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Presenter
Presentation Notes
Good morning ladies and gentleman. Thank you ??? for the kind introduction...I have much to cover this morning, so lets jump straight in. I have seen, as I am sure many in this room have too, enough human tragedy, helplessness and misery in the last 3 years in my charity work around medicinal cannabis, both here and in the USA, to last me a lifetime... as such, I cannot adequately express to you the impact that many of these patients requiring medicinal cannabis have had on me, nor the effects of this plant upon many of them..... I speak in the past tense as if this journey is now over, but regrettably, we don’t seem to be there quite yet, as speed and ease  of patient access evolves and education programs now becomes a focus for many of the patient advocates, pharmacists, politicians and medical practitioners around Australia today. More encouraging however, is the discovery of the endocannabinoid system, which represents what I believe is one of the greatest scientific findings in the last 50 years and could assist us in identifying new treatments for previously unmanaged diseases, as well as assisting us in understanding more about disease aetiology and pathogenesis.... And I sincerely hope to demonstrate several examples of this during my talk today.
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 History of Use: How did we get here? 

 Cannabis risk analysis: risks or myths? 

 The Endocannabinoid System (ECS) 
 Cannabinoid Receptors 
 Endogenous ligands 

(endocannabinoids) 
 Enzymes (synthesis / degradation) 

 Physiological Role of the ECS 

 ECS Dysfunction 

Key discussion points 

Presenter
Presentation Notes
This mornings talk starts out with a brief introduction into how we got to be having this discussion about medical cannabis today and then we shall move onto some of the commonly held myths and potential risks surrounding this plant which might be weighing on many of your mindsAfter hopefully lulling you into a false sense of security, I will then unleash upon you the more detailed aspects of an entire physiological neuromodulatory system that we would know nothing about if it was not for research into the Cannabis genus. Still woefully absent from most modern anatomy and physiology textbooks, we will briefly explore the Endocannabinoid systems anatomy, physiological roles, explore dysfunctional presentations based on current research and finish off with touching on some of the clinical challenges which face the use of Cannabis as a therapeutic substance by the medical profession. It really is only a taster of this incredibly complex and diverse system...  So without further adieu, lets get started.



Cannabis History of Use 

 Cannabis use likely 
predates writing in 
human evolution (Ben-Amar 
2006; Merlin 2003). 

 Cannabis is believed to 
have originated in 
Central Asia. It has 
spread worldwide from 
this region. 

 Cannabis use as both a 
medicine, fibre and food 
dates back over 10,000 
years (Clarke & Merlin 2013). 

 

 

Figure 1: Trade routes of broad leaf drug variety throughout the 
Central Asian region. Photo courtesy of Robert Clarke.  

Presenter
Presentation Notes
Many ethnobotanists and academics believe that cannabis has been used throughout many regions of the world for over 10 millennia, however, obtaining hard proof of this is difficult to exactly calculate due to its cultivation and consumption predating the appearance of writing in human evolution. Cannabis is believed to have originated in Central Asia, with nomadic peoples first coming across it when they entered its home range. Interestingly, in geographical locations where cannabis was cultivated for fibre it was not used as a psychotropic or medicinal agent, suggesting different species or subspecies dispersal at an early time in human evolution. The specific knowledge and growth of more THC rich drug varieties seemed to have originated in the Himalayan region, most likely near modern day Afghanistan, whereby it was disseminated to India, China, Asia Minor and North Africa and was likely a valuable trade commodity. 



Cannabis History of Use 

 Archaeological 
evidence confirms 
Cannabis has been 
used since the 
Neolithic period; 
mainly as a medicine, 
food and as an 
entheogen (Li 1974; McKim 
2000). 

 Entheogen: “A 
substance used in 
shamanic, religious 
or spiritual ritual.” 

 

 

 

Figure 2: A page from the Shen-nung Pen-Tsao Ching, 
attributed to Shen Nung from around 2800-2700 BCE. 
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Presentation Notes
According to solid archaeological evidence however, Cannabis has been in China since the neolithic period around 4000BC. It was first written of by Emperor Shen Nung in his compendium of medicinal herbs around 2700BC, and similar evidence has been found in the written histories of India in the Atharvaveda (1500BCE) and Sushruta Samhita (800-300BCE). Confirmation of the therapeutic use of Cannabis sp also exists from Persia (600BCE), found in the Zend-Avesta, so too in Egypt from written evidence encoded within stone in the Pyramid Texts from Memphis (2350BCE), and later in the Papyrus Ramesseum III (1799BCE), Hearst Papyrus (ca.1550BCE), Ebers Papyrus (ca.1550BCE), and Berlin Papyrus (1300BCE). In more recent history, Cannabis was brought to the UK by the irish physician O’Shaughnessy in 1839 after observing its use as an effective appetite stimulant , antiemetic, muscle relaxant, anticonvulsant and analgesic in India, with Even queen Victoria allegedly being dispensed the plant for dysmenorrhoea. Its use continued spreading, and by 1854, it was included in the united States Dispensary and was sold freely in most Western countries, still being available in most for more than 80 years after this time.



How did we get here? 

Presenter
Presentation Notes
So...how did we get here...Having to hold symposiums and campaigning for the reintroduction of a herbal medicine which was used in this country as a medicine less than 70 years ago. Well...here is one of the men responsible for it...In perhaps one of the greatest examples of propaganda engineering in recent history, Harry Anslinger is largely credited for the lies and falsehoods for which cannabis is still labeled to this day. Hand selecting the best of bigotry, racism and religious fear, in the strokes of pens and testimonies to congress, he abolished and made illegal the use of a plant that has been serving humankind for millennia, which was opposed by the American medical association at the time.. It is said that he bullied and coerced many in the medical profession to support his claims, with a pharmacologist Dr James Munch, an expert witness of Anslinger and professor of physiology and pharmacology at temple university in Philadelphia, actually testifying under oath, and I quote, that “after two puffs on a marijuana cigarette, I was turned into a bat”...I mean...seems legit to me, but I must admit, I would love to analyse what he was actually smoking.Having a read through this slide is truly horrifying...I mean, who in their right mind would ever call jazz or swing satanic music for one   Now I don’t know about you, but speaking for myself, I have partaken in more acts of violence under the influence of alcohol than anything else...in fact, I daresay the limits of violence that most have experienced under the influence of cannabis extend largely to smashing a whole pizza and then destroying half a tub of Sarah Lee ice cream over the course of about an hour. When was the last time you heard of a riot caused by cannabis smoking football hooligans on the evening news...I rest my case...Let us now have a brief look at the wonders that Anslinger released into the general public during his long tenure in drug enforcement...they would be hilarious if they were not so effective.



How did we get here? 

Presenter
Presentation Notes
(PUSH TWICE) For a 1930’s Christian and Catholic majority in the US, such posters immediately struck terror into the hearts of parents everywhere. I particularly like the reference to it being used as a pill on the right, and lots of references to Hell, the Devil and Sin. For any god fearing American, this was basically a mandate from on high, as to use cannabis would therefore cast doubts on ones faith. This was step one in a very effective fear driven campaign to control the masses...and considering that, at the time, of all the representative political assembly only one was a noted atheist, the rest being largely conservative Christians and Catholics, it was a way to control policy as well. But this is just the start...where things really get interesting is coming up now



How did we get here? 

