
Cannabis in History
References to its psychoactiveproperties appear in the Atharva-Veda

The world's first pharmacy book, published in China, recommends hemp
as a remedy for relief of cramps, rheumatic andmenstrual pain.

Herodotus (500 BC) wrote of the Scyths warriors purifying themselves in
steam baths filled with smoke from burning hemp seeds

The Greeks and the Romans cultivated hemp mainly for medicinal use,
although there are a few references to its use as a social lubricant at
banquets "to promote hilarity and enjoyment”

During middle-age hemp fibre was essentially used for ropes and sails.



Cannabis in History
Up until the 1930s and 1940s extracts of Indian hemp were
used medically to treat a wide variety of diseases. In the USA
it was a legal medicine until 1969 and in Britain it was legal
until 1971.

Cannabis in History
Up until the 1930s and 1940s extracts of Indian hemp
were used medically to treat a wide variety of diseases.
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Britain it was legal until 1971.



a | Cannabinoid receptor agonists, which activate both CB1 and CB2 receptors. THC,
tetrahydrocannabinol
b | Selective CB1 antagonist (SR141716A, rimonabant) andCB2 antagonist (SR144528)
c | Selective CB1 agonist (arachidonoyl-2'-chloroethanolamide, ACEA)145 and CB2 agonist
(AM1241)





The	sequence	of	reactions	is	thought	to	include:	first,	the	synthesis	of	the	anandamide	
precursor	N-arachidonoyl-phosphatidylethanolamine	(PE),	catalysed	by	the	enzyme	N-
acyltransferase;	second,	the	cleavage	of	N-arachidonoyl-PE	to	yield	anandamide,	
catalysed	by	phospholipase	D.



One	possible	sequence	of	reactions,	shown	on	the	left,	includes	the	cleavage	of	
phosphatidylinositol	(PI)	to	yield	1,2-diacylglycerol	(DAG),	catalysed	by	a	phospholipase	such	as	
phospholipase	C	(PLC),	and	the	subsequent	conversion	of	DAG	to	2-AG,	catalysed	by	
diacylglycerol	lipase	(DGL).	An	alternative	route,	shown	on	the	right,	comprises	the	formation	of	
a	2-arachidonoyl-lysophospholipid	such	as	lyso-PI,	catalysed	by	phospholipase	A1	(PLA1),	
followed	by	the	hydrolysis	of	the	lysophospholipid	to	2-AG,	catalysed	by	lyso-PLC



Anandamide	and	2-arachidonoylglycerol	(2-AG)	can	be	internalized	by	neurons	through	a	high-
affinity	transport	mechanism,	the	'endocannabinoid	transporter'.	Once	inside	cells,	they	can	be	
hydrolysed	by	distinct	serine	hydrolases	— anandamide	by	fatty	acid	amide	hydrolase	(FAAH)	
and	2-AG	by	monoglyceride	lipase	(MGL)	(not	shown)	— to	yield	inactive	breakdown	products.



a	|	Endocannabinoid	transport	inhibitors:	AM404	(Ref.	40)	and	UCM707	(Ref.	54).	b	|	Fatty	acid	
amide	hydrolase	(FAAH)	inhibitors:	substituted	carbamates	(URB597)65 and	substituted	-keto	
oxazolopyridines



a | At synapses between GABA
interneurons and pyramidal cells
in the CA1 field of the
hippocampus, activation of CB1
receptors can initiate a series of
intracellular events, which include
(1) activation of G-protein –
subunits, (2) closure of voltage-
gated Ca2+ channels and (3)
inhibition of GABA release.

b | At parallel fibre–Purkinje cell
synapses in the cerebellum, CB1
activation can (1) engage G-
protein -subunits that (2) cause
the opening of K+ channels; the
resulting membrane
hyperpolarization can (3) reduce
Ca2+ entry and inhibit glutamate
release. Mechanisms similar to
those illustrated above are
thought to underlie cannabinoid-
mediated inhibition of
neurotransmitter release in other
brain regions



