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$Q,QWURGXFWLRQWRWKH(QGRFDQQDELQRLG6\VWHP
A description of the lipid signaling system
essential to health, healing, and homeostasis,
long excluded from the medical school curriculum
%\'XVWLQ6XODN'2
$GDSWHG IURP D FODVV IRU GRFWRUV HQWHULQJ WKH ÀHOG RI
plexity to the ECS. This
Cannabis-based Medicine.
is analogous to an assortYou may be wondering why, as a clinician, you’ve never
ment of keys opening the
learned about the endocannabinoid system (ECS) during
same lock. But depending
any of your training. The discovery of this system is relaon which key is used, the
tively new, but it’s been around for 20 years, and a huge
door will open into differbody of evidence and peer-reviewed research has been
ent rooms.
published on various aspects of the endocannabinoid sysCB1 receptors (scans
tem.
at left) are distributed
There are two different cannabinoid receptors, the CB1
throughout the central
and the CB2, which are very similar in structure. They folnervous system, with
low the classic pattern of the G protein-coupled receptor highest densities shown in red. CB2 receptors (scan at
with seven passes through the cell membrane.
right) are found throughout the periphery, with especially
high density in the liver.
(QGRJHQRXV&DQQDELQRLGVDQG7KHLU7DUJHWV
The endogenous (endo-) cannabinoids are molecules our
bodies make to interact with the cannabinoid receptors.
The two most well-known are anandamide and 2-arachidonoyl glycerol (2-AG). Anandamide is named after the
Sanskrit word ananda, which means bliss.
The endocannabinoids are arachidonic acid derivatives
synthesized on demand from precursors in the cell memEUDQH  7KH\ DFW DV ´UHWURJUDGH PHVVHQJHUVµ (OVHZKHUH
in the body these endocannabinoids function as autocrine
(within cells) and paracrine (cell-to-cell) mediators.
:KHQ WKH HQGRFDQQDELQRLGV KDYH ÀQLVKHG WKHLU VLJQDOCB1 AND CB2 ARE 7-TRANSMEMBRANE G-COUPLED RECEPTORS
ing
role, they’re degraded by enzyme hydrolysis; FAAH
/LSRSKLOLF OLJDQGV RXWVLGH WKH FHOO WRS  DFWLYDWH VWUXFWXUHV
(fatty
acid amide hydrolase) degrades anandamide and
ZLWKLQWKHK\GURSKRELFOD\HURIWKHPHPEUDQHOHDGLQJWRD
MAGL(monoaglycerol
lipase) degrades 2-AG.
UHVSRQVHZLWKLQWKHFHOO ERWWRP 
Several other endogenous cannabinoids, less well underCB1 receptors are located primarily in the nervous sys- VWRRGWKDQDQDQGDPLGHDQG$*SOD\DVLJQLÀFDQWUROHLQ
tem, but also found in reproductive tissues, connective the function of the endocannabinoid system.
tissues, adipose tissues, and other glands and organs. The
The endocannabinoids also have other targets in the
CB2 receptors are found primarily in cells of the immune body besides the CB1 and CB2 receptors. For example,
V\VWHP EXW GXULQJ VLWXDWLRQV RI LQMXU\ RU LQÁDPPDWLRQ G-protein receptor 55 (or GPR55) is a post-synaptic memthe CB2 receptors can also be created and up-regulated in brane receptor involved in hyperalgesia and endocannabiother tissues where they’re not normally found.
noid production. Stimulating this receptor likely signals
The cannabinoid system is extremely old. Phylogenetic the cell to cease the production of endocannabinoids.
studies suggest the cannabinoid receptors evolved some
The TRPV1 receptor (also know as the capsaicin recep600 million years ago. Insects don’t have any cannabinoid tor) is another target of endocannabinoids. It has implicareceptors.
WLRQVLQSDLQLQÁDPPDWLRQUHVSLUDWRU\DQGFDUGLRYDVFXVery primitive animals like sea squirts and nematodes lar disorders.
have a cannabinoid receptor that’s almost identical to the
Peroxisome proliferator-activated receptors (or PPARs)
human CB1 receptor. This high level of evolutionary con- are nuclear membrane receptors located inside the cell that
servation suggests that this receptor and receptor system is are also targets of endocannabinoids. They regulate the
very important for the function of life.
translation of genes that are involved in metabolism, en*SURWHLQUHFHSWRUV
HUJ\ KRPHRVWDVLV FHOO GLIIHUHQWLDWLRQ DQG LQÁDPPDWLRQ
G protein-coupled receptors can open or close the ion 33$5 DJRQLVWV WHQG WR KDYH DQWLLQÁDPPDWRU\ FDUGLR
channels and they can inhibit or stimulate the formation protective, and neuro-protective properties.
of adenylate cyclase, which will have other downstream
Furthermore, endocannabinoids can control voltageeffects in the cell.
gated ion channels and ligand-gated ion channels.
´$JRQLVW WUDIÀFNLQJµ PHDQV WKDW WKH IXQFWLRQ RI WKH
&DQDELQRLGIXQFWLRQLQWKHQHUYRXVV\VWHP
cannabinoid receptor depends on which agonist actually
The CB1 receptor is the most common G-protein receptor
activates that receptor, which adds another layer of com- found in the human brain. The highest densities of CB1 are
found in the hippocampus, the cerebral cortex, the cerebellum, the amygdala nucleus, and the basal ganglia —areas
of the brain involved with short-term memory, cognition,
mood and emotion, motor function, and nociception.
Cannabinoid receptors are virtually absent in brainstem
cardiorespiratory centers. This is why that there is no lethal overdose of cannabinoids.
%HORZLVDVLPSOLÀHGGLDJUDPRIWKH´UHWURJUDGHVLJQDOLQJµ DFWLYLW\ RI FDQQDELQRLGV LQ WKH QHUYRXV V\VWHP$W
the top you see the presynaptic cell with neurotransmit-