Presenter
Presentation Notes
These are perhaps my favourites from the collection of Anslinger’s fantasy. (PUSH) On the right here, we see some more positive reinforcement of the devil and religious overtones, so it is at least good to see some continuity in the message here. I also particularly enjoy the term sex orgies. Now...I know I don’t get out much these days, but I must admit I am at a loss as to decipher what other types of orgies exist, and welcome my esteemed audience to please enlighten me should I have been overlooking something glaringly obvious.But this next one (push) is just pure gold...After all this time learning about cannabis, here we are educated about the use via needle of this herb...I was shocked to learn that millions worldwide had been doing it wrong all this time and am sure it had nothing to do with trying to connect its use to more harmful illicit drugs like heroin. This ladies and gentleman of the Jury, is why such prejudice still exists for this herbal medicine, and still exists in the training programs of medical professionals to this day. Like I said before, it would be humorous if it wasn’t so successful. As Winston Churchill once said, “a lie gets halfway around the world before the truth has a chance to even get its pants on”, so with this being said, let us have a look at what state of dress we find some of the evidence in regards to some of the risks associated with cannabis usage...



Cannabis lowers your IQ? 

 Cannabis may cause short term 
memory impairment whilst under 
the influence.  

 This is considered reversible upon 
cessation...not permanent. 

 Certain Cannabis phytochemicals 
such as Cannabidiol (CBD) actually 
exhibit neuroprotective activity. 

 Animal studies are now showing 
the possibility of specific Cannabis 
phytochemistry assisting in: 
 Foetal hypoxia (Alvarez et al. 2008) 

 Multiple sclerosis 
 Hypoxic brain injury (Ischaemic 

stroke) 
 Alzheimer’s Disease  
           (Ramirez et al. 2005) 

 

 

Figure 3: The female inflorescence (bud) of “Super 
Silver Haze”, one of hundreds of different Cannabis 

strains.  
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Now...before we get started looking at many of these associated risks, let us understand that most of cannabis risks have been identified from illicit use and abuse, utilising cultivars that are not necessarily focused on having a therapeutic or medicinal effect... lets have a look at some of the concerns raised by many in the political and medical communities around some important topics, starting out with IQ. It has long been touted that Cannabis use reduces human IQ because it kills neurons. Whilst consumption of certain varieties of cannabis may indeed cause a decreased function in short term memory,  these changes are not considered permanent and resolve with cessation...Also remember that the cannabis that has been bred more recently is certainly not the same plant that your parents or hippy uncle smoked in the 1960’s.More interestingly however is that compounds within cannabis have actually been found to be neuroprotective. In-vitro and animal studies are demonstrating that certain cannabinoids in Cannabis, such as CBD, may reduce damage to the brain caused by lack of blood flow or oxygen supply, and also assist in preventing the neurological degeneration seen in conditions such as Multiple sclerosis and Alzheimer’s disease. Tetrahydrocannabinol, the psychoactive component associated with Cannabis, was shown to stimulate the removal of intraneuronal beta amyloid and also reduce inflammation which was published in June 2016 in Nature Againg and Mechanisms of Disease.  Whilst more research certainly needs to be conducted in human trials, the preliminary results are certainly encouraging and  I look forward to a leading world expert in Dr Gerdeman enlightening us about the topic of neuroprotection as soon as I finish waffling on



Cannabis lowers your IQ? 

Presenter
Presentation Notes
And any of you that know the significance of twin studies will enjoy this article (PUSH) Recently a review of two longitudinal twin studies conducted by Jackson and colleagues published in the Proceedings of the National Academy of Sciences in 2016 found that cannabis using twins failed to show significantly greater IQ decline relative to their abstinent siblings which is  therefore suggestive that observed declines in IQ are more attributable to familial or other factors.



All Cannabis gets you “high”? 

 The psychoactivity of cannabis is 
largely dependent on the 
phytochemistry exhibited in the 
specific strain of the plant. 

 There exist numerous strains of 
Cannabis that have been 
selectively bred to be low in 
THC, but higher in other 
phytochemicals such as CBD. 

 Individual dosing (titration) and 
appropriate Cannabis strain 
selection is key to reducing 
psychoactive effects. 

 

 

Figure 4: Harlequin, is rich in CBD and has much lower levels of 
THC (the main psychoactive cannabinoid) than most recreationally 
used varieties. Phytochemical profile produced with permission 
from Steep Hill (Halent) Laboratories (USA). 

Presenter
Presentation Notes
Compounds such as Tetrahydrocannabinol, or THC, are generally attributed with the psychoactive effect of making the user feel “high” or “stoned”. Narrow leafed drug varieties rich in CBD and lower in THC are incredibly useful medicines that do not cause this feeling – which is why many people prefer to use non-psychoactive strains during the day to assist in managing their condition so as not to feel too affected, and save stronger THC rich strains for nighttime use to help them sleep or deal with pain. This level of individualisation and phytochemical selectivity in specific strains is one of the greatest strengths of cannabis as a medicine.Does this mean THC is a potentially negative constituent then I hear you ask?, and the answer is certainly not...If I hear one more person suggest that CBD is medicinal cannabis and THC rich strains are recreational only I may well burst a vessel...THC is the main constituent involved in the pain relieving, sedative and muscle relaxant activities within Cannabis...amongst numerous other pharmacological actions, and as you know, certain pharmaceutical drugs such as the opiate and benzo classes don’t exactly leave you feeling normal either, so this dose dependent psychoactive activity should not be a precluding or prejudicial factor either  



Cannabis causes Lung cancer 

Presenter
Presentation Notes
So...what about the risk of cannabis causing lung cancer? (PUSH) In this population based case control study conducted by Hashibe and colleagues in 2006, it demonstrated that heavy cannabis users have an equal or lower rate of lung and respiratory tract cancers than non-users even though cannabis smoke has been proven to contain cancer-causing products of combustion...How can this be I hear you say, well...I am glad you asked...



Cannabis causes Lung cancer 

Presenter
Presentation Notes
It is likely that many of the phytochemicals within cannabis actually have strong anti-cancer properties, which has actually been known for quite some time... (PUSH) A great paper that highlights this is this one by Munsen and colleagues from 1975 that shows that phytocannabinoids such as Delta 9 THC, delta 8 THC and cannabinol retarded lewis lung adenocarcinoma growth and also increased mean survival time...this being said, and in the interest of balance, it is only in-vitro evidence but is certainly encouraging in these cell lines and will hopefully promote more meaningful research in human clinical trials in the future.



Cannabis causes Lung cancer 
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Presentation Notes
(PUSH) Dr Donald Tashkin at UCLA has led research in the field of cannabis and its association with lung cancer for decades, and he cannot find any direct association. He actually published a paper in the American thoracic journals in 2013 suggesting that the accumulated weight of evidence implies far lower risks for pulmonary complications, including other pulmonary diseases such as emphysema, of even heavy use of cannabis compared with the pulmonary consequences of tobacco... Long term chronic cannabis use can increase risk of chronic bronchitis however, due to epithelial ciliary loss and impairment of the function of alveolar macrophages...but this usually subsides with cessation of use. So...While smoking cannabis may still need to be studied more to determine in absolute terms that it does not cause lung cancer, it can certainly still irritate the respiratory tract, especially in sensitive individuals. Most patients however are turning to non-combustible delivery methods such as vapourisers... vapourisers allow users to inhale just the medicinal cannabinoid and terpene components of the herb without any combustible material in the vapour, whereas infused oils and other oral extracts are also safe, efficacious and convenient although do exhibit different pharmacokinetic qualities to inhaled forms.One thing of importance in this discussion is that we must also consider, particularly in Australia, this interesting cult of putting tobacco with cannabis for smoking...this has its own potential problems considering tobaccos proven carcinogenic chemical qualities, and could actually skew results and potentially increase risk, so if there are clinicians in the audience today and you are seeing patients that are using cannabis for medicinal purposes and smoking it, this is an important line of questioning in the interest of harm minimization.



