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Abstract

Health

With the improvement in modern medicine, the world’s human and feline (Felis catus, the domestic cat) population
is aging. As the population grows older, there is an increase of age-related diseases, such as Alzheimer’s disease in
humans and feline cognitive dysfunction in felines, which shares many similarities with Alzheimer’s disease. They
both result in cognitive decline and lack effective treatments. In light of their pathological similarities, both occur at
old age, and as domestic cats share the human environment and risk factors (cats are considered an indicator to
the effect of environmental contaminants on humans as they share exposures and diseases), cats have the potential
to be a spontaneous model for Alzheimer's disease. Classic animal models in many cases fail to predict the results
in humans, and a natural model can lead to better prediction of results, thus being both time and cost-effective.
The feline disease can be researched in trials that could be simultaneously clinical trials for cats and preclinical trials
for humans, also referred to as reverse translational medicine. As both maladies lack effective medical intervention,
new potential treatments are merited. Cannabidiol (CBD) is a promising agent that may improve the life of these
patients, as it was shown to potentially treat several of the pathologies found in both conditions. yet there is a
need for further research in order to establish the benefits and safety of CBD to both human and feline patients.
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Background

According to global estimates in 2019, there were over
50 million people suffering from dementia, and by 2050
that number is expected to increase to 152 million (Alz-
heimer’s Disease International 2020). Alzheimer’s disease
(AD) is the most common cause of dementia in humans.
The disease causes a gradual cognitive decline appearing
at early stages as mild short-term memory loss and is
easily compensated. However, the more advanced stages
affect everyday life and require support in basic everyday
functions (Alzheimer’s Association 2019). The owned
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cat population is also aging thanks to improved nutrition
and medical veterinary care. The aging cat population
displays behavioral changes which can be attributed to
cognitive dysfunction (Karagiannis and Mills 2014). Fe-
line cognitive dysfunction (FCD) is a disorder in cats
which causes a decline in the aging cat’s cognitive abil-
ities, without any known underlying medical reason
(Karagiannis and Mills 2014; Gunn-Moore et al. 2015).
FCD causes behavioral changes, of which the most com-
mon are disorientation, change in social interactions
with humans or other pets, changes in sleep wake pat-
terns, house soiling, and excessive vocalization, especially
at night (Landsberg et al. 2012; Gunn-Moore et al
2007). Many cats over the age of 11 present some signs
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of this disorder, while most are symptomatic from 16
and over. Since these behavioral disorders are difficult
for owners to live with and compromise the cat’s quality
of life, they are often a cause of euthanasia (Karagiannis
and Mills 2014). The diagnosis of this syndrome, in living
patients, is based solely on exclusion of other medical or
behavioral issues, for example, hyperthyroidism, systemic
hypertension, diabetes mellitus (DM), deafness, osteoarth-
ritis (or other causes of chronic pain), and brain tumors
(Landsberg et al. 2012), and is complicated as these symp-
toms are frequently attributed to normal aging of the cat
(Bellows et al. 2016). Similar changes can be seen in aging
humans and dogs (Landsberg et al. 2012).

The available treatments for humans can only treat
the disease’s symptoms as there are currently no tar-
geted drugs that stop or reverse disease progression (Sal-
omone et al. 2012). In cats, there are no registered
medications to treat FCD and varying success has been
observed from off-label options. Additionally, older cats
and especially cats suffering from cognitive dysfunction
do not tolerate either handling, or medication or
hospitalization well (due to the stress involved). Explor-
ing treatments that can be administered in their food
would be beneficial.

Several animal models have shown cannabidiol (CBD)
has potential to treat and reverse the changes seen in
the brain in AD, although further research to support
this is necessary (Watt and Karl 2017).

Alzheimer’s disease and feline cognitive dysfunction
severely impair the patient’s health and quality of life
and impose a significant burden on their caretakers. As
the affected population is expected to grow, there is an
urgent need to find treatments that can stop and reverse
the deterioration of both human patients and the animal
population suffering from similar conditions.

Pathological changes in Alzheimer’s disease and
in feline cognitive dysfunction

The accumulation of extracellular plaques is a pathogno-
monic pathological finding in AD. These are misfolded
[B-amyloid (AP) proteins and tau tangles which are the
result of hyperphosphorylated tau proteins. Additional
findings present in the AD brain are oxidative stress,
microglial activation, neuronal loss, and chronic inflam-
mation in the brain which is linked to the neurodegener-
ation present in AD (Morales et al. 2014; Sarlus and
Heneka 2017). Treating the inflammation had beneficial
effects in animal models (Lim et al. 2000). In cats, com-
mon pathologies found in the brains of patients diag-
nosed with cognitive dysfunction include decreased
cerebral blood flow, free radical damage, and neuronal
loss. Additionally, aging domestic cats may spontan-
eously develop both B-amyloid and tau pathologies simi-
lar but not identical to those seen in human AD (Fiock

