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1. JGL-RL-SB2062SD1- • Annual Causes of Death in the United States 

DOC-101717-1 • Marijuana Laws in States 
Submitted by: • Election 2016- Marijuana Ballot Results 
Carol Peter Hosono • Tobacco, Alcohol, and Marijuana Comparison- Sony, which one 
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• Government and Private Commissions Supporting Marijuana Law 

Reform 
• CHCC Health and Vital Statistics, Cancer Causes of Death, CY 

2010-2015 
2. JGL-RL-SB2062SD1- • Marinol 5 mg Prices- Brand Version 

DOC-101717-2 • Marinol (Dronabinol) Capsules 
Submitted by: • MedicineNet.com: Dronabinal (Marinol, THC): Side Effects and 
Dr. John Doyle Dosing 

• The GoodRx Prescriotion Savini!s Blog 
3. JGL-RL-SB2062SD1- • Support for SB 20-62: The CNMI Cannabis Act of2018 

DOC-101717-3 • Recent Research on Medical Marijuana 
Submitted by: • Marijuana Policy Project 
Gerry Hemley • Colorado and Washington: Life After Legaliz.ation and Regulation 

• So Far, So Good: What we know about marijuana legaliz.ation in 
Colorado, Washington, Alaska, Oregon, and Washington, D.C. 

• Petition in Support ofCNMI Cannabis Act of2018 
• ASPET- Pharmacological Reviews: The Endocannabinoid System 

as an EmerQ:ioQ: Target of Pharmacotheraov 
4. JGL-RL-SB2062SD1- • Benefits of Legalization 

DOC-102317-1 
Submitted by: 
Jason Wakeham 

5. JGL-RL-SB2062SD1- • Link Between Adolescent Pot Smoking and Psychosis Strengthens 
DOC-102317-2 
Submitted by: 
Fr. Kenneth Hezel 

6. JGL-RL-SB2062SD1- • Chapter 475B- Cannabis Regulation (Oregon State Law) 
DOC-022318-1 • Memorandum: Deputy Attorney General James M. Cole; 

08/29/2013 
• Memorandum: Attorney General Jefferson B. Sessions, III; 

01/04/2018 
7. JGL-RL-SB2062SD1- • Alcohol and Drug Free Workplace Policy NMIACI0-20.2-414 

DOC-022618-1 
Submitted by: 
Prudencio Manf!lona 
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Election 2016 - Marijuana Ballot Results 
201 6 was a monumental yea r fo r marijuana law refom1. With adult use measures being approved in fo ur states (CA, MA, ME, NV) and medica l 
marijuana initiatives passing in another fo ur (AR, FL, MT, ND), the era of marijuana lega liza tion is upon us. 

Find below a summary and resul ts of each of these initiatives. 

Legalization Ballot Initiatives 
California 

• Election Night Results: 56 percent approve, 44 percent disapprove 
• Name: Adult Use of Marij uana Act 
• Ballot Number: Proposition 64 
• Proponents: Let's Get It Right CA 
• Website: Yes on Prop 64 • Initiative Language 
• Summary: Proposition 64, The Ad ult Use Marij uana Ac t, permits adults who are not participating in the state ' s medical caimab is program to legally grow (up 

to six plants, inc luding all of the harvest from those plants) and to possess personal use quantities of cannab is (up to one ounce of fl ower and/or up to eight 
grams of concentrates) while a lso licensing commercial caimabis production and retail sales. (Medica l cannabis patients are not subject to these limits.) The 
measure prohibits loca lities from taking actions to infringe upon adults' abili ty to possess and cul tivate cannabis for non-commerc ial purposes. T he initiative 
does not "repea l, affect, restrict, or preempt ... laws pertaining to the Compassionate Use Act of 1996." Several other marijuana-related acti vities not lega lized 
by the measure are reduced from felonies to misdemeanors. The law also provides for resentencing consideration fo r those found guilty of prior marij uana 
convictions. T he revised marijuana penalties take effect on November 9, 20 16. Reta il sales of marij uana by state- licensed estab lishments are sched uled to begin 
under the law on January 1, 20 18. On site consumption is pem1itted under the law in establishments licensed for such activity. Large-scale corpora te players are 
restricted from becoming invo lved until 2023. 

Maine 
• Election Night Results: 50.3 percent approve, 49.7 percent di sapprove 
• Name: Marijuana Lega liza tion Act 
• BaJlot Number: Question 1 
• Proponents: Campaign to Regulate Marijuana Like Alcohol 
• Website: Regulate Maine • Initiative Language 
• Summary: 
• Question 1, the Marijuana Legalization Act, pennits adults who are not parti cipating in the state's medical cannabis program to lega ll y grow (up to six plants, 

including a ll o f the harvest fro m those plants, and/or up to 12 immature plants) and to possess personal use quantiti es of cannabis (up to two and one-half 
ounces of herbal cannabis) while also li censing commercial cannabis production and retail sales. The law imposes a l O percent tax on commercial marijuana 
sa les . Under the law, localities have the authority to regulate, limi t, or prohibit the opera ti on o f marijuana businesses. On site consumption is pennitted under 
the law in establishments licensed fo r such acti vity. Lega l counsel for the No on l ca mpaign demanded a recount, which they disbanded on December 17. The 
measure will now become law 30 days after the Governor affirms the election result . Regulations fo r marijuana-related businesses are sc heduled to be in place 
by August 8, 20 17. 



Massachusetts 
• Election Night Results: 53.5 percent approve, 46.5 percent di sapprove 
• Name: The Regulation and Taxation of Marijuana Act 
• Ballot Number: Question 4 
• Proponents: T he Campaign to Regulate Marijuana Like Alcohol in Massachusetts 
• Website: Regulate Marijuana Like Alcohol • Initiative Language 
• Sum mary: Question 4 permits adul ts who are not partic ipating in the state's medica l cannabis program to legally grow (up to six plant s, includi ng a ll of the 

harvest from those plants) and to possess persona l use quantiti es o r cannabis (up to one ounce and/or up to 5 grams or concentra te; in add ition, adults may 
lega ll y possess up to ten ounces of marij uana fl ower in the ir home) while a lso licensing commercial cannabis producti on and retail sa les. T he law imposes a 
3. 75 percent exc ise tax on commerc ial marijuana sales. Under the law, loca lities have the authority to regul ate, limit , o r prohibit the operation of marij uana 
businesses . The new law is supposed to take effect on December 15, 20 16 however Secretary of State William F. Ga lvin said that the results of the ma rij uana 
lega li zation measure may not be certified in time. Regulators are scheduled lo beg in accepting applications from marijuana-related businesses on October I, 
201 7. 

Nevada 
• Election Night Results: 54.5 percent approve, 45.5 percent disapprove 
• Name: Nevada Marijuana Legali zation Initiati ve 
• Ballot Number: Questi on 2 
• Proponents: Coalition to Regulate Marijuana Li ke Alcohol in Nevada 
• Website: Regulate Marijuana Like Alcohol • Initiative Language 
• Sum mary: Question 2 permits adults who are not participating in the state's medica l cannabis program to legall y grow (up to six plants, including all of the 

harvest from those plants) and to possess persona l use quantities of cannabis (up to one ounce of flower and/or up to 3.5 grams of concentra tes) while also 
licensing commercia l cannabis production and retail sa les. (Home cultivation is not pe rmitted if one 's residence is within 25 miles of an opera ting marijuana 
reta iler. ) Commercial marij uana production is subject to a 15 percent excise tax, much of which is ea rmarked to the State Distributive School Account. The 
new law takes effec t on January 1, 2017 . Regulations governing commercia l marijuana ac tivities must be in place by January I, 201 8. 

Arizona 
• Election Night Results: 47.8 percent approve, 52.2 disapprove 
• Name: Ari zona Regulation and Taxation of Marijuana Act 
• Ballot Number: Proposition 205 
• Proponents: The Campaign lo Regulate Marijuana Like Alcohol (M arijuana Po licy Projec t) 
• Websi te: Regulate Marijuana Like Alcohol • Initiative Language 
• Su mmary: Proposition 205 sought to permit adul ts to lega lly grow (up to six plants. inc luding all of the harvest from those plants) and to possess personal use 

quantities of ca1mabis (up to one ounce of fl ower and/or up to fi ve grams of concentrates ) while also licensing conm1erc ial cannabi s production and retail sa les. 
Voters rejected the measure 52 percent to 48 percent 
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Government & Private Commissions Supporting 
Marijuana Law Reform 
"Penalties against drug use should not be more damaging to an individual than the use of the drug itself. Nowhere is this more clear 
than in the laws against the possession of maiijuana in private for personal use." 
-President Jimmy Carter: Message to Congress, August 2, 1977. 
Introduction 
Since the 1970s, more than a dozen government-appointed commissions have examined the effects of maiijuana, and made public 
policy recommendations regarding its use. Overwhelmingly, the conclusions of these expert panels have been the same: marijuana 
prohibition causes more social damage than marijuana use, and the possession of marijuana for personal use should no 
longer be a criminal offense. 
Disturbingly, these findings have typically fallen on deaf ears, often being dismissed by the very governments that appointed them. Taken together, 
however, they exemplify the consensus that exists among the scientific community in support of liberalizing the legal status of marijuana. Conversely, 
their omission in the present debate reflects the unfornmate reality that marijuana prohibition is perpetuated not by sc ience, but rather by emotion and 
rhetoric. We do not let these factors dictate other public policies, nor should we let them dominate the debate over marijuana-law reform. 

Government Commissioned Reports 
"We believe ... that the continued prohibition of cannabis jeopardizes the health and well-being of Canadians much more than does the 
substance itself or the regulated marketing of the substance. In addition, we believe that the continued criminalization of cannabis undermines 
the fundamental values set out in the Canadian Charter of Rights and Freedoms and confirmed in the history of a country based on diversity 
and tolerance . 

. . . It is for this reason that the Committee recommends that the Government of Canada amend the Controlled Drugs and Substances Act to create a 
c1iminal exemption scheme, under which the production and sale of cannabis would be licensed, [ and] . .. to pem1it persons over the age of 16 to procure 
cannabis and its derivatives at duly licensed distribution centers." 

- Canadian Senate Special Committee on [l]egal Drugs. 2002. Cannabis: Summmy Report: Our Position for a Canadian Public Policy. Ottawa. 
"We accept that cannabis can be hannful and that its use should be discouraged. However, ... we do not believe there is anything to be gained by 
exaggerating its harmfulness. On the contrary, exaggeration undem1ines the credibi lity of the messages that we wish to send regarding more ha1111ful 
drugs . We support, therefore, ... reclassifylingl cannabis from Class B to Class C ... lso that) possession of cannabis would cease to be an 
'arrestable offense.'" 
- B1itish House of Commons Home Affairs Committee. 2002. Home Affairs Third Report. British Home Office: London 
"Cannabis ... is less harmful than other substances (amphetamines, barbiturates, codeine-like compounds) within Class B of Schedule 2 to the 
Misuse of Drugs Act of 1971. The continuing juxtaposition of cannabis with these more ham1ful Class B drugs e1Toneously (and dangerously) 
suggests their harmful effects arc equivalent. This may lead to the belief, amongst cannabis users, that if they had no hannful effects from cannabis 
than other Class B substances will be equally safe. The Council therefore recommends the reclassification of all cannabis preparations to class C under 
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the Misuse o f Drugs Act o f 197 1." 
- B1itish Advisory Council on the Misuse of Drugs. 2002. The Classification rH'Cannahis Under the Misuse o/Drngs Act 1971. British I-Jome O ffi ce: 
London . 
"The Commiss ion, after reviewing the m ost up-to-elate body o f medica l and sc ientific research, is of the view that whatever hea lth hazards the substance 
poses to the individual. these do not warrant the criminali za tion of thousands of Jamaicans for us ing it in ways and with be li efs that are deeply rooted in 
the culture of the people .. .. Accordingly, the National Commission is recommending that the relevant Jaws be amended so that ganja be 
decriminalized for the private, personal use of small quantities by adults." 
- Jamaican National Comm iss ion on Ganja. 200 I . A Report o(the National Commission on Gania . Office of the Prime Minister: Kingston. 
"The criminal sanction for possession of one ounce or Jess of marijuana for personal use by a person aged eighteen or over should be 
eliminated . ... Having rev iewed care full y the information availabl e on marijuana and its effects, and having hea rd from various representa ti ves of law 
enforcement, cotTections and the courts, we believe that taking thi s step w ill result in greater avail ability of resources to respond to more serious crimes 
without any increased ri sks to public safe ty. " 
- New Mexico Governor's Drug Policy Advisory Group. 200 I . Report and Recommendations to rhe Govenwr\· O.ffic1:. State Capi to l: Santa Fe. 
"Following detailed consideration of the different options, the Federal Commission unanimously recommends the elaboration of a model which 
not only removes the prohibition of consumption and possession, but also makes it possible for cannabis to be purchased lawfully. The model 
should not be one of free availabilit y, but instead should include c lear provisions for the protection of the young and the prevention o f all potenti al 
adverse consequences of lega lizatio n." 
- Swiss Federal Commiss ion for Drug Issues. 1999. Cannabis Report o(the S11'iss Federal Commission (or Drug Issues. Swiss redera l Office of Public 
Health : Bern . 
"I t is acknowledged that cannabi s prohibition enforced by traditional crime control methods has not been successful in reducing the apparent number of 
cannabis users in New Zealand . ... If cannabis does cause harm to a small proportion of users then it is preferable that those people have access to 
treatment without fear of stigmati za tion or criminalization .. .. We recommend that based on the evidence received, the government review the 
appropriateness of existing policy on cannabis and its use and reconsider the legal status of cannabis." 
- New Zealand Parliamentary Hea lth Select Committee. 1998. lnquirv into the Mental Health Effects of Cannabis . Parl iament House: Well ington . 
"The Law Revision Commission has examined laws from other states that have reduced penalties for small amounts of marijuana and the impact of those 
laws in those states .. .. Studies of [those] sta tes found ( 1) expenses for arrest and prosec ution of marijuana possess ion o ffenses were significantl y reduced , 
(2) any increase in the use of marijuana in those states was less than increased use in those states that did not decrease their penalties and the largest 
proportionate increase occurred in those states with the most severe penalties, and (3) reducing the penalties for marij uana has virtua lly no effect on either 
choice or frequency of the use o f alcoho l or illegal 'harder' drugs such as cocaine . ... Based on lour! review, the !Connecticut I legislature should 
review and further consider as a strategy option establishing the offense of infraction for adults twenty-one years of age or older who possess one 
ounce or less of marijuana." 
- Connecticut Law Review Commiss ion. 1997 . Drug Policy in Connecticut and Strategy Options: Report lo the Judiciarv Committee o(the Connecticut 
General Assembly. State Capitol : Hartford. 
"The Council is not of the v iew that we should lessen efforts to control (i lli cit drug] trafficking, but rather that we should look afresh at stra tegies that 
might curb demand and reduce the ham1 caused in society by the use of illicit drugs . These entail ... [the! elimination, as an offense, of personal 
possession and use of marijuana .... Growing up to five plants per household for personal use would also no longer be an offense. This wo uld 
apply to a nom1al res idence, but should not apply to schools, colleges or public institutions. 
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- Premiere's (Victoria, Australia) Drug Advisory Council. 1996. Drugs and Our Community: Report of the Premiere 's Drug Adviso1y Council. 
Melbourne. 
"Australia experiences more harm, we conclude, from maintaining the cannabis prohibition policy than it experiences from use of the drug . ... 
We conclude that cannabis law refom1 is required in this country." 
- Australian Depa1iment of Health and Aged Care. 1994. Legislati1 •e Options (or Cannabis in Australia: Report commissioned (or the 
Commonwealth/State Ministerial Council on Drug Strategy. Austral ian Government Publishing Service: Canben-a, Austra li a. 
"An objective consideration of marijuana shows that it is responsible for less damage to the individual and society than are alcohol and cigarettes .... A 
further consideration in fonning a reaction to the wide use of marijuana is that it is a source of conflict between generations and of disrespect for the law . 
... The Panel therefore suggests that the law be changed to permit cultivation lof marijuana I for personal use." 
- California Research Advisory Panel. 1989. Twentieth Annual Report o(the Research Advisory Panel. State Capitol: Sacramento. 
"The existing evidence on policies of paiiial prohibition (marijuana decriminalization) indicates that partial prohibition has been as effective in 
controlling [marijuana] consumption as complete prohibition and has entai led considerably smaller social, legal , and econom ic costs. On balance, 
therefore, we believe that a policy of partial prohibition is clearly preferable to a policy of complete prohibition of supply and use." 
- National Research Council of the National Academy of Science. 1982. An Analvsis o(Mariiuana Policv. U.S. Government Printing Office: Washington, 
DC. 
"Our primary concern is to minimize the health and safety risks associated wi th the use of cannabis. The pursuit of this objective has required careful 
consideration of the gravity of the harms attributed to cannabis and the countervailing costs of any contro l measures. Given our empirical understanding 
of both the effects of cannabis and the adverse consequences that flow from applying a counterproductive possessory sanction, it appears, on balance, that 
essentia lly the same measure of public health protection can be attained through a less comprehensive and inju1ious use of the criminal law .... A 
legislative reform which best achieves this balancing of interests would probably bear a close resemblance to ... semi-prohibition." 
- Canadian Department of National Health and Welfare. 1979. Cannabis Control Policv: A discussion paper commissioned (or the Minister o(Health and 
Cabinet members . Ottawa. 
"Legal controls [should] not [be] of such a nature as to ... cause more social damage than the use of the drug .... Cannabis legislation should be enacted 
that recognizes the significant differences between ... narcotics and cannabis in their health effects .... Possession of marijuana for personal use should 
no longer be a criminal offense." 
- Austra lian Senate Standing Committee on Socia l Welfare. 1977. Drug Problems in Australia: An Intoxicated Society. Australia Government Publish ing 
Service: Canberra, Australia. 
"Even assuming marijuana has some undesirable or ham1ful properties, prohibition through criminal law is not a proper approach in controlling these 
properties and effects .... The f CaliforniaJ Legislature should adopt a program of decriminalization making simple possession of marijuana for 
private adult use an infraction, if anything." 
- California Legislature Senate Select Committee on Control of Marijuana. 1974. Final Report: Marijuana : Beyond Misunderstanding. State Capitol: 
Sacramento. 
"The costs to a significant number of individuals, the majority of whom are young people, and to society generally, of a policy of prohibition of simple 
possession are not justified by the potential for ham1 of cannabis and the add itional influence which such a policy is likely to have upon perception of 
harm, demand, and avai labi lity. We, therefore recommend the 1·epeal of the prohibition against the simple possession of cannabis." 
- Canadian Government Commission of Inquiry (The Le Dain Commission). 1973. Report of the Commission of lnqui,y into the Non- Medical Use of 
Drugs. Queens Printer: Ottawa. 
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"The Commission recommends only the following changes in federal law: Possession of marihuana for personal use would no longer be an 
offense . ... Casual distribution of small amounts of marihuana for no remuneration, or insignificant remuneration not involving profit would no 
longer be an offense." 
- United States National Commission on Marihuana and Drug Abuse. 1972. Marihuana : A Signal q( Misunderstanding (The Sha/er Report). U.S. 
Government Printing Office: Washington , DC. 
"In considering the scale of penalties om· main aim, having regard to our view of the known effects of cannabis, is to remove for practical 
purposes, the prospect of imprisonment for possession of a small amount and to demonstrate that taking the drug in moderation is a relatively 
minor offense." 
- Briti sh Advisory Commi ttee on Drug Dependence. 1968. Cannahis: Report by 1he Acfriso,y Committee 0,1 Drug Dependence (The Wooten Report) . l ler 
Majesty's Stationary Office, London . 

-~---------------



..... 

Commonwealth Healthcare Corporation 

Health & Vital Statistics Office 

Report: Cancer Causes of Death, CY2010-CY2015 

Date prepared: 9-26-2016 

Prepared by: Wilbert G. Rospel 

Table: Cancer Causes of Death By Calendar Year and Gender, CY2010-CY2015 

Row Labels 

Malignant neoplasms of digestive organs 

Malignant neopalsms of respiratory and intrathoracic organs 

Malignant neoplasms of lip, oral cavity and pharynx 

Malignant neoplasm of breast 

Malignant neoplams of ill-defined, secondary and unspecified sites 

Malignant neoplams of lyphoid, hematopoietic and related tissue 

Malignant neoplasms of respiratory and intrathoracic organs 

Malignant neoplasm of female genital organs 

Malignant neoplasm of male genital organs 

Neoplams of uncertain or unknown behavior 

Malignant neoplasms of ill-defined, secondary and unspecified sites 

Malignant neoplasms of female genital organs 

Malignant neoplasms of independent (primary) multiple sites 

Malignant neopalsms of bone and articular cartilage 

Malignant neoplams of ees, brain and other parts of central nervous system 

Malignant neoplasms of male genital organs 

Malignant neoplasms of urinary tract 

Melanoma and other malignant neoplasms of skin 

Neoplasms of uncertain or unknown behavior 

Benign neoplasms 

Malignant neoplasms of thyroid and other endocrine glands 

Grand Total 

Source 1: Health & Vital Statistics Office 

Source2: ICD-10, coded deaths: National Center for Health Statistics (NCHS) 

Male Cancer Diagnoses By Calendar Year 

CY2010 CY2011 CY2012 CY2013 CY2014 CY2015 

2 6 3 5 7 6 

5 6 7 5 6 0 

1 1 1 5 3 3 

0 0 0 0 1 0 
1 2 1 0 0 0 

1 2 0 0 3 0 

0 0 0 0 0 6 

0 0 0 0 0 0 

1 1 1 3 0 0 

1 2 0 0 1 0 

0 0 0 0 0 3 

0 0 0 0 0 0 

0 0 0 0 2 0 

0 0 1 0 2 0 

0 0 0 1 1 0 

0 0 0 0 0 3 

0 1 0 0 1 0 

1 0 0 0 0 0 

0 0 0 0 0 1 

0 0 0 0 1 0 

0 0 0 0 0 1 
13 21 14 19 28 23 

Male Female Cancer Diagnoses By Calendar Year Female Grand 
Total CY2010 CY2011 CY2012 CY2013 CY2014 CY2015 Total Total 

29 1 3 2 5 4 6 21 so 
29 1 0 2 1 1 0 5 34 

14 2 1 2 2 1 8 22 

1 3 3 1 2 3 8 20 21 

4 0 0 3 2 1 0 6 10 

6 2 1 1 0 0 0 4 10 

6 0 0 0 0 0 3 3 9 

0 4 0 2 2 1 0 9 9 
6 0 0 0 0 0 0 0 6 
4 0 1 0 0 0 0 1 5 

3 0 0 0 0 0 2 2 5 
0 0 0 0 0 0 5 5 5 

2 0 0 0 1 0 0 1 3 
3 0 0 0 0 0 0 0 3 
2 0 0 0 0 1 0 1 3 

3 0 0 0 0 0 0 0 3 

2 0 0 0 0 0 0 0 2 
1 0 0 0 0 0 0 0 1 

1 0 0 0 0 0 0 0 1 

1 0 0 0 0 0 0 0 1 

1 0 0 0 0 0 0 0 1 
118 13 9 11 15 13 25 86 204 
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DESCRIPTION 
Dronabinol is a cannabinoid designated chemically as (6aR-trans)-6a,7,8,10a-tetrahydro-6,6,9-
trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-l-ol. Dronabinol has the following empirical and structural 
formulas: 

OH 

C5H11 

C21H200 2 (molecular weight= 314.47) 

Dronabinol, the active ingredient in MARlNOL® Capsules, is synthetic delta-9-
tetrahydrocannabinol ( delta-9-THC). Delta-9-tetrahydrocannabinol is also a naturally occurring 
component of Cannabis sativa L. (Marijuana). 

Dronabinol is a light yellow resinous oil that is sticky at room temperature and hardens upon 
refrigeration. Dronabinol is insoluble in water and is formulated in sesame oil. It has a pKa of 10.6 
and an octanol-water partition coefficient: 6,000: I at pH 7. 

Capsules for oral administration: MARlNOL® Capsules is supplied as round, soft gelatin capsules 
containing either 2.5 mg, 5 mg, or IO mg dronabinol. Each MARlNOL® Capsule is formulated with 
the following inactive ingredients: FD&C Blue No. 1 (5 mg), FD&C Red No. 40 (5 mg), FD&C 
Yellow No. 6 (5 mg and 10 mg), gelatin, glycerin, methylparaben, propylparaben, sesame oil, and 
titanium dioxide. 

CLINICAL PHARMACOLOGY 
Dronabinol is an orally active cannabinoid which, like other cannabinoids, has complex effects on the 
central nervous system (CNS), including central sympathomimetic activity. Cannabinoid receptors 
have been discovered in neural tissues. These receptors may play a role in mediating the effects of 
dronabinol and other cannabinoids. 

Pharmacodynamics 
Dronabinol-induced sympathomimetic activity may result in tachycardia and/or conjunctival injection. 
Its effects on blood pressure are inconsistent, but occasional subjects have experienced orthostatic 
hypotension and/or syncope upon abrupt standing. 
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Dronabinol also demonstrates reversible effects on appetite, mood, cognition, memory, and 
perception. These phenomena appear to be dose-related, increasing in frequency with higher dosages, 
and subject to great interpatient variability. 

After oral administration, dronabinol has an onset of action of approximately 0.5 to 1 hours and 
peak effect at 2 to 4 hours. Duration of action for psychoactive effects is 4 to 6 hours, but the appetite 
stimulant effect of dronabinol may continue for 24 hours or longer after administration. 

Tachyphylaxis and tolerance develop to some of the pharmacologic effects of dronabinol and other 
cannabinoids with chronic use, suggesting an indirect effect on sympathetic neurons. In a study of the 
pharmacodynamics of chronic dronabinol exposure, healthy male volunteers (N = 12) received 210 
mg/day dronabinol, administered orally in divided doses, for 16 days. An initial tachycardia induced 
by dronabinol was replaced successively by normal sinus rhythm and then bradycardia. A decrease in 
supine blood pressure, made worse by standing, was also observed initially. These volunteers 
developed tolerance to the cardiovascular and subjective adverse CNS effects of dronabinol within 12 
days of treatment initiation. 

Tachyphylaxis and tolerance do not, however, appear to develop to the appetite stimulant effect of 
MARINOL® Capsules. In studies involving patients with Acquired Immune Deficiency Syndrome 
(AIDS), the appetite stimulant effect of MARINOL® Capsules has been sustained for up to five 
months in clinical trials, at dosages ranging from 2.5 mg/day to 20 mg/day. 

Pharmacokinetics 
Absorption and Distribution: MARINOL® (Dronabinol) Capsules is almost completely absorbed (90 
to 95%) after single oral doses. Due to the combined effects of first pass hepatic metabolism and high 
lipid solubility, only 10 to 20% of the administered dose reaches the systemic circulation. Dronabinol 
has a large apparent volume of distribution, approximately 10 L/kg, because of its lipid solubility. The 
plasma protein binding of dronabinol and its metabolites is approximately 97%. 

The elimination phase of dronabinol can be described using a two compartment model with an 
initial (alpha) half-life of about 4 hours and a terminal (beta) half-life of 25 to 36 hours. Because of its 
large volume of distribution, dronabinol and its metabolites may be excreted at low levels for 
prolonged periods of time. 

The pharmacokinetics of dronabinol after single doses (2.5, 5, and l O mg) and multiple doses 
(2.5, 5, and 10 mg given twice a day; BID) have been studied in healthy women and men. 

Summary of Multiple-Dose Pharmacokinetic Parameters of Dronabinol 
in Healthy Volunteers (n=34; 20-45 years) under Fasted Conditions 

Mean (SD) PK Parameter Values 
BID Cmax Median Tmax AUC(0-12) 
Dose ng/mL (range), hr ng•hr/mL 

2.5 mg 1.32 (0.62) 1.00 (0.50-4.00) 2.88 (1.57) 
5mg 2.96 (1.81) 2.50 (0.50-4.00) 6.16 (1.85) 
10mg 7.88 (4.54) 1.50 (0.50-3.50) 15.2 (5.52) 
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A slight increase in dose proportionality on mean Cmax and AUC (0-12) of dronabinol was 
observed with increasing dose over the dose range studied. 

Metabolism: Dronabinol undergoes extensive first-pass hepatic metabolism, primarily by microsomal 
hydroxylation, yielding both active and inactive metabolites. Dronabinol and its principal active 
metabolite, 11-0H-delta-9-THC, are present in approximately equal concentrations in plasma. 
Concentrations of both parent drug and metabolite peak at approximately 0.5 to 4 hours after oral 
dosing and decline over several days. Values for clearance average about 0.2 L/kg-hr, but are highly 
variable due to the complexity of cannabinoid distribution. 

Elimination: Dronabinol and its biotransformation products are excreted in both feces and urine. 
Biliary excretion is the major route of elimination with about half of a radio-labeled oral dose being 
recovered from the feces within 72 hours as contrasted with 10 to 15% recovered from urine. Less 
than 5% of an oral dose is recovered unchanged in the feces. 

Following single dose administration, low levels of dronabinol metabolites have been detected for 
more than 5 weeks in the urine and feces. 

In a study ofMARINOL® Capsules involving AIDS patients, urinary cannabinoid/creatinine 
concentration ratios were studied bi-weekly over a six week period. The urinary 
cannabinoid/creatinine ratio was closely correlated with dose. No increase in the 
cannabinoid/creatinine ratio was observed after the first two weeks of treatment, indicating that steady
state cannabinoid levels had been reached. This conclusion is consistent with predictions based on the 
observed terminal half-life of dronabinol. 

Special Populations: The pharmacokinetic profile ofMARINOL® Capsules has not been investigated 
in either pediatric or geriatric patients. 

Clinical Trials 
Appetite Stimulation: The appetite stimulant effect ofMARINOL® (Dronabinol) Capsules in the 
treatment of AIDS-related anorexia associated with weight loss was studied in a randomized, double
blind, placebo-controlled study involving 139 patients. The initial dosage of MARINOL® Capsules in 
all patients was 5 mg/day, administered in doses of 2.5 mg one hour before lunch and one hour before 
supper. In pilot studies, early morning administration ofMARINOL® Capsules appeared to have been 
associated with an increased frequency of adverse experiences, as compared to dosing later in the day. 
The effect ofMARINOL® Capsules on appetite, weight, mood, and nausea was measured at scheduled 
intervals during the six-week treatment period. Side effects (feeling high, dizziness, confusion, 
somnolence) occurred in 13 of72 patients (18%) at this dosage level and the dosage was reduced to 
2.5 mg/day, administered as a single dose at supper or bedtime. 

As compared to placebo, MARINOL® Capsules treatment resulted in a statistically significant 
improvement in appetite as measured by visual analog scale (see figure). Trends toward improved 
body weight and mood, and decreases in nausea were also seen. 

After completing the 6-week study, patients were allowed to continue treatment with MARINOL® 
Capsules in an open-label study, in which there was a sustained improvement in appetite. 
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Antiemetic: MARINOL® (Dronabinol) Capsules treatment of chemotherapy-induced emesis was 
evaluated in 454 patients with cancer, who received a total of 750 courses of treatment of various 
malignancies. The anti emetic efficacy of MARINOL® Capsules was greatest in patients receiving 
cytotoxic therapy with MOPP for Hodgkin's and non-Hodgkin's lymphomas. MARINOL® Capsules 
dosages ranged from 2.5 mg/day to 40 mg/day, administered in equally divided doses every four to six 
hours (four times daily). As indicated in the following table, escalating the MARINOL® Capsules 
dose above 7 mg/m2 increased the frequency of adverse experiences, with no additional antiemetic 
benefit. 

MARINOL® Capsules Dose: Response Frequency and Adverse Experiences* 
(N = 750 treatment courses) 

MARINOL® Capsules Response Frequency(%) Adverse Events Frequency (%) 
Dose 

Complete Partial Poor None Nondysphoric Dysphoric 

<7 mg/m2 36 32 32 23 65 12 

>7 mg/m2 33 31 36 13 58 28 

*Nondysphoric events consisted of drowsiness, tachycardia, etc. 

Combination antiemetic therapy with MARINOL® Capsules and a phenothiazine 
(prochlorperazine) may result in synergistic or additive anti emetic effects and attenuate the toxicities 
associated with each of the agents. 

INDIVIDUALIZATION OF DOSAGES 
The pharmacologic effects ofMARINOL® (Dronabinol) Capsules are dose-related and subject to 
considerable interpatient variability. Therefore, dosage individualization is critical in achieving the 
maximum benefit of MARINOL® Capsules treatment. 

Appetite Stimulation: In the clinical trials, the majority of patients were treated with 5 mg/day 
MARINOL® Capsules, although the dosages ranged from 2.5 to 20 mg/day. For an adult: 
1. Begin with 2.5 mg before lunch and 2.5 mg before supper. If CNS symptoms (feeling high, 

dizziness, confusion, somnolence) do occur, they usually resolve in I to 3 days with continued 
dosage. 



NDA 18-651/S-02 l 
Page 7 

2. If CNS symptoms are severe or persistent, reduce the dose to 2.5 mg before supper. If symptoms 
continue to be a problem, taking the single dose in the evening or at bedtime may reduce their 
severity. 

3. When adverse effects are absent or minimal and further therapeutic effect is desired, increase the 
dose to 2.5 mg before lunch and 5 mg before supper or 5 and 5 mg. Although most patients 
respond to 2.5 mg twice daily, 10 mg twice daily has been tolerated in about half of the patients in 
appetite stimulation studies. 

The pharmacologic effects ofMARINOL® Capsules are reversible upon treatment cessation. 

Antiemetic: Most patients respond to 5 mg three or four times daily. Dosage may be escalated during 
a chemotherapy cycle or at subsequent cycles, based upon initial results. Therapy should be initiated at 
the lowest recommended dosage and titrated to clinical response. Administration of MARINOL® 
Capsules with phenothiazines, such as prochlorperazine, has resulted in improved efficacy as 
compared to either drug alone, without additional toxicity. 

Pediatrics: MARINOL® Capsules is not recommended for AIDS-related anorexia in pediatric 
patients because it has not been studied in this population. The pediatric dosage for the treatment of 
chemotherapy-induced emesis is the same as in adults. Caution is recommended in prescribing 
MARINOL® Capsules for children because of the psychoactive effects. 

Geriatrics: Caution is advised in prescribing MARINOL® Capsules in elderly patients because they 
are generally more sensitive to the psychoactive effects of drugs. In antiemetic studies, no difference 
in tolerance or efficacy was apparent in patients >55 years old. 

INDICATIONS AND USAGE 
MARINOL® (Dronabinol) Capsules is indicated for the treatment of: 
1. anorexia associated with weight loss in patients with AIDS; and 

2. nausea and vomiting associated with cancer chemotherapy in patients who have failed to respond 
adequately to conventional antiemetic treatments. 

CONTRAINDICATIONS 
MARINOL® (Dronabinol) Capsules is contraindicated in any patient who has a history of 
hypersensitivity to any cannabinoid or sesame oil. 

WARNINGS 
Patients receiving treatment with MARINOL® Capsules should be specifically warned not to drive, 
operate machinery, or engage in any hazardous activity until it is established that they are able to 
tolerate the drug and to perform such tasks safely. 

PRECAUTIONS 
General: The risk/benefit ratio ofMARINOL® (Dronabinol) Capsules use should be carefully 
evaluated in patients with the following medical conditions because of individual variation in response 
and tolerance to the effects of MARINOL® Capsules. 
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MARINOL® Capsules should be used with caution in patients with cardiac disorders because of 
occasional hypotension, possible hypertension, syncope, or tachycardia (see CLINICAL 
PHARMACOLOGY). 

MARINOL® Capsules should be used with caution in patients with a history of substance abuse, 
including alcohol abuse or dependence, because they may be more prone to abuse MARINOL® 
Capsules as well. Multiple substance abuse is common and marijuana, which contains the same active 
compound, is a frequently abused substance. 

MARINOL® Capsules should be used with caution and careful psychiatric monitoring in patients 
with mania, depression, or schizophrenia because MARINOL® Capsules may exacerbate these 
illnesses. 

MARINOL® Capsules should be used with caution in patients receiving concomitant therapy with 
sedatives, hypnotics or other psychoactive drugs because of the potential for additive or synergistic 
CNS effects. 

MARINOL® Capsules should be used with caution in pregnant patients, nursing mothers, or 
pediatric patients because it has not been studied in these patient populations. 

Information for Patients: Patients receiving treatment with MARINOL® (Dronabinol) Capsules 
should be alerted to the potential for additive central nervous system depression if MARINOL® 
Capsules is used concomitantly with alcohol or other CNS depressants such as benzodiazepines and 
barbiturates. 

Patients receiving treatment with MARINOL® Capsules should be specifically warned not to 
drive, operate machinery, or engage in any hazardous activity until it is established that they are able to 
tolerate the drug and to perform such tasks safely. 

Patients using MARINOL® Capsules should be advised of possible changes in mood and other 
adverse behavioral effects of the drug so as to avoid panic in the event of such manifestations. Patients 
should remain under the supervision of a responsible adult during initial use of MARINOL® Capsules 
and following dosage adjustments. 

Drug Interactions: In studies involving patients with AIDS and/or cancer, MARINOL® 
(Dronabinol) Capsules has been co-administered with a variety of medications (e.g., cytotoxic agents, 
anti-infective agents, sedatives, or opioid analgesics) without resulting in any clinically significant 
drug/drug interactions. Although no drug/drug interactions were discovered during the clinical trials of 
MARINOL® Capsules, cannabinoids may interact with other medications through both metabolic and 
pharmacodynamic mechanisms. Dronabinol is highly protein bound to plasma proteins, and therefore, 
might displace other protein-bound drugs. Although this displacement has not been confirmed in vivo, 
practitioners should monitor patients for a change in dosage requirements when administering 
dronabinol to patients receiving other highly protein-bound drugs. Published reports of drug/drug 
interactions involving cannabinoids are summarized in the following table. 
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CONCOMITANT DRUG 

Amphetamines, cocaine, other 
sympathomimetic agents 
Atropine, scopolamine, antihistamines, 
other anticholinergic agents 
Amitriptyline, amoxapine, desipramine, 
other tricyclic antidepressants 
Barbiturates, benzodiazepines, ethanol, 
lithium, opioids, buspirone, antihistamines, 
muscle relaxants, other CNS depressants 
Disulfiram 

Fluoxetine 

Antipyrine, barbiturates 

Theophylline 

CLINICAL EFFECT(S) 

Additive hypertension, tachycardia, 
possibly cardiotoxicity 
Additive or super-additive tachycardia, 
drowsiness 
Additive tachycardia, hypertension, 
drowsiness 
Additive drowsiness and CNS depression 

A reversible hypomanic reaction was 
reported in a 28 y/o man who smoked 
marijuana; confirmed by dechallenge and 
rechallenge 
A 21 y/o female with depression and 
bulimia receiving 20 mg/day fluoxetine X 
4 wks became hypomanic after smoking 
marijuana; symptoms resolved after 4 days 
Decreased clearance of these agents, 
presumably via competitive inhibition of 
metabolism 
Increased theophylline metabolism 
reported with smoking of marijuana; effect 
similar to that following smoking tobacco 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Carcinogenicity studies in mice and rats 
have been conducted under the US National Toxicology Program (NIP). In the 2-year carcinogenicity 
study in rats, there was no evidence of carcinogenicity at doses up to 50 mg/kg/day, about 20 times the 
maximum recommended human dose on a body surface area basis. In the 2-year carcinogenicity study 
in mice, treatment with dronabinol at 125 mg/kg/day, about 25 times the maximum recommended 
human dose on a body surface area basis, produced thyroid follicular cell adenoma in both male and 
female mice but not at 250 or 500 mg/kg/day. 

Dronabinol was not genotoxic in the Ames tests, the in vitro chromosomal aberration test in 
Chinese hamster ovary cells, and the in vivo mouse micronucleus test. It, however, produced a weak 
positive response in a sister chromatid exchange test in Chinese hamster ovary cells. 

In a long-term study (77 days) in rats, oral administration of dronabinol at doses of 30 to 150 
mg/m2

, equivalent to 0.3 to 1.5 times maximum recommended human dose (MRHD) of 90 mg/m2/day 
in cancer patients or 2 to 10 times MRHD of 15 mg/nl/day in AIDS patients, reduced ventral prostate, 
seminal vesicle and epididymal weights and caused a decrease in seminal fluid volume. Decreases in 
spermatogenesis, number of developing germ cells, and number of Leydig cells in the testis were also 
observed. However, sperm count, mating success and testosterone levels were not affected. The 
significance of these animal findings in humans is not known. 

Pregnancy: Pregnancy Category C. Reproduction studies with dronabinol have been performed in 
mice at 15 to 450 mg/m2

, equivalent to 0.2 to 5 times maximum recommended human dose (MRHD) 
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of 90 mg/m2/day in cancer patients or 1 to 30 times MRHD of 15 mg/m2/day in AIDS patients, and in 
rats at 74 to 295 mg/m2 (equivalent to 0.8 to 3 times MRHD of90 mg/m2 in cancer patients or 5 to 20 
times MRHD of 15 mg/m2/day in AIDS patients). These studies have revealed no evidence of 
teratogenicity due to dronabinol. At these dosages in mice and rats, dronabinol decreased maternal 
weight gain and number of viable pups and increased fetal mortality and early resorptions. Such 
effects were dose dependent and less apparent at lower doses which produced less maternal toxicity. 
There are no adequate and well-controlled studies in pregnant women. Dronabinol should be used 
only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: Use ofMARINOL® Capsules is not recommended in nursing mothers since, in 
addition to the secretion of HIV virus in breast milk, dronabinol is concentrated in and secreted in 
human breast milk and is absorbed by the nursing baby. 

Geriatric Use: Clinical studies ofMARINOL® (Dronabinol) Capsules in AIDS and cancer patients 
did not include the sufficient numbers of subjects aged 65 and over to determine whether they respond 
differently from younger subjects. Other reported clinical experience has not identified differences in 
responses between the elderly and younger patients. In general, dose selection for an elderly patient 
should be cautious usually starting at the low end of the dosing range, reflecting the greater frequency 
of decreased hepatic, renal, or cardiac function, increased sensitivity to psychoactive effects and of 
concomitant disease or other drug therapy. 

ADVERSE REACTIONS 
Adverse experiences information summarized in the tables below was derived from well-controlled 
clinical trials conducted in the US and US territories involving 474 patients exposed to MARINOL® 
(Dronabinol) Capsules. Studies of AIDS-related weight loss included 157 patients receiving 
dronabinol at a dose of 2.5 mg twice daily and 67 receiving placebo. Studies of different durations 
were combined by considering the first occurrence of events during the first 28 days. Studies of 
nausea and vomiting related to cancer chemotherapy included 317 patients receiving dronabinol and 68 
receiving placebo. 

A cannabinoid dose-related "high" ( easy laughing, elation and heightened awareness) has been 
reported by patients receiving MARINOL® Capsules in both the antiemetic (24%) and the lower dose 
appetite stimulant clinical trials (8%) (see Clinical Trials). 

The most frequently reported adverse experiences in patients with AIDS during placebo-controlled 
clinical trials involved the CNS and were reported by 33% of patients receiving MARINOL® 
Capsules. About 25% of patients reported a minor CNS adverse event during the first 2 weeks and 
about 4% reported such an event each week for the next 6 weeks thereafter. 

PROBABLY CAUSALLY RELATED: Incidence greater than 1 %. 
Rates derived from clinical trials in AIDS-related anorexia (N=l57) and chemotherapy-related nausea 
(N=3 l 7). Rates were generally higher in the anti-emetic use (given in parentheses). 

Body as a whole: Asthenia. 
Cardiovascular: Palpitations, tachycardia, vasodilation/facial flush. 
Digestive: Abdominal pain*, nausea*, vomiting*. 
Nervous system: (Amnesia), anxiety/nervousness, (ataxia), confusion, depersonalization, dizziness*, 

euphoria*, (hallucination), paranoid reaction*, somnolence*, thinking abnormal*. 
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*Incidence of events 3% to 10% 

PROBABLY CAUSALLY RELATED: Incidence less than 1 %. 
Event rates derived from clinical trials in AIDS-related anorexia (N=157) and chemotherapy-related 
nausea (N=3 l 7). 

Cardiovascular: Conjunctivitis*, hypotension*. 
Digestive: Diarrhea*. fecal incontinence. 
Musculoskeletal: Myalgias. 
Nen)ous system: Depression, nightmares, speech difficulties, tinnitus. 
Skin and Appendages: Flushing*. 
Special senses: Vision difficulties. 

*Incidence of events 0.3% to 1 % 

CAUSAL RELATIONSHIP UNKNOWN: Incidence less than 1%. 
The clinical significance of the association of these events with MARINOL® Capsules treatment is 
unknown, but they are reported as alerting information for the clinician. 

Body as a whole: Chills, headache, malaise. 
Digestive: Anorexia, hepatic enzyme elevation. 
Respirato,y: Cough, rhinitis, sinusitis. 
Skin and Appendages: Sweating. 

DRUG ABUSE AND DEPENDENCE 
MARINOL® (Dronabinol) Capsules is one of the psychoactive compounds present in cannabis, and is 
abusable and controlled [Schedule III (CHI)] under the Controlled Substances Act. Both psychological 
and physiological dependence have been noted in healthy individuals receiving dronabinol, but 
addiction is uncommon and has only been seen after prolonged high dose administration. 

Chronic abuse of cannabis has been associated with decrements in motivation, cognition, 
judgement, and perception. The etiology of these impairments is unknown, but may be associated with 
the complex process of addiction rather than an isolated effect of the drug. No such decrements in 
psychological, social or neurological status have been associated with the administration of 
MARINOL® Capsules for therapeutic purposes. 

In an open-label study in patients with AIDS who received MARINOL® Capsules for up to five 
months, no abuse, diversion or systematic change in personality or social functioning were observed 
despite the inclusion of a substantial number of patients with a past history of drug abuse. 

An abstinence syndrome has been reported after the abrupt discontinuation of dronabinol in 
volunteers receiving dosages of 210 mg/day for 12 to 16 consecutive days. Within 12 hours after 
discontinuation, these volunteers manifested symptoms such as irritability, insomnia, and restlessness. 
By approximately 24 hours post-dronabinol discontinuation, withdrawal symptoms intensified to 
include "hot flashes", sweating, rhinorrhea, loose stools, hiccoughs and anorexia. 

These withdrawal symptoms gradually dissipated over the next 48 hours. Electroencephalographic 
changes consistent with the effects of drug withdrawal (hyperexcitation) were recorded in patients after 
abrupt dechallenge. Patients also complained of disturbed sleep for several weeks after discontinuing 
therapy with high dosages of dronabinol. 
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OVERDOSAGE 
Signs and symptoms following MILD MARINOL® (Dronabinol) Capsules intoxication include 
drowsiness, euphoria, heightened sensory awareness, altered time perception, reddened conjunctiva, 
dry mouth and tachycardia; following MOD ERA TE intoxication include memory impairment, 
depersonalization, mood alteration, urinary retention, and reduced bowel motility; and following 
SEVERE intoxication include decreased motor coordination, lethargy, slurred speech, and postural 
hypotension. Apprehensive patients may experience panic reactions and seizures may occur in patients 
with existing seizure disorders. 

