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Background: Alzheimer's disease (AD) is closely linked to the accumulation of

neurotoxins derived from Aβ and tau and to cognitive impairment. The premise of

this project is that the imbalance in the endocannabinoid system occurs in an

AD-dependent manner. The connection between dementia, inflammation, Aβ and

alterations in the cannabinoid system in experimental models of AD has been

reported. Cannabinoid microdoses can restore baseline brain function while avoiding

the main side effects.Despite extensive research into new AD therapies, no

significant improvement has been achieved recently, and there is virtually no

consensus on how scientists will innovate to shed light on a new treatment.

treatment. Currently, there are no published studies examining the effect of

microdoses on human AD pathology. Therapy based on therapy has emerged as

crucial for the treatment of many diseases considered incurable. The expected

results of this project will provide important information on the ability of cannabinoid

microdoses to compensate for neurochemical imbalance during the progression of

AD, thus improving memory performance, as well as how they can affect

inflammation. memory performance and how they can affect inflammation, as well as

the levels of as well as Aβ and tau levels.The key point is to provide evidence that

cannabinoid microdoses can serve as an effective treatment for AD, while at the

same time while avoiding the main side effects. The aim of this project is to

determine the effect of cannabinoid microdoses in AD patients, with the aim of

assessing memory and cognition. It is hoped that the results will establish that

cannabinoid microdoses are critical to re-establishing the baseline function of the

endocannabinoid system in the AD brains and its beneficial effects. This project

could be instrumental in validation of new therapeutic approaches for AD.



Aim: To analyze the progression of the disease, as well as the clinical, biochemical

and cerebral blood perfusion effects of using microdoses (micrograms) of THC and

CBD contained in a solution of Cannabis sativa extract in patients with Alzheimer's

disease.

Hypotheses:
1) There is no effect of microdoses of cannabinoids (THC and CBD) for the AD

condition;

2) There are effects of microdoses of cannabinoids (THC and CBD) for the condition

of AD.

Registration:
This study is registered on the Brazilian platform for clinical trials ReBEC under the

number U1111-1258-2058

References:

Alzheimer’s Association. 2018 Alzheimer’s Disease Facts and Figures. Alzheimers
Dement. 14(3):367-429. (2018).

Moreira, P.A & Stefani, F.Y. Tratamento Farmacológico da Doença de Alzheimer.
Revista Acadêmica Oswaldo Cruz, 2-4 (2014).

Campbell, V. A. & Gowran, A. Alzheimer’s disease; taking the edge off with
cannabinoids? Br. J. Pharmacol. 152, 655–662 (2007).

Li, H. L. & Lin, H. An archaeological and historical account of cannabis in Chin.
Economic Botany. 28(4); 437-447. 1974.

Kaur, R., Ambwani, S. R. & Singh, S. Endocannabinoid System: A Multi-Facet
Therapeutic Target. Curr Clin Pharmacol 11, 110–117 (2016).
Ronan, P. J., Wongngamnit, N. & Beresford, T. P. Molecular mechanisms of cannabis

signaling in the brain. Prog Mol Biol Transl Sci 137, 123–147 (2016).



Oliveira, L. J. N., De C. Sistema endocanabinoide e neuroproteção no sistema

nervoso central. Trabalho final do 6o ano medico com vista a atribuição do grau de

mestre no âmbito do ciclo de estudos do mestrado integrado em medicina.

Faculdade de medicina da universidade de Coimbra. (2009).

Currais, A.; Quehenberger, O.; Armando, A. M., Daugherty, D.; Maher, P; Schubert,

D. Amyloid proteotoxicity initiates an inflammatory response blocked by

cannabinoids. npj Aging and Mechanisms of Disease. 2, 16012. (2016).

Ramirez, B. G. et al. Prevention of Alzheimer’s Disease Pathology by Cannabinoids:

Neuroprotection Mediated by Blockade of Microglial Activation.” Journal of

Neuroscience 25(8): 1904–13. 2005.

Bilkei-Gorzo, Andras et al. A Chronic Low Dose of Δ9-Tetrahydrocannabinol (THC)

Restores Cognitive Function in Old Mice.” Nature Medicine 23(6): 782–87. (2017).

Mechoulam, R.; Hanuš, L. O.; Pertwee, R.; Howlett, A. C. Perspectives. Early

phytocannabinoid chemistry to endocannabinoids and beyond. Nature Reviews

Neuroscience. AOP. (2014).

