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RESUMO  

 

As substâncias derivadas de Cannabis sativa tem chamado atenção da medicina nos 

últimos anos, em especial o canabidiol (CBD) e a delta-9-tetrahidrocanabinol (Δ9-THC). Esses 

compostos possuem interação farmacocinética e farmacodinâmica opostas, onde o CBD atua 

como um antagonista ou modulador negativo em relação ao THC, através da ligação aos 

receptores CB1 e CB2. Dessa forma, as ações destes dois principais canabinóides modulam o 

sistema nervoso central envolvendo desenvolvimento, plasticidade sináptica e resposta a danos 

endógenos e ambientais, como característica de muitas doenças neurodegenerativas. Algumas 

dessas doenças apresentam etiologias ainda desconhecidas, porém todas são mediadas por 

neurotransmissores específicos que mantêm sistemas em desequilíbrio homeostático, como o 

Sistema Nervoso Gabaérgico (SNG) e o Sistema Nervoso Colinérgico (SNCol). O nematódeo 

Caenorhabditis elegans é um importante modelo experimental, pois esse organismo possui 

diferentes sistemas de neurotransmissores que coordenam seu comportamento: dopaminérgico, 

colinérgico, serotoninérgico, glutamatérgico e gabaérgico. Diante disso, o objetivo geral deste 

estudo foi avaliar o potencial protetivo e/ou curativo de diferentes concentrações dos 

canabinóides THC e CBD obtidos de C. sativa sobre os parâmetros comportamentais (ciclo de 

defecação, batimento faríngeo e o parâmetro locomotor de Body bends), sistema colinérgico 

(atividade da enzima acetilcolinesterase; AChE), e peroxidação lipídica em cepa selvagem (N2) 

e transgênicas (GMC101 e CL2122) no nematódeo Caenorhabditis elegans. O composto 

observado foi eficiente para redução da atividade da enzima AChE na cepa N2 e no aumento 

na cepa GMC101, destacando-se o óleo rico em CBD. Já os óleos ricos em THC influenciaram 

os biomarcadores avaliados, tanto na cepa N2 como nas transgênicas GMC101 e CL2122. 

Portanto, estudos como o apresentado são importantes para esclarecer os verdadeiros 

mecanismos pelos quais se observam melhorias em doenças crônicas ligadas ao sistema 

nervoso central. Além disso, são necessários, como uma quebra de tabu quanto ao uso da planta 

C. sativa como alternativa para uso medicinal, principalmente no que se refere a doenças 

neurodegenerativas, que já demostraram resultados iniciais positivos. Por fim, com base nos 

resultados obtidos no presente trabalho, observa-se um grande potencial no uso dos óles CBD 

e THC para o tratamento de doenças neurodegenerativas. 

Palavras-chave: Canabidiol, Delta-9-tetrahydrocannabinol, Sistema Nervoso Gabaérgico 

(SNG), Sistema Nervoso Colinérgico (SNCol).  
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ABSTRACT 

Substances from the Cannabis sativa species, especially cannabidiol (CBD) and Delta-9-

tetrahydrocannabinol (Δ9-THC), have attracted medical attention in recent years. THC is 

known for its psychoactive properties, whereas CBD is not a psychostimulant. These 

compounds have opposite pharmacokinetic and pharmacodynamic interactions, where CBD 

acts as an antagonist or negative modulator of THC, through binding to CB1 and CB2 receptors. 

Thus, the actions of these two main cannabinoids modulate the Central Nervous System (CNS) 

involving development, synaptic plasticity, and response to endogenous and environmental 

damage, as a characteristic of many neurodegenerative diseases. Some of these diseases still 

have unknown etiology, but their dynamics are mediated by specific neurotransmitters that 

maintain systems in homeostatic imbalance, such as the GABAergic Nervous System (GNS) 

and the Cholinergic Nervous System (SNCol). The nematode C. elegans is an important 

experimental model, has this different neurotransmitter systems that coordinate its behavior: 

dopaminergic, cholinergic, serotoninergic, glutamatergic, and GABAergic. Therefore, the 

objective of this study was to evaluate the protective and/or curative potential of terpenoids 

found in C. sativa on the GNS and ChoNS of C. elegans. The effect of two C. sativa oils with 

variations in THC and CBD concentrations on the cholinergic system, lipid peroxidation, and 

behavior of C. elegans was evaluated. The compound was efficient in reducing the activity of 

the enzyme acetylcholinesterase (AChE) in N2 strains and in increasing the GMC101 strain, 

highlighting the CBD rich-oil. The TCH rich-oils influenced the evaluated biomarkers, both in 

the N2 strain and in the transgenic GMC101 and CL2122. Consequently, greater investments 

in scientific research are needed, in addition to breaking the taboo on the use of the C. sativa 

plant as an alternative for medicinal use, especially in neurodegenerative diseases, which have 

already shown positive initial results. Finally, based on the results obtained in the present work, 

there is great potential in the use of CBD and THC oils for the treatment of neurodegenerative 

diseases.  

Keywords: Cannabidiol; delta-9-tetrahydrocannabinol; GABAergic Nervous System (GNS); 

Cholinergic Nervous System (CNS). 
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1. INTRODUÇÃO GERAL  

 

A espécie Cannabis sativa, pertencente à família Cannabeaceae, é uma planta com 

flores, que contém substâncias aromáticas e canabinóides (ARAÚJO, 2020). Essa planta está 

entre as plantas antigas mais cultivadas pelo homem. Ela tem sido utilizada ao longo dos anos 

como fornecedora de fibras, como alimento, com propósitos religiosos ou recreativos e como 

medicamento (ZUARDI, 2008).   

A C. sativa, possui ainda diversos potenciais ecológicos, principalmente o caule, 

conhecido como cânhamo. Ao invés da utilização de sacolas plásticas feitas de derivados de 

petróleo que acabam indo para o mar, as mesmas poderiam ser substituídas pelo celofane a base 

de cânhamo, que é biodegradável. O isopor também poderia ser substituído por celulose a base 

de cânhamo compostável (HOLLAND, 2010).  

Já para na medicina, a espécie C. sativa tem despertado interesse em substâncias 

derivadas, especialmente o canabidiol (CBD) e a delta-9-tetrahidrocanabinol (Δ9-THC). Essas 

substâncias fazem parte do grupo de canabinóides, que possuem mecanismo de ação diferente 

de muitos fármacos convencionais e apresentam efeitos bem tolerados pelos pacientes 

(FARIAS, 2020). O CBD apresenta propriedades anticonvulsivantes, ausência de efeitos 

psicomiméticos (que causam alterações mentais e psíquicas) e não causa dependência. O THC 

contém propriedades psicoativas e pode causar dependência, apesar de possuir propriedades 

analgésicas e ser relaxante muscular (FARIAS, 2020). Entretanto, o uso de CBD tem o 

potencial de antagonizar os efeitos do THC, quando utilizados concomitantemente. 