ERWWRPURZ DUH WULJJHUHGE\WKHFDQQDELQRLG UHFHSWRU PLGGOH URZ  GHSHQGLQJ RQ WKH DJRQLVW DFWLYDWLQJLW WRSURZ 7+&LVIURPWKHSODQW:,1DQG
+8DUHV\QWKHWLFVDQGDQDQGDPLGHLVPDGHE\WKHERG\

DIFFERENT ACTIONS
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RETROGRADE SIGNALING LVWKHSURFHVVE\ZKLFKFDQQDELQRLGV
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RIWKHSUHV\QDSWLFFHOO

ters inside of vesicles. Upon
nerve depolarization, these
neurotransmitters are released, and they move across
the synapse to stimulate a receptor on the post-synaptic
cell. Cannabinoids follow the
opposite path. They’re produced on the cell membrane
of the post-synaptic cell and
travel retrograde across the
synapse to interact with the
CB1 receptor on the pre-synaptic nerve terminal.
Let’s look at the function of
retrograde signaling in a little
more depth, beginning with
depolarization-induced suppression of excitation. In the
illustrations at right we see
an excitatory glutamatergic
nerve releasing its glutamate neurotransmitter into the
synapse. This occurs after an action potential arrives at
the accent terminal and opens voltage-gated calcium channels. The glutamate diffuses across the synapse to interact
with receptors in the post-synaptic cell. Cannabinoids are
produced in the post synaptic membrane and act on the
presynaptic cell to halt this excitatory process.
The same model applies to inhibitory GABAnergic neurons. In the illustration below we see 2-AG diffusing retrosynaptically to a presynaptic CB1 receptor, closing calcium channels and preventing the release of GABA into the
synapse. This is called depolarization-induced suppression
of inhibition.

1HXURSODVWLFLW\
The function of the endocannabinoid system in the nervous system is more than just homeostatic prevention of
too much excitation or too much inhibition. There is a sigQLÀFDQW SURWHFWLYH DQG UHSDLU IXQFWLRQ DQG WKH HQGRFDQnabinoid system is heavily involved in neuroplasticity.
Neuroplasticity involves the sprouting and pruning of
synapses, changes in dendritic spine density, and changes in neurotransmitter pathways. It gives rise to all types
of adaptive learning, including recovering from a stroke,
the conscious act of gaining a new skill, and the unconscious acquisition of a new emotional response. It is also
involved in pathological processes such as central sensitization to pain.
There are multiple mechanisms by which cannabinoids
modulate neural plasticity, including neurogenesis (the
formation of new neurons), long-term potentiation and
long-term depression.
Research in humans has shown that the administration of
exogenous cannabinoids can cause neuroplastic changes.
One study that looked at volunteers who were heavy cannabis users found neuroplastic changes in the nucleus accumbens and amygdala. These are two areas of the brain
that are involved in the enjoyment of activities such as eating and sex, and also involved in addiction.
continued on next page

—4—O’Shaughnessy’s:LQWHU

(QGRFDQQDELQRLG6\VWHPfrom previous page
Other studies have shown that cannabinoids can enhance
a process called fear extinction. Fear extinction is a neuroplastic event that’s essential for preventing and recovering
from post-traumatic stress.
Anandamide and 2-AG are also endogenous neuroprotective agents, produced by the nervous system in response to both chemical and mechanical trauma. Other
phytocannabinoids and synthetic cannabinoids have been
shown to decrease glutamate excitotoxicity in a situation
of a seizure or a stroke.
When neurons become injured or ill, they tend to release
their contents. Excitatory neurons release levels of glutamate that become toxic to the surrounding cells, and we
see a domino effect of excitotoxicity. Cannabinoids have
been shown to halt that process.
The United States Department of Health and Human
Services actually owns a patent on the use of cannabinoids
as anti-oxidants and neuroprotectants. The authors of this
SDWHQWGLVFXVVWKHSRWHQWLDOEHQHÀWRIXVLQJFDQQDELQRLGV
in neurodegenerative conditions such as multiple sclerosis, Alzheimer’s, Parkinson’s, Huntington’s, and more.
Cannabinoids also affect autonomic tone. In the sympathetic nervous system, CB1 receptor stimulation will
inhibit noroepinephrine release. It will dampen sympathetically mediated pain and modulate the hypothalamicpituitary-adrenal axis and the hypothalamic locus coerulius-norepinephrine axis.

