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T A B L E  O F  C O N T E N T S

With the introduction of the 2018 Farm Bill, hemp became federally 
legal in the United States. Hemp is legally defined as cannabis 
with a delta-9 tetrahydrocannabinol (d9-THC) percentage less 
than 0.3% by weight. Hemp has numerous applications including 
building materials, clothing textiles, and animal feed. Recently a 
large interest has been invested into the various cannabinoids found 
in the plant. Phytocannabinoids (cannabinoids produced by plants) 
are a closely related group of molecules synthesized in the cannabis 
plant. Currently there are around 144 cannabinoids that have been 
discovered in cannabis. The cannabinoid delta9-THC is the most 
well-known of this group as it is marijuana’s active ingredient which 
produces intoxicating effects when consumed. Another well-known 
cannabinoid, Cannabidiol (CBD), has generated a massive market 
related to health and wellness with testimony and early research citing 
majorly anti-inflammatory, anti-anxiety, and anti-convulsive effects.  

While d9-THC and CBD have dominated the buzz around 
cannabis, there recently has been an increased interest in the 
other major cannabinoids commonly found in the cannabis 
plant. The attention being paid to the more “rare” cannabinoids 
has stemmed from the search for a understanding of how these 
cannabinoids work, what therapeutic benefits could be provided, 
and how do these cannabinoids work together?  There is some 
mystery and excitement ahead of researchers regarding the 
outlying cannabinoids and the potential to find positive effects 
that could help remedy problems for long standing issues.  

This white paper outlines and discusses the current research into a 
new cannabinoid of interest, cannabidiolic acid (CBDa). 

Introduction
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Where does CBDa come from and why 
is it hard to produce?

While considerably rare to find for consumer use, CBDa is not rare in hemp whatsoever.

 In fact it is CBDa which is grown in the plant and not CBD. 

CBD is formed mainly post-harvest in a process called decarboxylation. In order for CBD to be formed, 
CBDa must be decarboxylated to form CBD, and this reaction while mainly fueled by heat, can be 
accomplished with UV light and/or significant aging.

CBDa (cannabidiolic acid) is only differentiated from CBD by a single carboxyl group, a carboxylic 
acid, which is where the “acid” comes from. In the presence of heat this group leaves CBDa and what 
is produced is carbon dioxide (CO₂) and Cannabidiol (CBD). This is a common theme for many of 
the well-known cannabinoids where they are a neutral counterpart to their upstream acidic precursor 
cannabinoid. Examples include, THCa forming d9-THC, CBGa forming CBG, and CBCa forming CBC.

Without going into great detail into how these cannabinoids are synthesized in the plant, you will 
find that the “mother” of all cannabinoids (the most upstream cannabinoid) is cannabergerolic acid 
(CBGa). CBGa is involved in all the downstream cannabinoid pathways, and from which CBDa, THCa, 
CBCa, and CBG are synthesized from.

A basic pathway for CBDa is as follows:

 
 
 
So if these acidic cannabinoids (sometimes referred to as raw cannabinoids) 
are so abundant in the plant, why is it hard to find them in consumer products? 
 The simple answer is that the common extraction methods (ethanol and CO₂) utilize heat at some 
point in the process and in turn does not preserve the raw cannabinoids. Another reason would 
be that many of these acidic cannabinoids are evidenced to not be stable in ethanol, so when 
ethanol is used to extract or refine a crude product the raw cannabinoids often break down. 

The current methods to extract acidic cannabinoids are raw juicing the plant, cold ethanol extraction, hash 
processes, and water extraction. Juicing of the plant can be accomplished by anyone with access to hemp,
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1 Lewis et. Al. 2017 ¹ Lewis et. Al. (2017)
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though it will not taste very appealing and the acidic cannabinoid load will be relatively low (0-15%). 
Cold ethanol extraction creates a much more high-potency product but is energy intensive, deals with 
stability issues, and typically leaves residual solvents in the final product. Hash processes (bubble, and 
dry ice) work by freezing the actual cannabis trichomes (where the cannabinoids are produced). This 
produces a very clean product but is closer to a crude in terms of potency (30-60%) and is relatively 
hard to efficiently scale. Lastly, water extraction is a patent-pending method that does not introduce 
heat or ethanol into the process at any point and produces a (80-95% total) acidic cannabinoid pow-
der in a single pass. This product is clean, stable, and potent but the process remains difficult. Note that 
some CO₂ extractors are working to dial in very specific parameters that may allow them to produce a 
high potency raw cannabinoid product without a heat/solvent refining process.

An introduction to the endocannabinoid system

The human body, as well as all other vertebrates, have some form of an endocannabinoid system 
(ECS). The endocannabinoid system is widespread in both the location in the body as well as the effects 
mediated by it. This system is not isolated to just one part of the body, but instead has receptors across the 
entire body. The location of each receptor has a lot to do with the effects seen. For example, the receptors 
found in the brain are related to homeostasis, emotional response, and cognition while the system outside 
of the brain is related to circulation, immune response, and modulating the autonomic nervous system². 

The basics of the endocannabinoid system rely on two main G-protein coupled receptors, CB₁ and 
CB₂, standing for cannabinoid receptor one and two. CB₁ is diversely located in the body playing 
major roles in the brain and central nervous system while acting to a lesser extent on the GI tract, 
skeletal muscle, liver, and reproductive system³. CB₂ is a newer discovery and has not been studied 
as thoroughly but has been found to be actively expressed in immune cells with some expression in 
peripheral tissue³. More recent studies have pointed at CB₂ as being a major player in neurological 
activities related to neuroprotective functions³.

