water (10 ml/kg i.p) (Aigbe et al., 2014)    
GROUP 2: Reserpine only (Park et al., 2018)
GROUP 3: Reserpine + Cannabidiol (30 mg/kg i.p)
GROUP 4: Reserpine + Cannabidiol (60 mg/kg i.p)
GROUP 5: Reserpine + Tetrahydrocannabinol (4 mg/kg i.p)
GROUP 6: Reserpine + Tetrahydrocannabinol (6 mg/kg i.p)
GROUP 7: Reserpine + Cannabidiol (60 mg/kg i.p) + Tetrahydrocannabinol (6 mg/kg i.p)

2.7	Preparation and administration of cannabidiol and tetrahydrocannabinol-rich 	extract 
Cannabidiol was prepared by dispersing 1 mL of CBD oil in 19 mL of distilled water with 1 mL of Tween 80 to aid solubility. Tetrahydrocannabinol was prepared by dissolving 100 mg of THC-rich extract in 99 mL of distilled water and 1 mL of Tween 80. The solutions were stored appropriately until use. Twenty-four hours after the last day of reserpine administration, cannabidiol (30 mg/kg and 60 mg/kg), tetrahydrocannabinol (4 mg/kg and 6 mg/kg) and a combination of both (CBD: 60 mg/kg and THC: 6 mg/kg) were administered every day, intraperitoneally for a period of fourteen (14) days to their respective groups.
2.8	Neurobehavioural assessment 
In the present study, neurobehavioural assessment was restricted to depressive-like behaviour using the forced swim test; cognitive outcomes were not evaluated and fall outside the scope of this investigation. Following the fourteen (14) days administration of CBD and THC-rich extract, forced swim test (FST) was used as the neurobehavioral test for depression where the immobility time in mice was assessed. This was conducted for a period of 1 day, 24 hours after the final dose of CBD and THC-rich extract. 
2.9     Dopamine level assessment
At the end of the experiment, the mice were sacrificed. Brain of each mouse was harvested and a sagittal dissection of the brain was carried out. The right half was homogenised in phosphate buffer solution, pH 7.4 and molar concentration, 0.1 M. The total homogenate was centrifuged for 5 minutes at 5,000 × g, and the supernatants were used to assess for dopamine concentration.
2.10	Data Analysis
Data was analysed using Statistical Product and Service Solutions (SPSS) version 23.0 while GraphPad Prism version 10.2.0 (windows) was used for data visualisation. The data from each group were analysed using one-way analysis of variance (ANOVA), followed by Tukey’s post-hoc test for multiple comparisons. Data obtained were expressed as mean ± S.E.M and values of P 0.05 were considered statistically significant.

3.0	Results and Discussion


Figure 1: Effect of Cannabidiol and Tetrahydrocannabinol on Immobility time using Forced Swim Test in Reserpine-induced Parkinson’s disease in mice. Res = Reserpine, CBD = Cannabidiol, THC = Tetrahydrocannabinol, n = 6, * = P < 0.05, ** = P < 0.01 and *** = P < 0.001 (ANOVA)
From Figure 1, there was a significant increase (P < 0.001) in immobility time in reserpine-only treated group (119.80 ± 2.78 seconds) compared to normal control group (2.75 ± 1.03 sec). CBD (30 mg/kg) treated group showed a significant decrease (P < 0.001) in immobility time (63.00 ± 10.30 seconds) compared to the reserpine-only group. A decrease was also observed with CBD (60 mg/kg) treated group (47.75 ± 3.43 seconds), which was significantly lower (P < 0.001) compared to reserpine-only group; however, the decrease was not significant compared to CBD (30 mg/kg) treated group. A significant decrease (P < 0.05) in the immobility time was also observed in THC treated groups (4 mg/kg and 6 mg/kg); 83.25 ± 5.76 seconds and 80.00 ± 12.75 seconds respectively compared to the reserpine-only group. However, these reductions were not significantly different from each other (P > 0.05). Treatment with combination of CBD (60 mg/kg) and THC (6 mg/kg) showed a significant reduction (P < 0.05) in immobility time (24.50 ± 3.07 seconds) compared to reserpine-only group.
Treatment with CBD demonstrated a reduction in immobility time, suggesting an antidepressant-like effect. The reduction in immobility time observed in this study is consistent with previous studies highlighting CBD’s potential in alleviating depressive behaviours in animal models (Linge et al., 2016; de Morais et al., 2018; Sales et al., 2019; Sales et al., 2020). Furthermore, da Cruz Guedes et al. (2023) demonstrated that CBD reversed reserpine-induced locomotor deficits and protected dopaminergic neurons from degeneration in a Caenorhabditis elegans model, with accompanying reductions in oxidative stress and α-synuclein accumulation, reinforcing the neuroprotective potential of CBD in reserpine-based Parkinson's disease models.
Treatment with THC-rich extract reduced immobility time, demonstrating an antidepressant-like effect which could be due to the activation of CB1 receptors. Several lines of evidence suggest that enhancement of CB1 activity results in antidepressant-like effect (Rutkowska and Jachimezuk, 2004; Hill and Gorzalka, 2005). However, in a previous study conducted by El-Alfy et al. (2010), THC doses of 1.25, 2.5, and 5 mg/kg administered intraperitoneally demonstrated a U-shaped dose-response in terms of their antidepressant action showing significant effects at 2.5 mg/kg.
Treatment with combination of CBD and THC-rich extract showed the most reduction in immobility time, bringing it close to control levels. The superior effect of the combination treatment observed here is consistent with clinical interest in this approach. A recent randomised trial in PD patients (Liu et al., 2024) investigated combined CBD/THC over two weeks and, while the primary motor outcome did not differ significantly from placebo, the trial highlighted the need for longer-duration studies and underscored the importance of preclinical mechanistic data, such as that presented here, in guiding future trial design. This suggests a complementary interaction between the two cannabinoids. CBD’s modulatory role may mitigate THC-induced side effects such as dysphoria, enhancing the overall antidepressant profile of the combination (Calabrese and Rubio-Casillas, 2018). Previous studies have shown that combination of THC and CBD may potentially exhibit a better therapeutic profile than each cannabis component alone (Bhattacharyya et al., 2010; Todd et al., 2017; Liu and Burnham 2019;). This is further supported by a systematic review of clinical studies which found that cannabinoid-based interventions addressing non-motor symptoms of PD, including mood and sleep disturbances, showed a trend toward benefit, though the quality of evidence remains heterogeneous (Varshney et al., 2023).