Page 2 of 6

et al. 2020; Chambers et al. 2015). Several studies found
B-amyloid aggregates in the aging feline brain (Gunn-
Moore et al. 2007; Golaszewska et al. 2019; Gunn-
Moore et al. 2006), although the aggregates present in
human and feline patients are different (Gunn-Moore
2011). Other studies found that cats display tau aggre-
gates in their brain with a similar spread pattern as
found in human AD patients (Fiock et al. 2020; Gunn-
Moore 2011; Poncelet et al. 2019; Youssef et al. 2016)
and with shared characteristics (Head et al. 2005). The
chronic brain damage leads to a disease similar to the
human Alzheimer’s disease (Gunn-Moore et al. 2015;
Gunn-Moore 2011). While cats frequently develop spon-
taneously occurring Tau pathologies, many other animal
species, including dogs, rarely express these pathologies
(Chambers et al. 2015). Additionally, cats that show
signs of behavioral dysfunction tend to also have A pla-
ques (Cummings et al. 1996).

Animal models for Alzheimer’s disease: laboratory
animals versus pets with naturally occurring
disease

A cross species approach to disease research can ad-
vance the understanding of AD and FCD and benefit pa-
tients of all species (Devinsky et al. 2018). There is an
abundance of published research concerning AD based
on laboratory animals, such as transgenic mice (Rosen-
mann et al. 2008). Although, when the potential treat-
ments are tested in the clinical trial phases, as required
by good clinical practice (GCP) guidelines in humans,
the results are not as promising and are sometimes haz-
ardous (Gotz and Ittner 2008). Laboratory animal
models, such as transgenic mice, frequently fail to pre-
dict the outcome of the tested potential treatments in
humans (Polson and Fuji 2012). Many drugs that seemed
promising in animal models did not succeed in clinical
trials (Watt and Karl 2017). In fact, it has been con-
cluded that the available animal models do not reflect
the human AD fully or accurately (Birch et al. 2014). Ex-
amples in AD research include anti-inflammatory drugs
that have beneficial effects in animal models and not in
human clinical trials (Grammas 2011). Additionally,
anti-Ap vaccination that was found to prevent the accu-
mulation of amyloid deposits in transgenic mice caused
severe neurological complications in some of the human
patients who received it (Foster et al. 2009).

There are many possible reasons for the failure to
translate results from animal models to humans. The
animal experiments were carried out with laboratory an-
imals, mostly transgenic that may manifest other deficits.
Relating to limited construct, content, ecological, and
face validity, animal models are held in a closed regu-
lated laboratory environment and are not exposed to
similar environmental contaminants as human patients,
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which is of high significance in a disease that is also in-
fluenced by environmental factors (Cannon and Greena-
myre 2011). Therefore, laboratory animal models cannot
accurately model natural occurring diseases in a natural
home environment. None of the available animal models
can represent AD completely since none of them is able
to replicate all the features of the human disease; more-
over, very few models have both amyloid plaques and
tau tangles (Drummond and Wisniewski 2017). Trans-
genic animal models do not express all the factors
present in the human disease, including pathological
changes and disease progression; they also do not reflect
the etiology of the human disease which is multifactorial
and includes genetic and environmental risk factors
(Franco and Cedazo-Minguez 2014). Transgenic animal
models usually model only a single pathological feature
and lack factors that mimic the environmental factors
together with the cognitive deficits and with the patho-
logical features. The ideal model should reflect the entire
etiology as well as the disease progression (Franco and
Cedazo-Minguez 2014).

Moreover, transgenic animal models usually include
genetically modified young animals, thereby ignoring an
imperative factor in AD which is the aging factor. Do-
mestic cats with naturally occurring disease are also
aging as the symptoms are present in cats older than 11
years old and more commonly over 16. Additionally, the
transgenic models for AD are based on the familial
forms of AD which account only for a small percentage
of the AD patients (Epis et al. 2010).

A better model for human disease can be found in owned
pets with naturally occurring disease which share the hu-
man environment (Ritter et al. 2020). Pets are considered
sentinels and bioindicators for environmental contaminants
effects on humans due to their shared habitat, simultaneous
exposure, and similar disease spectrum (Pastorinho 2020;
Beck et al. in press). According to the One Health Initiative,
there is a strong link between the health of humans, domes-
tic animals, and the environment. Humans and domestic
animals share the same environment (including environ-
mental contaminant), common stressors, and many genetic
traits (Christopher 2015). One Health promotes human
and animal health through integrative study across all ani-
mal species (Gibbs 2014). Since cats suffering from FCD
are exposed to the same environment as their owners, the
disease mechanism is naturally occurring and at an old age,
they make a good model. These studies can prove beneficial
to human and veterinary patients (Schneider et al. 2018).
The brain lesions have common pathological characteristics
in humans and cats, and it has been suggested that cats are
a natural model of AD; they demonstrate lesions with mor-
phological and biochemical spontaneous changes that are
comparable to the human AD lesions and they do so in a
shorter lifespan (Head et al. 2005).
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It is worth mentioning that dogs are also potentially
natural models for AD in humans as many old dogs also
suffer from similar cognitive dysfunction (Prpar Mihevc
and Majdi¢ 2019).

