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The endocannabinoid system: 
Cannabinoids from hemp have gained popularity in the United States and other countries due to the 
ability to influence the endocannabinoid system.  In short, the endocannabinoid system revolves around a 
naturally produced fatty acid within synapses and tissues as two major molecules that undergo heavy 
recycling at cell membranes.  The two most prominent of these molecules is Anandamide (Arachydonyl 
ethanolamide) and 2-arachidonyl glycerol (2-AG) that can influence a variety of receptor systems.  
Cannabinoids from hemp appear to influence the same receptor systems as the endogenous ligands.  
The major cannabinoids formed in hemp are based on strains that have synthase activities towards major 
cannabinoids with the biggest three found predominantly being cannabigerolic acid (CBGA), cannabidiolic 
acid (CBDA) and tetrahydrocannabinolic acid (THCA). (1)  As you can see the plant makes acidic forms of 
these cannabinoids which when extracted under high heat causes decarboxylation to the forms we know 
as cannabidiol (CBD), delta 9 - tetrahydrocannabinol (THC) and cannabigerol (CBG). (2)   Most of the 
legal hemp cultivars across countries will be rich in CBDA or CBGA with very little THCA that will 
eventually become CBD, THC and CBG in products with other minor cannabinoids if it is a full spectrum 
or broad spectrum product.   Most countries allow at least 0.2% THC or slightly greater in products that 
are saleable.  Most products focus on CBD as the major cannabinoid and is where most of the research 
has been done, with other cannabinoids having promise as therapeutics as well. 

Its not cannabinoid 1 and 2 receptors! 
Much of the literature focuses on the cannabinoid 1 (CB1) and cannabinoid 2 (CB2) receptor as a major 
interaction point for cannabinoids, but this is not the case for CBD or CBDA. The relevant receptors 
systems identified as CBD or CBDA targets begin with the transient receptor potential ion channels 
(TRP).  This family of ion channels are surely affected by CBD due to the high affinity at concentrations 
well below 1 uM.  These receptors are important in the peripheral and central nervous system for 
nociception of the pain response and the binding of CBD to these receptors act in an agonistic and 
desensitization response leading to mitigation of pain.(1)  

Groups of receptors associated with ion channel gating as well as intracellular signaling that are poorly 
studied including the g protein orphan receptors (GPR), glycine, peroxisomal proliferation gamma (PPAR- 
g) and adenine receptor system.  The GPR55 and glycine receptors appear to be influenced by CBD and 
CBDA at relevant concentrations and are involved in the neuronal signaling and depolarization potential, 
whereby GPR55 may promote depolarization if activated by endogenous cannabinoids and CBD appears 
to be an antagonist of this receptor. Conversely, the glycine receptor when activated allows for 
repolarization due to influx of chloride causing hyperpolarization – both mechanisms lead to less 
depolarization potential thereby dampening transmission of nociceptive pain primarily in the central 
nervous system.   The PPAR-gamma receptor is an intracellular receptor that influences transcription and 
translation of genes that are usually involved in cytokine production in immune cells leading to mild 
dampening of the inflammatory response globally.  More specifically to seizures, CBD and CBDA appear 
to interact at the adenosine receptor/equilibrate nucleotide transporter leading to alterations in 



 
glutamatergic signaling.  Lastly a more popular receptor system affected by CBD and CBDA is the  
5HT1A receptor and lesser so the 5HT2A receptor, both serotonin receptors that appear to be influenced 
by CBD as an agonist to promote a serotonergic stimulus and homeostasis around serotonin signaling for 
a feeling of wellness.(1) 

When trying to understand the mechanisms by which CBD or CBDA are having their actions at a cellular 
level there are two major focus’ including 1) pharmacologically relevant concentrations and 2) receptor 
interactions.  Over the past 10 years is it relatively clear that current safe dosing of 1-10 mg/kg in dogs, 
and 1-5 mg/kg in cats lead to significant levels in the serum, which can have potential pharmacological 
interactions at receptors. (3,4) This large range suggests that dose may be relevant to clinical effect 
hence serum cannabinoid testing may be worthwhile – although there are no labs currently running these 
diagnostics in veterinary medicine.  A majority of this work has been done in dogs with even less known 
about achievable serum concentrations in cats, with only a single 6 month chronic dosing of CBD at 4 
mg/kg once a day showing safety in cats and in dogs there are three relevant long term dosing studies 
ranging from 4 mg/kg once a day to 100 mg/kg suggesting safety as doses of up to 10 mg/kg safely long 
term.(4) 