The estimated lethal human dose of intravenous dronabinol is 30 mg/kg (2100 mg/ 70 kg). 
Significant CNS symptoms in antiemetic studies followed oral doses of 0.4 mg/kg (28 mg/70 kg) of 
MARINOL® Capsules. 

Management: A potentially serious oral ingestion, if recent, should be managed with gut 
decontamination. In unconscious patients with a secure airway, instill activated charcoal (30 to 100 g 
in adults, 1 to 2 g/kg in infants) via a nasogastric tube. A saline cathartic or sorbitol may be added to 
the first dose of activated charcoal. Patients experiencing depressive, hallucinatory or psychotic 
reactions should be placed in a quiet area and offered reassurance. Benzodiazepines (5 to 10 mg 
diazepam po) may be used for treatment of extreme agitation. Hypotension usually responds to 
Trendelenburg position and IV fluids. Pressors are rarely required. 

DOSAGE AND ADMINISTRATION 
Appetite Stimulation: Initially, 2.5 mg MARINOL® (Dronabinol) Capsules should be administered 
orally twice daily (b.i.d.), before lunch and supper. For patients unable to tolerate this 5 mg/day 
dosage of MARINOL® Capsules, the dosage can be reduced to 2.5 mg/day, administered as a single 
dose in the evening or at bedtime. If clinically indicated and in the absence of significant adverse 
effects, the dosage may be gradually increased to a maximum of 20 mg/day MARINOL® Capsules, 
administered in divided oral doses. Caution should be exercised in escalating the dosage of 
MARINOL® Capsules because of the increased frequency of dose-related adverse experiences at 
higher dosages (see PRECAUTIONS). 

Antiemetic: MARINOL® Capsules is best administered at an initial dose of 5 mg/m2
, given 1 to 3 

hours prior to the administration of chemotherapy, then every 2 to 4 hours after chemotherapy is given, 
for a total of 4 to 6 doses/day. Should the 5 mg/m2 dose prove to be ineffective, and in the absence of 
significant side effects, the dose may be escalated by 2.5 mg/m2 increments to a maximum of 15 
mg/m2 per dose. Caution should be exercised in dose escalation, however, as the incidence of 
disturbing psychiatric symptoms increases significantly at maximum dose (see PRECAUTIONS). 

STORAGE CONDITIONS 
MARINOL® (Dronabinol) Capsules should be packaged in a well-closed container and stored in 
a cool environment between 8° and 15°C (46° and 59°F) and alternatively could be stored in a 
refrigerator. Protect from freezing. 

HOW SUPPLIED 
MARINOL® Capsules (dronabinol solution in sesame oil in soft gelatin capsules) 

2.5 mg white capsules (Identified UM or RL). 

' ' -. .. 
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NOC 0051-0021-21 (Bottle of 60 capsules). 

5 mg dark brown capsules (Identified UM or RL). 
NOC 0051-0022-11 (Bottle of 25 capsules). 

10 mg orange capsules (Identified UM or RL). 
NOC 0051-0023-21 (Bottle of 60 capsules). 

MARINOL® is a registered trademark ofUnimed Pharmaceuticals, Inc. and is 
Manufactured by Banner Pharmacaps, Inc. 
High Point, NC 27265 

500012 Rev Sep 2004 

© 2004 Solvay Pharmaceuticals, Inc. 

A Solvay Pharmaceuticals, Inc. Company 
Marietta, GA 30062 
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• What is dronabinol-oral, and how does it work (mechanism of action)? 
• What brand names are available for dronabinol-oral? 
• Is dronabinol-oral available as a generic drug? 
• Do I need a prescription for dronabinol-oral? 
• What are the side effects of dronabinol-oral? 
• What is the dosage for dronabinol-oral? 
• Which drugs or supplements interact with dronabinol-oral? 
• Is dronabinol-oral safe to take if I'm pregnant or breastfeeding? 
• What else should I know about dronabinol-oral? 

What is dronabinol-oral, and how does it work (mechanism of action)? 

Dronabinol (Marino!) is a man-made compound that contains cannabinoids found 
in the marijuana plant (Cannabis sativa L). Dronabinol contains 
tetrahydrocannabinol (THC) in standardized concentrations and does not contain 
other compounds found in street marijuana that is not approved by the FDA for 
medical use. Dronabinol activates cannabinoid receptors causing a wide range of 
effects in the brain, including short-term memory loss, euphoria, enhanced 
sensation, and increased appetite. It also prevents nausea and vomiting probably 
by inhibiting the vomiting center in the brain. Dronabinol was approved by the 
FDA in May 1985. 

What brand names arc available for dronabinol-oral? 

Marino!, THC 

https://www.medicinenet.com/dronabinol-oral/article.htm 1/5 
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Is dronabinol-oral available as a generic drug? 

GENERIC AVAILABLE: Yes 

Do I need a prescription for dronabinol-oral? 

Yes 

What are the side effects of dronabinol-oral? 

The most common side effects of dronabinol include 

• weakness, 
• palpitations, 
• rapid heartbeat, 
• facial flushing, 
• abdominal pain, 
• nausea, 
• vomiting, 
• anxiety, 
• nervousness, 
• confusion, 
• depersonalization, 
• dizziness, 
• euphoria, 
• hallucinations, 
• paranoid reaction, and 
• abnormal thinking. 

Less common side effects include 

• low blood pressure, 
• eye problems, 
• diarrhea, 
• fecal incontinence, 
• muscle pain, 
• depression, 
• nightmares, 
• speech problems, 
• ringing in the ears (tinnitus), and 
• flushing. 

Dronabinol is a controlled substance because it may be abused. 

Quick GuidePancreatic Cancer Symptoms, 
Causes, and Treatment 

https://www.medicinenet.com/dronabinol-oraVarticle.htm 
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What is the dosage for dronabino1-oral? 

For appetite stimulation in AIDS patients 

• The general recommended starting dose is 2.5 mg by mouth twice daily, 
before lunch and dinner. 

• Patients who are having difficulty tolerating this dosage may take 2.5 mg 
once a day in the evening or at bedtime. 

• In patients who are tolerating dronabinol well, the dose may be slowly 
increased up to a maximum dose of 20 mg per day. 

For nausea and vomiting 

• 5 mg per meter-squared of body surface (5 mg/m2) should be administered 
1-3 hours before chemotherapy followed by repeated administration every 2 
to 4 hours after chemotherapy for a total of 4 to 6 doses per day. 

• If needed, the dosage may be increased in 2.5 mg/m2 increments to a 
maximum of 15 mg/m2 per dose. 

Which drugs or supplements interact with dronabino1-oral? 

Although no drug-drug interactions were identified during clinical trials conducted 
by the manufacturer, dronabinol should be used cautiously with other medications 
that are known to interact with cannabinoids. 

People taking dronabinol should not drink alcohol, smoke marijuana, take 
sedatives and hypnotics, or take other medicines that have an effect on the 
central nervous system. Examples of drugs to avoid include diazepam (Valium), 
chlordiazepoxide (Librium), alprazolam (Xanax), secobarbital (Seconal), 
pentobarbital (Nembutal), and phenobarbital. 

https://www.medicinenet.com/dronabinol-oraVarticle.htm 3/5 
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Is dronabinol-oral safe to take if I'm pregnant or breastfeeding? 

There are no adequate and well-controlled studies evaluating the use of 
dronabinol during pregnancy. Dronabinol should only be used during pregnancy if 
the potential benefit to the mother justifies the potential risk to the unborn baby. 
Dronabinol is classified as FDA pregnancy risk category C. (Animal studies have 
shown adverse effects on the fetus, but there are no adequate studies in 
humans.) 

Dronabinol is not recommended for use during breastfeeding because it is 
excreted into human milk and may have harmful effects on the nursing infant. 

\:Vhat else should I know about dronabinol-oral? 

What preparations of dronabinol-oral are available? 

Oral capsules: 2.5, 5, and 10 mg 

How should I keep dronabinol-oral stored? 

Dronabinol capsules should be stored in a cool location between 8 C and 15 C 
(46 F and 59 F) or in the refrigerator. Capsules should not be frozen. 

REFERENCE: FDA Prescribing Information 

Quick GuidePancreatic Cancer Symptoms, 
Causes, and Treatment 
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team 

Marinol vs Marijuana: What's the Difference? 

by Dr. Sharon Orrange on July 1, 2015 11 am 

What's the difference between the pill Marino! ( dronabinol) and medical marijuana? 

Let's start with the fact that Marino! is FDA approved for chemotherapy-induced nausea 

and vomiting, and anorexia from AIDS or cancer. Currently there is no FDA approved 

medical indication for prescribing marijuana. So-why is one approved and not the 

other? Do they work? What are their differences? 

What is dronabinol? 

Oral delta-9-tetrahydrocannabinol (THC) is available as Marino!, and the generic 

is dronabinol. This pill is a synthetic (chemical) form of THC, a naturally occurring 

component of Cannabis saliva (marijuana). The onset of action is 30 minutes to 1 hour, 

with peak effect at 2 - 4 hours. This drug is approved by the FDA for two indications: 

chemotherapy-induced nausea and vomiting and anorexia associated with weight loss 

in patients with AIDS. 

What's the difference between marijuana and dronabinol/Marinol? 

Marino! (dronabino!) is a pill that is available by prescription and has FDA approval to 

treat certain conditions. Dronabinol is also known as THC, and it is the primary 

psychoactive cannabinoid in the prescription medication. Cannabinoids are derived from 

the cannabis (marijuana) plant, which contains over 400 compounds, including more 

than 60 cannabinoids. Although there are more than 60 cannabinoids in marijuana, two 



in particular have been studied for medicinal uses: delta-9-tetrahydrocannabinol (THC 

or dronabinol) and cannabidiol. 

Do they work for pain? 

Prescription dronabino! has been studied for postoperative and neuropathic pain and 

was not found to be any better than placebo. For chronic non-cancer pain, it has been 

found to be only slightly better than placebo. There have been fewer studies of 

marijuana than cannabinoid pharmaceuticals, perhaps in part due to regulatory 

restrictions, but marijuana has better results for pain in the few studies that have been 

done. In all of these studies, smoked marijuana was found to be better than placebo in 

relieving pain. Another study examined the effects of marijuana that was vaporized (not 

smoked) and found that it too was better than placebo at relieving neuropathic/nerve 

pain. 

What about for appetite and nausea? 

Both marijuana and Marino! have been shown to help for nausea and appetite in studies 

on HIV patients. 

What does marijuana have FDA approval for? 

Nothing, yet. The use of medical marijuana for refractory cancer pain is very 

controversial as it hasn't been well studied. As you know, marijuana use is still illegal in 

the United States at the federal level-the federal government considers marijuana a 

schedule I controlled substance. In the states where medical marijuana is legal, a 

healthcare practitioner provides an "authorization" for use that is considered by the 

federal courts to be protected physician-patient communication. 

Why do people use medical marijuana? 

Severe or chronic pain accounts for more than 90 percent of the qualifying conditions 

for use of medicinal marijuana among registered users in the states in which it is legal. 

While there have only been a few studies done, it appears that smoking marijuana 

along with traditional pain medications for patients with cancer-related pain may be 

effective. 

C 
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If smoking marijuana isn't good for the lungs, what are the other options for 

medical marijuana? 

Marijuana can be used to make hashish and hash oil, which contain concentrated 

cannabinoids, and can be consumed by drinking as a tea or eating after mixing into 

foods. Know this though: absorption after oral administration has been described as 

"slow and erratic," resulting in "low and irregular" plasma levels. 

What's coming? 

A new THC spray Nabiximols (sativex) is not yet available in the United States, but is 

on track to be approved for use in cancer pain and spasticity from multiple sclerosis. 

Dr 0. 
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Support for SB20-62: The CNMI Cannabis Act of 2018 
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Honorable Chairman, President, Members of the Senate and the CNMI People, 

Public sentiment on the legalization of marijuana is shifting in favor of cannabis, with many 
CNMI residents expressing support of a regulated market for the responsible adult use of 
martJuana. 

The CNMI ranks no.2 in the world in marijuana consumption at 22.5%. This means about 1 
in 4 people are either growing or consuming marijuana for medical or other personal 
purposes. 

The CNMI has a very high rate of cancer, diabetes, stroke and many other debilitating cases 
that cannabis may be helpful as a treatment instead of relying on expensive pharmaceuticals 
that are addictive and have negative side-effects which are sometimes severe and fatal, 
usually as a result of damages to internal organs. The patients from the medical marijuana 
hearings of 2015 have attested to this. They have testified that they continue to use marijuana 
illegally because it is the only thing that alleviates their pain and suffering as well as their 
treatment to their illness, whether it is cancer, diabetes , epilepsy and seizures or Post 
Traumatic Stress Disorder (PTSD) and pain. The only problem they have is the risk of 
getting caught. As for those who fear the law, they run the risks of using the costly and 
damaging prescriptions knowing that they will suffer financially or even physically as they 
are given no legal option with cannabis. Overwhelming support was given at the hearings by 
the patients, caregivers, doctors, lawyers and general public, with many of them strongly 
suggesting full legalization to cater to the majority of people who use marijuana for non
medical purposes. This is the main reason why Senate Bill 20-62 was created to address. The 
Findings and Purpose Section of SB20-62 clarifies the intent. 

Today, about 60% of Americans favor marijuana legalization while support for medical 
marijuana is at 90%. Due to recent discoveries in science and medicine, the overwhelming 
evidences supporting the benefits of cannabis has been dramatically increasing public 
support over the past five years. 

Now, we have 29 U.S. States, including Guam and Puerto Rico that have medical marijuana 
laws in place. 8 states, including Washington D.C. , have legalized recreational marijuana in 
the past four years. The number of states and territories that elected to regulate marijuana in a 
manner similar to alcohol is expected to continue to grow as public support for legalization 
continues to rise. In total , there are now about 45 U.S. states, including Guam and Puerto 
Rico that have some type of law in favor of cannabis. By 2018, more states are expected to 
follow with ballot initiatives for recreational use. Globally, some countries have legalized 



cannabis in some form, while most have decriminalized small possession amounts indicating 
a paradigm shift in perception and acceptance. 

States that have set up regulated markets for marijuana use for responsible adult consumers 
have seen significant benefits to public health, safety, and quality oflife for all residents. These 
benefits include; (1) Alternative treatment for pain and suffering for those afflicted with 
debilitating illnesses which are not effectively treated with synthetic prescription medications. 
In this respect, marijuana has become a natural life-saving and enhancing alternative; (2) A 
25% reduction in accidental overdoses, addiction, and abuse, including severe side-effects, as 
marijuana has provided evidence as a safer alternative to far more harmful and dangerous 
prescription narcotics. Furthermore, there is real evidence to suggest that allowing for the adult 
use of marijuana will help to reduce the level of ICE (methamphetamine) use and abuse in the 
CNMI through legal option and for treatment of addiction; (3) Decreases in youth access to 
marijuana and usage rates; (4) Decreases in violent crime as marijuana is manufactured and 
sold in approved and licensed facilities; (5) Decreases in negative impacts as marijuana 
becomes a popular and much safer alternative to alcohol and other recreational drugs; and (6) 
Substantial revenues generated by the growth, processing, and sale of marijuana and hemp 
products, with the introduction of the legal marijuana industry that has created over 100,000 
new jobs, nationally, providing funding for many government and social programs with 
surplus revenues. In fact, cannabis is the fastest growing industry in the United States. More 
so, that public shares is now in the Stock Market. 

We have to allow the legal option for persons to exercise their fundamental right of choice as 
to how they use cannabis be it medically, therapeutically, recreationally, socially, religiously, 
spiritually or agriculturally. In fact, the war on drugs over the past 80 years has been a 
proven failure and the only way we can progress is to take responsibility like other U.S. 
states and countries, by acknowledging where current policies have failed. SB 20-62, the 
CNMI Cannabis Act of 2018 is our opportunity to progress in that direction for a healthier 
and better CNMI, in health, education and welfare. Now, all that needs to be done is to place 
the question on the 2018 ballot and let the CNMI people decide for ourselves whether 
legalization of cannabis is a viable industry worth pursuing. 

The true essence of legalization has always been to allow accessible cannabis for those who 
will use it for medical or non-medical purposes without the fear of arrest, harassment and 
discrimination. 

Legalization will not happen by itself. We as a community need to engage the issue 
proactively if we want to capitalize on the opportunities and benefits of cannabis. We have to 
move forward and not backwards on this sensitive issue. The time to act is now. 

~--1-~ 
Gerry Hemley 
Sensible CNMI 
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Supporting Document to the Senate JGL Committee for SB20-62 public hearing on October 
17, 2017 Senate Chambers. 

Submitted by: Gerry Hemley, Sensible CNMI 

Federal Protection References to Legal Marijuana States: 

Cole Memo: 
"In the last 20 years, 35 states have legalized medical marijuana in some form. The current 
Presidential administration has tried to strike a balance between conflicting federal and state laws. 
The Department of Justice outlined eight enforcement priorities in a memo by Deputy Attorney 
General James Cole in August 2013. These guidelines, contained in what is very commonly referred 
to as the Cole Memo, are understood to allow states to legalize marijuana so long as the state laws 
adequately address the goals." ***See Attached File*** 

Rohrabacher- Farr Amendment - the Omnibus Spending Bill: 
Prohibits the Justice Department from spending funds to interfere with the implementation of 
state medical cannabis laws. 

"None of the funds made available in this Act to the Department of Justice may be used, with respect 
to the States of Alabama, Alaska, Arizona, California, Colorado, Connecticut, Delaware, District of 
Columbia, Florida, Hawaii , Illinois, Iowa, Kentucky, Maine, Maryland, Massachusetts, Michigan, 
Minnesota, Mississippi , Missouri , Montana, Nevada, New Hampshire, New Jersey, New Mexico, 
Oregon, Rhode Island, South Carolina, Tennessee, Utah, Vermont, Washington, and Wisconsin, to 
prevent such States from implementing their own State laws that authorize the use, distribution, 
possession, or cultivation of medical marijuana." (This applies to U.S. territories) Pro-cannabis 
amendments have previously been offered annually as attachments to the federal budget. 

Note on federal funding assistance threat to the CNMI: Does the CNMI Covenant establishing 
political union with the U.S. ensure certain conditions in regards to federal assistance ? If so, it is 
believed that a federal funding issue shall only be addressed between the CNMI Government and the 
U.S. congress and the President of the United States as per Covenant agreement. 

References acknowledging Federal Interest: 

"The Compassionate lnvestigational New Drug program, or Compassionate IND, is 
a United States Federal Government-run lnvestigational New Drug program established in 
1978 that allows a limited number of patients to use medical marijuana grown at 
the University of Mississippi . It is administered by the National Institute on Drug Abuse. 
Closed to new entrants, there are four known surviving patients who were grandfathered 
into the program ." Each patient receives about half a pound of marijuana per month. 

The United States of America as represented by the Department of Health and Human Services 
U.S. Patent No. 6,630,507 - Cannabinoids as antioxidants and neuroprotectants 
Abstract: 



,, 

"Cannabinoids have been found to have antioxidant properties, unrel ated to NMDA receptor 
antagoni sm. This new found property makes cannabinoids useful in the treatment and prophylaxis of 
wide variety of oxidation associated diseases, such as ischemic, age-related, inflammatory and 
autoimmune diseases. The cannabinoids are found to have particular application as neuroprotectants, 
for example in limiting neurological damage following ischemic insults, such as stroke and trauma, 
or in the treatment of neurodegenerative di seases, such as Alzheimer's di sease, Parkinson's disease 
and HIV dementia. Nonpsychoacti ve cannabinoids, such as cannabidoil , are particularly 
advantageous to use because they avoid toxicity that is encountered with psychoacti ve cannabinoids 
at high doses useful in the method of the present invention. A particular disclosed class of 
cannabinoids useful as neuroprotective antiox idants is formula (I) wherein the R group is 
independentl y selected from the group consisting of H, CH.sub.3, and COCH.sub.3. ##STR 1 ##" 

U.S. Congressional Bills Proposed in 2017: 

Over 20 congressional bills have been proposed this year that would change the federal 
government's approach to cannabis. Democrats and Republicans in the House and Senate 
have proposed laws that range from allowing the states to continue charting their 
own courses on legalization and ensuring banking access, to repealing the onerous 280E 
provision of the federal tax code as well as removing marijuana from the list off ederally 
controlled substances, easing restrictions on medical research and the U.S. Department of 
Veteran's Affairs, even flat out legalization to be regulated like alcohol. 

H.R. 331: States' Medical Marijuana Property Rights Act 
H.R. 714: Legitimate Use of Medicinal Marijuana Act 
H.R. 715: Compassionate Access Act 
H.R. 975: Respect State Marijuana Laws Act 
H.R. 1227: Ending Federal Marijuana Prohibition Act 
S.776: Marijuana Revenue and Regulation Act 
S. 777: Small Business Tax Equity Act 
S. 780: Responsibly Addressing the Marijuana Policy Gap Act 
H.R. 1810: Small Business Tax Equity Act 
H.R. 1820: Veterans Equal Access Act 
H.R. 1823: Marijuana Revenue and Regulation Act 
H.R. 1824: Responsibly Addressing the Marijuana Policy Gap 
H.R. 1841: Regulate Marijuana Like Alcohol Act 
S.683 - Compassionate Access, Research Expansion, and Respect States Act of 2015 

Research Links on Cannabis and Health: 
The Endocannabinoid System as an Emerging Target of Pharmacotherapy.docx 
http://medicalcannabisreport.com/wp-content/uploads/2015/03/700-cannabis-studies-2012.pdf 
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U.S. Department of Justice 

Office of the Deputy Attorney General 

The Deputy Atlorney General Washington, D.C. 20530 

February 14, 2014 

MEMORANDUM FOR ALL UNITED STA TES AT! ~EYS 

FROM: James M. Cole'---~~~ 
Deputy Attome~ n:; 

SUBJECT: Guidance Regarding Marijuana Related Financial Crimes 

On August 29, 2013 , the Department issued guidance (August 29 guidance) to federal 
prosecutors concerning marijuana enforcement under the Controlled Substances Act (CSA). The 
August 29 guidance reiterated the Department' s commitment to enforcing the CSA consistent 
with Congress' determination that marijuana is a dangerous drug that serves as a significant 
source of revenue to large-scale criminal enterprises, gangs, and cartels. In furtherance of that 
commitment, the August 29 guidance instructed Department attorneys and law enforcement to 
focus on the following eight priorities in enforcing the CSA against marijuana-related conduct: 

• Preventing the distribution of marijuana to minors; 
• Preventing revenue from the sale of marijuana from going to criminal enterprises, 

gangs , and cartels; 
• Preventing the diversion of marijuana from states where it is legal under state law 

in some form to other states; 
• Preventing state-authorized marijuana activity from being used as a cover or 

pretext for the trafficking of other illegal drugs or other illegal activity; 
• Preventing violence and the use of firearms in the cultivation and distribution of 

marijuana; 
• Preventing drugged driving and the exacerbation of other adverse public health 

consequences associated with marijuana use; 
• Preventing the growing of marijuana on public lands and the attendant public 

safety and environmental dangers posed by marijuana production on public lands; 
and 

• Preventing marijuana possession or use on federal property. 

Under the August 29 guidance, whether marijuana-related conduct implicates one or 
more of these enforcement priorities should be the primary question in considering prosecution 
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under the CSA. Although the August 29 guidance was issued in response to recent marijuana 
legalization initiatives in certain states, it applies to all Department marijuana enforcement 
nationwide. The guidance, however, did not specifically address what, if any, impact it would 
have on certain financial crimes for which marijuana-related conduct is a predicate. 

The provisions of the money laundering statutes, the unlicensed money remitter statute, 
and the Bank Secrecy Act (BSA) remain in effect with respect to marijuana-related conduct. 
Financial transactions involving proceeds generated by marijuana-related conduct can form the 
basis for prosecution under the money laundering statutes (18 U.S.C. §§ 1956 and 1957), the 
unlicensed money transmitter statute (18 U.S.C. § 1960), and the BSA. Sections 1956 and 1957 
of Title 18 make it a criminal offense to engage in certain financial and monetary transactions 
with the proceeds of a "specified unlawful activity," including proceeds from marijuana-related 
violations of the CSA. Transactions by or through a money transmitting business involving 
funds "derived from" marijuana-related conduct can also serve as a predicate for prosecution 
under 18 U .S.C. § 1960. Additionally, financial institutions that conduct transactions with 
money generated by marijuana-related conduct could face criminal liability under the BSA for, 
among other things, failing to identify or report financial transactions that involved the proceeds 
of marijuana-related violations of the CSA. See, e.g., 31 U.S.C. § 53 l 8(g). Notably for these 
purposes, prosecution under these offenses based on transactions involving marijuana proceeds 
does not require an underlying marijuana-related conviction under federal or state law. 

As noted in the August 29 guidance, the Department is committed to using its limited 
investigative and prosecutorial resources to address the most significant marijuana-related cases 
in an effective and consistent way. Investigations and prosecutions of the offenses enumerated 
above based upon marijuana-related activity should be subject to the same consideration and 
prioritization. Therefore, in determining whether to charge individuals or institutions with any of 
these offenses based on marijuana-related violations of the CSA, prosecutors should apply the 
eight enforcement priorities described in the August 29 guidance and reiterated above. For 
example, if a financial institution or individual provides banking services to a marijuana-related 
business knowing that the business is diverting marijuana from a state where marijuana sales are 
regulated to ones where such sales are illegal under state law, or is being used by a criminal 
organization to conduct financial transactions for its criminal goals, such as the concealment of 
funds derived from other illegal activity or the use of marijuana proceeds to support other illegal 
activity, prosecution for violations of 18 U.S.C. §§ 1956, 1957, 1960 or the BSA might be 
appropriate. Similarly, if the financial institution or individual is willfully blind to such activity 
by, for example, failing to conduct appropriate due diligence of the customers' activities, such 
prosecution might be appropriate. Conversely, if a financial institution or individual offers 

1 The Department of the Treasury's Financial Crimes Enforcement Network (FinCEN) is issuing concurrent 
guidance to clarify BSA expectations for financial institutions seeking to provide services to marijuana-related 
businesses. The FinCEN guidance addresses the filing of Suspicious Activity Reports (SAR) with respect to 
marijuana-related businesses, and in particular the importance of considering the eight federal enforcement priorities 
mentioned above, as well as state law. As discussed in FinCEN's guidance, a financial institution providing 
financial services to a marijuana-related business that it reasonably believes, based on its customer due diligence, 
does not implicate one of the federal enforcement priorities or violate state law, would file a "Marijuana Limited" 
SAR, which would include streamlined information. Conversely, a financial institution filing a SAR on a 
marijuana-related business it reasonably believes, based on its customer due diligence, implicates one of the federal 
priorities or violates state law, would be label the SAR "Marijuana Priority," and the content of the SAR would 
include comprehensive details in accordance with existing regulations and guidance. 
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services to a marijuana-related business whose activities do not implicate any of the eight 
priority factors, prosecution for these offenses may not be appropriate. 

The August 29 guidance rested on the expectation that states that have enacted laws 
authorizing marijuana-related conduct will implement clear, strong and effective regulatory and 
enforcement systems in order to minimize the threat posed to federal enforcement priorities. 
Consequently, financial institutions and individuals choosing to service marijuana-related 
businesses that are not compliant with such state regulatory and enforcement systems, or that 
operate in states lacking a clear and robust regulatory scheme, are more likely to risk 
entanglement with conduct that implicates the eight federal enforcement priorities. 2 In addition, 
because financial institutions are in a position to facilitate transactions by marijuana-related 
businesses that could implicate one or more of the priority factors, financial institutions must 
continue to apply appropriate risk-based anti-money laundering policies, procedures, and 
controls sufficient to address the risks posed by these customers, including by conducting 
customer due diligence designed to identify conduct that relates to any of the eight priority 
factors. Moreover, as the Department's and FinCEN's guidance are designed to complement 
each other, it is essential that financial institutions adhere to FinCEN's guidance. 3 Prosecutors 
should continue to review marijuana-related prosecutions on a case-by-case basis and weigh all 
available information and evidence in determining whether particular conduct falls within the 
identified priorities. 

As with the Department's previous statements on this subject, this memorandum is 
intended solely as a guide to the exercise of investigative and prosecutorial discretion. This 
memorandum does not alter in any way the Department's authority to enforce federal law, 
including federal laws relating to marijuana, regardless of state law. Neither the guidance herein 
nor any state or local law provides a legal defense to a violation of federal law, including any 
civil or criminal violation of the CSA, the money laundering and unlicensed money transmitter 
statutes, or the BSA, including the obligation of financial institutions to conduct customer due 
diligence. Even in jurisdictions with strong and effective regulatory systems, evidence that 
particular conduct of a person or entity threatens federal priorities will subject that person or 
entity to federal enforcement action, based on the circumstances. This memorandum is not 
intended, does not, and may not be relied upon to create any rights, substantive or procedural, 
enforceable at law by any party in any matter civil or criminal. It applies prospectively to the 
exercise of prosecutorial discretion in future cases and does not provide defendants or subjects of 
enforcement action with a basis for reconsideration of any pending civil action or criminal 
prosecution. Finally, nothing herein precludes investigation or prosecution, even in the absence 
of any one of the factors listed above, in particular circumstances where investigation and 
prosecution otherwise serves an important federal interest. 

2 For example, financial institutions should recognize that a marijuana-related business operating in a state that has 
not legalized marijuana would likely result in the proceeds going to a criminal organization. 
3 Under FinCEN's guidance, for instance, a marijuana-related business that is not appropriately licensed or is 
operating in violation of state law presents red flags that would justify the filing of a Marijuana Priority SAR. 
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Humans have cultivated and consumed the flowering tops of the female cannabis plant, colloquially known 

as marijuana, since virtually the beginning of recorded history. Cannabis-based textiles dating to 7,000 B .C.E 

have been recovered in northern China, and the plant's use as a medicinal and mood altering agent date back 

nearly as far. In 2008, archeologists in Central Asia discovered over two-pounds of cannabis in the 2,700-year

old grave of an ancient shaman . After scientists conducted extensive testing on the material 's potency, they 

affirmed, "[T]he most probable conclusion ... is that [ancient] culture[s] cultivated cannabis for 

pharmaceutical, psychoactive, and divinatory purposes." 

Modern cultures continue to indulge in the consumption of cannabis for these same purposes, despite a 

present-day, virtual worldwide ban on the plant's cultivation and use. In the United States, federal prohibitions 

outlawing cannabis' recreational , industrial , and therapeutic use were first imposed by Congress under the 

Marihuana Tax Act of 1937 and then later reaffirmed by federal lawmakers' decision to classify marijuana -- as 

well as all of the plant's organic compounds (known as cannabinoids) -- as a Schedule I substance under the 

Controlled Substances Act of 1970. This classification, which asserts by statute that cannabi s is equally as 

dangerous to the public as is heroin, defines cannabis and its dozens of distinct cannabinoids as possessing 'a 

high potential for abuse, ... no currently accepted medical use, ... [and] a lack of accepted safety for the use of 

the drug ... under medical supervision .' (By contrast, cocaine and methamphetamine -- which remain illicit for 

recreational use but may be consumed under a doctor's supervision -- are classified as Schedule II drugs; 

examples of Schedule UI and IV substances include anabolic steroids and Valium respectively, while codeine

containing analgesics are defined by a law as Schedule V drugs, the federal government's most lenient 

classification.) In July 2011, the Obama Administration rebuffed an administrative inquiry seeking to reassess 

cannabis' Schedule I status, and federal lawmakers continue to cite the drug's dubious categorization as the 

primary rationale for the government's ongoing criminalization of the plant and those who use it. A three-judge 

panel for the US Court of Appeals for the District of Columbia affirmed the Administration's position in 2013 , 

arguing that a judicial review of cannabis' federally prohibited status was not warranted at this time. 

Nevertheless, there exists little if any scientific basis to justify the federal government's present prohibitive 

stance and there is ample scientific and empirical evidence to rebut it. Despite the US government's nearly 

century-long prohibition of the plant, cannabis is nonetheless one of the most investigated therapeutically 

active substances in history. To date, there are over 20,000 published studies or reviews in the scient ific 

literature referencing the cannabis plant and its cannabinoids, nearly half of which were published within the 



last five years according to a key word search on the search engine PubMed Central, the US government 

repository for peer-reviewed scientific research. While much of the renewed interest in cannabinoid 

therapeutics is a result of the discovery of the endocannabinoid regulatory system(which is described in detail 

later in this booklet), some of this increased attention is also due to the growing body of testimonials from 

medical cannabis patients and their physicians. 

The scientific conclusions of the overwhelmingly majority of modern research directly contlicts with the 

federal government's stance that cannabis is a highly dangerous substance worthy of absolute criminalization. 

For example, in February 20 IO investigators at the University of California Center for Medicinal Cannabis 

Research publicly announced the findings of a series of randomized, placebo-controlled clinical trials on the 

medical utility of inhaled cannabis. The studies, which utilized the so-called 'gold standard' FDA clinical trial 

design , concluded that marijuana ought to be a "first line treatment" for patients with neuropathy and other 

serious illnesses. 

Several of studies conducted by the Center assessed smoked marijuana's ability to alleviate neuropathic pain, a 

notoriously difficult to treat type of nerve pain associated with cancer, diabetes, HIV/ AIDS , spinal cord injury 

and many other debilitating conditions. Each of the trials found that cannabis consistently reduced patients' 

pain levels to a degree that was as good or better than currently available medications. 

Another study conducted by the Center's investigators assessed the use of marijuana as a treatment for patients 

suffering from multiple sclerosis. That study determined that "smoked cannabis was superior to placebo in 

reducing spasticity and pain in patients with MS, and provided some benefit beyond currently prescribed 

treatments." 

A summary of the Center's clinical trials, published in 2012 in the Open Neurology Journal, concluded: 

"Evidence is accumulating that cannabinoids may be useful medicine for certain indications .... The 

classification of marijuana as a Schedule I drug as well as the continuing controversy as to whether or not 

cannabis is of medical value are obstacles to medical progress in this area. Based on evidence currently 

available the Schedule T classification is not tenable; it is not accurate that cannabis has no medical value, or 

that information on safety is lacking." 

Around the globe, similarly controlled trials are also taking place. A 20 IO review by researchers in Germany 

reports that since 2005 there have been 37 controlled studies assessing the safety and efficacy of marijuana and 

its naturally occurring compounds in a total of 2,563 subjects. By contrast , many FDA-approved drugs go 

through far fewer trials involving far fewer subjects. 

As clinical research into the therapeutic value of cannabinoids has proliferated so too has investigators' 

understanding of cannabis' remarkable capability to combat disease. Whereas researchers in the 1970s, 80s, 

and 90s primarily assessed cannabis' ability to temporarily alleviate various disease symptoms -- such as 

the nausea associated with cancer chemotherapy -- scientists today are exploring the potential role of 

cannabinoids to modify disease . 

Of particular interest, scientists are investigating cannabinoids' capacity to moderate autoimmune disorders 

such as multiple sclerosis, rheumatoid arthritis, and inflammatory bowel disease, as well as their role in the 

treatment of neurological disorders such as Alzheimer's disease and amyotrophic lateral sclerosis (a .k.a. Lou 

Gehrig's disease.) In 2009, the American Medical Association (AMA) resolved for the first time in the 
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organization's history "that marijuana's status as a federal Schedule I controlled substance be reviewed with the 

goal of facilitating the conduct of clinical research and development of cannabinoid-based medicines." 

Investigators are also studying the anti-cancer activities of cannabis, as a growing body of preclinical and 

clinical data concludes that cannabinoids can reduce the spread of specific cancer cells via apoptosis 

(programmed cell death) and by the inhibition or angiogenesis (the formation of new blood vessels). Arguably, 

these latter findings represent far broader and more significant applications for cannabinoid therapeutics than 

researchers could have imagined some thirty or even twenty years ago. 

THE SAFETY PROFILE OF MEDICAL CANNABIS 

Cannabinoids have a remarkable safety record, particularly when cornpared to other therapeutically active 

substances. Most significantly, the consurnption of rnarijuana -- regardless of quantity or potency -- cannot 

induce a fatal overdose. According to a 1995 review prepared for the World Health O rganization, "There are 

no recorded cases of overdose fatalities attributed to cannabis, and the estimated lethal dose for humans 

extrapolated from animal studies is so high that it cannot be achieved by ... users." 

In 2008 , investigators at McGill University Health Centre and McGill University in Montreal and the 

University of British Columbia in Vancouver reviewed 23 clinical investigations of medical cannabinoid drugs 

(typically oral THC or liquid cannabis extracts) and eight observational studies conducted between 1966 and 

2007. Investigators "did not find a higher incidence rate of serious adverse events associated with medical 

cannabinoid use" compared to non-using controls over these four decades . 

That said, cannabis should not necessarily be viewed as a 'harmless' substance. lts active constituents may 

produce a variety of physiological and euphoric effects. As a result , there may be some populations that are 

susceptible to increased risks from the use of cannabis, such as adolescents, pregnant or nursing mothers, and 

patients who have a family history of mental illness. Patients with decreased lung function (such as chronic 

obstructive pulmonary disease) or those who have a history of heart disease orstroke may also be at a greater 

ri sk of experiencing adverse side effects from rnariju ana. As with any medication, patients should consult 

thoroughly with their physician before deciding whether the medical use of cannabis is safe and appropriate. 

HOW TO USE THIS REPORT 

As states continue to approve legislation enabling the physician-supervised use of medical marijuana, more 

patients with varying disease types are exploring the use of therapeutic cannabis. Many of these patients and 

their physician s are now discussing this issue for the first time and are seeking guidance on whether the 

therapeutic use of cannabis may or may not be advisable. This report seeks to provide this guidance by 

summarizing the most recently published scientific research (2000-2013) on the therapeutic use of cannabis 

and cannabinoids for 20 clinical indications. 

In some of these cases, modern science is now affirming longtime anecdotal reports or medical cannabis users 

(e.g., the use of cannabis to alleviate GI disorders). In other cases, this research is highlighting entirely new 

potential clinical utilities for cannabinoids (e.g. , the use of cannabinoids to modify the progression 

of diabetes .) 

The conditions profiled in this report were chosen because patients frequently inquire about the therapeutic use 

or cannabis to treat these disorders. In addition, many of the indications included in this report may be 

rnoderated by cannabis therapy. In several cases, preclinical data and clinical data indicate that cannabinoids 

may halt the advancement of these diseases in a more efficacious manner than available pharmaceuticals. 
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For patients and their physicians, this report can serve as a primer for those who are considering using or 

recommending medical cannabis. For others, this report can serve as an introduction to the broad range of 

emerging clinical applications for cannabis and its various compounds. 

Paul Armentano 

Deputy Director 

NORML I NORML Foundation 

Washington, DC 

January 7, 2014 

* The author would like to acknowledge Drs. Dale Gieringer, Estelle Goldstein , Dustin Sulak, Gregory Carter, 

Steven Karch , and M itch Earleywine, as well as Bernard Ellis, MPH, former NORML interns John Lucy, 

Christopher Rasmussen, and Rita Bowles, for providing research assistance for this report. The NORML 

Foundation would also like to acknowledge Dale Gieringer, Paul Kuhn , and Richard Wolfe for their financial 

contributions toward the publication of this report. 

** Important and timely publications such as this are only made possible when concerned citizens become 

involved with NORML. For more information on joining NORML or making a donation , please 

visit: http://www.norml.org/jo in . Tax-deductible donations in support of NORML's public education 

campaigns should be made payable to the NORML Foundation. 
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MPP - Marijuana Policy Project 

1. Prohibition has failed - marijuana use is mainstream and widespread. 
When the federal government first effectively prohibited marijuana in 1937, relatively few Americans had even 
heard of it. Today, according to government data, over 1 OOmillion Americans admit to having tried it (22.2 
million in the last month), and every year, the Monitoring the Future survey finds that 4 out of 5 of high school 
seniors say marijuana is easy to obtain. 
2. Prohibition is an immense waste of public resources, while marijuana taxation 
would bring in much-needed revenue. 
A sample estimate conducted by the Congressional Research Service projected that replacing marijuana 
prohibition with a system of taxation and regulation would yield $6.8 billion in excise taxes alone. 
3. Arresting and prosecuting marijuana offenders prevents police from focusing on real 
crime. 
In 2014 alone, the FBI reported more than 700,000 marijuana arrests and citations for marijuana - significantly 
more than for all violent crimes combined. Meanwhile, FBI data showed that less than half of violent crimes and 
only 20.2% of property crimes were cleared nationwide in 2014. 
4. Prohibition sends an incredible number of Americans through the criminal justice 
system, ruining countless lives. 
According to the FBI, since 1995, there have been more than 12 million U.S. marijuana arrests. Eighty-eight 
percent of these arrests were tor possession - not manufacture or distribution. 
5. Marijuana laws are enforced unevenly. 
According to the ACLU, blacks are more than three times more likely to be arrested tor marijuana possession 
than are whites, despite the fact that use rates among African Americans are proportional to use rates among 
whites. While marijuana users who were not convicted have gone on to be president or Supreme Court justice, 
a criminal conviction can stand in the way of securing a job; getting housing; or receiving a professional license, 
student loans, food assistance, a driver's license, a firearms permit, or the right to vote. 
6. There is no evidence that imposing criminal penalties on marijuana use reduces its 
use. 
The National Research Council found that "perceived legal risk explains very little in the variance of individual 

drug use." In 2008, the World Health Organization found that in the Netherlands, where adults are allowed to 
purchase and possess small amounts of marijuana, both teen and adult marijuana use is significantly lower 
than in the U.S., where marijuana is illegal. 
7. Prohibition makes control impossible. 
Unlike licensed businesses in Colorado or Washington, illicit marijuana sellers operate virtually anywhere and 
have no incentive not to sell to minors. Prohibition guarantees that marijuana cannot be inspected for purity and 
potency, thus creating possible health hazards as a result of contamination by dangerous pesticides, molds, 
bacteria, or even the lacing of marijuana. Under regulation, producers and sellers must comply with zoning, 
health and safety, and other rules. 
8. Marijuana prohibition breeds violence. 
Currently, the only sellers of marijuana are criminals. As in 1920s Chicago, since disputes cannot be 
solved lawfully, violence is inevitable. According to Human Rights Watch, between 2006 and 2012, more than 
60,000 people were killed in Mexican drug cartel-related violence. Those purchasing marijuana illegally also 
may face muggings and other violence. 
9. Prohibition is bad for the environment. 
Because marijuana cultivation is illegal, unlicensed, and carries felony charges, it often takes place in 
environmentally damaging locations such as national parks and wilderness areas. Under taxation and 
regulation, marijuana sales would be relegated to regulated, licensed businesses, which would cultivate in 
legally zoned areas. 
10. Marijuana is safer than alcohol. 
Unlike legal substances such as prescription opiates, alcohol, Tylenol, and even water, marijuana has never 
caused a single medically documented overdose death in recorded history. Alcohol causes hundreds of 
overdose deaths each year, and in 2013 (the latest year for which data is available), the U.S. Centers for 
Disease Control and Prevention reported 29,001 "alcohol-induced deaths." The British government's 
official scientific body on drug policy concluded that [legally regulated drugs] alcohol and tobacco are 
"significantly more harmful than marijuana." It's time to stop penalizing Americans who use the safer substance. 



Crime 

Colorado and Washington: 
Life After Legalization and Regulation 

"I can tell you anecdotally that the average person would say it was 

much ado about nothing. I would say that the rollout was extremely 
smooth, the sky hasn't fallen like some had predicted, and we're 
moving forward and trying to fine tune this regulatory model." 

- Ron Kammerzell, Deputy Senior Director of Enforcement for the 
Colorado Department of Revenue, the marijuana regulatory agency 

• In Colorado, marijuana cases filed in state courts plummeted 77% between 2012 and 2013. Petty 
marijuana possession charges also fell 81 %. 1 

• In Denver, in the first six months of 2014, overall crime decreased 10% from the first half of 2013, and 
violent crime dropped 3%.2 

• In 2013 in Washington, 120 misdemeanor cases were filed, which is down from 5,531 cases in 2012, 
freeing up law enforcement time to focus on serious crime.3 

Taxes 
• Colorado collected over $12 million in retail marijuana taxes in the first five months of sales.4 

• In Colorado, the legislature has set aside $2.5 million in marijuana tax revenue to allow schools to hire 
health professionals. 5 

• Officials estimate that, next year, the marijuana contribution to Department of Education Building 
Excellent Schools Today, or BEST, grants will be about $10 million. 

• Despite a limited supply, due to most growers not yet producing cannabis, the first month oflegal 
marijuana sales in Washington has generated just under $3.8 million in sales, an estimated $1 million in 
state taxes. 6 

1 John Ingold, "Marijuana case filings plummet in Colorado following legalization; Denver Post, Jan. 12, 2014. 

' www.denvergov.org/Porta I s/7 20/ documents/ statistics/2014/UCR_ Citywide_Reported%20 _ Offenses _2014.pdf 

' "Washington's new marijuana law may be freeing up police resources; Associated Press, March 19, 2014. 
news/i ndex.ssf /2014/03/wash i ngtons _new_ ma rij u a na_law.html 

• http://www.colorado.gov/cs/Satellite/Revenue-Main/XRM/1251633259746 

5 Yesenia Robles, "Colorado schools starting to see pot tax revenue for capital projects;'The Denver Post, July 31, 2014. 

' Washington's marijuana sa les reach $3.8 million in 1st month," Associated Press, Aug. 8, 2014. 
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Colorado and Washington: 
Life After Legalization and Regulation 

Jobs 
• More than 10,000 occupational licenses have been issued for jobs created directly by Colorado's 

marijuana industry. 7 

• More than one thousand people lined up on a blustery March day in Denver to participate in a cannabis 
job fair.8 

• Collateral sectors: Lawyers, accountants, construction workers, landlords, advertisers, consultants, 
security, insurance, transportation, and indoor growing-supply equipment providers. 

Teens' Marijuana Use 
• Since marijuana became legal for adults' use, teen marijuana use appears to have slightly decreased 

in Colorado. Current marijuana use among high schoolers fell from 22% in 2011 to 20% in 2013. 
Meanwhile, teens' lifetime marijuana use declined from 39% to 37%.9 

• Sting operations conducted by state regulators and local police found no Colorado marijuana retailers 
selling to minors. 10 

Road Safety 
• In the first seven months since retail sales of marijuana began in Colorado, the number of monthly 

traffic fatalities is well below the average number since 2002. 11 

• In Washington, road fatalities appear to have decreased slightly between 2012 and 2013 (the first year 
after I-502 passed), from 440 to 438. 12 

Tourism 
• Colorado ski resorts enjoyed a record-breaking season last winter, with 12.6 million visitors.13 In Denver, 

14 million tourists spent an all-time high of $4 billion. 14 

Real Estate 
• In 2013, Colorado home sales increased 26.3%, and the median price of homes sold jumped 10%.15 

• In 2013, Denver attracted more sales of single-family homes than during the housing boom, 16 and is 
ranked among the top commercial real estate markets to watch. 17 

' http://www.colorado.gov/cs/Satellite/ Rev-MMJ/CBON/ 1251581331216 

• http://www.cbsnews.com/ news/ marijuana-job-fair-attracts-hundreds-of-job-seekers/ 

• Colorado Department of Public Health and the Environment, "New survey documents youth marijuana use, need for prevention; Aug. 7, 2014. See: 
http://www.coprevent.org/201 4/08/ new-survey-documents-youth-marijuana.html 

10 "Colorado: Pot shops not selling to kids; NBC 9News, June 26, 2014 

11 Radley Balko. "Since marijuana legal ization, highway fatalit ies in Colorado are at near-historic lows;' Wash ington Post, Aug. 5, 2014. 