Clinical feline trials can be preclinical trials for
humans, and medication can be simultaneously devel-
oped in a time and cost-effective process. These are
known today as reverse translational medicine (Schnei-
der et al. 2018). Additionally, they have the potential to
promote animal welfare by avoiding unnecessary use of
laboratory animals. The feline disease shares many simi-
larities with AD and although the diseases are not iden-
tical we suggest that the similarities AD and FCD share
warrant exploring the feline disease as a model to the
human disease.

Cats and dogs share pathological changes with the hu-
man AD and share the human environment which
makes them both good candidate models for naturally
occurring AD (Takeuchi et al. 2008). While dogs share
many similarities with the human AD, cats are one of
the only species which displays naturally occurring tau
pathologies (Chambers et al. 2015). It was shown that
aging cats share three important similarities with human
AD; they have spontaneous development of A disposi-
tions, and they have taupathies and neuronal loss which
shares distribution and characteristics with AD (Klug
et al. 2020). Moreover, it has been shown that there is a
correlation between the neuronal loss and cognitive dys-
function in aging cats (Takeuchi et al. 2008). These facts
make cats, at the very least a complementary model to
dogs in researching naturally occurring AD.

CBD as potential treatment for Alzheimer’s
disease

Among the various functions of cannabidiol are anti-
inflammatory properties, demonstrated in vitro and
in vivo (in rats) (Cassano et al. 2020; Esposito et al.
2011) and antioxidant properties (Esposito et al.
2011; Pellati et al. 2018) in vitro (Hartsel et al. 2019;
Kim et al. 2019). Additionally, CBD was found to in-
hibit the hyperphosphorylation of tau proteins
in vitro (Esposito et al. 2006), which, as mentioned,
is present in AD human patients and in some FCD
patients. CBD has also been shown to increase the
cerebral blood flow in vivo (in mouse models after
stroke) (Sultan et al. 2017), attenuate the neurotox-
icity of the B-amyloid protein accumulation in vitro
and in vivo (in mice), modulate microglial cell func-
tion (Martin-Moreno et al. 2011), and reverse cogni-
tive deficits in transgenic animal models (in mice)
(Cheng et al. 2014). Thus, CBD has the potential to
counter many of the pathological processes in AD
(Vallée et al. 2017). There is a need for more re-
search regarding the benefits, risks, and doses for
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CBD treatment in human patients and especially in
elderly human patients (Beedham et al. 2020). The
safety of the treatment needs to be evaluated for
chronic use (Iffland and Grotenhermen 2017), and
potential drug interactions should be evaluated as
many elderly patients need to be treated for concur-
rent conditions (Alsherbiny and Li 2018). Addition-
ally, there is a need to research the usage of CBD to
treat FCD patients. Combining the research could
benefit feline and human patients and save resources
such as time and funds. Clinical evidence in treating
dementia or AD with CBD is scarce, we conducted
an electronic search in “PubMed” and “Google
Scholar” for published articles, in English, published
in the years 2005 to September 2020, using the key
words “Dementia + Cannabidiol + clinical trials”,
“Alzheimer’s + Cannabidiol + clinical trials”, “De-
mentia + Cannabidiol”, and “Alzheimer’s + Cannabi-
diol”, and their references and citations. We did not
find articles regarding clinical trials in treatment of
AD or dementia with CBD. Additionally, a few re-
cent comprehensive reviews that addressed the treat-
ment of AD and dementia with cannabinoids did not
review clinical trials with treatment of dementia or
AD with CBD (Beedham et al. 2020; Inglet et al.
2020; Cooray et al. 2020). A published case commu-
nication demonstrated treatment of an 81-year-old
man that suffered from dementia after several car-
diovascular events and presented with drowsiness,
difficulty keeping his eyes open, inability to maintain
eye contact for more than a few seconds, inability to
speak, difficulties to communicate, and severe spasti-
city. He was treated with CBD, starting with 3 daily
drops of CBD oil and after approximately 7 days the
dose was increased to 4 daily drops of CBD oil. A
few days after commencing treatment, his alertness
and responsiveness improved and he was able to say
a few words. A month after beginning the treatment,
he remained more alert and responsive, continued to
say a few words, and regained his ability to make
eye contact for more than a few seconds, and his
spasticity decreased. No side effects were reported
(Hermush and Ore 2019).