Why CBD/CBDA? 
CBDA has similar activities as CBD, however in some receptor systems CBDA appears to have greater 
activity.  In general, CBD appears to have greater affinity and activity for the TRP system.  However, 
CBDA has greater potency and ability to interact at the 5HT1A receptor, which appears to be involved not 
only in the feeling of wellness like most serotonergic systems, but appears to have better anti-nausea and 
vomiting influences than CBD.  Additionally, CBDA and most of the acidic forms of cannabinoids appear to 
have potential as native COX-1 and COX-2 inhibitors.  More importantly, CBDA appears to stimulate the 
PPAR system leading to overall decreased COX enzyme production in cells as a part of its anti-
inflammatory effect.(2) 

Atopic Dermatitis (and inflammation): 
Initial studies on the receptors discussed above have shown that the CB1 and particularly the CB2 
receptor appear to be upregulated in the skin of atopic dogs, not only in the keratinocytes, but also the 
adnexal and immune cells of the skin.  Similarly, there is an increase in the GPR55, TRPV1, TRPA and 
5HT receptors that appears to mirror the upregulation in the various cell types in the skin of atopic dogs.  
These immunohistologic finding have led to the hypothesis that these receptors may be potential targets 
for intervention.(5,6) 

Further clinical evidence is now pointing to the potential utility of CBD use in the pruritic response 
associated with atopic dermatitis.(7)  A recent publication in Veterinary Dermatology in a randomized 
placebo-controlled trial has shown a significantly diminished pruritic response through validated owner 
pruritus scores compared to placebo over a 4 week period when utilizing a CBD/CBDA rich hemp at 2 
mg/kg twice daily in conjunction with other interventions in dogs with atopic dermatitis.  This is the first 
demonstration in veterinary and human medicine that orally consumed cannabinoids have utility in control 
pruritus. (8) The use of hemp CBD has been confirmed further in a recently published open label pilot 
study as well as a healthy dog shelter cohort where accelerometry data was collected to examine activity, 
which was not altered, yet kenneled dog pruritic activity was shown to be quelled with similar dosing as 
the randomized controlled clinical trial.(9,10)  What should be noted is that although pruritic activity was 
diminished with the use of CBD/CBDA the actual CADESI scoring of dogs was not observed to be 
significantly different suggesting a neurological response rather than an inflammatory response. 



 
Although there is ample preclinical evidence that the inflammatory milieu related to macrophage and 
lymphocyte activation and release of inflammatory cytokines can be influenced by CBD/CBDA, the actual 
clinical literature is sparse.(11)  Many in vitro or ex vivo studies of cannabinoids like CBD can dampen 
pro-inflammatory responses in experimental models; the reality is that much of this examination has been 
done through intraperitoneal injections and supraphysiological doses that may not be realistic with oral 
delivery.  Currently, we are not observing that physiological concentrations (0.1-1 uM) of CBD or CBDA 
heavily influence things such as neutrophil migration or macrophage/lymphocyte production of pro or anti-
inflammatory cytokines.(12)  In concert with the lack of immunological alteration in the study of Loewinger 
et al, 2022 for atopic dermatitis; a study by Morris and colleagues, who examined similar dosing (2.5 
mg/kg every 12 hours) and followed generalized humoral responses to KLH antigen, showed CBD did not 
negatively or positively influence humoral immunity.(13) 

Other open label studies in dog with atopic dermatitis should also be recognized showing the potential for 
CBD in treating atopic dermatitis.  A small cohort of 8 dogs with refractory atopic dermatitis were treated in 
an open label format with the higher dose being approximately 0.25 mg/kg of CBD in an oil format.  The 
results suggest an improvement in clinical signs, however these dogs were being treated with other 
pharmaceuticals and it cannot be deduced on whether this was truly effective due to lack of a placebo 
group.(9)  Interestingly, a larger study examining activity and itch in normal dogs being given 5 mg/kg as a 
high dose of CBD in a treat format did show that activity was not diminished in this shelter cohort, but that 
itching activity was diminished based on activity collars.(10)  These data are pointing towards a 
neurological effect that leads to anti-pruritic activity more than an anti-inflammatory effect of cannabinoids.   