No cérebro humano existem cerca de 100 bilhões de neurônios, onde cerca de 20-30% 

são neurônios do sistema nervoso central (SNC) e são gabaérgicos (CARVER; REDDY, 2013). 

O neurotransmissor ácido γ-aminobutírico (GABA) é considerado o maior neurotransmissor 

inibitório do SNC, além disso esse tem importante papel na regulação da excitabilidade e na 

plasticidade neuronal durante as fases de maturação do cérebro (LE MANGUERESSE; 

MONYER, 2013). Já o sistema nervoso colinérgico (SNCol) é o responsável pela cognição, 

memória e sentidos, e tem como neurotransmissor a acetilcolina (ACh).  

A ACh por sua vez é um mediador químico de sinapses no SNC, no sistema nervoso 

periférico e na junção neuromuscular (BRUNEAU; AKAABOUNE, 2006). A ACh foi 

classificada por ações muscarínicas e nicotínicas, onde os receptores colinérgicos são capazes 

de se ligar à muscarina e a nicotina, respondendo assim a ativação colinérgica com alta 

afinidade. Pacientes com doença de Alzheimer apresentaram melhoras quando tratados com 

inibidores de AChE. (OH et al., 2004). 
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     Estudos relatam que alterações nos sistemas nervosos gabaérgico e colinérgico 

podem ser responsáveis por distúrbios comportamentais em pacientes com doença de 

Alzheimer (TERRY et al., 2008; NAVA-MESA et al., 2014; LI et al., 2016), uma vez que tais 

alterações comportamentais podem prejudicar a qualidade de vida das pessoas com essa doença. 

Na busca por uma melhor compreensão desses processos, a utilização de organismos modelos 

como o Caenorhabditis elegans tem se destacado.  

O nematódeo C. elegans é membro da família Rhabditidae, sendo importante modelo 

experimental em áreas de pesquisa como biologia molecular, toxicologia e farmacologia (COX 

et al., 2012). Esses organismos cumprem um importante papel ecológico, com diversas 

vantagens de usos em testes biológicos, principalmente sobre toxicidade de metais (JIANG et 

al, 2016; MOYSON et al., 2019), compostos orgânicos (BIAN et al., 2018) e nanopartículas 

(SCHARF et al., 2013; WU et al., 2019). O C. elegans possui um ciclo de vida curto, tendo em 

3 a 4 dias as quatro fases larvais (L1-L4) e, posteriormente ocorre a produção de oócitos pelo 

hermafrodita adulto durante um período fértil de 4 dias. Os adultos maduros vivem por mais 

um período de 10 a 15 dias. O comportamento e sistema fisiológico é coordenado por diferentes 

sistemas de neurotransmissores, os quais incluem os sistemas dopaminérgico, colinérgico, 

serotoninérgico, glutamatérgico e gabaérgico (HARVEY et al., 2009). No entanto, as respostas 

comportamentais, a duração da vida adulta, a fecundidade e o comprimento do corpo do 

nematoide podem variar de acordo com a qualidade ambiental em que esses organismos se 

encontram (MOYSON et al., 2019). 

Assim, considerando os diferentes sistemas de neurotransmissores presentes no 

nematódeo C. elegans, e o seu curto ciclo de vida, este organismo torna-se um importante aliado 

em estudos para avaliar a atividade de canabinóides e a possível eficácia na amenização dos 

sintomas de doenças neurodegenerativas. 

Diante do exposto, o objetivo geral do presente estudo foi avaliar o potencial protetivo 

e/ou curativo de diferentes concentrações dos canabinóides THC e CBD obtidos de C. sativa 

sobre os parâmetros comportamentais (ciclo de defecação, batimento faríngeo e parâmetro 

locomotor de Body bends), sistema colinérgico (atividade da enzima acetilcolinesterase; 

AChE), e peroxidação lipídica em cepa selvagem e duas cepas transgênicas (GMC101 cepa que 

possui mutação e expressa a proteína Beta-amilóide  e CL2122 que é a cepa controle da 

GMC101) no nematódeo Caenorhabditis elegans.  
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3. Artigo - Neuroprotective potential of Cannabis sativa-based oils in Caenorhabditis 

elegans  

 

Artigo submetido para a revista Scientific Reports 

 

 

ABSTRACT 

Cannabinoids from Cannabis sativa that have therapeutic functions have been known for a long 

time, however, studies elucidating the compounds cannabidiol (CBD) and delta-9-

tetrahydrocannabinol (Δ9-THC) are very recent. Model organisms, such as C. elegans, have a 

complex neurotransmitter system and are important in studies related to neurological diseases. 

Therefore, the objective of this work was to evaluate the protective and/or curative potential of 

different concentrations of THC and CBD cannabinoids obtained from C. sativa on behavioral 

parameters (defecation cycle and pharyngeal beating and locomotor parameter of body curves), 

cholinergic (acetylcholinesterase enzyme activity; AChE) and lipid peroxidation in wild type 

and two transgenic strains (GMC101 and CL2122) in the nematode C. elegans. For this, 

different concentrations of tetrahydrocannabinol (THC; 1.25% and 2.5%) and cannabidiol 

(CBD; 1.25% and 5%) were used on behavioral parameters, cholinergic system and lipid 

peroxidation. As a result, the observed compound was efficient in reducing AChE activity in 

N2 strains and in increasing the GMC101 strain, with emphasis on the oil rich in CBD. On the 

other hand, THC-based oils influenced the evaluated biomarkers, both in the N2 strain and in 

the transgenic GMC101 and CL2122. These results improve the potential to use medicinal oils 

to treatment in neurodegenerative disorders. 

 

Keywords: Cannabidiol, THC, Acetylcholinsterase, GABA, Alzheimer's Disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

19 

 

1. INTRODUCTION  

 The Cannabis sativa plant has hundreds of chemical compounds produced by 

secondary metabolism, including cannabinoids, terpenes, and phenolic compounds, each with 

potential biological properties1. Among the cannabinoids, delta-9-tetrahydrocannabinol (Δ9-

THC) and cannabidiol (CBD) stand out as the two main ones2. 