The ligands that bind these receptors are majorly endocannabinoids, also called endogenous 
cannabinoids. These lipid-based neurotransmitters are not what we would think of a traditional 
cannabinoid, e.g. produced by the cannabis plant (phytocannabinoid), but are instead produced 
naturally in the body. The major endocannabinoids are 2-arachidonoylglyerol (2-AG) and 
N-arachidonoylethanolamine (anandamide, AEA). 2-AG binds both CB₁ and CB₂ with moderate 
to low affinity (attraction) as an agonist (activator). AEA is only active at CB₁ though it has a high 
affinity and is mostly inactive at CB₂³. Simply put, dependent on which cannabinoid receptor, which 
endocannabinoid, and location in the body determines the effect seen.

²  Rodriguez de Fonseca, Fernando et. Al. (2005)
³  Zou, S., & Kumar, U. (2018)4 5
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While endocannabinoids are the major ligands in the ECS, phytocannabinoids can be ligands with 
various degrees of affinity, and efficacy. Delta9-THC is one of the phytocannabinoids that binds both 
cannabinoid receptors and can interact with the body through these means. CBD in contrast cannot 
bind either CB₁ or CB₂ effectively and must exert its effects in a different manner. The mechanism 
in which CBD and many other phytocannabinoids exert their effects is through modulation of the 
endocannabinoids. Basically, non-cannabinoid receptor (CBR) binding cannabinoids can change 
levels of 2-AG or AEA in the body through either modulating overall production or degradation of 
these molecules. Certain cannabinoids can also work allosterically by altering the receptor proteins 
which causes partial antagonist effects.

4 Manallack, D. T., Prankerd, R. J., Yuriev, E., Oprea, T. I., & Chalmers, D. K. (2013)
5 Gleeson M. P. (2008)

Applying these rules to our phytocannabinoids, it would seem based on these studies that the acidic 
species of cannabinoids should be more bioavailable when taken orally.  Looking into absorption 
specifically, our effective pKa range falls between 3 and 8. CBDa has a pKa of 2.91 (similar to other 
acidic cannabinoids) and CBD has a pKa of 9.13-9.7 which would imply that CBDa and acidic species 
in general would have better absorption as it is closer to the ideal range32,37. Looking into permeability 
specifically, CBD and other neutral species should be more permeable than the acidic species. Both 
species are similar in size (small), and ionization state does not seem to have a large effect on overall 
bioavailability (outside of the blood brain barrier). The authors believe the greater bioavailability seen 
in acidic drugs is largely due to overall solubility and lower clearance4,5. For note, acidic drugs such as 
our acidic cannabinoids will be acting as a weak base at a plasma pH of ~7.4 (pH>pKa). Clearance is 
related to how fast your body removes a substance from your plasma, meaning lower clearance results 
in the substance being active in your body for longer. The desired effects from cannabinoid-based 
therapy is designed around long-term relief, so a lower clearance is preferred.

Looking to clinical and study data many of these predictions are validated. In the plasma CBDa (similar 
to other acidic cannabinoids) is rapidly absorbed (tmax of 30 min and Cmax of 29.6 ± 2.2 μg/mL) 
and the clearance is quite slow with the half-life being 92 minutes37. As predicted the permeability was 
quite low across the blood brain barrier, likely due to the ionization state. Interestingly, using a Tween-
based delivery system (emulsification based water solubility) led to CBDa levels in the brain tissue 
being nearly double that in the plasma37. This authors of this study suggest that “brain uptake of CBDA 
is improved using a Tween-based vehicle.”37

In 2018 there was a limited human trail that was published in the European Journal of Clinical 
Pharmacology regarding the pharma-kinetics of various cannabinoids in an oral preparation. Applying 
our predictions to this study we would expect the acidic cannabinoids to be the most bioavailable. In 
the study the patients were administered a cannabinoid dose orally, and their blood was monitored to 
quantify cannabinoid levels.

 The findings showed that CBDa and THCa were the most readily absorbed cannabinoids  
 and were present at much higher levels in the blood as compared to the corresponding  
 neutral cannabinoid¹². 

THCa was found to be up at 30X higher levels in the blood compared to d9-THC, and CBDa was 
found to be up to 18X higher levels in the blood compared to CBD12.  The study only had a limited 
number of patients and there will need to be more studies completed before we can make any real 
conclusions regarding the bioavailability of these cannabinoids. 

32  Mazina, J., Spiljova, A., Vaher, M., Kaljurand, M., & Kulp, M. (2015)
37  Anderson, L. L., Low, I. K., Banister, S. D., Mcgregor, I. S., & Arnold, J. C. (2019)
4   Manallack, D. T., Prankerd, R. J., Yuriev, E., Oprea, T. I., & Chalmers, D. K. (2013)
5   Gleeson M. P. (2008)
12  Pellesi, L., Licata, M., Verri, P., Vandelli, D., Palazzoli, F., Marchesi, F., Cainazzo, M. M., Pini, L. A.,  
     & Guerzoni, S. (2018)

Absorption and Bioavailability of 
phytocannabinoidsm

When determining bioavailability and absorption rates in pharmaceutical drug design, acid and 
base properties are fundamental. There has been research dating back 1958 where the basics of 
drug permeability was laid out using rat models. The acid dissociation constant (Ka) is related to the 
tendency of a molecule to lose a proton which helps predict the strength of an acid. When we take 
the log of this value we get pKa which allows us to compare Ka to the pH scale. pKa tells us the pH at 
which the molecule will lose a particular hydrogen ion (proton). For example is a solution with a pH of 
5 contains a species with a pKa of 3, that species will be deprotonated.

In general drug design there are numerous factors that lead to an overall effective dosage. The major 
factors are absorption, permeability, size, ionization state, selectivity, clearance, and bioavailability. 
All of these categories are somewhat interrelated in that one or more can affect another. Due to the 
limitations of available current studies specific to CBDa, the most basic predictions we can make are a 
suitable starting point but is more theory versus practice.