Russo, E. Cannabis Therapeutics and the Future of Neurology. Frontiers in

Integrative Neuroscience. October. Volume 12. Article 51. (2018).

Di Marzo, V., Stella, N. & Zimmer, A. Endocannabinoid signalling and the

deteriorating brain. Nat. Rev. Neurosci. 16, 30–42 (2015).

Bilkei-Gorzo, A. The endocannabinoid system in normal and pathological brain

ageing. Phil. Trans. R. Soc. Lond. B 367, 3326–3341 (2012).

Adams, I. B.; Martin, B. R. Cannabis pharmacology and toxicology in animals and

humans. Addiction. 91: 1585-1614. (1996).

Saito, V. M.; Wotjak, C. T.; Moreira, F. A. Exploração farmacológica do sistema

endocanabinoide: novas perspectivas para o tratamento de transtornos de

ansiedade e depressão?. Revista Brasileira de Psiquiatria, vol 32, Supl I.(2010).



Crippa, J. A. De S.; Zuardi, A. W.; Hallak, J. E. C. Therapeutical use of the

cannabinoids in psychiatry. Revista Brasileira de Psiquiatria, vol 32, suppl I.(2010).

Keating, G. M. Delta-9-Tetrahydrocannabinol/Cannabidiol Oromucosal Spray

(SativexR): A Review in Multiple Sclerosis-Related Spasticity. Drugs. 77, p 563-574.

(2017).

O'connell, B. K.; Gloss, D.; Devinsk, O. Cannabinoids in treatment-resistant epilepsy:

a review. Epilepsy & Behavior, v 70, p 341–348. (2017).

Gaston, T. E.; Friedman, D. Pharmacology of cannabinoids in the treatment of

epilepsy. Epilepsy & Behavior, vol 70, part B, p 313–318. (2017).

Sarfaraz, S.; Afaq, F.; Adhami, V. M.; Mukhtar, H.. Cannabinoid receptor as a novel

target for the treatment of prostate cancer. American Association for Cancer

Research, Cancer Res, 65: (5). (2005).

Mcallister, S. D.; Soroceanu, L.; Desprez, P-Y.. The antitumor activity of plant-

derived non-psychoactive cannabinoids. J Neuroimmune Pharmaco l, 10:255– 267.

doi 10.1007/s11481-015-9608-y. (2015).

Aso, Ester et al.. Cannabis-Based Medicine Reduces Multiple Pathological

Processes in AβPP/PS1 Mice. Journal of Alzheimer’s Disease 43(3): 977–91.

(2015).

Cao, C. et al. The potential therapeutic effects of THC on Alzheimer’s disease. J.

Alzheimers Dis. 42, 973–984 (2014).

Sarne Y, Toledano R, Rachmany L, Sasson E, Doron R. Reversal of age-related

cognitive impairments in mice by an extremely low dose of tetrahydrocannabinol.

Neurobiology of Aging. 61: 177-186. (2018).



Fishbein M, Gov S, Assaf F, Gafni M, Keren O, Sarne Y. Long-term behavioral and

biochemical effects of an ultra-low dose of D9 -tetrahydrocannabinol (THC):

neuroprotection and ERK signaling. Exp Brain Res. 221:437–448. (2012).

Crum, RM; Anthony, JC, Bassett, SS; Folstein, MF. Population-Based Norms for the

Mini-Mental State Examination by Age and Educational Level. Jama. Vol 269. n18.

(1993).

Rosen, WG; Mohs, RC; Davis, KL. A new rating scale for alzheimer’s disease. Am J

Psychiatry. 141 : I 1. nov, (1984).

Liu, C.S., Chau, S.A., Ruthirakuhan, M. et al. Cannabinoids for the Treatment of

Agitation and Aggression in Alzheimer’s Disease. CNS Drugs. 29: 615. (2015).

Weinstein, J. D. A unique and promising combination of medications for the

treatment of Alzheimer’s disease. Medical Hypotheses. 109, 53–55. (2017).

Xie, SX; Ewbank, DC; Cheittans, JC; et al. Rate of decline in Alzheimer's disease

measured by a dementia severity rating scale. Alzheimer Dis Assoc Disord.

23(3): 268–274. (2009).