In	the	CA1	field	of	the	hippocampus,	membrane	depolarization	(1)	opens	voltage-activated	Ca2+
channels	in	pyramidal	neurons,	producing	(2)	an	elevation	of	intracellular	Ca2+ concentrations.	
Ca2+ can	(3)	stimulate	the	synthesis	of	2-arachidonoylglycerol	(2-AG)	through	the	diacylglycerol	
lipase	(DGL)	pathway	or	the	synthesis	of	anandamide	through	the	phospholipase	D	pathway	
(not	shown).	The	newly	formed	endocannabinoids	might	travel	across	the	synapse	to	interact	
with	(4)	CB1 receptors	on	axon	terminals	of	GABA	(-aminobutyric	acid)	interneurons,	leading	to	



a | Repetitive activation of corticostriatal fibres causes a persistent reduction of glutamate release, called
long-term depression (LTD), which might be mediated by anandamide. The elevated Ca2+ concentrations
produced in postsynaptic spines of striatal medium spiny neurons after the stimulation could trigger
anandamide (AEA) formation, which in turn might induce LTD by engaging CB1 cannabinoid receptors on
glutamatergic axon terminals. b | High-frequency stimulation of glutamatergic Schaffer collaterals in the
hippocampus elicits a prolonged reduction of GABA (-aminobutyric acid) release that might be mediated
by 2-arachidonoylglycerol (2-AG). This heterosynaptic form of plasticity, called inhibitory-LTD (I-LTD), is
induced when glutamate activates metabotropic receptors (mGluR) on pyramidal neurons, eliciting 2-AG
formation through the diacylglycerol lipase (DGL) pathway. 2-AGmight then travel sideways to engage CB1
receptors on contiguous terminals of GABA interneurons, producing I-LTD.



Of	the	plant	CANNABINOIDS
shown,	only	9-
tetrahydrocannabinol	(THC)4
binds	to	cannabinoid	receptors	
with	high	affinity.	Of	the	
synthetic	ones,	none	is	selective	
for	one	type	of	cannabinoid	
receptor	over	the	other1



Chemical	structures	of	
the	two	best-studied	
endocannabinoids,	
ANANDAMIDEand	2-
arachidonoylglycerol11,	12,	
13;	of	three	recently	
proposed	endogenous	
ligands	of	cannabinoid	
receptors159,	160,	 161;	and	
of	more	metabolically	
stable	synthetic	
endocannabinoid	
analogues162.	The	rank	of	
affinity	of	each	
compound	for	
cannabinoid	receptor	
subtypes	1	or	2	is	shown.



Activation	of	both	cannabinoid	CB1
and	CB2 receptors,	and	the	
subsequent	stimulation	of	Gi/o
heterotrimeric	proteins,	is	well	known	
to	be	coupled	to	inhibition	of	
adenylate	cyclase	(AC)	with	
corresponding	inactivation	of	the	
protein	kinase	A	(PKA)	
phosphorylation	pathway,	or	to	
stimulation	of	mitogen-activated	
protein	kinase	(MAPK).	These	
intracellular	events	lead	to,	among	
other	effects,	the	regulation	of	
expression	of	several	genes.	However,	
more	complex	protein	
phosphorylation	cascades	—
specifically,	those	involving	
phosphoinositide-3-kinase	and	protein	
kinase	B	— are	also	proposed	to	be	
triggered	by	CB1 receptors14,	15,	16,	17,	18.	
Furthermore,	stimulation,	rather	than	
inhibition,	of	AC	by	CB1,	but	not	CB2,	
receptors,	via	Gs proteins,	has	also	
been	described	occasionally.	CB1-,	but	
not	CB2-,	receptor	stimulation	of	Gi/o