Cannabis as a drug of dependence? 

(Anthony,  Warner & Kessler 1994). 
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What about the topic of Cannabis causing dependence or being highly addictive. Whilst conflicting evidence exists on this topic in the scientific literature, after reviewing sample sizes used in various studies, I found this study conducted by Anthony, Warner and Kessler in 1994 which surveyed over 8000 people in the USA between the ages of 15 and 54 on illicit drug usage, and was designed to assess patterns of dependence. I realise that this was conducted over 20 years ago but believe that this represents a seminal study in this field and has a adequately powered samples size to produce some meaningful results.



Cannabis as a drug of dependence? 

 Cannabis dependency 
does exist but is also 
dependent on the 
individual.  

 Factors such as 
individual polymorphic 
expression, individual 
variability, the strain of 
Cannabis being utilised 
and the dosage taken 
are also important 
contributing factors. 

 

 
 

 

(Anthony,  Warner & Kessler 1994). 
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Of particular interest is that cannabis can indeed cause dependency, however, let us also look at things in more detail. 24% of the study respondents with a history of dependence, or 1 in 4, reported being dependent to tobacco whilst 14% or 1 in 7 reported dependence to alcohol as classified by the DSM.Worthy of note here after seeing these previous statistics is that only 4% reported dependence to cannabis – 6 times less then that of tobacco. Now many other factors need to be considered here also, such as individual variability of the patient and why the cannabis was being utilised – for example, if someone is suffering chronic intractable pain that is non responsive to medical pharmaceutical treatment, it is reasonable to assume they would be dependent on cannabis for pain relieving activity on a daily basis. We also need to consider that as an illicit substance, cannabis is also the cheapest to obtain in comparison to substances such as cocaine and heroin.



Cannabis as a drug of dependence? 

We are 
both legal  

Presenter
Presentation Notes
In this study conducted in the UK with the graphics and references available on the MCRA website, you can see clearly that cannabis is very low down on the dependency list. Coffee which is not placed on the scale comes in at 0.9, which is higher than cannabis at 0.8...yet Cannabis’s legal but deadly cousins alcohol and tobacco are both far higher up the scale on dependence...I always find it funny how these statistics are conveniently looked over by government scientific evaluation committees when it comes to discussions about cannabis dependency.This now leads us to the next question...does cannabis cause people to go on to use harder drugs...and the evidence here is quite compelling...



Cannabis as a gateway drug? 

 A Gateway drug is 
defined as “one that 
apparently can lead 
to the use of harder, 
more addictive or 
dangerous drugs”. 

 Examples of hard 
drugs may include: 
 Heroine 
 Methamphetamine 
 Cocaine 
 

 
 

 

(Reiman 2009) 
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The idea of cannabis being a gateway drug is not new and there is a great deal of conflicting evidence in the scientific literature...However, In California, a state that has legalised medical cannabis dispensaries, patients can access just medicinal cannabis with a card from their authorised healthcare provider. A study conducted in California in 2008 on 350 registered medicinal cannabis users found that cannabis may actually serve as an exit drug, not a gateway drug. Lets look at some figures.



Cannabis is a gateway drug? 

 

 
 

 

Type of substitution # of Participants % of Participants 

EtOH substitute n = 134 40% 
Illicit drug substitute n= 87 26% 
Prescription drug substitute n= 219 65.8% 

Table 1: Percent of sample reporting using cannabis as a substitute. 
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Presenter
Presentation Notes
40% of the respondents reported using cannabis as a substitute for alcohol, 26% used it as a substitute for other illicit drugs, and 66% used it as a substitution for prescription medications. 



Cannabis is a gateway drug? 
Reasons for using cannabis as a substitute 

Less adverse side effects
(n=197)
Less withdrawal potential
(n=103)
Ability to obtain Cannabis
(n=54)
Greater social acceptance
(n=36)
Better symptom
management (n=174)

(Reiman 2009) 

Presenter
Presentation Notes
Further findings also suggested that 65% of patients used medicinal cannabis due to the propensity for less side effects, 34% due to less withdrawal effects and 57% felt that is provided better symptom management of their specific medical condition. Now, in the interest of balance, this was only a small study, but it does propose a counter argument against the traditional viewpoint, and whilst on this topic new evidence has been shown that medicinal cannabis use is associated with a decrease in pharmaceutical opioid deaths. The CDC in the USA posted that in 2010 over 16000 people died from pharmaceutical opioid analgesics, which equates to roughly 45 people per day, and that opioid overdoses have quadrupled from the year 2000 to 2014. Now in Australia The rise of addiction to prescription opiates has been particularly noteworthy and devastating. From 2002-2009 the amount of oxycodone prescribed in Australia increased 180%. Furthermore, In the late 1990’s, hospitalisations due to opioid poisoning were predominately related to heroin, but by 2008 prescription opioids accounted for 80% of opioid-related hospitalisations. 



Cannabis is a gateway drug? 

Presenter
Presentation Notes
I also read an interesting paper by muhuri and colleagues published in 2013 with data from 2002 to 2012 showing that the incidence of heroin initiation was 19 times higher among those who reported prior nonmedical opioid pain reliever use than among those who did not whereas a study by Lankenau in 2012 suggests that young urban injection drug users interviewed in 2008 and 2009 found that 86 percent had used opioid pain relievers nonmedically prior to using heroin.......I would imagine based on such statistics that this is of far greater public health concern then the outdated science around cannabis being a gateway drug...



Cannabis is a gateway drug? 

Presenter
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But What about some uniquely Australian statistics...Here you can see up the top some numbers of overall deaths from pharmaceuticals, illegal drugs and alcohol from the years 2009 to 2015...an alarming upward trend is easy to see.The second table shows statistics of overdose deaths for just the opioids and benzo classes...it is easy to see that thousands of Australians have overdosed on prescription medications...and the really concerning thing is that (PUSH) these are just Victorian statistics.And in this regard, Cannabis is coming to the rescue based on new evidence in the last couple of years...



Cannabis is a gateway drug? 

Presenter
Presentation Notes
(PUSH) Bachhuber and colleagues published a paper in JAMA Internal medicine in 2014 which has clearly demonstrated that state medicinal cannabis laws in the USA are associated with significantly lower state-level opioid overdose mortality rates, which lowered in year 1 by 20% and strengthened to 33% after 6 years with a mean average of 24.8%...such evidence supports the findings presented in the Reiman statistics previously presented, and also supports that Cannabis may well be an exit drug...



Cannabis is a gateway drug? 