THC is well known for its psychoactive properties, while CBD is a non-psychostimulant 

cannabinoid3. These compounds have opposing pharmacokinetic and pharmacodynamic 

interactions, where CBD acts as an antagonist or negative modulator towards THC, through 

binding to CB1 and CB2 receptors4. Thus, the actions of these cannabinoids modulate the 

central nervous system (CNS) involving development, synaptic plasticity, response to 

endogenous and environmental damage, as a characteristic of many neurodegenerative 

diseases5. Through the interaction between cannabinoids and their receptors, an anti-

inflammatory response is generated6, which is an important strategy for maintaining 

physiological homeostasis and acting on the central nervous system, including pain reduction7. 

Some neurodegenerative diseases have an unknown etiology, but the dynamics of these 

diseases are mediated by specific neurotransmitters that maintain systems in homeostatic 

imbalance. When it comes to diseases related to nerve synapses, the most studied systems 

include the GABAergic nervous system (SNG) and the cholinergic nervous system (SNCol)8, 

as they are directly linked to neurodegenerative diseases. 

The SNG comprises the most abundant synapses in the central region of the CNS, of the 

inhibitory type, mediated by the action of the neurotransmitter γ-aminobutyric acid (GABA), 

which plays a dominant role in inhibitory processes9. The inhibitory action of GABA occurs 

through interaction with the GABAergic receptors, GABA A, GABA B and GABA C10. It is 

known that patients with depression have reduced levels of the neurotransmitter GABA in the 

CNS11. GAbaergic neurotransmission occurs in interneurons that modulate local 

neurotransmission including noradrenergic, dopaminergic and serotonergic neurons12. Thus, it 

is believed that the reduction of GABAergic transmission over a long period is related to the 

characteristics associated with Alzheimer's disease12,13, which demonstrates that the 

serotonergic interaction with the receptors GABA B and GABAergic neurotransmission are 

important modulators of the effects of Alzheimer's disease and, therefore, this is related to the 

etiology of this disease14,15. 

SNCol is responsible for cognition, memory and senses, and its neurotransmitter is 

acetylcholine (ACh). ACh is an excitatory neurotransmitter formed from acetyl coenzyme-A 

and choline, which acts at neuromuscular junctions, memory, and areas of the brain related to 
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learning16. ACh develops its role through binding to nicotinic (nAChR) and muscarinic 

(mAChR) receptors. Muscarinic receptors are divided into 5 types (M1-M5), and they belong 

to a superfamily of G-protein-coupled receptors, which have seven transmembrane 

hydrophobic domains12. Nicotine receptors, on the other hand, belong to a family of ligand-

dependent ion channel receptors, divided into three general classes considering their 

pharmacological and physiological characteristics, which distribute them at the muscular and 

neuronal level, with the third type being present in the human CNS17,18. In this way, SNCol acts 

on the peripheral nervous system along with the neuromuscular connections, being, therefore, 

affected in neurodegenerative diseases such as Parkinson's and Alzheimer's19. 

Changes that occur in the GABAergic and cholinergic nervous systems are also responsible 

for behavioral disturbances in AD patients20,21,22, since the enzyme acetylcholinesterase (AChE) 

develops the nerve impulse through the hydrolysis of ACh into acetate and choline. This 

neurotransmitter is synthesized and stored in vesicles in the presynaptic neuron. The release of 

acetylcholine occurs in the synaptic cleft and propagates to the receptor located on the 

postsynaptic neuron. At the same time that the new release of acetylcholine occurs, the 

previously released molecule must be hydrolyzed by the enzyme AChE23. Thus, a study by OH 

et al.24 showed that patients with Alzheimer's disease improved when they were treated with 

AChE inhibitors. 

For a better understanding of neurological disorders and their effects on physiological 

processes, model organisms have been used. Among these, the free-living nematode C. elegans 

is consolidated in studies in the areas of biochemistry, toxicology and genetics. The nematode 

C. elegans has different neurotransmitter systems that coordinate its behavior, including 

dopaminergic, cholinergic, serotonergic, glutamatergic and GABAergic systems25. 

Furthermore, they are transparent, which allows the visualization of gene or protein expression 

patterns using the reporter genes, such as fluorescence marker proteins26,27. These 

characteristics make it possible to detect neuronal cell death and protein inclusions through 

optical and fluorescence microscopy techniques, facilitated by the simple organization of its 

nervous system, composed of 302 neurons in an adult hermaphrodite28. 

C. elegans presents behaviors that can be evaluated under controlled conditions, such as 

swimming, locomotion, pharyngeal beating (which controls food consumption), contraction of 

the gonadal sheath (involved in the process of ovulation and egg production), and defecation. 

Both GABA and ACh neurotransmitters are present in C. elegans. However, in contrast to what 

occurs in vertebrates, where GABA acts on CNS synapses, in nematodes, the action of GABA, 

as well as ACh, is primarily on neuromuscular synapses29. 



 

21 

 

Based on this, it is hypothesized that C. sativa-based THC and CBD oil blends are effective 

in decreasing or delaying the symptoms caused by Alzheimer's disease. This  study aimed to 

evaluate the protective and/or curative potential of different concentrations of THC and CBD 

cannabinoids obtained from C. sativa on behavioral parameters (defecation cycle, pharyngeal 

beating, and the locomotor parameter of body bends), cholinergic system (activity of the 

enzyme acetylcholinesterase; AChE), and lipid peroxidation in wild type and two transgenic 

strains, GMC101 strain that has a mutation and expresses amyloid B protein, and CL2122 which 

is the control strain of GMC101, in the nematode C. elegans. 

 

2. MATERIAL AND METHODS 

2.1. Obtaining the compounds 

 The oils were donated by APEPI - RJ (Support for Medicinal Cannabis Research and 

Patients, Rio de Janeiro State), a non-profit initiative that aims to support research and also the 

individual cultivation of Cannabis for medicinal purposes. As the oils obtained were donated 

and the extraction protocols were not provided by APEPI, they were used for analysis on 

nematodes in the same way that they are marketed for medicinal purposes for patients with 

various diseases, including AD. 

 

2.2 Analysis of Major Compounds from the mix of THC and CBD oils 

  For sample preparation, aliquots (100 mg) of THC and CBD-based oils were added 

to 10 mL of methanol:n-hexane solvent (9:1 v/v), homogenized in a vortex mixer for 1 minute 

and kept in an ultrasound bath for 30 minutes. 