Absorption is defined by the process of the drug moving to the delivery site to the bloodstream. A 
standard rule is any weak acid or weak basic drugs with a pKa value between 3 and 8 are readily 
absorbed while stronger acids and bases are relatively slower4.

Permeability (related to absorption) is defined as the ability for a molecule to move across a biological 
membrane. Regarding permeability, acids are generally seen as the least permeable with neutral and 
basic species beating them out4.

Permeability and absorption are generally seen as the foundations for bioavailability, and interestingly 
even with the low permeability seen in acids it was concurred in several studies that acids had on 
average higher oral bioavailability4,5. 

6 7
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28 Pountos, I., Georgouli, T., Bird, H., & Giannoudis, P. (2011)
29 Di Marzo, V., Bifulco, M., & De Petrocellis, L. (2004)
6   Ricciotti, E., & FitzGerald, G. A. (2011)

COX-1 is involved in the maintenance of the gastric epithelium which is the mucous membrane of the 
stomach. This membrane plays a vital role in protecting the stomach from the digestion process and if 
not maintained can lead to damage to the stomach itself6. Since most NSAIDs indiscriminately inhibit 
both COX-1 and 2 there can be adverse effects seen over time which has led to a push for COX-2 
selective drugs. 

 A COX-2 selective drug would be able to provide anti-inflammatory effects without  
 the adverse side effects.

In a recent study, CBDa was found to be a potent COX-2 inhibitor having a 50% inhibition rate 
at < 2 μM concentration7. Importantly it was found CBDa had a “9-fold higher selectivity than COX-1 
inhibition”, meaning it acts as a selective COX-2 inhibitor which may mean less adverse effects 
as compared to traditional drugs7.

The key difference in structure between many of the acidic cannabinoids and their downstream neutral 

7  Takeda, S., Misawa, K., Yamamoto, I., & Watanabe, K. (2008)

CBDa and anti-inflammation
Inflammatory states can be separated into two arms essentially, acute and chronic. Acute inflammatory 
states such as sepsis or acute trauma have a unique cascade that includes triggering Damage Associated 
Molecular Pathways (DAMPS) and Pathogen Associated Molecular Pathways (PAMPS). These are distinct 
but also have significant crossover.

DMAPS triggers a response related to the damage caused by the insult where as PAMPS is the response 
to an invading organism - either bacterial, viral or other potential pathogens. How CBDa may affect these 
pathways is unknown and less likely to have a role. However, these can lead to chronic inflammatory states 
which turns on additional pathways that CBDa has been shown to help attenuate.

Chronic inflammation plays a significant role in the onset of classic inflammatory diseases such as arthritis, but 
also of various other disease processes including cardiovascular and neurodegenerative diseases, diabetes, 
cancer and asthma to name just a few. In fact, chronic inflammation is the very root of most of these diseases. 
Whether inflammation is the cause or a result is often debated but it is clearly present. 

The suppression or inhibition of pro-inflammatory mediators using synthetic anti-inflammatory compounds 
(both steroidal and non-steroidal) is one of the major routes for the treatment of inflammatory disorders. 
However, several common side effects, including gastric irritation and ulceration, renal and hepatic failure, 
haemolytic anaemia, asthma exacerbation, skin rashes, are often associated with the use of synthetic anti-
inflammatory drugs28. Increasing amounts of evidence demonstrate that the endocannabinoid system 
actively participates in the pathophysiology of osteoarthritis-associated joint pain. Production and release of 
endocannabinoids are mediated, during inflammatory-joint disease, by the generation of pro inflammatory 
cytokines (interferon [IFN]-c, interleukin (IL-12, IL-15, IL-17, IL-18), chemokines, chemical mediators, such 
as nitric oxide synthetase (NOS)-2, cyclooxygenase-2 (COX-2), matrix metalloproteinases (MMPs) and 
various other arachidonic acid metabolic by-products29. Overall, preclinical and clinical data support the 
potentially effective anti-inflammatory properties of endocannabinoid agonists that target CB2 receptors.

Non-steroidal inflammatory drugs (NSAIDs) are common over the counter drugs that have been used at 
some point by most people to provide temporarily relief from common pain caused by inflammation. An 
example of these drugs would be ibuprofen and Aspirin. The mechanism for how these drugs work is by 
inhibition of a set of enzymes named Cyclooxygenase-1 (COX-1) and Cyclooxygenase-2 (COX-2). 

The COX-1 and 2 enzymes work (when activated) to speed the production of prostaglandins, which are 
lipids that are involved in several functions including mediating the inflammatory response and protecting 
the stomach mucus lining6.  Both COX-1 and COX-2 are involved with the production of prostaglandins but 
where these two differ is their area of action in the body. COX-1 has an effect at the stomach, kidneys, and 
inflammation sites while COX-2 is specific to areas of inflammation.6 
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7 Takeda, S., Misawa, K., Yamamoto, I., & Watanabe, K. (2008). 
 

Figure 9.1. Structures of various neutral and acidic cannabinoids 
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7   Takeda, S., Misawa, K., Yamamoto, I., & Watanabe, K. (2008)
8   Roscoe, J. A., Morrow, G. R., Aapro, M. S., Molassiotis, A., & Olver, I. (2011)
9    Parker, L.A., Kwiatkowska, M., Burton, P. et al. (2004)
10   Bolognini, D., Rock, E. M., Cluny, N. L., Cascio, M. G., Limebeer, C. L., Duncan, M., Stott, C. G.,  
      Javid, F. A., Parker, L. A., & Pertwee, R. G. (2013)

were able to supress these symptoms and act as intended9,10. This is a concern for CBD based anti-
nausea therapy and could possibly limit the applications of this drug in humans.