Presenter
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Furthermore and perhaps more interestingly, is that medicinal cannabis may also show huge cost savings to the public healthcare system. (PUSH) In this study by Bradford and Bradford in 2016 it was shown that between 2010 and 2013, US states with medicinal use of cannabis were shown to have a 12% lower rate of pain relief prescriptions in US Medicaid patients over 65 yeas of age and between 8 and 13% lower rates of prescriptions for anxiety, depression, nausea, psychosis and sleep disorders...National overall reductions in the medicare program when states implemented medicinal cannabis laws were estimated to be approximately 165 million US dollars per year...a not unsubstantial amount of money. So maybe it is a gateway after all...to savings within our own over burdened healthcare system...something I am sure Professor Simon Eckerman would be happy highlight along with its benefits in the aging and palliative care crisis in his talk on Sunday
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Another study supporting this was published this year in the Journal of Psychopharmacology showing that over 76% of respondents that regularly used opiates  reduced their use when taking medicinal cannabis, with approximately 71% reducing anxiolytic medication, 66% reducing migraine medication and 65% reducing sleep inducing sedative medication when utilising this herbal medicine as part of their treatment plans.



Cannabis can cause psychosis? 

 Psychosis is an 
inability to distinguish 
what is real and can 
include delusions and 
hallucinations.  

 Psychosis can be a 
brief episode or longer 
term as seen in 
psychiatric conditions 
such as schizophrenia. 

 The exact cause of 
psychosis is unknown 
but likely involves a 
complex interplay of 
physical, genetic, 
psychological and 
environmental factors. 
 

 
 

 

(Ksir & Hart 2016) 
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This is perhaps one of the most quoted problems when it comes to cannabis use I hear from politicians, medical professionals and the general public. As you know, psychosis can be both a symptom by itself or a feature of mental illness. It is characterised by being unable to distinguish what is real or losing contact with reality...The causes of psychosis are not fully understood, but involves a complex interplay of individual genetics, physical, environmental and psychological factors. Cannabis is perhaps of more concern in heavy use or with younger people that are still developing neurologically. (PUSH)There have been a large amount of articles proposing cannabis can cause psychosis or schizophrenia, and of course it is a likely trigger in certain individuals. However, a review article published in 2016 by Sir and Hart it was proposed that the evidence reviewed from previous studies suggests that cannabis does not in itself cause a psychosis disorder. Rather, the evidence led the researchers to conclude that both early use and heavy use of cannabis are more likely in individuals with a vulnerability to psychosis. More research certainly needs to be conducted in this area for us to fully understand this relationship, and we also must consider the quality or variety of the cannabis being used, which until only very recently has been plants bred to be very high in THC. We also need to consider the dose being taken and other preexisting psychological or physical disease states present within the patient.



Cannabis can cause psychosis? 

 In this UK study, 
it was estimated 
that to prevent 
one case of 
psychosis 
approximately 
2000 young men 
would need to 
stop using 
Cannabis. 
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(PUSH) Furthermore...In this UK study by Hickman and colleagues, it was estimated that to prevent one case of schizophrenia, approximately 2000 young men would need to stop using Cannabis.



Cannabis can cause psychosis? 
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Or perhaps most importantly of all is that despite Cannabis use increasing in many jurisdictions around the world at an ever increasing rate since the 1960’s, statistics on schizophrenia prevalence have been stable (PUSH) at 1% according to the National Institute of mental health and are certainly not growing at a rate proportional to increased uptake and availability. 



Cannabis use is harmful? 

 Statistics regarding Cannabis 
causing harm are skewed as 
they often involve multiple 
other drugs such as alcohol. 

 Data specifically relating to 
Cannabis overdose or toxicity 
is difficult to find. 

 Cannabis related harm is 
more likely, such as operating 
motor vehicles or 
predisposing to mental illness 
or accident. 

 
 

 
 

 

Figure 5: An example of an old United States 
Pharmacopoeia Fluid extract of Cannabis. 
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The science is clear around many constituents in cannabis so we can see that based on changes to mental perception, even though most of these studies and statistics have only been based on social or recreational use, the increased risk of harm still exists.But what about a dose of healthy perspective... Data obtained from Australian governments quit line suggest that more then 50 Australians die each day from a tobacco related disease, that is one every 28 minutes. In 1998 alone, over 19,000 deaths were attributed to tobacco use whilst in 1995 almost 3.2 million adult Australians were identified as being at risk of developing chronic health conditions from tobacco smoking – which equated at the time to approximately 23.5% of the adult population. The impact not only on individual health but as a burden on the healthcare system cannot be overlooked. And the statistics for alcohol are a sobering tale also– in the document “Alcohols burden of disease in Australia” it is highlighted that in 2010 there were 5500 deaths attributable to alcohol with an additional 157,000 hospitalizations in the same year...now consider that latter cost not only in life and suffering, but as costs to the healthcare system...it is truly staggeringSo...can cannabis cause potential harm. The answer is yes. But comparing currently available statistics of cannabis risk of causing harm to the statistics just spoken of for its legal cousins in alcohol and tobacco or indeed regulated medicines such as the opiates and benzo classes...well...as I have said before, it really is like comparing a fart to a cyclone



Cannabis use is harmful? 
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Now...just how toxic is cannabis...generally, to determine toxicity, we use the LD50. This is defined as the dose required to kill half the members of a population after a pre-determined time frame. Essentially, the lower the number, the increased toxicity. This being said, what I want you to understand here is that CBD and THC are in their purified forms, which is obviously not how this appears in the phytochemical profile of the whole plant, and therefore not a very accurate representation of how dangerous cannabis is. the therapeutic ratio – effective dose over lethal dose of cannabis has been rated at 1 to greater than 20,000... Just how much whole plant cannabis would be needed to cause death I wonder, and I dug through the scientific literature but couldn’t find much. The centres of disease control in the USA have not recorded any deaths attributable purely to cannabis in their data sets, and the national cancer institute suggests that because there are no cannabinoid receptors in the brainstem which controls respiration, lethal overdoses from cannabis are incredibly unlikely. However I did find a 1988 department of Justice / DEA brief written by Judge Francis L Young after expert consultation on the matter,  which stated and I quote“In layman terms this means that in order to induce death, a marijuana smoker would have to consume 20,000 to 40,000 times as much marijuana as is contained in one marijuana cigarette. NIDA-supplied marijuana cigarettes weigh approximately 0.9 grams. A smoker would theoretically have to consume nearly 1,500 pounds of marijuana within about fifteen minutes to induce a lethal response.”And what does that look like I hear you ask...



How much MC to cause death? 

Presenter
Presentation Notes
You have 15 minutes...your time starts now...All I can say is “good luck”.



How about some Audience participation 

With a show of hands...how many of you 
support the use of Cannabis for medical 

conditions? 

How many of you support the legalisation 
of Cannabis for social / recreational / 

spiritual use by adults? 

Lastly – how many of you have cannabinoids in 
your system right now? 

Presenter
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Alright...lets break things up a little and get some audience participation...



The Endocannabinoid System (ECS) 

 The ECS has evolved over 500 
million years in mammals, birds 
& fish (McGeeney 2013; Grotenhermen 
2006). 

 It is a major neuromodulatory 
system involved in the 
regulation of homeostasis. 

 The ECS was originally found 
by researchers investigating 
how Cannabis interacted with 
human physiology (Herkenham et al. 
1990; Pertwee 1997; Devane et al. 1992; 
Galiegue et al. 1995). 