12 http:/ /www-stage.wtsc.wa.gov/wp-content/u ploads/downloads/2014/07/201 3-Prel iminary-Collision-Summary _Final.pdf 
http://www-stage.wtsc.wa.gov/wp-content/u ploads/downloads/2014/03/201 2_Annual_ Collision_Summary _ V2.pdf 

13 Jason Blevins, "Colorado skier visits surge to 1 2.6M in 2013-14, set new season record;' Denver Post, June 12, 2014. 

14 Jason Blevins, "Denver tourists spend record $4.1 billion in 2013;' Denver Post, June 18, 2014. 

15 Svald i, Aldo, "Denver housing market seen as finding balance in 2014;' The Denver Post, January 19, 2014. 

1
• Aldo Svaldi, "Denver home sa les break record set in housing boom;' Denver Post, January 8, 2014. 

" Dennis Huspeni, "Denver ranks as a top 'market to watch' for commercial real estate; Denver Business Journal, Jan. 17, 2014 
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Introduction 

Despite decades of prohibition and aggressive 
enforcement of criminal laws, marijuana remains widely 
consumed and universally available. Polls consistently 
show a majority of voters nationwide are in favor of the 
legalization of marijuana in the United States.1 Four 
states and the District of Columbia have legalized the 
adult use of marijuana and voters in five other states -
California, Arizona, Nevada, Massachusetts, and Maine 
- will vote on the legalization of marijuana on 
November 8, 2016.2 As they consider the implications 
of legalization for their respective states, voters and 
policymakers alike look to how legalization has played 
out in Colorado, Washington, Alaska, Oregon, and 
Washington, D .C. 

Not all state legalization laws and regulations are created 
equal.3 Wide disparity exists among these states in how 
they have sought to regulate marijuana for adult use.4 

Some regulatory systems have been operating for more 
than two years (Colorado and Washington), while some 
are just beginning (Alaska and Oregon), and some do 
not have any regulatory system yet (Washington, D.C.). 

Ballot Measure D ate Ballot D ate Possession 
Measure Passed Legalized 

Colorado 11/6/2012 12/10/2012 
(Amendment 64) 

Washington (Initiative 11/6/2012 12/6/2012 
502) 

Alaska (Ballot 11/4/2014 2/ 24/ 2015 
Measure 2) 

Oregon (Measure 91) 11 / 4/ 2014 7/1/2015 

Washington, D .C. 11 / 4/201 4 2/26/2015 
(Initiative 71) 

So Far, So Good: 
What We Know About Marijuana Legalization in 
Colorado, Washington, Alaska, Oregon and 
Washington D.C. 

Colorado and Washington legalized the adult use of 
marijuana on November 6, 2012. While the possession 
of small amounts of marijuana became legal soon 
thereafter for adults 21 and over, retail sales did not 
begin until January 1, 2014, in Colorado, and July 8, 
2014, in Washington. Alaska, Oregon, and the District 
of Columbia similarly legalized marijuana on November 
4, 2014. Retail sales have not yet begun in Alaska or 
Oregon, although existing medical marijuana 
dispensaries in Oregon may temporarily sell marijuana to 
adults 21 and over who are not patients. Retail sales are 
currently unlawful in the District of Columbia. 

There has been little systematic evaluation of the 
legalization of marijuana since there are little data 
available and data collection across states and years is 
not uniform. It is too early to draw any line-in-the-sand 
conclusion about the effects of marijuana legalization. 
However, preliminary reports suggest that the effects 
of legalization have been either positive or negligible.5 

This report will examine the data on legalization that 
currently exist in the following categories: youth use of 
marijuana; marijuana arrests; road safety; and tax 
revenue. 

Date Retail Sales Number of Retail Stores in 
Began Operation as ofl0/12/2016 

1/1/2014 4546 

7/8/2014 4427 

The first retail licenses While a few retail licenses have 
were issued in been issued, no stores are 
September 2016. currently open. 

Retail licenses are There are no retail stores in 
expected to be issued in operation, but 3 7 6 of the 422 
Fall 2016; however, early registered medical marijuana 
retail sales of marijuana dispensaries have opted to sell to 
to adults 21 and over adults.8 

began at dispensaries on 
10/1/2015. This 
provision will expire on 
12/31/ 2016. 

Retail sales remain None. 
unlawful. 

www.drugpolicy.org 2 



Youth Use of Marijuana 

For many years youth in the United States have believed 
that marijuana is easy to obtain. This was true well 
before states began to legalize marijuana. Since 197 5, 
between 80 and 90 percent of 12th graders have said 
they could obtain marijuana easily.9 Although over the 
last several years, 8th and 10th graders have reported 
less and less accessibility.10 Despite the belief that 
marijuana is widely available, preliminary data, as 
explained below, show that the legalization of marijuana 
has had little to no impact on the overall rate of youth 
use of marijuana.11 According to the 2015 Monitoring 
the Future Survey,12 a nationwide study that surveys over 
40,000 students in grades 8, 10, and 12 each year, since 
2010, the annual prevalence of youth marijuana use has 
leveled out after rising for several years.13 

The Washington Healthy Youth Survey, administered 
biennially in even-numbered years to a representative 
sample of Washington students in grades 6, 8, 10, and 
12, found that there were no significant trends in youth 
marijuana use between 2002 and 2014, two years post
legalization (see Chart 1).14 Between 2012 and 2014 the 
rates of 8th and 10th graders who reported currently 
using marijuana in the last 30 days decreased slightly and 
rates for 6th and 12th graders remained unchanged. In 
both 2012 and 2014, 26.7 percent of 12th graders 
reported using marijuana within the last 30 days.15 In 
2014, 18.1 percent of 10th graders reported using 
marijuana within the last 30 days compared to 19 .3 
percent in 2012.16 Lifetime use rates among all 
Washington youth also remained stable.17 

Chart 1: Past 30 Day Marijuana Use Among 
Washington Youth 
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Source: Chart originally published in "l-502 Evaluation Plan and 
Preliminary Report on Implementation," Washington Institute for 
Public Policy, September 2015. 

A large survey of students in Colorado similarly reports 
that youth marijuana use has remained stable since the 
state legalized marijuana for adult use. The Colorado 
Department of Public Health and the Environment 
administered the 2015 Healthy Kids Colorado Survey to 
a random sample of 17,000 middle and high school 
students in Colorado. The number of youth reporting 
that they had used marijuana in the last 30 days declined 
from 25 percent in 2009, three years prior to legalization, 
to 21.2 percent in 2015, more than two years after 
Colorado legalized marijuana.18 In addition, the rate of 
youth in Colorado who admitted to the use of marijuana 
in their lifetime, even just once, has remained stable.19 In 
2009, 43 percent of youth in Colorado reported using 
marijuana at least once in their lifetime compared to 38 
percent of youth in 2015 (see Chart 2).20 

"Despite the belief that marijuana is widely 
available, preliminary data show that the 
legalization of marijuana has had little to no 
impact on the overall rate of youth use of 
marijuana." 

So Far, So Good: 
What We Know About Marijuana Legalization in 
Colorado, Washington, Alaska, Oregon and 
Washington D.C. 
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Chart 2: Marijuana Use Among Colorado Youth 
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Source: Chart originally published in "Marijuana Use Among Youth in 
Colorado," Colorado Healthy Kids Survey (2015). 

In 2015, the Oregon Healthy Teens Survey, 
administered biennially in odd-numbered years to 8th 
and 11th graders statewide, reported that current 
marijuana use among youth remained stable after the 
state legalized marijuana in 2014. In 2015, 9 percent of 
Oregon 8th graders reported using marijuana at least 
once in the last 30 days compared to 9.7 percent of 8th 
graders in 2013.21 In 2015, 19.1 percent of 11th graders 
reported using marijuana at least once in the last 30 days 
compared to 20.9 percent of Oregon 11th graders in 
2013.22 

The Alaska Youth Risk Behavior Survey, administered 
biennially in odd-numbered years to students in grades 9 
to 12 statewide, also reports that the percentage of high 
school students who reported current marijuana use in 
the last 30 days remained statistically stable after 
legalization. The adult use of marijuana became legal on 
February 24, 2015,23 which has not allowed for much 
time to study and compare youth use rates before and 
after legalization. However, in the spring of 2015, 19 
percent of high school students in Alaska reported using 
marijuana at least once in the last 30 days.24 This number 
is consistent with previous surveys measuring current 
use in the last 30 days - in 2013, 19.7 percent of high 
schoolers reported current use,25 and in 2011, 21.2 
percent reported current use.26 Lifetime use rates also 
remained stable among high school students in Alaska -
38.8 percent of high school students in 2015 reported 
they had used marijuana at least once in their lifetime 
compared to 39 percent in 2013.27 
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Marijuana Arrests 

Arrests in all states and Washington, D.C. for the 
possession, cultivation and distribution of marijuana 
have plummeted since voters legalized the adult use of 
marijuana, saving those jurisdictions millions of dollars 
and preventing the criminalization of thousands of 
people. 

In Colorado, the total number of marijuana arrests 
decreased by 46 percent between 2012 and 2014, from 
12,894 to 7,004 (see Chart 3a). The number of court 
filings declined 81 percent between 2012 and 2015, from 
10,340 to 1,954, with felony marijuana filings declining 
by 45 percent (see Chart 3b).2S 

The total number of low-level marijuana coun filings 
in Washington fell by 98 percent from 6,879 in 2011 to 
120 in 2013.29 

In Washington, D.C., marijuana arrests decreased 
85 percent from 2014 to 2015, with possession arrests 
falling by 98 percent from 1,840 in 2014 to 32 in 
2015 (see Chart 3c) .30 

Marijuana charges and arrests in Alaska decreased by 
59 percent between 2013 and 2015 even though retail 
sales of marijuana have not yet begun.31 

Marijuana arrests in Oregon declined by 50 percent from 
2011 to 2014. There were 4,223 arrests for all marijuana 
offenses in 2011, which dropped to 2,109 in 2014.32 

Chart 3a: Total Marijuana Arrests in Colorado 
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Chart 3b: Marijuana Court Filings in Colorado 
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Chart 3c: Total Marijuana Arrests in D.C. 
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The reduction in arrests has resulted in substantial 
savings for law enforcement and the judiciary. For 
example, Washington spent over $200 million on 
marijuana enforcement between 2000 and 2010. 33 By no 
longer arresting and prosecuting possession and other 
low-level marijuana offenses, states are saving hundreds 
of millions of dollars and thousands of adults are no 
longer getting stopped, arrested, charged, or convicted 
for the unlawful possession of marijuana. 

It is widely acknowledged that racial disparities exist in 
the enforcement of marijuana laws in this country -
blacks and Latinos are more likely to be arrested for 
marijuana crimes than whites.34 Initial data from 
Colorado and Washington show that while legalization 
substantially reduces the total number of blacks and 
Latinos arrested for marijuana offenses, it does not 
eliminate the forces that contributed to the disparity in 
the first place.35 A recent report found that in both states 
the post-legalization arrest rate for blacks was double the 
arrest rate for other races and ethnicities.36 Similarly, in 
Washington, D.C., out of 128 total arrests for 
consuming marijuana in public in 2015, 108 arrests were 
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of black people.37 More reform is needed to address law 
enforcement practices that produce such racial 
disparities in enforcement. 

Road Safety 

It is unlawful to drive while impaired by (or under the 
influence of) marijuana in every state in the country.38 
How states define or set limits on impairment varies 
substantially from state to state, including within the 
group of states that have legalized marijuana. 

Washington and Colorado both rely on blood tests to 
determine the concentration of tetrahydrocannabinol 
(fHq, the main psychoactive ingredient in marijuana, in 
a driver's system as a measure of impairment. 
Washington establishes a legal threshold of five 
nanograms of THC per milliliter of a driver's blood
results that meet or exceed that amount means the driver 
has violated the law.39 Colorado also establishes a 
threshold of five nanograms of THC per milliliter of a 
driver's blood, but anything at or above that 
concentration only triggers a presumption of 
impairment. A driver may rebut this presumption at 
trial with evidence of non-impairment.40 fo contrast, 
Oregon, Alaska, and Washington, D .C., all rely on 
trained observations of police officers to determine a 
driver's impairment.41 According to the Oregon State 
Police, law enforcement only collects blood samples in 
fatal or near fatal accidents. 42 

Unlike the widely accepted, and scientifically proven, 
link between blood alcohol concentration and 
impairment, there is no similar link between 
concentration of THC in a driver's system and 
impairment. Studies by the National Highway 
Transportation Safety Administration ("NHTSA''), the 
AAA Foundation for Traffic Safety, and academic 
researchers have all found that, unlike with alcohol, 
there is no clear correlation between specific levels of 
THC in the bloodstream and impairment.43 Variations in 
body weight, frequency, quantity of use and tolerance 
.affect the extent to which a person may be impaired by 
marijuana.44 For example, studies have shown that 
regular users do not show signs of impairment after 
using marijuana.45 Tests for THC concentration in the 
blood only show whether a driver has used marijuana 
within the past few hours, days or weeks; they do not 
objectively establish whether the driver is impaired and 
unsafe to drive.46 
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The total number of arrests for driving under the 
influence, including both alcohol and other drugs, has 
declined in Colorado and Washington. According to the 
Colorado State Patrol (CSP)i the number of D UI 
citations issued by CSP declined by 18 percent from 
5,546 in 2014 to 4,546 to in 2015, the first year after 
legal sales of marijuana.47 According to the Washington 
State Patrol, all DUI arrests declined by 8 percent from 
2013 to 2014.48 While it is too soon to know the reason 
for this decline, some studies suggest that some people 
use marijuana as a substitute for substances like alcohol 
and opiates, which are more clearly correlated with 
driving impairment.49 Very few of the overall number of 
D UI arrests in both states involved marijuanaii as the 
only drug (approximately 8 percent in Colorado and 4 
percent in Washington) .50 In addition, in Colorado (2015 
data are not yet available in Washington) marijuana was 
actually involved in slightly fewer D UI arrests in 2015 
than in 2014.51 

In Colorado and Washington the post-legalization traffic 
fatality rate has remained statistically consistent with pre
legalization levels, is lower in each state than it was a 
decade prior, and is lower than the national rate (see 
Chart 4).52 According to a recent report analyzing 
available post-legalization data, no obvious increases in 
traffic fatalities occurred after legalization or after the 
opening of retail stores in Colorado and Washington.53 

In Oregon and Alaska, data are limited, but early 
indications show that traffic fatality rates have remained 
stable since legalization.54 Legalization has not led to 
more dangerous road conditions. 

i According the "Marijuana Legalization in Colorado: Early Findings" 
report published by the Colorado Department of Public Safety, the 
Colorado State Patrol is "the best agency to use as a benchmark for 
issues related to impaired driving in Colorado," because it accounts for 
20 percent of all DUI arrests in the state; it began collecting 
information on the perceived impairing substance(s) of drivers in early 
2014, and it has the most drug recognition experts of any law 
enforcement agency in Colorado. 

ii "Involving marijuana" refers to instances in which a driver may have 
tested positive for THC but is not actually impaired. 
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Chart 4: Traffic Fatalities Rate per 100 Million 
Vehicle Miles Traveled 
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While THC has been detected in more drivers involved 
in fatal crashes in Washington, the link between this 
increase and driver impairment is unknown. In 2014, 
there were 72 drivers in fatal crashes who tested positive 
for THC, alone or in combination with alcohol or other 
drugs, compared to 44 drivers in 2010.ss Only 20 of the 
drivers in fatal crashes in 2014 tested positive for THC 
alone, compared to 9 drivers in 2010.56 However, the 
increase by itself does not show that more people are 
driving while impaired by marijuana or that the fatalities 
were caused by impaired driving.57 

Instead, this may be a result of changes to THC 
screening and data reporting procedures post
legalization. For example, prior to legalization, 
Washington did not routinely test drivers to determine 
whether THC was involved in a fatal crash and 
researchers had to retroactively and manually abstract 
this information. This methodology is subject to a high 
error rate and cannot be accurately compared to the real 
time THC tests conducted post legalization.58 National 
data from the NHTSA are also limited by wide 
variations in testing procedures and testing and reporting 
policies.59 Post legalization, the NHTSA Fatality 
Analysis Reporting System data had to be manually 
appended to include THC toxicity information as well. 
For these reasons and the lack of historical comparison 
value, NHTSA warns against comparing these numbers 
across years or jurisdictions.60 An increase in drivers 
testing positive for THC may also demonstrate an as
expected increase in marijuana use by adults over 21 
years of age in the states that have legalized.61 The data 
only illuminate that tested drivers consumed marijuana 
hours, days, or weeks prior to the test, possibly long 
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• 

before the impairment effects wore off-they cannot 
state whether a driver was impaired by marijuana. 

Tax Revenues 

Taxes imposed on marijuana for adult use in Colorado 
and Washington have been overwhelmingly successful in 
generating revenue.62 While revenue collection began 
slowly during the first year of retail sales - as state and 
local governments and consumers became familiar with 
the new system - revenue exceeded initial estimates by 
the second year.63 Oregon has only just begun to collect 
taxes on marijuana and Alaska has not yet started.64 

Colorado was initially projected to bring in $70 million 
in annual tax revenue.65 Excluding taxes on medical 
marijuana, the state went on to collect $78 million in the 
first full fiscal year after retail sales began Oune 1, 2014, 
to May 31, 2015) and $129 million in the second full 
fiscal year Oune 1, 2015, to May 31, 2016).66 These 
revenues fund school construction, marijuana 
enforcement and general state needs. The state has 
scheduled a tax reduction for July 2017, which will 
reduce the 10 percent special marijuana sales tax on 
retail marijuana sales to 8 percent.67 In addition to the 
10 percent tax, there is a 15 percent excise tax on 
wholesale marijuana, a standard 2.9 percent state sales 

tax, adding up to an effective tax rate of 29 percent, 
excluding any additional local taxes.68 

Revenue analysts predicted the taxation of marijuana in 
Washington would bring in $162 million annually for the 
first two years.69 In its first fiscal year Quly 1, 2014, to 
June 30, 2015), Washington collected almost $65 million 
in excise taxes,70 $11.5 million in retail sales tax, and $1.4 
million in business and occupation tax for a total of 
nearly $78 million.71 In its second fiscal year Quly 1, 
2015 to June 30, 2016) the state collected $186 million in 
excise taxes, $30 million in retail sales tax, and $4 million 
in business and occupations tax for a total of $220 
million.72 The state initially imposed a complicated tax 
structure that imposed a tax at each point in the supply 
chain on producers, processors, and retailers. Beginning 
in July 2015, the state changed this to impose an 
effective 37 percent tax on adult use marijuana, which 
includes a 25 percent excise tax at the point of sale, 
business and occupation tax, and retail sales tax.73 This 
tax revenue is used to fund substance abuse prevention 
and treatment programs, youth and adult drug 
education, community health care services, and academic 
research and evaluation on the effects of marijuana 
legalization in Washington.74 

Chart 5: Marijuana Tax Revenue in Colorado and Washington 
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Sources & Notes: 

[1] Sale of retail marijuana began on Jan. 1, 
2014, in Colorado. For purposes of 
comparison, these numbers do not include 
revenue from the first five months of retail 
sales (Jan . 1. 2014, to May 31 , 2014), 
which was $22.5 million. Year 1 Revenue is 
reported from June 1, 2014, to May 31 , 
2015. "Marijuana Tax Data." Colorado 
Department of Revenue. 

{2] Year 2 revenue is reported from June 1, 
2015, to May 31 , 2016. Ibid. 

[3] Sale of retail marijuana began on July 8, 
2014. Year 1 revenue is reported from July 
1, 2014, to June 30, 2015. "Recreational 
Marijuana Tax Table," Department of 
Revenue, Washington State (retail sales 
and business and occupation tax); 'Weekly 
Marijuana Report." Washington State 
Liquor and Cannabis Board (excise tax). 

[4] Year 2 revenue is reported from July 1, 
2015, to June 30, 2016. Ibid. 
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Oregon, too, has surpassed tax revenue expectations. 
The state legalized marijuana on November 4, 2014, 
although sales at adult use retail stores are not expected 
to begin until this fall. However, beginning on October 
1, 2015, the legislature allowed sales to adults 21 and 
older at registered medical marijuana dispensaries.75 The 
legislature also switched from a weight based tax at 
wholesale to a 1 7 percent retail tax on adult use sales of 
marijuana.76 Until the latter tax takes effect when retail 
stores start operation, the state has been collecting a 
temporary 25 percent retail tax since January 4, 2016, on 
sales to adults 21 and older at medical marijuana 
dispensaries. 77 There is no state sales tax in the state. In 
2014, the state Legislative Revenue Office predicted the 
state would collect an average of $23 million gross 
revenue per year. The same office recently increased this 
expectation to $31 million per year based on the lower 
tax, stronger than anticipated sales, and a movement 
away from the illicit market. 78 Oregon has been receiving 
about $4 million per month in marijuana tax revenues, 
collecting $22.5 million in just the first six months of 
adult use sales at medical marijuana dispensaries.79 

Revenues will fund schools, mental health and drug 
treatment, and law enforcement. 

The first retail license was issued in Alaska on 
September 8, 2016, but no retail stores are currently 
open. Marijuana will be taxed at $50 an ounce for 
flowers and $15 an ounce for other parts of the plant at 
the point of transfer from a marijuana cultivation facility 
to a retail marijuana store or manufacturing facility. 80 

The Alaska Department of Revenue estimates the state 
will collect $12 million annually, which will fund drug 
treatment and community residential centers.81 

So Far, So Good: 
What We Know About Marijuana Legalization in 
Colorado, Washington, Alaska, Oregon and 
Washington D.C. 

1 "American Attitudes Toward Substance Use in the United States," 
Associated Press- NORC Center for Public Affairs, accessed 
September 27, 2016, http://www.apnorc.org/PDFs/Drugs/ AP
NORC%20Drugs%20Report%20Topline.pdf. 

2 Will Greenberg, "These Are the States That Might Legalize Pot Next," 
Mother Jones, August 17, 2016, accessed September 28, 2016, 
http://www.motherjones.com/politics/2016/08/five-states-have
marijuana-legalization-ballot-november. 

3 Tyler Cole, Sarah Trumble and Lanae Erickson Hatalsky, "All State 
Marijuana Laws Are Not Created Equal," Third Way, February 27, 
2016, http:/ /www.thirdway.org/ report/ all-state-marijuana-laws-are
not-created-equaL 

4Ibid. 
5 For example, see a recent report from the Cato Institute finding that 

"on the basis of available data ... we find little support for the stronger 
claims made by either opponents or advocates." Angela Dills, Sietse 
Goffard, and Jeffrey Miron, "Dose of Reality: The Effect of State 
Marijuana Legalizations," Cato Institute, September 16, 2016, 
http:/ /www.cato.org/publications/policy-analysis/ dose-reality-effect
state-marijuana-legalizations. 

6 "Retail Marijuana Facilities," Colorado Department of Revenue, 
Enforcement Division, accessed September 28, 2016, 
https://www.colorado.gov/ pacific/ enforcement/ med-licensed
facilities. 

7 ''Weekly Marijuana Report," Washington State Liquor and Cannabis 
Board, accessed September 28, 2016, 
http://lcb.wa.gov/marj/ dashboard. 

8 "Medical Marijuana Dispensary Directory," Oregon Health Authority, 
accessed September 28, 2016, 
http://public.health.oregon.gov/DiseasesConditions/ ChtonicDisease 
/Medica!MarijuanaProgtam/Pages/ dispensary-directory.aspx. 

9 Lloyd D. Johnston, et aL, "Monitoring the Future: National Survey 
Results on Drug Use 1975-2015," accessed Septmber 28, 2016, 
http://www.monitoringthefuture.org/pubs/monographs/mtf
overview2015.pdf. 

10 Ibid. 
11 Over the last ten years, during a time of decriminalization, legalization, 

and shifting attitudes on marijuana, the prevalence of marijuana use 
disorders among youth has significantly declined. A recent study 
reported that the number of youth with marijuana-related use 
disorders declined by 24 percent from 2002 to 2013. Christian Hopfer, 
"Declining Rates of Adolescent Marijuana Use Disorders Outing the 
Past Decade May Be Due to Declining Conduct Problems," Journal of 
the American Academy of Child & Adolescent Psychiatry, 55(2016): 
439-440, accessed September 27, 2016, doi: 10.1016/j.jaac.2016.03.013. 

12 The federal government relies on thtee national surveys to track use 
of alcohol, tobacco, and illicit drugs among youth: (1) Monitoring the 
Future ("MTF''), sponsored by the National Institute on Drug Abuse 
("NIDA''); (2) the Youth Risk Behavior Survey ("YRBS''), sponsored 
by the Centers for Disease Control and Prevention ("CDC''); and (3) 
the National Survey on Drug Use and Health ("NSDUH''). Multiple 
methodological differences exist among the surveys. For example, 
MTF and YRBS are school-based surveys, while NSDUH is conducted 
at households with parental permission. While significant differences 
in levels of use are frequently observed among the surveys, the surveys 
reflect similar trends across the years. "Comparing and Evaluating 
Youth Substance Use Estimates from the National Survey on Drug 
Use and Health and Other Surveys," Substance Abuse and Mental 
Health Services Administration, December 2012, 
http://www.sarnhsa.gov/ data/ sites/ default/ files/NSDUH-M9-
Youth-2012/NSDUH-M9-Y outh-2012.pdf. 

13 "Use of ecstasy, heroin, synthetic marijuana, alcohol, cigarettes 
declined among U.S. teens in 2015," University of Michigan News 
Service, accessed October 7, 2016, 
http://www.monitoringthefuture.org/ pressreleases/ 15drugpr_comple 
te.pdf. 

14Adam Darnell, "l-502 Evaluation Plan and Preliminary Report on 
Implementation," Washington State Institute for Public Policy, 

www.drugpolicy.org 8 



September 2015, 
http://www.wsipp.wa.gov/ReportFile/1616/Wsipp_I-502-
Evaluation-Plan-and-Preliminary-Report-on
Implementation_Report.pdf. 

15 Washington State Healthy Youth Survey, accessed September 27, 
2016, http:/ /www.askhys.net/Reports. 

16 Ibid. 
17 Ibid. 
18 "Marijuana Use Among Youth in Colorado," 2015 Healthy Kids 

Colorado Survey, accessed September 28, 2016, 
https://www.colorado.gov/ pacific/ sites/ default/ files/PF_ Youth_HK 
CS_MJ-Infographic-Digital.pdf. 

19 Ibid. 
20 Ibid. 
21 "2015 Oregon Healthy Teeos Survey," Oregon Health Authority, 

accessed September 27, 2016, 
https:/ / public.health.oregon.gov /BirthDeathCertificates/ Surveys/ Ore 
gonHealthyTeens/Documents/2015/2015_0HT_State_Report.pdf. 

22 Ibid. 
23 In 1975, the Alaska Supreme Court ruled that the Alaska 

Constitution's right to privacy protected an adult's ability to use and 
possess a small amount of marijuana in the home. See Ravin v. State, 
537 P.2d 494 (Alaska 1975). While subjected to various ballot and 
legislative challenges over the years, Alaska courts have repeatedly 
upheld the right to possess and consume up to four ounces of 
marijuana in a private home. Any statute that seeks to criminalize this 
constitutionally protected conduct is unconstitutional. For an 
exhaustive review ofRavin and its progeny, see Jason Brandeis, ''The 
Continuing Vitality of Ravin v. State: Alaskans Still Have a 
Constitutional Right to Pos sess Marijuana in the Privacy of Their 
Homes," 29 Alaska L. Rev. 175 (2012). 

24 "2015 Alaska Youth Risk Behavior Survey Results," Division of 
Public Health, Alaska Departmeot of Health and Social Services, 
accessed September 28, 2016, 
http://dhss.alaska.gov/ dph/Chronic/Pages/yrbs/yrbsresults.aspx. 

25 "2013 Alaska Youth Risk Behavior Survey Results," Division of 
Public Health, Alaska Department of Health and Social Services, 
accessed September 28, 2016, 
http://dhss.alaska.gov/ dph/ Chronic/Pages/yrbs/yrbs13.aspx. 

26 "2011 Alaska Youth Risk Behavior Survey Results," Division of 
Public Health, Alaska Department of Health and Social Services, 
accessed September 28, 2016, 
http://dhss.alaska.gov/ dph/ Chronic/Pages/yrbs/yrbs 11.aspx. 

27 "Trend Analysis Report," 2015 Youth Risk Behavior Survey Results, 
accessed September 28, 2016, 
http://dhss.alaska.gov/ dph/Chronic/Documents/yrbs/2015AKTrad 
HS_YRBS_TrendReport.pdf. 

28 "Marijuana Legalization in Colorado: Early Findings, A Report 
Pursuant to Seoate Bill 13-283," Colorado Department of Public 
Safety 28, March 2016, 
http://cdpsdocs.state.co.us/ ors/ docs/ reports/2016-SB 13-283-
Rpt.pdf. 

29 "Court Filings for Adult Marijuana Possession Plummet," ACLU of 
Washington State, March 19, 2014, accessed October 12, 2016, 
https:/ / aclu-wa.org/ news/ court-filings-adult-marijuana-possession
plummet. 

30 "Press Release: One Year Anniversary of Marijuana Legalization in 
Washington, D.C.," Drug Policy Alliance, February 24, 2016, accessed 
September 28, 2016, 
http://www.drugpolicy.org/news/2016/02/friday-one-year
anniversary-matijuana-legalization-washington-dc. 

31 "2015 Anoual Drug Report," Alaska Bureau oflnvestigation 
Statewide Drug Enforcement Unit, Alaska State Troopers, accessed 
September 28, 2016, 
http:/ /www.dps.alaska.gov/ AST/ ABI/ docs/SDEUreports/2015%20 
Anoual%20Drug%20Report.pdf. 

32 "Marijuana Report," Oregon Health Authority,January 2016, accessed 
October 12, 2016, 

So Far, So Good: 
What We Know About Marijuana Legalization in 
Colorado, Washington, Alaska, Oregon and 
Washington D.C. 

https: / / public.health.oregon.gov /Prevention Wellness/ marijuana/Doc 
uments / oha-8509-marijuana-report.pdf. 

33 Status Report: Marijuana Legalization in Washington After 1 Year of 
Retail Sales and 2.5 Years of Legal Possession," Drug Policy Alliance, 
July 2015, accessed September 28, 2016, 
https:/ / www.drugpolicy.org/ sites/ default/ files/Drug__Policy _Alliance 
_Status_Report_Marijuana_Legalization_in_ W ashington_J uly2015.pdf. 

34 ''The War on Marijuana in Black and White," ACLU,June 2013, 
accessed September 28, 2016, https://www.aclu.org/files/assets/aclu
thewaronmatijuana-rel2.pdf. 

35 Keith Humphreys, "Pot Legalization Hasn't Done Anything to Shrink 
the Racal Gap in Arrests," The Washington Post, March 21, 2016, 
accessed September 28, 2016, 
https://www.washingtonpost.com/news/wonk/wp/2016/03/21/pot 
-legalization-hasnt-done-anytbing-to-shrink-the-racial-gap-in-drug
arrests/ 

36 Ibid. 
37 Press Release: One Year Anniversary of Marijuana Legalization in 

Washington, D.C.," Drug Policy Alliance, February 24, 2016, accessed 
September 28, 2016, 
http://www.drugpolicy.org/news/2016/02/friday-one-year
anniversary-marijuana-legalization-washington-dc. 

38 "Drug-Impaired Driving Laws," Governors Highway Safety 
Association, September 2016, accessed September 28, 2016, 
http://www.ghsa.org/html/ stateinfo /laws/ dre_perse_laws.htmL 

39 Rev. Code Wash.§ 46.61, accessed September 28, 2016, 
http://apps.leg.wa.gov/ rcw / default.aspx?cite=46.61.502. 

40 Colo. Rev. Stat.§ 42-4-1301(6)(a)(IV), accessed September 28, 2016, 
https://www.colorado.gov/ pacific/ enforcement/laws-constirution
statutes-and-regulations-marijuana-enforcement. 

41 Drug-Impaired Driving Laws," Governors Highway Safety 
Association, September 2016, accessed September 28, 2016, 
http:/ /www.ghsa.org/html/ stateinfo /laws/ dre_perse_laws.html. 

42 Ian K. Kullgren, "Marijuana and Driving What You Need to Know," 
The Oregonian,July 1, 2015, accessed September 28, 2016, 
http://www.oregonlive.com/politics/index.ssf/2015/07 /marijuana_a 
nd_driving_ what_you.html. 

43 Barry Logan, et. al., "An Evaluation of Data from Drivers Arrested 
for Driving Under the Influeoce in Relation to Per se Limits for 
Cannabis," AAA Foundation for Traffic Safety, May 2016, accessed 
September 26, 2016, 
https:/ / www.aaafoundation.org/ sites/ default/ files /Evaluation0£Driv 
ersinRelationToPerSeReport.pdf. 

44 Andrea Roth, ''The Uneasy Case for Marijuana as Chemical 
Impairment Under a Science-Based Jurisprudence of Dangerousness," 
103 Cal. L. Rev. 841 (2015). 

45 Johannes G. Ramaekers, et. al, "Neurocognitive Performance During 
Acute THC Intoxication in Heavy and Occasional Cannabis Users," J. 
Psychopharmacology 23 (2009): 266-77. 

46 "Traffic Safety Facts: Research Note," National Highway Traffic 
Safety Administration, February 2015, accessed September 28, 2016, 
http://www.nhtsa.gov/Driving+Safety /Research+&+ Evaluation/ Ale 
ohol+and+Drug+Use+By+Drivers. 

4 7 "Marijuana Legalization in Colorado: Early Findings, A Report 
Pursuant to Senate Bill 13-283," Colorado Department of Public 
Safety, March 2016, 
http://cdpsdocs.state.co.us/ ors/ docs/ reports/2016-SBl 3-283-
Rpt.pdf. 

48 "2014 Anoual Report," Washington State Patrol, accessed September 
28, 2016, 
http://www.wsp.wa.gov/ publications/ reports/ 2014_annual_report.pd 
f. 

49 Robert Gebelhoff, "People Substitute Alcohol for Marijuana at Age 
21, Study Says," The Washington Post,July 8, 2015, accessed October 
4, 2016, https:/ /www.washingtonpost.com/news/to-your-
health/ wp / 2015/07/08 / people-substitute-marijuana-for-alcohol-at
age-21-study-says/. 

www.drugpolicy.org 9 



SO "Marijuana Legalization in Colorado: Early Findings, A Report 
Pursuant to Senate Bill 13-283," Colorado Department of Public 
Safety, March 2016, 
http://cdpsdocs.state.co.us/ on;/ docs/ reports/2016-SB 13-283-
Rpt.pdf; "Cannabis Use Among Driver,; Suspected of Driving Under 
the Influence or Involved in Collisions: Analysis of Washington State 
Patrol Data," AAA Foundation for Traffic Safety, May 2016, accessed 
October 12, 2016, 
https:/ /www.aaafoundation.org/ sites/ default/ files/ Cannabis U seArno 
ngDriver,;InWashington.pdf. 

51 Ibid. 
52 "Fatalities and Fatality Rates by STATE, 1994 - 2014 - State: USA," 

Fatality Analysis Reporting System, National Highway Transportation 
Safety Administration, http://www.nhtsa.gov/FARS (showing that 
fatal crash rates have remained stabled in Colorado and Washington 
states since legalization); see also "Colorado Historical Fatal Crash 
Trends," Colorado Department of Transportation, September 26, 
2016, accessed September 28, 2016, 
https://www.codot.gov/library /traffic/safety-crash-data/ fatal-crash
data-city-county /historical_fatals. pdf / at_download/ file. 

53 Angela Dills, Sietse Goffard, and Jeffrey Miron, "Dose of Reality: The 
Effect of State Marijuana Legalizations," Cato Institute, September 16, 
2016, http:/ /www.cato.org/publications/policy-analysis/ dose-reality
effect-state-marijuana-legalizations. 

54Ibid. 
55 Darrin T. Goode!, "Driver Toxicology Testing and the Involvement 

of Marijuana in Fatal Crashes, 2010-2014," Washington Traffic Safety 
Commission, February 2016, accessed September 28, 2016, 
http://wtsc.wa.gov/wp-
content/ uploads/ dim_ uploads /2015 / 10 /Driver-Toxicology-Testing
and-the-Involvement-of-Marijuana-in-Fatal
Crashes_REVFeb2016.pdf. 

56 Ibid. 
57 Ibid.; Ed Wood & Stacy Salomonsen-Sautel, ''DUID prevalence in 

Colorado's DUI citations," J Safety Res. 57 (2016): 33-8. 
58 Goode!, "Driving Toxicology Testing." 
59 Logan, "An Evaluation of Data." ('The Fatality Analysis Reporting 

System (FARS) is a public database containing information on traffic 
crashes that result in a fatality. These data are often used to report 
prevalence data regarding drugs and driving but there are significant 
limitations as described by the National Highway Traffic Safety 
Administration. These limitations include, but are not limited to wide 
variation in testing procedures (matrix tested, cutoff concentrations, 
equipment used, drugs included in testing), differences in policy 
regarding who is tested, and procedure for reporting data to FARS 
analysts in each state. Further, the data only indicate that a drug was 
present; no conclusions can be made regarding impairment based on 
drug positivity which could have resulted from previous day use, for 
example. Based on these limitations, while FARS data may be useful in 
identifying the prevalence of cannabis use in tested drivers, it does not 
provide overall prevalence estimates. NIITSA emphasizes that the data 
are not reliable for comparing drug use between years or across states. 
Therefore, it is impossible to make any inferences regarding 
impairment or causation from these limited data.") 

60 Ibid. 
61 The use of marijuana by adults (26 and older) has steadily increased 

over the last decade. "Key Substance Use and Mental Health 
Indicator,; in the United States: Results from the 2015 National Survey 
on Drug Use and Health," September 2016, accessed October 4, 2016, 
http://www.sarnhsa.gov/ data/ sites/ default/ files/NSDUH-FFR1-
2015/NSDUH-FFR1-2015/NSDUH-FFR1-2015.pdf. 

62 Joseph Henchman and Morgan Scarboro, "Marijuana Legalization and 
Taxes: Lessons for Other States from Colorado and Washington," Tax 
Foundation, May 2016, accessed September 28, 2016, 
http://taxfoundation.org/ sites/ taxfoundation.org/ files/ docs /TaxFou 
ndation_SR231.pdf. 

63 Ibid. 

So Far, So Good: 
What We Know About Marijuana Legalization in 
Colorado, Washington, Alaska, Oregon and 
Washington D.C. 

64 The actual numbers for reported revenue in Colorado and 
Washington depend on whether the numbers refer to a calendar year 
or fiscal year. Many news reports refer to the calendar year. However, 
Colorado's fiscal year is June 1 to May 31 and Washington's fiscal year 
is July 1 to June 30. 

65 Niraj Chokshi, "Marijuana Could Deliver More Than $800 million in 
Revenue to Washington and Colorado," The Washington Post, 
September 26, 2014, accessed September 28, 2016, 
https:/ /www.washingtonpost.com/blogs/ govbeat/wp/2014/09 /26/ 
marijuana-could-deliver-more-than-800-mil!ion-in-revenue-to
washington-and-colorado/ 

66 "Marijuana Tax Data," Colorado Department of Revenue, accessed 
October 7, 2016, 
https://www.colorado.gov/ pacific/ revenue/ colorado-marijuana-tax
data. 

67 John Frank, "Colorado to Offer One-Day Tax Holiday on 
Marijuana," The Denver Post, June 4, 2015, accessed September 28, 
2016, http://www.denverpost.com/ 2015/06/04 / colorado-to-offer
one-day-tax-holiday-on-marijuana/. 

68 Henchman and Scarboro, ''Marijuana Legalization and Taxes." 
69 Nirah Chokshi, "Marijuana Could Deliver More Than $800 Million in 

Revenue to Washington and Colorado," The Washington Post, 
September 26, 2014, accessed September 28, 2016, 
https://www.washingtonpost.com/blogs/govbeat/wp/2014/09/26/ 
marijuana-could-deliver-more-than-800-million-in-revenue-to
washington-and-colorado /. 

70 ''Weekly Marijuana Report," Washington State Liquor and Cannabis 
Board, accessed October 4, 2016, http://lcb.wa.gov/marj/dashboard. 

71 ''Recreational Marijuana Tax Table," Department of Revenue, 
Washington State, accessed October 4, 2016, 
http://dor.wa.gov/Content/ AboutUs/StatisticsAndReports/ stats_R 
MJTaxes.aspx. 

72 Ibid. 
73 Henchman and Scarboro, ''Marijuana Legalization and Taxes." 
74Ibid. 
75 Matt Fenner, "Oregon to Begin Recreational Marijuana Sales Early," 

The Huffington Post, July 28, 2015, accessed September 28, 2016, 
http:/ /www.huffingtonpost.com/ entry/ oregon-recreational
marijuana-sales_us_55b 7e75de4b0224d88344d2b. 

76 "Research Brief#4-16: Updated Marijuana Tax Revenue Estimates," 
Legislative Revenue Office, State of Oregon, May 2016, accessed 
September 28, 2016, 
https://www.oregonlegislature.gov/lro/Documents/RR%2004-
16%20Updated%20Marijuana%20Revenue%20Research%20Brief.pdf. 

77 Ibid. 
78 Ibid. 
79 Ibid.; Nodle Crombie, "Oregon Collects $25.5 Million in Marijuana 

Taxes Since Start of the Year," Oregon Live, August 22, 2016, 
accessed October 12, 2016, 
http:/ /www.oregonlive.com/ marijuana/index.ssf/ 2016 / 08/ oregon_c 
ollects_255_mil!ion_in.htrnl. 

80 Alaska Admin. Code tit. 15, § 61.100, accessed September 28, 2016, 
http://www.tax.alaska.gov/programs/ documentviewer/viewer.aspx?2 
69s. 

81 Laurel Andrews, "Here's Where Half of the Revenue From Alaska's 
Legal Pot Will Go," Alaska Dispatch News,July 12, 2016, accessed 
September 28, 2016, http://www.adn.com/alaska
marijuana/2016/07 /12/heres-where-half-of-the-revenue-from
alaskas-legal-pot-will-go /. 

www.drugpolicy.org 10 



' . 

\ 

::J) 

CNMI Cannabis Act of 2018 

We, the People, do hereby support SB20-62 also known as the CNMI Ca1mabis Act of2018 to allow accessible cannabis for medical 
and non-medical purposes. We are in support for SB20-62 to be placed on the 2018 ballot for the people to decide. Thank you! 

NAME VILLAGE 
z. 

L 

~V\.r!.11,,..::; 1-1~ ~"1 1 

Cb f?fhl- 7 1-J er Jvvlc7 - _ ~ 
/o/ 17 / J-J ( 



Z) 

CNMI Cannabis Act of 2018 

We, the People, do hereby support SB20-62 also known as the CNMI Cannabis Act of 2018 to allow accessible cannabis for medical 
and non-medical purposes. We are in support for SB20-62 to be placed on the 2018 ballot for the people to decide. Thank you! 

DATE SIGNATURE 



6-1 

CNMI Cannabis Act of 2018 

We, the People, do hereby support SB20-62 also known as the CNMI Cannabis Act of 2018 to allow accessible cannabis for medical 
and non-medical purposes. We are in support for SB20-62 to be placed on the 2018 ballot for the people to decide. Thank you! 

VILLAGE 



• 
• 
• 
• 
• 
• 

• 

• 

• 

• 

• 

__s·,,u1.~pet, t({) ; 

&1;~ JJe-~10 
~ :q,- /,); 7 /1 .. ) 

:.iAsPET PHARMAcoLoG1cAL 
· ·-::: REVIEWS 

Home 
Articles 
Information 
About Us 
Editorial Beard 
Alerts 

U1herRe11e11 Anicle 

Search for this keyword: http://pharmrev.aspetjournals.org/content/58/3/389 

2earch j 
Advanced Search 

• Visit Pharm Rev on Facebook 

• Follow Pharm Rev on Twitter 

• Follow ASPET on Linkedln 

The Endocannabinoid System as an 
Emerging Target of Pharmacotherapy 
Pal Pacher, Sandor Batkai and George Kunos 

Pharmacological Reviews September 2006, 58 (3) 389-462; DOI: https://doi.org/10.1124/pr.58.3.2 

Article 

Figures & Data 

Info & Metrics 

eLetters 

PDF 

Abstract 

The recent identification of cannabinoid receptors and their endogenous lipid ligands has 
triggered an exponential growth of studies exploring the endocannabinoid system and its 



regulatory functions in health and disease. Such studies have been greatly facilitated by the 
introduction of selective cannabinoid receptor antagonists and inhibitors of endocannabinoid 
metabolism and transport, as well as mice deficient in cannabinoid receptors or the 
endocannabinoid-degrading enzyme fatty acid amidohydrolase. In the past decade, the 
endocannabinoid system has been implicated in a growing number of physiological functions, 
both in the central and peripheral nervous systems and in peripheral organs. More importantly, 
modulating the activity of the endocannabinoid system turned out to hold therapeutic promise in 
a wide range of disparate diseases and pathological conditions, ranging from mood and anxiety 
disorders, movement disorders such as Parkinson's and Huntington's disease, neuropathic pain, 
multiple sclerosis and spinal cord injury, to cancer, atherosclerosis, myocardial infarction, stroke, 
hypertension, glaucoma, obesity/metabolic syndrome, and osteoporosis, to name just a few. An 
impediment to the development of cannabinoid medications has been the socially unacceptable 
psychoactive properties of plant-derived or synthetic agonists, mediated by CB 1 receptors. 
However, this problem does not arise when the therapeutic aim is-achieved by treatment with a 
CB 1 receptor antagonist, such as in obesity, and may also be absent when the action of 
endocannabinoids is enhanced indirectly through blocking their metabolism or transport. The use 
of selective CB2 receptor agonists, which lack psychoactive properties, could represent another 
promising avenue for certain conditions. The abuse potential of plant-derived cannabinoids may 
also be limited through the use of preparations with controlled composition and the careful 
selection of dose and route of administration. The growing number of preclinical studies and 
clinical trials with compounds that modulate the endocannabinoid system will probably result in 
novel therapeutic approaches in a number of diseases for which current treatments do not fully 
address the patients' need. Here, we provide a comprehensive overview on the current state of 
knowledge of the endocannabinoid system as a target of pharmacotherapy. 