Depending on the situation, stimulation
of the CB1 receptors could increase or decrease heart rate and contractility.
Cannabioid receptors also have peripheral activities that
affect autonomic tone: For example, myocardial CB1 receptors, when activated, cause vagally mediated biphasic
effects in heart rate and cardiac contractility. Depending
on the situation, stimulation of the CB1 receptors could
increase or decrease heart rate and contractility.
In vascular tissues CB1 activation causes vasodilation,
which leads to an anti-hypertensive effect that has been
demonstrated in humans.
Some rodent studies suggest that cannabinoid receptor
activation has a protective role in myocardial ischemia.
The parasympathetic nervous system also has CB1 receptors, which will reduce parasympathetic activity when
stimulated. And this is likely providing the anti-emetic effect of cannabinoids.
3DLQVLJQDOLQJ
The endocannabinoid system is heavily involved in pain
signaling. Pre-clinical models have shown that endocannabinoid activation causes antinociceptive effects in the
WKUHHPDMRUW\SHVRISDLQDFXWHSDLQSHUVLVWHQWLQÁDPPDtory pain, and neuropathic pain.
The antinociceptive effects of cannabinoids involve
many mechanisms in different parts of the body, including
the central nervous system’s periaqueductal gray, ventroposterior lateral nucleus of the thalamus, and rostral ventromedial medulla), as well as the spinal cord, the peripheral nervous system, and the peripheral tissues.
One mechanism by which cannabinoids are able to decrease nociception and decrease the perception of pain involves the descending pain inhibitory pathway depicted
below. This pathway has components in the mid-brain, the
medulla, and the spinal cord that decrease the nociceptive

‘DESCENDING PAIN INHIBITORY PATHWAY’ IV HQKDQFHG E\
FDQQDELQRLGVWRGHFUHDVHSDLQVLJQDOLQJWRWKHEUDLQ

signals that make it to pain areas in the brain.
In the dorsal horn of the spinal cord there are inhibitory
interneurons that release GABA and actually suppress
this descending pain inhibitory pathway. Cannabinoids
will suppress these GABA-releasing interneurons, thus
enabling the descending pain pathway to do its work in
decreasing the amount of pain experienced.
Cannabinoids also decrease pain associated with injury
via the homeostasis of activators and sensitizers. When we
experience an injury, activators and sensitizers cause peripheral sensitization including hyperalgesia and eventually allodynia. These activators and sensitizers come from a
variety of sources including the damaged tissue itself, the
leukocytes, leukocyte-activated platelets, the neighboring autonomic nerves, and the nociceptive nerves themselves. All can release activators and sensitizers, leading
to peripheral sensitization, which elicits a homeostatic response by the endocannabinoid system.
As peripheral sensitization begins after an injury, the
IXQFWLRQRIWKHHQGRFDQQDELQRLGV\VWHPSURYLGHVWKHÀUVW
line of defense against pain. CB1 receptors will decrease
the release of activators and sensitizers around the site of
the tissue injury. CB1 receptors on the nociceptor will also
open potassium channels and cause the nociceptor to hySHUSRODUL]HPDNLQJLWOHVVOLNHO\WRÀUH$WWKHVDPHWLPH
CB2 receptor signaling decreases the release of activators
and sensitizers from the neighboring immune cells.
As noted, CB2 receptors are found not only in immune
cells but also in other tissues, especially during situations
of injury. CB2 receptors have been found, for example, in
painful neuromas. And CB2 agonists produce anti-nociFHSWLYHHIIHFWVLQSUHFOLQLFDOPRGHOVRILQÁDPPDWRU\DQG
nociceptive pain.
&DQQDELQRLGRSLRLGLQWHUDFWLRQ
Opioids and cannabinoids share several pharmacologic effects including antinociception. In animal studies,
the crosstalk between these two signaling pathways has
shown promise for combination pain therapy and novel
treatments for opioid addiction and abuse.
The spinal administration of various cannabinoids with
morphine produces a greater-than-additive anti-nocicepWLYHHIIHFWLQPLFH7KH´WDLOÁLFNWHVWµHQDEOHVUHVHDUFKers to assess pain levels. The rodent is positioned with its
tail on a hot plate and the heat is gradually increased until
WKHDQLPDOIHHOVWKHSDLQDQGÁLFNVLWVWDLO
Various doses of morphine can be given to rodents to
plot the dose response curve of antinociception in the tail
ÁLFNWHVW:KHQYHU\ORZGRVHVRI7+&³GRVHVWKDWDUH
PDUJLQDOO\DFWLYHLQDWDLOÁLFNWHVW³DUHDGGHGWRPRUphine, the dose response curve of morphine shifts to the
left by four-to-12-fold.
The same is true in the opposite experiment. When low
doses of morphine are added to the THC trial, we see the
dose response curve shifting to the left again. This points
to an analgesic synergy beyond just the additive effects of
morphine plus THC.