 It is not a main focus of teaching 
in current medical or Allied 
healthcare curriculums. 

Presenter
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The evolutionary development of the ECS has taken place over millions of years across diverse biological organisms, with evidence of cannabinoid receptor genes being found in the deuterostomian invertebrate Ciona intestinalis (Sea Squirt), suggesting that these receptors developed in this class some 500 million years ago. Further investigation has uncovered that cannabinoid receptors are also distributed widely throughout the vertebrates, and have been documented in fish, amphibians, sea urchins, molluscs, leeches and mammals.You will also note that the ECS is not covered in current medical or health science curriculums by the majority of Australian education providers...so to any of you from academia in attendance today, please do your best to see this very important aspect of homeostatic balance included so that this may lay the foundation for new minds to tackle the important research questions associated with such a broad ranging and influential neuromodulatory system



 1964   Δ9-tetrahydrocannabinol (THC) was elucidated       
       (Gaoni & Mechoulam 1964) 

 1967   THC was chemically synthesised in 1967                                   
            (Mechoulam, Braun & Gaoni 1967) 

 1988   Research identified that THC was stereospecific          
       (Mechoulam et al. 1988) 

 1988   First cannabinoid receptor (CB1) was identified                
       (Devane et al. 1999; Matsuda et al. 1990) 

 1992   The endocannabinoid Anandamide was identified      
       (Devane et al. 1992) 

 1993   Second cannabinoid receptor (CB2) was identified           
       (Munro, Thomas & Abu-Shaar 1993) 

 1995   The endocannabinoid 2-AG was identified                   
       (Mechoulam et al. 1995; Sugiura et al. 1995) 

 

The scientific evolution of the ECS 
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Research into how the phytochemicals in Cannabis interacted with human physiology was a slow evolution also, taking place in a coordinated fashion over many decades...this academic investigation was largely impeded due to inconsistent Cannabis plant samples, prohibitive laws hampering availability in research and a poor understanding of the chemical structure of the phytocannabinoids.With advances in analytical separation techniques, Gaoni and mechoulam elucidated delta-9-THC in 1964 and then 3 years later chemically synthesised THC making it more widely available to researchers. Almost 20 years later  In 1984, Studies elucidated that cannabimimetic agents inhibited cAMP accumulation in neuronal cells via receptor mediated cellular response and in 1988 Mechoulam and colleagues demonstrated that THC was stereospecific and thus required a specific site of action for binding. Later that same year the first cannabinoid receptor was identified by Devane and 2 years later structural expression was defined by Matsuda.Research interest started to grow internationally, and in 1992 the next bit of the puzzle, id est, what endogenous ligands were manufactured by the organism to bind with these receptors, was discovered. Based on what researchers already knew about the phytocannabinoids and their highly lipophillic structure, researchers hypothesised that  the endogenous ligands would also be lipid derived. This was proven correct by Devane and colleagues who identified anandamide, known chemically as n-arachidonoyl ethanolamine) A year later in 1993 the second cannabinoid receptor was isolated and was thought to mainly exist in peripheral tissues, which has since been updated and then in 1995, one of the main endocannabinoids, 2-Arachidonoylglycerol or 2-AG was discovered by Mechoulam and Sugiura.Lastly, and not discussed on the slide, is the evolving research into the enzymes involved in the production and degradation of the endocannabinoids, which largely became a target of pharmaceutical interest in the late 1990s
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As such, the endocannabinoid system represents a wide ranging neuromodulatory system involved in the regulation of many facets of homeostasis, with cannabinoid receptors widely expressed in many cells and tissues throughout the body. Essentially, the ECS is comprised of three major components: 1. Cannabinoid receptors (i.e. CB1 & CB2) which are distributed throughout the various organs and tissues; 2. The endogenous ligands (i.e. endocannabinoids) that interact with these aforementioned receptors; and 3. The enzymes that are involved in the synthesis or degradation of the ligands. Of key clinical interest here is that any individual variability or genetic polymorphic modifications to any one of these components may potentially modify the normal functioning of the entire endocannabinoid system and the body systems it regulates, which invariably highlights the importance of taking a patient centered approach to the use of cannabis and other cannabimimetic agents in patient care.



1. Cannabinoid receptors 
 CB1 and CB2 cannabinoid receptors belong to the family of 

7-transmembrane (comprised of α-helices, a glycosylated 
amino-terminus and an intracellular carboxyl-terminus) Gi/o 
protein–coupled receptors (GPCRs)  (Sanchez & Garcia-Merino 2012) 

 Expressed in abundance in the CNS (Russo 2016) 

 G protein-coupled receptor 55 (GPR55) and G protein-
coupled receptor 119 (GPR119) are being postulated as 
new members of the cannabinoid receptor family (Ross 2009; 
Sanchez & Garcia-Merino 2012; Baker et al. 2006)  

 Further research suggests the transient receptor potential 
vanilloid 1 (TRPV1) receptor and peroxisome proliferator-
activated receptor (PPAR) α and γ subtypes are also a 
target for endocannabinoid binding (Di Marzo & De Petrocellis 2010; Pistis & 
Melis 2010) 
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Cannabinoid receptors belong to the family of Gi/0-protein coupled receptors  (GPCRs) and are expressed in abundance in the CNS where it far exceeds those present for the neurotransmitters they modulate. But it is not all about the cannabinoid receptors as you can see, with many different receptor types expressing endocannabinoid binding with examples being the GPR55, GPR119. transient receptor potential vanilloid 1 receptors and peroxisome proliferator activated receptor alpha and gamma subtypes...The more we are learning, the more we are finding that the ECS is a web through which most of our physiological processes are firmly enmeshed within...



1. Cannabinoid receptors 
 CB1 and CB2 cannabinoid 

receptors exhibit physiological 
effects by: 
1. Inhibiting adenylate 

cyclases (Pistis & Melis 2010; 
Grotenhermen 2006) 

 
2. Stimulating mitogen-

activated protein kinases 
(MAPK) 

 
2. Modulating the activity of K+ 

and Ca2+ ion channels 
assisting in transducing the 
binding of agonists  

     (Kano 2014; Mackie et al. 1995) 

 

 

 

Figure 6: Potassium ions (in purple) 
moving through a Potassium 

channel 
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Now...Being rather severely colourblind, I have it on good authority that purple is easy to see on this diagram. Please let me know if this is not the case so I can seek appropriate retribution.The CB1 and CB2 receptors, coupled to Gi/o proteins, demonstrate physiological effects by inhibiting adenylate cyclases (that is, inhibiting the conversion of ATP to cyclic AMP and hence to cAMP dependent protein kinase) stimulating mitogen-activated protein kinases, which are directly involved in various cellular responses based on stimuli such as mitogens, osmotic stress and proinflammatory cytokines and therefore assist in regulating various cellular functions such as gene expression, mitosis, apoptosis and cellular differentiation. As such, stimulation of MAP-K is a direct mechanism by which cannabinoids have been implied to impact synaptic plasticity and possibly neural regeneration and growthmodulating the activity of potassium+ and calcium+ ion channels assisting in transducing the binding of agonists.  This latter protein mediated modulation of ion channels includes activating inwardly rectifying A-type potassium channels or inhibiting L-, N- and P/Q-type voltage gated calcium channels, thus modulating neurotransmitter release with noradrenaline, acetylcholine and glutamate being examples. 