Delta9-THC was also effective at supressing induced vomiting in shrews (1–20 mg/kg) and was 
linearly dose dependent9. The only issue with utilizing d9-THC is that is an intoxicating drug and this 
may be an unwanted side effect for patients.

Looking at CBDa to produce the same effects, studies have found that these effects can be seen and at 
much lower dosages as compared to CBD. At 0.01 and 0.1 mg·kg−1 CBDa was effective at suppressing 
LiCl induced gaping in rats. In shrews, 0.1 and/or 0.5 mg·kg−1 of CBDa was able to reduce “toxin- 
and motion-induced vomiting9,10. 

 The results from this study evidence CBDa as being a a potent anti-nausea agent, and  
 at much lower dosages as compared to CBD. 

Another interesting note is that CBD had no effect on motion induced vomiting at the tested dosages 
(0.5-40 mg·kg−1)10.

In a different study low doses of CBDa were shown to inhibit nausea when administered alongside 
prescription anti-nausea medication ondansetron in a rat population model36.  This anti-nausea effect 
was greater when ondansetron was administered along with CBDa than when ondansetron was taken 
alone 36.  

 CBDa was also evidenced to be much more potent than CBD in this capacity, as CBD  
 needed nearly 1000x the dosage of CBDa to be as effective36.

Unlike CBD which can actually induce symptoms at high dosages (biphasic dosing), CBDa was shown 
to have a bell shaped dosing curve being effective as low as 0.5 μg·kg−1 but losing effectivness from 

9    Parker, L.A., Kwiatkowska, M., Burton, P. et al. (2004)
10   Bolognini, D., Rock, E. M., Cluny, N. L., Cascio, M. G., Limebeer, C. L., Duncan, M., Stott, C. G.,  
      Javid, F. A., Parker, L. A., & Pertwee, R. G. (2013)
36   Rock, E. M., & Parker, L. A. (2013)

CBDa and anti-nausea

So CBDa seems to be a highly potent and selective COX-2 inhibitor, but what structurally causes this 
selectivity? The carboxyl group seems to be important as both delta9-THC and CBD had no significant 
inhibitory effects. THCa is similar in structure to CBDa, both have the carboxyl group (specefically salicylic 
acid), and yet THCa is a much less potent inhibitor of COX-2 (IC(50) > 100μM (CBDa was effective at 
10% dose comparatively) 7 . The study suggests that the entire structure of CBDa is important, making this 
molecule very specific for its purpose7. The speceficity of CBDa for this purpose is further evidenced as 
“methylation of the carboxylic acid moiety of CBDA led to disappearance of COX-2 selectivity”7. This is 
important as recent attempts to create a stable analog of CBDa have utilized methylation of the carboxyl 
group to create a sythetic analog (CBDa methyl ester) which may mean that these stable analogs cannot act 
effectivly on this pathway.

 Overall it seems that CBDa has shown potential to be an effective anti-inflammatory  
 agent and with expanded research including human clinical trials this potential may prove  
 to be incredibly valuable. 

Anticipatory nausea is a conditioned response to a reocurring event. Up to one third of chemotherapy 
patients will experience this,  usually manifesting as nausea before the administration of chemotherapy 
drugs8. This repsonse is believed to be a symptom of classic conditioning. Treatment of anticipatory 
nausea is usually targeted at the anxity component and thus anti-anxiety and sedation meidications 
such as benzodiazepines are typically used for this purpose. Some common benzodiazepines are 
Xanax, Valium, and Klonopin. These drugs are effective but there is concern for abuse, addiction, 
withdrawl symptoms, and overdose. Many of these drugs also have effects that can make it hard to 
function (drive, work, etc.). Therefore, there stands a need for a more long term and non-inhibiting 
treatment for nausea that can be used without the chance for abuse or addiction.

In the past decade there has been increasing research into using cannabinoids to treat anticipatory 
nausuea via a proposed pathway of activation of the seretonin 5-HT(1A) receptor with some credit 
given to CB₁ specefically for d9-THC. Both CBD and d9-THC (or combination thereof) are able to 
reduce “toxin-induced vomiting in shrews and signs of nausea in rats through indirect agonism of 
5-HT1A receptors located in the brainstem”9. The 5-HT(1A) receptor agnoism is further proven by the 
anti-nausea effects being lost with the administration of a selective 5-HT1A receptor antagonist9.

The issue to be brought up with CBD based treament is the narrow dosing range as at higher dosages  
(20-40 mg·kg−1) CBD actually propagated acute LiCl induced vomiting9,10. Dosages from 5-10 mg 
per kg CBD

10 11
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¹¹ Rock, E. M., Limebeer, C. L., & Parker, L. A. (2018)

As stated previously, the G-coupled protein receptors (GPCR) CB₁ and CB₂ are the main receptors 
for the endocannabinoid system (ECS). While certain cannabinoids such as delta9-THC can 
directly act as an agonist to these receptors, many cannot. This leads to the question of how can 
cannabinoids such as cannabidiolic acid (CBDa) trigger physiological properties linked to these 
main receptors and their pathways. Indirectly, non-agonist cannabinoids for the CB receptors can act 
on theses pathways by modulating biosynthesis, degradation, and structures of endocannabinoids. 
The two main endocannabinoids of interest are 2-Arachidonoylglycerol (2-AG) and anandamide 
(N-arachidonoylethanolamide, AEA). First we must understand how these endocannabinoids are 
synthesized and degraded in order to understand the possible modulation pathways of CBDa.