Adding cannabinoids to opioids will potentiate analgesia but will not increase the risk
of cardio-respiratory suppression or fatal
overdose.
THC has also been shown to trigger the release of endogenous opioids, which stimulate both the delta and
kappa opioid receptors. Combination treatment with cannabinoids and opioids is surprisingly safe. The cannabinoid and opioid receptors are both found in areas of the
brain and spinal cord that control pain signaling. But because the cannabinoid receptors have such low densities
in the brainstem’s cardio-respiratory center, adding cannabinoids to opioids will potentiate the analgesia but will
not increase the risk of cardiorespiratory suppression or
fatal overdose. Therefore, combination therapy actually
increases the therapeutic index of opioids.
We all know that, clinically, treating chronic pain with
opioids is a major problem due to tolerance building and
the need for dose escalation. Cannabinoids, when co-administered with opioids, can prevent tolerance building
to the opioids. Opioid receptor proteins are upregulated
in the spinal cord of animals treated with both cannabinoids and opioids. Mice treated with low doses of THC
and morphine in combination showed avoidance of tolerance to the opioids while retaining their anti-nociceptive
effects.
CB1 and MU opioid receptors are also co-localized in
the areas of the brain that are important for morphine abstinence, such as the nucleus accumbens.
(QGRFDQQDELQRLGVDQGFRQQHFWLYHWLVVXH
In bone, both osteoblasts and osteoclast produce anandamide and 2-AG, and both express the CB2 receptor.
Stimulation of this receptor leads to decreased osteoclast
activity and increased osteoblast activity, thus increasing

bone formation.
There are CB1 receptors on the sympathetic nerve terminals close to the osteoblasts. These nerves release norepinephrine, which restrains bone formation. Retrograde CB1
signaling will inhibit the release of the norepinephrine and
alleviate this tonic sympathetic restraint, thus allowing
bone to form.
&HOOV LQ RWKHU FRQQHFWLYH WLVVXHV ³ÀEUREODVWV P\RÀbroblasts, chondrocytes, and synoviocytes— express both
CB1 and CB2 receptors, and the enzymes used to metabolize endocannabinoids.
CB1 receptors have been found to be upregulated after
H[SRVXUHWRLQÁDPPDWRU\F\WRNLQHVDQGHTXLD[LDOVWUHWFKLQJRIÀEUREODVWVLQPRGHOVRIVWUHVV
&DQQDELQRLGVDOVRPRGXODWHIDVFLDUHPRGHOLQJYLDÀEURblast focal adhesions.
Cannabinoids have been shown to prevent cartilage destruction by inhibiting chondrocyte expression of cytokines and metalloproteinase enzymes.
Cannabinoids have also been shown to decrease conQHFWLYH WLVVXH LQÁDPPDWLRQ  $QLPDO PRGHOV RI DWKHURsclerosis demonstrate that CB2 receptor activation on
macrophages within atherosclerotic plaques can decrease
atherosclerosis.
(&%VLQWKHLPPXQHV\VWHP
In contrast to the drug war propaganda that cannabinoids are immunosuppressive, researchers have found that
cannabinoids modulate the immune system, just as they
modulate other bodily systems. Cannabinoids have been
shown to decrease Th1 cytokine levels, increase the levels
of Th2 cytokines, and increase certain subsets of B, T, and
NK (natural killer) cells.
Phytocannabinoids also have other immune-mediating
mechanisms that are separate from cannabinoid receptors.
For example, THCa, the acidic form of THC, can inhibit
the release of tumor necrosis factor-alpha from macrophages.
1HRSODVP
As clinicians, when we think of cannabinoids and cancer,
we tend to think of the management of cancer symptoms
and the side effects of chemotherapy. Many clinicians are
surprised to discover that cannabinoids also have direct
oncologic effects.

The animals treated with cannabinoids tend
to have much slower growing tumors than
the animals treated with a control vehicle.
Cannabinoids have been shown to inhibit tumor growth
in multiple cell lines. This is a hot area of research. Numerous human cancer cells lines have been xenografted to
immunosuppressed rodents and treated with cannabinoids.
The animals treated with cannabinoids tend to have
much slower growing tumors than the animals treated with
a control vehicle. Cannabinoids affect neoplasm via multiple mechanisms of action, including cytostatis, apoptotis,
antiangiogenesis, and antimetastesis.
Cannabinoids are selective anti-tumor compounds that
can kill cancer cells without injuring healthy cells at the
same dosage. This makes cannabinoids much less toxic
than traditional chemotherapy agents.
&DQQDELQRLGVLQHPEU\RORJ\
Cannabinoids are also heavily involved in embryology
and cell growth and differentiation. CB1 receptors have
been detected in mouse embryos as early as the second
day of gestation. Blastocyst implantation into the endomeWULXP ZKLFK LV WKRXJKW RI DV WKH ÀUVW VXFNOLQJ IXQFWLRQ
requires suitable levels of anandamide.
The proliferation and differentiation of neural stem cells
are shaped by extracellular cues provided by endocannabinoids. Adult neurogenesis is regulated by many of these