I. Introduction 

Marijuana, or cannabis, is the most widely used illicit drug in Western societies and also the one 
with the longest recorded history of human use. The popularity of marijuana as a recreational 
drug is due to its ability to alter sensory perception and cause elation and euphoria, most vividly 
described by the 19th century French poet, Charles Baudelaire, in his book Les Paradis 
Artificiels(lversen, 2000). However, the ability of extracts of the hemp plant (Cannabis sativa) 
to cause a variety of medicinal effects unrelated to its psychoactive properties had been 
recognized as early as the third millennium BC, when Chinese texts described its usefulness in 
the relief of pain and cramps (Mechoulam, 1986). In ancient India, the anxiety-relieving effect 
of bhang (the Indian term for marijuana ingested as food) had been recorded more than 3000 
years ago. The use of cannabis or hashish as a psychoactive substance reached Europe and the 
Americas through the Arab world in the 19th century. During the same period, cannabis extracts 
had gained widespread use for medicinal purposes until 1937, when concern about the dangers of 
abuse led to the banning of marijuana for further medicinal use in the United States. The rather 
turbulent history of marijuana and the recent resurgence of interest in its medicinal properties 
have been the subject of excellent reviews (Mechoulam, 1986; Iversen, 2000; Di Marzo et al., 
2004; Howlett et al., 2004; Pertwee, 2005a; Piomelli, 2005; Di Marzo and Petrocellis, 
2006; Mackie, 2006; Pagotto et al., 2006). Added to this interest is the emergence of the 
endocannabinoid system, offering not only new insights into the mechanisms underlying the 



therapeutic actions of plant-derived phytocannabinoids but also novel molecular targets for 
pharmacotherapy. In this overview, we will briefly summarize current thoughts about the role of 
endocannabinoids in a given physiological or pathological process and then survey attempts to 
exploit this role for therapeutic gain. 

II. The Pharmacology of Cannabinoids 

A. Cannabinoid Receptors and Ligands 

Up until the last two decades, marijuana research was a rather esoteric field, of interest to a small 
number of scientists. A contributory factor was the highly lipophilic nature of the biologically 
active ingredients, which led to the notion that marijuana elicits its effects nonspecifically by 
perturbing membrane lipids (Lawrence and Gill, 1975). The first important breakthrough that 
ultimately led to a rejection of this concept was the identification by Gaoni and Mechoulam 
~4Tofthecorrecrclremicrustructure-of-the-m-a1h_p_sytb-oactive mgred1ent of mar1Juana, /i9-

tetrahydrocannabinol (THC!), and the subsequent demonstration that bioactivity resides in the l
stereoisomer of this compound (Mechoulam and Gaoni, 1967), which is one of approximately 
60 cannabinoids present in the plant (Dewey, 1986). This discovery stimulated the generation of 
a whole range of synthetic analogs in the 1970s that included not only compounds structurally 
similar to phytocannabinoids (Fig. lA) but also analogs with different chemical structures, 
including classic and nonclassic cannabinoids and aminoalkylindoles (Fig. lB) (Howlett et al., 
2002), as well as the subsequently discovered endogenous arachidonic acid derivatives or 
endocannabinoids (Fig. 1 C), which are discussed in more detail below. Studies of the biological 
effects of THC and its synthetic analogs revealed strict structural selectivity (Hollister, 1974) as 
well as stereoselectivity (Jones et al., 1974), telltale signs of drug-receptor interactions. 
Definitive evidence for the existence of specific cannabinoid receptors was followed soon by the 
demonstration of high-affinity, saturable, stereospecific binding sites for the synthetic 
cannabinoid agonist [3H]CP-55,940 in mouse brain plasma membranes, which correlated with 
both the in vitro inhibition of adenylate cyclase and the in vivo analgesic effect of the compound 
(Devane et al., 1988). The availability of a radioligand also allowed the mapping of cannabinoid 
receptors in the brain by receptor autoradiography (Herkenham et al., 1991b ). This mapping 
turned out to be of key importance in the subsequent identification of an orphan G protein
coupled receptor (GPCR) as the brain receptor for cannabinoids (Matsuda et al., 1990), later 
named CB 1 receptor, based on the overlapping regional distribution of the mRNA for this GPCR 
and [3H]CP-55,940 binding sites. CB 1 receptors are the most abundant receptors in the 
mammalian brain but are also present at much lower concentrations in a variety of peripheral 
tissues and cells. A second cannabinoid GPCR, CB2, is expressed primarily in cells of the 
immune and hematopoietic systems (Munro et al., 1993) but recently were found to be present 
in the brain (Van Sickle et al., 2005; Gong et al., 2006), in nonparenchymal cells of the cirrhotic 
liver (Julien et al., 2005), in the endocrine pancreas (Juan-Pico et al., 2005), and in bone 
(Karsak et al., 2004; Idris et al., 2005; Ofek et al., 2006). Two splice variants of CB 1receptors 
have been also identified: CBIA, which has an altered amino-terminal sequence (Shire et al., 
1995), and CBrn, which has an in-frame deletion of 33 amino acids at the amino terminus 
(Ryberg et al., 2005). The mRNAs of both splice variants are expressed at much lower levels 



than the CB1 mRNA and, although the receptors expressed from the cDNAs have unique 
pharmacology (Ryberg et al., 2005), evidence for their natural expression has not been reported. 
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An interesting twist on the steric selectivity of cannabinoid receptors has emerged through recent 
studies of the behaviorally inactive phytocannabinoid (-)-cannabidiol (CBD) and its synthetic 
analogs, which have negligible affinity for either CB1 or CB2 receptors. Paradoxically, some of 
the synthetic ( + )-( + )-stereoisomers of these compounds were found to bind potently to both 
CB1 and CB2 receptors (Bisogno et al., 2001) but to display only peripheral and not centrally 
mediated cannabinoid-like bioactivity, suggesting that they may act as antagonists rather than 
agonists at central, but not peripheral, CB1 receptors (Fride et al., 2005). 
Another ligand that displays central versus peripheral selectivity is ajulernic acid, a metabolite of 
THC that was found to have potent anti-inflammatory and analgesic properties without any overt 
behavioral or psychoactive effects (Burstein et al., 1992; Dyson et al., 2005; Mitchell et al., 
2005). Ajulemic acid was reported to bind to both CB1 and CB 2 receptors with reasonably high 
affinity (Kctl00-200 nM) but only to activate the latter (Rhee et al., 1997), which may explain its 
unique and therapeutically attractive pharmacological profile. A more recent study indicated 



even higher affinities for CB1 (Ki 6 nM) and CB2 receptors (Ki 56 nM) and specified the role of 
CB1 in mediating its antihyperalgesic activity in neuropathic pain (Dyson et al., 2005). This 
article also documented limited brain penetration of ajulemic acid compared with other 
cannabinoids, which may account for its favorable therapeutic profile. Ajulemic acid also binds 
to peroxisome proliferator-activated receptor y receptors with low (micromolar) affinity, which 
was proposed to account for its effect on adipocyte differentiation (Liu et al., 2003b ). 
Among the 60 or so cannabinoids present in marijuana, only THC is psychoactive. However, 
some of the other constituents, such as cannabidiol, have well-documented biological effects of 
potential therapeutic interest, such as antianxiety, anticonvulsive, antinausea, anti-inflammatory 
and antitumor properties (Mechoulam et al., 2002c; Grotenhermen, 2004; Vaccani et al., 
2005). Cannabidiol does not significantly interact with CB1 or CB2 receptors, and its actions have 
been attributed to inhibition of anandamide degradation or its antioxidant properties 
(Mechoulam and Hanus, 2002; Mechoulam et al., 2002c ), or an interaction with as yet 
unidentified cannabinoid receptors (see below). Another marijuana constituent of potential 
therapeutic interest is tetrahydrocannabivarin (Markus, 1971), which has recently been shown to 
have CB1 antagonist properties (Thomas et al., 2005). 

-----~1n-aa~a-,--1t1on to CB1 and CB2 receptors, pharmacological evidence has been accumulating over the 
years to support the existence of one or more additional receptors for cannabinoids (reviewed 
in Begg et al., 2005). Two of these possibilities have been more extensively explored: an 
endothelial site involved in vasodilation and endothelial cell migration (Jarai et al., 1999; !kgg 
et al., 2003; Mo et al., 2004), and a presynaptic site on glutamatergic terminals in the 
hippocampus mediating inhibition of glutamate release (Hajos et al., 2001). Responses elicited 
at both of these sites were reported to survive genetic ablation of CB1 receptors, yet be sensitive 
to inhibition by the CB 1 antagonist SR 141716 or by pertussis toxin but not by the CB 1 antagonist 
AM251 (Jarai et al., 1999; Haios and Freund, 2002; Ho and Hiley, 2003; Offertaler et al., 
2003; O'Sullivan et al., 2004a,,h). However, the two sites are apparently different. The 
aminoalkylindol WIN 55,212-2 was found to be an agonist and capsazepine an antagonist at the 
hippocampal (Haios and Freund, 2002) but not at the endothelial receptor (Wagner et al., 
1999; Mukhopadhyay et al., 2002). On the other hand, certain atypical cannabinoids with no 
affinity for CB1 or CB2 receptors behave as agonists (abnormal cannabidiol, 0-1602) or 
antagonists at the endothelial receptor (cannabidiol, 0-1918) but not at the hippocampal receptor 
(Begg et al., 2005). Arachidonoyl-L-serine, an endogenous lipid discovered in rat brain, has been 
found to be a vasodilator acting at the endothelial cannabinoid receptor (Milman et al., 2006), 
although its activity at the hippocampal receptor has not yet been evaluated. The existence of this 
latter receptor has recently been called into question, as the ability of WIN 55,212-2 to suppress 
the same excitatory synapse as studied by Hajos et al. (2001) was found to be absent in two 
different strains of CB1 knockout mice, yet present in their respective wild-type controls 
(Takahashi and Castillo, 2006). Atypical cannabinoid receptors with pharmacological 
properties similar to those of the endothelial receptor have been postulated to exist on microglia, 
where they mediate microglial migration (Walter et al., 2003), and on neurons of the mouse vas 
deferens (Pertwee et al., 2002, 2005c). Activation of this latter receptor by the CBD analog 7-
0H-dimethylheptyl CBD, which is inactive at CB1,CB2, or transient receptor potential vanilloid 
type 1 (TRPV1) receptors, inhibits electrically evoked contractions of the vas deferens, and the 
effect is selectively inhibited by CBD itself. A brain cannabinoid receptor distinct from CB1 was 
also indicated by the ability of anandamide and WIN 55,212-2, but not other agonists, to 



stimulate GTPyS binding in brain plasma membranes from CB 1 knockout mice (Breivogel et al., 
2001). 
Of interest are recent findings reported in the patent literature that the orphan receptor GPR-55 
(Sawzdargo et al., 1999) recognizes a variety of cannabinoid ligands, but not WIN 55,212-2 
(Brown and lVise, 2003; Drmota et al., 2004). However, GPR-55 is apparently not expressed 
in the vascular endothelium and is sensitive to HU-210 (Drmota et al., 2004), a potent synthetic 
cannabinoid devoid of vasorelaxant properties (Wagner et al., 1999). Furthermore, it couples to 
G1/G13 and p kinase, which have been linked to vasoconstrictor rather than vasodilator responses. 
This suggests that GPR-55 is not the abnormal cannabidiol-sensitive endothelial receptor. Mice 
deficient in GPR-55 will help in defining the biological functions of this novel cannabinoid
sensitive receptor. 
Anandamide has been found to be an agonist ligand for the TRPV1 ion channel, although its 
affinity in the low micromolar range is lower than its affinity for CB 1 receptors (reviewed by Y!!!! 
der Stelt and Di Marzo, 2004). An in vitro study in rat mesenteric arteries provided evidence 
that the endothelium-independent component of anandamide-induced vasodilation is mediated 
via activation of capsaicin-sensitive TRPV 1 in sensory nerve terminals. This triggers the release 

----of CGRP, which then dilates the artery by activation of calcitonin gene-related peptid_e_r-ec_e_p_t-or_s ___ _ 
on the vascular smooth muscle (Zygmont et al., 1999). However, this mechanism does not 
contribute to the in vivo hypotensive action of anandamide, which is similar in wild-type and 
TRPV1·1· mice (Pacher et al., 2004). 
Both CB 1 and CB2 receptors are G protein-coupled receptors. Surprisingly, they share little 
sequence homology, only 44% at the protein level or 68% in the transmembrane domains, which 
are thought to contain the binding sites for cannabinoids (Lutz, 2002). Despite this, THC and 
most synthetic cannabinoids have similar affinities for the two receptors, and only recently did 
synthetic ligands that discriminate between CB 1 and CB2 receptors emerge. These include 
agonists as well as antagonists, as listed in Fig. 2. The development of potent and highly 
selective CB 1 and CB2receptor antagonists (Rinaldi-Carmona et al., 1994, 1998) is particularly 
noteworthy as it provided critically important tools to explore the physiological functions of 
endocannabinoids. For example, as it will be discussed later in this review, the appetite-reducing 
effects of the CB 1 antagonist SRI 41716 in various rodent models was the first sign to suggest 
that endocannabinoids may be tonically active orexigenic agents, representing the endogenous 
counterpart of the "munchies" caused by marijuana smoking. 
However, these antagonists, as well as most of the other CB 1 and CB2 antagonists developed to 
date, have inverse agonist properties (Bouaboula et al., 1997, 1999), so their effects do not 
necessarily reflect reversal of the tonic action of an endocannabinoid. For this reason, the 
development of CB1 and CB2 receptor-deficient mouse strains (Ledent et al., 1999; Zimmer et 

. al., 1999; Buckley et al., 2000; Marsicano et al., 2002b; Robbe et al., 2002) was similarly 
important, as the use of these animals in combination with receptor antagonists can reinforce the 
putative regulatory roles of endocannabinoids. More recently, the development of conditional 
mutant mice that lack the expression of CB1 receptors only in certain types of neurons represents 
another milestone, as it allows linking of specific neuronal populations with a well-defined 
cannabinoid-modulated behavior (Marsicano et al., 2003). 
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B. Cannabinoid Receptor Signaling 

CB 1 and CB2 receptors couple primarily to the Gi/o subtypes of G protein, and their signaling is 
remarkably complex. Although coupling to adenylate cyclase through Gi/0 usually results in 
inhibition of cyclase activity through the release of Gia isoforms, cannabinoids can also stimulate 
isoforms 2, 4, or 7 of adenylate cyclase via the release of ~'Y subunits (Rhee et al., 1998). 
Activation of adenylate cyclase also occurs when CB1 and dopamine D2 receptors are 
simultaneously activated (Glass and Felder, 1997), probably as a result of heterodimerization of 
these two types of receptors (Kearn et al., 2005). Although direct evidence for the coupling of 
CB 1 receptors to Gqni had until recently been lacking (Howlett, 2004), the agonist WIN 55,212-2, 
but not other cannabinoids, was recently reported to increase intracellular calcium in cultured 
hippocampal neurons and in human embryonic kidney 293 cells via coupling to Gqni proteins 
(Lauckner et al., 2005). Receptor dimerization may facilitate such coupling, which may account 
for CB 1-mediated mobilization of intracellular calcium in NG 108-15 neuroblastoma glioma cells 
(Sugiura et al., 1999). Cannabinoids can also inhibit different types of calcium channels 
(Mackie and Hille, 1992; Gebremedhin et al., 1999) and activate certain potassium channels 



(Mackie et al., 1995) via G protein py subunits (Ikeda, 1996). Cannabinoids can activate 
members of all three families of multifunctional rnitogen-activated protein kinases, including 
p44/42 MAP kinase (\Vartmann et al., 1995; Davis et al., 2003), p38 kinase (Liu et al., 
2000; Derkinderen et al., 2001), and JUN-terminal kinase (Liu et al., 2000; Rueda et al., 2000) 
and activate the phosphatidylinositol-3-kinase pathway (Gomez Del Pulgar et al., 2002a). These 
effects could be via G protein activation (Galve-Roperh et al., 2002; Davis et al., 2003) or 
pathways independent of G proteins via other adaptor proteins (Sanchez et al., 2001b ). Another 
G protein-independent pathway activated by cannabinoids involves G protein-coupled receptor 
kinase-3 and P-arrestin-2, which are required for desensitization, but not for internalization, of 
CB 1 receptors, and the related development of tolerance (Jin et al., 1999). Cannabinoids can also 
regulate the activity of phosphatases, as exemplified the CB 1-mediated regulation of calcineurin 
(protein phosphatase 2b) (Cannich et al., 2004) or the activation of mi to gen-activated protein 
kinase phosphatase 1, which plays an important role in the anti-inflammatory action of 
anandarnide (Eljaschewitsch et al., 2006). 
Different structural classes of cannabinoid receptor agonists have the unique ability to activate 
different signaling cascades which, in turn, influences agonist efficacy. Using an in situ 
receptor/G protein reconstitution technique, CB1 receptors were found to efficiently couple and 
activate both Giand G0 , whereas CB2 receptors only activated G0 • Furthermore, the efficacy of a 
given agonist was different whether CB 1 receptors coupled to Gi or G0 , demonstrating agonist
selective G protein signaling (Glass and Northup, 1999). Prather et al. (2000) found that the 
arninoalkylindol agonist WIN 55,212-2 activated different Gia. subunits with markedly different 
potencies. Even more striking is the recent finding that demonstrates cannabinoid agonist
selective activation of different Gia.subunits (Mukhopadhyay and Howlett, 2005). A possible 
practical implication of such findings is that unique therapeutic profiles may be achieved through 
the use of different agonists for the same receptor, and such profiles may differ from one target 
tissue to the other, depending on the pattern of G protein subunit expression. 
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At least part of this agonist selectivity in G protein activation may be related to the existence of 
distinct binding sites on CB1 receptors for different classes of ligands, as documented by site
directed mutagenesis and molecular modeling studies (see Reggio, 2003). These studies indicate 
that a K3.28A mutation in the third transmembrane domain caused a more than 1000-fold loss in 
affinity and loss of efficacy for anandamide and nonclassic cannabinoids, without affecting the 
affinity for WIN 55,212-2 (Song and Bonner, 1996). In contrast, mutations at different sites in 
the third, fifth, and sixth transmembrane helices (F3.36A, W5.43A, and W6.48A) affected the 
binding of WIN 55,212-2 and SR141716, but not anandamide (McAllister et al., 2003). 
Another important feature of cannabinoid signaling in the brain is the lack of correlation between 
the density of CB1 receptors in a given brain region and the efficiency of receptor coupling, as 
determined by GTPyS binding (Breivogel et al., 1997), which may explain why functionally 
important responses can be triggered in brain regions with very sparse CB 1 receptor expression, 
such as the brainstem (Rademacher et al., 2003) or the hypothalamus (Jamshidi and Taylor, 
2001). Selley et al. (2001) have shown that the reduction in CB1 receptor density in 
CB 1heterozygote mice was compensated for by an increase in receptor/G protein coupling 



efficiency for some, but not other, agonists. Although the underlying mechanisms for such 
compensation are not clear, differences in the degree of receptor multimerization (Mackie, 
2005), or changes in signal amplification are possibilities. Recent observations indicate that a 
considerable proportion of the psychomotor effect of cannabinoids can be accounted for by a 
signaling cascade in striatal projection neurons involving protein kinase A-dependent 
phosphorylation of DARPP-32, achieved via modulation of dopamine D2 and adenosine 
A2A transmission (Andersson et al., 2005). This represents a unique form of amplification of 
CB, signaling, as phosphorylation of DARPP-32 at Thr-34 amplifies downstream signaling via 
inhibition of protein phosphatase- I ( Greengard, 2001). It would be interesting to test whether 
the efficiency of CB, coupling to DARPP-32 is affected by cellular receptor density. 

C. Endocannabinoids 

The existence of specific receptors in mammalian cells that recognize a plant-derived substance 
rekindled the question raised two decades earlier, after brain receptors for morphine had been 
first described, i.e., is there an endogenous ligand? A positive answer was provided_i_n_1_9_9_2_b~Y~---~ 
the report by Devane et al. describing the isolation from porcine brain of the lipid arachidonoyl 
ethanolamide, named anandamide, which bound to the brain cannabinoid receptor with 
reasonably high affinity and mimicked the behavioral actions of THC when injected into rodents 
(Devane et al., 1992). Three years later a second endocannabinoid, 2-arachidonoylglycerol (2-
AG), was discovered independently by Mechoulam et al. (1995) and Sugiura et al. (1995). Since 
then, a number of related endogenous lipids with endocannabinoid-like activity have been 
reported (Fig. le), but follow-up studies about biosynthesis, cellular transport, metabolism, and 
biological function have focused on anandamide and 2-AG, with much less information available 
about the other compounds with endocannabinoid-like properties. The biochemical aspects of 
endocannabinoids have been recently reviewed by Bisogno et al. (2005). 
Anandamide is a partial or full agonist of CB, receptors, depending on the tissue and biological 
response measured. Although it also binds CB2 receptors, it has very low efficacy and may act as 
an antagonist (Gonsiorek et al., 2000). The in vivo biosynthesis of anandamide (Fig. 4) is 
believed to occur through the enzymatic hydrolysis catalyzed by a phospholipase D of a 
membrane lipid precursor, N-arachidonoyl phosphatidylethanolamide (NAPE) (Schmid et al., 
1983), which itself is generated by the enzymatic transfer of arachidonic acid in the sn-l position 
in phosphatidylcholine to the amide group of PE (Di Marzo et al., 1994; Cadas et al., 1997). 
Although a specific transacylase for the latter reaction has not yet been identified, a NAPE
specific PLD has recently been cloned (Okamoto et al., 2004). It is not yet known, however, 
whether NAPE-PLD is obligatory for the biosynthesis of anandamide, which could make it an 
attractive target of drug therapy when reduction of tissue anandamide would be of benefit. 
Indeed, there may be parallel pathways for the generation of anandamide from NAPE. A 
secretory PLA2 that can catalyze the hydrolysis of N-acyl-PE to N-acyl-lysoPE, which is then 
acted on by a lysoPLD to generate N-acyl-ethanolamides, including anandamide, was recently 
identified in the stomach (Sun et al., 2004). An alternative parallel pathway has been identified 
in our laboratory in RA W246.7 macrophages. This involves hydrolysis of NAPE to 
phosphoanandamide by a PLC, followed by dephosphorylation through a phosphatase (Liu et 
al., 2006). This latter pathway rather than PLD is the target of regulation by bacterial endotoxin, 
which increases anandamide synthesis in macrophages (Varga et al., 1998; Liu et al., 2003a). 
The existence of this pathway may also account for the recent finding that anandamide tissue 



levels are unchanged in NAPE-PLD knockout compared with wild-type mice (Leung et al., 
2006). 
2-AG is generated from diacylglycerol (DAG) by DAG lipase selective for the sn-I position 
(Fig. 4). DAG, an intracellular second messenger that activates protein kinase C, can be 
generated from phosphoinositides by a phosphoinositide-specific PLC or from phosphatidic acid 
by phosphatidic acid phosphohydrolase (Bisogno et al., 2005). Two DAG lipase isozymes, a and 
~' have been cloned (Bisogno et al., 2003). In the adult brain they are localized in the 
postsynaptic plasma membrane, in line with their putative role in generating 2-AG involved in 
retrograde transmission. 
Basal levels of 2-AG in the brain are approximately 2 orders of magnitude higher than the levels 
of anandamide. Despite this, stimulus-induced release resulting in detectable extracellular levels 
could be demonstrated only for anandamide and not for 2-AG in an in vivo rnicrodialysis study 
(Giuffrida et al., 1999). This finding illustrates that, despite growing interest in 
endocannabinoids and their roles as retrograde neurotransmitters (Wilson and Nicoll, 2002; 
Chevaleyre et al., 2006), the mechanism of their release is not well understood. Like prostanoids, 
endocannabinoids are not stored but generated on demand in response to a depolarization-

-----inducedriseinintracellular calcium or activation of various metabotropic receptors (Varma et 
al., 2001; Kim et al., 2002; Witting et al., 2004; Di et al., 2005a,,!!). A putative membrane 
endocannabinoid transporter involved in the cellular uptake of endocannabinoids (see below) 
may also be involved in their release. This is suggested by the ability of a transport inhibitor to 
prevent the release of intracellularly applied anandarnide (Maccarrone et al., 2000a; Gerdeman 
et al., 2002). 
Anandamide present in the extracellular space is accumulated by neurons and other cells by 
facilitated diffusion. This process is driven by its transmembrane concentration gradient, is 
saturable and temperature-dependent, and does not require ATP or sodium ions. Most 
importantly for the topic of the present review, anandarnide uptake is selectively inhibited by a 
variety of structural analogs, which suggests the existence of a saturable cellular component 
involved in anandarnide transport (Beltramo et al., 1997; Bisogno et al., 1997; Hillard and 
Jarrahian, 2000; Maccarrone et al., 2000a). However, a specific anandamide transporter 
protein has yet to be cloned, and it has been proposed that intracellular degradation of 
anandarnide by fatty acid amide hydrolase (FAAH) is sufficient to account for anandarnide 
uptake in long incubation periods (Glaser et al., 2003). Studies with cells isolated from 
FAAH+1+ and FAAH1

- mice did not resolve this issue, as the absence of FAAH was found not to 
affect anandarnide uptake (Fegley et al., 2004) or to reduce it substantially (Ortega-Gutierrez 
et al., 2004), albeit under different experimental conditions. Nevertheless, a FAAH-independent 
component of anandarnide uptake, inhibited by the compound UCM707, was detected in the 
latter study, supporting the notion of a protein other than FAAH being involved. This notion is 
also supported by the emergence of a number of synthetic transport inhibitors, the potencies of 
which to inhibit anandarnide uptake does not correlate with their affinities for CB 1, CB2, or 
TRPV1 receptors or their potencies to inhibit FAAH (Fig. 3). However, in view of the important 
role of F AAH in generating the transmembrane concentration gradient for anandarnide, the 
possibility that a noncatalytic region of FAAH or a FAAH-associated protein may act as 
anandarnide transporter cannot be excluded. Interestingly, the elucidation of the crystal structure 
of FAAH revealed several channel-like regions in the enzyme, granting it simultaneous access to 
both the cytosolic and membrane domains (Bracey et al., 2002). Against this possibility, 
however, is the recent report that the novel, high affinity anandamide transport inhibitor 



L Y23189 l 2 binds with similar Kct and bmax values to membranes from HeLa cells devoid of 
FAAH or transfected with FAAH, pointing to a binding site independent of the FAAH molecule 
(Moore et al., 2005). Arguments for and against the existence of a bidirectional anandamide 
transporter have been recently reviewed (Hillard and Jarrahian, 2003; Fowler et al., 
2004; McFarland and Barker, 2004; Glaser et al., 2005). 
In some in vivo studies, treatment with transport inhibitors unmasked cannabinoid-like tonic 
effects on pain sensitivity, anxiety-like behaviors, locomotor activity, and muscle spasticity, 
which is an indication of the potential therapeutic usefulness of such compounds (Moore et al., 
2005; Bortolato et al., 2006; La Rana et al., 2006). Similar and more pronounced effects have 
been reported in response to treatment with F AAH inhibitors, as discussed below. 
In contrast to the unsettled status of anandamide transport and a putative transporter protein, the 
unique role of FAAH in the in vivo degradation of anandamide has been extensively documented 
(reviewed in McKinney and Cravatt, 2005). Initial evidence for a membrane-associated 
enzyme in the liver that hydrolyzes N-N-acyl ethanolamides (Schmid et al., 1985) was followed 
by the cloning of FAAH (Cravatt et al., 1996) and the identification of its crystal structure in 
complex with an active site-directed inhibitor (Bracey et al., 2002). The unique role of FAAH in 
terminating signaling by anandamide was indicated by the phenotype of F AAH knockout mice, 
which displayed 10 to 15 times elevated levels of anandamide across the brain, supersensitivity 
to the actions of exogenous anandamide, and the appearance of tonic signaling by endogenous 
anandamide, resulting in CB 1receptor-mediated hypoalgesia (Cravatt et al., 2001; Lichtman et 
al., 2004b ), reduced anxiety (Kathuria et al., 2003), antidepressant activity (Gobbi et al., 2006), 
and lowering of blood pressure in different models of experimental hypertension (Batkai et al., 
2004b). Cravatt et al. (2004) were able to resolve the relative roles of central versus peripheral 
fatty acid amides by generating mice deficient in FAAH in peripheral tissues only. These mice 
did not display the hypoalgesia observed in mice with global deficiency in F AAH, but had a 
similar anti-inflammatory phenotype, indicating that the latter was mediated by elevated fatty 
acid amides in peripheral tissues (Cravatt et al., 2004). Interestingly, another amidohydrolase 
catalyzing the same reaction as FAAH but at acidic pH was recently identified and cloned 
(Tsuboi et al., 2005). This lysosomal enzyme is structurally unrelated to FAAH and is widely 
distributed in tissues, with highest levels in the lung, and has been recently shown to contribute 
to the physiological degradation of anandamide in macrophages but not in the brain (Sun et al., 
2005). 
Although 2-AG is also hydrolyzed by FAAH under in vitro conditions (Goparaju et al., 
1998; Lang et al., 1999), in vivo it is not a substrate of FAAH, as indicated by the unchanged 
brain levels of 2-AG in wild-type and FAAH'- mice (Osei-Hyiaman et al., 2005a). 2-AG is 
hydrolyzed in vivo by a monoacylglyceride lipase (MGL) (Dinh et al., 2002a,Q_; Saario et al., 
2004). A study of the ultrastructural distribution of FAAH and MGL revealed that in the 
hippocampus, cerebellum, and amygdala, FAAH is located postsynaptically, whereas MGL is 
localized in presynaptic axon terminals, including terminals of GABAergic interneurons (Gulyas 
et al., 2004). Correspondingly, functional studies in hippocampus indicate that depolarization
induced suppression of inhibition (DSI) is unaffected by pharmacological blockade of FAAH 
(Kim and Alger, 2004), but it is potentiated by blocking MGL (Kim and Alger, 2004; Makara 
et al., 2005), in agreement with an earlier study implicating 2-AG rather than anandamide in 
synaptic plasticity in the hippocampus (Stella et al., 1997). Further evidence supporting the role 
of 2-AG as the retrograde transmitter involved in synaptic plasticity is the preferential 



postsynaptic distribution of the major 2-AG biosynthetic enzyme, diacylglycerol lipase a, in 
hippocampus and cerebellum (Katona et al., 2006; Yoshida et al., 2006). 
However, the behavioral consequences of DSI and its modulation remain unclear: selective 
knockout of CB, receptors from GABAergic interneurons was found to abolish DSI and long
term depression (LTD) of inhibitory synapses, whereas the classic behavioral responses to THC 
remained unaffected in these animals (Monory et al., 2005). Therefore, at this point it is difficult 
to predict the potential therapeutic usefulness of selective MGL inhibitors. 

Ill. The Endocannabinoid System as Therapeutic Target in Pathophysiological 
Conditions 

A. Diseases of Energy Metabolism 

1 Endocannabinoids and Appetite Regulation 

It has been known since antiquity that use of cannabis in its various forms increases appetite, 
particularly for palatable foods, and can also result in significant weight gain (Donovan, 
1845; Berry and Mechoulam, 2002). Following the identification of THC as the main 
psychoactive principle in marijuana, the appetite-promoting effect of smoked marijuana could be 
attributed to THC even before the identification of specific cannabinoid receptors (Hollister, 
1971; Greenberg et al., 1976). Animal studies also documented the ability of THC to promote 
food intake, although consistent effects were only seen with relatively low doses (Abel, 1975), 
most likely because the significant sedation and motor impairment seen with higher doses 
interferes with the animals' ability to initiate feeding. Variability in the observed changes in 
THC-induced food intake may also relate to the feeding state of the animal, the orexigenic effect 
being optimal in presatiated animals with low basal levels of food intake (Williams et al., 1998). 
After the discovery of specific cannabinoid receptors and the introduction of selective 
antagonists, the increase in food intake caused by THC could be linked to CB, receptors, as it 
was blocked by the selective CB, antagonist SR141716, but not by the CB2 antagonist SR144528 
(Williams and Kirkham, 2002). 
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The discovery of endocannabinoids has raised the question of their potential involvement in the 
physiological control of appetite and energy metabolism. This subject has been the topic of a 
number of recent reviews (Di Marzo and Matias, 2005; Kirkham, 2005; Sharkey and 
Pittman, 2005; Pagotto et al., 2006), and only a brief summary is provided here. The first 
indication of a role for endocannabinoids in appetite control was the documented ability of low 
doses of anandamide to increase food intake, when administered either systemically (Williams 
and Kirkham, 1999; Hao et al., 2000) or into the ventromedial hypothalamus (Jamshidi and 
Taylor, 2001), and this effect could be attributed to stimulation of CB 1 receptors (Williams and 
Kirkham, 1999). Similar increases in food intake can be elicited by 2-AG administered 
systemically or into the nucleus accumbens shell region (Kirkham et al., 2002) or into the 
lateral hypothalamus (Kirkham and Williams, 2001a). Sites for the orexigenic actions of 
endocannabinoids in both the hypothalamus and the limbic forebrain suggest their involvement 
in both the homeostatic and hedonic control of eating (Harrold and Williams, 2003; Vickers 
and Kennett, 2005). Interestingly, endocannabinoid activation of hypothalamic centers, such as 
the paraventricular nucleus, may also occur indirectly via CB 1receptors on peripheral afferent 



nerve terminals (Gomez et al., 2002), most likely located in the gastrointestinal tract. Such an 
"indirect" pathway is compatible with recent findings that CB1 mRNA is present in 
cholecystokinin-containing neurons in the nodose ganglion, where CB1 mRNA expression is up
regulated by fasting and down-regulated by refeeding (Burdyga et al., 2004). 
Studies with antagonists provide more direct support for a regulatory function of 
endocannabinoids on feeding. Treatment of rats with SR141716 and the closely related 
CB1 antagonist AM251 reduced food intake under free-feeding (Arnone et al., 1997; Colombo 
et al., 1998a; Simiand et al., 1998; Chambers et al., 2003; Shearman et al., 2003) or operant 
conditions (Freedland et al., 2000; McLaughlin et al., 2003), suggesting antagonism of the 
tonic orexigenic effect of an endocannabinoid. However, SR141716 and AM251 are inverse 
agonists (Gifford and Ashby, 1996; Bouaboula et al., 1997), which may be an alternative 
mechanism by which they reduce food intake. 
Definitive evidence for the involvement of endocannabinoids in the control of food intake has 
been provided through the use of CB1 receptor-deficient mice. In a study from our laboratory, 
food-deprived CB1 knockout mice were found to eat less than their wild-type littermates, and 
their food intake was unaffected by SR141716 treatment, whereas in wild-type mice SR141716 

---reduced food intake to the levels seen in the knockout mice (Di Marzo et al., 2001b). Similar 
findings have been subsequently reported by others (Wiley et al., 2005). This indicates that part 
of the hunger-induced increase in food intake is mediated by endocannabinoids acting at 
CB1 receptors. CB1 knockout mice are also resistant to overeating caused by neuropeptide Y 
(NPY) (Poncelet et al., 2003), and SR141716 inhibits the hyperphagia of leptin-deficient mice 
even in the absence of temporary food deprivation (Di Marzo et al., 2001 b ). This latter finding 
suggests that the absence of leptin results in increased endocannabinoid activity. Indeed, 
hypothalamic levels of endocannabinoids were elevated in leptin-deficient mice and rats and 
reduced after leptin treatment, suggesting that endocannabinoids are part of the leptin-regulated 
neural circuitry involved in appetite regulation (Di Marzo et al., 2001b). Endogenous leptin may 
similarly suppress endocannabinoid levels, as indicated by our recent unpublished findings using 
mice with obesity induced by a high-fat diet, which have elevated plasma leptin levels 
proportional to their increased fat mass. Anandamide levels were significantly lower in the obese 
mice compared with their lean controls in the hypothalamus, limbic forebrain, and amygdala, 
with no difference in the cerebellum. Furthermore, there was a significant inverse correlation 
between plasma leptin levels and anandamide levels in the above three brain regions involved in 
appetite control but not in the cerebellum. 
A possible hypothalamic site for an interaction between leptin and endocannabinoids is the 
lateral hypothalamus, where CB1 receptors are present in orexin- and melanin-concentrating 
hormone (MCH)-containing neurons (Cota et al., 2003), which also express functional leptin 
receptors (Hiibschle et al., 2001; Igbal et al., 2001). These neurons project to dopaminergic 
neurons in the ventral tegmental area (Fadel and Deutch, 2002), where they modulate the 
mesolimbic dopaminergic pathway involved in food reward. Thus, they could also represent a 
site of integration of hypothalamic and extrahypothalamic structures involved in the orexigenic 
effect of endocannabinoids. The MCH-containing neurons are tonically inhibited by GABAergic 
intemeurons. Jo et al. (2005) recently demonstrated that this inhibitory tone can be suppressed by 
the depolarization-induced release of endocannabinoids from the MCH neurons and their 
retrograde activation of presynaptic CB1 receptors on the GABAergic intemeurons. The resulting 
increase in the activity of MCH neurons may contribute to the in vivo appetitive effect of 
endocannabinoids. Furthermore, this DSI could be blocked by leptin through inhibition of 



voltage-gated calcium channels in the MCH neurons, whereas it was increased 6-fold in leptin
deficient mice (Jo et al., 2005), mirroring the changes in hypothalamic endocannabinoid content 
by leptin and leptin deficiency reported earlier (Di Marzo et al., 2001b). Another hypothalamic 
site where a leptin/endocannabinoid interaction may occur is the paraventricular nucleus. At this 
site, glucocorticoids have been shown to induce endocannabinoid synthesis and 
endocannabinoid-induced suppression of synaptic excitation via a cAMP-dependent mechanism, 
and leptin was found to block these effects by a phosphodiesterase 3B-mediated decrease in 
intracellular cAMP (Malcher-Lopes et al., 2006). These effects may underlie the orexigenic 
action of glucocorticoids. 
Another recent study indicates the importance of lateral hypothalamic orexin neurons in reward
seeking behavior in general (Harris et al., 2005), suggesting that they may also be targets of the 
effects of endocannabinoids on drug reward (see section 111.B. l l .). Additionally, cannabinoids 
can increase the intake of palatable foods by acting at sites in the brainstem (Miller et al., 2004), 
which also have reciprocal neural connections with forebrain limbic structures (Saper, 2002). 
From a behavioral point of view, cannabinoids are involved in both the appetitive and 
consummatory aspects of feeding behavior (Chaperon et al., 1998; Thornton-Jones et al., 

- - -

2005), in line with their multiple sites of action in the brain. Such multiple sites of action are also 
indicated by findings that in THC-naive rats, rimonabant suppressed food-maintained operant 
responses and metabolic activity in the limbic forebrain, measured by 2-deoxyglucose uptake, 
whereas in rats made tolerant to THC, an additional metabolic inhibition was detected in the 
hypothalamus (Freedland et al., 2003). Exposure of rats to a palatable diet containing sucrose 
and condensed milk resulted in down-regulation of CB 1 receptors in limbic structures involved in 
the hedonic aspects of feeding, but not in the hypothalamus (Harrold et al., 2002). In the 
hypothalamus, the very low density of CB 1 receptors is offset by their increased coupling 
(Breivogel et al., 1997), which may be an alternative target of regulation (Basavarajappa and 
Hungund, 1999; Wang et al., 2003) that needs to be explored. 
Within the appetitive neural circuitry, endocannabinoids have been shown to interact with both 
orexigenic factors such as endogenous opioids, NPY, orexins, and ghrelin, and anorexigenic 
factors including a-melanocyte-stimulating hormone (a-MSH), corticotropin-releasing hormone 
(CRH), and the peptide product of the cocaine and amphetamine-related transcript (CART). 
Inhibition of food intake by opioidµ receptor antagonists and CB 1 receptor antagonists is supra
additive (Kirkham and Williams, 2001b; Rowland et al., 2001; Chen et al., 2004), suggesting 
a synergism between the endogenous opioid and cannabinoid systems in mediating the 
reinforcing effect of food (Solinas and Goldberg, 2005). Indeed, CB 1-deficient mice fail to self
administer morphine (Ledent et al., 1999; Cossu et al., 2001) or to release dopamine in the 
nucleus accumbens in response to morphine (Mascia et al., 1999), suggesting that the site of this 
synergism is in the mesolimbic dopaminergic pathway, which is involved in both drug and food 
reward (Le Foll and Goldberg, 2005). The observation that SR141716 inhibits the orexigenic 
effect of morphine microinjected into the hypothalamic paraventricular nucleus but not the 
nucleus accumbens shell suggests additional interactions between the two systems, unrelated to 
the hedonic aspects of feeding (Verty et al., 2003). A further intriguing parallel between the two 
systems is that opiateµ receptor knockout mice, just as CB/ mice (see below), are resistant to 
diet-induced obesity (Tabarin et al., 2005). 
As for interactions with NPY, the similar effectiveness of SR141716 to inhibit food intake in 
wild-type and NPY-1

- mice indicates that endocannabinoids are unlikely to be the primary 
compensatory factor that accounts for the lack of a lean phenotype in NPY-1

- mice (Di Marzo et 



al., 2001b). However, anandamide was found to increase and AM251 to decrease depolarization
induced NPY release in rat hypothalamic explants, suggesting that NPY may contribute to the 
orexigenic effects of cannabinoids (Gamber et al., 2005). A possible role of orexins in the 
appetitive effects of endocannabinoids is suggested by the finding that coexpression of the 
CB 1 and orexin 1 receptors results in a marked potentiation of orexin A-induced signaling 
(Hilairet et al., 2003). An important site of action of the orexigenic peptide ghrelin is the 
hypothalamic paraventricular nucleus, where its hyperphagic effect can be blocked by 
SR 141716, suggesting that ghrelin may act via the release of endocannabinoids (Tucci et al., 
2004). Endocannabinoids, in turn, may be involved in ghrelin release, at least in the periphery, as 
suggested by an SR141716-induced decrease in plasma ghrelin levels in rats (Cani et al., 2004). 
The proopiomelanocortin-derived peptide a-MSH acting at MC-4 melanocortin receptors is part 
of the leptin-regulated appetitive circuitry as a major anorectic mediator. The observations that 
SR141716 inhibits the feeding response induced by blocking MC-4 receptors, whereas a-MSH 
does not affect THC-induced feeding, suggest that CB 1 receptors are downstream from MC-4 
receptors and have an obligatory role in a-MSH effects on food intake (Vertv et al., 2004). The 
peptide product of CART is also a tonically active anorectic mediator (Kristensen et al., 1998) 
and, unlike a-MSH, may be a downstream mediator of the effect of endocannabinoids. Such an 
arrangement is suggested by the finding that SR 141716 loses its ability to reduce food intake in 
CART-'- mice (Osei-Hyiaman et al., 2005a). Furthermore, mice deficient in FAAH have reduced 
levels of CART irnrnunoreactivity in various hypothalamic and extrahypothalamic regions 
involved in appetite control, which is returned to normal levels by chronic SR141716 treatment 
(Osei-Hyiaman et al., 2005a). These findings suggest that inhibition of CART release by 
CB 1 activation may be involved in the orexigenic effect of anandamide. Finally, an interaction 
between endocannabinoids and CRH is indirectly suggested by coexpression of the mRNA for 
the CB 1 receptor with the mRNA for CRH (Cota et al., 2003) or the CRH type 1 receptor 
(Hermann and Lutz, 2005). 

2. Endocannabinoids and Peripheral Energy Metabolism. 

It is generally accepted that energy intake and utilization are regulated in a coordinated fashion, 
and factors involved in the central regulation of appetite may also affect peripheral energy 
metabolism (Seeley and Woods, 2003). The first indirect indication that cannabinoids may 
affect energy homeostasis through a mechanism other than food intake came from a study of 
marijuana smokers tested in a hospital inpatient setting (Greenberg et al., 1976). In this study, 
the marijuana-induced increase in caloric intake leveled off after a few days, whereas weight 
gain continued throughout the rest of the 21-day observation period, suggesting independent 
effects on appetite and peripheral energy metabolism. After the introduction of SR 141716 as the 
first selective CB 1 receptor antagonist (Rinaldi-Carmona et al., 1994), a similar conclusion was 
reached in normal rats treated with SR 141716 for 14 days. Tolerance to the anorectic effect of 
SR141716 developed within 5 days, whereas the reduction in body weight was maintained 
throughout the treatment period (Colombo et al., 1998a). Later, similar observations were 
reported in mice with diet-induced obesity, in which food intake was reduced transiently whereas 
the reduction in body weight was maintained when the animals were chronically treated with 
SR 141716 (Ravinet Trillou et al., 2003) or AM251 (Hildebrandt et al., 2003). These results 
suggested that factors other than appetite must be involved in the weight-reducing effect of 
CB1 antagonists. 