 The samples were then refrigerated at -20ºC for 30 minutes, centrifuged at 4000 rpm 

for 20 minutes, and the supernatant filtered through PTFE polytetrafluoroethylene membranes 

(0.22µm) and stored in vials (in a refrigerator) for further analysis. For the analyses, a gas 

chromatograph coupled to the detector by mass spectrometry (CGMS 7890) was used with the 

following chromatographic conditions: column, DB5-HT (30mx 250µm x 0.1µm); oven, 150°C 

(1 minute); 15°C/minute; 270°C (6 minutes); 20°C/minute; 300ºC (2 minutes); Running time: 

18.5 minutes; Flow: 0.6 mL/minute; 1µL Injection, Split: 50:1; injector and transfer line 

temperatures, 250ºC; Mass spectrometer programmed for acquisition in Full Scan mode 50-500 

m/z, electron ionization source (EI) 70eV. Mass spectra were compared to those from the Nist 

library. 
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2.3 Caenorhabditis elegans 

 

 The strains used in the study, both the N2 type and mutants (GMC101, CF1553, 

CL2166, CL2070, GA800, and CL2122) were obtained from the Caenorhabditis Genetics 

Center (CGC) at the University of Minnesota (Minneapolis, MN, USA) which were placed in 

NGM (nematode growth medium) with Escherichia coli OP50 at 20°C, as described by 

Brenner53. The study was carried out in the biochemistry laboratory of the Federal Institute of 

Rio Grande do Sul- Campus Sertão. 

 Different strains of C. elegans were used for the assays: wild type (N2), and the 

transgenic strains GMC101 and CL2122, and the strains that express GFP CF1553, CL2166, 

CL2070, and GA800. The transgenic strain GMC101 is widely used in Alzheimer's disease 

studies because it expresses constructs that contain the coding region of the human β-amyloid 

peptide54. The strain GMC101 had the induced expression of the protein Beta-amyloid (βA) 

through heat stress (25°C), in larval stage L1. Strain CL2122 is a negative control of strain 

GMC101.  

 Nematodes of the CF1553 strain were used as markers of response to oxidative stress, 

since this strain induces the sod-3 gene in response to oxidative stress. CL2166 was used to 

express gst-4, which acts on endo and xenobiotic substance's excretion pathways, protecting 

cells against chemical toxicity and stress. The CL2070 strain was used to determine the hsp-

16.2 known as heat shock proteins, which are known to be regulated by the transcription factors 

SKN-1, DAF-16, and HSF. The GA800 was used to analyze the catalase green fluorescent 

expression (ctl-1, 2, 3 and 4).  

 

2.4 Experimental conditions 

  For the stress-free acute treatment, wild-type N2 strains, GMC101, CL2122, CF1553, 

CL2166, CL2070 and GA800 were maintained at 20°C. In these trials of acute exposure without 

the stressor, after synchronization, both seven strains returned for another 48 hours at 20°C. In 

this case, the GMC101 strain does not express the amyloid beta protein. 

For the acute treatment with the stressor, the wild N2 strain was kept at a temperature of 20°C, 

whereas the strains GMC101 and CL2122, after their synchronization, were raised to a 

temperature of 25°C so that the strain GMC101 expressed the Beta protein – amyloid. After 48 

hours in the bacteriological oven, the nematodes were exposed to the oils, containing a total of 

six groups for exposure: water control / olive oil control (together with the oil mixers that 
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APEPI sends, 20 mL of what is in the bottle is olive oil, the rest is C. sativa extract) CBD 1.25% 

and 5% and THC; 1.25% and 2.5% totaling the 6 groups. 

 For both treatments, the nematodes were transplanted and sown in NGM) with 

Escherichia coli as food, and kept growth chambers at 20⁰C, until they reached the L4 larval 

stage and after that they were synchronized (pregnant or with eggs). The nematodes were 

washed 3 times, where the supernatant was discarded, centrifuged for 2 minutes at 3000 rpm. 

The nematodes were left, and they were exposed to a synchronization solution for 5 ml 

(hypochlorite: 1.5 ml, NaOH: 0.250 ml, water: 3.250 ml). The hypochlorite and NaOH in the 

synchronization solution are toxic to the nematodes, causing them to break the cuticle and 

release their eggs. Then the eggs were placed on plates with the M9 solution, and the eggs were 

allowed to hatch for 24 hours in at 20°C and reach the L1 larval stage. After that, they are 

transferred to NGM and feed with E. coli. Next day when they grow to L4 stage they can be 

exposed. 

 Then, nematodes from both treatments were exposed to acute exposure for 1 hour. 

The treatments consisted of exposure to THC-based oils at concentrations of 1.25% and 2.5%, 

and CBD-based oils at concentrations of 1.25% and 5%. Two control treatments were also 

carried out: one using only water and the other using only olive oil. After 1 hour of exposure to 

the treatments, the organisms were washed 3 times in M9 buffer solution, transferred to Petry 

dishes containing E. coli and acclimated for another 30 minutes for further behavioral 

evaluation. 

 

2.5 Behavioral assessment 

 The following behavioral parameters were evaluated: defecation cycle, pharyngeal 

pumping and body bends. To measure the duration of the defecation cycle, defecation frequency 

was counted under a microscope (100×) among synchronously grown young adults. Six 

nematodes were examined per strain, per treatment. Each nematode was observed for three 

consecutive defecation cycles and the time between the two consecutive cycles was 

calculated55. To measure the pharyngeal pumping, six nematodes were also examined, where 

each one was observed three times for 10 seconds each, closing a total of 30 seconds (10 s-10 

s-10 s)55. They are fed by sucking bacteria and grinding them in their terminal bulbs. As a 

complete cycle of synchronous contraction and relaxation of the terminal bulb is called a 

“pump”, the pharyngeal beat rate (pumps per minute) was measured by visually observing the 

nematodes under a microscope (100×). 
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 Still, the locomotor parameter of body bends was evaluated, where eight nematodes 

(performed in the 3 strains) were exposed to each treatment in the larval stage L4, where they 

were evaluated individually 2 times for 30 seconds with a total time of 60 seconds for each 

nematode. These were collected and placed in a Petry dish (5 cm in diameter) containing only 

agar and allowed to acclimate for 1 minute. Each of the nematodes was kept in a horizontal 

position (X axis) and the number of body curves generated in 30 seconds was counted. Body 

curvature was defined as a change in the direction of locomotion of the nematode's anterior 

part, ie, thepharynx, along the Y axis. The number of curvatures per minute was calculated 

according to the methodology of Tsalik & Hobert56. 