SIX-DAY-OLD HUMAN EMBRYO, NQRZQDVDEODVWRF\VWLPSODQWLQJLWVHOIRQWRWKHZDOORIWKHPRWKHU·VZRPEDSURFHVVPHGLDWHGLQSDUWE\WKHHQGRFDQQDELQRLGV\VWHPLQPRWKHUDQG
FKLOG )DOVH FRORUV VKRZ WKH EODVWRF\VW LQ RUDQJH DQG WKH
ZRPE HQGRPHWULXP LQSLQN.
continued on next page
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same embryonic endocannabinoid mechanisms.
(QGRFDQQDELQRLGVLQWKH*DVWURLQWHVWLQDO6\VWHP
In the digestive system, CB2 receptors are found in the
lamina propria, the plasma cells, activated macrophages,
and in the myenteric and submucosal plexus ganglia in the
human ilium. CB2 receptor signaling likely involves the
LQKLELWLRQ RI LQÁDPPDWLRQ YLVFHUDO SDLQ DQG LQWHVWLQDO
PRWLOLW\LQWKHLQÁDPHGJXW
7KH(QGRFDQQDELQRLG6\VWHP,Q7KH/LYHU
The liver expresses both CB1 and CB2 receptors at low
levels. The CB1 receptors are mostly found in endothelial
cells and hepatocytes, and the CB2 receptors are mostly
found in Kupffer cells.
Anandamide and 2-AG are present at substantial levels
in the liver, along with the enzymes needed to break down
the endocannabinoids.
Liver injury is associated with an increased endocannabinoid tone in several pathologic settings. During injury or
LQÁDPPDWLRQ&%UHFHSWRUVDUHLQGXFHGLQKHSDWRF\WHV
KHSDWLFP\RÀEUREODVWVDQGHQGRWKHOLDOFHOOV&%UHFHStors are induced in Kupffer cells as well as the hepatic
P\RÀEUREODVWV /HYHOV RI $* DOVR LQFUHDVH LQ KHSDWLF
stellate cells and hepatocytes during liver injury.
The Kupffer cells are involved in our response to early
liver injury via the production of tumor necrosis factoralpha. This signals the stellate cells to synthesize collagen
DQGFDXVHÀEURVLV)LEURVLVZLOOHYHQWXDOO\OHDGWRFLUUKRsis or loss of liver function.
As we can expect from a signaling system that has homeostatic properties, the cannabinoid system can both inFUHDVHDQGGHFUHDVHOLYHUÀEURVLVYLDGLIIHUHQWPHFKDQLVPV
of CB1 and CB2. It’s been shown that stimulation of the
&%UHFHSWRUFDQHQKDQFHÀEURJHQHVLVZKLOHVWLPXODWLRQ
RIWKH&%UHFHSWRUFRXQWHUDFWVWKHSURJUHVVLRQRIÀEURVLV
,W·VLPSRUWDQWWRQRWHWKDWHIIHFWLYHDQWLÀEURWLFWUHDWPHQWV
are not available in humans yet. And numerous efforts are
EHLQJGLUHFWHGDWWKHGHYHORSPHQWRIOLYHUVSHFLÀFDQWLÀbrotic therapies to treat liver disease and prevent cirrhosis.
CB1 and CB2 receptors have opposite effects on liver
ÀEURVLV VHH ÀJXUH EHORZ  $W WKH WRS RI WKH ÀJXUH ZH
have three typical liver insults: a high fat diet, alcohol,
and a virus such as hepatitis C. Early liver injury leads to
steatosis, which is enhanced by CB1 receptor activation
on hepatocytes and on adipocytes, but inhibited by CB2
receptor activation on the Kupffer cells. Prolonged steDWRVLVZLOOOHDGWROLYHULQÁDPPDWLRQDQGVWHDWRKHSDWLWLV
Again, this process is enhanced by CB1 signaling on the
hepatocytes and this time inhibited by CB2 signaling on
WKHP\RÀEUREODVWV%RWK&%VLJQDOLQJDQG&%VLJQDOing can promote liver regeneration at this step. Prolonged
LQÁDPPDWLRQKRZHYHUZLOOOHDGWRÀEURJHQHVLVDVPHQtioned previously. This process is enhanced by CB1 sigQDOLQJ LQ P\RÀEUREODVWV DQG LQKLELWHG E\ &% VLJQDOLQJ
in the same cells.
The endocannabinoid system also helps control both
hunger and feeding. Human breast milk contains endocannabinoids, and newborn mice that are given a CB1 receptor antagonist stop suckling and die.
The endocannabinoid system modulates cellular metabolism via many other hormones include ghrelin, leptin,
orexin, and adiponectin. In obesity, adipocytes produce
excessive levels of endocannabinoids which can drive
CB1 receptors into a feed-forward dysfunction, contributing to metabolic syndrome. Interestingly, long-term heavy
recreational cannabis use is inversely associated with both
obesity and Type 2 diabetes.
It has been suggested that blocking CB1 receptor activation could reduce hunger and be a treatment for obesity. A
drug that blockes CB1 receptors, Rimonanbant, was approved in Europe, but was later withdrawn from the market because it was found to cause severe psychiatric side
effects such as suicide. The endocannabinoid system is