CBD and feline patients

There is a shortage of literature regarding the usage of
CBD in domestic cats and the pharmacokinetics and
safety must be established. A comprehensive review of
the existing literature on veterinary cannabinoid
medicine does not mention feline research in the field
(Hartsel et al. 2019). One research tested the pharmaco-
kinetics and safety of a single daily dose of CBD in a
small group of cats for 84 days and found that it was
absorbed after oral administration and that the safety
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was satisfactory, although monitoring of liver enzymes is
necessary (Deabold et al. 2019). Research with larger
numbers of cats is necessary to establish the safety and
effectiveness of the treatment. Additionally, a double
blind study treating domestic feline cognitive dysfunc-
tion patients in significant numbers is necessary to de-
termine the usefulness of this treatment for feline
patients and its potential use for human patients.

Conclusions

Classic animal models fail to predict the outcome of
new treatments more than they succeed. This causes
inefficient use of resources and compromises animal
welfare without promoting human or animal health.
We suggest, in accord with the One Health Initiative,
that a better model for human disease can be found
in domestic pets, with naturally occurring diseases
who share the human environment so the disease
mechanisms and features have a higher chance of
simulating the human equivalent. Moreover, we sug-
gest that these trials should be conducted as clinical
veterinary trials to develop treatment for the parallel
conditions in domestic pets, thus enhancing animal
welfare, promoting better veterinary care, and saving
resources by simultaneously developing treatments for
humans and pets. We find feline cognitive dysfunc-
tion a promising model for human Alzheimer’s dis-
ease. Therefore, we suggest that conducting a clinical
trial in aging domestic cats, for researching the bene-
fits of CBD for both conditions, can promote the
treatment of these two difficult conditions in humans
and pets.

Abbreviations
AD: Alzheimer’s disease; FCD: Feline cognitive dysfunction; CBD: Cannabidiol

Acknowledgements
Not applicable.

Authors’ contributions

All authors were involved in the design of the review, had access to the
data, and were involved and participated in drafting, revising, and approving
the manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.



Zadik-Weiss et al. Journal of Cannabis Research (2020) 2:43

Author details

'Amsterdam, The Netherlands. “Tel Aviv, Israel. *Department of Geriatrics and
Skilled Nursing, Laniado Medical Center, Netanya, Israel. “Rappaport Faculty
of Medicine, Technion—Israel Institute of Technology, Haifa, Israel. The Ella
Lemelbaum Institute for Immuno-Oncology, Sheba Medical Center, Ramat
Gan, Israel. ®Behavioral Neuroscience Lab, Department of Neuroscience, The
Rappaport Faculty of Medicine, Technion—Israel Institute of Technology,
Haifa, Israel. “Bone Marrow Transplantation, Cancer Immunotherapy &
Immunobiology Research Center, Hadassah-Hebrew University Medical
Center, Jerusalem, Israel.

Received: 2 April 2020 Accepted: 13 November 2020
Published online: 17 December 2020

References

Alsherbiny MA, Li CG. Medicinal cannabis-potential drug interactions. Medicines
(Basel). 2018,6(1):-3. https://doi.org/10.3390/medicines6010003 PMID:
30583596; PMCID: PMC6473892.

Alzheimer’s Association. 2019 Alzheimer's disease facts and figures. Alzheimer's
Dement. 2019;15(3):321-87. https://doi.org/10.1016/}jalz2019.01.010.

Alzheimer’'s Disease International. World Alzheimer report 2019: attitudes to
dementia. London; 2019. www.daviddesigns.co.uk. Accessed 25 Mar 2020.

Andrew C. Beck, Erica M. Lash, Jason B. Hack, Environmental toxic exposures
using companion animals as an indicator of human toxicity: a case report
and discussion, J Emergency Med, in press, https;//doi.org/10.1016/].
jemermed.2020.04.026.

Beedham W, Shai M, Allison |, Coary R, Shipway D. Cannabinoids in the older
person: a literature review. Geriatrics. 2020;5(1):2. https://doi.org/10.3390/
geriatrics5010002 PMID: 31941020; PMCID: PMC7151062.

Bellows J, Center S, Daristotle L, Estrada AH, Flickinger EA, Horwitz DF, Shoveller
AK. Aging in cats: common physical and functional changes. J Feline Med
Surg. 2016;18(7):533-50 https://doi.org/10.1177/1098612X16649523.

Birch AM, Katsouri L, Sastre M. Modulation of inflammation in transgenic models
of Alzheimer's disease. J Neuroinflammation. 2014;11(1):25. https://doi.org/10.
1186/1742-2094-11-25.

Cannon JR, Greenamyre JT. The role of environmental exposures in
neurodegeneration and neurodegenerative diseases. Toxicol Sci. 2011;124(2):
225-50. https://doi.org/10.1093/toxsci/kfr239.