Hydrolytic	enzymes	are	involved	in	both	the	
biosynthesis	of	endocannabinoids	(ECs)	and	in	
their	inactivation	(Box	1).	The	enzymes	for	2-
arachidonoylglycerol	(2-AG)	biosynthesis,	the	
phospholipases	C	(PLC)82,	83 and	the	sn-1-
selective	diacylglycerol	lipases	(DAGLs)88 seem	
to	be	mostly	localized	on	the	plasma	
membrane.	The	DAGLs,	in	particular,	are	
located	on	postsynaptic	neurons	in	the	adult	
nervous	system88,	whereas	the	
monoacylglycerol	lipase	(MAGL)	for	2-AG	
inactivation	is	localized	in	presynaptic	
neurons110,	which	supports	a	possible	role	as	
retrograde	messenger	at	presynaptic	CB1

receptors	for	this	compound157.	The	
anandamide	biosynthetic	enzymes	N-
acyltransferase	(NAT)84 and	N-
acylphosphatidyl-ethanolamine-specific	
phospholipase	D	(NAPE-PLD)85 and	the	
inactivating	enzyme	fatty	acid	amide	hydrolase	
(FAAH)104 are	all	located	on	intracellular	
membranes.	FAAH	seems	to	be	most	
abundant	on	neurons	postsynaptic	to	CB1
receptors158,	indicating	that	anandamide	acts	
principally	on	these	neurons.	However,	



Inhibitors	of	both	endocannabinoid	cellular	
uptake	and	intracellular	degradation	by	fatty	
acid	amide	hydrolase	(FAAH)	that	have	been	
tested	in	vivo	are	shown.	Of	the	uptake	
inhibitors,	AM404	was	the	first	to	be	
developed96,	but	was	not	particularly	
selective.	VDM-11,	UCM-707	and	the	two	
OMDM	isomers	are	more	selective,	but	the	
last	two	compounds	are	more	metabolically	
stable100,	 101.	Of	the	FAAH	inhibitors	shown106,	
107,	N-arachidonoyl-serotonin163 is	the	least	
potent	in	vitro,	but	is	possibly	more	selective	
over	cannabinoid	receptors	or	phospholipase	
A2.	Compound	7	was	developed	by	Cravatt	and	
co-workers	using	a	non-conventional	
proteomics	approach108.	No	inhibitors	have	yet	
been	developed	for	monoacylglycerol	lipase.



The	most	important	feature	of	each	
compound	is	shown	(collated	from	Refs	112–
115,124,131,132,137–142).	Arvanil	activates	
both	CB1 and	vanilloid	(TRPV1)	receptors,	and	
for	this	reason	is	defined	as	'hybrid'.































































Herkenham et al. (1991) J. Neurosci. 11: 563

CB1 Cannabinoid Receptor



Synthetic	THC:	Oral	Cannabinoids

• Narcotics	prescription
• Nausea,	vomiting	with	chemotherapy,	

anorexia	associated	with	HIV/AIDS

• Cesamet	(Nabilone)	(0.5,	1	mg)
– purified	synthetic	cannabinoid
– nitrogen	analogue	to	THC
– T1/2	8-12	hrs

• Marinol	(dronabinol)	(2.5,	5	mg)
– Delta-9-THC
– T1/2 4-6	hrs
– metabolites	long	T1/2



Nabilone (THC analogue) C24H36O3
Product monograph. ICN Canada Ltd. 2002

Molecular	Structure
Δ9-THC	vs	Nabilone



Rx Cannabinoid	Profile	Summary

PPrroodduucctt  Sativex 
Bayer/GW 

Marinol 
Solvay 

Cesamet 
Valeant 

Medical Marijuana 
Health Canada 

CCoommppoossiittiioonn  
THC and CBD extracts 
terpenes 
falvanoids 

Synthetic THC 
(dronabinol) 

Synthetic THC analog 
(nabilone) 