Peripheral targets of endocannabinoids include adipocytes, which express CB1 receptors 
(Bensaid et al., 2003; Cota et al., 2003). Stimulation of CB 1 receptors on adipocytes can affect 
lipid metabolism through regulating the level of adiponectin production (Bensaid et al., 2003), 
by increasing lipoprotein lipase activity (Cota et al., 2003), or by inhibiting AMP-activated 
protein kinase (AMPK) (Kola et al., 2005), which leads to increased lipogenesis and decrease in 
fatty acid ~-oxidation through reducing the phosphorylation and thus disinhibiting acetyl CoA 
carboxylase-1 (ACCI), the rate-limiting enzyme in fatty acid synthesis. The work by Cota et al. 
(2003) provided the first clear evidence of peripheral metabolic targets of endocannabinoids in 
vivo in a mouse model of diet-induced obesity. By careful analysis of body composition, they 
were able to establish the lean phenotype of CB 1-deficient mice that had escaped earlier 
attention. Furthermore, the use of a pair-feeding paradigm revealed that hypophagia accounts for 
the lean phenotype only in young and not in adult animals, which clearly indicated the 
involvement of peripheral metabolic target(s) in the latter. The additional documentation of 
functional CB 1 receptors in primary cultured adipocytes and their role in regulating lipogenesis 
provided one of the likely peripheral targets for the anabolic effects of endocannabinoids. The 
lean phenotype of CB/· mice in this study was more prominent in male than in female animals, 
which could suggest that endocannabinoid regulation of adiposity may be subject to modulation 
by sex hormones. 
Although earlier studies failed to detect CB1 receptors in the liver, more recently they have been 
identified in the mouse liver using a combination of methods including reverse transcription
polymerase chain reaction, in situ hybridization, immunohistochemistry, and Western blotting. In 
the same study, treatment of mice with the cannabinoid agonist HU-210 increased de novo 
lipogenesis and the expression of the transcription factor sterol regulatory element binding 
protein le (SREBPlc) as well as of its targets, ACCI and fatty acid synthase (Osei-Hyiaman et 
al., 2005b). The role of CB 1 receptors in these effects was indicated by the ability of SR141716 
to block them and by their absence in CB 1 knockout mice (Osei-Hyiaman et al., 2005b ). The 
hepatic lipogenic pathway may be also directly activated through a cannabinoid-induced 
decrease in AMPK phosphorylation and activity in the liver (Kola et al., 2005). CB 1 receptors 
have been also detected in rat hepatocytes (Michalopoulos et al., 2003), in whole mouse liver 
(Biecker et al., 2004), and in rat and human hepatic stellate cells (Siegmund et al., 
2005; Teixeira-Clerc et al., 2006). 
Fatty acid metabolism in hypothalamic neurons acts as a sensor of nutrient availability (Obici et 
al., 2003), and its pharmacological modulation influences food intake (Kim et al., 2004). 
CB 1 activation was reported to increase SREBPlc and FAS gene expression in the hypothalamus, 
and the increased expression of these genes by fasting/refeeding (Paulaskis and Sul, 1988) 
could be inhibited by SR 141716 treatment at the beginning of the re feeding period, which also 
reduced food intake (Osei-Hyiaman et al., 2005b). Although fatty acid synthesis was not 
measured directly in the hypothalamus, these findings suggest that the increase in food intake 
after fasting may involve a CB1-mediated modulation of the fatty acid synthetic pathway. 
Modulation of AMPK activity by cannabinoids was documented not only in liver and adipose 
tissue but also in hypothalamus (Kola et al., 2005), where it has been linked to appetite control 
(Minokoshi et al., 2004). Thus, the AMPK/ACCI/FAS pathway may represent a common 
molecular pathway involved in both the central appetitive and the peripheral metabolic effects of 
endocannabinoids. 
Because total caloric intake is similar in wild-type and CB/ mice on a high-fat diet (Ravinet 
Trillou et al., 2004; Osei-Hyiaman et al., 2005b), the resistance of CB 1-deficient mice to diet-



induced obesity must be associated with increased energy expenditure. Exposing wild-type 
C57BL6/J mice to a high-fat diet decreases energy expenditure, as documented by indirect 
calorimetry (Hu et al., 2004), which may account for the increase in feed efficiency observed in 
such animals, whereas in CB/ mice feed efficiency was unaffected by a high-fat diet (Osei
Hyiaman et al., 2005b). This suggests that the high-fat diet-induced decrease in energy 
expenditure is mediated by endocannabinoid activation of CB 1 receptors. Accordingly, HU-210 
treatment of wild-type mice decreased and SR 141716 treatment increased the activity of 
carnitine palmitoyl transferase-1, the rate-limiting enzyme in fatty acid P-oxidation (D. Osei
Hyiaman and G. Kunos, unpublished observations). 
One of the factors involved in this effect in vivo could be adiponectin, the adipocyte-derived 
hormone that promotes fatty acid P-oxidation (Yamauchi et al., 2002). Indeed, exposure to a 
high-fat diet resulted in a significant decline in plasma adiponectin in wild-type but not in CB 1·

1
· 

mice (Osei-Hyiaman et al., 2005a), and CB 1 receptor activation in isolated adipocytes was 
found to suppress adiponectin expression (Perwitz et al., 2005; Matias et al., 2006). Expression 
of the thermogenic uncoupling protein-I was also down-regulated by CB 1 activation, whereas the 
expression of the insulin-mimetic adipokine visfatin was increased (Perwitz et al., 2005). 

----------~ 
----Conversely, nmonabant mcreases ad1ponectin secretion by ad1pocytes (Bensaid et al., 2003) and 

adiponectin plasma levels in obese human subjects (Despres et al., 2005), which should lead to 
increased lipid P-oxidation and thermogenesis in vivo. Chronic treatment of ob/ob mice with 
SR141716 increased thermogenesis, as indicated by increased oxygen consumption at a 
thermoneutral temperature measured by whole body calorimetry (Liu et al., 2005). Glucose 
uptake, subsequently measured in the isolated soleus muscle of these animals, was significantly 
increased in the SR 141716-pretreated group. A similar effect in humans may account for the 
increased glucose tolerance observed in obese patients treated with rimonabant (Van Gaal et al., 
2005). These observations could suggest the presence of CB 1 receptors in skeletal muscle, which 
was recently documented (Pagotto et al., 2006). Alternatively, increased glucose tolerance may 
be secondary to an effect of SR141716 on CB1 receptors in the liver. It has been proposed that 
increased lipid synthesis in the liver may produce insulin resistance in other tissues such as 
muscle (McGarry, 1992), and CB 1 receptor activation has been shown to contribute to the 
development of hepatic steatosis in diet-induced obesity (Osei-Hyiaman et al., 2005b). 
Endocannabinoids may also influence insulin secretion directly in islet P-cells via CB 1 (Matias 
et al., 2006) or CB2 receptors (Juan-Pico et al., 2005). 
The ability of rimonabant to increase energy expenditure may not be limited to an effect on 
adiponectin secretion, as indicated by an analysis of the effect of rimonabant treatment on gene 
expression profiles in lean and diet-induced obese mice as well as CB 1•

1
· mice (Jbilo et al., 2005). 

Rimonabant-induced decreases in body weight and adipose tissue mass in obese mice was 
accompanied by a near-complete reversal of obesity-induced changes in the expression of a wide 
range of genes. These included genes involved in adipocyte differentiation, lipolysis, generation 
of futile cycles, and glycolysis. These broad-based targets may underlie the ability of rimonabant 
to correct symptoms of the metabolic syndrome, as discussed below. They also raise the 
intriguing possibility that if a CB1 antagonist that does not cross the blood-brain barrier were 
available, it could be effective in the treatment of the metabolic syndrome without the risk of 
adverse CNS side effects (Horvath, 2006). 

3. Obesity and Associated Metabolic Abnormalities. 



Genetic manipulation of the expression of endogenous proteins has been instrumental in 
uncovering their regulatory role in normal and pathological phenotypes. When CB 1 knockout 
mice were first introduced, no change in body mass or feeding pattern had been noted (Ledent et 
al., 1999; Zimmer et al., 1999). However, in a subsequent study, CB 1 knockout mice were found 
to have a life-long, small, but significant, weight deficit compared with their wild-type 
littermates, which could be attributed to a selective deficit in adipose tissue mass (Cota et al., 
2003) and was confirmed by others (Ravinet TrilJou et al., 2004; Osei-Hyiaman et al., 2005b ). 
Parallel to their decreased fat mass, CB/- mice have lower plasma leptin levels and an increased 
sensitivity to the anorectic effect of exogenous leptin (Ravinet Trillou et al., 2004). 
The possibility that an increase in the activity of the endocannabinoid system may contribute to 
at least some forms of obesity was suggested by three sets of findings. First, CB 1 antagonists 
were significantly more efficacious in reducing caloric intake and body weight in rodents with 
diet-induced or genetic obesity than in their respective lean controls (Di Marzo et al., 
2001b; Hildebrandt et al., 2003; Ravinet Trillouet et al., 2003; Vickers et al., 2003). 
Second, CB 1-

1
- mice are resistant to diet-induced obesity (Ravinet Trillou et al., 2004; Osei

Hyiaman et al., 2005b). In both of these studies, overall caloric intake was not different between 
wild-type compared with~CB 1-'- mice receiving the high-fat diet, suggesting that peripheral 
mechanisms play a dominant role in the control of body weight by CB 1 receptors. CB/- mice are 
also resistant to the metabolic changes that accompany diet-induced obesity in normal mice, 
including hypertriglyceridemia and elevated plasma leptin and insulin levels, indicative of leptin 
and insulin resistance, respectively (Ravinet Trillou et al., 2004; Osei-Hyiaman et al., 2005b). 
These metabolic changes, collectively defined by some as the "metabolic syndrome", could also 
be reversed by SR141716 treatment (Ravinet Trillou et al., 2004; Poirier et al., 2005). 
As a third line of evidence, recent findings indicate that endocannabinoids and CB1 receptors are 
up-regulated in the liver and adipose tissue in various forms of experimental as well as in human 
obesity. In wild-type mice on a high-fat diet for 3 weeks, the basal rate of de novo hepatic fatty 
acid synthesis was markedly increased, and the increase was partially reversed by SR141716 
treatment (Osei-Hyiaman et al., 2005b). After 3 weeks of diet, the mice were not yet 
overweight but showed significant hepatic steatosis. Their hepatic content of anandamide was 
increased 3-fold, and the level of CB1 receptor protein in liver plasma membranes was also 
markedly increased (Osei-Hyiaman et al., 2005b). These findings indicate that intake of a high
fat diet activates the hepatic endocannabinoid system, which contributes to increased lipogenesis 
and the subsequent development of hepatic steatosis and, ultimately, the development of obesity. 
Exposure of C57BL6/J mice to a high-fat diet has been reported to induce changes characteristic 
of the metabolic syndrome and also to rapidly induce the expression of SREBPlc and its 
downstream target lipogenic enzymes (Biddinger et al., 2005). CB 1 receptor knockout mice are 
resistant to these diet-induced changes, which indicates that endocannabinoids have a major role 
in mediating them (Osei-Hyiaman et al., 2005b). 
An up-regulation of CB 1 receptors has been also reported in adipose tissue of genetically obese 
compared with lean mice (Bensaid et al., 2003), and elevated endocannabinoid levels have been 
detected in adipose tissue of obese compared with lean patients (Matias et al., 2006). In a study 
involving 40 women (Engeli et al., 2005), circulating levels of anandamide and 2-AG were 
significantly increased in 20 obese versus 20 lean subjects, and remained elevated after a 5% 
diet-induced weight reduction. Although these plasma levels were much too low to exert 
hormone-like activity, they probably originate from overflow from tissues and thus may reflect 
functionally relevant changes in endocannabinoid content at or near sites of action. In the same 



study, FAAH expression was markedly reduced in the adipose tissue of obese subjects and 
correlated negatively with circulating endocannabinoid levels. Furthermore, the expression of 
both CB 1 and FAAH increased in mature adipocytes compared with preadipocytes. These 
findings suggest that the endocannabinoid system is activated in human obesity (Engeli et al., 
2005). 
A genetic missense polymorphism in the FAAH gene predicting a proline to threonine 
substitution at position 129, which was reported to result in reduced cellular expression and 
activity of the enzyme (Chiang et al., 2004), had been earlier found to be significantly 
associated with problem drug use (Sipe et al., 2002). The same polymorphism has been linked to 
overweight and obesity in both Caucasian and African-American subjects (Sipe et al., 2005). 
Interestingly, the elevated hepatic levels of anandamide in mice receiving a high-fat diet could be 
attributed to a decrease in FAAH activity (Osei-Hyiaman et al., 2005b), suggesting that FAAH 
may play a key role in regulating endocannabinoid "tone" in both experimental and human 
obesity. Although this finding could suggest the targeting of FAAH in the treatment of 
eating/metabolic disorders, such an approach will be complicated by the fact that 
oleylethanolamide, an anorectic lipid that acts on the peroxisome proliferator-proliferator-

---~-a-ctivated receptor a (PPARa) (Foetal., 2003), is also a substrate for FAAH. The opposing 
effects of elevated levels of both anandamide and oleylethanolamide after pharmacological 
blockade of FAAH may therefore result in no net change in appetite and energy metabolism. 
That increased endocannabinoid activity may also contribute to obesity and its metabolic 
consequences in humans was indicated by the highly promising results of recent clinical trials 
with rimonabant. As in the animal models of diet-induced obesity, rimonabant was effective both 
in reducing body weight and in reversing many of the associated metabolic abnormalities in 
obese subjects. In a multicenter, phase III study involving 1507 obese European subjects with a 
body mass index >30 kg/m2 or a body mass index >27 kg/m2 with dyslipidemia and moderate 
hypertension, rimonabant (20 mg/day) treatment for 1 year, combined with a moderately 
hypocaloric diet, not only reduced body weight but also reduced plasma triglycerides, increased 
HDL cholesterol, and decreased plasma insulin and insulin resistance (Van Gaal et al., 2005). 
Blood pressure was not significantly affected. The parallel reduction in body weight and waist 
circumference suggested that the weight loss was predominantly due to loss of visceral fat, 
which is known to be a predisposing factor for the metabolic syndrome. Rimonabant was well 
tolerated, with mild to moderate nausea, diarrhea, and mood disorders occurring slightly more in 
the treatment group than in the placebo group (Van Gaal et al., 2005). 
Essentially similar findings were reported in another large-scale, phase III study (RIO-North 
America) involving 3045 randomized, obese or overweight subjects. At the end of the 1st year, 
rimonabant-treated subjects were re-randomized to receive rimonabant or placebo, whereas the 
placebo group continued onto receive the placebo. During the 2nd year, rimonabant-treated 
patients retained the improvements achieved during the 1st year, whereas those who switched to 
placebo regained their original weight (Pi-Sunyer et al., 2006). 
In a third study (RIO-Lipids) involving 1036 overweight/obese subjects, 20 mg/day rimonabant 
taken for 1 year significantly reduced body weight (-6.3 ± 0.5 kg), weight circumference (-5.7 ± 
0.6 cm), and plasma triglycerides (-12.4 ± 3.2%), increased HDL cholesterol by 8.1 ± 1.5% and 
increased LDL particle size, improved glucose tolerance, and significantly elevated plasma 
adiponectin levels, resulting in a 50% decrease in the prevalence of the metabolic syndrome in 
the study population (Despres et al., 2005). In contrast with the other two studies, a statistically 
significant, small decrease in systolic and diastolic blood pressure was evident in the group 



receiving 20 mg of rimonabant, and the decrease was greater for patients with initial 
hypertension (blood pressure >140/90 mm Hg). Although the reason for the lack of a blood 
pressure change in the other studies is not clear, the proportion of females was lower in RIO
Lipids ( -60%) than in the other two studies where they represented -80% of subjects. It is 
possible that a modest reduction in blood pressure by rimonabant occurs preferentially in males. 
The cumulative finding that blood pressure reduction, if present, is less than expected based on a 
similar level of weight reduction alone (Appel et al., 2003), is noteworthy. As discussed in 
section D .1., rimonabant at an i. v. dose of 3 mg/kg causes a pressor response in anesthetized, 
hypertensive rats, which are supersensitive to the hypotensive effect of endogenous or exogenous 
anandamide (Batkai et al., 2004). Although the pressor effect is much smaller at lower doses of 
rimonabant comparable with the 20-mg oral dose used in humans or in the absence of anesthesia 
(S. Batkai, P. Pacher, and G. Kunos, unpublished observations), careful monitoring of blood 
pressure, particularly in the early stages of rimonabant treatment, may be advisable. A 
polymorphism in the FAAH gene is associated with obesity (Sipe et al., 2005), and because of 
the reduced enzyme activity resulting from this polymorphism, some of the affected individuals 
may have an elevated endocannabinoid tone, reversal of which by rimonabant could increase 
blood pressure. 
It is noteworthy that part of the rimonabant-induced improvements in the hormonal and lipid 
abnormalities in the three clinical studies appeared to be independent of weight reduction and, 
based on the preclinical findings discussed above, are most likely mediated via peripheral sites of 
action. An interesting alternative mechanism is suggested by the results of a recent metaanalysis 
of the effects of low carbohydrate, nonenergy-restricted diets on weight loss and cardiovascular 
risk factors (Nordmann et al., 2006). Such diets were found to lead to significant weight loss for 
up to 1 year. Surprisingly, they were more favorable than low-fat diets in reducing plasma 
triglycerides and increasing HDL cholesterol levels, without a favorable effect on total or LDL 
cholesterol. The pattern of these metabolic changes is similar to that of those caused by 20 mg of 
rimonabant in the three clinical trials. Rimonabant has been shown to preferentially suppress the 
preference for sweet compared with normal (Simiand et al., 1998) or high-fat reinforcers (Ward 
and Dykstra, 2005) and can cause longer lasting suppression of intake of sweet compared with 
normal food (Gessa et al., 2006). It is very possible that obese subjects treated with rimonabant 
unwittingly altered their diet by reducing carbohydrate intake, which may have contributed to the 
observed effects on triglycerides and HDL cholesterol. Detailed analyses of the effects of 
rimonabant on dietary habits are warranted. 
Overall, the findings in these three large, multicenter clinical trials strongly support a pathogenic 
role of increased endocannabinoid activity in obesity and the associated metabolic abnormalities 
and highlight the unique therapeutic potential of CB 1 blockade. Additional benefits may be 
gained by combination therapies. The efficacy of statins to preferentially lower LDL cholesterol 
may be effectively complemented by the ability of rimonabant to increase HDL cholesterol. In 
the case of insulin, the ability of rimonabant ability to increase insulin sensitivity could reduce 
the dose requirement for insulin in obese diabetic subjects and could also counteract the tendency 
of insulin treatment to cause weight gain. Nevertheless, further large-scale studies are warranted 
in view of the high nonadherence rate observed in the three clinical trials to date, which may 
have resulted in overestimation of the benefits of treatment (Simons-Morton et al., 2006). 

4. Cachexia and Anorexia. 



A negative energy balance resulting from decreased appetite and food intake and increased 
energy expenditure, leading to weight loss, can be the consequence of wasting diseases such as 
AIDS or metastatic cancer, or it could be associated with aging, chemotherapy of cancer, or 
neuropsychiatric conditions such as anorexia nervosa or various forms of dementia including 
Alzheimer's disease. Although there is a growing body of evidence documenting the therapeutic 
effectiveness of synthetic THC or even smoked marijuana as appetite boosters in some of these 
conditions (Regelson et al., 1976; Gorter et al., 1992; Nelson et al., 1994; Beal et 
al., 1995, 1997; Timpone et al., 1997) (Table 1), there is only limited information on the 
potential involvement of the endocannabinoid system in their pathogenesis. 
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A few studies have reported the effectiveness of THC in stimulating appetite and weight gain in 
cancer patients, but these therapeutic effects have been more extensively documented'-'i""'n~A~ID~S.L..-__ _ 
patients (reviewed by Kirkham, 2004; Martin and Wiley, 2004; Hall et al., 2005) (see 
also Table 1). Although concerns have been voiced about the potential immunosuppressive 
effect of cannabinoids in immunocompromised individuals (Klein et al., 1998), repeated THC 
administration in a randomized, prospective, controlled trial was found to have few if any 
consistent effects on various immune functions in AIDS patients receiving antiviral treatment 
(Bredt et al., 2002). 
Anorexia may also be associated with normal aging. A number of hormonal factors have been 
implicated in the loss of appetite in the elderly, including growth hormone, cholecystokinin, 
leptin, and various cytokines (Morley, 2001). In a recent study in mice, an age-related decline in 
food and alcohol intake was accompanied by the loss of ability of the CB 1 antagonist SR 141716 
to reduce food and alcohol intake and a decrease in CB 1 receptor-stimulated GTPyS labeling in 
the limbic forebrain (Wang et al., 2003). These findings suggest that, at least in this animal 
model, an age-dependent decrease in CB 1 receptor signaling in the limbic forebrain may be 
related to the parallel decline in appetite for both food and alcohol. Anorexia can also accompany 
debilitating diseases such as Alzheimer's disease, in which the effectiveness of THC to stimulate 
appetite has been documented (Volker et al., 1997). Anorexia nervosa is a psychiatric condition 
that occurs predominantly in younger women and is characterized by self-starvation, weight loss, 
and a disturbed body image. Plasma anandamide levels have been reported to increase in patients 
with restricting anorexia nervosa, which may be secondary to a marked decrease in plasma leptin 
levels in such patients (Monteleone et al., 2002). Although the relationship between brain and 
plasma levels of anandamide is not clear, a parallel increase in anandamide in brain regions 
involved in reward may mediate the rewarding effect of self-starvation in anorexic patients 
(Monteleone et al., 2005). A recent family-based study examined the possible association of a 
CB 1 receptor gene polymorphism consisting of differences in a trinucleotide repeat with anorexia 
nervosa. Although no difference was found between parental alleles transmitted or not 
transmitted to the affected siblings, preferential transmission of different alleles could be 
established when the patients were subdivided into restricting and binging/purging subgroups 
(Siegfried et al., 2004). 
Endocannabinoids have been also implicated in a unique form of food intake: milk suckling in 
newborn animals. In an elegant series of studies, Pride et al. (2005) have proposed a role for 2-



AG in the brain to stimulate the suckling response in mouse pups. In their model, endogenous 2-
AG in the pup's brain initiated the suckling response via CB 1 receptors, with continued suckling 
depending on milk-derived 2-AG (Fride, 2004). As predicted by this model, treatment of pups 
with SR141716 inhibits suckling and leads to death due to failure to thrive, a condition 
analogous to a human condition known as nonorganic failure to thrive, in which an oral motor 
defect resulting in deficient suckling (Reilly et al., 1999) is similar to the condition in mouse 
produced by pharmacological blockade or genetic ablation of CB 1 (Fride et al., 2005). The 
relatively high dose of SR141716 to inhibit suckling and its residual effectiveness in 
CB 1 knockout mice suggested the additional involvement of a receptor distinct from CB 1 or 
CB2 (Fride et al., 2003). 

B. Pain and Inflammation 

One of the earliest uses of cannabis was to treat pain. Historical documents reveal the use of 
cannabis for surgical anesthesia in ancient China and to relieve pain of diverse origin in ancient 
Israel, Greece, Rome, and India (reviewed in Mechoulam, 1986; Iversen, 2000;-M..,.e,,,,c-h,,,,o,,,,u_la_m ______ _ 
and Hanus, 2000). Numerous early studies have also demonstrated beneficial effects of 
cannabinoids in animal models of pain (reviewed in Walker and Huang, 2002; Fox and Bevan, 
2005). In acute pain, anandamide, THC, cannabidiol, and synthetic cannabinoids such as 
CP55,940 and WIN 55,212-2 are effective against chemical (Sofia et al., 1973; Formukong et 
al., 1988; Calignano et al., 1998; Costa et al., 2004a,h; Guindon et al., 2006; Ulugol et al., 
2006), mechanical (Sofia et al., 1973; Martin et al., 1996; Smith et al., 1998; Guindon and 
Beaulieu, 2006), and thermal pain stimuli (Buxbaum, 1972; Bloom et al., 1977; Lichtman and 
Martin, 1991a,h; Fride and Mechoulam, 1993; Guindon and Beaulieu, 2006). Recent animal 
studies indicate that anandamide and cannabinoid ligands are also very effective against chronic 
pain of both neuropathic (Herzberg et al., 1997; Bridges et al., 2001; Fox et al., 
2001; Guindon and Beaulieu, 2006) and inflammatory origin (Tsou et al., 1996; Richardson et 
al., 1998a,h,£; Li et al., 1999; Martin et al., 1999b; Guindon et al., 2006). Moreover, 
endocannabinoids and synthetic cannabinoids exert synergistic antinociceptive effects when 
combined with commonly used nonsteroid anti-inflammatory drugs, which may have utility in 
the pharmacotherapy of pain (Guindon and Beaulieu, 2006; Guindon et al., 2006; Ulugol et 
al., 2006). Interestingly, a recent study has implicated the endocannabinoid system in the 
analgesic activity of paracetamol (acetaminophen), the most widely used painkiller (Ottani et 
al., 2006), and there is also evidence for endocannabinoid involvement in the action of some 
general anesthetics, such as propofol (Patel et al., 2003; Schelling et al., 2006). 
Cannabinoids exert their antinociceptive effects by complex mechanisms involving effects on the 
central nervous system (Martin et al., 1993; Hohmann et al., 1995, 1998, 1999; Martin et 
al., 1995, 1996, 1998, 1999a,h; Richardson et al., 1997, 1998a,h; Meng et al., 1998; Strangman 
et al., 1998; Hohmann and Walker, 1999; Fox et al., 2001), spinal cord (Yaksh, 1981; 
Lichtman and Martin, 1991a,h; Welch and Stevens, 1992; Richardson et 
al., 1997, 1998a,h; Hohmann et al., 1998; Chapman, 1999; Drew et al., 2000; Naderi et al., 
2005; Suplita et al., 2006), and peripheral sensory nerves (Calignano et al., 1998; Richardson 
et al., 1998c; Hohmann and Herkenham, 1999; Fox et al., 2001; Johanek et al., 2001; Kelly 
et al., 2003; Johanek and Simone, 2004; Jordt et al., 2004; Amaya et al., 2006). This is 
consistent with the anatomical location of CB 1receptors in areas relevant to pain in the brain, 
spinal dorsal horn, dorsal root ganglia, and peripheral afferent neurons (Herkenham et 



al., 1990, 1991a; Hohmann and Herkenham, 1998, 1999; Hohmann et al., 1999; Safiudo-Pefia 
et al., 1999a). 
In addition to the role of CB 1 receptors, there is recent evidence implicating CB2 receptors in the 
antihyperalgesic activity of cannabinoids in models of acute and chronic, neuropathic pain, 
especially of inflammatory origin (Calignano et al., 1998; Hanus et al., 1999; Malan et al., 
2001; Clayton et al., 2002; Ibrahim et al., 2003, 2005; Nackley et al., 2003a,!!, 2004; Ouartilho 
et al., 2003; Elmes et al., 2004; Hohmann et al., 2004; Scott et al., 2004; Whiteside et al., 
2005; Ibrahim et al., 2006). Cannabinoid agonists may also release endogenous opioids, and a 
functional interplay between the endocannabinoid and opioid systems in modulating analgesic 
responses has been suggested by numerous studies (Pugh et al., 1997; Manzanares et 
al., 1999a,!?_; Houser et al., 2000; Ibrahim et al., 2005; Tham et al., 2005; Vigano et 
al., 2005a,!?_; Williams et al., 2006). 
As discussed before, anandamide is also a ligand for TRPV 1 receptors, albeit with an affinity 
lower than its affinity for CB 1 receptors. The potential involvement of TRPV1 in the analgesic 
effect of endogenous anandamide has been raised by the findings that the analgesic response to 
microinjection of a FAAH antagonist into the periaqueductal gray of rats could be inhibited by a 

------similar -local microin)ection of6 nmol of capsazepine (Maione et al., 2006). However, others 
reported that systemic administration of 10 mg/kg capsazepine, which blocked capsaicin-induced 
analgesia, failed to inhibit endocannabinoid-mediated, stress-induced analgesia, which could be 
enhanced by a FAAH inhibitor and completely blocked by the CB 1 antagonist rimonabant 
(Suplita et al., 2006). 
The analgesic response to exogenous cannabinoids suggested a role for the endocannabinoid 
system in regulating pain sensitivity, which has received experimental support (reviewed in 
Walker et al., 2000, 2002; Cravatt et al., 2004; Boger et al., 2005). For example, Walker et al. 
(1999) have demonstrated increased anandamide levels in some brain areas involved in 
nociception after peripheral nociceptive input in the rat. The functional role of endogenous 
anandamide was further supported by the predominantly CB 1-mediated analgesic response to 
FAAH or endocannabinoid transport inhibitors in animal models of acute and chronic pain 
(Lichtman et al., 2004a; Chang et al., 2006; Jayamanne et al., 2006; La Rana et al., 
2006; Suplita et al., 2006). Similarly, FAAH knockout mice had elevated brain levels of 
anandamide and displayed analgesic behavior in acute inflammatory, but not in chronic 
neuropathic models of pain (Lichtman et al., 2004b ). Formation of anandamide and 2-AG is 
also increased in response to stress in the periaqueductal gray matter, in which inhibition of 
endocannabinoid degradation was found to enhance stress-induced analgesia in a CB 1 receptor
dependent manner (Hohmann et al., 2005; Suplita et al., 2006), confirming and extending an 
earlier finding that implicated CB 1 receptors and endocannabinoids in stressinduced analgesia 
(Valverde et al., 2000). 
In humans, the analgesic activity of THC and other cannabinoids is less clear-cut. There are 
numerous case reports on the beneficial effects of cannabis or synthetic derivatives of THC in 
pain associated with multiple sclerosis, cancer, neuropathies, and HIV infection (Noyes et 
al., 1975a,!?_; Martyn et al., 1995; Consroe et al., 1997; Hamann and di Vadi, 1999; Ware et 
al., 2003; Radich et al., 2003; Ware and Beaulieu, 2005; Ware et al., 2005; Berlach et al., 
2006; reviewed in Burns and Ineck, 2006) (Table 1). The results of randomized studies 
conducted before 1999 on the analgesic effect of orally administered synthetic cannabinoids in 
patients with postoperative, post-traumatic, cancer, or spastic pain had been subjected to a meta
analysis. The authors concluded that cannabinoids were not more effective than codeine in 



controlling pain, and their use was associated with numerous undesirable, dose-limiting CNS 
side effects (Campbell et al., 2001). 
Recent clinical trials with THC or cannabis extracts containing a 1: 1 mixture of THC and 
cannabidiol (Sativex, GW-1000) have provided mixed results. In a randomized, double-blind, 
placebo-controlled crossover study of 48 patients suffering from central neuropathic pain due to 
brachial plexus avulsion, oromucosally administered THC or Sativex was ineffective in reducing 
the pain severity score recorded during the last 7 days of treatment (Berman et al., 2004). 
Similarly, oral THC (dronabinol) did not improve postoperative (Buggy et al., 2003) and 
neuropathic pain (Attal et al., 2004) in trials involving small numbers of patients. However, 
numerous lessons have been learned from these initial human studies on optimal trial design, 
dose and route of administration of cannabinoids, and more recent larger-scale studies allow 
reason for more optimism, as outlined below. 
THC or Sativex reduced neuropathic pain in patients with traumatic nerve injury or multiple 
sclerosis in randomized, double-blind, placebo-controlled, crossover trials (Wade et al., 
2003; Notcutt et al., 2004). Modest, but clinically relevant analgesic effects were reported in 21 
multiple sclerosis patients treated with dronabinol, in a randomized, controlled clinical_tr_ial _____ _ 
(Svendsen et al., 2004). Effective pain relief by orally administered cannabis extract or THC 
was also reported in a randomized, controlled, multicenter trial involving 611 multiple sclerosis 
patients (Zajicek et al., 2003). Moreover, in a recent study of 66 multiple sclerosis patients, 
Sativex was effective in reducing central neuropathic pain (Rog et al., 2005). A preview of as
yet-unpublished human studies gave an account of a significant benefit of Sativex over placebo 
in peripheral neuropathic pain characterized by allodynia, in central pain associated with 
multiple sclerosis, and in opiate-resistant, intractable pain due to cancer (Russo, 2006). A 
multicenter dose-escalation study of the analgesic and adverse effects of an oral cannabis extract 
(Cannador) in patients with postoperative pain demonstrated significant dose-related 
improvements in rescue analgesia requirements and significant trends across the escalating dose 
groups for decreasing pain intensity (Holdcroft et al. 2006). THC (Marino!) was found to 
suppress otherwise intractable cholestatic pruritus in a case report (Neff et al., 2002). An 
analysis of pain questionnaires from 523 patients with HN infections revealed that 90 to 94% of 
the subjects using cannabis experienced improvement in muscle and neuropathic pain 
(Woolridge et al., 2005). The therapeutic potential of cannabinoids in pain associated with 
trigeminal neuralgia and migraine has also been the subject of several recent reviews (Liang et 
al., 2004; Russo, 2004, 2006). Preclinical studies (Burstein et al., 1998, 2004; 
Burstein, 2000, 2005; Dyson et al., 2005; Mitchell et al., 2005; Salim et al., 2005) and a recent 
clinical trial of 24 patients with neuropathic pain of varying etiologies demonstrated that 
ajulemic acid, a major metabolite of THC with CB 1 agonist activity, was effective in reducing 
pain without causing cannabinoid-like CNS side effects, the first evidence for the separability of 
the psychotropic and analgesic effects of a THC analog in humans (Karst et al., 2003). 
Numerous additional human studies are ongoing to determine the effectiveness of THC or 
cannabis-based extracts against various forms of pain (reviewed in Ware and Beaulieu, 2005, 
2006). 
Multiple lines of evidence support the important role of the cannabinoid signaling system in the 
modulation of immune function and inflammation (reviewed in Klein et al., _19_9_8, _20_0_3; Walter 
and Stella, 2004; Klein, 2005). First, cannabinoid receptors are present on immune cells, where 
their expression is modulated by microbial antigens or other stimuli that induce immune 
activation. Second, stimulation of immune cells by bacterial toxins such as lipopolysaccharide 



(LPS) increases the cellular levels of endocannabinoids and their degrading enzyme(s). Third, 
cannabinoid agonists modulate immune function both in vitro and in vivo via cannabinoid 
receptor-dependent and -independent mechanisms. 
The anti-inflammatory effects of cannabinoids are complex and may involve modulation of 
cytokine (e.g., TNF-a, IL-12, IL-1, IL-6, and IL-10) and chemokine production (e.g., CCL2, 
CCL5, CXCL8, and CXCLlO), modulation of adenosine signaling (Carrier et al., 2006), 
expression of adhesion molecules (e.g., ICAM-1, P-intercellular adhesion molecule-I and P
selectin), and the migration, proliferation, and apoptosis of inflammatory cells (reviewed in 
Klein et al., 1998, 2003; Walter and Stella, 2004; Klein, 2005). To the extent that pain and 
inflammation accompany many of the disorders discussed in the rest of this review, cannabinoids 
would be expected to provide significant benefit due to their analgesic and anti-inflammatory 
properties. 

C. Central Nervous System Disorders 

The emerging role of the endocannabinoid system in a variety of CNS disorders should not come 
______ a_s_a_s_u_rp_r~1-se-given the very mgh-levelof expression ofCB

1 
receptors in the brain. The 

particularly high density of CB1 receptors in the cortex, cerebellum, hippocampus, and basal 
ganglia had drawn early attention to diseases affecting movement, mood and anxiety disorders, 
and conditions related to altered brain reward mechanisms, as well as processes of memory and 
learning. The classic behavioral effects of marijuana also provided early clues about potential 
therapeutic targets, such as the control of pain or appetite. The role of the endocannabinoid 
system in the pathogenesis and treatment of specific CNS diseases is discussed below. 

1. Neurotoxicity and Neurotrauma. 

The endocannabinoid system plays an important role in neuroprotection both in acute neuronal 
injury (e.g., traumatic brain injury, stroke, and epilepsy) and in chronic neurodegenerative 
disorders, such as multiple sclerosis, Parkinson's disease, Huntington's disease, amyotrophic 
lateral sclerosis, and Alzheimer's disease (reviewed in Glass, 2001; Mechoulam et 
al., 2002a,Q; Grundy, 2002; Croxford, 2003; Drysdale and Platt, 2003; Jackson et al., 
2005a; Ramos et al., 2005). Although the underlying mechanisms are not fully understood, 
multiple cannabinoid receptor-dependent as well as receptor-independent processes have been 
implicated. These include, but are not limited to 1) modulation of excitatory glutamatergic 
transmissions and synaptic plasticity via presynaptic CB 1receptors (Molina-Holgado et al., 
1997; Marsicano and Lutz, 1999; Gerdeman et al., 2002; reviewed in Alger, 2002; Robbe et 
al., 2002; Azad et al., 2003; Freund et al., 2003; Gerdeman and Lovinger, 2003; Piomelli, 
2003; Mato et al., 2004), 2) modulation of immune responses and the release of inflammatory 
mediators by CB 1, CB 2, and non CB/CB2 receptors on neurons, astrocytes, microglia, 
macrophages, neutrophils and lymphocytes (Watzl et al., 1991; Zheng et al., 1992; Fischer
Stenger et al., 1993; Cabral and Fischer-Stenger, 1994; Kusher et al., 1994; Burnette-Curley 
and Cabral, 1995; Cabral et al., 1995; reviewed in Friedman et al., 1995; Zheng and 
Specter, 1996; Shohami et al., 1997; Newton et al., 1998; Srivastava et al., 1998; Gallily et 
al., 2000; Klein et al., 2000a,Q, 2003; Smith et al., 2000; Carlisle et al., 2002; Germain et al., 
2002; Killestein et al., 2003; Kaplan et al., 2005; Ramirez et al., 2005; reviewed in Friedman 
et al., 1995; Stella, 2004; Walter and Stella, 2004; Correa et al., 2005; Croxford and 



Yamamura, 2005; Klein, 2005;), 3) activation of cytoprotective signaling pathways 
(Grigorenko et al., 2002), such as protein kinase B/Akt (Molina-Holgado et al., 2002), protein 
kinase A (Kim et al., 2005), or neurotrophic factors (Khaspekov et al., 2004), 4) modulation of 
excitability and calcium homeostasis via effects on Ca2+, K+, and Na+ channels, N-methyl D

aspartate (NMDA) receptors, gap junctions, and intracellular Ca2+ stores (Caulfield and Brown, 
1992; Mackie and Hille, 1992; Mackie et al., 1993; Nadler et al., 1995; Venance et al., 
1995; Shohami et al., 1997; Hampson et al., 2000b; Oz et al., 2000, 2004; Chemin et al., 
2001; Maingret et al., 2001; Nogueron et al., 2001; Robbe et al., 2001; \Vilson and Nicoll, 
2001; Wilson et al., 2001; Nicholson et al., 2003; Guo and Ikeda, 2004; del Carmen et al., 
2005; del Carmen Godino et al., 2005; Zhuang et al., 2005), 5) antioxidant properties of 
cannabinoids (Eshhar et al., 1995; Hampson et al., 1998; Chen and Buck, 2000; reviewed 
in Hampson et al., 2000a; Marsicano et al., 2002a), and 6) CB 1receptor-mediated hypothermia, 
possibly by reducing metabolic rate and oxygen demand (Leker et al., 2003). 
Excitotoxicity, the toxic effects of an overactivation of glutamate receptors, and the resulting 
oxidative stress may contribute to the pathological processes eventually leading to cellular 
dysfunction or death in both acute and chronic forms of neurodegeneration (Coyle and 
Puttfarcken, 1993; McNamara, 1999; Lutz, 2004). Dexanabinol (HU-211), a behaviorally 
inactive cannabinoid and noncompetitive antagonist of NMDA receptors, protects primary rat 
neuronal cultures against NMDA and glutamate exposure in vitro (Eshhar et al., 1993; Nadler et 
al., 1993a,!!). THC protects primary cultured neurons against kainate-mediated toxicity in a CB1-

dependent manner (Abood et al., 2001), similar to protectin by WIN 55,212-2 against low 
extracellular magnesium-induced cell death (Shen and Thayer, 1998). Palmitoylethanolarnide 
also improves neuronal survival in a glutamate-induced cell death model (Skaper et al., 1996). 
Intracerebral injection of NMDA in neonatal rats results in a 13-fold increase of cortical 
anandamide concentrations (Hansen et al., 2001a,!!). Both THC and anandamide exerted CB 1-

mediated neuroprotective effects in an ouabain-induced rat model of in vivo excitotoxicity (van 
de Stelt et al., 2001a,!!). Anandamide and synthetic agonists of CB 1 receptors also protected the 
newborn brain against AMPA-kainate receptor-mediated excitotoxic damage in mice (Shouman 
et al., 2006). 
Traumatic brain injury (TBI) is one of the leading causes of disability and mortality in young 
individuals (Holm et al., 2005), yet the available therapy is very limited (Faden, 2002; Maas et 
al., 2004). TBI is characterized by cerebral edema, axonal and neuronal injury, increased 
permeability of the blood-brain barrier, and post-traumatic changes in cognitive and neurological 
functions (Bayir et al., 2003). TBI can trigger glutamate-induced excitotoxicity, oxidative stress, 
release of inflammatory cytokines from brain-resident cells (microglia, neurons, and astrocytes), 
programmed cell death, and cortical blood flow dysregulation (reviewed in Wang and 
Feuerstein, 2000; Gentleman et al., 2004). 
The protective effect of cannabinoids in traumatic brain injury was first indicated in studies with 
the nonpsychotropic cannabinoid dexanabinol (HU-211) (Fig. lb). These studies have 
demonstrated reduced brain damage and improved motor and cognitive function in HU-211-
treated animals in a rat model of TBI. The favorable effects of a single injection of HU-211 on 
learning and neurological deficits lasted up to 30 days and could be achieved within a therapeutic 
window of 6 h (Shohami et al., 1993, 1995). Beneficial effects of HU-211 were also 
demonstrated in an axonal injury model (Yoles et al., 1996; Zalish and Lavie, 2003). These 
protective effects were attributed, at least in part, to NMDA receptor blockade, attenuation of 
Ca2+ influx and decreased TNF-a levels (Nadler et al., 1995; Shohami et al., 1997; reviewed in 



Mechoulam et al., 2002a,h; Biegon, 2004). In mice with closed head injury, brain levels of 2-AG 
increased, and exogenous 2-AG administered 1 h after the head injury reduced infarct size and 
improved neurological outcome (Panikashvili et al., 2001). Neuroprotection by 2-AG was 
attributed to CB 1 receptor-mediated inhibition of nuclear factor-KB and of the early expression of 
proinflammatory cytokines TNF-a, IL-1~, and IL-6 (Panikashvili et al., 2005, 2006). In a rat 
model of TBI, BAY 38-7271, a CB/CB2 agonist with predominant action at CB 1receptors, 
caused a marked, 70% reduction in infarct volume when administered as a 4-h infusion 
immediately after induction of subdural hematoma, and even when it was applied with a 3-h 
delay, infarct volume was reduced by 59% (Mauler et al., 2002). 
A multicenter, double-blind, randomized, placebo-controlled phase II trial conducted in 67 
patients with severe closed head injury found dexanabinol to be safe and well tolerated. The 
treated patients achieved significantly better intracranial pressure/cerebral perfusion pressure 
control without jeopardizing blood pressure, and a trend toward faster improvement and better 
neurological outcome was also observed (Knoller et al., 2002). However, a double-blind, 
randomized, placebo-controlled phase III clinical trial of dexanabinol, conducted in 15 countries 
in 86 specialized centers and involving 861 patients failed to demonstrate any favorable effects 
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2. Stroke. 

Ischemic stroke is the most common form of stroke, mostly caused by a transient interruption of 
blood supply to the brain by thrombotic occlusion of blood vessels. It is an important cause of 
death and disability in industrialized countries, affecting up to 0.2% of the population each year 
(Kliin and Hankey, 2003; Pinto et al., 2004). One in six patients die in the 1st month after 
ischemic stroke, and half of the survivors are permanently disabled despite the best efforts to 
rehabilitate them and to prevent complications (Klijn and Hankey, 2003). 
One of the first indications of the neuroprotective effect of cannabinoids came from the field of 
stroke research, using various in vitro and in vivo models of ischemic injury. Anandamide, 2-
AG, and WIN 55,212-2 protected cultured cortical neurons against hypoxia and glucose 
deprivation (Nagayama et al., 1999; Sinor et al., 2000). The effects of various cannabinoid 
ligands were also investigated in in vivo models of global cerebral ischemia induced by two
vessel occlusion with hypotension or by four-vessel occlusion, or in focal ischemia induced by 
occlusion of the middle cerebral artery (MCAo ), with or without reperfusion. Dexanabinol at 
doses of 2 to 10 mg/kg decreased infarct size and histological damage and improved neurological 
score in rat and gerbil models of both global and focal cerebral ischemia (Bar-Joseph et al., 
1994; Vered et al., 1994a,b; Belayev et al., 1995a,h,£; Leker et al., 1999; Lavie et al., 
2001; Teichner et al., 2003). Importantly, this protective effect was observed even when the 
drug was administered 60 to 180 min after the insult (Vered et al., 1994; Belayev et 
al., 1995a,h,£; Leker et al., 1999; Lavie et al., 2001; Teichner et al., 2003). 
WIN 55,212-2, at doses of 0.03 and 1 mg/kg but not 3 mg/kg decreased hippocampal neuronal 
loss after transient global cerebral ischemia in rats. It also reduced infarct size after permanent 
focal cerebral ischemia induced by MCAo, when given 40 min before 30 min after the occlusion, 
and these effects were prevented by SR141716 (Nagayama et al., 1999). WIN 55,212-2 also 
protected cultured cerebral cortical neurons from in vitro hypoxia and glucose deprivation, but in 
contrast to the receptor-mediated neuroprotection observed in vivo, this in vitro effect was not 
stereoselective and was insensitive to CB1 and CB2 receptor antagonists (Nagayama et al., 



1999). BA Y38-7271 also decreased infarct size in rats with permanent MCAo even when given 
intravenously 4 h after the occlusion (Mauler et al., 2002). Similarly, HU-210 reduced infarct 
size by up to 77% and improved motor disability in a rat model of permanent MCAo (Leker et 
al., 2003). The protective effect of HU-210 was partially reversed by pretreatment with 
SR141716, indicating CB 1 receptor involvement. Surprisingly, all protection could be abolished 
by warming the animals to the body temperature of controls, indicating that CB 1-mediated 
hypothermia contributed to the neuroprotection (Leker et al., 2003). Likewise, CB 1-mediated 
hypothermia was responsible for the neuroprotective effects of THC in a mouse transient MCAo 
model (Hayakawa et al., 2004) and perhaps also in a rat model of global cerebral ischemia 
(Louw et al., 2000). Consistent with these findings, CB 1 knockout mice had increased mortality 
from permanent focal cerebral ischemia, increased infarct size, more severe neurological deficits 
after transient focal cerebral ischemia, and decreased cerebral blood flow in the ischemic 
penumbra during reperfusion, compared with wild type controls subjected to the same insult 
(Parmentier-Batteur et al., 2002). NMDA neurotoxicity was also increased in CB/ mice 
compared with wild-type littermates (Parmentier-Batteur et al., 2002). Further evidence for a 
role of CB 1 receptors is their increased expression on neurons in the arterial boundary zone of 
cortical infarction (Jin et al., 2000). Finally, brain levels of endocannabinoids are increas-e--,.d ____ _ 
during ischemic (Schmid et al., 1995; Schabitz et al., 2002; Berger et al., 2004; Muthian et 
al., 2004) and other types of brain injury (Sugiura et al., 2000; Hansen et 
al., 2001a,!!; Panikashvili et al., 2001). 
Other studies do not support the neuroprotective role of CB1 receptor activation. For example, 
CB 1antagonists by themselves had no effect on the outcome of injury, and in two recent reports, 
SR141716 and LY320135 were found to actually reduce infarct size and to improve neurological 
function in a rat model of MCAo (Berger et al., 2004; Muthian et al., 2004), whereas low doses 
of WIN 55,212-2 had no protective effect (Muthian et al., 2004). Thus, it appears that both 
CB 1agonists and antagonists can be neuroprotective in cerebral ischemia. The reason for the 
opposite effects of pharmacological blockade versus genetic knockout of CB1 receptors is not 
clear and may be related to the CB 1 receptor-independent effects of antagonists (Begg et al., 
2005; Pertwee, 2005b,200Sc). Clearly, evaluating the potential usefulness of cannabinoid ligands 
in the treatment of stroke warrants future studies. 