Weih, M; Degirmenci, U; Kreil, S; et al. Perfusion Imaging with SPECT in the Era of

Pathophysiology-Based Biomarkers for Alzheimer’s Disease. International

Journal of Alzheimer’s Disease. (2010)

Matsuda, H. Role of Neuroimaging in Alzheimer’s Disease, with Emphasis on Brain

Perfusion SPECT. J Nucl Med. 48:1289–1300. (2007).

McEwen, B. S.; Gray, J. D.; Nasca, C. Recognizing resilience: Learning from the

effects of stress on the brain. Neurobiol Stress. 1: 1–11. (2015).

Burstein, S. H.; Zurier, R. B. Cannabinoids, Endocannabinoids, and Related Analogs

in Inflammation. AAPS J. 11: 109. (2009).

Turcotte, C.; Chouinard, F.; Lefebvre, J. S.; Flamand, N. (2015). Regulation of



inflammation by cannabinoids, the endocannabinoids 2‐arachidonoyl‐glycerol

and arachidonoyl‐ethanolamide, and their metabolites. Journal of Leukocyte

Biology. Vol 97. (2015).

Gajardo-Gómez, R. et al. Cannabinoids prevent the amyloid β-induced activation of

astroglial hemichannels: A neuroprotective mechanism. Glia 65, 122–137

(2017).

Fakhfouri, G. et al. WIN55212-2 attenuates amyloid-beta-induced neuroinflammation

in rats through activation of cannabinoid receptors and PPAR-g pathway.

Neuropharmacology. 63, 653-666 (2012).

Aso, E., Juvés, S., Maldonado, R. & Ferrer, I. CB2 cannabinoid receptor agonist

ameliorates Alzheimer-like phenotype in AβPP/PS1 mice. J. Alzheimers Dis. 35,

847–858 (2013).

Song, JH; Yu, JT; Tan, L. Brain-Derived Neurotrophic Factor in Alzheimer’s Disease:

Risk, Mechanisms, and Therapy. Mol Neurobiol. (2014).

Maffioletti, E; Zanardini, R; Gennarelli, M; Bocchio-Chiavetto, L. Influence of clotting

duration on brain-derived neurotrophic factor (BDNF) dosage in serum. Biofeedback.

Vol. 57. No. 3. (2014).

Serhan, CN; et al. Design of Lipoxin A4 Stable Analogs That Block Transmigration

and Adhesion of Human Neutrophils. Biochemistry. 34, 14609-14615. (1995).

Papayianni, A; Serhan, CN; Brady, H R. Lipoxin A4 and B4 inhibit leukotriene-

stimulated interactions of human neutrophils and endothelial cells. Jm Immunol

March 15. 156 (6) 2264-2272. (1996).

Chiang, N; et al. Activation of Lipoxin a4 Receptors by Aspirin-Triggered Lipoxins

and Select Peptides Evokes Ligand-Specific Responses in Inflammation. J. Exp.

Med. Volume 191, Number 7, 1197–1207. (2000).



Pamplona, FA; Ferreira J; Lima, ML; et al. Anti-inflammatory lipoxin A4 is an

endogenous allosteric enhancer of CB1 cannabinoid receptor. PNAS.

December 18, 2012. vol. 109. no. 51

Alva G. Cummings JL. 2008. “Relative Tolerability of Alzheimer’s Disease

Treatments.” Psychiatry 5(11): 27–36.

Alves, Luísa et al. 2012. “Alzheimer’s Disease: A Clinical Practice-Oriented Review.”

Frontiers in Neurology 3(63): 1–20.

Aprahamian, Ivan. 2009. “Doença de Alzheimer : Revisão Da Epidemiologia e

Diagnóstico.” Rev. Bras. Clin. Med. 7: 27–35.

Aso, Ester et al. 2015. “Cannabis-Based Medicine Reduces Multiple Pathological

Processes in AβPP/PS1 Mice.” Journal of Alzheimer’s Disease 43(3): 977–91.

Aso, Ester et al. 2016. “Cannabinoid Receptor 2 Participates in Amyloid-β

Processing

in a Mouse Model of Alzheimer’s Disease but Plays a Minor Role in the

Therapeutic Properties of a Cannabis-Based Medicine.” Journal of Alzheimer’s

Disease 51(2): 489–500.

Bertolucci, Paulo H, Sonia M Brucki, Sandra R Campacci, and Yara Juliano. 1994.