2-AG Biosynthesis and Degradation

2-AG acts as a full agonist for both CB receptors, and is an extensively studied signaling molecule. 
2-AG is classified as a monoacylglycerol (MAG), and is found in very high levels in the brain. The 
biosynthesis of this molecule is relatively complicated but can be simplified for the purposes of this paper. 
The most upstream precursor molecules we will look at are, phosphatidylinositol-4, 5-bisphosphate 
(PIP2), and various triacylglycerols (TAG(s))¹³. 

The PIP2 precursor is the starting point for a signaling based biosynthesis of 2-AG in which diacylglycerol 
(DAG) and inositol-1,4,5-triphosphate are created by a PIP2 conversion by a phospholipase¹³. 
Phospholipase β (PLCβ) is one of the phospholipases used in this conversion and uses Ca²+ as a co-
factor in the conversion of PIP2 to DAG¹³. The influx of Ca²+ into the intracellular space as well as a 
Gq-coupled receptor activation drive this conversion by PLCβ. This makes this a Ca²+ limited reaction 
where the Ca²+ is supplied by an influx of Ca²+ in the intracellular space. DAG can also be synthesized 
by a metabolic pathway in which various triglycerides are hydrolyzed by several lipases to “sn2-
arachidonoylglycerol containing diglycerides”¹³. 

At this point in the biosynthesis both the metabolic and signalizing based pathways have produced 
similar forms of DAG. The last step in the synthesis is done by diacylglycerol lipase-α and –β (DAGL-α, 
DAGL-β) which converts DAG to 2-AG and a fatty acid¹³. There are several minor alternative pathways 
from which 2-AG can be produced but those will not be examined for this paper. Both DAGL α and 
β are major contributors to the formation of 2-AG in-vivo. In the brain congenital deletion of DAGL-α 
and DAGL-β led to an 80% and 50% reduction in 2-AG levels respectively, while levels in the liver 
dropped 50% and 90% respectively ¹³,¹4.

13   Baggelaar, M. P., Maccarrone, M., & Stelt, M. V. (2018)
14   Gao, Y., Vasilyev, D. V., Goncalves, M. B., Howell, F. V., Hobbs, C., Reisenberg, M., . . . Doherty, P. (2010) 

CBDa and anti-hyperalgesia

Hyperalgesia is a state where a subject is experiencing an enhanced sensitivity to pain. This is a 
more general condition which can stem from numerous sources including fibromyalgia, peripheral 
neuropathy, and drug withdrawal (specifically opioids).

Unfortunately, there are few options for long term management of the pain from this condition. Opioids 
are considered the best analgesics (painkillers) and can be used for long term pain related to the 
nervous system, but can cause their own form of hyperalgesia, opioid-induced hyperalgesia (OIH). 
Besides the possibility of these drugs making the condition worse in the long term, they also can lead 
to abuse as well as many known adverse side effects. Non-opioid medications do exist such as 
buprenorphine, ketamine, and methadone but these medications have the same pitfalls as opioids and 
require close monitoring by medical professionals.

In a recent study (2018) published in the Journal of Psychopharmacology the cannabinoids Delta9-
THC, CBD and CBDa were tested in rodent models to determine their ability to have anti-hyperalgesia 
effects. The study’s conclusions found that d9-THC and CBDa given 60 minutes prior to carrageenan-
induced hyperalgesia and edema evidenced both cannabinoids producing anti-hyperalgesia and 
anti-inflammation effects¹¹. The likely pathways for these actions are via CB₁ for d9-THC, and TrpV1 for 
CBDa. Both of these cannabinoids act as agonists on these receptors and the effects were subsequently 
lost when the corresponding antagonist was introduced to the system¹¹. 

 The authors suggest that CBDa is likely more potent than CBD for this application as  
 equivalent effective doses for CBDa were not effective for CBD¹¹. 

Lastly, “when ineffective doses of CBDA or THC alone were combined, this combination produced 
an anti-hyperalgesia effect and reduced inflammation.” 11. This would give evidence to the entourage 
effect.

Endocannabinoid Modulation by CBDa

12 13
© planetarie LLC. ALl rights reserved. © planetarie LLC. ALl rights reserved.



15 Blankman, J. L., Simon, G. M., & Cravatt, B. F. (2007)
¹³ Baggelaar, M. P., Maccarrone, M., & Stelt, M. V. (2018) 

Pathway for 2-AG modulation by CBDa

There are several ways to modulate 2-AG levels in the body. The options would be to increase or 
decrease production of 2-AG and/or increase or decrease breakdown of 2-AG in the body. The 
2-AG effectiveness could also be target to either increase or decrease the efficacy of the molecule at 
specific binding sites with transformation.

In the case of 2-AG, increasing production is not very effective as 2-AG once bound to CB₁ actually 
slows its own production by inhibiting voltage gated Ca²+ channels (along with other effects)16,3. As 
we know a Ca²+ influx is needed as a co-factor to create DAG from PIP2. Inhibiting the channels that 
facilitate this influx means this reaction is now limited.

What about decreasing production of 2-AG? In a recent study it was found that CBDV, CBDa and all 
other acidic cannabinoids inhibited DAGLα17 (IC50 (μM) CBDa: 19.4 ± 2.7, % Inhibition: 90.2 ± 2.6). 
Since DAGLα is the major enzyme converting DAG to 2-AG, inhibition of this compound would likely 
lower 2-AG levels.

After looking at modulation of production it is important to look at modulation of degradation as well. 
We know that MAGL is the primary degrading enzyme for 2-AG, (~85% of degradation), since this is 
the major enzyme for this task most effects regarding inhibition will be targeted here. Decreases in 2-AG 
could be accomplished by increasing the amount of MAGL or making it more effective at degradation. 
Increases in 2-AG could be accomplished by inhibiting MAGL or inhibiting the production of MAGL.
 