1. Cannabinoid receptors 
Cannabinoid 1 receptors (CB1) 

 First receptor to be isolated. 

 Major cannabinoid receptor 

      located in the CNS. 

 Polymorphisms have been  

      characterised for the human  CB1 receptor gene (CNR1), 

      located at chromosome 6q14-15.   

 There are multiple single-nucleotide polymorphisms 
(SNPs) associated with CNR1. 
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CB1 receptors are distributed extensively throughout the brain and central nervous system. The high CB1 levels in the sensory and motor regions are consistent with the important roleof CB1 receptors in motivation and cognitionCB1 activation inhibits the neurotransmitter (NT) release of GABA, glutamate, dopamine, serotonin, acetylcholine, D-aspartate and noradrenaline  of both excitatory and inhibitory synapses. As such, CB1 receptors are primarily involved in modulation of NT release centrally, but also have roles in causing coronary and cerebral dilation, neuroprotective signaling, relief of pain and even promote neural stem cell differentiation. 
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CB1 receptors and THC 

Figure 7: Figure obtained from Scholastic Inc 2011. 
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CB1 receptors are the same receptors that delta-9-tetrahydrocannabinol from cannabis binds to to cause the various psychotropic and medicinal actions. For example, the amygdala is responsible for emotions, fear and anxiety, and as such, in certain patients THC can also cause this as a side effect, particularly in varieties bred to have THC in high concentrations.... The cerebellum is involved with balance and motor coordination and not surprisingly, THC can cause this to be impaired. The effect of THC on the hypothalamus is thought to be why it increases appetite, it may impair short term memory due to acting on the hippocampus and alters pain sensitivity by working on the spinal cord.Of particular clinical interest is the sparse expression of CB1 receptors in the brain stem, specifically the cardiopulmonary centres, which explains the lack of respiratory depression with Cannabis use, but which is commonly observed in opiate medication overdose. Interestingly, the antinausea effect of cannabis is believed to directly act on this particular brain structure. The CB1 receptor is also present, but in much lower concentrations, in peripheral neurons and non-neural regions such as the vascular endothelium, testis, epithelial cells, several peripheral organs and the eye. (29) 



1. Cannabinoid receptors 
Cannabinoid 2 receptors (CB2) 
 CB2 receptors are expressed in the immune tissues, such as 

the marginal zone of the spleen,  thymus, tonsils and 
gastrointestinal tract, as well as specific immune cells such as 
CD4+ and CD8+ T-cells, B-cells, macrophages, monocytes, 
natural killer cells and neutrophils.  

 CB2 receptors are also expressed on primary sensory 
neurons, microglial cells and throughout the central nervous 
system.  

 Researchers believe CB2 receptors are involved in the well-
described pharmacological effects of cannabinoids on 
inflammation and immunological function. 

 CB2 receptors are involved in the endogenous response to 
injury (Anand et al. 2009). 
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CB2 receptor expression in the peripheral immune cells and tissues is currently considered responsible for the effects cannabinoids have on immunomodulatory activity,  thought largely to be due to the CB2 signalling pathway playing a critical role in regulating microglial activities within the CNS.  CB2 receptors do not cause any noted psychoactive activity but do contribute to local analgesic effects. Furthermore, CB2 receptors demonstrate important neuroprotective and anti-inflammatory activities, with CB2 expression being enhanced by inflammation, which is suggestive that this receptor subtype is involved in the endogenous response to injury.  Recent evidence has also demonstrated the role of CB2 activation in analgesia in acute and neuropathic models of pain. 



2. Endocannabinoids (Ligands) 
Anandamide (AEA) N-
arachidonoylethanolamine 
 Anandamide (AEA), named after the 

Sanskrit word ananda meaning “supreme 
joy” or “bliss” 

 Exhibits partial agonistic activity at both 
CB receptors but binds with modestly 
higher affinity at CB1 receptors in 
comparison to CB2 

 Other endocannabinoid like compounds 
have been identified including O-
arachidonoyl ethanolamine (virodhamine), 
2-arachidonoyl glycerol ether (noladin 
ether), N-palmitoylethanolamine (PEA), N-
oleoylethanolamine (OEA) and N-
stearoylethanolamine (SEA)  

 Anandamide is a partial agonist for CB1 
and CB2 receptors and a full agonist for 
TRPV1. 
 

 

Anandamide (AEA) 

Presenter
Presentation Notes
Next stop on this brief journey tounderstanding the ECS is the ligands that interact with the receptors. The term endocannabinoid merely represents our bodies own endogenous products that interact with cannabinoid receptors to illicit a physiological response, and for the most part, 2 endocannabinoids have seen the lions share of research, those being anandamide and 2- AGAnandamide was the first endocannabinoid isolated in 1992, and it was so named after the Sanskrit word “ananda” meaning “supreme joy” or “bliss” due to its cannabimimetic activity, pertaining to AEA’s ability to interact with cannabinoid receptors and mimic the psychotropic effect of THC from the Cannabis plant. As you can see, several other endocannabinoid like compounds have been identified and are still undergoing research into their exact roles within the body
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Here is an example of the enzymatic synthesis and degradation of anadamide. Once again, I apologise for the garish colours used, but it is all I can differentiate...A non-colour challenged friend once described this particular diagram as “An affront to the Lord himself”, hence my previous apology The catabolism (i.e hydrolysis) of anandamide is primarily mediated by the enzyme fatty acid amide hydrolase (FAAH), which degrades anandamide to arachidonic acid and ethanolamine. Alternatively, anandamide can be oxidised by certain cytochrome P450 enzymes, lipoxygenases and cyclooxygenase-2 The diverse and complex enzymatic mechanisms involved in endocannabinoid metabolism are important in maintaining the resting “tone” of this entire neuromodulatory system. This diversity also highlights that the inherent abundance or deficiency of these enzymes in the individual can have dramatic influence over ECS functioning. As such, if the enzymes responsible for endocannabinoid degradation are suppressed experimentally, a prolonged therapeutic activity of the endocannabinoids is achieved, demonstrating another promising target for cannabinoid pharmacotherapy. 



2. Endocannabinoids (Ligands) 
2-AG (2-arachidonoyl glycerol) 
 Fast retrograde synaptic 

messenger 
 Both anandamide and 2-AG are 

arachidonic acid derivatives of 
polyunsaturated fatty acids 

 2-AG can be produced by several 
different pathways, highlighting its 
importance 

 2-AG appears to be the true 
ligand for cannabinoid receptors 
and is key in retrograde signaling 
within the brain 
 
 

 

2-AG 
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2-AG appears to be the true ligand for cannabinoid receptors rather then anandamide, and is the key endocannabinoid involved in retrograde signalling within the brain.  2-AG can be produced by several different metabolic pathways, showing its importance. Current research suggests that 2-AG is far more abundant in the CNS then anandamide.
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The catabolism of 2-AG mimics that of anandamide via oxidative processes of the cytochrome P450 enzymes, lipoxygenases and cyclooxygenase-2, however the specific enzymes involved in synthesis and degradation are different, with monoacylglycerol lipase (MAGL) and the membrane associated α / β -Hydrolase domain 6 and 12  enzymes being examples of the latter.