Figure 2: Effect of Cannabidiol and Tetrahydrocannabinol on Brain Dopamine Concentration in Reserpine-induced Parkinson’s disease in mice. Res = Reserpine, CBD = Cannabidiol, THC = Tetrahydrocannabinol, n = 6, * = P < 0.05 and *** = P < 0.001 (ANOVA) 

This study shows that dopamine concentration in the substantia nigra pars compacta of the basal ganglia was markedly reduced in mice treated with reserpine when compared to control. This aligns with reserpine's mechanism of action, which depletes monoamines such as dopamine, serving as a model of Parkinson’s disease. Consistent with these findings, a recent study using a progressive reserpine-induced parkinsonism protocol demonstrated that CBD administration produced neuroprotective effects on dopaminergic and serotonergic pathways and attenuated both motor and neurochemical deficits, further validating the reserpine model for studying cannabinoid interventions in PD (Lima et al., 2025). This finding is in agreement with the report of a previous study that reserpine significantly reduced the level of dopamine in the brain when used as a model of Parkinson’s disease (Ahmed-Farid et al., 2021). 
In this study, treatment with THC at 4 mg/kg increased brain dopamine concentration. However, increasing the dose to 6 mg/kg resulted in a slight reduction, indicating a possible bimodal effect of THC, where higher doses may produce counterproductive effects. The present observation is concordant with previous data showing the biphasic effect of THC on dopamine synthesis whereby low doses produced an increase in dopamine concentration, but high doses resulted in decreased dopamine synthesis (Bloomfield et al., 2016). This effect could be associated with THC’s antioxidant effect or its ability at low doses, to bind to CB1 receptors and enhance dopaminergic signalling indirectly by reducing inhibitory GABAergic tone, leading to increased dopamine release (Lastres-Becker et al. 2005; Bloomfield et al., 2016). More recent mechanistic evidence has further clarified this pathway, demonstrating that THC-mediated CB1 receptor activation can stimulate dopamine release partly through disinhibition of GABAergic tone and modulation of dopamine D1 receptor signalling, effects that are dose-dependent and subject to bimodal dynamics (Lee, 2024).
Previous studies have demonstrated complementary effect of CBD and THC and how they potentially exhibit a better therapeutic profile, as CBD may attenuate some of THC's adverse effects while enhancing its therapeutic benefits (Mechoulam, 2012; Calabrese & Rubio-Casillas, 2018). Similarly, in the present study, combined treatment with CBD and THC resulted in increase in the brain dopamine concentration. These effects likely result from a combination of receptor-specific modulation (CB1 for THC, 5-HT1A for CBD), anti-inflammatory properties, and their interaction with the endocannabinoid system (Bassi at al., 2017; Pisanti et al., 2017; Stella, 2023; Naya et al., 2024). The degeneration of dopaminergic neurones in the substantia nigra has been established to be involved in the development of PD (Poewe et al., 2017). Thus, these cannabinoids can be identified as potential therapeutic options for the treatment of depression in Parkinson’s disease.

4.0	Conclusion and Recommendation
4.1	Conclusion
In conclusion, cannabidiol and tetrahydrocannabinol significantly reduced depression by increasing the dopamine concentration in the brain of PD mice. The treatment of reserpine-induced PD mice with THC (4mg/kg) and the combination of CBD (60 mg/kg) and THC (6 mg/kg) showed the most significant increase in brain dopamine concentration in PD mice when compared to the reserpine-only treated group. 
4.2	Recommendation
The use of CBD, either alone or in combination with THC, in safe and regulated forms, should be explored as a potential therapeutic option for individuals at risk of or managing depression in Parkinson's disease. Further studies should investigate the long-term effects of chronic CBD and THC administration in managing depression and other non-motor symptoms in PD.
4.3 Limitations and Future Research

This study has some limitations that warrant acknowledgment. First, the use of a single behavioural test (forced swim test) to assess depression-like behaviour limits the robustness of the findings; future studies should incorporate complementary tests such as the sucrose preference test and tail suspension test. Second, the small sample size (n=6 per group) and absence of a standard antidepressant positive control group restrict the benchmarking of cannabinoid efficacy against established treatments. Third, the reserpine model broadly depletes multiple monoamines beyond dopamine, limiting its specificity as a PD model. Fourth, serotonin and norepinephrine levels were not measured, despite their established roles in depression pathophysiology. Finally, sex was not systematically analysed as a biological variable. A further limitation of this study is that dopamine concentration was assessed from whole right hemisphere homogenate rather than from a targeted dissection of the substantia nigra pars compacta or striatum. Future studies should employ region-specific neurochemical analysis to allow more anatomically precise interpretation of dopaminergic changes in the basal ganglia circuitry relevant to Parkinson's disease.
Future research should employ more selective PD models such as 6-OHDA or MPTP, include larger, sex-stratified cohorts, measure broader neurochemical profiles, and conduct long-term chronic administration studies to better evaluate the sustained therapeutic potential of CBD and THC in Parkinson's disease-associated depression.
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