 

2.6 Acetylcholinesterase enzyme activity 

 To determine the activity of the enzyme acetylcholinesterase (AChE) it was analyzed 

in L4 stage nematodes, using a colorimetric assay57 with minor modifications. After the 

exposure period, 10.000 nematodes were washed three times with M9 buffer and transferred to 

microcentrifuge tubes. Samples were frozen and thawed 3 times in liquid nitrogen, followed by 

5 rounds of sonication, each of 15 seconds in the ice at 30% amplitude, with 10-second intervals 

in between. These were centrifuged for 30 minutes at 15.000 rpm and the supernatants were 

collected. A 160 μL aliquot of the supernatant was mixed with 1200 μL of a solution containing 

0.25 mM DTNB and 40 μL of 156 mM acetylthiocholine iodide (ASChI) and incubated at 30 

°C for 5 minutes. The rate of change in absorbance was measured at 405 nm at 30 second 

intervals for 4 minutes. Kinetic measurements were recorded and converted to total 

cholinesterase activity using the extinction coefficient for the yellow-colored product, 5-thio-

2-nitro-benzoic acid (II). AChE activity was expressed as μmol of ASChI per minute per mg of 

protein58. 

 

2.7 Antioxidant enzymes  

 Determination of the green fluorescent expression of Superoxide dismutase (SOD), 

Catalase (CAT), Glutathione-S-transferase (GST), and Heat shock protein (HSP) was used the 

strain with the expression GFP (CF1553 [muls84 (pAD76) sod-3p::GFP + rol-6(su1006)] and 

GA800 [wuls151 ctl-1 + ctl-2 + ctl-3 + myo-2::GFP], CL2166 [dvIs19 (pAF15) gst-

4p::GFP::nls], CL2070 (dvIs70 [hsp-16.2p::GFP + rol-6(su1006)]), were exposed as described 

in the methodology, after exposed, they were washed and transferred to 96-well microplates 

with 200 μL of buffer M9, using excitation: 485nm and emission: 530nm to measure total 

fluorescence. Assays that were fluorescence-based were conducted on a microplate reader47,59
. 
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2.8 ROS levels 

To evaluate ROS levels 1500 nematodes of N2 strain were separated in L4 stage, which 

were pre-exposed to different concentrations of the oil extracts as described above, were later 

washed out of the treatment, and then exposed to 0.5 mM of H2DCF-DA (2.7- 

dichlorofluorescein-diacetate) for one hour, then the nematodes were washed again, containing 

the fluorescence dye and then exposed to hydrogen peroxide (0.4 mM). ROS was analyzed 

inside the nematodes by measuring fluorescence (Exc: 485 nm; Em: 535 nm) for 1 h in the 

presence of hydrogen peroxide and the results were expressed as function-time curves per mg 

of protein for normalization. 

 

2.9 Determination of lipid peroxidation 

  For the determination of the lipid peroxidation biomarker (TBARS) the preparation 

of extracts was performed in the same way as the extracts for AChE. The extracts were 

incubated with 60 µL of sample + 60 µL of phosphoric acid (0.1%) + 60 µL of TBA (0.6%) + 

60 µL of SDS (0.6%) and placed in a water bath in tubes of test at 100 °C for 1.5 hours. The 

samples were read in a microplate reader with absorbance of 532 nm60
. 

 

2.10 Statistical analyze 

Statistical analysis was performed using ANOVA – one way (one-way analysis of 

variance), followed by Tukey's post hoc multicomparative test or Kruskal-Wallis (KW) test 

with post hoc test of Dunn’s. The choice of the post hoc test was defined based on the 

homoscedasticity and homogeneity of variance, defined by the Kolmogorov-Smirnov and 

Bartlett tests. Means were considered different when p<0.05. The results of the parametric data 

were expressed in the graphs by means ± standard error (SE). For data considered non-

parametric were expressed by the medians ± interquartile ranges. The representation of the 

statistical differences was given by the representation of different lowercase letters on the axes 

of the bars. Statistical analyzes were performed using Graph Pad Prism version 8.0.1 (GraphPad 

Software). 
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3.  RESULTS 

3.1 Effect of Cannabis oils on per se exposure  

 

3.1.1 Behavioral biomarkers on per se exposure (N2, GMC101, and CL2122 strains) 

Body bends rate was decreased in the group treated with 1.25% of THC (P=0.01) in 

comparison to CBD 1.25% in the GMC101 transgenic strain (Fig. 1A). The body bends rate on 

CL2122 transgenic strain was increased in the group treated with CBD 5% in comparison to 

both olive (P=0.05) and water (P=0.001) controls, as well as the group treated with CBD 1.25% 

(Fig. 1B). In the wild-type (N2) strain, the body bends rate was decreased in the 1.25% THC-

treated group in comparison to the water control group (Fig. 1C). 

 
Fig. 1 – Per se effect of different doses of Cannabis oils on Body bends rate in GMC101 (A), CL2122 

(B), and N2 (C). Data in panels A and C are expressed by the mean ± SEM analyzed by ANOVA one-

way with Tukey’s post hoc test. Data in panel B is expressed by the median ± interquartile range 

analyzed by Kruskal-wallis non-parametric test with post hoc test of Dunn’s. Different letters mean 

statistical difference.   
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 Defecation cycle in GMC101 strain was increased in the group treated with 5% of CBD 

in comparison to the water (P=0.001) and olive (P=0.0001) controls, and in comparison to the 

1.25% CBD (P=0.05) and 1.25 % THC (P=0.0001) (Fig. 2A). In addition, the defecation cycle 

was increased in the group treated with 2.5% THC in comparison with all the other groups 

(p=0.0001). Defecation cycle on CL2122 strain was decreased in the groups treated with 2.5% 

THC, 1.25% CBD, and 1.25% THC in comparison to water and olive controls (p=0.0001) (Fig. 

2B). Defecation cycle on N2 strain was decreased in the groups treated with 5% CBD and 

1.25% THC in comparison to the controls water (p=0.0001) and olive (p=0.0001) (Fig. 2C). 

 

Fig. 2 - Per se effect of different doses of Cannabis oils on defecation cycle in GMC101 (A), CL2122 

(B), and N2 (C). Data in panels A, B, and C are expressed by the median ± interquartile range analyzed 
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by Kruskal-wallis non-parametric test with post hoc test of Dunn’s. Different letters mean statistical 

difference.   

Pharyngeal pumping rate was increased in the GMC101 strain in the group treated with 

1.25% CBD in comparison to the groups treated with water (p=0.01), olive (p=0.001), 5% CBD 

(p=0.01, 2.5% THC (p=0.01), and 1.25% THC (p=0.01) (Fig. 3A). In the CL2122 transgenic 

strain the pharyngeal pumping was increased in the group treated with 1.25% CBD in 

comparison to water (p=0.001), olive (p=0.001), 5% CBD (p=0.001), 2.5% THC (p=0.001), 

and 1.25% THC (p=0.001) (Fig. 3B). The pharyngeal pumping was decreased in the group 

treated with 5% CBD in comparison to water, olive, and 1.25% CBD. The pharyngeal pumping 

on N2 strain was increased in the groups treated with 1.25% CBD and 5% CBD in comparison 

to water and olive controls (Fig. 3C).  