Cassano T, Villani R, Pace L, Carbone A, Bukke VN, Orkisz S, Avolio C, Serviddio G.
From Cannabis sativa to cannabidiol: promising therapeutic candidate for
the treatment of neurodegenerative diseases. Front Pharmacol. 2020;11:124.
https://doi.org/10.3389/fphar.2020.00124 PMCID: PMC7069528.

Chambers JK, Tokuda T, Uchida K, Ishii R, Tatebe H, Takahashi E, Tomiyama T, Une
Y, Nakayama H. The domestic cat as a natural animal model of Alzheimer's
disease. Acta Neuropathol Commun. 2015;3:78. https://doi.org/10.1186/
$40478-015-0258-3 PMID: 26651821; PMCID: PMC4674944.

Cheng D, Low JK, Logge W, Garner B, Karl T. Chronic cannabidiol treatment
improves social and object recognition in double transgenic APPswe/PSTAE9
mice. Psychopharmacology (Berl). 2014;231(15):3009-17. https://doi.org/10.
1007/500213-014-3478-5.

M. M. Christopher, One Health, one literature: weaving together veterinary and
medical research. Sci. Transl. Med. 7, 303 fs36 (2015). doi:https://doi.org/10.
1126/scitransimed.aab0215 pmid:26333932.

Cooray R, Gupta V, Suphioglu C. Current aspects of the endocannabinoid system
and targeted THC and CBD phytocannabinoids as potential therapeutics for
Parkinson’s and Alzheimer's diseases: a review. Mol Neurobiol. 2020; https.//
doi.org/10.1007/512035-020-02054-6.

Cummings BJ, Satou T, Head E, Milgram NW, Cole GM, Savage MJ, et al. Diffuse
plagues contain C-terminal Ab42 and not Ab40: evidence from cats and
dogs. Neurobiology Aging. 1996;17(4):653e659 https://doi.org/10.1016/0197-
4580(96)00062-0.

Deabold KA, Schwark WS, Wolf L, Wakshlag JJ. Single-dose pharmacokinetics and
preliminary safety assessment with use of CBD-rich hemp nutraceutical in
healthy dogs and cats. Animals. 2019;9(10):832. https://doi.org/10.3390/
anio100832.

Devinsky O, Boesch JM, Cerda-Gonzalez S, et al. A cross-species approach to
disorders affecting brain and behavior. Nat Rev Neurol. 2018;14:677-86
https://doi.org/10.1038/541582-018-0074-z.

Drummond E, Wisniewski T. Alzheimer's disease: experimental models and reality.
Acta Neuropathol. 2017;133(2):155-75. https://doi.org/10.1007/500401-016-
1662-x.

Page 5 of 6

Epis R, Gardoni F, Marcello E, Genazzani A, Canonico PL, Di Luca M. Searching for
new animal models of Alzheimer's disease. Eur. J. Pharmacol. 2010,626:57-63.
https://doi.org/10.1016/j.ejphar.2009.10.020.

Esposito G, De Filippis D, Carnuccio R, Izzo AA, luvone T. The marijuana component
cannabidiol inhibits beta-amyloid-induced tau protein hyperphosphorylation
through Wnt/beta-catenin pathway rescue in PC12 cells. J Mol Med (Berl). 2006;
84(3):253-8. https//doi.org/10.1007/500109-005-0025-1.

Esposito G, Scuderi C, Valenza M, Togna G, Latina V, De Filippis D, Cipriano M,
Carratu MR, luvone T, Steardo L. Cannabidiol reduces AB-induced
neuroinflammation and promotes hippocampal neurogenesis through
PPARY involvement. PloS one. 2011,6(12):e28668 https://doi.org/10.1371/
journal.pone.0028668.

Fiock KL, Smith JD, Crary JF, Hefti MM. 3-amyloid and tau pathology in the aging feline
brain. J Comp Neurol. 2020;528(1):108-13. https//doi.org/10.1002/cne.24741.

Foster JK, Verdile G, Bates KA, Martins RN. Immunization in Alzheimer's disease:
naive hope or realistic clinical potential? Mol Psychiatry. 2009;14(3):239-51.
https://doi.org/10.1038/mp.2008.115.

Franco R, Cedazo-Minguez A. Successful therapies for Alzheimer's disease: why so
many in animal models and none in humans? Front Pharmacol. 2014;5:146.
https://doi.org/10.3389/fphar.2014.00146.

Gibbs EPJ. The evolution of One Health: a decade of progress and challenges for
the futureVeterinary. Record. 2014;174:85-91.

Gotaszewska A, Bik W, Motyl T, Orzechowski A. Bridging the gap between
Alzheimer's disease and Alzheimer's-like diseases in animals. Int J Mol Sci.
2019;20(7). doi:https://doi.org/10.3390/ijms20071664.

Gotz J, Ittner LM. Animal models of Alzheimer's disease and frontotemporal dementia.
Nat Rev Neurosci. 20089(7):532-44. https//doi.org/10.1038/nrm2420.