“O Mini-Exame Do Estado Mental Em Uma População Geral: Impacto Da

Escolaridade. = The Mini-Mental State Examination in an Outpatient Population:

Influence of Literacy.” Arquivos de Neuro-Psiquiatria 52(1): 1–7.

http://search.ebscohost.com/login.aspx?direct=true&AuthType=ip,url,cookie,uid

&db=psyh&AN=1994-87778-001&site=ehost-live&scope=site.

Braak, H., and E. Braak. 1997. “Frequency of Stages of Alzheimer-Related Lesions

in Different Age Categories.” Neurobiology of Aging 18(4): 351–57.

CHU, LW. 2012. “Alzheimer ’ s Disease : Early Diagnosis and Treatment.” Hong king

Med J 18(3): 228–37.



Fernández-Ruiz, Javier et al. 2011. “Prospects for Cannabinoid Therapies in Basal

Ganglia Disorders.” British Journal of Pharmacology 163(7): 1365–78.

Fernández-Ruiz, Javier et al. 2013. “Cannabidiol for Neurodegenerative Disorders:

Important New Clinical Applications for This Phytocannabinoid?” British Journal of

Clinical Pharmacology 75(2): 323–33.

Gauthier, Serge et al. 2010. “Management of Behavioral Problems in Alzheimer’s

Disease.” International Psychogeriatrics 22(3): 346–72.

Genin, E. et al. 2011. “APOE and Alzheimer Disease: A Major Gene with Semi-

Dominant Inheritance.” Molecular Psychiatry 16(9): 903–7.

GIL, A. C. Métodos e técnicas de pesquisa social. 5. ed. São Paulo: Atlas, 2010.

Ginter, E, V Simko, D Weinrebova, and Ladecka Z. 2015. “Novel Potential for the

Management of Alzheimer Disease.” Bratisl Med J 116(10): 580–81.

Goedert, Michel. 2015. “Alzheimer’s and Parkinson’s Diseases: The Prion Concept

in Relation to Assembled Aβ, Tau, and α-Synuclein.” Science 349(6248).

Goedert, Michel, and Maria Grazia Spillantini. 2006. “A Century of Alzheimer’s

Disease.” Science 314(5800): 777–81.

Golde, Todd E, Christopher B Eckman, and Steven G Younkin. 2000. “Biochemical

Detection of AB Isoforms : Implications for Pathogenesis , Diagnosis , and

Treatment of Alzheimer ’ s Disease.” Biochimica et Biophysica Acta 1502: 172–

87.

Hardy, John, and Dennis J Selkoe. 2002. “The Amyloid Hypothesis of Alzheimer’s

Disease: Progress and Problems on the Road to Therapeutics.” Science

297(5580): 353–56. http://www.jstor.org/stable/3077168.



HOCHMAN, B.; NAHAS, F. X.; OLIVEIRA FILHO, R. S.; FERREIRA, L. M. Desenhos

de Pesquisa. Acta Cir. Bras., São Paulo, v. 20, supl. 2, p. 2-9, 2005

Holtzman, D.M, J.C Morris, and A.M Goate. 2011. “Alzheimer ’ s Disease: The

Challenge of the Second Century.” Sci Transl Med 3(77).

Kayed, Rakez et al. 2003. “Common Structure of Soluble Amyloid Oligomers Implies

Common Mechanism of Pathogenesis.” Science 300(5618): 486–89.

Lucin, Kurt M., and Tony Wyss-Coray. 2009. “Immune Activation in Brain Aging and

Neurodegeneration: Too Much or Too Little?” Neuron 64(1): 110–22.

Maidment, Ian D. et al. 2008. “Efficacy of Memantine on Behavioral and

Psychological Symptoms Related to Dementia: A Systematic Meta-Analysis.”

Annals of Pharmacotherapy 42(1): 32–38.

Martín-Moreno, Ana María et al. 2012. “Prolonged Oral Cannabinoid Administration

Prevents Neuroinflammation, Lowers β-Amyloid Levels and Improves Cognitive

Performance in Tg APP 2576 Mice.” Journal of Neuroinflammation 9(8): 1–15.

Mayeux, Richard, and Yaakov Stern. 2012. “Epidemiology of Alzheimer Disease.”

Alzheimer Dis.Assoc.Disord. 2(8).