~60 cannabinoids 
terpenes 
flavanoids 

DDeelliivveerryy  
Buccal spray – 27mg/ml 
THC, 25mg/ml CBD 
Self-titration 

Oral – 2.5mg, 5mg, 
10mg 
BID 

Oral – 0.5mg, 1mg 
BID 

Smoked or ingested – 
12.5% THC 
No dosing guidelines 

IInnddiiccaattiioonnss  

Adjunctive treatment for 
symptomatic relief of 
multiple sclerosis 
neuropathic pain 

Antiemetic in cancer 
chemothearpy 
Appetite stimulant in 
AIDS-related anorexia 

Antiemetic in cancer 
chemothearpy 

Anticonvulsant 
Severe pain in arthiritis 
Specific symptoms in 
multiple sclerosis, 
spinal cord 
injury/disease, cancer 
and AIDS 

SScchheedduullee  Narcotic Narcotic Narcotic Schedule II 

EEvviicceennccee  
 
RCT: Pain, spasticity in MS 
 

RCT: Pain and 
spasticity in MS No RCT in MS No RCT in MS 

AAddvveerrssee  EEvveennttss  

Dizziness 
Dry mouth 
Euphoric mood 
Fatigue 
Nausea 

Dizziness 
Drowsiness 
Nausea 
Psychological high 

Depression 
Drowsiness 
Dry mouth 
Psychological high 
Vertigo 

Risk of lung disease 
Drowsiness 
Psychological high 

          
          
 



Study drug Primary 
outcome

Effect Reference

Oral extract Objective 
spasticity

No 
change

Zajicek 2003, 
2005

Oral THC Subjective 
central pain

Improved Svendsen 
2004

Oral THC and 
CBD

Spasm 
frequency

Improved Vaney 2004

Sublingual 
extract

Subjective 
spasticity

Improved Wade 2004, 
2006

Recent	RCT	results:	MS



Cannabinoids	in	MS
Treatment Results

Petro et al (1981) oral THC, placebo reduced spasticity
Clifford (1983) oral THC, placebo improved coordination

Ungerleidere et al 
(1987) oral THC, placebo reduced spasticity

Meinck et al (1989) cigarette smoke marijuana reduced spasticity and ataxia

Greenberg et al (1994) cigarette smoke THC, 
placebo impaired balance, posture

Martyn et al (1995) oral nabilone, placebo improved well-being, spasms, 
nocturia

Schon et al (1999) oral THC, cigarette smoke reduced nystagmus amplitude
Hamann et al (1999) oral nabilone complete pain relief

Killestein et al (2002) oral THC, plant extract, 
placebo worse or no improvement

Zajicek et al (2003) oral THC, cannador, placebo no effect on spasticity
Svendsen et al (2004) oral THC, placebo decrease pain intensity

Vaney et al (2004) oral cannador, placebo no improvement in spasticity



Cannabinoids	and	Pain	Pathways

Adapted from Di Marzo 2001

Possible sites 
of action

Thalamus Periaqueductal
grey

Rostral
ventromedial

medulla

Endocannabinoids

Dorsal root
ganglion

Peripheral terminals
of primary afferent

neurons

Dorsal horn
of spinal cord

Aβ, A§
&

C-fibres

?

+

-

+

+



THC:CBD	1:1
• Extracts	of	2	Cannabis	sativa	L strains

– Equal	amounts	of
• Tetranabinex®:	high-THC	strain	

– 27	mg/mL	Δ-9	THC
• Nabidiolex®:	high-CBD	strain	

– 25	mg/mL	CBD

• Buccal	spray
– Ethanol/propylene	glycol	vehicle

– 2.7	mg	THC	and	2.5	mg	CBD	per	spray

• Therapeutic	dose
– High	inter-patient	variability
– Administered	on	self-titration	regimen



Pharmacokinetics:	Cannabis

Cannabis 
form Onset Peak Duration 

Smoked Seconds to 
minutes

15–30 
minutes 2–3 hours 

Oral 30–90 
minutes 2–3 hours 4–12 

hours 
THC:CBD 

1:1
30–150 
minutes

1.5–4 
hours 6-8 hours

Grotenhermen F (2003), Sativex® Product Monograph (2005)