CBDa as well as all other acids and CBDV were found to inhibit MAGL when given as a botanical 
extract (botanical drug substance, BDS) (IC50 (μM) CBDa: 29.6 ± 1.1, % Inhibition: 94.0 ± 10.5)17. 
Interestingly, the pure cannabinoids were not found to have these inhibitory effects17. The authors believe 
both the botanical extracts as well as the active cannabinoid play an important role in the inhibitory 
effects17 .This was tested by introducing a botanical extract without the active cannabinoid was shown 
to have lower inhibitory effects as when paired with the active cannabinoid17.
         
So we have evidence that CBDa can modulate both the degradation and production of 2-AG, although, 
the two effects are in contrast with one another. This makes it hard to predict how this will overall effect 
the levels of 2-AG in the body. CBDa inhibiting MAGL likely would increase 2-AG levels in the brain 
while CBDa inhibiting DAGLα would likely lower 2-AG levels in the brain. We cannot simply consider 
these two effects to cancel each other out, and need further research to see what the overall effect 
would be. 

16   Kano, M., Ohno-Shosaku, T., Hashimotodani, Y., Uchigashima, M., & Watanabe, M. (2009)
3    Zou, S., & Kumar, U. (2018)
17   De Petrocellis, L., Ligresti, A., Moriello, A. S., Allarà, M., Bisogno, T., Petrosino, S., Stott, C. G., & 
     Di Marzo, V. (2011).  

Once 2-AG is produced there are several pathways and enzymes that can facilitate its degradation. 
The majority (~85%) of 2-AG is degraded by monoacylglycerol lipase (MAGL)¹5. MAGL works to 
hydrolyze 2-AG into arachidonic acid (AA) and glycerol¹³.
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Figure 14.1. A simplified flow diagram of 2-AG biosynthesis and degradation. 
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Anandamide (AEA) Synthesis and Degradation

Anandamide (N-arachidonoylethanolamide, AEA) makes up the other main endocannabinoid of 
interest. This lipid signaling molecule is generally made “on demand” by neurons in the brain but can 
also be produced by macrophages, a type of white blood cell in the body1. The target of AEA is mainly 
CB₁.

The biosynthesis taking place in the brain is a two-step reaction. The upstream parent molecule to AEA 
is phosphatidylethanolamine (PE), which is first goes through N-acylation facilitated by acyltransferase 
to form N-acyl-phosphatidylethanolamine (NAPE)19. Once NAPE is formed there are three separate 
pathways that can give AEA. The first pathway involves hydrolyzing NAPE by a phospholipase D 
(PLD), thus creating N-acylethanolamines, a class of lipids which includes AEA (20,21,22). 

The secondary pathway is similar until the formation of NAPE at which point a different phospholipase, 
phospholipase C, is used to hydrolyze the NAPE into a phosphoanandamide. From here the 
phosphoanandamide is then further dephosphorylated by various phosphatases to form AEA18. This 
second pathway is the same as the pathway used to biosynthesize AEA in macrophages, the main 
difference being that the macrophage pathway is triggered by bacterial endotoxin lipopolysaccharides 
(LPS) 18. Note that the PLD facilitated hydrolyzing is not involved in the macrophage pathway and only 
the c type phospholipase is evidenced to play this role18, 20.

The final pathway involves, “sequential deacylation of NAPE by α,β-hydrolase 4 (Abhd4) and the 
subsequent cleavage of glycerophosphate to yield anandamide”20.

This pathway still is not completely characterized as we do not know the specific phosphatases for 
either PLC or PLD catalyzed pathways 23. We also do not know the specific acetyltransferase that is 
proposed to create NAPE though it is thought to be calcium dependent23.

Biological activity of AEA takes place while it is in the extracellular space and removal from the 
extracellular space into the intracellular space is the first step in the inactivation/degradation of this 
molecule23. The name for the transport process is referred to as anandamide cellular uptake (ACU), and 
is related to a high affinity membrane transporter that has not yet been characterized (AEA membrane 
transporter (AMT))23 .Once the AEA has been transported into the intracellular space it is degraded by 
fatty acid amide hydrolase (FAAH) into arachidonic acid AA and ethanolamine23. 
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Figure 17.1. A simplified flow diagram of AEA biosynthesis pathways 

Figure 17.1. A simplified flow diagram of AEA degradation/inactivation pathways 

 

Pathway for AEA modulation by CBDa

The main pathway for AEA modulation by CBDA relates to inhibition of the inactivation/degradation 
of AEA. Interestingly, CBDa and the corresponding CBDa botanical drug substance had no inhibition 
on the main degrading enzyme FAAH17. Instead, CBDa inhibits cellular uptake of anandamide (ACU) 
when in its botanical extract form 17. Of all the cannabinoids tested for this inhibition, CBDa-BDS was 
the most potent (IC50 (μM) CBDa: 5.8 ±1.3 %, Inhibition: 70.3±2.4)17. Inhibition of ACU would likely 
lead to a greater amount of active AEA left in the extracellular space.
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For 2-AG modulation, CBDa was found to be an inhibitor of both DAGLα and MAGL17. The issue is 
that the resulting modulation effects of 2-AG would be opposite of each other. Since we do not know 
to what extent the overall inhibition effect is we will explore both options in order to understand what 
future studies could investigate. If these effects were to be counteracting and cancelled each other out 
then we would likely see not any effects since there would be no endocannabinoid modulation. These 
studies were carried out in-vitro and will require more extensive in-vivo testing to determine if both, one, 
or neither of these modulatory effects are seen. 

Diet and Obesity

If the DAGLα inhibition effects are less effective than the possible MAGL inhibition seen by CBDa-
BDS then we would expect to see a rise in 2-AG17. With increased 2-AG levels we would be 
looking primarily at the possible neuroprotective effects.