incredibly complex and simply blocking a CB receptor is
XQOLNHO\WRRIIHUKHDOWKEHQHÀWVZLWKRXWVLJQLÀFDQWVLGHHIfects in other systems.
3RWHQWLDO'LVUHJXODWLRQV
$OWKRXJK FDQQDELQRLG GHÀFLHQF\ V\QGURPHV KDYH QRW
\HWEHHQFOHDUO\GHÀQHGLQKXPDQVWKHUHLVVRPHSUHFOLQical evidence and some human evidence that dysregulation
of the endocannabinoid system is associated with several
FRQGLWLRQV (QGRFDQQDELQRLG GHÀFLHQFLHV KDYH EHHQ LPplicated in schizophrenia, migraine, multiple sclerosis,
Huntington’s, and Parkinson’s, irritable bowel syndrome,
DQRUH[LDPRWLRQVLFNQHVVÀEURP\DOJLDPHQVWUXDOV\PStoms, and other conditions that involve hyperalgesia and
abnormal sensitization to pain. Several polymorphisms
>GLIIHULQJ IRUPV@ KDYH EHHQ LGHQWLÀHG LQ WKH JHQHV WKDW
code for the cannabinoid receptors. And some of these
polymorphisms have been associated with clinical outcomes, such as a tendency towards happiness or depression, and the likelihood of developing a post-traumatic
stress disorder.
Cannabinoid hyperemesis syndrome is an interesting
example of endocannabinoid dysregulation. The precise
mechanism of action is unknown, but it may involve endocannabinoid system dysfunction in both the central nervous system and the digestive system. It’s a rare condition
characterized by chronic cannabis use, cyclic episodes of
nausea and vomiting, and hot bathing.
Cannabinoid hyperemesis syndrome shares several similarities with cyclic vomiting syndrome, and the two conditions are often confused. This occurs in individuals with
long-term, high-dose cannabis use histories. And the onset
of the hyperemesis syndrome is often years after initiating cannabis use. The acute treatment for cannabinoid hyperemesis syndrome is hot showers, and patients with this
condition are often found compulsively bathing. The longterm solution to this syndrome is cannabis abstinence,
which likely allows the endocannabinoid system to return
to its homeostatic role in a more balanced manner.
(IIHFWVRI([RJHQRXV&DQQDELQRLGV
Delta-9 THC is the most well known phytocannabinoid.
It mimics the activity of anandamide and 2-AG by acting as a partial agonist at CB1 and CB2 receptors. As a
partial agonist, THC is usually stimulating the CB1 and
CB2 receptors, but it may play the role of an antagonist at
CB2 receptors and when the endocannabinoid system is
down regulated. There may be advantages of cannabinoid
receptor antagonism, for example in the situation of obesity, where the endocannabinoid system is dysregulated
and hyperactive endocannabinoid synthesis is contributing to the problem via a feed-forward dysfunction at the
CB1 receptor.
Low doses and acute doses of THC have been shown
to cause upregulation within the endocannabinoid system.
THC has been shown to increase the production of endocannabinoids, to upregulate CB1 receptors, to increase the
UHFHSWRUDIÀQLW\DQGWRHQKDQFHWKHSDLQUHOLHILPSDUWHG
by endocannabinoids. This suggests that cannabinoid
treatments can actually widen their own therapeutic window by enhancing the endocannabinoid system and upregulating the receptor production and receptor sensitivity.

mend using the lowest dose of exogenous cannabinoids
DQGNHHSLQJWKHHQGRFDQQDELQRLGV\VWHPÀQHO\WXQHGDQG
sensitive. However, building tolerance with a cannabinoid
receptor agonist —especially when it’s needed at higher
doses— can actually be advantageous because over time
the user will experience less side effects.
Cannabidiol (CBD) is another plant cannabinoid that has
been getting a lot of attention for its variety of therapeuWLF HIIHFWV &%' KDV YHU\ ORZ DIÀQLW\ IRU ERWK WKH &%
and CB2 receptors and tends to antagonize other agonists
of the CB1 and CB2 receptor. It has been described as “a
QRQFRPSHWLWLYHLQYHUVHDJRQLVWµWKDWPRGXODWHVWKHDIÀQity of cannabinoid receptors for their other ligands.
But in addition to the effects on the cannabinoid receptors themselves, cannabidiol has several other mechanisms of action. It antagonizes GPR55, alpha-1 adrenergic
receptors, and mu-opioid receptors while activating the
5HT serotonergic receptors and the TRPV1 and TRPV2
vanilloid receptors.
CBD can inhibit the uptake of a variety of neurotransmitters, including noradrenaline, dopamine, serotonin,

Tolerance to THC develops due to endocannabinoid system down regulation.