 

Fig. 3 - Per se effect of different doses of Cannabis oils on Pharyngeal pumping rate in GMC101 (A), 

CL2122 (B), and N2 (C). Data in panels A and C are expressed by the median ± interquartile range 

analyzed by Kruskal-wallis non-parametric test with post-hoc test of Dunn’s. Data in panel B is 
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expressed by the mean ± SEM analyzed by ANOVA one-way with Tukey’s post hoc test. Different 

letters mean statistical difference. 

 

3.1.2 Biochemical biomarkers on per se exposure 

Acetylcholinesterase activity on N2 was decreased in both CDB-treated groups (1.25% 

and 5%) in comparison to the groups treated with water, olive, 2.5% THC, and 1.25% THC 

(Fig. 4) with p=0.001 for all comparisons.  

 

Fig. 4 - Per se effect of different doses of Cannabis oils on Acetylcholinesterase (AChE) activity N2 

(wild-type) strain. Data is expressed by the mean ± SEM analyzed by ANOVA one-way with Tukey’s 

post hoc test. Different letters mean statistical difference. 

 AChE activity on per se exposure in GMC101 strain was increased in the groups treated 

with 5% CBD and 2.5% THC in comparison to both water and olive (p=0.05) controls (Fig. 

5A). AChE activity on per se exposure in CL2122 strain was increased in the group treated 

with 2.5% THC in comparison to both water and olive controls (p=0.01) as well as in the 5% 

CBD (p=0.001), and 1.25% THC (p=0.05) (Fig. 5B).  
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Fig. 5 - Per se effect of different doses of Cannabis oils on Acetylcholinesterase (AChE) activity in 

GMC101 (A) and CL2122 (B) transgenic strains. Data are expressed by the mean ± SEM analyzed by 

ANOVA one-way with Tukey’s post hoc test. Different letters mean statistical difference. 

 

3.1.3 Redox status on per se exposure (N2, CL2070, CF1553, GA800, and CL2166 

strains) 

The ROS level on wild-type was decreased in the groups treated with 5% CBD and 

2.5% THC in comparison with both water (p=0.05 and p=0.01) and olive (p=0.05 and p=0.05) 

(Fig. 6).  

 

Fig. 6 - Per se effect of different doses of Cannabis oils on ROS identification (DCFDA) levels in N2 

(wild-type) strain. Data is expressed by the mean ± SEM analyzed by ANOVA one-way with Tukey’s 

post hoc test. Different letters mean statistical difference. 



 

31 

 

 The SOD fluorescent expression on CF1553 strain was increased in the group treated 

with 2.5% THC in comparison to both water (p=0.001) and olive (p=0.05) controls, as well as 

5% CBD (p=0.05), and 1.25% THC (p=0.01) (Fig. 7A). The CAT fluorescent expression on 

GA800 strain was increased in the group treated with 1.25% THC in comparison to water and 

olive controls, 5% CBD, 2.5% THC, 1.25% CBD (p=0.01 for all) (Fig. 7B). GST fluorescent 

expression on CL2166 strain was decreased in comparison to all the treatment groups (Fig. 7C). 

The groups treated with 1.25% CBD and THC were increased in comparison to water and olive 

controls, as well as 5% CBD and 2.5% THC (Fig. 7D). 

 

Fig. 7 - Per se effect of different doses of Cannabis oils on antioxidant enzymes expression by GFP in 

CF1553 (A), GA800 (B), CL2166 (C), and CL2070 (D) transgenic strains. Fluorescent expression of 

Superoxide dismutase (A), Catalase (B), Glutathione-S-transferase (C), and Heat shock protein (D). 

Data are expressed by the mean ± SEM analyzed by ANOVA one-way with Tukey’s post hoc test. 

Different letters mean statistical difference. 

Lipid peroxidation in wild-type was decreased in the groups treated with 5% CBD in 

comparison to water, olive controls (Fig. 8). In addition, the group treated with 1.25% CBD 

was decreased in comparison to the water and olive controls (p=0.001 for all comparisons) (Fig. 

8). 
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Fig. 8 - Per se effect of different doses of Cannabis oils on lipid peroxidation (Tbars) levels in N2 (wild-

type) strain. Data is expressed by the mean ± SEM analyzed by ANOVA one-way with Tukey’s post 

hoc test. Different letters mean statistical difference. 

3.2 Effect of Cannabis oils on heat stressed transgenic strains  

 

3.2.1 Behavioral biomarkers on heat stressed nematode (GMC101 and CL2122) 

 Body bends on heat-stressed GMC101 was increased in 5% CBD, 1.25% CBD, and 

1.25% THC in comparison to both water (p=0.01) and olive control treatments (Fig 9A). In the 

heat-stressed CL2122, the body bends rate was increased in the groups treated with 5% CBD, 

and 2.5% THC in comparison to water, olive, 1.25% CBD and 1.25 THC (p=0.001 for all 

comparisons) (Fig. 9B). 

 

Fig. 9 - Effect of different doses of Cannabis oils on Body bends rate in heat stressed nematode from 

GMC101 (A) and CL2122 (B) transgenic strains. Data in panels A is expressed by the mean ± SEM 

analyzed by ANOVA one-way with Tukey’s post hoc test. Data in panel B is expressed by the median 
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± interquartile range analyzed by Kruskal-wallis non-parametric test with post hoc test of Dunn’s. 

Different letters mean statistical difference.   

Defecation cycle on heat-stressed GMC101 was decreased in the group treated with 

2.5% THC in comparison to water, olive, 5% CBD, 1.25% CBD, and 1.25% THC (Fig. 10A). 

The heat-stressed CL2122 defecation cycle was not significant among the treatment groups 

(Fig. 10B) (p=0.001 for all comparisons). 

 

Fig. 10 - Effect of different doses of Cannabis oils on defecation cycle rate in heat stressed nematode 

from GMC101 (A) and CL2122 (B) transgenic strains. Data are expressed by the median ± interquartile 

range analyzed by Kruskal-Wallis non-parametric test with post hoc test of Dunn’s. Different letters 

mean statistical difference.   