In a brain injury, one of the first manifestations seen is the accumulation of fluid in the tissue called 
edema27. In the brain particularly, this swelling is very dangerous due to the lack of the skull to act with 
plasticity. This means the swelling that occurs will cause intracranial pressure directly to the brain and 
have no outlet. 

 In a recent study it was found that 2-AG acts as a neuroprotectant in mice following  
 a closed head injury (CHI) 27. 

The amount of edema was measured 24 hours after the CHI which is considered “the time of maximal 
oedema”27. It was found that the increased 2-AG acted to significantly decrease the amount of edema. 
At all doses tested, 2-AG significantly reduced water accumulation by about 50% 27.

Another significant expression of traumatic brain injury is neuronal cell death, which is evidenced by 
infarct tissue around the site of the injury. In the same study, “Mice were treated with either 2-AG 
(5 mg kg-1, n = 7) or vehicle (n = 12), decapitated 24 h later and their brains were examined for 
changes in infarct volume. Infarct volume was significantly reduced in 2-AG-treated mice 
compared with that in vehicle-treated mice (5.6 ± 1.2% and 10.2 ± 1.1%, respectively, of total 
brain volume; P = 0.021).”27.

These studies would give evidence to elevated 2-AG levels being beneficial for neuroprotection after 
a traumatic brain injury or even as a preventative measure. If CBDa was found to be a potent in-
vivo MAGL inhibitor and could effectively raise 2-AG levels, it could be targeted to be a possible 
therapeutic approach for clinical trials.

Proposed effects due to endocannabinoid 
modulation by CBDa
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If we are to consider that CBDa’s inhibition of DAGLα is predominant, than we would expect to see an 
overall decrease of 2-AG as DAGLα is a primary enzyme for producing 2-AG from DAG. The main 
effects seen from DAGLα inhibition relate to diet.  For example, DAGLα KO mice were found to exhibit 
a leaner phenotype when compared to the wild type and DAGLβ KO mice (n= 3651)1. This lean 
phenotype can be explained by another study where it was found that the “inhibition of DAGLα with 
a selective synthetic inhibitor was recently found to inhibit the intake of palatable food compared with 
normal chow in mice” 24,2. Excessive 2-AG levels were also associated with “abdominal obesity” 
and “metabolic consequences”24,3. This gives evidence to possible applications relating to obesity 
and diet. If CBDa works as a DAGLα inhibitor in-vivo there could be great possibilities moving forward 
treating CBDa as a target for these applications. Of course, there needs to be more research and 
clinical trials before any strong claims can be made.

Neuroprotection
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Anandamide (AEA) effects

The role CBDa plays in modulating AEA is related to the inhibition of cellular uptake and subsequent 
inactivation of this endocannabinoid. CBDa in this manner is proposed to increase levels of AEA in 
the extracellular space. Anandamide is sometimes referred to as the “bliss” molecule and has its ties 
to treating anxiety. A targeted approach to treating anxiety is already being explored by increasing/
maintaining the AEA levels in the intracellular space by inhibiting FAAH, the main hydrolyzing enzyme 
of AEA. Unfortunately, CBDa has no measurable inhibitory effects on FAAH, and instead CBD, CBG, 
and d9-THC are efficient at this task. There is still controversy on whether or not the AEA is considered 
active once it enters the intracellular space and before hydrolysis, but there seems to be increased 
interest in targeting FAAH as a target for analgesic, anti-inflammatory, anxiolytic, and antidepressant 
effects35. Instead of targeting the degradation step of AEA, CBDa is effective at inhibiting the cellular 
uptake of anandamide (ACU)17. If the AEA cannot be transported into the intracellular space it is not 
available to FAAH and therefore will not be degraded in this fashion. 

More recently a push to create more “full spectrum” or “broad spectrum” cannabinoid products has been 
favored as opposed to isolated compounds. These terms are used relatively loosely, the similarity is that 
both these definitions require some plant compounds and a multitude of cannabinoids to be retained in 
the final product. Where these definitions differ is the inclusion or exclusion of delta9-THC with broad 
spectrum being d9-THC free, and full spectrum containing up to 0.3% d9-THC. Realistically the difference 
is minor and the important distinction is that both of these products are not an isolate which is a product 
that only contains the cannabinoid of interest. There is a need for isolates as these products provide 
analytical standards and fine-tuned formulations, but for a consumer product the inclusion of all these 
other compounds in a full or broad spectrum product provides some interesting benefits.

When looking at cannabinoid facilitated effects in the body, it seems to be more complicated than simply 
an isolated cannabinoid working on a pathway. There has been plenty of anecdotal evidence touted by 
cannabis advocates that the effects are stronger when certain products are taken together, or when a 
product has a variety of cannabinoids. This synergistic influence is commonly referred to as the entourage 
effect. The most common example of this cited in the industry refers to the interaction of d9-THC and 
CBD. The anxiety and paranoia one can experience when utilizing high d9-THC products is said to be 
tamed by the consumption of CBD. In the reverse, CBD uptake/effectiveness is said to be increased 
by including small amounts d9-THC as well. This view is widely held in the industry but is it backed by 
scientific evidence?

The answer is not quite concrete but seems to be a probable. In certain studies it was found that CBD 
was able to mitigate some of the effects from high doses of d9-THC such as tachycardia, sedation, and 
intoxication30. The proposed effects are not easy to measure or quantify since aspects such as the “high” 
or paranoia are user felt and can only be monitored by secondary measures such as heart rate and user 
reported experience. In another study it was found that “CBD synergistically enhances the pain-relieving 
actions of THC in an animal neuropathic pain model, but has little impact on the THC-induced side 
effects.”31 These two studies are in somewhat of contrast to one another but both agree that there is some 
synergistic interaction taking place.