,QWKHFOLQLFDOVHWWLQJSDWLHQWVRIWHQÀQGWKDWZKHQWKHLU
cannabis use is below a certain dose threshold, they actually sensitize to cannabis over time and require a lower dose
ZLWKJUHDWHUWKHUDSHXWLFEHQHÀWV2QFHWKHSDWLHQWH[FHHGV
a certain threshold dosage, they begin building tolerance
to THC and other exogenous cannabinoids. Tolerance to
THC develops due to endocannabinoid system downregulation.
When the cannabinoid receptors are persistently agonized they become phosphorylated, bound by arestin, and pulled into
clatherin-coated pits inside the cell, making
the receptors unavailable for stimulation.
This CB receptor down-regulation and resulting drug tolerance occurs at varying
rates and magnitudes in different brain regions. It occurs faster and more dramatically in the hippocampus, which regulates
memory, than in the basal ganglia, which
mediates the euphoric effect of THC. This
difference may explain why memory loss
decreases among frequent cannabis users,
but the euphoric effect remains. The therapeutic window of cannabinoids can also
be widened over time by faster toleranceCB1 AND CB2 PLAY OPPOSITE ROLES PLAY OPPOSITE ROLES GXULQJOLYHULQÁDPEXLOGLQJWRDGYHUVHHIIHFWVWKDQEHQHÀWV
PDWLRQDQGLQMXU\&%SURPRWHVÀEURVLV VFDUULQJ ZKLOH&%FRXQWHUDFWV
In most clinical situations, I recomÀEURVLV%RWK&%DQG&%FDQVWLPXODWHOLYHUUHJHQHUDWLRQ

OVER-STIMULATING THE CB RECEPTORS ZLOO WULJJHU WKH
FHOO WR LQWHUQDOL]H WKH UHFHSWRU DQG SUHYHQW IXUWKHU
DFWLYDWLRQDPHFKDQLVPRIWROHUDQFHEXLOGLQJWRFDQQDELQRLGV

&%' KDV D YHU\ ORZ DIÀQLW\ IRU &% DQG &% UHFHSWRUV
,W LV WKRXJKW WR DFW DV D ´QRQFRPSHWLWLYH LQYHUVH DJRQLVWµ GH FUHDVLQJ WKH UHFHSWRUV· DIÀQLW\ IRU DJRQLVWV OLNH
7+& ZLWKRXW FRPSOHWHO\ EORFNLQJ WKH UHFHSWRU·V DFWLYLW\  7KLV LOOXVWUDWLRQ FRPSDUHV WKH QRQFRPSHWLWLYH DFWLYLW\ RI &%' ERWWRP  ZLWK WKH FRPSHWLWLYH DQWDJRQLVP RI
5LPRQREDQW WRS ,QWKHERWWRPPRGHO&%'LVUHSUHVHQWHG E\ WKH EOXH WULDQJOH DQG 7+& E\ WKH RUDQJH UHFWDQJOH

GABA, and anandamide (the endocannabinoid) by inhibiting the activity of fatty acid amide hydrolase. CBD also
has effects on the mitochondria, on voltage-gated calcium
channels, and the inhibitory glycine receptor.
Synthetic cannabinoids developed for use in animal research have had clinical application in humans for decades.
Dronabinol (Marinol), a synthetic THC, was approved as
a schedule 2 drug in 1986 and was moved to schedule 3
in 1999. Nabilone, a THC analog, was also approved by
WKH)'$DQGÀQDOO\PDUNHWHGLQWKH86LQ1DELlone is approximately twice as strong as THC. Both these
drugs are indicated for chemotherapy-induced nausea and
continued on next page
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vomiting, and as an appetite stimulant for AIDS patients.
Ultra-potent synthetic cannabinoids have much stronger
SV\FKRDFWLYHHIIHFWVDQGDZRUVHVLGHHIIHFWSURÀOHFRPpared to herbal cannabinoids. One of the disturbing results
of cannabis prohibition has been the marketing of herbal
products that look like cannabis and have been sprayed
with synthetic cannabinoids. These products are sold over
WKH FRXQWHU ³´.µ ´6SLFHµ HW DO³  DQG FDQ ODQG SDtients in the emergency room with severe psychiatric side
effects.
2WKHULQÁXHQFHVRQWKHHQGRFDQQDELQRLGV\VWHP
Some common medications have endocannabinoid system activity. For example NSAIDS, both ibuprophen and
ketorolac, block the hydrolysis of anandamide by inhibiting FAAH.
COX-2 inhibitors also have cannabinoid effects by potentiating synaptic 2-AG, release thus enhancing CB1 signaling.
Acetaminophen is deacetylated in the liver to its metabolite P aminophenol, which is then conjugated with
arachidonic acid in the CNS to form N-arachidonoyl
phenylamine, or NAP. NAP has several cannabinoid effects, including preventing the breakdown of anandamide
by FAAH, inhibiting COX-1 and COX-2, and acting as a
TRPV-1 receptor agonist. The analgesic activity of acetaminophen in rats has been blocked by CB1 and CB2 reFHSWRUDQWDJRQLVWVFRQÀUPLQJDFDQQDELQRLGPHFKDQLVP
of action of acetaminophen for analgesia.
Glucocorticoids also have cannabinoid effects. Pre-clinical rodent studies have shown that acute glucocorticoid
administration enhances the activity of endocannabinoids.
Corticosteroid mania may have a cannabimimetic component. Chronic exposure to glucocorticoids down regulates
the endocannabinoid system, which is scenario consistent
with chronic stress. CB1 receptors have also shown to play
a pivotal role in the anxiolytic action of benzodiazepines.
And many antidepressant, antipsychotic, anxiolytic, and
anesthetic agents have demonstrated effects on the endocannabinoid system.
Probiotics have been shown to upregulate CB2 receptor
expression in colonic epithelium cells in mice. Adminis-