Other nutraceutical use also points towards the endocannabinoid system as a target with an open labeled 
study examining the nutraceutical palmitoyl ethanolamine (PEA) supplementation.   PEA is a natural 
compound that may have activity at the CB1 and CB2 receptors that are upregulated in the immune cells, 
keratinocytes and adnexal structures.  A large open label study using 10 mg/kg of this nutraceutical 
suggested improvements in the VAS pruritic score and the CADLI scoring system for atopic dermatitis 
over 8 weeks in mild, moderate and severe cases of atopic dermatitis.  Considering the large nature of 
the study with 160 dogs it does suggest potential efficacy even though not placebo blinded.  Again, these 
dogs were under dermatologists care on other treatments that could not be altered during the 
protocol.(14)  Lastly, a study performed by Marsella and colleagues using a endocannabinoid reuptake 
inhibitor of the enzymes involved in degredation of natural endocannabinoids in a colony of atopic dogs 
when used as 1% topical showed improvements in skin lesions and pruritic activity in the colony further 
suggesting that the endocannabinoid system is a target for pruritus and possibly dermal inflammation. 
(15) 

Topicals and local use: 
While in the human arena there has been more topical utilization of cannabinoid products than oral 
products suggesting promise for local application of cannabinoids.  In dogs it has been shown that 
cannabinoids can get to meaningful serum concentrations when applied transdermally with one study 
using 20 mg/kg transdermal SID and 4 mg/kg applied BID.(16)  Interestingly the acidic from of CBDA was 
shown to achieve 4-5 fold greater concentrations than CBD as the 4 mg/kg dose BID was an equal mix of 
CBD and CBDA. (17)  The fact that serum concentrations can be measured suggests that there could be 
clinical application as a potential local anti-inflammatory.  From personal experience, the author has not 
observed local ani-inflammatory activity per se when applied aurally as a means for transdermal and in 
fact when using a whole plant extract there may be other phenols and polyphenols that can cause skin 
reactions in sensitive dogs making isolates the preferred cannabinoids at this juncture for research.   



 
However, with proper formulation and application based on Marcella and colleague study this is an area 
in need of further research.  

As CBD and CBG have antibacterial properties born out in preclinical models as preliminary pilot study 
was performed using CBD and CBG isolates in a spray to mediate experimentally induced local staph 
dermatitis which is a starting point.(18)  This pilot study used 42 mg application twice a day after lesion 
induction and staph application and when compared to the placebo there appeared to be no improvement 
of clinical lesion, neutrophil counts or staphylococcal count differences from placebo treated dogs other 
than a statistically significant lesion reduction two days quicker on the 42 mg equal mix of CBD/CBG 
when using a placebo ethanol glycerol based spray.  Another pilot study was performed using 42 mg/ml in 
a hydrogel-based cream versus control hydrogel cream applied BID after lesion and staphylococcus 
induction.  Again, in this study there was no improvement of lesion store, neutrophils or staphylococcus 
found between the placebo and treatment groups.  This is disappointing however the clinical resolution of 
these induced lesions in healthy beagle dogs does not mimic the typical staphylococcal infection, but it 
was evident that the CBD/CBG or CBG alone treatments did not influence cocci enumeration in the lesion 
which was the primary objective.   

The future: 
Currently the use of oral CBD rich hemp appears to be a possible entity to help curtail the pruritic 
response in the allergic and atopic dog and with the use of PEA as a supplement it is pointing towards 
involvement of the endocannabinoid system in the atopic dog.  The potential for topical treatment is 
similarly intriguing and there are a number of cannabinoids that could be tested that may be better than 
CBD that may have increased ability to penetrate skin, however the evidence is currently lacking for 
efficacy of topicals in dogs, yet it has not been thoroughly investigated either.   
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