Cannabis clinical effects by route of administration compared with 
THC:CBD 1:1   



Clinical	Review:	Rog	et	al,	2005

• Objective	
– Compare	efficacy	and	tolerability	of	THC:CBD	1:1	
with	placebo	

– Adjunctive	therapy	in	central	neuropathic	pain

• Patient	population
– Adult	MS	patients	with	central	pain	

• Dysesthesia,	painful	spasm

– 85	screened
– 66	randomized	

• THC:CBD	1:1	(n=34)	and	placebo	(n=32)



Receptor

Neurotransmitter



Receptor

Influences nt release

Neurotransmitter

Post-synaptic 
release of 
endog.
cannabinoid



Central mediation of some of 
the effects of cannabinoids



Cannabinoid receptor 
antagonists

• SR	141716	
(Rimonabant),	
LY320135	and	
AM281	

• All	have	marked	
selectivity	for	CB1
receptors	over	
CB2.



GI	Agents
Vomiting	- Antiemetics

• Vomiting	=	the	expulsion	of	gastric	contents		Before	treating,	
the	cause	of	the	vomiting	needs	to	be	identified

• Causes	are	many:		motion	sickness,	viral	&	bacterial	
infection,	food	intolerance,	surgery,	PG,	pain,	shock,	effects	
of	some	drugs,	radiation,	&	disturbances	of	the	middle	ear	
affection	equilibrium.

• Antiemetics	can	mask	the	cause	&	should	not	be	used	until	
cause	is	determined,	unless	vomiting	is	severe	enough	to	
cause	dehydration	&	electrolyte	imbalance



GI	Agents
Vomiting	- Antiemetics

•Two major cerebral centers are 
the chemoreceptor trigger zone 
(CTZ), which lies near the 
medulla, & the vomiting center, in 
the medulla - both cause 
vomiting when stimulated
•The CTZ receives most of the 
impulses from drugs, toxins, and 
the vestibular center.  The 
neurotransmitter dopamine 
stimulates the CTZ, which 
stimulates the vomiting center,  
when triggered, motor neuron 
responds à contraction of 
diaphragm, anterior abdominal 
muscles, & the stomach. the 
glottis closes, the abdominal wall 
moves,  upward & vomiting 
occurs.



GI	Agents
Antiemetics

• Nonpharm	Rx=	weak	tea,	flattened	carbonated	drinks,	
Gatorade	&	pedialyte	(children),	crackers	dried	toast

• Nonprescription	antiemetics	=	used	to	prevent	motion	
sickness	- minimal	effect	on	severe	vomiting	from	
anticancer	agents,	radiation,	and	toxins.
- take	30	min.	before	traveling

• Dimenhydrinate	(dramamine),	meclizine	HCL	(Antivert),	
diphenhydramine	HCL	(Benadryl)
- SE	=	drowsiness,	dryness	of	mouth,	constipation



GI	Agents-Antiemetics

•bismuth subsalicylate (Pepto-Bismol) - act 
directly on gastric mucosa to suppress vomiting -
liquid & chewable – taken for gastric discomfort & 
diarrhea• Phosphorated carbohydrate (Emetrol)  Hyperosmolar carbohydrate 
àdecreases N&V by changing the gastric pH

• Antiemetics were used in the 1st trimester of PG , but no more à due to 
poss. harm to fetus.  Non – pharm methods should be used & OTC 
antiemetics avoided  à unless N & V become life threatening to mom & 
baby.  Then use Tigan given.