3. Multiple Sclerosis and Spinal Cord Injury. 

Multiple sclerosis (MS) is a complex, immune-mediated, inflammatory disease of the white 
matter of the brain, which compromises impulse conduction due to the loss of the myelin sheath 
of neurons and the secondary axonal loss (Sospedra and Martin, 2005). MS affects 2 to 5 
million people worldwide and commonly presents with an unpredictable, relapsing-remitting 
course and a range of clinical symptoms depending on where the demyelination and axonal loss 
have occurred (Compston and Coles, 2002). Some patients become disabled within a short 
period of time, whereas others can live their entire lives with only negligible or no disability. The 
symptoms of MS typically involve tremor, ataxia, visual loss, double vision, weakness or 
paralysis, difficulty in speaking, loss of bladder control and constipation, cognitive impairment, 
and painful muscle spasms. Muscle spasticity often leads to reduced mobility, considerable 
distress from pain, and interference with daily living activities. Spasticity, neuropathic and 
nociceptive pain, and some of the above symptoms are also common in spinal cord injury (SCI). 
Although there are numerous drugs available that target the immune system to slow down the 



progression of the disease, they are only moderately effective, and the treatment of MS remains 
mostly symptomatic and far from satisfactory (Killestein and Polman, 2005). 
Cannabis had been used in ancient Greece, Rome, China, and India for relieving muscle cramps, 
spasm, and pain (reviewed in Mechoulam, 1986, Mechoulam et al., 1998; Mechoulam and 
Hanus, 2000) and its therapeutic application in MS is a topic of recent lively debate (Grundy, 
2002; Pertwee, 2002; Baker and Pryce, 2003; Croxford, 2003; Killestein et al., 2004; Sirven 
and Berg, 2004; Jackson et al., 2005a; Pryce and Baker, 2005; Robson, 2005; Smith, 2005). 
Lyman et al. (1989) examined the effects of parenteral THC in experimental autoimmune 
encephalomyelitis (EAE) in rats, a laboratory model of MS. THC treatment not only reduced 
CNS inflammation and improved neurological outcome but also improved survival compared 
with placebo. ~ 8-THC, a less psychotropic and more stable analog of THC, also reduced the 
severity and incidence of neurological deficits in rats with EAE (Wirguin et al., 1994). The 
nonpsychotropic dexanabinol also suppressed inflammatory responses in the brain and spinal 
cord of rats with EAE and improved their neurological symptoms (Achiron et al., 2000). 
Although CB 1 receptor density is decreased in the striatum and cortex of EAE rats, this is 
compensated for by increased coupling to G protein-mediated signaling, e_n_su_r_in~g~t_h_e ___________ _ 

------eff·ectiveness of treatment with cannabinoid agonists (Berrendero et al., 2001). 
In a mouse model of chronic relapsing EAE, intravenous administration of THC, WIN 55,212-2, 
JWH-133, or methanandamide reduced spasticity and tremor, whereas the same symptoms were 
exacerbated by treatment with either CB1 or CB2 antagonists (Baker et al., 2000). These mice , 
with EAE had increased levels of anandamide, 2-AG, and palmitoylethanolamide (PEA) in areas 
associated with nerve damage (Baker et al., 2001). Furthermore, spasticity could be relieved not 
only by administration of exogenous anandamide, 2-AG, or PEA but also by selective inhibitors 
of endocannabinoid transport or hydrolysis, which suggests tonic control of muscle tone by the 
endocannabinoid system in EAE (Baker et al., 2001; Ligresti et al., 2006a). Additional 
evidence for this has emerged through the use of CB 1-deficient mice, which tolerated 
inflammatory and excitotoxic insults poorly and developed substantial neurodegeneration after 
the induction of EAE (Pryce et al., 2003). Jackson et al. (2005b) reported that the absence of 
CB1 receptors was associated with increased caspase activation and a greater loss of myelin and 
axonal/neuronal proteins after the induction of chronic EAE. Interestingly, CB 1 knockout mice 
had increased caspase 3 levels before the induction of EAE, suggesting a neuroprotective tone 
mediated by CB1 receptors (Jackson et al., 2005a,2005b). In mice with EAE, WIN 55,212-2 
inhibited leukocyte/endothelial interactions via activation of CB2 receptors (Ni et al., 2004). 
Interestingly, a recent study suggests that the high levels of IFN-y present in the CNS of mice 
with EAE can counteract endocannabinoid-mediated neuroprotection by disrupting P2X7 
purinergic receptor signaling, a key step in endocannabinoid production by glia (Witting et al., 
2006). 
Another murine model of MS is Theiler's murine encephalomyelitis virus-induced demyelinating 
disease. In mice with Theiler's murine encephalomyelitis virus-induced demyelinating disease, 
treatment with WIN 55,212-2 slowed the progression of symptoms, down-regulated delayed-type 
hypersensitivity reactions and interferon-y production, and inhibited the expression of 
proinflammatory cytokines in the CNS (Croxford and Miller, 2003). In another study using this 
model, treatment with WIN 55,212-2, ACEA, or JWH-015 caused long-lasting improvements in 
neurological deficits in the established disease and reduced microglial activation, abrogated 
major histocompatibility complex class II antigen expression, and decreased the number of 
CD4+infiltrating T cells in the spinal cord. These changes were paralleled by extensive 



remyelination (Arevalo-Martin et al., 2003). Treatment of Theiler's murine encephalomyelitis 
virus-infected mice with the transport inhibitors OMDMl and OMDM2 enhanced anandamide 
levels, down-regulated inflammatory responses in the spinal cord, and ameliorated motor 
symptoms (Mestre et al., 2005), and similar findings were reported using the transport inhibitor 
UCM707 (Ortega-Gutierrez et al., 2005). In these two studies, the treatments were also shown 
to reduce the surface expression of major histocompatibility complex class II molecules, the 
production of the proinflammatory cytokines (TNFa, IL- Ip, and IL-6), and the expression of 
inducible NO synthase. 
Consistent with the animal data, cannabinoids have shown promise in the treatment of MS in 
humans (Table 1). A possible underlying mechanism is suggested by a recent study in which the 
endocannabinoid system was found to be highly activated during CNS inflammation in MS 
patients and to protect neurons from inflammatory damage by activating a negative feedback 
loop in microglial cells via CBl/2-mediated epigenetic regulation of mitogen-activated protein 
kinase phosphatase 1 expression (Eljaschewitsch et al., 2006). 
There have been anecdotal reports of the effectiveness of marijuana smoking in relieving 
symptoms of MS and SPI (Grinspoon and Bakalar, 1993, 1998), which were supported by the 
results of early open or single-blind observations with orally given THC or smoked marijuana, 
involving small numbers of patients (Dunn and Davis, 1974; Petro, 1980; Petro and 
Ellenberger, 1981; Clifford, 1983; Meinck et al., 1989; Brenneisen et al., 1996; Schon et al., 
1999). The most consistent finding was a subjective improvement in spasticity, although benefits 
for mobility, tremor, nystagmus, mood, and bladder control were also reported. In a double-blind 
crossover study of a single MS patient, nabilone treatment improved muscle spasms, nocturia, 
and general well-being (Martyn, 1995). In contrast, Greenberg et al. (1994) reported impairments 
of both balance and posture after a single dose of smoked cannabis in a placebo-controlled study 
of 10 MS patients and 10 normal subjects. In an anonymous survey of 112 MS patients who self
medicated with cannabis, 30 to 97% of the subjects reported relief from a wide variety of 
symptoms by smoking marijuana (Consroe et al., 1997). These encouraging reports have 
triggered numerous larger, population-based clinical trials of cannabis-based medicines in MS, 
which have yielded mixed results. 
Using a randomized, double-blind, placebo-controlled, crossover design, Killestein et al. (2002) 
have evaluated the effects of oral THC, two doses of 2.5 to 5 mg/day or a Cannabis sativa plant 
extract administered over a 4-week period, in 16 MS patients with severe spasticity. Spasticity 
and disability, quantified using the objective Ashworth scale (Ashworth, 1964) and the 
Expanded Disability Status Scale were not improved. However, a significant improvement in the 
subjective rating of spasm frequency and trends toward improved mobility were noted, with no 
effect on tremor, sleep quality, or lower urinary tract symptoms. Both THC and the plant extract 
worsened the patients' global impression of their conditions, with plant extracts causing more 
adverse side effects. It should be mentioned, however, that the dose of THC used was lower than 
that in subsequent studies with more positive outcome, and as was noted in an accompanying 
editorial (Thompson and Baker, 2002), the study was not powered to detect efficacy. 
A large multicenter study involving 33 clinical centers and 660 MS patients in the United 
Kingdom and United States and supported by the UK Medical Council aimed to explore the 
effects of cannabis extract (Cannador) or synthetic THC (Marino!) versus placebo on spasticity, 
pain, tremor, bladder function, and cognitive function [Cannabinoids in Multiple Sclerosis 
(CAMS) study; Zajicek et al., 2003, 2004]. There was no change in Ashworth score, tremor, 
irritability, depression, or tiredness after 15 weeks of treatment with Marino! or Cannador. 



However, there were significant improvements in patient-reported spasticity, pain, and sleep 
quality. Unexpectedly, there was also a reduction in hospital admissions for relapse in the two 
active treatment groups. Adverse side effects were generally minor and similar to those with 
placebo. Remarkably, in the 12-month follow-up of the original CAMS study of 657 patients, 
muscle spasticity measured by the Ashworth scale was significantly improved in the THC
treated group. The Rivermead Mobility Index was also improved, indicative of reduced 
disability. The effect of Cannador on tremor was also studied in a randomized, double-blind, 
placebo-controlled, crossover trial in 14 patients with MS. Consistent with an earlier report 
(Zajicek et al., 2003), no significant therapeutic effects were noted (Fox et al., 2004). In another 
study of similar design, administration of oral capsules containing 2.5 mg of /19-THC plus 0.9 mg 
of CBD (maximal dose of 30 mg of 1'19-THC/day) caused improvements in spasm frequency and 
mobility in 37 MS patients who received at least 90% of their prescribed dose (Vaney et al., 
2004). 
In a double-blind, placebo-controlled study involving 18 patients with MS, THC and CBD 
decreased self-reported spasticity and pain and improved bladder symptoms, whereas spasticity 
measured by the Ashworth scale was not significantly improved (Wade et al., 2003). The 

-----therapeutic effect oCSativex defiveredby oromucosal spray (2.7 mg of THC and 2.5 mg of CBD 
at each actuation) was evaluated in 160 outpatients with MS (Smith, 2004). Patients were 
allowed to self-titrate the dose to achieve optimal effects, up to a maximal daily dose of 120 mg 
of THC and CBD. Efficacy was assessed by using a modified Ashworth scale to assess 
spasticity, whereas daily living, mobility, cognitive function, and tremor were quantified through 
the use of various scales and questionnaires (Wade et al., 2004). There was no significant 
difference in the Ashworth scale, tremor, and pain at 6 weeks between the Sativex and placebo 
groups. However, visual analog scales showed significant improvement in patients whose 
primary symptom had been spasticity (Wade et al., 2004). Sativex was well tolerated and 
effective against central neuropathic pain and sleep disturbances associated with MS in a 
randomized, controlled trial involving 66 patients (Rog et al., 2005). Sativex was approved and 
launched in Canada in 2005 for the treatment of neuropathic pain associated with MS and is 
currently being investigated for various other therapeutic indications (Russo, 2004, 2006). 
In a recent case report, a 46-year-old woman was diagnosed with MS after having entered 
treatment with the CB 1 receptor antagonist rimonabant for obesity, and recovery to near normal 
was noted within weeks after discontinuation of the treatment (van Oosten et al., 2004). This 
report, coupled with the more severe neurodegenerative process when MS is induced in 
CB1 knockout mice or in mice treated with a CB1 receptor antagonist, could suggest that 
CB 1 antagonism may exacerbate inflammatory demyelinating diseases in humans (van Oosten et 
al., 2004). However, the occurrence of MS in this one patient may have been purely coincidental. 
Although the results of the above clinical studies (Table 1) are somewhat equivocal, patients 
treated with cannabis experienced improvements in the most disturbing symptoms including pain 
and spasticity compared with those receiving placebo, without experiencing significant side 
effects. These studies also suggest that the Ashworth scale as a primary measure of spasticity in 
MS does not accurately assess the complex collection of symptoms associated with spasticity, 
which may be more accurately evaluated using subjective measures. Indeed, the use of the 
Ashworth scale as a primary measure of spasticity in MS has often being criticized, and many 
commonly used antispasticity medications have also failed to generate statistically significant 
improvements according to this scale (Hinderer and Gupta, 1996; Shakespeare et al., 2003). 
Accurate assessment of the clinical effectiveness of cannabinoids in MS may be complicated by 



the difficulty in achieving the most appropriate individual oral dose (Table 1). Peak plasma 
concentrations and their timing vary greatly because of the low water solubility of cannabis 
components and the large variability in their absorption from the gastrointestinal tract. An 
additional disadvantage of oral administration is the hepatic first-pass effect. This can result in 
the formation of large quantities of the psychoactive metabolite 11-0H-THC, which may be 
responsible for some of the side effects observed (Table 1). Delivery of cannabis-based extracts 
as an oromucosal spray may minimize these drawbacks and may allow patients to better optimize 
their individual daily dose by self-titration (Russo, 2006). 
In conclusion, controlled clinical trials with cannabinoids have demonstrated their efficacy in 
eliciting symptomatic improvements in MS patients. These results suggest that there is place for 
the use of cannabis in the treatment of MS, which should be confirmed in further larger-scale 
clinical trials. 

4. Movement Disorders (Basal Ganglia Disorders). 

Endocannabinoid involvement in the central regulation of motor functions and in movement 
------- ------~ 

disorders is based on multiple lines of evidence. First, CB 1 receptors are highly expressed in the 
basal ganglia, especially in the substantia nigra and in the cerebellum (Herkenham et 
al., 1990, 1991a,!!; Mailleux and Vanderhaeghen, 1992; Tsou et al., 1998; Hohmann and 
Herkenham, 2000; Moldrich and Wenger, 2000; Howlett et al., 2002), areas involved in 
motor control. Second, endocannabinoids are also abundant in these brain regions (Bisogno et 
al., 1999a; Di Marzo et al., 2000). Third, endogenous, plant-derived, and synthetic cannabinoids 
have potent, mostly inhibitory, effects on motor activity (Crawley et al., 1993; Fride and 
Mechoulam, 1993; Wickens and Pertwee, 1993; Smith et al., 1994; Romero et 
al., 1995a,!!, 2002b; reviewed in Safiudo-Pefia et al., 1999b). Fourth, CB 1 receptor and 
endocannabinoid levels are altered in the basal ganglia both in experimental models (Zeng et al., 
1999; Page et al., 2000; Romero et al., 2000; Lastres-Becker et 
al., 2001a,!!, 2002a,!!; Gonzalez et al., 2006) and human forms of movement disorders (Glass et 
al., 1993, 2000, 2004; Lastres-Becker et al., 2001a; reviewed in Romero et al., 2002b). Fifth, 
the endocannabinoid system interacts with several neurotransmitter pathways at various levels of 
the basal ganglia circuitry (Glass et al., 1997a; Miller et al., 1998; Safiudo-Pefia and Walker, 
1998; Giuffrida et al., 1999; Rodriguez De Fonseca et al., 2001; Brotchie, 2003; van der Stelt 
and Di Marzo, 2003; de Lago et al., 2004a). 

A. PARKINSON'S DISEASE AND LEVODOPA-INDUCED DYSKINESIA. 

Parkinson's disease (PD) is the second most common neurodegenerative disease of adult onset, 
with incidence of 16 to 19/100,000 people worldwide (Twelves et al., 2003). PD is caused by a 
severe loss of dopaminergic neurons in the substantia nigra pars reticulata (SNr), resulting in 
reduced dopamine levels and a loss of dopaminergic neurotransmission in the striatum, which 
interferes with motor function and coordination. Although excitotoxicity, oxidative stress, 
inflammation, mitochondrial dysfunction, and environmental and hereditary factors have all been 
implicated in the pathogenesis of PD, the exact cause of the loss of dopaminergic neurons 
remains elusive (Hattori and Mizuno, 2004; Eriksen et al., 2005). Clinically, PD is 
characterized by the classic triad of resting tremor, muscular rigidity, and bradykinesia/akinesia 
(slowness of movement or postural immobility). Current therapies include oral dopamine 
replacement via the dopamine precursor levodopa, anticholinergic agents, and monoamine 



oxidase B inhibitors (Horn and Stern, 2004). Although dopamine replacement therapy can be 
effective in most patients by controlling the symptoms in the short term, their long-term use is 
associated with diminishing efficacy and severe side effects such as levodopa-induced dyskinesia 
(LID) (involuntary movements), which often lead to treatment discontinuation and severe 
disability. 
In PD, there are secondary abnormalities in nondopaminergic transmission within the basal 
ganglia that are thought to contribute to the inhibition of motor function. Inhibitory GABAergic 
transmission from the striatum to the external region of the globus pallidus (GPe) is increased, 
making the GPe hypoactive. This results in decreased GABAergic input from the GPe to the 
subthalamic nucleus which, together with increased activity of glutamatergic efferents to this 
nucleus, results in its hyperactivity. In turn, the hyperactive subthalamic nucleus increases the 
activity of the SNr and internal globus pallidus (GPi) through glutamatergic efferents. Because 
both the SNr and GPi provide inhibitory output to motor nuclei outside the basal ganglia (e.g., 
motor thalamus and brain stem locomotor regions), this mechanism is thought to contribute to 
the excessive motor inhibition in PD (Obeso et al., 2000; Bezard et al., 2001). In general, 
changes opposite to those described above are likely to be involved in LID. The final outcomes 
of the dysregulation of neuronal circuits are abnormal patterning, firing rate, and synchronization 
of basal ganglia outputs (Obeso et al., 2000; Bezard et al., 2001). Importantly, 
nondopaminergic mechanisms may counterbalance the loss of dopamine and are probably 
responsible for the lack of parkinsonian symptoms until the loss of >80% of striatal dopamine. 
They may also attenuate the severity of symptoms once symptoms develop. As discussed below, 
the endocannabinoid system may play an important regulatory role in PD,PD and LID as well as 
in the compensatory mechanisms. 
Overactivity of endocannabinoid transmission, as reflected by increased tissue levels of 
endocannabinoids and CB I receptors as well as decreased rates of endocannabinoid transport and 
degradation by FAAH, have been found in the basal ganglia in the 6-hydroxydopamine-lesioned 
or reserpine-treated rat models of PD (Mailleux and Vanderhaeghen, 1993; Romero et al., 
2000; Gubellini et al., 2002; Centonze et al., 2005; Fernandez-Espejo et al., 2005; Gonzalez 
et al., 2006). In basal ganglia from 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-lesioned 
marmosets, a primate model of PD, and in basal ganglia of PD patients, the density of striatal 
CB 1 receptors and CB 1 receptor-G-protein coupling were found to be increased (Lastres-Becker 
et al., 2001a). The above changes in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-treated 
marmosets and 6-hydroxydopamine-lesioned rats were reversible by chronic L-dopa treatment, 
which indicates that the similar changes observed in PD patients were unlikely to have been 
induced by the replacement therapy (Lastres-Becker et al., 2001a; Maccarrone et al., 2003). 
There is broad agreement that the endocannabinoid system becomes overactive in the basal 
ganglia in PD (reviewed in Brotchie, 2003), although some studies report a reduction 
(Silverdale et al., 2001) or no change in CB 1receptor expression (Herkenham et al., 1991a) or a 
dependence on L-DOPA cotreatment of the increased CB 1 receptor expression in the basal 
ganglia of animals with experimental PD (Zeng et al., 1999). 
If the enhanced CB1 receptor signaling in the striatum is viewed as an attempt of the dopamine
deficient brain to normalize striatal function, the pharmacological amplification of this signaling 
might alleviate symptoms of PD, e.g., by reducing striatal glutamate release (Gerdeman and 
Lovinger, 2001; Gerdeman et al., 2002; Gubellini et al., 2002). On the other hand, enhanced 
CB 1 receptor signaling, if focused on the other part of the circuitry (e.g., GPe), can enhance 
GABA transmission, leading to inhibition of GPe and thereby contributing to the symptoms of 



PD. Likewise, CB1antagonism could have either pro-parkinsonian effects, if it targets the 
striatum, or antiparkinsonian effects, if it targets the GPe. Accordingly, both agonists and 
antagonists might have therapeutic potential, both in PD and LID (reviewed in Brotchie, 2003). 
Treatment with CB 1 receptor agonists can decrease the tremor associated with overactivity of the 
subthalamic nucleus (Safiudo-Pefia et al., 1998, 1999b), improve motor impairment seen with 
dopaminergic agonists (Anderson et al., 1995; Maneuf et al., 1997; Safiudo-Pefia et al., 1998), 
protect against dopaminergic cell death (Lastres-Becker et al., 2005), and delay or reduce the 
incidence of LID (Sieradzan et al., 2001; Fox et al., 2002a; Ferrer et al., 2003; Gilgun
Sherkiet et al., 2003). However, cannabinoid agonists are unlikely to be used for reducing 
bradykinesia in PD because of their hypokinetic profile both in primates and humans (Consroe, 
1998; Miiller-Vahl et al., 1999a; Romero et al., 2002; Brotchie, 2003; Croxford, 
2003; Croxford and Miller, 2003). 
On the other hand, dysfunction of nigrostriatal dopaminergic neurons can be associated with 
overactivity of endocannabinoid transmission in the basal ganglia (see above). CB1 receptor 
antagonists may therefore be useful for alleviating the bradykinesia of PD or LID, because they 
attenuate CB 1 signaling in GPe or GPi. (Mailleux and Vanderhaeghen, 1993; Di Marzo et al., 

- - - - - - . 

2000; Lastres-Becker et al., 2001a,!!_; Gubellini et al., 2002; reviewed in Brotchie, 2003; 
Fernandez-Espejo et al., reviewed in Brotchie, 2003; 2005; Fernandez-Ruiz and Gonzalez, 
2005). Notwithstanding the above, studies using SR141716 in rat (Di Marzo et al., 2000) and 
primate models of PD or LID (Meschler et al., 2001; van der Stelt et al., 2005) provided 
conflicting results. Rimonabant treatment also failed to influence dyskinesia in the first small
scale, randomized, double-blind, placebo-controlled human study (Mesnage et al., 2004). 
However, the dose used in this human study was approximately 10-fold lower (0.3 mg/kg versus. 
3 mg/kg), than in a recent primate study with positive outcome (van der Stelt et al., 2005). As 
suggested by a recent report (Fernandez-Espejo et al., 2005), it is also possible that 
CB 1 receptor blockade is effective only at the very advanced stages of the disease. More recently, 
using Park-2 knockout mice, a genetic model of early PD, Gonzalez et al. (2005) observed 
gender-dependent differences for both the levels of CB 1 receptors and motor responses to 
agonists or antagonists, extending earlier data obtained in humans and in animal models of PD. 
Taken together, although the above studies do not offer a complete understanding of the role of 
endocannabinoids and cannabinoid receptors in PD and LID, they support the notion that the 
endocannabinoid system plays an important role in movement disorders, including PD, and may 
provide the framework for novel therapeutic approaches in the future. 

B. HUNTINGTON'S DISEASE. 

Huntington's disease (HD) is an inherited, autosomal dominant, progressive neuropsychiatric 
disorder of the midlife, caused by an unstable expansion of a trinucleotide polyglutamine repeat 
in the N-terminal domain of a protein termed huntingtin, which leads to degeneration of neurons 
in the basal ganglia and cortical regions. The disease is characterized by motor disturbances, 
such as chorea (involuntary movements) and dystonia, psychiatric symptoms, and dementia 
(Melone et al., 2005). The prevalence of HD is similar to that of ALS (see below), but much 
lower than that of most of the other neurodegenerative illnesses discussed above or below. The 
therapy of HD is very limited and includes antidopaminergic drugs to reduce the hyperkinesias 
and antiglutamatergic agents to reduce excitotoxicity (Melone et al., 2005). 
It has been clearly demonstrated, both in postmortem human tissue (Glass et 
al., 1993, 2000; Richfield and Herkenham, 1994) and in chemically induced and transgenic 



animal models (Denovan-Wright and Robertson, 2000; Page et al., 2000; Lastres-Becker et 
al., 2001, 2002a,_h; Sieradzan and Mann, 2001; Behrens et al., 2002; Glass et al., 
2004; McCaw et al., 2004) that a decrease in CB1 receptor level and signaling activity in the 
basal ganglia is one of the earliest changes in HD, preceding nerve loss and clinical symptoms. 
Furthermore, decreased levels of anandamide and 2-AG in the striatum and an increase of 
anandamide in the ventral mesencephalon, where the substantia nigra is located, have been 
documented in a rat model of HD (Lastres-Becker et al., 2001). Thus, it appears that 
endocannabinoid signaling in the basal ganglia is hypofunctional in HD, which probably 
contributes to the hyperkinesia associated with the disease. These studies also suggest that the 
endocannabinoid system is involved in the pathogenesis and/or progression of HD, and 
cannabinoid agonists could be of significant therapeutic benefit in HD because of their 
anthyperkinetic and neuroprotective effects (reviewed in Lastres-Becker et al., 2003b). A recent 
study identified a novel population of progenitor cells expressing CB1 receptors in the 
subependymal layer of the normal and Huntington's diseased human brain. This finding raises 
the intriguing possibility that these cells could be a source of replacement of cells lost due to 
neurodegenerative disease (~C~u.,.,..r.,,,.ti,,,,,s.,.,,,e,,,,,t,,,,,a,,,,,l.,:':, ,,,,,2,,,,0,,,,0,,,,6)~-..,-------c-------=-------=-~------------c-----------

-----,Indeed~ata from animal models demonstrated that both CB1 agonists and inhibitors of 
endocannabinoid transport are able to reduce hyperkinesia (Lastres-Becker et al., 2002b, 2003a). 
Interestingly, direct agonists of CB 1 receptors, such as CP55,940, only produced a very modest 
effect compared with the anandamide transport inhibitor AM404, which also exhibits affinity for 
the VR1 receptor (Zygmunt et al., 2000). This latter property of AM404 may account for its 
ability to reduce hyperkinesia (Lastres-Becker et al., 2002b, 2003a), as other transport inhibitors 
such as VDMl 1 and AM374, which are not active at TRPV1 receptors, were devoid of 
antihyperkinetic effects in HD rats (Lastres-Becker et al., 2003a), and the most potent transport 
inhibitor to date, UCM707, only produced a modest effect (de Lago et al., 2002, 2004b, 2006). 
Arvanil, a hybrid endocannabinoid and vanilloid compound, was also reported to alleviate 
hyperkinesias in a rat model of HD (de Lago et al., 2005). These results suggest that 
TRPV1 receptors alone, or in combination with CB1 receptors, might represent novel therapeutic 
targets in HD (reviewed in Lastres-Becker et al., 2003b ). 
There have been few human trials on the effects of cannabinoid agonists in HD, and the results 
do not live up to the promise of the animal data. Small trials with the synthetic THC analog 
nabilone and with the nonpsychoactive cannabidiol showed no efficacy or even increased choreic 
movements in HD patients (Consroe et al., 1991; Miiller-Vahl et al., 1999b). These negative 
results could be related to dosing issues, to the lack of TRPV1 receptor activity of the compounds 
tested, or to the advanced stage of the disease. Nevertheless, further studies are warranted to 
explore the therapeutic potential of cannabinoids in HD. 

C. GILLES DE LA TOURETTE'S SYNDROME. TARDIVE DYSKINESIA, AND 
DYSTONIA. 

Based on its ubiquitous presence in motor regions of the brain, the endocannabinoid system 
might be involved in other extrapyramidal disorders such as Gilles de la Tourette's syndrome 
(TS), tardive dyskinesia, and dystonia. TS is a neurological syndrome that becomes evident in 
early childhood and is characterized by multiple motor and vocal tics lasting for more than 1 
year. Plant-derived cannabinoids have been found to be effective in the treatment of tics and 
behavioral problems in TS (Mi.iller-Vahl et al., 1997, 1998, 1999c, 2002, 2003a,!;!; Miiller-Vahl, 
2003). Beneficial effects of cannabinoids have been also reported in dystonia, both in animal 



models (Richter and Loscher, 1994, 2002) and in humans (Fox et al., 2002b; Jabusch et al., 
2004). In addition, as described in the sections above, cannabinoids have potential in the 
management of the LID in PD and of the spasticity and tremor in MS. On the other hand, in 
patients chronically treated with neuroleptic drugs, a correlation between chronic cannabis use 
and the presence of tardive dyskinesia has been described previously (Zaretsky et al., 1993). 

5. Amyotrophic Lateral Sclerosis. 

ALS (also known as Lou Gehrig's disease) is the most common adultonset human motor neuron 
disease with a prevalence of 5 to 7/100,000. It is characterized by rapid, progressive 
degeneration of motor neurons in the brain and spinal cord, which ultimately leads to progressive 
weakness, paralysis, and premature death (Rowland and Shneider, 2001). Although weak, 
patients are cognitively intact and thus are completely aware of their progressive disability. The 
disease strikes adults at any age, and most patients die within 3 to 5 years after the onset of 
symptoms. Although most cases of ALS are sporadic and are probably acquired, approximately 
10% are familial, usually inherited in an autosomal dominant pattern. Despite a var_ie_ty~o_f _____ _ 
putative underlying mechanisms, including oxidative stress, neuroinflammation, autoimmunity, a 
defect in neuronal glutamate transport and glutamate toxicity, neurofilament accumulation, 
exogenous factors (virusesor toxins), mitochondrial dysfunction, and mutations in the superoxide 
dismutase (SOD]) gene, the pathogenesis of ALS is incompletely understood (Barnham et al., 
2004). Tragically, available treatment options are limited and do not prevent disease progression 
and death (Rowland and Shneider, 2001). 
Based on the well-known protective effect of cannabinoids against oxidative cell damage and 
excitotoxicity (Hampson et al., 1998; Shen and Thayer, 1999; Abood et al., 2001; van der 
Stelt et al., 2001a), combined with their antispastic effect in MS, Carter and Rosen (2001) have 
proposed the use of marijuana for the pharmacological management of ALS. Indeed, in a pilot 
study of the safety and tolerability of THC in ALS patients, symptomatic benefits were seen for 
spasticity, insomnia, and appetite (Gelinas et al., 2002). Consistent with this clinical report, 
studies using transgenic mice expressing a mutant form of human SODl (hSODlG93

A mice) as an 
experimental model of ALS have demonstrated that either THC or WIN55,212-2 administered 
after the onset of the disease or genetic ablation of FAAH delayed disease progression (Raman 
et al., 2004; Bilsland et al., 2006). Furthermore, THC potently reduced oxidative and 
excitotoxic damage in spinal cord cultures in vitro and prolonged survival in SOD 1 mutant mice 
(Raman et al., 2004). Surprisingly, neither WIN55,212-2 nor FAAH ablation affected the life 
span of SOD1(G93A) mice, whereas deletion of the CB1 receptor significantly extended life span 
without affecting the disease onset (Bilsland et al., 2006). These results suggest that 
cannabinoids have significant neuroprotective effects in a mouse model of ALS but that these 
beneficial effects may be mediated by non-CB 1 receptor mechanisms. 

6. Alzheimer's Disease. 

Alzheimer's disease (AD) is a progressive neurodegenerative disorder that accounts for the vast 
majority of age-related dementia and is one of the most serious health problems in the 
industrialized world. The disease is characterized by the formation of neuritic plaques rich in P
amyloid (AP) peptide, neurofibrillary tangles rich in hyperphosphorylated 't protein, gliosis, and 
a neuroinflammatory response involving astrocytes and microglia, inevitably leading to 



progressive global cognitive decline (Weksler et al., 2005). These studies have engendered new 
perspectives on the possible role of the endocannabinoid system in neurodegenerative processes 
associated with inflammation (reviewed in Walter and Stella, 2004), including those in AD 
(reviewed in Pazos et al., 2004). 
In an in vitro cell culture model of AD, anandamide prevented AP-induced neurotoxicity through 
CB 1-mediated activation of the mitogen-activated protein kinase pathway (Milton, 2002). In rat 
microglia cells in culture, CB 1 receptor stimulation also dose dependently inhibited the release of 
NO, which had been implicated in the neurotoxic effects of AP peptide (\Vaksman et al., 1999). 
In PC12 cells, protection against AP-induced neurotoxicity was also observed with cannabidiol, 
which does not bind to CB/CB2 receptors (Iuvone et al., 2004). Interestingly, CB1 receptor 
blockade by SR141716 improved the memory deficit induced by administration of AP peptide in 
mice, presumably by increasing hippocampal acetylcholine levels (Mazzola et al., 2003). 
However, analyses of brain tissue samples obtained from AD patients (Westlake et al., 1994) or 
animal models of AD (Romero et al., 1998; Benito et al., 2003) indicate that CB 1 receptors are 
not dramatically affected. In contrast, CB2 receptors and FAAH are overexpressed in microglia 
associated with neuritic plaques in the brain of AD patients (Benito et al., 2003). Senile plaques 

~---~~m-A~D patients express both-CB1 andCB2 receptors together with markers of microglial 
activation, and CB1-positive neurons, present in high numbers in control cases, are greatly 
reduced in areas of microglial activation (Ramirez et al., 2005). CB1 receptor protein levels and 
G protein coupling were also markedly decreased in AD brains, coupled with increased nitration 
of the CB 1 and CB2 receptor proteins (Ramirez et al., 2005). Intracerebroventricular 
administration of WIN 55,212-2 to rats prevented AP-induced microglial activation, cognitive 
impairment and loss of neuronal markers. HU-210, WIN 55,212-2, and JWH-133 blocked AP
induced activation of cultured microglial cells, as judged by mitochondrial activity, cell 
morphology and TNF-a release, and these effects were independent of the antioxidant action of 
ligands. Furthermore, cannabinoids abrogated microglia-mediated neurotoxicity after addition of 
AP to rat cortical cocultures (Ramirez et al., 2005). Although there are no data available on the 
endocannabinoid content in AD brain tissue are available, increased levels have been reported in 
the brain after inflammatory events and in neurodegenerative disorders associated with 
inflammation (reviewed in Walter and Stella, 2004and see also sections above). 
Based on the above, one might hypothesize that AP deposition induces the release of 
endocannabinoids from neurons and glia, which activate CB 1-mediated neuroprotective pathways 
and modulate the release of inflammatory mediators in microglia through CB2 receptors. If this 
hypothesis is confirmed by future studies, the beneficial effects of CB/CB2 agonists and FAAH 
antagonists in AD could be explored. Intriguingly, in a recent open-label pilot study of six 
patients in the late stages of dementia (five patients with AD and one patient with vascular 
dementia), treatment with 2.5 mg of dronabinol daily for 2 weeks significantly improved the 
Neuropsychiatric Inventory total score and the subscores for agitation and aberrant motor and 
nighttime behaviors (Walther et al., 2006). 

7. Epilepsy. 

If the balance between inhibitory and excitatory communications among neurons is disturbed, 
the intensity of excitatory transmission may exceed a certain threshold, leading to epileptic 
seizures. Stimulation of postsynaptic neurons is known to trigger the on-demand synthesis of 
endocannabinoids via an increase in intracellular calcium and/or stimulation of metabotropic 



receptors (reviewed in Piomelli, 2003; Lutz, 2004). Thereafter, endocannabinoids are released 
and reach presynaptic CB1 receptors retrogradely to modulate both inhibitory GABAergic and 
excitatory glutamatergic transmissions via multiple mechanisms (Marsicano and Lutz, 1999; 
Alger, 2002, 2004; Gerdeman et al., 2002; Robbe et al., 2002; Azad et al., 2003; Freund et 
al., 2003; Gerdeman and Lovinger, 2003; Kim and Alger, 2004; Isokawa and Alger, 2005). 
Multiple pathways, eventually culminating in neuronal death, are triggered by excessive 
excitatory activity through a process known as excitotoxicity (McNamara, 1999). Excitotoxicity 
is believed to contribute to the progression of numerous degenerative central nervous system 
disorders such as Parkinson's disease, Alzheimer's disease, and various forms of epilepsy. More 
than 1 % of the human population is affected by epilepsy and the incidence is highest in elderly 
persons or during the first years of life (reviewed in Holmes and Ben-Ari, 1998; McCormick 
and Contreras, 2001). Epileptic syndromes are classified as generalized seizures, which affect 
the entire forebrain, or partial seizures, which occur within localized brain regions. Conventional 
antiepileptic treatment is not fully effective in -30% of patients, therefore justifying the search 
for new targets (LaRoche and Helmers, 2004). 
Cannabis has been used to treat epilepsy for centuries. Hashish was reported to cure the s_ic_k_s_o_n __ _ 
of the chamberlain of the Caliphate Council in Baghdad by the medieval Arab writer Ibn al-
Badri (Mechoulam, 1986; Iversen, 2000). Almost four centuries later, W. B. O'Shaughnessy, an 
Irish physician and scientist working at the Medical College of Calcutta, confirmed the benefit of 
hashish for treating pain, emesis, muscle spasms, and convulsions (reviewed in Karler and 
Turkanis, 1981; Mechoulam, 1986). The benefit of cannabis in epilepsy was also reported by a 
British neurologist (Reynolds, 1890), but the medicinal use of cannabis was prohibited in the 
early 20th century in most countries. 
After the identification of the structure of THC (Gaoni and Mechoulam, 1964), several groups 
investigated its antiepileptic effects (reviewed in Gordon and Devinsky, 2001; Lutz, 2004). 
THC was originally characterized as an anticonvulsant, but it has a variety of excitatory and 
depressant effects, ranging from convulsions to ataxia, depending on the dose, experimental 
model, and the animal species used (Karler and Turkanis, 1981; reviewed in Gordon and 
Devinsky, 2001; Lutz, 2004). Further complicating the picture, animal studies also document a 
rebound effect to THC with enhanced CNS excitability and increased sensitivity to convulsions 
(Chiu et al., 1979; Karler and Turkanis, 1981; Karler et al., 1986). This withdrawal 
hypersensitivity implies that in susceptible patients, the use of marijuana may be associated with 
withdrawal seizures (Karter and Turkanis, 1981). 
Only case reports on the effects of THC in epileptic patients are currently available. Two reports 
described decreased seizure frequency after marijuana use (Consroe et al., 1975; Ellison et al., 
1990) and an epidemiological study found that chronic marijuana use is protective against 
seizures (Ng et al., 1990). According to a questionnaire completed by 215 epileptic patients 
using marijuana regularly, 7.4% experienced a reduction, 2.3% an increase, and 90.2% no 
change in seizure frequency (Gordon and Devinsky, 2001). In contrast, marijuana smoking was 
associated with an increase in seizure frequency in another study (Keeler and Reifler, 1967). 
Small-scale clinical studies have shown that the nonpsychotropic cannabidiol either reduced 
seizure frequency or had no significant effect on it (Cunha et al., 1980; Ames and Cridland, 
1986; Gordon and Devinsky, 2001). 
As in human studies, cannabinoids were found to exert both antiand proconvulsive activity in 
animal models of epilepsy, largely depending on the stimulus applied to induce seizures 
(chemical, electrical, light, or fever) and the species used (Johnson et al., 1975; Ten Ham et al., 



1975; Wada et al., 1975a,1975b; Corcoran et al., 1978; Chiu et al., 1979; Duncan and 
Dagirmanjian, 1979; Fish et al., 1981; Karler and Turkanis, 1981; Colasanti et al., 
1982; Fish and Consroe, 1983; Karler et al., 1984, 1986; Consroe and Mechoulam, 
1987; Pertwee et al., 1991; Hayase et al., 200la,Q; reviewed in Gordon and Devinsky, 
2001; Lutz, 2004). 
Anandamide and its metabolically stable analog, 0-1812, dose dependently inhibited 
electroshock-induced seizures in rats, and this effect was abolished by SR141716 (Wallace et 
al., 2002). In a rat model of febrile seizures, the expression of presynaptic CB 1 receptors in 
hippocampal GABAergic interneurons was increased (Chen et al., 2003), and the CB 1 receptor
mediated DSI was enhanced (Alger, 2002), suggesting that the endogenous cannabinoid system 
is protective. Remarkably, in a rat model of pilocarpine-induced status epilepticus, CB1 receptor 
agonists were more effective in reducing seizure frequency than clinically used anticonvulsants, 
such as phenytoin or phenobarbital. Consistently, CB 1 receptor blockade increased seizure 
frequency, and the seizure activity was associated with increased brain levels of CB 1 receptors 
and 2-AG (Wallace et al., 2003a). 
With use of the kainic acid-induced excitotoxic epileptiform seizure model in wild type and 

-----CBilmockout mice, recent studies have estabfishedthat the seizure-induced increase of 
intracellular calcium, a hallmark of epilepsy (Raza et al., 2001 ), triggers the synthesis of 
anandamide, which activates CB 1 receptors in glutamatergic neurons in the hippocampus and 
cerebral cortex (Marsicano et al., 2003; Khaspekov et al., 2004). Such "on-demand" activation 
of CB 1 receptors was suggested to protect against excitotoxicity by various mechanisms, 
including inhibition of calcium channels and stimulation of potassium channels to decrease 
neuronal excitability and the activation of extracellular signal regulated kinases (Marsicano et 
al., 2003; Khaspekov et al., 2004). In contrast to these findings, FAAH knockout mice or mice 
treated with a CB 1 agonist were found to have increased sensitivity to kainic acid-induced 
seizures (Clement et al., 2003). The lack of protection in this latter study may be related to the 
nonselective activation of CB 1 receptors on both inhibitory (proconvulsive effect) and excitatory 
neurons (anticonvulsive effect) and by the life-long rather than on-demand activation of 
CB 1 receptors present in FAAH knockout animals. 
In summary, the use of cannabinoids for the treatment of epilepsy is still controversial, although 
recent experimental studies provide some new insight. To date, there have been no large-scale, 
controlled clinical trials to examine the beneficial effects of cannabinoids in various forms of 
epilepsy. The potential use of the nonpsychotropic cannabidiol and of inhibitors of anandamide 
transport or degradation warrants further investigation. 

8. Mental Disorders. 

The well-known psychotropic effects of cannabinoids and the distribution of cannabinoid 
receptors across important emotional circuits in the brain suggest that the endocannabinoid 
system may be involved in various psychiatric disorders such as schizophrenia and mood 
disorders (reviewed in van der Stelt and Di Marzo, 2003; Hall et al., 2004; Leweke et al., 
2004; Manzanares et al., 2004; Ujike and Morita, 2004; Ashton et al., 2005; Gambi et al., 
2005; Semple et al., 2005; Vinod and Hungund, 2005). 

A. SCHIZOPHRENIA. 



Schizophrenia is the second most common mental disorder with a lifetime prevalence of 
approximately 0.2 to 2% worldwide (Ban, 2004). The disease usually begins in early adulthood 
or late adolescence and is characterized by psychotic episodes with positive symptoms including 
delusions and/or hallucinations, loose associations, and distortion of perception. The psychotic 
episodes are separated by periods with negative symptoms consisting of apathy, anhedonia, 
reduced social drive, loss of motivation, poverty of speech and thought, and blunting of affect. 
With disease progression, behavioral impairment can lead to complete social isolation. Although 
recent advances in the pharmacotherapy of schizophrenia produced great improvement in the 
clinical symptoms and the quality of life of patients, there is room for further improvements (Ban 
et al., 2004; Moller, 2005). 
Numerous theories have been put forth regarding the etiology of schizophrenia, ranging from 
developmental or neurodegenerative processes, environmental factors, neurotransmitter 
abnormalities (dopamine or glutamate), and infectious or autoimmune processes, but also 
including the cannabinoid hypothesis (reviewed in Thaker and Carpenter, 2001; Lewis et al., 
2005). It appears that hypoglutamatergic and hypodopaminergic transmission in the prefrontal 
cortex is involved in the negative symptoms, whereas hyperactivity of dopamine 
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n e u rot rans mission in the mesencephalic projections to the nucleus accumbens may underlie the 
positive symptoms (Thaker and Carpenter, 2001; Lewis et al., 2005). 
According to the endocannabinoid hypothesis of schizophrenia, overactivity of the 
endocannabinoid system may lead to a hyperdopaminergic and hypoglutamatergic state, which 
may underlie some of the symptoms (Emrich et al., 1997, reviewed in Ujike and Morita, 
2004; Laviolette and Grace, 2006). The endocannabinoid hypothesis is supported by multiple 
lines of evidence. First, the use of large amounts of cannabis and THC may produce psychotic 
symptoms in normal individuals, including delusions, hallucinations, and cognitive impairment, 
which resemble schizophrenia (Spencer, 1971; Halikas et al., 1972; Chopra and Smith, 
1974; McGuire et al., 1994; Emrich et al., 1997; Johns, 2001; D'Souza et al., 2004). Second, 
cannabis and THC may worsen psychotic symptoms in schizophrenic patients, contribute to poor 
outcome, increase the possibility of relapse, and decrease the effectiveness of antipsychotic drugs 
(Breakey et al., 1974; Treffert, 1978; Negrete, 1989; Turner and Tsuang, 1990; Linszen et 
al., 1994; Martinez-Arevalo et al., 1994; Voruganti et al., 2001; D'Souza et al., 2005). Third, 
the use of cannabis may precipitate the onset of schizophrenia in individuals susceptible to 
psychosis (Andreasson et al., 1987; Miller et al., 2001). Fourth, postmortem radioligand studies 
document increased CB 1 receptor density in the dorsolateral and anterior cingular regions and 
subregions of the prefrontal cortex in schizophrenia (Dean et al., 2001; Zavitsanou et al., 
2004; Newell et al., 2006). Fifth, the levels of anandamide are increased in cerebrospinal fluid or 
blood from schizophrenic patients (Leweke et al., 1999; De Marchi et al., 2003; Giuffrida et 
al., 2004). Sixth, treatment with neuroleptics appears to normalize the imbalance in 
endocannabinoid signaling in blood cells in schizophrenic patients (De Marchi et al., 2003) and 
also decreases CB1 receptor binding in the rat nucleus accumbens (Sundram et al., 2005). Last, 
the hebephrenic type of schizophrenia shows a strong association with polymorphisms in 
the CNRJ gene encoding CB1 receptors (Leroy et al., 2001; Ujike et al., 2002). 
Taken together, the above evidence suggests that the endocannabinoid system may be a novel 
therapeutic target in schizophrenia. It is also tempting to speculate that CB 1 antagonists may be 
beneficial against some, most likely the negative, symptoms of the disease. Some preclinical and 
clinical evidence also suggests that cannabidiol may have antipsychotic potential (reviewed 
in Zuardi et al., 2006). 