McGeer, P L, and E G McGeer. 1995. “The Inflammatory Response System of Brain:

Implications for Therapy of Alzheimer and Other Neurodegenerative Diseases.”

Brain Res.Brain Res.Rev. 21: 195–218.

Mucke, Lennart. 2009. “Alzheimer ’ s Disease.” Nature 461(15): 895–97.

Povova, Jana et al. 2012. “Epidemiological of and Risk Factors for Alzheimer ‘ s

Disease : A Review.” Biomed Pap Med Fac Univ Palacky Olomouc Czech

Repub 156(2): 108–14.

Reitz, Christiane, Carol Brayne, and Richard Mayeux. 2011. “Epidemiology of

Alzheimer Disease.” Nature Reviews Neurology 7(3): 137–52.



Suliman, Noor Azuin, Che Norma Mat Taib, Mohamad Aris Mohd Moklas, and

Rusliza Basir. 2018. “Delta-9-Tetrahydrocannabinol (∆9-THC) Induce

Neurogenesis and Improve Cognitive Performances of Male Sprague Dawley

Rats.” Neurotoxicity Research 33(2): 402–11.

Sun, Xiaoting, Lan Jin, Peixue Ling, and Peixue Ling. 2011. “Review of Drugs for

Alzheimer’s Disease.” Drug Discoveries & Therapeutics 6(6): 285–90.

Yiannopoulou, Konstantina G., and Sokratis G. Papageorgiou. 2013. “Current and

Future Treatments for Alzheimer’s Disease.” Therapeutic Advances in

Neurological Disorders 6(1): 19–33.

Mucke, Lennart. 2009. “Alzheimer ’ s Disease.” Nature 461(15): 895–97.

Sun, Xiaoting, Lan Jin, Peixue Ling, and Peixue Ling. 2011. “Review of Drugs for

Alzheimer’s Disease.” Drug Discoveries & Therapeutics 6(6): 285–90.

Clemente, CET; Pinto, RASR. REVISÃO E ATUALIZAÇÃO DOS BIOMARCADORES

NO LÍQUOR PARA DOENÇA DE ALZHEIMER. Revista Brasileira de

Neurologia e Psiquiatria. 2017. 21(1):33-50.

Starling, DSV. Investigação de biomarcadores diagnósticos para a doença de

Alzheimer no líquido cefalorraquidiano, na saliva e na mucosa oral.

Universidade Federal de Minas Gerais. Belo Horizonte. 2012.

Chiang, N; et al. Activation of Lipoxin a4 Receptors by Aspirin-Triggered Lipoxins

and Select Peptides Evokes Ligand-Specific Responses in Inflammation. J. Exp.

Med. Volume 191, Number 7, April 3, 2000 1197–1207.

Matsuda, H. Role of Neuroimaging in Alzheimer’s Disease, with Emphasis on Brain

Perfusion SPECT. J Nucl Med 2007; 48:1289–1300.

Russo, Ethan B..Clinical Endocannabinoid Deficiency Reconsidered: Current



Research Supports the Theory in Migraine, Fibromyalgia, Irritable Bowel, and

Other Treatment-Resistant Syndromes. Cannabis and Cannabinoid Research.

Volume 1.1, 2016.

Oskarsson, Marie E., Johan F. Paulsson, Sebastian W. Schultz, Martin Ingelsson,

Per Westermark, and Gunilla T. Westermark. In Vivo Seeding and Cross- Seeding of

Localized Amyloidosis. A Molecular Link between Type 2 Diabetes and Alzheimer

Disease. The American Journal of Pathology, Vol. 185, No. 3, March 2015.

Schneider, L. S. & Sano, M. Current Alzheimer’s disease clinical trials: Methods and

placebo outcomes. Alzheimer’s & Dementia 5 (2009) 388–397.

Pamplona, Fabricio A., and Ana Carolina Coan. 2017. “Potential Clinical Benefits of

CBD-Rich Cannabis Extracts over Purified CBD in Treatment-Resistant Epilepsy:

Observational Data Meta-Analysis.” bioRxiv: 212662.

https://www.biorxiv.org/content/early/2017/11/01/212662.

van den Elsen, GAH et al. 2015. “Tetrahydrocannabinol in Behavioral Disturbances

in Dementia: A Crossover Randomized Controlled Trial.” The American Journal

of Geriatric Psychiatry 23(12): 1214–24.