Endocannabinoid Retrograde transmission 
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Now – here it the really interesting stuff...Within the nervous system, endocannabinoids are currently believed to be synthesized on demand from stimuli such as response to injury, ischaemia or stress, and it is done in an activity dependent manner. According to current literature, They are not stored in vesicles like most neurotransmitters.This is achieved by the catabolism of phospholipid membrane components located within the post-synaptic neuron. Once manufactured, the endocannabinoids, mainly 2-AG, exert physiological effect by travelling back across the synaptic cleft and binding to cannabinoid receptors on pre-synaptic neurons, inhibiting the various inhibitory or excitatory neurotransmitters. This action is known as retrograde synaptic flow and is the primary activity noted by Mechoulam of the endocannabinoids.



The Endocannabinoid System (ECS) 
ECS and homeostasis 

 the regulation of stress 
and emotions, digestion, 
pain, cardiovascular 
function, immune 
function, neural 
development, synaptic 
plasticity and learning, 
memory, bodily 
movement, metabolism, 
energy expenditure, 
inflammation, appetite 
regulation, sleep / wake 
cycles and even 
temperature regulation. 
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Due to the anatomical distribution of the endocannabinoid system throughout the brain, spinal cord, enteric and peripheral nervous systems,  it plays a pivotal role in regulating a broad list of physiological homeostatic processes including the regulation of stress and emotions, digestion, nociception (i.e. pain),  cardiovascular  and respiratory function,  immune function, neural development, synaptic plasticity and learning, memory, movement, metabolism, energy expenditure and balance, inflammation, appetite regulation, sleep / wake cycles, thermogenesis and psychomotor behavior. 



Physiology of the ECS: Neurological 

 Abnormal physiology has been shown in research for the 
ECS and epilepsy 

 Patients with newly diagnosed temporal lobe epilepsy 
exhibited significantly lower levels of anandamide in their 
CSF then healthy controls (Friedman 2015; Romigi et al. 2010) 

 Resected tissue following surgery for epilepsy demonstrated 
lower levels of CB1 receptor mRNA expression in the 
glutamatergic terminals of the dentate gyrus (Friedman 2015) 

 Reduced levels of DAGL-α has also been identified in 
epilepsy patients, which is the enzyme responsible for the 
manufacture of 2-AG on the post-synaptic membrane (Ludanyi et 
al. 2008) 
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With its ubiquitous distribution throughout the central and peripheral nervous systems, the ECS may play a meaningful role in various neurological pathophysiology, such as epilepsy. Early studies have demonstrated defects within the ECS in epilepsy patients, with one study on patients with newly diagnosed temporal lobe epilepsy exhibiting significantly lower levels of anandamide in their cerebrospinal (CSF) fluid in contrast to healthy controls. Further supporting the hypothesis that the ECS may play a role in seizure inhibition in epilepsy was a study on resected tissue following surgery for epilepsy whereby epilepsy patients demonstrated lower levels of CB1 receptor mRNA expression in the glutamatergic terminals of the dentate gyrus in contrast to post mortem controls of non-epileptic subjects.  Interestingly, reduced expression of DAGL-α was also found in epilepsy patients, which as I am sure you will remember, is the enzyme responsible for 2-AG synthesis post-synaptically. 



Physiology of the ECS: Neurological 

 Reduced anandamide 
levels have been observed 
in patients with chronic 
migraine (CSF) (Sarchielli et al. 
2007; Russo 2004) 

 CNR1 gene is linked with a 
chromosomal region 
posited as being related to  
migraine (Nyholt et al. 2005) 

 Variations in CNR1 gene 
expression exhibits 
predisposition to higher risk 
of migraine development 
(Juhasz et al. 2009) 
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Reduced levels of AEA have also been identified in the CSF in patients with chronic migraine, with subsequent studies showing the gene encoding for the CB1 receptor, CNR1, being linked to a chromosomal region linked with migraine and variations in CNR1 gene expression showing predisposition to higher risk of migraine development.Not surprisingly, a clinical endocannabinoid deficiency (CECD) has been posited  as being potentially critical in our pathophysiological understanding of migraine and numerous functional pain conditions, such as irritable bowel syndrome and fibromyalgia.



Physiology of the ECS: Neurological 

 Elevated anandamide levels have been observed in both 
normal and abnormal ECS function. 

 Increased anandamide plasma levels have been observed 
during and after moderate intensity aerobic workouts in 
healthy individuals (Sparling et al. 2003; Raichlen et al. 2012) 

 Markedly increased levels of anandamide has been found in 
both plasma and CSF of schizophrenic patients in contrast to 
healthy controls (Desfosses et al. 2010; De Marchi et al. 2003) 

 The CNR1 gene may be a susceptibility locus for 
schizophrenia (Cao et al. 1997) 

 Susceptibility for schizophrenia may be increased by a 
genetically predetermined decrease in CB2 receptor 
functioning. (Desfosses et al. 2010; Ishiguru et al. 2010) 
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But it is not all about deficiency...excess levels of endocannabinoids have also been noted in the literature.Point two here is of interest, as previously this was largely believed to be the domain of endorphins. Producing our own endocannabinoids as a response to exercise gives new meaning to the term runners high and also changes our previous chemical understanding  of reward seeking behaviours. Increased levels of anandamide has been found in both plasma and CSF of schizophrenic patients in contrast to healthy controls, furthermore, Single nucleotide polymorphisms (SNPs) have also been described for the CNR2 gene which codes for the CB2 receptor, with researchers suggesting that susceptibility for schizophrenia may be increased by a genetically predetermined decrease in functioning of CB2 receptors.



Physiology of the ECS: Cardiovascular 

 Heart failure: activated monocytes 
produce endocannabinoids which can 
lead to hypotension and negative 
inotropism (Pacher, Batkai & Kunos 2006) 

 Cardiac myocytes and vascular 
smooth muscle produce 
endocannabinoids which can interact 
with CB1 receptors, causing ROS and 
AGE product accumulation (Rajesh et al. 
2012; Pacher & Kunos 2013) 

 The pro-inflammatory role of CB1 
receptors in the CVS has been 
confirmed in knockout mice (FAAH) in 
models of atherosclerosis and 
cardiomyopathy (Pacher & Kunos 2013) 
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Let now move onto the cardiovascular system, as the ECS can play an important regulatory role in CVS physiology and the development or progression of common CVS disorders. studies have shown that in cases of heart failure that endocannabinoids are produced by activated monocytes which in turn contributes to the development of hypotension and negative inotropic activity. Further research demonstrated that under pathophysiological conditions, cardiac myocytes and vascular smooth muscle cells can also generate endocannabinoids which can then interact with CB1 receptors and could cause reactive oxygen species and advanced glycation end product accumulation which can contribute to cell death and injury. Of interest here is that upregulation of CB1 receptors and an increase in endocannabinoid expression were noted in the myocardium in these experimental models. A 2012 study by Rajesh and colleagues suggests that the CB1 receptor promotes cardiac dysfunction, oxidative stress, inflammation and fibrosis in diabetic cardiomyopathy.