B. ANXIETY AND DEPRESSION. 

Mood disorders such as generalized anxiety or panic disorder, major depressive disorder and 
bipolar disorder (manic depressive illness) are very common, often serious, and potentially life
threatening conditions. More than 20% of the adult population experiences a mood disorder at 
some point during their life. In up to 15% of individuals with major depressive disorder the cause 
of death is suicide. According to a World Health Organization forecast, by the year 2020 
depression will become the second leading cause of premature death and disability worldwide 
(Pacher and Kecskemeti, 2004). Although significant advances have been made in the 
treatment of mood disorders during the past decades, - 30% of the population do not respond to 
current therapies, and the search for novel pharmacological approaches continues (reviewed 
in Pacher and Kecskemeti, 2004). 
Many of the psychological effects of cannabis and THC are biphasic and bidirectional, 
depending on mode of administration, dose, personality, time frame, degree of tolerance, and 
various other environmental and individual factors (Paton and Pertwee, 1973; Ashton et 
al., 1981, 2005; Viveros et al., 2005). The acute effects in normal subjects can range from 

-----euphcfrTa-;-refaxa110n-;-excuat10n, heightened percept10n, ana mcreased motor activity to 
dysphoria, anxiety, sedation, perceptual distortion, and incoordination. THC, under certain 
conditions and at certain doses, exerts anxiolytic, antidepressant, and hypnotic effects in patients 
suffering from pain associated with cancer or multiple sclerosis and improves mood and general 
well-being in normal subjects (Regelson et al., 1976; Glass et al., 1980; Ashton et al., 
1981; Fabre and McLendon, 1981; Ilaria et al., 1981; Martyn et al., 1995; Ashton, 
1999; Wade et al., 2003). However, under different conditions and at higher doses, cannabis or 
THC can produce dysphoric reactions, anxiety, panic paranoia, and psychosis (Spencer, 
1971; Halikas et al., 1972; Chopra and Smith, 1974; Ashton et al., 1981, 2005; McGuire et 
al., 1994; Emrich et al., 1997; Johns, 2001; Patton et al., 2002; Tournier et al., 2003; Dannon 
et al., 2004; D'Souza et al., 2004; reviewed in Hollister, 1986; Hall and Solowii, 1998). 
CBD also possesses anxiolytic, antipsychotic and anticonvulsant properties, which are not 
mediated by classic cannabinoid receptors (Carlini et al., 1975; Consroe and Wolkin, 
1977; Consroe et al., 1981; Zuardi et al., 1982, 1995, 2006; Ames and Cridland, 1986; Martin 
et al., 1987; Guimaraes et al., 1990, 1994; reviewed in Mechoulam et al., 
2002c; Grotenhermen, 2003; Long et al., 2006). The mode of action of CBD is not completely 
understood; it may involve blockade of anandarnide and serotonin reuptake (Bisogno et al., 
2001; McPartland and Russo, 2001), inhibition of the enzymatic hydrolysis of anandamide 
(Mechoulam et al., 2002), or an interaction with as yet unidentified receptors (Jarai et al., 
1999; Pertwee et al., 2002). 
Animal studies yielded further support to the biphasic and bidirectional effects of cannabinoids 
on anxiety, with low doses being anxiolytic and high doses being anxiogenic. Indeed, low doses 
of CP55,940 (Genn et al., 2003; Marco et al., 2004), nabilone (Onaivi et al., 1990), and THC 
(Berrendero and Maldonado, 2002) exerted anxiolytic-like effects in the light-dark crossing 
test and in the elevated plus-maze in adult rodents. Low-dose CP55,940 was also anxiolytic in 
other models of anxiety in adult, juvenile, or infant rodents (Romero et al., 2002a; Borcel et al., 
2004; Genn et al., 2004). In contrast, at medium to high doses, CP55,940 or HU-210 displayed 
anxiogenic effects in the same or other experimental paradigms in adult as well as in juvenile or 
infant animals (McGregor et al., 1996a,Q; Rodriguez de Fonseca et al., 1996; Giuliani et al., 
2000; Arevalo et al., 2001; Marin et al., 2002; Romero et al., 2002; Genn et 
al., 2003;2003, 2004;Marin Marco et al., 2004). Although several hypotheses have been 



proposed to explain the biphasic effects of cannabinoids on anxiety, including distinct receptors 
(Haller et al., 2004a,2004b) or neuroanatomically separated CB 1 receptors with a differential 
sensitivity to the anxiolytic versus anxiogenic effects of cannabinoids, these need to be 
confirmed in future studies (reviewed in Viveros et al., 2005). 
The high level of CB 1 receptors in the hippocampus, amygdala, and prefrontal and anterior 
cingular cortex, key regions in the regulation of anxiety, may suggest that the endocannabinoid 
system plays a role in the control of anxiety (Herkenham et al., 1990, 1991a,!?_; Glass et al., 
1997b; Katona et al., 2001; Hajos and Freund, 2002; Tzavara et al., 2003; Pistis et al., 2004). 
Further support of this theory came from studies using CB1 receptor antagonists or CB 1 receptor 
knockout mice. SR141716 produced anxiogenic effects in the elevated plus-maze and the 
defensive withdrawal tests in adult rats (Navarro et al., 1997; Arevalo et al., 2001). 
Furthermore, SR141716 not only reversed the anxiolytic effects of the CB 1 agonist CP55,940 but 
also was anxiogenic in the ultrasonic vocalization test in rat pups when administered alone 
(McGregor et al., 1996a). In contrast, Haller et al. (2002) found SR141716 to be anxiolytic in 
the plus-maze in mice, but this effect was not mediated by CB1 receptors as indicated by its 
presence in CB1 knockout mice. Furthermore, another selective CB1 receptor antagonist, AM251, 
increased anxiety-like behavior in wild-type mice but had no effect in the knockouts, in support 
of a CB 1 receptor-mediated anxiolysis. As discussed before, SR141716, but not AM251, also 
inhibits a CB 1-like receptor that mediates presynaptic inhibition of glutamate release in the 
hippocampus (Hajos and Freund, 2002). Thus, the findings of Haller et al. (2002) could suggest 
that the anxiolytic effect of SR141716 is mediated by such a CB 1-like receptor, activation of 
which would be anxiogenic. 
CB 1 knockout mice displayed increased anxiogenic responses in the light-dark box, plus-maze, 
and social interaction tests, an increased aggressive response in the resident-intruder test, and 
marked alterations in the hypothalamic-pituitary-adrenal (HPA) axis coupled with impaired 
action of known anxiolytic drugs such as buspiron and bromazepam (Haller et 
al., 2002, 2004b; Martin et al., 2002; Urigiien et al., 2004). However, Marsicano et al. (2002) 
were unable to demonstrate anxiogenic-like response in CB 1 knockout mice in the plusmaze. 
This may be related to differences in the genetic background of the CB 1 knockout mice used 
and/or different experimental conditions. The importance of the latter is also indicated by the 
confounding effect of stress on anxiogenic behaviors and their modulation by endocannabinoids 
(Haller et al., 2004a; Patel et al., 2005). Stress-induced down-regulation of hippocampal 
endocannabinoid signaling may contribute to problems in behavioral flexibility and may play a 
role in the development of perseveratory and ruminatory behaviors in stress-related 
neuropsychiatric disorders (Hill et al., 2005). Collectively, a majority of evidence supports a role 
for CB1 receptors in the control of emotional behavior and suggests the existence of an anxiolytic 
endocannabinoid tone. Facilitation of such a tone by inhibiting the degradation of 
endocannabinoids in vivo may be therapeutically exploited, as indicated by the reduced anxiety
like behavior and potent antidepressant-like effects in mice and rats treated with a FAAH or 
anandamide transport inhibitor and the blockade of this effect by SR 141716 or AM281 
(Kathuria et al., 2003; Gobbi et al., 2005; Bortolato et al., 2006; Rutkowska et al., 2006). 
The mechanisms responsible for the effects of cannabinoids on anxiety-related responses are 
complex and may involve modulation of numerous neurotransmitter systems. For example, 
stimulation of CB1 receptors in rodents activates the HPA axis through the release of CRH 
(Weidenfeld et al., 1994; Wenger et al., 1997; Martin-Calderon et al., 1998; Manzanares et 
al., 1999a; Marco et al., 2004), which could account for the anxiogenic effects of high doses of 



cannabinoids (Rodriguez de Fonseca et al., 1996; Marin et al., 2002). In contrast, there are also 
examples of negative modulation of HPA function by endocannabinoids (Di et al., 2003; Patel 
et al., 2004). Cannabinoids also modulate GABAergic transmission and the release of the 
peptide cholecystokinin, which may contribute to both anxiolytic and anxiogenic effects (Onaivi 
et al., 1990; Katona et al., 1999, 2001; Marsicano and Lutz, 1999; Tsou et al., 1999; Beinfeld 
and Connolly, 2001; Rotzinger and Vaccarino, 2003). Furthermore, cannabinoids enhance the 
release of endogenous opioids and a functional interplay between the endocannabinoid and 
opioid systems modulates analgesic responses and is involved in antidepressant-like effects and 
in various addiction-related processes (Pugh et al., 1997; Manzanares et al., 1999b; Houser et 
al., 2000; Zimmer et al., 2001; Ghozland et al., 2002). From studies with THC and CP55,940, 
it appears thatµ- and 8-opioid receptors mediate certain anxiolytic effects, whereas activation of 
K-opioid receptors leads to increased anxiety (Pugh et al., 1997; Houser et al., 2000; Zimmer et 
al., 2001; Berrendero and Maldonado, 2002; Ghozland et al., 2002; Marin et al., 2003). 
There are also interactions between the endocannabinoid and serotonergic systems (Arevalo et 
al., 2001; Malone and Taylor, 2001; Fride and Shohami, 2002; Marin et al., 2003; Marco et 
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in anxiety-like behaviors has not been explored 
In contrast to earlier dogma, recent findings indicate that neurogenesis occurs in the adult brain. 
Furthermore, stress and depression decrease neurogenesis, particularly in the hippocampus, 
whereas electroconvulsive therapy and chronic treatment with conventional anti-depressants 
increases this process (reviewed in Pacher et al., 2004a). It has been recently demonstrated that 
the endocannabinoid system drives neural progenitor cell proliferation (Aguado et 
al., 2005, 2006), and cannabinoids promote neurogenesis (Berghuis et al., 2005; Jiang et al., 
2005). Furthermore, CB 1 receptors appear to be required for neuronal survival in the 
hippocampus (Bilkei-Gorzo et al., 2005). These findings are particularly exciting, as they raise 
the possibility of a role for endocannabinoids in antidepressive drug action. Indeed, CB1 receptor 
density in the hippocampus and hypothalamus is increased by chronic tricyclic antidepressant 
treatment (Hill et al., 2006), and the amplification of the actions of endocannabinoids by the 
FAAH inhibitor URB597 was found to produce antidepressant-like effects in the mouse tail
suspension and rat forced-swim tests, without eliciting reward-related effects indicative of 
addictive potential (Gobbi et al., 2005). It should not be surprising, however, that based on the 
basis of the bimodal action of cannabinoids on mood and anxiety, a case could be made for the 
opposite, i.e., for the antidepressive potential of CB 1antagonism. CB1 antagonists were reported 
to elicit antidepressant-like behavioral effects in rodents and can increase the synaptic 
concentration of biogenic amines, much like antidepressants do (reviewed in Witkin et al., 
2005). Thus, pharmacological modulation of the endocannabinoid system holds considerable 
promise in the treatment of both anxiety-related and mood disorders. 
The results of a recent study implicated endocannabinoids and CB1 receptors in the extinction of 
aversive memories by demonstrating that CB 1 knockout mice show impaired extinction in 
auditory fear-conditioning tests, and this could be mimicked in wild-type mice by treatment with 
SR141716 (Marsicano et al., 2002b). These exciting findings raise the possibility that 
pharmacological amplification of CB 1 signaling, for example, by FAAH inhibitors, may have 
therapeutic value in obsessive-compulsive disorder or post-traumatic shock syndrome. 

9. Insomnia. 



Insomnia, the most common sleep disorder, is defined as difficulty with the initiation, 
maintenance, duration, or quality of sleep that results in the impairment of daytime functioning, 
despite adequate opportunity and circumstances for sleep (Silber, 2005). The cause for insomnia 
is often not known, but frequently it may be a consequence of a chronic disease associated with 
pain or depression. 
Early studies documented the fact that marijuana and THC affect sleep patterns both in humans 
(Freemon, 1972, 1982; Pivik et al., 1972; Barratt et al., 1974; Feinberg et al., 1975, 1976) and 
in experimental animals (Monti, 1977; Buonamici et al., 1982). More recently, Nicholson et al. 
(2004) have studied the effects of cannabis extracts on nocturnal sleep, early-morning 
performance, memory, and sleepiness in a placebo-controlled, double-blind, crossover study in 
eight healthy volunteers. They found that 15 mg of THC was sedative, whereas 15 mg of CBD 
had alerting properties as it increased wake activity during sleep and counteracted the residual 
sedative activity of THC (Nicholson et al., 2004). 
Anandamide was also found to modulate sleep by increasing slow-wave sleep two and rapid eye 
movement sleep in a CB 1 receptor-dependent manner in rats (Murillo-Rodriguez et 
al., 1998, 2001). Moreover, CB 1 receptor expression in the pons of rats was modulated by the ___ _ 
light/dark cycle and by sleep (Martinez-Vargas et al., 2003), and endocannabinoids and 
CB 1 receptors were also implicated in rapid eye movement sleep rebound (Navarro et al., 2003). 
Interestingly, a recent study has demonstrated that anandamide not only induced sleep but also 
increased levels of the sleep-inducing substance adenosine in the basal forebrain, and both of 
these effects were blocked by SR141716 (Murillo-Rodriguez et al., 2003). 
Oleamide is a fatty acid amide with a variety of in vitro effects, including inhibition of gap 
junction-mediated cell-cell communication (Boger et al., 1998a,!!), modulation of 5-HT1, 5-
HT2A.c, and 5-HT7receptors (Thomas et al., 1997, 1999; Hedlund et al., 1999), and modulation of 
inhibitory ionotropic receptors such as the GABAA receptor (Coyne et al., 2002). Olearnide 
accumulates in the cerebrospinal fluid of sleep-deprived cats (Cravatt et al., 1995) and rats 
(Basile et al., 1999) and induces sleep, an effect which could be blocked by SR141716 
(Mendelson and Basile, 1999). Initially, it was suggested that inhibition of anandamide 
degradation by FAAH rather than the activation of CB 1 receptors was responsible for the sleep
inducing effect of olearnide (Boring et al., 1996; Mechoulam et al., 1997), but this is a matter 
of dispute (Fowler, 2004; Lees and Dougalis, 2004; Leggett et al., 2004). 
Although little is known about the role of the endocannabinoid system in the pathophysiology of 
sleep disorders, clinical studies uniformly report significantly improved sleep quality in patients 
taking cannabinoids for symptomatic treatment of multiple sclerosis, cancer, chronic pain, or 
intractable pruritus. Although psychotropic cannabinoids are unlikely to gain acceptance for the 
treatment of insomnia, F AAH inhibitors were shown to enhance certain endocannabinoid
mediated behaviors without evidence for addictive properties (Kathuria et al., 2003). The sleep
inducing property of some potent FAAH inhibitors, such as the endogenous lipid 2-octyl y
bromoacetoacetate (Boger et al., 1998a), could therefore be therapeutically exploited. 

10. Nausea and Emesis. 

Nausea and vomiting can present as symptoms of a variety of diseases or as secondary 
consequences of chemotherapy or radiotherapy of cancer. It is for this latter indication that THC 
has gained acceptance as a highly efficacious therapeutic agent, often effective in cases resistant 
to other, more conventional, medications (reviewed by Martin and Wiley, 2004; Aapro, 



2005; Hall et al., 2005). Emesis is thought to involve activation of specific receptors on sensory 
nerve endings in the gut and also in brainstem regions including the medullary chemoreceptor 
trigger zone and the lateral reticular formation. Activation of 5-HT3 receptors appears to play a 
dominant role in acute emesis, whereas activation of NK1 (substance P) receptors is more 
important in the delayed emesis after chemotherapy, as indicated by the effectiveness of the 
respective receptor antagonists in controlling these different stages of the emetic response 
(Aapro, 2005). Although the mechanism of the antiemetic action of cannabinoids is not quite 
clear, an interaction with 5-HT3 is suggested by the colocalization of CB1 and 5-HT3 receptors on 
GABAergic neurons where they have opposite effects on GABA release (Morales et al., 2004). 
Also, cannabinoids may directly inhibit 5-HT3-gated ion currents by a mechanism not involving 
CB 1 receptors (Fan, 1995; Barann et al., 2002). Such a CB 1 receptor-independent effect is also 
suggested by the ability of cannabidiol, a natural constituent of marijuana which does not bind to 
the CB 1 receptor, to reduce lithium-induced vomiting in the house musk shrew (Parker et al., 
2004). Nevertheless, the involvement of CB 1 receptors is clearly indicated by the ability of 
SR141716 to reverse the effects of THC and synthetic agonists in suppressing vomiting caused 
by cisplatin (Darmani, 2001 b) or lithium chloride (Parker et al., 2004), or by the ability of 
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these agonist to reverse the emesis elicited by SR141716 in the least shrew (Darmani, 2001a). 
These latter findings suggest that the emetic circuitry is tonically controlled by 
endocannabinoids. 
In line with such a possibility, a recent human study found an association between chronic 
marijuana use, which probably results in desensitization of cannabinoid receptors, and cyclical 
hyperemesis: in the 19 subjects studied, the hyperemetic episodes subsided upon discontinuation 
of cannabis use and reappeared upon rechallenge with cannabis (Allen et al., 2005). A meta
analysis of 30 randomized comparisons of cannabis (nabilone, dronabinol, or levonantradol) with 
placebo or standard antiemetics, involving a total of 1366 patients, concluded that cannabinoids 
are slightly more effective than conventional antiemetics, and the patients prefer them because of 
their mood enhancing and sedative effects. However, they were also more toxic, with dizziness, 
dysphoria, hallucinations, and paranoia being the most prominent undesirable side effects 
(Tramer et al., 2001). This led to the recommendation to limit the use of cannabinoids as 
antiemetics to patients with chemotherapy-related sickness, in whom their mood-enhancing 
effects would be of added benefit. 

11. Drug Addiction and Alcohol Disorders. 

The positive reinforcing effect of natural rewards, such as those derived from eating, drinking, 
work, or sexual activity, are mediated by the brain's reward circuitry. Neuroanatomically, this 
circuitry consists of three series of coupled pathways. First-order neurons project from structures 
in the ventral limbic fore brain ( orbitofrontal cortex and anterior cingulate area) to the 
mesencephalic ventral tegmental area (VTA) where they synapse onto dopaminergic neurons. 
These second-order neurons project primarily to neurons in the shell of the nucleus accumbens 
(nAc), but also to cortical areas and to the amygdala. Third-order neurons in the nAc, some of 
which are GABAergic, project to the ventral pallidum and other regions involved in mediating 
reward-related behaviors (recently reviewed by Lupica et al., 2004; Gardner, 2005). It is 
believed that addictive drugs activate or "hijack" the same pathway. Genetic vulnerability to 
drug addiction has been linked to a functional deficiency in the second-order dopaminergic 
neurons at their interface with third-order neurons in the nAc (Nestler, 2003). In human subjects 



prone to addiction, a deficiency in D2 dopamine receptors in the nAc could be documented by 
brain imaging (Volkow et al., 1997, 1999). 
A common denominator among different addictive drugs interacting with distinct receptors is 
their ability to activate the mesolimbic dopaminergic reward pathway and increase dopamine 
levels in the nAc, which is believed to be responsible for their addictive properties (Koob, 
1992; Wise, 2004). Similar to other drugs of abuse, THC increases extracellular dopamine levels 
in the nAc via activation of CB 1 receptors (Chen et al., 1990; Tanda et al., 1999) and also 
lowers the reward threshold for electrical brain stimulation (Gardner et al., 1988), a 
phenomenon known to involve activation of the mesolimbic dopamine system. THC also 
increases the firing rate of the second-order VTA-nAc dopaminergic neurons via CB 1 but not 
opiate receptors (French, 1997), and withdrawal from THC increases corticotropin-releasing 
factor levels in the central nucleus of the amygdala (Rodriguez de Fonseca et al., 1997), another 
hallmark of drugs of abuse (Koob, 1996). 
THC and related synthetic cannabinoid agonists also fulfill the reward-related behavioral criteria 
for drugs of abuse: they support conditioned place preference (CPP) under appropriate conditions 
(Le:eore et al., 1995; Valjent and Maldonado, 2000; Zangen et al., 2006), they are self-____ _ 
administered intravenously or intracerebrally inaCB1 antagonist-sensitive manner (Martellotta 
et al., 1998; Ledent et al., 1999; Braida et al., 2001; Zangen et al., 2006), and they reinstate 
cocaine-or heroine-seeking behavior in rats previously extinguished from self-administration (De 
Vries et al., 2001). 
An issue of intense interest is the location of the CB1 receptors mediating these effects. Similar to 
cannabinoids, opiates also increase the activity of dopaminergic neurons in the VT A. This effect 
has been shown to result fromµ receptor-mediated inhibition of GABA release from the 
terminals of inhibitory GABAergic intemeurons, i.e., through a "disinhibitory" mechanism 
(Johnson and North, 1992). A similar mechanism has been postulated for cannabinoids by 
Cheer et al. (2000), who reported that local application of the cannabinoid agonist HU-210 to 
brain slices containing the VTA increased dopaminergic neuronal activity, which could be 
blocked by the GABAA antagonist bicuculline. In line with this, WIN 55,212-2 was found to 
suppress electrically evoked, but not muscimol-induced, inhibitory postsynaptic currents via 
CB 1 receptors in brain slices containing the VTA (Szabo et al., 2002). However, cannabinoids 
also inhibit glutamate release in the VT A, which would have an opposite effect on dopaminergic 
activity (MeJis et al., 2004a). There is evidence for additional sites of action, such as 
CB 1 receptors on the terminals of GABAergic projection neurons that target GABA8 receptors on 
VTA dopamine neurons resulting in their disinhibition (Riegel and Lupica, 2004). This pathway 
may be activated by ethanol, as indicated by the ability of the GABA8 agonist baclofen to 
antagonize the increase in ethanol drinking caused by WIN 55,212-2 treatment of alcohol
preferring rats (Colombo et al., 2004). Activation of CB 1 receptors on glutamatergic terminals in 
the nAc was reported to inhibit glutamate release onto GABAergic neurons in the nAc that 
project to the VTA, which may also result in disinhibition of VTA dopaminergic neurons 
(Robbe et al., 2001). Indeed, both the VTA and the nAc may be sites of the rewarding effects of 
cannabinoids, as documented by the propensity of rats to self-administer THC into either site 
(Zangen et al., 2006). 
Regardless of the exact location of presynaptic CB 1 receptors, their natural activation occurs 
through retrograde transmission, with their endogenous ligands being released from postsynaptic 
cells (Kreutzer and Regehr, 2001; Ohno-Shosaku et al., 2001; Wilson and Nicoll, 2001). This 
mechanism has also been implicated in LTD (Gerdeman et al., 2002; Robbe et al., 2002), a 



form of synaptic plasticity that can be initiated by drugs of abuse (Thomas et al., 2001), and 
may be involved in certain features of compulsive drug use (Gerdeman et al., 2003). A further • 
indication that endocannabinoids may be involved in mechanisms of drug reward is findings that 
the neurochemical and behavioral responses to different classes of drugs of abuse can be 
inhibited by the CB1 receptor antagonists. These findings suggests that endocannabinoid 
activation of CB1receptors in the mesolimbic reward pathway may be part of a "common 
pathway" of drug reward (reviewed in De Vries and Schoffelmeer, 2005; Maldonado et al., 
2006). Examples of this are discussed below. 

A. OPIATES. 

There is a large body of evidence indicating a reciprocal relationship between the 
endocannabinoid and endogenous opioid systems in drug dependence (recently reviewed 
by Fattore et al., 2005; Vigano et al., 2005a,g). This fact is not surprising, given that opioids 
and cannabinoids have a similar pharmacological profile at both the behavioral level (e.g., 
analgesia, hypothermia, catalepsy, and motor impairment) and cellular/molecular levels (both 

----------,C~B ..... 1-and opiate,r-reeeptors ate predominantly-presynaptic, they a~coupledto11mtstrare---rhe __ _ 
same pool of G/G0 proteins, and have an overlapping brain distribution). There are numerous 
examples for opioid or cannabinoid reward-related effects being inhibited by both CB1 and opiate 
µ antagonists (Fattore et al., 2005; Gardner, 2005; Vigano et al., 2005a,g). The mechanisms 
underlying these reciprocal interactions are not clear, but they may involve heterodimerization of 
CB1 and µ opiate receptors, depletion of shared G protein pools and/or utilization of common 
postreceptor signaling pathways. In addition, the opiate/cannabinoid synergism observed in 
nAc/striatal neurons appears to require adenosine and A2a receptor signaling (Yao et al., 2006). 
Here we will only review evidence that pertains to the potential involvement of 
endocannabinoids in the addictive, reward-related actions of opioids. Such evidence is based on 
the ability of pharmacological or genetic ablation of CB1 receptors to prevent or inhibit opioid 
effects. CB1knockout mice were reported to be unable to acquire morphine self-administration 
(Ledent et al., 1999; Cossu et al., 2001), to have reduced morphine withdrawal symptoms 
(Ledent et al., 1999), and not to develop CPP for morphine (Martin et al., 2000). A possible 
neurochemical correlate of these changes is the lack of morphine-induced dopamine release in 
the nucleus accumbens of CB 1receptor knockout mice (Mascia et al., 1999), although more 
recently CB1 blockade was found to reverse the morphine-induced decrease in ventropallidal 
GABA overflow without affecting the morphine-induced increase in dopamine release in the 
nAc (Caille and Parsons, 2006). Treatment of wild-type mice and rats with a CB 1 antagonist 
elicits similar phenotypes (Rubino et al., 2000; Mas-Nieto et al., 2001; Navarro et 
al., 2001, 2004). These observations raise the therapeutic potential of chronic treatment with a 
CB 1 receptor antagonist in preventing or reversing the development of opiate dependence. 

B. NICOTINE. 

Nicotine is the main neuroactive component in tobacco smoke and is responsible for its addictive 
properties. Nicotine's rewarding effects are mediated by the same mesolimbic dopaminergic 
pathway that is involved in the rewarding effects of many other addictive drugs (Pontieri et al., 
1996). Therefore, it should not be unexpected that there is a positive synergism between nicotine 
and THC in paradigms used to reveal reinforcing effects (Valient and Maldonado, 2000). A 
role of endocannabinoids in the rewarding effects of nicotine is indicated by the absence of 



nicotine-induced CPP in CB 1 knockout mice (Castane et al., 2002), although the acquisition of 
nicotine self-administration was not affected by the absence of CB 1 receptors in another study 
using an acute reinforcement paradigm (Cossu et al., 2001). On the other hand, SR141716 was 
reported to decrease nicotine operant self-administration (Cohen et al., 2002) and nicotine
induced CPP in rats (Le Foll and Goldberg, 2004; Forget et al., 2006) and also to inhibit 
nicotine-induced dopamine release in the nucleus accumbens shell (Cohen et al., 2002). 
SRl 41716 also inhibited nicotine self-administration sustained by nicotine-associated cues in the 
absence of nicotine itself (Cohen et al., 2005), and chronic exposure to nicotine was reported to 
induce endocannabinoid release (Gonzalez et al., 2002). Furthermore, SR141716 abolished the 
anxiolytic effects of low-dose nicotine in mice and potentiated its anxiogenic effects at higher 
doses (Balerio et al., 2006). Together, these findings justified testing rimonabant in clinical trials 
to promote smoking abstinence. Indeed, the results of a recent multicenter phase III clinical trial 
in the United States indicate that a 10-week treatment of smokers with a daily oral dose of 20 mg 
of rimonabant with a follow-up period of 42 weeks doubled the odds of quitting smoking, was 
well tolerated, and also reduced the post-cessation weight gain by >80% (Dale and Anthenelli, 
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C. COCAINE. 

Unlike THC, opiates and nicotine, cocaine does not increase the activity of doparninergic 
neurons in the VT A but elevates synaptic levels of dopamine in the nAc by blocking dopamine 
reuptake at the dopamine transporter (Giros et al., 1996). Therefore it is not surprising that 
cocaine-induced increases in dopamine in the nAc were found to be unaffected by genetic 
ablation of CB 1 receptors (Soria et al., 2005). Accordingly, CB 1 receptors do not appear to 
participate in the acute rewarding properties of cocaine, as indicated by the preserved acute 
cocaine self-administration and cocaine-induced CPP in CB 1 knockout mice (Martin et al., 
2000; Cossu et al., 2001; Lesscher et al., 2005; Soria et al., 2005) or in mice treated with 
SR141716 (Tanda et al., 2000; De Vries et al., 2001; Caille and Parsons, 2006). SR141716 
treatment also did not affect the threshold-lowering effect of cocaine in the intracranial self
stimulation paradigm, although treatment with WIN 55,212-2 was able to achieve this, 
suggesting that CB1 receptor stimulation might inhibit the reinforcing properties of cocaine 
(Fattore et al., 1999; Vlachou et al., 2003). 
Other studies indicate, however, that endocannabinoid activation of CB 1 receptors may mediate 
the reinforcing effects of cocaine. SR141716 treatment decreased the sensitivity of rats to the 
reinforcing effects of cocaine in an intracranial self-stimulation paradigm (Deroche-Gamonet et 
al., 2001). The ability to acquire operant self-administration of cocaine was reduced in 
CB 1 knockout mice or in SR141716-treated wild-type mice, which also displayed a reduced 
maximal effort to obtain cocaine infusion in a progressive ratio schedule, compared with 
untreated wild-type mice (Martin et al., 2000; Soria et al., 2005). Furthermore, prior use of 
cannabis was found to enhance the "high" elicited by subsequent use of cocaine in humans 
(Foltin et al., 1993; Lukas et al., 1994) and also to hasten relapse in abstinent former cocaine 
users (Rawson et al., 1986). Furthermore, a recent genetic study found an association between 
an (AAT)n triplet repeat polymorphism in the CNRJ gene encoding the CB 1 receptor with 
cocaine addiction in an African-Caribbean population (Ballon et al., 2006). Treatment with HU-
210 promoted reinstatement of cocaine-seeking behavior in rats, whereas treatment with 
SR141716 prevented reinstatement (De Vries et al., 2001). Thus, the endocannabinoid system 
may be involved in the acquisition and consolidation of cocaine addiction as well as in relapse, 



through mechanisms other than an effect on the cocaine-induced increase in dopaminergic 
transmission in the nAc. These latter studies also predict the possible effectiveness of rimonabant 
in the treatment of cocaine addiction. 

D. ALCOHOL. 

Several lines of evidence indicate the involvement of the endocannabinoid system in alcohol 
drinking behavior (recently reviewed by Colombo et al., 2005). Chronic alcohol intake increases 
endocannabinoid levels in the limbic forebrain (Gonzalez et al., 2002) and decreases 
CB 1 receptor binding and signaling (Basavarajappa and Hungund, 2002). Studies in the late 
1990s indicated the effectiveness of SR 141716 in reducing voluntary ethanol intake in rodent 
models of ethanol drinking (Arnone et al., 1997; Colombo et al., 1998b; Freedland et al., 
2001), whereas cannabinoid agonists promoted drinking (Gallate et al., 1999; Colombo et al., 
2002). Operant self-administration of ethanol and relapse to drinking are also inhibited by 
SR 141716 ( Cippitelli et al., 2005; Economidou et al., 2006) and potentiated by chronic 
exposure to a cannabinoid agonist (Lopez-Moreno et al., 2005). 

---T+-he--pessible-role of the cndocanna~em in ethanol pteference was fmthe1 indicated by 
observations of reduced voluntary ethanol drinking in CB 1 knockout compared with wild-type 
mice (Hungund et al., 2003; Poncelet et al., 2003; Wang et al., 2003; Lallemand and de 
Witte, 2004; Naassila et al., 2004; Thanos et al., 2005), although no difference was noted in 
one study (Racz et al., 2003). Sensitivity to alcohol is inversely related to the chance of 
becoming an alcoholic among humans (Schuckit, 1997), and the same inverse relationship was 
noted in CB 1 knockout mice and their wild-type littermates (Naassila et al., 2004). The reduced 
voluntary ethanol intake in CB 1knockout mice was associated with reduced alcohol-induced CPP 
(Hou chi et al., 2004; Thanos et al., 2005), a further indication of the role of CB I receptors in the 
rewarding effects of alcohol. 
Similar to cannabinoids and other drugs of abuse, alcohol intake can also result in increased 
dopamine release in the nAc (Weiss et al., 1993; Campbell and McBride, 1995). The reported 
absence of such release in CB 1 knockout mice and the ability of SRl 41716 to block ethanol
induced dopamine release in wild-type mice further suggest the involvement of 
endocannabinoids in the reinforcing effects of ethanol. However, the brain site where ethanol
induced endocannabinoid release and CB 1 receptor activation occur is not yet known. The recent 
observation that microinjection of SR141716 into the prefrontal cortex of alcohol-preferring AA 
rats inhibited ethanol self-administration suggests that this region may be one of the sites 
involved (Hansson et al., 2006). In the same study, FAAH activity and CB 1 signaling were both 
reduced in the same brain region of AA rats compared with their nonpreferring ANA 
counterparts, and microinjection of the FAAH inhibitor URB597 increased ethanol self
administration (Hansson et al., 2006). Analogous findings in female FAAH knockout mice are 
their increased voluntary ethanol intake and decreased alcohol sensitivity (Basavaraiappa et al., 
2006). These findings suggest that increased anandamide tone secondary to decreased FAAH 
activity in the prefrontal cortex may be causally linked to high alcohol preference. Such a 
scenario would be compatible with evidence for an association between problem drug and 
alcohol use and a missense mutation in the human FAAH gene (Sipe et al., 2002). 
A number of mediators have been implicated in the control of appetite for both food and alcohol. 
In the case of endocannabinoids, the regulation is "unidirectional", i.e., endocannabinoids 
promote both food intake (see section 111.A.3.) and alcohol drinking. Because both food intake 
and alcohol drinking activate the brain reward pathways, one might postulate that the role of 



endocannabinoids in promoting drinking behavior would be most prominent in the type of 
alcoholics who drink for the rewarding effects of alcohol, such as young binge-drinkers. The 
high alcohol preference of C57BL6 mice and the role of the endocannabinoid system mediating 
it were found to be age-dependent (Wang et al., 2003), which is compatible with such a 
possibility. In contrast, the effects of NPY and CRH on food intake and ethanol consumption are 
bidirectional: NPY increases food intake (Clark et al., 1984) but reduces ethanol consumption 
(Thiele et al., 1998), whereas CRH is anoretic (Britton et al., 1982) but promotes ethanol 
drinking (George et al., 1990). The effects of NPY and CRH on alcohol preference correlate 
with their effects on anxiety-like behaviors, NPY being anxiolytic (HeiJig et al., 1989) and CRH 
being anxiogenic (Koob and Thatcher-Britton, 1985). We would predict that CB 1 antagonists 
will be more effective in reducing the drive to drink in younger people who drink for the 
rewarding effects of alcohol, whereas CRH antagonists or NPY agonists would be more effective 
in older, chronic alcoholics who more likely drink to suppress the negative affect and anxiety of 
alcohol withdrawal. This hypothesis may be tested by appropriately designed clinical trials. 
Studies to test the safety and efficacy of rimonabant in the treatment of alcoholism and alcohol 
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E. PSYCHOSTIMULANTS. 

3,4-Methylenedioxymetharnphetamine (MOMA, Ecstasy) is a psychostimulant abused for its 
euphorigenic and stimulant properties, and it is often used in combination with marijuana. 
Intracerebral self-administration of MOMA was found to be reduced in the presence of the 
cannabinoid agonist CP55,940 and increased after treatment with SR141716. These findings 
were interpreted to indicate synergism between the reinforcing effects of cannabinoids and 
MOMA and a reduction in the motivational value of MOMA by CB 1 blockade (Braida and 
Sala, 2002). In another study, the authors found that SR141716 blocked MOMA-induced CPP 
(Braida et al., 2005). Amphetamine-induced long-term synaptic depression in the amygdala 
could be blocked by the CB1antagonist AM251, mimicked by the agonist WIN 55,212-2, and 
occluded by the transport inhibitor AM404, suggesting that amphetamine-induced LTD and 
related behavioral effects may be mediated via endocannabinoid release (Huang et al., 2003). 
Together, these findings suggest that CB1antagonists may be of value in the treatment of 
addiction to psychostimulants, including amphetamine and MOMA. 

D. Cardiovascular and Respiratory Disorders 

Besides their well known neurobehavioral and immunological actions, cannabinoids and their 
endogenous and synthetic analogs exert important cardiovascular effects. The underlying 
mechanisms are complex, involving direct effects on the vasculature (Gebremedhin et al., 
1999; Jarai et al., 1999; Wagner et al., 2001b; Wagner et al., 2005) and myocardium (Bonz et 
al., 2003; Maslov et al., 2004; Sterin-Borda et al., 2005), as well as modulation of autonomic 
outflow through sites of action in the central (Niederhoffer and Szabo, 2000; Pfitzer et al., 
2004) and the peripheral nervous systems (lshac et al., 1996; Malinowska et al., 1997; Szabo et 
al., 2001; Niederhoffer et al., 2003). As for endogenous cannabinoids, their effects are also 
complicated by their rapid metabolism, which liberates arachidonic acid that can be further 
metabolized into vasoactive prostanoids (reviewed in Mechoulam et al., 1998; Kunos et al., 
2000; Randall et al., 2002; Ralevic et al., 2002). 



Studies to date indicate that CB1 receptors are much more important than CB2 receptors in 
cardiovascular regulation, the latter so far being implicated only in ischemic preconditioning and 
ischemia/reperfusion (I/R) injury of the myocardium (see below). CB 1 receptors have been 
detected in the human, rat, and mouse myocardium where they mediate negative inotropy (Bonz 
et al., 2003; Batkai et al., 2004b; Pacher et al., 2004b, 2005a,h,,f!; Engeli et al., 2005; Wagner 
et al., 2005) and also in vascular tissues (Gebremedhin et al., 1999; Liu et al., 2000), where 
their activation leads to vasodilation, and both of these effects appear to be involved in the 
hypotensive effect of anandamide (Wagner et al., 2001a,!!; Batkai et al., 2004a,!!; Pacher et al., 
2004b, 2005a,!!,!!) in anesthetized rodents. Sympathetic nerve terminals contain presynaptic 
CB1receptors, stimulation of which inhibits norepinephrine release (lshac et al., 1996), which 
contributes to the bradycardic effects of anandamide in vivo (\Vaguer et al., 2001b). 
Anandamide-induced cardiovascular depressor effects are devoid of a centrally mediated 
component (Varga et al., 1996), in contrast to the effects of certain synthetic cannabinoids, 
which cause centrally mediated sympathoexcitation (Niederhoffer and Szabo, 2000; Gardiner et 
al., 2001, 2002b). 
The vasorelaxant effect of endocannabinoids and synthetic cannabinoids in vitro are complex 
and display tissue and mterspecies differences. They mayinvolve CB1 and TRPV1 receptor- and-~ 
NO-mediated or NO-independent mechanisms and also as yet undefined endothelial site(s) of 
action. A detailed discussion of these in vitro vasodilatory effects can be found in recent reviews 
(Hillard, 2000; Kunos et al., 2000, 2002; Ralevic et al., 2002; Randall et al., 2002, 2004; ~ 
et al., 2005; Pacher et al., 2005a,!!) and is beyond the scope of this review. 
Compared with the growing body of information on the vascular effects of cannabinoids, less is 
known about cannabinoid-induced direct cardiac effects. Anandamide, R-methanandamide, and 
HU-210 dose dependently decrease contractile performance in isolated, electrically paced human 
atrial muscle, an effect blocked by the potent CB1 antagonist AM251, whereas the involvement 
of CB2 receptors, NO, or prostanoids could be excluded (Bonz et al., 2003). HU-210 also 
decreased left ventricular developed pressure in isolated perfused rat hearts through CB1 receptor 
activation (Maslov et al., 2004; Krylatov et al., 2005). Another study using isolated, perfused, 
rat Langendorff heart preparations to study the effects of anandamide, R-methanandamide, and 
palmitoylethanolamide on coronary perfusion pressure and left ventricular developed pressure 
suggested the involvement of a cardiac site of action distinct from CB1 and CB2 receptors (Ford 
et al., 2002). 
Several studies have examined the in vivo hemodynamic effects of endocannabinoids and their 
synthetic analogs in rodents (recently reviewed in Begg et al., 2005; Pacher et al., 2005a,!!). 
Intravenous administration of anandamide causes a triphasic blood pressure response in 
anesthetized mice and rats, in which a prolonged hypotensive effect (phase III) is preceded by a 
transient, vagally mediated, fall in heart rate, cardiac and contractility, and blood pressure and an 
increase in total peripheral resistance (phase I) followed by a brief, pressor response (phase II) 
associated with increased cardiac contractility (Varga et al., 1995; Lake et al., 1997b; Pacher et 
al., 2004b, 2005d). Inhibition of the phase I bradycardic response by TRPV1 receptor antagonists 
in rats (Malinowska et al., 2001) and the absence of both phase I and phase II responses in 
TRPV1-1-mice (Pacher et al., 2004) imply that these components are mediated by 
TRPV1 receptors. Additional central and vascular mechanisms may also be involved in the brief 
pressor response (phase II) in anesthetized rats (Kwolek et al., 2005). The third, prolonged 
hypotensive phase (phase ill) is characterized by marked decreased cardiac contractility and 
slightly decreased total peripheral resistance, and it lasts up to 10 min in anesthetized mice 



(Pacher et al., 2004b, 2005d), similar to the hypotensive effect previously described in 
anesthetized but not conscious rats (Stein et al., 1996; Varga et al., 1996; Lake et 
al., 1997a,!!; Gardiner et al., 2002a; Batkai et al., 2004b) and also observed with synthetic 
cannabinoids (Vidrio et al., 1996; Lake et al., 1997a; Pacher et al., 2005d). 
The anandamide-induced phase III hypotension and decreased cardiac contractility, as well as 
similar hemodynamic responses to synthetic cannabinoids, are mediated by CB1 receptors. First, 
these effects are prevented or reversed by selective CB1 antagonists both in normal rodents 
(Varga et al., 1995, 1996; Calignano et al., 1997; Pacher et al., 2004b, 2005a,g) and in mice 
lacking FAAH, which exhibit increased sensitivity to hypotensive and cardiodepressant effects 
of anandamide (Pacher et al., 2005d). Second, there is a positive correlation between the 
concentrations of various cannabinoid agonists in producing half-maximal hypotensive and 
bradycardic responses (EC50) and in their affinity constants for binding to CB1 receptors in the 
brain (Lake et al., 1997a). Third, cannabinoid-induced hypotension and bradycardia are absent 
in mice lacking the CB1 receptor (Jarai et al., 1999; Ledent et al., 1999). The involvement of 
the endocannabinoid system in various cardiovascular disorders is reviewed below. 

------- --- - --~--------

1. Hypertension. 

Chronic use of cannabis in humans as well as both acute and prolonged administration of THC to 
experimental animals elicits a long-lasting decrease in blood pressure and heart rate (Rosenkratz 
and Braude, 1974; Benowitz and Jones, 1975), whereas the acute effect of smoking cannabis 
usually increases heart rate with no consistent change in blood pressure (Kanakis et al., 1976). 
In a recent study conducted in 63 male cannabis smokers, 22% of subjects experienced 
symptomatic hypotension, which could be reversed by the administration of 30 or 90 mg but not 
lower doses of rimonabant, indicating that CB1 receptors mediate the hypotensive effect of 
cannabis smoking in humans (Gorelick et al., 2006). 
More than three decades ago, several studies explored the potential use of cannabinoids to treat 
hypertension (Birmingham, 1973; Archer, 1974; Varma and Goldbaum, 1975; Adams et al., 
1977; Crawford and Merritt, 1979; Zaugg and Kyncl, 1983). Unfortunately, the initial high 
anticipation was tempered by a report of the development of rapid tolerance to the hypotensive 
and bradycardic effects of THC (Adams et al., 1976) and by the failure to separate the 
cardiovascular and neurobehavioral effects of cannabinoids. Albeit a later study in spontaneously 
hypertensive rats (SHR) demonstrated no tolerance to the same effects during a 10-day treatment 
period (Kosersky, 1978), interest in this issue had vanished for the next two decades. 
As with many other effects of marijuana, the discovery of endocannabinoids has focused 
attention on their possible role in cardiovascular regulation. Studies with SRl 41716 indicated 
that the hypotensive/bradycardic effects of exogenous anandamide, THC, and potent synthetic 
cannabinoids are mediated by CB1 receptors (Varga et al., 1995; Lake et al., 1997a). 
CB1 receptor knockout mice have normal blood pressure (Jarai et al., 1999; Ledent et al., 1999) 
and the blood pressure of normotensive mice and rats is unaffected or slightly reduced by 
CB 1 antagonists (Varga et al., 1995; Lake et al., 1997a;Varga Batkai et al., 2004b). In 
anesthetized rats, anandamide elicits only a modest and short-lasting hypotensive response 
(Varga et al., 1995; Lake et al., 1997a), whereas in conscious normotensive rats it has no 
hypotensive effect at all (Stein et al., 1996; Lake et al., 1997b; Gardiner et al., 2002). 
Furthermore, inhibitors of anandamide transport or FAAH do not lower blood pressure in 
normotensive animals (Calignano et al., 1997; Batkai et al., 2004b), and mice deficient in 



FAAH have normal baseline hemodynamic characteristics and baroreceptor reflex function 
(Pacher et al., 2005d). As pointed out by a recent editorial (Awumey et al., 2005), these 
observations indicate a lack of involvement of endogenous cannabinoids in cardiovascular 
regulation under normal conditions. 
In contrast, a number of observations indicate that endocannabinoids are involved in 
cardiovascular regulation in hypertension. Both THC (Kosersky, 1978) and anandamide (Lake 
et al., 1997b, Batkai et al., 2004b) induce larger and longer lasting hypotension in anesthetized 
SHR compared with normotensive controls, and the hypotensive effect of anandamide is 
preserved in conscious SHR (Lake et al., 1997b ). Interestingly, inhalation of THC also resulted 
in a greater and longer lasting decrease of arterial blood pressure in hypertensive compared with 
normotensive individuals (Crawford and Merritt, 1979). By using a sophisticated 
pressurevolume analysis system, the hemodynamic effects of cannabinoid agonists and 
antagonists were evaluated in three different models of experimental hypertension (Batkai et al., 
2004b). In anesthetized SHR, the CB1antagonists AM251 and SR141716 both caused marked 
and sustained further increases in blood pressure and cardiac contractility (Fig. 5). Conversely, 
preventing the degradation or uptake of endogenous anandamide by treatment with the FAAH 

-----inhibitor URB597 or the transport inhibitor OMDM2 reduced blood pressure, cardiac 
contractility, and vascular resistance to levels observed in normotensive controls, and these 
effects were prevented by pretreatment with a CB 1 antagonist. Similar effects were seen in Dahl 
salt-sensitive rats and rats with angiotensin II-induced hypertension, whereas in the respective 
normotensive controls the same parameters remained unaffected by any of these treatments 
(Batkai et al., 2004b) (Fig. 5). Anandamide and HU-210 induced more pronounced and longer 
lasting hypotension in SHR than in WKY rats. Unexpectedly, decreased cardiac contractility 
rather than a reduction in peripheral resistance was primarily responsible for the antihypertensive 
effect of anandamide, which was fully prevented by CB1antagonists, but was unaffected by the 
TRPV1 antagonist capsazepine. In the same study, the expression of CB1 receptors was found to 
be increased in the myocardium and the aortic endothelium of SHR compared with WKY rats. 
These findings point to the existence of an endocannabinoid tone in hypertension that limits the 
elevation of blood pressure and cardiac contractile performance through tonic activation of 
cardiac and probably vascular CB1. A possible underlying mechanism is the observed up
regulation of cardiac and vascular CB1 in SHR compared with their normotensive controls, 
although increased coupling of these CB1 receptors may also contribute to the augmented 
sensitivity to the cardiovascular effects of anandamide (Batkai et al., 2004b ). A proposed 
alternative mechanism would involve upregulation of vascular TRPV1 receptors in hypertension, 
based on the reported ability of capsazepine to partially inhibit the hypotensive effect of 
anandamide and R-methanandamide in hypertensive but not in normotensive rats (Li et al., 
2003; Wang et al., 2005). However, capsazepine is known to have nonspecific effects even at 
low concentrations (Ray et al., 2003), and up-regulation of TRPV1 cannot account either for the 
increased hypotensive potency of HU-210 (Batkai et al., 2004b), which is not a ligand for 
TRPV1 receptors (Zygmunt et al., 1999), or for the dominant cardiac component in the 
hypotensive effect of exogenous or endogenous anandamide (Batkai et al., 2004b). Also, 
physiological concentrations of endogenous anandamide are at least an order of magnitude lower 
than the micromolar concentrations required to activate TRPV1 receptors. 
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A practical implication of these findings is that enhancing endocannabinoid tone by blocking the 
enzymatic degradation or cellular uptake of anandamide could be a novel therapeutic approach in 
the treatment of hypertension. Such a strategy has a number of desirable features: 1) unlike the 
generalized activation of CB 1 receptors by direct acting agonists, inhibition of FAAH causes a 
more restricted profile of cannabinoid-like effects with no indication of psychoactivity 
(Kathuria et al., 2003; Gobbi et al., 2005), probably related to the discrete distribution of 
FAAH in the brain; 2) FAAH or transport inhibitors have no hemodynamic effects under 
normotensive conditions, which predicts the absence of postural hypotension or other side 



effects; and 3) having a major effect on the inappropriately increased cardiac contractility, such 
treatment may be effective in reversing the cardiac hypertrophy that usually accompanies chronic 
hypertension. 