Grammas P. Neurovascular dysfunction, inflammation and endothelial activation:
Implications for the pathogenesis of Alzheimer's disease. J
Neuroinflammation. 2011;8:26. https://doi.org/10.1186/1742-2094-8-26.

Gunn-Moore D, Danielle P, Bsc G-M, Phd B, Macvsc F, Rcvs M. Increased
vocalisation in elderly cats. Eur J Comp An Pr. 2015;25(3):20-29. http://www.
ejcap.org. Accessed 25 Mar 2020.

Gunn-Moore D, Moffat K, Christie L-A, Head E. Cognitive dysfunction and the
neurobiology of aging in cats. J Small Anim Pract. 2007;48(10):546-53.
https://doi.org/10.1111/j.1748-5827.2007.00386.x.

Gunn-Moore DA. Cognitive dysfunction in cats: clinical assessment and
management. Top Companion Anim Med. 2011;26(1):17-24. https://doi.org/
10.1053/j.tcam.2011.01.005.

Gunn-Moore DA, McVee J, Bradshaw JM, Pearson GR, Head E, Gunn-Moore FJ.
Aging changes in cat brains demonstrated by B-amyloid and AT8-
immunoreactive phosphorylated tau deposits. J Feline Med Surg. 2006;8(4):
234-42. https://doi.org/10.1016/}jfms.2006.01.003.

Hartsel JA, Boyar K, Pham A, Silver RJ, Makriyannis A., Cannabis in veterinary
medicine: cannabinoid therapies for animals. In: Gupta R, Srivastava A. LR, ed.
Nutraceuticals in veterinary medicine. Cham: Springer International
Publishing; 2019:121-155. doi:https://doi.org/10.1007/978-3-030-04624-8_10.

Head E, Moffat K, Das P, et al. -Amyloid deposition and tau phosphorylation in
clinically characterized aged cats. Neurobiol Aging. 2005;26(5):749-63. https//
doi.org/10.1016/j.neurobiolaging.2004.06.015.

Hermush V, Ore L. An 81-year-old male with advanced dementia and recurrent
cerebrovascular events: is there a place for cannabidiol therapy? Israel Med
Assoc J. 2019;21(11):759-60 PMID: 31713367.

Iffland K, Grotenhermen F. An update on safety and side effects of cannabidiol: a
review of clinical data and relevant animal studies. Cannabis Cannabinoid
Res. 2017;2(1):139-54. https://doi.org/10.1089/can.2016.0034 PMID: 28861514;
PMCID: PMC5569602.

Inglet S, Winter B, Yost SE, Entringer S, Lian A, Biksacky M, Pitt RD, Mortensen W.
Clinical data for the use of cannabis-based treatments: a comprehensive
review of the literature. Ann Pharmacother. 2020;54(11):1109-43. https://doi.
0rg/10.1177/1060028020930189 Epub 2020 Jun 2. PMID: 32483988,

Karagiannis C, Mills D. Feline cognitive dysfunction syndrome. Vet Focus. 2014;
24(2):42-47 http://i.behaviour.gr/static/animalbehaviour/documents/feline-
cognitive-dysfunction-syndrome.pdf. Accessed 25 Mar 2020.

Kim SH, Yang JW, Kim KH, Kim JU, Yook TH. A review on studies of marijuana for
Alzheimer's disease - focusing on CBD, THC. J Pharmacopuncture. 2019;22(4):
225-30. https//doi.org/10.3831/KP1.2019.22.030 Epub 2019 Dec 31. PMID:
31970019; PMCID: PMC6970569.

Klug J, Snyder JM, Darvas M, Imai DM, Church M, Latimer C, Keene CD, Ladiges
W. Aging pet cats develop neuropathology similar to human Alzheimer's
disease. Aging Pathobiology and Therapeutics. 2020;2(3):120-5.