One problem found with entourage studies is they often do not take into account the biphasic dosing of 
CBD and the authors may be inducing unwanted effects when they meant to mitigate them. There also 
lies the problem of the true variability control of these studies as due to the hundreds of unaccounted 
for compounds in the cannabis used. The problem of these unaccounted for compounds is less of an 
issue in cannabinoid entourage studies, but provides a larger problem in studies meant to address non-
cannabinoid plant compound synergies, such as terpenes. As with a lot of cannabis research, more needs 
to be performed in order to make any solid conclusions moving forward.

When looking strictly at the binding and agonistic/antagonistic efficiency at the previously mentioned 
receptor sites, there is interesting evidence that shows a higher efficacy with the cannabinoid botanical 
drug substance (BDS) forms as compared to the isolated cannabinoid. In TRPA1 channel activity, 
out of all the

This type of mechanism has already been paralleled in pharmacology by a similar approach of 
inhibiting the cellular reuptake of serotonin in the treatment of depression33. Anandamide is evidenced 
to be involved in the regulation of emotion, and specifically anxiety33. 

 The effects of increased AEA on anxiety has been studied in rat models with success,  
 giving anxiolytic results similar to benzodiazepine34. 

If CBDa can effectively maintain/increase levels of AEA in the extracellular space it could be a strong 
target for anti-anxiety therapeutics. 
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as a replacement for traditional anti-inflammatory drugs and should be a major target for human 
clinical trials. Additionally, CBDa is very potent for this pathway and can be used in very low amounts to 
achieve the desired effects. 

Another pharmacological target outside the ECS is the anti-nausea effects exhibited by CBDa acting on the 
5-HT(1A) receptor. The agonistic effect seen when CBDa binds the 5-HT(1A) receptor has been shown in 
rodent models to be a significant anti- nausea agent. Other cannabinoids such as CBD and d9-THC work 
in a similar fashion but CBD needed nearly 1000X the dosage to ahceive the same effects and d9-THC 
is an intoxicating compound36. The other problem with CBD for this purpose is the biphasic action of the 
molocule where too much will actually facilitate nausea. CBDa is evidenced to be a highly potent, non-
intoxicating, anti-nausa target and does not suffer from unforseen consquences due to biphasic dosing.
 
The final target for therapeutics covered in this paper is related to anti-hyperalgesia. This effect seems to 
be mediated by the agonist activity of CBDa at TrpV1 channels. TrpV1 is activated by heat, capsaicin, 
and other endogenous lipids. These channels are a major drug target and are thought to have a major 
role in chronic pain.  Long term chronic pain is currently treated with often highly controlled and additive 
substances, finding a natural alternative such as CBDa would be highly desirable.

There are several other pathways that were not covered on this paper but hopefully this can provide a first 
look into the possibilities of this cannabinoid in particular. 

cannabinoids tested both in their pure form and BDS form, “THCV‐BDS was the most potent (EC50= 
70 nM), and other BDS (i.e. those of THCV, THCA, CBGV, CBDA, THCVA) were more potent (EC50= 
0.07–5.8 μM) than the corresponding pure compounds in this assay”17. This trend was seen many more 
times with other mechanisms such as activity at AEA and PEA degrading enzymes, 2-AG enzymes, and 
other TRP pathways17. The authors themselves noted that this activity gives evidence of a “synergistic 
effect between this cannabinoid and some of the components of its corresponding Cannabis extract.”17

Overall it is likely the entourage effect has some credibility, some of which has been shown in studies. 
Looking outside of the entourage effect itself, many of the plant compounds have their own proposed 
mechanisms of effect and can act independently. This gives lots of support to the full and broad spectrum 
movement for consumer products. 
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Medical Implications of Research

For the early stages of research into CBDa, there seems to be a lot of valuable insights in to how 
CBDa can be used in the future. The likely higher bioavailability seen in CBDa and other acidic 
cannabinoids as compared to their downstream neutral products means in many cases the 
target or anticipated effect can be achieved more efficiently with lower dosages. The higher 
bioavailability is due to traditional drug design parameters with CBDa having a pKa near the range of 
effective drug design and low clearance.

CBDa acting on the endocannabinoid system (ECS) via endocannabinoid modulation is a mechanism 
that would be an important subject for human clinical trials. One of these trials could investigate the 
neuroprotective effects of CBDa via the inhibition of the major degrading enzyme of 2-AG, MAGL.  
2-AG has been shown to be a main factor in lowering swelling in the brain post head injury. If CBDa is 
effective at increasing 2-AG levels in the human brain it could be used as a preventative measure 
before high contact sports such as football or martial arts. In contrast there is also the aspect 
of CBDa acting as an inhibitor of the major enzyme producing 2-AG, DAGL. If this effect is the more 
prominent effect seen in human clinical trials, it could be a target for diet and obesity drug design, as 
increased 2-AG levels are linked to abdominal obesity and metabolic issues. To figure out whether 
CBDa increases or decreases human 2-AG levels will be only discovered by more targeted studies 
though both options are exciting.

Another trial involving the ECS would involve the other major endocannabinoid AEA. CBDa in 
early studies has been found to inhibit cellular uptake of anandamide, limiting the inactivation and 
degradation of this molecule. Since increased levels of AEA have been shown to be act as an anxiolytic 
in rodent models, there is a need for CBDa to be studied for its ability to produce anti-anxiety effects 
in human clinical trials.

When looking at CBDa’s effects outside the ECS, one of the most important effects seen is the 
COX-2 inhibition. The selectivity of CBDa to favor the inhibition of COX-2 and not COX-1 
means it can act as a potent anti-inflammatory while avoiding the side-effects seen with 
traditional NSAIDs. This has massive implications
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release. The scientists and doctors behind this work are the true pioneers of this 
industry, and we grateful for the information they have produced and shared. 
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