 Pharyngeal pumping on heat-stressed GMC101 was increased in the group treated with 

5% CBD in comparison to the controls water (p=0.01), olive (p=0.001), 2.5% THC (p=0.001), 

1.25% CBD (p=0.001), and 1.25% THC (p=0.001) (Fig. 11A). On the heat-stressed CL2122, 

the pharyngeal pumping was decreased in the groups treated with 1.25% CBD and THC in 

comparison to the water, olive, 5% CBD, and THC 2.5% (Fig. 11B) (p=0001 for all 

comparisons).  
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Fig. 11 - Effect of different doses of Cannabis oils on pharyngeal pumping rate in heat stressed 

nematode from GMC101 (A) and CL2122 (B) transgenic strains. Data are expressed by the median ± 

interquartile range analyzed by Kruskal-wallis non-parametric test with post hoc test of Dunn’s. 

Different letters mean statistical difference.   

3.2.2 Biochemical biomarkers on heat stressed nematode (GMC101 and CL2122) 

 AChE activity on heat-stressed GMC101 was decreased in the group treated with 1.25% 

THC in comparison to water (p=0.001) and olive (p=0.01) controls (Fig. 12A). In addition, the 

groups treated with 5% CBD and 2.5% THC were decreased in comparison to water and olive 

controls as well as with the group 1.25% CBD (Fig. 12A) (p=0.001 for all comparisons). On 

heat-stressed CL2122 strain, the AChE activity was increased in the group treated with 2.5% 

THC in comparison to 1.25% CBD and 1.25% THC (Fig. 12B). In addition, the groups treated 

with 1.25% of CBD and THC were decreased in comparison to the groups treated as water, 

olive, 5% CBD, and 2.5% THC respectively (Fig. 12B) (p=0.001 for all comparisons).  
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Fig. 12 - Effect of different doses of Cannabis oils on acetylcholinesterase (AChE) activity in heat 

stressed nematode from GMC101 (A) and CL2122 (B) transgenic strains. Data are expressed by the 

median ± interquartile range analyzed by Kruskal-wallis non-parametric test with post hoc test of 

Dunn’s. Different letters mean statistical difference.  

 

4. DISCUSSION 

Different strains of C. elegans nematodes showed differential responses to treatments 

based on tetrahydrocannabinol (THC) and cannabidiol (CBD), when behavioral activity, AChE 

enzyme activity, and lipid peroxidation were evaluated. In this study, we observed an increase 

in the neurodegenerative conditions of the nematode, with increased behavior, pharyngeal 

pumping and body bends. Higher concentrations of the CBD and THC oils showed a decrease 

in the reactive oxygen species (ROS) production, which could act as an antioxidant effect, with 

the enzyme results showing the potential for the medicinal use of the oils to treat 

neurodegenerative conditions.  

Among the various diseases to which the oils are applied, there are seizures, epilepsy, 

multiple sclerosis, anxiety, depression, migraine, Alzheimer's, and Parkinson's disease, among 

others that affect the nervous system30,31. As many of these treatments have no scientific basis, 

it is essential to demonstrate the real effects at a biochemical level, especially the 

pharmacodynamics and pharmacokinetics of these compounds. 
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The species used in the manufacture of oils is Cannabis sativa, and different 

concentrations of THC and CBD are produced by the plant due to the effects of climate, soil, 

management, among others adopted in the cultivation of the species32. In the present study, both 

terpenes were relativized in terms of their contents by HPLC (High-Performance Liquid 

Chromatography). High concentrations of THC were observed in both oils, but the same was 

not observed with CBD. As for CBD, it is present in higher concentrations in the so-called CBD 

rich-oil and its concentrations are almost undetectable in the so-called THC-rich oil. In addition 

to these two terpenes, plants of the Cannabis genus are known to produce several other terpenes, 

which have a high influence on the nervous system, mainly on the CB1 and CB2 

endocannabinoid receptors33. 

The different concentrations of THC and CBD are the result of genetic improvement 

processes, where strains with high levels of specific desired compounds are prepared. Thus, 

elucidating the efficiency of the breeding to ensure the presence of a particular compound in 

the oil is essential, as well as paying attention to pollination between different strains, which 

culminates in genetic variability34. In addition, another factor that influences and guarantees the 

desired concentration of these terpenes is to certify that the extraction was efficient for each of 

these compounds35. In the present study, the extraction methods were not compared, since the 

objective was only to elucidate the biochemical effect of the oils already produced. 

In the in vivo use of these oils, it was observed that several biomarkers evaluated were 

altered. In the wild-type N2 strain, an increase in pharyngeal pumping was observed when 

CBD-rich oil was added at both concentrations. Furthermore, the duration of the defecation 

cycle was decreased at the highest dose of CBD and the lowest dose of THC. The effect 

observed in the increase in pharyngeal pumping and decrease in the defecation cycle in the 

group treated with 5% CBD is related to the decrease in acetylcholinesterase (AChE) enzyme 

activity, which was also evidenced. 

In the transgenic GMC strains that express β-amyloid and the CL2122 strain, our 

control, we could observe that the higher concentration of CBD increased the movement of the 

nematode. The same occurred in the increase in pharyngeal beat. Taken together, also with the 

decrease in AChE, this confirms the results for the strain that expresses β-amyloid, the smaller 

the synaptic cleft, the greater the release of acetylcholine. 

AChE is a central nervous system enzyme that acts in the synaptic cleft and 

neuromuscular junctions and is responsible for the hydrolysis of acetylcholine (Ach) into acetic 

acid and choline36. ACh is one of the main neurotransmitters that make up the nervous system, 

being responsible for behavior, memory, movement, and reasoning37. 
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Inhibition of AChE enzyme activity is responsible for causing high excitability in 

cholinergic neurons, and it forces ACh to remain longer in the synaptic cleft, inducing an 

excitatory effect in the system. The reflexes of this excitatory effect are mostly evidenced in 

high muscle contraction; thus, the increased pharyngeal beat rate characterizes the reduced 

effect of AChE38,39. The pharynx is a bilobed neuromuscular organ and in the nematode phylum 

it plays an important role, as it is where the pharyngeal ring is located, that is, the highest 

concentration of neurons is present in this space40. Thus, the pharynx is mainly regulated by the 

action of the ACh neurotransmitter and the increase in pharyngeal rhythm is related to 

improvement in neurodegenerative diseases41. 