https://doi.org/10.3390/medicines6010003
https://doi.org/10.1016/j.jalz.2019.01.010
http://www.daviddesigns.co.uk
https://doi.org/10.1016/j.jemermed.2020.04.026
https://doi.org/10.1016/j.jemermed.2020.04.026
https://doi.org/10.3390/geriatrics5010002
https://doi.org/10.3390/geriatrics5010002
https://doi.org/10.1177/1098612X16649523
https://doi.org/10.1186/1742-2094-11-25
https://doi.org/10.1186/1742-2094-11-25
https://doi.org/10.1093/toxsci/kfr239
https://doi.org/10.3389/fphar.2020.00124
https://doi.org/10.1186/s40478-015-0258-3
https://doi.org/10.1186/s40478-015-0258-3
https://doi.org/10.1007/s00213-014-3478-5
https://doi.org/10.1007/s00213-014-3478-5
https://doi.org/10.1126/scitranslmed.aab0215
https://doi.org/10.1126/scitranslmed.aab0215
https://doi.org/10.1007/s12035-020-02054-6
https://doi.org/10.1007/s12035-020-02054-6
https://doi.org/10.1016/0197-4580(96)00062-0
https://doi.org/10.1016/0197-4580(96)00062-0
https://doi.org/10.3390/ani9100832
https://doi.org/10.3390/ani9100832
https://doi.org/10.1038/s41582-018-0074-z
https://doi.org/10.1007/s00401-016-1662-x
https://doi.org/10.1007/s00401-016-1662-x
https://doi.org/10.1016/j.ejphar.2009.10.020
https://doi.org/10.1007/s00109-005-0025-1
https://doi.org/10.1371/journal.pone.0028668
https://doi.org/10.1371/journal.pone.0028668
https://doi.org/10.1002/cne.24741
https://doi.org/10.1038/mp.2008.115
https://doi.org/10.3389/fphar.2014.00146
https://doi.org/10.3390/ijms20071664
https://doi.org/10.1038/nrn2420
https://doi.org/10.1186/1742-2094-8-26
http://www.ejcap.org
http://www.ejcap.org
https://doi.org/10.1111/j.1748-5827.2007.00386.x
https://doi.org/10.1053/j.tcam.2011.01.005
https://doi.org/10.1053/j.tcam.2011.01.005
https://doi.org/10.1016/j.jfms.2006.01.003
https://doi.org/10.1007/978-3-030-04624-8_10
https://doi.org/10.1016/j.neurobiolaging.2004.06.015
https://doi.org/10.1016/j.neurobiolaging.2004.06.015
https://doi.org/10.1089/can.2016.0034
https://doi.org/10.1177/1060028020930189
https://doi.org/10.1177/1060028020930189
http://i.behaviour.gr/static/animalbehaviour/documents/feline-cognitive-dysfunction-syndrome.pdf
http://i.behaviour.gr/static/animalbehaviour/documents/feline-cognitive-dysfunction-syndrome.pdf
https://doi.org/10.3831/KPI.2019.22.030

Zadik-Weiss et al. Journal of Cannabis Research (2020) 2:43

Landsberg GM, Nichol J, Araujo JA. Cognitive dysfunction syndrome: a disease of
canine and feline brain aging. Vet Clin North Am Small Anim Pract. 2012;
42(4):749-68, vii. https://doi.org/10.1016/j.cvsm.2012.04.003.

Lim GP, Yang F, Chu T, et al. Ibuprofen suppresses plaque pathology and
inflammation in a mouse model for Alzheimer's disease. J Neurosci. 2000;
20(15):5709-14. https://doi.org/10.1523/jneurosci.20-15-05709.2000.

Martin-Moreno AM, Reigada D, Ramirez BG, Mechoulam R, Innamorato N,
Cuadrado A, de Ceballos ML. Cannabidiol and other cannabinoids reduce
microglial activation in vitro and in vivo: relevance to Alzheimer's disease.
Mol Pharmacol. 2011;79(6):964-973. doi: https://doi.org/10.1124/mol.111.
071290. Epub 2011 Feb 24. PMID: 21350020; PMCID: PMC3102548.

Morales |, Guzmén-Martinez L, Cerda-Troncoso C, Farfas GA, Maccioni RB.
Neuroinflammation in the pathogenesis of Alzheimer’s disease. A rational
framework for the search of novel therapeutic approaches. Front Cell
Neurosci. 2014;8(1 APR):112. doi:https.//doi.org/10.3389/fncel.2014.00112.

Pastorinho MR, Sousa ACA. Pets as sentinels of human exposure to neurotoxic metals. In:
Pets as sentinels, forecasters and promoters of human health. Springer International
Publishing; 2020:83-106. doi:https//doiorg/10.1007/978-3-030-30734-9_5.

Pellati F, Borgonetti V, Brighenti V, Biagi M, Benvenuti S, Corsi L. Cannabis sativa L. and
nonpsychoactive cannabinoids: their chemistry and role against oxidative stress,
inflammation, and cancer. Biomed Res Int. 2018,2018:1691428. doi: https.//doiorg/
10.1155/2018/1691428. PMID: 30627539; PMCID: PMC6304621.

Polson AG, Fuji RN. The successes and limitations of preclinical studies in
predicting the pharmacodynamics and safety of cell-surface-targeted
biological agents in patients. Br J Pharmacol. 2012;166(5):1600-2. https://doi.
org/10.1111/}.1476-5381.2012.01916.x.

Poncelet L, Ando K, Vergara C, et al. A 4R tauopathy develops without amyloid
deposits in aged cat brains. Neu- robiology of aging. 2019;81:200-12 https.//
doi.org/10.1016/j.neurobiolaging.2019.05.024.