Physiology of the ECS: Cardiovascular 

 CB2 receptors appear to be protective within the CVS 

 Activation of CB2 decreases pro-inflammatory and fibrotic 
responses and initiates protective mechanisms in cardiac 
myocytes (Steffens & Pacher 2012) 

 CB2 activation reduces immune cell chemotaxis, cellular 
activation and inflammatory cell adhesion (Steffens & Pacher 2012) 

 These actions appear to be the reason for the protective 
effects shown in preclinical models of MI, restenosis, stroke 
and atherosclerosis 

 CB1 antagonists and CB2 agonists are of particular clinical 
interest pharmacologically for specific CVS disorders 
(Maccarrone et al. 2015) 
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Conversely, CB2 receptor involvement in the CVS appears to be protective with activation decreasing pro-inflammatory and fibrotic responses and initiating protective effects in cardiac myocytes. CB2 activation reduces immune cell chemotaxis, inflammatory cell adhesion and cellular activation, which appears to be behind the protective effects in preclinical models of myocardial infarction, stroke, restenosis and atherosclerosis. Whilst a great deal more research into the influence of the ECS over CVS function and pathophysiology is required, it is clear that ECS dysfunction is present (particularly CB1 overactivity) in various CVS diseases and that CB1 antagonists and CB2 agonists are of great clinical interest in pharmacotherapy for specific CVS disorders and conditions. 



Physiology of the ECS: Immunity 

 CB2 expression predominates in immune cells, particularly 
CD4+ and CD8+ T-cells, B-cells, macrophages, monocytes, 
natural killer cells and neutrophils (Maccarrone et al. 2015) 

 Anandamide may inhibit immune function by reducing 
proinflammatory cytokine production 

 2-AG may inhibit the migratory activities of certain immune 
cells via CB2 receptor modulation (Liu et al. 2013) 

 Anandamide reduces IL-6 and IL-8 in human monocytes 
and suppresses the release of TNF-α and IFN-γ (Berdyshev et al. 
1997; Cencioni et al. 2010) 

 Cannabinoid based therapies may be of benefit in numerous 
autoimmune, neurodegenerative and neuroinflammatory 
disorders. 
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What about the immune system...A growing research base is showing that anandamide may inhibit immune function by reducing the production of proinflammatory cytokines, whereas 2-AG acting through CB2 receptors may inhibit the migratory activities of certain immune cells by modulating various pathways. Of particular interest is that studies have shown anandamide reduced IL-6 and IL-8 in human monocytes whilst also suppressing the release of IL-2, TNF-α  and IFN-γ from activated T lymphocytes, the latter via CB2 receptors . This is perhaps why many autoimune and neurolodegenerative patients are utilising cannabis and finding relief....



Physiology of the ECS: Gastrointestinal 

 CB1 receptors are found on enteroendocrine cells, immune 
cells and enterocytes (Maccarrone et al. 2015) 

 CB2 expression is based mainly on enterocytes and immune 
cells (Maccarrone et al. 2015) 

 Within the GIT, the ECS is involved in: 
 Hunger  (Sykaras et al. 2012) 

 Regulation of food intake and energy (Piomelli 2013) 

 Nausea and emesis 
 Gastric secretions / gastro-protection (Wright, Duncan & Sharkey 2008) 

 GI motility (Duncan et al. 2008) 

 Visceral sensation and ion transport 
 Intestinal inflammation and intestinal barrier protection (Fichna et 

al. 2014; Muccioli et al. 2010)  

 Normal cellular proliferation in the GIT  (Izzo & Sharkey 2010) 
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And now a snapshot of ECS physiology in the GIT. Most endocannabinoid activity in the GIT is mediated by CB1 receptors under normal physiological conditions, with mesenteric vasodilatation, acid suppression, motility stimulation and fluid secretion being examples. Homeostatic mechanisms involving the Git are listed on this slide for you, and this is just what we currently know...With a growing research base demonstrating the connection between a balanced intestinal microbiota and normalised immune, GIT and neurological functioning, it may not surprise many in the CAM field to learn that CB1 expression on enterocytes is regulated by the enteric microbiota, with CB1 activation increasing epithelial permeability by reduced expression of tight gap junction proteins, permitting bacterial translocation and potential metabolic endotoxaemia as sequalae. Blocking CB1 expression therefore may help normalise intestinal barrier function, and has also been investigated for reducing obesity. Conversely, CB2 activation within the GIT can exert a normalising activity in instances of increased gastric motility observed in specific GIT conditions. 



Physiology of the ECS: Gastrointestinal 

 The liver is sparsely populated with CB1 and CB2 receptors 

 CB1 are found in hepatocytes, vascular endothelial cells and 
stellate cells whereas CB2 receptors are found  on immune 
cells, myofibroblasts and kupffer cells (Maccarrone 2015) 

 Activation of the CB1 receptor in the liver can cause: 
 Vasodilation, (ascites) 
 increase in fat accumulation,  
 insulin resistance and fibrosis. 

 CB2 activation is anti-inflammatory and reduces cytokine 
production and has been shown to minimise reperfusion 
injury, reduce fatty deposition injury and is antifibrotic (Batkai et 
al. 2007; Guillot et al. 2014; Julien et al. 2005) 
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Still in the GIT, the liver has a sparse population of cannabinoid receptors, but CB1 receptors are found in hepatocytes, vascular endothelial cells and stellate cells whereas CB2 are prodominantly expressed in immune cells and kupffer cells. Research suggests that CB1 activation  has been associated with vasodilation leading to ascites, increase in fat deposition and insulin resistance and fibrosis...in contrast to this, CB2 exerts antiinflammatory activity and reduces cytokine production, having opposing effects to CB1 activation and may be an interesting new line of research into conditions affecting the liver such as cirrhosis and non alcoholic fatty liver disease.



Genetic/variability impacting the ECS 

 CB1/CB2 receptor expression 
(high or low); 

 Deficiency of endocannabinoids; 
 Deficiency or abundance of 

enzymes involved in synthesis / 
degradation; 

 Genetic polymorphisms 

 Changes in pharmacokinetics 
(Absorption, Distribution, 
Metabolism & Excretion); 

 Age related change to organ 
function; 

 Genetic polymorphisms of 
CYP450 enzymes 
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Key to understanding the ECS is that every individual will express this system with slight variability. Certain individuals may express an abundance of receptors, but not produce many of their own endocannabinoids (Endocannabinoid deficiency). Conversely, others may exhibit the opposite presentation. Variability in the development and expression of the ECS, whether it is receptor numbers and expression in tissues, endocannabinoid concentrations or enzyme amounts significantly impact the resting and functional “tone” of the ECS, which therefore impacts homeostatic regulatory mechanisms. It may also potentially modify how phytocannabinoids (i.e. the cannabinoids produced from plants) or synthetic cannabinoids (i.e. derived synthetically in a laboratory) may interact with the individual. Whilst Cannabis is certainly not the panacea that many claim it to be, and it may not work for everybody, as we start to unfold the mysteries of the endocannabinoid system and its influence over disease and homeostasis, I expect that we will see this amazing plant medicine take its rightful place back in the pharmacopoeoeal armamentarium once more and it be utilised in a far more patient centric and personalised manner. And that ladies and gentleman, is your whirlwind introduction to the endocannabinoid system.As Australian politicians, medicos and police struggle with the changes needed to reintroduce this plant based medicine into current regulatory frameworks, it would be prudent to remember the wise words of the Roman consul, politician and Lawyer Cicero – Salus popooli sup - rema lex esto, which translates as –“Let the welfare of the people be the supreme law” Thank you for your kind attention...
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