However, the defecation cycle is also regulated by the ACh levels in the synaptic clefts, 

but it is strongly influenced by two other factors, namely calcium (Ca+) levels and the 

neurotransmitter γ-aminobutyric acid (GABA). It is known that muscle contractions are linked 

with the ACh transmitter, but the frequency in which they occur mainly concerns the levels of 

GABA and Ca+ 38. Thus, it can be predicted that the altered effect observed in the cholinergic 

system will also be reported at the GABAergic level, which is the main candidate for the 

defecation cycle time-reducing effect. In addition, the accentuation of the reduction of the 

defecation interval is closely linked to the endocannabinoid system CB1 receptors, which are 

found throughout the central nervous system, peripheral, synaptic endings, intestine, liver, 

adipose tissue, and immune cells, being that in the intestine the endocannabinoid system plays 

an important role in its motility42,43. CB1 receptors act more actively in the presence of CBD, 

thus increasing the number of defective contractions and reducing the interval between them in 

C. elegans. 

The observed effect in the mutant strains CL2122 and GMC101 can predict how the oil 

would behave in an organism predisposed to manifest diseases related to the central nervous 

system44. The GMC101 strain has the addition of the gene encoding the human β-amyloid 

protein, and this protein is expressed at a low rate in the strain and can be transcriptionally 

activated through heat stress (25 °C)45. The β-amyloid protein is one of the main proteins 

involved in the onset and progression of Alzheimer's disease. Patients affected by Alzheimer's 

have aggregations of different isoforms of this protein in the synaptic clefts, which under 

normal conditions would be precipitated and eliminated periodically, which does not occur in 

patients predisposed to neurodegeneration46. These aggregations, in addition to hindering 

communication between neurons, causing neurotransmitters to lose efficiency, are also 

responsible for the death of cholinergic neurons and thus leading to the progression of 

neurodegenerative diseases. 
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On the other hand, strain CL2122 is considered a reference for GMC101, because at 

high temperatures (25 °C) it does not transcribe β-amyloid protein. In this way, observing the 

result of both strains is important. In this study, there was no thermal stress (temperature rise to 

25 °C after hatching), that is, both strains were treated as N2. The purpose of this treatment 

(without stress) is to observe and establish the effects of exposure per se of the cannabis 

compound in organisms only predisposed to the involvement of neurodegenerative diseases47. 

As in the N2 strain, an increase in the pharyngeal beating rate was observed in the 

GMC101 and CL2122 strains at 1.25% CDB concentration. In aging tests, the decrease in the 

pharyngeal beat rate is gradual and can be accelerated by neurodegenerative diseases48. In this 

way, observing an increase in the pharyngeal beat, mainly in the GMC101 strain, indicates a 

possible improvement in the framework of neurodegenerative diseases when oil is applied. 

Furthermore, changes in defecation cycle intervals, as mentioned above, will be linked to 

GABAergic signaling and Ca+ concentrations. Taking into account that the neurofibrillary 

aggregates influence the permeability and communication of nerve cells and that even at low 

concentrations they influence basic behaviors, thus clarifying the different results presented by 

the defecation cycle. In strain GMC101, an increase in the time between defecation cycles was 

observed, whic is related to the increase in AChE activity with the inhibition of the excitability 

of the cholinergic system, reducing the defecation cycle45. 

Naturally, in C. elegans mutant strains for neurodegenerative diseases, as well as in 

patients affected by neurodegenerative diseases, there is a harmful decrease in the levels of 

neurotransmitters, as well as in the activity of enzymes that act in the synapse process. To 

reverse this effect, defining compounds capable of activating and stabilizing these enzymes at 

normal levels is an important process to help reduce the progression of neurodegenerative 

diseases. It was observed, mainly in the activity of the AChE enzyme in the strain GMC101, 

which in the groups treated with the oil had its activity increased, especially at the highest doses 

of CBD (5%) and THC (2.5%). This increase can positively influence neurotransmission in 

neurodegenerative patients, since in many diseases such as Alzheimer's and Parkinson's, intense 

and dense protein neurofibrillary tangles are formed in the synaptic clefts. Therefore, the 

activation of nervous system enzymes intensifies the processes, equalizing the synapses43. 

In addition to the aforementioned, the endocannabinoid system receptors, mainly CB1, 

are an important biomarker of body weight gain. Traditionally known, Cannabis increases 

appetite and cravings for particularly high-fat foods. One explanation for this phenomenon is 

that the endocannabinoid system regulates energy balance and food intake at various functional 

levels, both in the brain and gastrointestinal tract49. As in humans, C. elegans, and many other 
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species, agonists of endocannabinoid receptors, such as THC, cause an increase in food intake, 

promoting body weight gain through the activation of the CB1 receptor50,51. On the other hand, 

selective CB1 receptor antagonists reduce food intake and body weight in animals and 

humans52. These observations highlight the increase in pharyngeal rate that is linked with 

feeding in the mutant strains. In this sense, another use for the oils is related to the food-inducing 

effect, that is, in patients affected by various diseases, there is a loss of appetite. In this way, an 

increase in intake can be induced via the endocannabinoid system (CB1) of food. 

As pointed out, THC is one of the main agonists of the endocannabinoid system, acting 

as an inducer of this system. Thus, its administration leads to large changes observed in almost 

all parameters evaluated when oils with high THC contents are administered42. 

Studies such as the one presented are important to clarify the true mechanisms by which 

fragmented or small improvements are observed in chronic diseases linked to the central 

nervous system. However, even more importantly, it is necessary to evidence with science the 

need to discriminate these therapies, considering that in many cases it is the most effective and 

perhaps the only alternative. In this way, research that proves the destruction of some beliefs 

and taboos is essential, because far from recreational use, there are patients, family members, 

and also medical teams that struggle to alleviate symptoms of diseases that only cause 

prolonged suffering. 
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5. CONSIDERAÇÕES FINAIS 

 

 No presente trabalho, observou-se o potencial no uso dos óleos CBD e THC para o 

tratamento de doenças neurodegenerativas, já que o composto foi eficiente na redução da 

atividade da AchE nas cepas N2 e no aumento da cepa GMC101, com destaque para o óleo rico 

em CBD.  

 O óleo a base de THC influenciou os biomarcadores avaliados, tanto na linhagem N2 

como nos transgênicos GMC101 e CL2122.  

Ressalta-se também que estudos como este são primordiais, uma vez que buscam 

esclarecer os verdadeiros mecanismos pelos quais se observam melhorias fragmentadas ou 

pequenas em doenças crônicas ligadas ao sistema nervoso central. No entanto, ainda mais 

importante, é necessário evidenciar com a ciência a necessidade de discriminar essas terapias, 

considerando que em muitos casos é a mais eficaz e talvez a única alternativa. Dessa forma, 

pesquisas que comprovem a destruição de algumas crenças e tabus são essenciais, pois longe 

do uso recreativo, há pacientes, familiares e também equipes médicas que lutam para aliviar 

sintomas de doenças que só causam sofrimento prolongado. 

 

 