Prpar Mihevc S, Majdi¢ G. Canine cognitive dysfunction and Alzheimer’s disease -
two facets of the same disease? Front Neurosci. 2019;13:604. https://doi.org/
10.3389/fnins.2019.00604 PMID: 31249505; PMCID: PMC6582309.

Ritter S, Zadik-Weiss L, Aimogi-Hazan O, Or R. Cannabis, One Health, and
veterinary medicine: cannabinoids role in public health, food safety, and
translational medicine. Rambam Maimonides Med J. 2020;11(1):e0006.
https://doi.org/10.5041/RMMJ.10388.

Rosenmann H, Grigoriadis N, Eldar-Levy H, Avital A, Rozenstein L, Touloumi O,
Behar L, Ben-Hur T, Avraham Y, Berry E, Segal M, Ginzburg I, Abramsky O. A
novel transgenic mouse expressing double mutant tau driven by its natural
promoter exhibits tauopathy characteristics. Exp Neurol. 2008;212(1):71-84.
https://doi.org/10.1016/j.expneurol.2008.03.007 Epub 2008 Mar 21. 22.

Salomone S, Caraci F, Leggio GM, Fedotova J, Drago F. New pharmacological strategies
for treatment of Alzheimer's disease: focus on disease modifying drugs. Br J Clin
Pharmacol. 2012;73(4):504-17. https//doiorg/10.1111/.1365-21252011.04134x.

Sarlus H, Heneka MT. Microglia in Alzheimer's disease. J Clin Invest. 2017;127(9):
3240-9. https://doi.org/10.1172/JCI90606.

Schneider B, Balbas-Martinez V, Jergens AE, Troconiz IF, Allenspach K, Mochel JP.
Model-based reverse translation between veterinary and human medicine:
the One Health Initiative. CPT pharmacometrics Syst Pharmacol. 2018;7(2):65—
8. https;//doi.org/10.1002/psp4.12262.

Sultan SR, Millar SA, England TJ, O'Sullivan SE. A systematic review and meta-
analysis of the haemodynamic effects of cannabidiol. Front Pharmacol. 2017,
8(FEB). doi:https://doi.org/10.3389/fphar.2017.00081.

Takeuchi Y, Uetsuka K, Murayama M, et al. Complementary distributions of
amyloid-B and neprilysin in the brains of dogs and cats. Veterinary
Pathology. 2008;45(4):455-66.

Vallée A, Lecarpentier Y, Guillevin R, Vallée J-N. Effects of cannabidiol interactions
with Wnt/B-catenin pathway and PPARy on oxidative stress and
neuroinflammation in Alzheimer's disease. Acta Biochim Biophys Sin
(Shanghai). 2017;49(10):853-66. https://doi.org/10.1093/abbs/gmx073.

Watt G, Karl T. In vivo evidence for therapeutic properties of cannabidiol (CBD)
for Alzheimer's disease. Front Pharmacol. 2017;8(FEB):20. doi:https://doi.org/
10.3389/fphar.2017.00020.

Youssef SA, Capucchio MT, Rofina JE, et al. Pathology of the aging brain in
domestic and laboratory animals, and animal models of human
neurodegenerative diseases. Vet Pathol. 2016;53(2):327-48. https://doi.org/10.
1177/0300985815623997.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 6 of 6

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.cvsm.2012.04.003
https://doi.org/10.1523/jneurosci.20-15-05709.2000
https://doi.org/10.1124/mol.111.071290
https://doi.org/10.1124/mol.111.071290
https://doi.org/10.3389/fncel.2014.00112
https://doi.org/10.1007/978-3-030-30734-9_5
https://doi.org/10.1155/2018/1691428
https://doi.org/10.1155/2018/1691428
https://doi.org/10.1111/j.1476-5381.2012.01916.x
https://doi.org/10.1111/j.1476-5381.2012.01916.x
https://doi.org/10.1016/j.neurobiolaging.2019.05.024
https://doi.org/10.1016/j.neurobiolaging.2019.05.024
https://doi.org/10.3389/fnins.2019.00604
https://doi.org/10.3389/fnins.2019.00604
https://doi.org/10.5041/RMMJ.10388
https://doi.org/10.1016/j.expneurol.2008.03.007
https://doi.org/10.1111/j.1365-2125.2011.04134.x
https://doi.org/10.1172/JCI90606
https://doi.org/10.1002/psp4.12262
https://doi.org/10.3389/fphar.2017.00081
https://doi.org/10.1093/abbs/gmx073
https://doi.org/10.3389/fphar.2017.00020
https://doi.org/10.3389/fphar.2017.00020
https://doi.org/10.1177/0300985815623997
https://doi.org/10.1177/0300985815623997

	Abstract
	Background
	Pathological changes in Alzheimer’s disease and in feline cognitive dysfunction
	Animal models for Alzheimer’s disease: laboratory animals versus pets with naturally occurring disease
	CBD as potential treatment for Alzheimer’s disease
	CBD and feline patients
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