GI	Agents
Antiemetics

• Prescription	Antiemetics - eight	categories:
1	&	2.	Antihistamines	&	Anticholinergics - Hydroxyzine	
(Vistaril,	Atarax),	Promethazine	(Phenergan),	
Scopolamine	(Transderm	Scop)	- Act	primarily	on	the	
vomiting	center,	dec.	stimulation	of	CTZ
- SE	=	drowsiness,	dry	mouth,	blurred	vision	(pupil	
dilation),	tachycardia	(anticholinergics),	constipation
- Do	not	use	in	clients	w/	glaucoma	d/t	dilation	of	
pupils



GI	Agents	- Antiemetics

• Phenothiazine - largest	group	of	drugs	used	for	N	&	V

Chlorpromazine	(Thorazine),	prochlorperazine	edisylate	
(Compazine)	-most	frequently	prescribed,	perphenazine	
(Trilafon)	- frequently	used	w/	anticancer	therapy
- Action	- inhibits	dopamine	in	the	CTZ	thus	dec.	CTZ	stimulation	
of	the	vomiting	center
- Use	- severe	N	&	V	from	sugery,	anesthetics,	chemo	&	radiation	
sickness
- SE	=	dry	mouth,	drowsiness,	EPS,	dizziness,	hypotension	

3. Dopamine antagonists - blocks dopamine-2 
receptors in the CTZ. SE = Extrapyramidal 
symptoms (tremors, mask face, rigidity, shuffling 
gait)



GI	Agents	- Antiemetics
Perphenazine (Trilafon)  used with anti cancer therapy, inhibits dopamine 
in the CTZ à decreasing CTZ stimulation vomiting center,  also an 
antipsychotic

Onset 2 – 6 h, duration  6-12 h

Interactions:  Taken with ETOH, antihypertensive agents, and nitrates, 
hypotension can result

CNS depression  when taken with ETOH, narcotics, sedative- hypnotics 
and general anesthetics

SE:  moderate sedation hypotension, EPS ( parkinsonism) CNS effects 
(restlessness, weakness, dystonic reactions, agitation), and mild 
anticholinergic s/s (dose lower as antiemetic than antipsychotic,  so SE not 
as severe.



GI	Agents
Antiemetics

• Butyrophenones - Haloperidol	(Haldol),	droperidol	
(Inapsine) - block	dopamine-2	receptors	in	the	CTZ
- Use	- Rx	of	post-op	N	&	V	&	emesis	associated	w/	
toxins,	chemo	&	radiation	therapy
- SE	- EPS	if	used	over	extended	time,	hypotension

• Metoclopramide - metoclopramide	(Reglan) -
blocks	dopamine	&	serotonin	receptors	in	the	CTZ
- Use	=	post-op	emesis,	chemo	&	radiation	therapy
- SE	=	sedation	&	diarrhea	w/	high	doses



GI	Agents
Antiemetics

4.	Benzodiazepines - Lorazepam	(Ativan) - for	N	&	V	
d/t	chemo	- May	be	given	w/	an	antiemetic	such	as	
metoclopramide	(Reglan)

5.	Serotonin	Antagonists - ondansetron	(Zofran),	
granisetron	(Kytril)	-
- Action	- suppress	N	&	V	by	blocking	the	serotonin	
receptors	in	the	CTZ	&	afferent	vagal	nerve	terminals	
in	upper	GI	tract	- Do	not	cause	EPS	symptoms
- Use	- chemo	induce	emesis	- PO	&	IV
- SE	- headache,	diarrhea,	dizziness,	fatigue



GI	Agents	- Antiemetics

6.	Glucocorticoids - Dexamethasone	(Decadron),	
methylprednisolone	(Solu-Medrol)	- effective	w/	chemo	
treatment	in	suppressing	emesis	- given	IV

7.	Cannabinoids - active	ingredient	in	marijuana	- approved	
for	clinical	use	since	1985	to	alleviate	N	&	V	from	cancer	
treatments	- dronabinol	(Marinol),	nabilone	(Cesamet)
- for	clients	unable	to	use	or	respond	to	other	antiemetics
- SE	=	mood	changes,	euphoria,	drowsiness,	nightmares,	
dry	mouth,	confusion,	HA,	depersonalization,	
nightmares,	incoordination,	memory	lapse,	orthostasis,	
hypertension	&	tachycardia