tering probiotics can decrease pain behavior following colonic distension with butyrate, a model of Irritable Bowel
Syndrome. This effect is reversed by CB2 antagonists, so
ZHNQRZWKDWVRPHRIWKHEHQHÀWVRISULRELRWLFVDUHGXHWR
a CB2 mechanism.
Ethanol can dampen the effects of the endocannabinoid
system. Chronic alcohol consumption and binge drinking
likely desensitize or down-regulate the CB1 receptor and
impair endocannabinoid signaling, except perhaps in areas
of the brain involved in reward and motivation to self-administer the substance of abuse.
Several herbal medicines also have endocannabinoid
system activity. Curcumin, the active component of the
yellow spice turmeric, for example, elevates endocannabinoid levels and brain nerve growth factor in a brain region
VSHFLÀFIDVKLRQ3UHWUHDWPHQWZLWKD&%UHFHSWRUDQWDJonist blocks the effects of curcumin on endocannabinoids
and brain nerve growth factor.
Echinacea, an herb well known for its use in balancing
and stimulating the immune system, contains alkylamides
which are potent agonists of the CB2 receptor. These do
not interact with the CB1 receptor, and this is why Echinacea doesn’t have psychoactive effects. Copal is in the BoVZHOOLDIDPLO\ZKLFKKDVWUDGLWLRQDOXVHVIRUDQWLLQÁDPmatory and analgesic purposes. Copal incense contains a
SHQWDF\FOLFWULWHUSHQHWKDWKDVKLJKDIÀQLW\IRUERWK&%
and CB2 receptors. Beta-caryophyllene is the principal
terpenoid in black pepper and is also found in cannabis
and elsewhere in the plant kingdom. Beta-caryophyllene
is a CB2 agonist and has demonstrated protective effects
in colitis and cisplatin-induced nephrotoxicity via a CB2
mechanism.
/LIHVW\OH)DFWRUV
Several lifestyle factors have also been shown to affect
the endocannabinoid system. For example, medium to
high intensity voluntary exercise increases endocannabinoid system signaling via increased levels of anandamide
and potentially increased CB1 receptor expression. The
´UXQQHU·V KLJKµ ³WKH HXSKRULD DIWHU YLJRURXV H[HUFLVH
that was previously attributed to endorphins— is most
likely a cannabimimetic effect.

On the other hand, forced exercise doesn’t increase
anandamide levels and can actually decrease CB1 signaling! Forced exercise is seen by the endocannabinoid system as a type of stress.
Stress and social play have an impact on the endocannabinoid system. Chronic stress has been shown to impair the ECS via decreased levels of both anandamide and
2-AG. Social play in rats, on the other hand, increases
CB1 phosphorylation, which is a marker of CB1 activation in the amygdala. It enhances anandamide levels in the
amygdala and the nucleus accumbens, again, areas of the
brain that are responsible for enjoyment of pleasurable activities.
Several non-pharmacologic therapeutic treatments have
also been shown to work via cannabinoid mechanisms.
Electro-acupuncture, for example, causes increased levels
of anandamide in the skin via a CB2 receptor mechanism.
It also upregulates the expression of the CB2 receptors in
the skin, and may have central effects that are mediated by
CB1 receptors.
Osteopathic manipulative treatment (OMT), one of my
favorite healing modalities, can also have a cannabimimetic effect. In subjects receiving the OMT, serum levels of anandamide after the treatment more than doubled
compared with the pre-OMT levels. No change was seen
in the control subjects. Other studies have shown cannabinoid effects of other types of bodywork as well.
In summary, the endocannabinoid system is widely distributed throughout the body. The primary function of the
endocannabinoid system is cellular homeostasis. Our understanding of the endocannabinoid system is currently
LQFRPSOHWHVWLOOHPHUJLQJDQGVXJJHVWVVLJQLÀFDQWFRPplexity. Manipulation of the endocannabinoid system may
provide effective treatments for a wide variety of conditions.
Dustin Sulak, DO, is the founder and medical director of
Maine Integrative Healthcare in Manchester, Maine, and
Integr8 Health, LLC in Falmouth Maine. This article is
based on Sulak’s presentation for the Society of Cannabis
Clinicians’ CME course, which can be accessed via cannabisclinicians.org.