2. Circulatory Shock. 

The profound hypotension that can be elicited through pharmacological activation of 
CB1 receptors (Lake et al., 1997a) triggered numerous studies to investigate the role of the 
endocannabinoid system in the hypotension associated with various forms of shock, including 
hemorrhagic (Wagner et al., 1997; Cainazzo et al., 2002), endotoxic (Varga et al., 
1998; Wang et al., 2001; Liu et al., 2003a; Batkai et al., 2004a; Gardiner et al., 2005; Kadoi 
et al., 2005), and cardiogenic shock (Wagner et al., 2001a, 2003), and the shock associated with 
necrotizing pancreatitis (Matsuda et al., 2005). Initial studies demonstrated that the putative 
CB 1 receptor antagonist SR141716 prevented or reversed the hypotension associated with 
hemorrhagic, endotoxic, and cardiogenic shock (Wagner et al., 1997, 2001a,~; Varga et al., 
1998). Likewise, SR141716 reversed the hypotension associated with advanced liver cirrhosis 

-----c(Batkai et al., 2001; Ros et al., 2002), which is possibly secondary to the endotoxernia 
frequently found in patients with late-stage cirrhosis (Lumsden et al., 1988). Observations that 
circulating macrophages and platelets from endotoxernic or cirrhotic animals or humans had 
elevated levels of endocannabinoids and, when isolated and injected into normal rats, these cells 
elicited SR141716-sensitive hypotension also pointed toward the involvement of CB 1 receptors 
in many of these conditions (Wagner et al., 1997; Varga et al., 1998; Batkai et al., 2001; 
Maccarrone et al., 2001, 2002; Ros et al., 2002; Liu et al., 2003a). 
Several recent reports demonstrated that anandarnide and some atypical cannabinoids can cause 
both cardiodepressant and vasodilatory effects via as-yet-undefined receptors sensitive to 
inhibition by SR141716 but not by AM251 (Jarai et al., 1999; Ford et al., 2002; Ho and Hiley, 
2003; O'Sullivan et al., 2004b), a selective CB1 antagonist equipotent with SR141716 (Gatley 
et al., 1997). A recent study compared the effects of SRI 41716 and AM251 in rats on the acute 
hypotensive effect of bacterial endotoxin (LPS) administered as an intravenous bolus. 
Hypotension in this model is fully attributable to the decreased cardiac contractility, whereas 
peripheral vascular resistance is increased, indicating vasoconstriction (Biber et al., 
1988; Cheng et al., 2003). Using this model, the cardiodepressant and hypotensive effects of 
LPS were inhibited by SR141716 but not by AM251. Furthermore, LPS induced SR141716-
sensitive hypotension in wild-type mice and in mice deficient in CB 1 or both CB1 and 
CB2 receptors, suggesting that receptors distinct from CB1 or CB2 are primarily responsible for 
the observed hypotension (Batkai et al., 2004a). Interestingly, another recent study has 
demonstrated that the CB 1-selective cannabinoid antagonist AM281 prevented the hemodynamic 
changes induced by acute LPS injection in rats (Kadoi et al., 2005a). Other results indicate that 
endocannabinoids may also contribute to endotoxin-induced hypotension indirectly, through 
CB 1-mediated prejunctional inhibition of sympathoexcitation (Godlewski et al., 2004). In a 
different shock model in which continuous infusion of LPS in conscious rats causes marked 
peripheral vasodilatation and increased cardiac output, AM251 attenuated the tachycardic and 
hind quarter vasodilator effects of LPS. This result was attributed to modulation of P-adrenergic 
vasodilation, rather than suppression of a direct vasodilator effect by endocannabinoids 
(Gardiner et al., 2005). Interestingly, in a recent study, Matsuda et al. (2005) demonstrated that 
AM251 improved mean arterial pressure and survival rate in models of severe acute necrotizing 



pancreatitis without affecting inflammatory changes, which suggests the involvement of cardiac 
or vascular CB1receptors in the hypotension associated with this condition. 
In hemorrhagic, cardiogenic, and endotoxic shock, the cannabinoid agonists HU-210, WIN 
55,212-2, and THC improved endothelial function and/or survival (Wagner et 
al., 1997, 2001a, 2003; Varga et al., 1998; Smith et al., 2000, 2001). Surprisingly, the use of 
cannabinoid receptor antagonists, including SR141716, AM281, AM251, and SR144528, also 
leads to survival benefits in endotoxic and septic shock or necrotizing pancreatitis (Varga et al., 
1998; Smith et al., 2000, 2001; Cainazzo et al., 2002; Kadoi et al., 2005a,Q; Matsuda et al., 
2005). In contrast, CB1 receptor blockade increased mortality in hemorrhagic (Wagner et al., 
1997) and cardiogenic shock (Wagner et al., 2001a, 2003), despite the increase in blood 
pressure. In these latter conditions, endocannabinoid-mediated vasodilation may have survival 
value through improving tissue oxygenation by counteracting the excessive sympathetic 
vasoconstriction triggered by hemorrhage or myocardial infarction, and this would be removed 
by CB1 blockade. In contrast, CB 1 blockade may improve survival in endotoxic shock by 
preventing the primary hypotensive response to LPS (reviewed in Kunos et al., 2000; Hiley and 
Ford, 2003, 2004; P~cher et al., 2005a,c). _____ _ 
It should also be kept in mind that in most of the above conditions, hemodynamic changes are 
triggered by overwhelming inflammatory reaction, increased oxidative stress, and activation of 
downstream effector pathways, eventually leading to cardiovascular dysfunction and failure 
(reviewed in Evgenov and Liaudet, 2005; Pacher et al., 2005e). Therefore, the well known 
immune-modulatory, anti-inflammatory, and antioxidant effects of cannabinoids should not be 
overlooked in these conditions. Indeed, endocannabinoids and synthetic cannabinoid agonists 
decrease inflammatory cytokine release in endotoxin-stimulated cells and in endotoxin-
challenged animals (reviewed in Walter and Stella, 2004; Klein et al., 2005). Surprisingly, 
SR141716 and the CB2 antagonist SR144528 were also reported to have anti-inflammatory 
effects (Smith et al., 2000, 2001), which may be attributed to their inverse agonist properties or 
to CB 112 receptor-independent mechanisms (reviewed in Begg et al., 2005; Pertwee, 2005b,£). 
Collectively, it appears that both cannabinoids and antagonists of cannabinoid receptors may 
exert some beneficial effects in various rodent shock models. Further studies should establish the 
specificity of these effects and the relevance to various forms of circulatory shock in humans. 

3. Myocardial Reperfusion Injury. 

The endocannabinoid system has been implicated in endotoxin-induced preconditioning against 
myocardial 1/R injury (Lagneux and Lamontagne, 2001). In this study, the effects of 90 min of 
low-flow ischemia followed by 60 min of reperfusion at normal flow were compared in isolated 
hearts from rats pretreated with LPS or saline. Endotoxin pretreatment enhanced functional 
recovery on reperfusion and reduced infarct size compared with controls, and pretreatment with 
the CB2antagonist SR144528 but not the CB1 antagonist SR141716 abolished the beneficial 
effects of preconditioning (Lagneux and Lamontagne, 2001). In a follow-up study, SR144528 
but not SR141716 also abolished the infarct size-reducing effect of preconditioning induced by 
heat stress (Joyeux et al., 2002). These initial studies have suggested that the protection was 
mediated by endocannabinoids acting on CB2 receptors. In preconditioning induced by a brief 
period of ischemia (5 min), either CB2 or CB1 receptor blockade abolished the protection, and 
both CB1 and CB2receptors were implicated in the preservation of endothelium-dependent, 5-HT
induced vasodilation by ischemic preconditioning (Bouchard et al., 2003). Perfusion of isolated 



rat hearts with PEA or 2-AG but not anandarnide afforded protection against ischemia by 
improving myocardial recovery and decreasing myocardial damage and infarct size (Lepicier et 
al., 2003). The cardioprotective effect of both PEA and 2-AG were completely blocked by 
SR144528, whereas SR141716 partially inhibited the effect of 2-AG only (Lepicier et al., 
2003). Likewise, the selective CB 1 agonist ACEA and the selective CB2 agonist JWH-015 both 
reduced infarct size in this model, and the CB2receptor-mediated cardioprotection by PEA 
involved activation of p38/extracellular signal-regulated kinases 1 and 2 and protein kinase C 
(Lepicier et al., 2003). In another study using isolated perfused rat hearts subjected to ischemia 
and reperfusion, reduction of the infarct size by anandamide could be equally well antagonized 
by CB 1 or CB2 antagonists but could not be mimicked by selective CB 1 or CB2 agonists, 
suggesting the involvement of a site distinct from CB1or CB2 receptors (Underdown et aJ., 
2005). 
Others have used whole animal models of I/R injury induced by coronary occlusion/reocclusion 
in anesthetized rats. In this model, anandamide and HU-210 both decreased the incidence of 
ventricular arrhythmias and reduced infarct size through activation of CB2 but not CB 1 receptors 
(Krylatov et al., 2001, 2002a,!!,,£; Ugdyzhekova et al., 2001, 2002). The moderately CB2-

-----s-elecdve agonistWIN-55~2T2-2 also reduced the extent of leukocyte-dependent myocardial 
damage in a more recent mouse study of myocardial I/R in vivo. This effect was abolished by the 
selective CB2receptor antagonist AM630 but was unaffected by AM251 (Di Filippo et al., 
2004). In summary, evidence to date indicates that endocannabinoids protect against myocardial 
ischemic injury models predominantly via CB2 receptors. 

4. Atherosclerosis. 

Chronic inflammation and the associated oxidative-nitrosative stress are key players in 
atherosclerosis and cardiovascular aging, and pharmacological modulation of these processes 
could be of therapeutic benefit (reviewed in Csiszar et al., 2005; Libby and Theroux, 2005). 
Using the apolipoprotein E knockout mouse model of atherosclerosis, Steffens et al. (2005) 
reported that orally administered THC significantly inhibited disease progression. Furthermore, 
CB2 receptor expressing immune cells were present both in human and mouse atherosclerotic 
plaques, lymphoid cells isolated from THC-treated mice had diminished proliferation capacity 
and decreased interferon-y production, and THC inhibited macrophage chemotaxis in vitro. Most 
importantly, all of these effects were completely blocked by a selective CB2 receptor antagonist, 
suggesting that targeting CB2 receptors may offer a new approach in the treatment of 
atherosclerosis (Roth, 2005; Steffens et al., 2005). 

5. Asthma. 

The effect of marijuana on airway functions was among the first to be explored for potential 
therapeutic benefit (reviewed in Lemberger, 1980; Tash kin et al., 2002). Smoking marijuana 
and ingesting THC were both found to increase airway conductance in normal, healthy subjects 
(Tashkin et aJ., 1973; Vachon et al., 1973), and these effects lasted longer than the 
bronchodilator effect of the ~-adrenergic agonist isoproterenol. Bronchodilation induced by 
smoked marijuana and oral THC was also documented in subjects with mild to moderate asthma 
and in asthmatic patients with methacholine- or exercise-induced bronchoconstriction (Tashkin 
et al., 1974, 1975). Bronchodilation without side effects was observed in asthmatic patients after 



a low dose (0.2 mg) of nebulized THC (Williams et al., 1976; Hartley et al., 1978). In contrast, 
aerosols containing larger doses of THC (5-20 mg) caused paradoxical bronchoconstriction 
attributed to local irritation (Tashkin et al., 1977). In another study of normal and asthmatic 
subjects, orally administered THC elicited only minimal and inconsistent bronchodilation 
associated with significant CNS side effects (Abboud and Sanders, 1976). Nevertheless, most 
of these initial observations had suggested some therapeutic benefit of using cannabinoids in 
asthma. 
As for the mechanisms underlying THC-induced bronchodilation, the potential involvement of~
adrenergic and muscarinic receptors on airway smooth muscle could be excluded (Kelly and 
Butcher, 1973; Shapiro et al., 1977; Lemberger, 1980). This conclusion was supported by the 
inability of THC to relax isolated rings of resting or precontracted human bronchioles (Orzelek
O'Neil et al., 1980a,!!), suggesting a more proximal site of action in the lung (Cavero et al., 
1972) or a central mechanism. 
More recently, Calignano et al. (2000) reported that CB1 receptors are present on axon terminals 
innervating airway smooth muscle, and anandamide inhibited capsaicin-induced bronchospasm 

_ ~ and cough in guinea pigs in an SR141716-sensitive manner. They also documented calcium
induced biosynthesis of anandamide in lung tissue, suggesting that locally generated anandamide 
participates in the intrinsic control of airway responsiveness by inhibiting prejunctional 
acetylcholine release. Indeed, SRl 41716 treatment was found to enhance capsaicin-evoked 
bronchospasm and cough. Interestingly, when airway smooth muscle was completely relaxed by 
vagotomy and atropine treatment, anandamide caused dose-dependent bronchoconstriction, 
which could be also prevented by CB1 blockade. This effect was tentatively attributed to direct 
stimulation of putative cannabinoid receptors on the airway smooth muscle or a CB1-mediated 
corelease of bronchoconstrictor neurotransmitters from nerve endings in the lung. In a follow-up 
study, presynaptic CB1 receptors in the guinea pig lung were only found on noradrenergic 
terminals where their stimulation by WIN 55,212-2 inhibited norepinephrine release (Vizi et al., 
2001), consistent with the lack of a mediatedCB1-mediated effect on acetylcholine release in 
guinea pig trachea (Spicuzza et al., 2000). In contrast to the findings of Calignano et al. (2000), 
Stengel et al. (1998) reported that anandamide given either intravenously or in aerosol did not 
affect airway resistance in guinea pigs, but possessed modest antiinflammatory properties. It 
should be noted, however, that in this study bronchoconstriction was induced by a calcium 
ionophore rather than capsaicin. In an in vitro study of guinea pig airway smooth muscle 
(Yoshihara et al., 2005), anandamide and palmitoylethanolamide inhibited contractions elicited 
by electrical field stimulation but not by neurokinin A, and also blocked capsaicin-capsaicin
induced release of substance P-like immunoreactivity. These effects were selectively inhibited by 
a CB2 but not a CB1 antagonist, or by maxi-K+ channel blockers, suggesting that CB2 agonists 
may have therapeutic value in asthma (Yoshihara et al., 2005). In a recent study, inhibition of 
anandamide transport potently suppressed capsaicin-induced cough in mice, suggesting that the 
anandamide transporter may be a target for peripherally acting antitussive medications (Kamei 
et al., 2006). Diverse effects of endocannabinoids and synthetic agonist have also been reported 
on respiratory function and pulmonary circulation both in vivo and in vitro (Schmid et al., 
2003; Wahn et al., 2005). 
Allergic asthma is currently viewed as a complex inflammatory disorder characterized by 
recruitment of eosinophils into the lung, mucus hypersecretion by goblet cells, elevated serum 
IgE, and airway hyperresponsiveness (reviewed in Wills-Karp, 1999). Given the well known 
anti-inflammatory effects of cannabinoids, these effects could also be of therapeutic value. 



Indeed, in a murine model of allergic airway disease induced by ovalbumin sensitization, 
pretreatment with cannabinol or THC blunted the increase in IL-2, IL-4, IL-5, and IL-13 mRNA 
expression and decreased mucus overproduction and serum IgE levels (Jan et al., 2003). 
Antiinflammatory effects of WIN 55,212-2, THC, anandamide, and palmitoylethanolamide were 
also reported in a mouse model of LPS-induced pulmonary inflammation (Berdyshev et al., 
1998). 
In conclusion, the effects of cannabinoids on respiratory function are rather complex, and 
evidence for their therapeutic potential in asthma is equivocal. The possibility remains that 
novel, nonpsychoactive cannabinoid analogs with long-lasting anti-inflammatory activity tum 
out to be useful adjuncts in the treatment of allergic asthma. 

E. Eye Disorders (Glaucoma and Retinopathy) 

Glaucoma, the leading cause of irreversible blindness in the United States, is characterized by an 
increase in intraocular pressure and consequent damage to the optic nerve. Despite the multitude 
of effective medications that can be used to decrease ocular hypertension (e.g., cholinergic 

____ a_g_o-msts,-~- anoa2-adrenoceptor agonists, doparninergic agonists, prostaglandins, and carbonic 
anhydrase inhibitors), some patients remain refractory to these drugs and may eventually become 
blind (reviewed in Alward, 1998; Crowston and Weinreb, 2005). 
A decrease in intraocular pressure in a small number of healthy marijuana smokers was a 
serendipitous finding (Hepler and Frank, 1971), subsequently confirmed in a placebo
controlled, double-blind study of healthy volunteers who smoked either natural marijuana of 
known THC content or ingested synthetic THC (Hepler et al., 1972). THC or marijuana 
decreased intraocular pressure whether administered orally, topically, or intravenously, with no 
major tolerance to their effect reported (Shapiro, 1974; Purnell and Gregg, 1975; Cuendet et 
al., 1976; Hepler et al., 1976; Brown et al., 1977; Merritt et al., 1980, 1981a,W. Most of these 
studies also reported various systemic side effects, such as hypotension, tachycardia, euphoria, 
and dysphoria, as well as other ocular effects, such as changes in pupil size, decreased tear 
production, and conjunctiva! hyperemia. Endocannabinoids and synthetic cannabinoid ligands 
have also been reported to reduce intraocular pressure when given topically or systemically, both 
in animals and humans (Shapiro, 1974; ElSohly et al., 1981, 1984; Colasanti et 
al., 1984a,!?,,£; Pate et al., 1995; Porcella et al., 1998; Buchwald et al., 2002; Laine et 
al., 2002a,!?_; reviewed in Jarvinen et al., 2002; Chien et al., 2003; Tomida et al., 2004). 
Early investigations into the mechanisms of the intraocular pressure-lowering effect of marijuana 
and THC implicated the sympathetic and central nervous systems in this effect (Green and 
Pederson, 1973; Green and Podos, 1974; Green et al., 1977a,!?_). However, in subsequent 
studies, the effect of a unilateral topical application of cannabinoids was limited to the treated 
eye, pointing toward a local site of action (Colasanti et al., 1984a,!?_,f.). Indeed, a CNS site of 
action could be ruled out by the lack of change in intraocular pressure upon 
intracerebroventricular or ventriculocistemal application of THC in rabbits (Liu and Dacus, 
1987). 
Multiple lines of evidence suggest that endocannabinoids and cannabinoid receptors, in 
particular CB 1, play an important role in the regulation of intraocular pressure, and topically 
applied cannabinoids and cannabinoid ligands may be of significant benefit in the treatment of 
glaucoma (reviewed in Jarvinen et al., 2002; Tomida et al., 2004). First, CB 1 receptors are 
expressed in the rat ciliary body (Porcella et al., 1998), in human ciliary epithelium, ciliary 



muscle, ciliary body vessels, trabecular meshwork, Schlemm's canal, and retina (Straiker et al., 
1999a; Porcella et al., 2000; Stamer et al., 2001), and the retina of a variety of species 
(Straiker et al., 1999b; Yazulla et al., 1999, 2000). Second, ocular CB 1 receptors are 
functionally active, as CB1 receptor agonists (CP55,940 and WIN 55,212-2) applied topically 
lower intraocular pressure both in animals and humans, and their effect can be antagonized by 
SR141716 (Pate et al., 1998; Song and Slowey, 2000; Porcella et al., 2001; Chien et al., 
2003; Stumpff et al., 2005; reviewed in Jarvinen et al., 2002). The CB2 receptor agonist JWH-
133 did not modify the intraocular pressure, suggesting that CB2 receptors may play only a 
minor, if any, role (Laine et al., 2003). CB 1 receptor signaling is also operational in the ocular 
trabecular meshwork (Stumpff et al., 2005), and ciliary muscle (Lograno and Romano, 2004). 
Third, endocannabinoids are detectable in ocular tissues including the retina, ciliary body, and 
choroids plexus (Bisogno et al., 1999b; Straiker et al., 1999a,!?_; Stamer et al., 2001; Chen et 
al., 2005), and the levels of anandamide and especially 2-AG are significantly decreased in 
patients with glaucoma (Chen et al., 2005). 
The cellular/molecular mechanisms responsible for the intraocular pressure-reducing effect of 
cannabinoids '!!e not completely understood but _may iE,yol~e direc~_effe0s on_£i!iary processes 
such as vasodilation and reduction of capillary pressure and secretion and do not seem to be 
related to systemic reduction of arterial blood pressure (Green and Pederson, 1973; Korczyn, 
1980). Cannabinoids may also inhibit calcium influx through presynaptic ion channels, thereby 
reducing norepinephrine release in the ciliary body, resulting in decreased aqueous humor 
production (Sugrue, 1997). In addition, cannabinoids may improve the uveoscleral outflow by 
dilating blood vessels of the anterior uvea (Porcella et al., 1998), most likely by induction of 
several outflow-facilitating mediators (Rosch et al., 2006). Some evidence implicates 
prostanoids in the intraocular pressure-reducing effect of certain cannabinoids and anandamide 
(Pate et al., 1996; Green et al., 2001; Rosch et al., 2006). 
Endocannabinoids as well as functional CB1 receptors are present in the retina (Bisogno et al., 
1999b; Straiker et al., 1999a,!?_; Fan and Yazulla, 2003; Savinainen and Laitinen, 2004). 
Cannabinoids exert neuroprotective effects against retinal neurotoxicity (El-Remessy et al., 
2003), and cannabidiol helps to preserve the blood-retinal barrier in experimental diabetes (El
Remessy et al., 2006). These effects could suggest their usefulness in various retinopathies. 
Unlike CB1receptors, CB2 receptors were undetectable in human retina, although they were found 
in the rat retina (Lu et al., 2000; Porcella et al., 2000). 
Taken together, these findings indicate that cannabinoids may have great potential in the 
treatment of glaucoma, if the difficulty in formulating a stable and effective topical preparation 
and the problem of systemic side effects are conquered. Because of their well known 
neuroprotective, anti-inflammatory, and antiangiogenic effects, cannabinoid analogs may also be 
considered for the treatment of inflammatory and degenerative eye disorders and diabetic 
retinopathy. 

F. Cancer 

The palliative effects of cannabinoids in cancer patients are well known and may include appetite 
stimulation, inhibition of nausea and emesis associated with chemo- or radiotherapy, pain relief, 
mood elevation, and relief from insomnia (reviewed in Walsh et al., 2003; Hall et al., 2005) 
(Table 1). /19-THC ( dronabinol, Marinol) and its synthetic derivative nabilone have been 
approved by the U.S. Food and Drug Administration to control nausea in cancer patients 



undergoing chemotherapy and to stimulate appetite in patients with AIDS (Walsh et al., 
2003; Hall et al., 2005). 
Numerous recent studies have suggested that cannabinoids might directly inhibit cancer growth 
(reviewed in Parolaro et al., 2002; Guzman et al., 2002; Guzman, 2003; Jones and Howl, 
2003; Velasco et al., 2004; Patsos et al., 2005). The proposed mechanisms are complex and may 
involve induction of apoptosis in tumor cells, antiproliferative action, and an antimetastatic effect 
through inhibition of angiogenesis and tumor cell migration (reviewed in Bifulco and Di Marzo, 
2002; Parolaro et al., 2002; Guzman et al., 2002; Guzman, 2003; Jones and Howl, 
2003; Velasco et al., 2004; Patsos et al., 2005). 
Various cannabinoids, including cannabidiol, anandamide, and 2-AG, and endocannabinoid 
transport inhibitors have been shown to induce apoptotic cell death and to inhibit proliferation 
and migration in numerous murine and human tumor cell lines including glioma (C6, U87, 
U373, and H4), oligodendroglioma (Gos3), glioblastoma multiforme, astrocytoma (U373-MG, 
U87MG, and human grade IV astrocytoma), neuroblastoma (N18 TG2 and CHPlOO), 
pheochromocytoma (PCI2), breast cancer (MCF-7, EFM-19, T47D, TSA-El, and MDA-MB-
231), prostate cancer (LNCaP, DU145, and PC3), colon carcinoma (SW 480), uterine cervix 

---carcmoma ~(CxCa)-;-tliYro1d cancer -(KiM61J, -Ieu1cemia {CENf~HEt-=-9-2~-HU5b~ and Juikat cell __ 
lines), and lymphoid tumors (EL-4 and P815) tumor cells via CBJCB2- and VR1 receptor
dependent or independent (e.g., cyclooxygenase) mechanisms (De Petrocellis et al., 1998; 
Sanchez et al., 1998, 2003; Jacobsson et al., 2000; Maccarrone et al., 2000b; Sarker et al., 
2000; McKallip et al., 2002a,Q; Fowler et al., 2003; Jonsson et al., 2003; Mimeault et al., 
2003; Bifulco et al., 2004; Contassot et al., 2004a,Q; Hinz et al., 2004; Joseph et al., 
2004; Kogan et al., 2004; Massi et al., 2004; Nithipatikom et al., 2004; Allister et al., 
2005; Ellert-Miklaszewska et al., 2005; Herrera et al., 2005, 2006; Lombard et al., 
2005; Powles et al., 2005; Sarfaraz et al., 2005; Vaccani et al., 2005; Carracedo et al., 
2006; Grimaldi et al., 2006; Ligresti et al., 2006b). More importantly, systemic or local 
treatment with cannabinoids inhibited the growth of various types of tumor or tumor cell 
xenografts in vivo, including lung carcinoma (Munson et al., 1975), glioma (Galve-Roperh et 
al., 2000; Sanchez et al., 2001a; Massi et al., 2004), thyroid epithelioma (Bifulco et al., 2001), 
lymphoma (McKallip et al., 2002a), and skin carcinoma (Casanova et al., 2003) in mice. 
The proapoptotic effect of cannabinoids in tumor cells is complex and may involve increased 
synthesis of the proapoptotic sphingolipid ceramide (Galve-Roperh et al., 2000; Gomez del 
Pulgar et al., 2002a,Q), ceramide-dependent up-regulation of the stress protein p8 and several 
downstream stress-related genes expressed in the endoplasmic reticulum (ATF-4, CHOP, and 
TRB3; Carracedo et al., 2006), prolonged activation of the Raf-1/mitogen-activated protein 
kinase kinase/extracellular signal-regulated kinase signaling cascade (Galve-Roperh et al., 
2000), and inhibition of Akt (Gomez del Pulgar et al., 2000; Ellert-Miklaszewska et al., 2005), 
c-Jun NHi-terminal kinase and p38 mitogen-activated protein kinase (Galve-Roperh et al., 
2000; Sarker et al., 2003; Hinz et al., 2004; Powles et al., 2005). As mentioned above, 
cannabinoids also inhibit the proliferation of various tumor cells, possibly through inhibition of 
adenylyl cyclase and the cAMP/protein kinase A pathway (Melck et al., 1999), induction of the 
cyclin-dependent kinase inhibitor p27kipl (Portella et al., 2003), a decrease in epidermal growth 
factor receptor expression and/or the attenuation of epidermal growth factor receptor tyrosine 
kinase activity (Casanova et al., 2003; Mimeault et al., 2003), and a decrease in the activity 
and/or expression of nerve growth factor or vascular endothelial growth factor tyrosine kinase 
receptors and prolactin (De Petrocellis et al., 1998; Melck et al., 2000; Portella et al., 2003). In 



addition to their proapoptotic and antiproliferative effects in tumor cells, cannabinoids also 
inhibit the expression of proangiogenic mediators or their receptors (e.g., vascular endothelial 
growth factor) and reduce vascular hyperplasia and cell migration, which play crucial roles in 
tumor growth and metastasis formation (Blazquez 2004;et al., 2003, 2004; Casanova et al., 
2003; Portella et al., 2003). 
In sharp contrast to the above, Hart et al. (2004) have demonstrated that treatment of lung cancer 
(NCI-H292), squamous cell carcinoma (SCC-9), bladder carcinoma (5637), glioblastoma (U373-
MG), astrocytoma (1321Nl), and kidney cancer (A498) cells with nanomolar concentrations of 
cannabinoids such as THC, anandamide, HU-210, and WIN 55,212-2 leads to rapid epidermal 
growth factor receptor- and metalloprotease-dependent cancer cell proliferation. However, the 
same study also documented that at micromolar concentrations cannabinoids induced cancer cell 
apoptosis, in agreement with previous reports (Hart et al., 2004). These results highlight the 
bimodal action of cannabinoids on cancer cell growth, with low concentrations being 
proproliferative and high concentrations having antiproliferative effects. 
The key role of the immune system in controlling the development of cancers is supported by 
findings that immunosuppressed individuals are at increased risk for developing cancer. For 

---
- example, there is increased incidence of non-Hodgkin's lymphoma, Burkitt's lymphoma, 

Kaposi's sarcoma, and cervical cancer in AIDS patients and increased susceptibility to various 
lymphomas and solid tumors after organ transplantation (Bhatia et al., 2001; Scadden, 
2003; Abu-Elmagd et al., 2004; Oruc et al., 2004). This concept is particularly important, 
because cannabinoids have well-known immunosuppressant effects (reviewed in Klein, 2005), 
which may compromise antitumor immune responses. Indeed, THC enhances breast and lung 
cancer growth and metastasis by suppressing CB2 receptor-mediated antitumor immune 
responses (Zhu et al., 2000; McKallip et al., 2005) and can also lead to increased susceptibility 
to infections with various pathogens such as herpes simplex virus, Legionella pneumophila, and 
Fried leukemia virus (Morahan et al., 1979; Cabral et al., 1986; Specter et al., 1991; Klein et 
al., 2000b ). 
Epidemiological studies investigating the relationship of cannabis smoking and various forms of 
cancer have yielded inconsistent results, thus failing to resolve the conflicting findings in animal 
models of cancer or in cancer cell lines (Taylor, 1988; Caplan and Brigham, 1990; Kuijten et 
al., 1992; Grufferman et al., 1993; Sidney et al., 1997; Barsky et al., 1998; Zhang et al., 
1999; Efird et al., 2004; Llewellyn et al., 2004; Rosenblatt et al., 2004; reviewed in Hall et al., 
2005). The variability of the effects of cannabinoids in different tumor models may be related to 
the differential expression of CB1 and CB2 receptors. Thus, cannabinoids may be effective in 
killing tumors that abundantly express cannabinoid receptors, such as gliomas, but may increase 
the growth and metastasis of other types of tumors, such as breast cancer, with no or low 
expression of cannabinoid receptors, due to the suppression of the antitumor immune response 
(McKallip et al., 2005). Nevertheless, the majority of the findings to date are encouraging and 
suggest that cannabinoids may be useful not only as palliative therapy but also because of their 
ability to inhibit tumor growth and metastasis. 

G. Gastrointestinal and Liver Disorders 

Cannabis has been used empirically for centuries to stimulate appetite and decrease emesis and 
diarrhea. Recent evidence indicates that the endocannabinoid system plays an important role in 
the control of gastroin-testinal motility and secretion both under physiological conditions and in 



various gastrointestinal disorders (reviewed in Pertwee, 2001; Pinto et al., 2002a,!?_; Di Carlo 
and Izzo, 2003; Coutts and Izzo, 2004; Duncan et al., 2005; Massa et al., 2005). 
Unexpectedly, recent data also implicate endocannabinoids and their receptors in several aspects 
of acute and chronic liver disease, including hemodynamic changes, modulation of inflammatory 
processes, fibrosis, and altered brain function (reviewed in Gabbay et al., 2005; Jimenez, 2005). 
Numerous studies using autoradiography, immunohistochemistry, and/or reverse transcription
polymerase chain reaction demonstrated colocalization of CB 1 receptors with cholinergic 
neurons across the enteric nervous system, including sensory and interneuronal as well as 
motoneural cell bodies of the myenteric plexus, in mice (Mascolo et al., 2002; Pinto et 
al., 2002a,!?_; Casu et al., 2003; Izzo et al., 2003; Storr et al., 2004), rats (Adami et al., 
2002; Coutts et al., 2002; Storr et al., 2002; Burdyga et al., 2004), guinea-pigs (Coutts et al., 
2002; MacNaughton et al., 2004), and pigs (Kulkarni-Narla and Brown, 2000). CB 1 receptors 
are also colocalized with neuropeptide Y and vasoactive intestinal peptide in a small population 
of submucous plexus neurons (Kulkarni-Nada and Brown, 2000; Coutts et al., 2002). 
CB1 receptor immunoreactivity was evident in normal human colonic epithelium, smooth 
muscle, and the sub-mucosal myenteric plexus (Wright et al., 2005). Both CB 1 and 

- .--CB2 receptors were founaonplasma cells in the lamina propria, whereas only CB2 were 
detectable on macrophages (Wright et al., 2005). Endocannabinoids are also present in the 
gastrointestinal tact. Indeed, 2-AG was originally isolated from gut tissue (Mechoulam et al., 
1995), and the intestinal content of anandamide was found to be regulated by feeding status 
(Gomez et al., 2002). 
Although in earlier studies CB 1 receptor expression was undetectable in the liver relative to the 
brain (Porcella et al., 2002), several recent studies revealed the presence of low levels of both 
CB 1mRNA (Batkai et al., 2001; Michalopoulos et al., 2003; Biecker et al., 2004; Engeli et al., 
2005; Osei-Hyiaman et al., 2005b; Teixeira-Clerc et al., 2006) and CB 1 immunoreactivity 
(Osei-Hyiaman et al., 2005b) in whole liver or in various types of cells present in the liver, 
including hepatocytes (Michalopoulos et al., 2003; Osei-Hyiaman et al., 2005b), stellate cells 
(Siegmund et al., 2005; Teixeira-Clerc et al., 2006), and vascular endothelial cells (Batkai et 
al., 2001). CB2receptor mRNA was also detected in cirrhotic but not in normal liver tissue 
(Julien et al., 2005). Endocannabinoids are detectable in the liver or liver cells both in animals 
and humans at levels similar to those in the brain and play an important role under various 
physiological and pathophysiological conditions (Cravatt et al., 2004; Kurabayashi et al., 
2005; Osei-Hyiaman et al., 2005b) (see also section 111.A.3.). 
A functional role for endocannabinoids and CB1 receptors in the gastrointestinal tract is 
supported by pharmacological studies demonstrating that anandamide and various CB 1 agonists 
(WIN 55,212-2, CP55,940, and ACEA) but not the CB 2-selective agonists JWH-133 inhibit 
gastrointestinal motility in rodents in vivo and in isolated ileum and colon from both 
experimental animals and humans (Shook and Burks, 1989; Pertwee et al., 1995, 1996; Coutts 
and Pertwee, 1997; McCallum et al., 1999; Mancinelli et al., 2001; Mang et al., 2001; Landi 
et al., 2002; Manara et al., 2002; Hinds et al., 2006). A similar role for endogenous substrates 
of FAAH is suggested by recent in vivo findings in mice, documenting inhibition of intestinal 
motility by the FAAH inhibitors N-arachidonoylserotonin and palmitoyliso-propylamide and by 
the FAAH substrates palmitoylethanolamide, oleamide, and oleoylethanolamide in wild-type but 
not in FAAH knockout mice (Capasso et al., 2005). Furthermore, the effect of N
arachidonoylserotonin was reduced either by the CB1 receptor antagonist SR141716 or by 
CB1 deficiency, but not by the TRPV1 receptor antagonist 5'-iodoresiniferatoxin (Capasso et al., 



2005). Interestingly, in clinical trials using rimonabant for nicotine cessation or for the treatment 
of obesity, diarrhea was 2 to 2.4 times more frequent among subjects treated with the drug than 
with placebo, suggesting accelerated transit and/or enhanced secretion caused by CB1 blockade 
(Fernandez and Allison, 2004; Van Gaal et al., 2005). This and some of the above 
experimental reports suggest the existence of an inhibitory endocannabinoid tone in the 
gastrointestinal tract. Multiple mechanisms, including reduction of acetylcholine release from 
enteric nerves, inhibition of nonadrenergic/noncholinergic excitatory transmission, activation of 
apamin-sensitive K+ channels, and modulation of adenosine release have been proposed to 
explain the CB1-mediated reduction in enteric contractility and peristalsis (reviewed in Coutts 
and Izzo, 2004). 
Activation of both CB1 and CB2 receptors may decrease the pathologically increased intestinal 
motility elicited by an inflammatory stimulus. In a mouse model of Croton oil-induced intestinal 
inflammation, the increased efficacy of cannabinoids in inhibiting intestinal motility was 
attributed to up-regulation of intestinal CB1 receptors (Izzo et al., 2001a,!!,). Conversely, the 
accelerated gastrointestinal transit induced by bacterial endotoxin in rats could be inhibited by 
CB2 but not CB 1receptor agonists (Mathison et al., 2004). Interestingly, intestinal hypomotility 

- in a mouse model of paralytic ileus has been llnked, at least in part, to the enhancement of -- -
anandamide levels and CB1expression in the gut, and it could be attenuated by CB1 receptor 
antagonists (Mascolo et al., 2002). Additionally, there is evidence that CB1 receptors are 
involved in the regulation of the lower esophageal sphincter, and CB 1 activation might be 
beneficial in gastroesophageal reflux disease (reviewed in Coutts and Izzo, 2004; Massa et al., 
2005). 
The endocannabinoid system has also been implicated in the regulation of gastric acid and · 
intestinal secretions. At high doses, THC decreased histamine-induced gastric acid secretion in 
isolated stomach preparations (Rivas-V and Garcia, 1980) and in pylorus-ligated rats (Sofia et 
al., 1978). Pentagastrin-induced gastric acid secretion was also inhibited by HU-210 and WIN 
55,212-2, an effect that could be prevented by CB 1 blockade (Coruzzi et al., 1999; Adami et al., 
2002). These studies suggest a role for CB 1 receptors located on preganglionic and 
postganglionic cholinergic pathways in the regulation of gastric acid secretion. The therapeutic 
relevance of this regulatory mechanism was highlighted by the CB 1 receptor-mediated antiulcer 
activity of ACEA or WIN 55,212-2 treatment in a rat model of aspirin- and cold/restraint stress
induced gastric ulcers (Germano et al., 2001; Rutkowska and Fereniec-Goltbiewska, 2006). 
WIN 55,212-2 also reduced intestinal secretions evoked by electrical field stimulation or 
capsaicin (MacNaughton et al., 2004). Anandamide, the anandamide transport inhibitor 
VDMl 1, and the CB1 agonist ACEA all inhibited intestinal secretion and fluid accumulation in 
mice treated with cholera toxin, whereas SR141716 exerted opposite effects (Izzo et al., 2003). 
The ability of cannabinoids to inhibit gastrointestinal motility and secretion coupled with their 
anti-inflammatory properties strongly suggests that the modulation of this system could offer 
significant benefits in the treatment of various gastrointestinal pathological conditions, including 
inflammatory bowel disease (see below). 

1. Inflammatory Bowel Disease. 

Idiopathic inflammatory bowel disease (IBO) includes ulcerative colitis and Crohn's disease, and 
is characterized by intestinal inflammation presumably of autoimmune origin and a chronic 
relapsing course associated with local and systemic complications and affects > 1 million people 



in the United States (Loftus, 2004). Although the etiology of IBD remains unclear, it may 
involve complex genetic, environmental, and immunological interactions. The most common 
symptoms of IBD are abdominal pain and diarrhea, which eventually lead to malabsorption and 
malnutrition, and in approximately half of patients surgery is eventually required to remove the 
affected bowel segment. Despite recent therapeutic advances, patients with IBD are often 
unresponsive to available treatment options. 
As discussed above, the endocannabinoid system plays an important role in the control of 
gastrointestinal motility and secretion. Studies using animal models of IBD have suggested that 
targeting the endocannabinoid system may offer significant benefits in the treatment of IBD. 
Several studies have indicated that chemically induced intestinal inflammation is associated with 
the up-regulation of intestinal CB 1 receptors, which may represent a compensatory, protective 
mechanism. For example, in croton oil-treated mice, the ability of CB 1 agonists to inhibit 
intestinal motility is increased compared with that in control animals (Izzo et al., 2001a). More 
importantly, the anandamide transport inhibitor VDMl l was also shown to inhibit 
gastrointestinal motility and secretions in cholera toxin-treated mice, which implicates 
endocannabinoids in this action and holds out the promise of a nonpsychoactive form of 
treatment (Izzo et al., 2003). In a mouse model of colitis induced by 2,4-dinitrobenzenesulfo~ic 
acid and dextrane sulfate, Massa et al. (2004) have confirmed the up-regulation of CB 1 receptors 
in experimental colitis. Furthermore, they demonstrated that the inflammation was more severe 
in mice deficient in CB1 receptors than in wild-type mice, whereas genetic ablation of F AAH 
resulted in protection against this chemically induced colitis (Massa et al., 2004). In a recent 
study, the anandarnide reuptake inhibitor VDMI 1 afforded protection against colitis in mice, and 
elevated anandamide levels have been measured in biopsy material from patients with ulcerative 
colitis (D' Argenio et al., 2006). These findings strongly support the natural protective role of the 
endocannabinoid system in this form of experimental IBD. In contrast, Croci et al. (2003) have 
reported a CB 1 receptor-independent protective effect of SR141716 against indomethacin
induced inflammation and ulcer formation in the small intestine of rats. Elevated levels of 
anandamide and desensitization of the presynaptic neural CB 1 receptor found in colonic 
longitudinal muscle strips from patients undergoing surgery for complicated diverticulitis 
suggest that the endocannabinoid system may be also involved in the pathophysiology of this 
frequent complication of colitis and/or colon cancer (Guagnini et al., 2006). 
Taken together, most of the above studies suggest that the endocannabinoid system in the gut is 
activated during inflammation, and endogenous anandarnide may counteract inflammation 
(Kunos and Pacher, 2004) (Fig. 6). The findings of Massa et al. (2004) and D'Argenio et al. 
(2006) also suggest that inhibitors of FAAH or anandamide reuptake may amplify the natural 
protective action of endogenous anandamide, which warrants further studies to test such 
inhibitors in the treatment of experimental and, ultimately, human IBD (Kunos and Pacher, 
2004). Future studies should further explore the mechanisms of the anti-inflammatory effects of 
cannabinoids and the potential role of CB2 receptors as therapeutic targets (Mathison et al., 
2004; Wright et al., 2005). 

2. Acute and Chronic Liver Disease (Hepatitis and Liver Cirrhosis). 

Endocannabinoids and CB 1 receptors have been implicated in the systemic and portal 
vasodilation and hypotension associated with chronic liver cirrhosis (Batkai et al., 2001; Garcia 
et al., 2001; Ros et al., 2002). These studies demonstrated that CB 1 receptor blockade with 



SR 141716 reversed the hypotension and low peripheral resistance and decreased the elevated 
mesenteric blood flow and portal pressure in rats with biliary and carbon tetrachloride-induced 
cirrhosis, whereas these hemodynamic parameters were unaffected by SR 141716 in noncirrhotic 
control subjects (Batkai et al., 2001; Ros et al., 2002). These findings suggested an increased 
endocannabinoid tone in cirrhosis, which could be attributed to both an up-regulation of 
CB 1 receptors in hepatic vascular endothelial cells and an increased production of anandamide by 
circulating monocytes (Batkai et al., 2001). Increased expression of CB 1 receptors was also 
reported in whole liver from bile duct-ligated mice (Biecker et al., 2004). This increase was 
greater when bile duct ligation was performed in NO synthase-3 knockout compared with wild
type mice, which may account for the similar level of portal hypertension in the two strains 
despite the much higher systemic blood pressure in the knockout mice (Biecker et al., 2004). 
Increased anandamide-induced vasorelaxation mediated by CB 1 and TRPV1 receptors was also 
reported in mesenteric arteries isolated from cirrhotic compared with control rats (Domenicali et 
al., 2005). The increase in anandamide in monocytes from cirrhotic rats or humans is 
functionally important, as these cells elicit SRl 41716-sensitive hypotension when injected into 

___ normal recjpient rats (Batkai et al., 2001; Ros et al., 2002). Plasma endotoxin levels _______ _ 
progressively increase as liver function deteriorates in cirrhosis (Lumsden et al., 1988; Chan et 
al., 1997), and this effect is probably responsible for the elevated endocannabinoid production in 
plasma monocytes and platelets of cirrhotic animals and patients (Batkai et al., 2001; Ros et al., 
2002; Liu et al., 2003; Fernandez-Rodriguez et al., 2004). There is also recent experimental 
evidence implicating increased signaling through myocardial CB 1 receptors in the pathogenesis 
of cirrhotic cardiomyopathy (Gaskari et al., 2005; Pacher et al., 2005c). 
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FIG. 6. 
Cellular source and proposed targets of anti-inflammatory endocannabinoids in inflammatory 
hmvel disease. a, cross-section of inflamed bovv'el with leukocyte infiltration [polymorphonuclear 
leukocytes (PT\IM). lymphocytes rLyl. macrophages. and mast cells]. h. in macrophages, LPS 
induces the production of TNF-a. and chemokines (such as MIP-2macrophage inflammatory 
prntein-2 and CXCL-8) as ,veil as anandamidc. Anandamidc is released to act as an autocnne 
mecfoitor to inhibit TNF-u and chcmokine production via CB or CB- receptors or both 
'\.ctnation of CB and CB, !·ecentors n1ay shidarly inhibi 1 TNF-cx production in mast cells, vdth 
these effects res1..lr111g iq ,·~'ased leukoctc nt ltl'dtlon and nflammation. Pancrine ac i"ation 
(lfCR ecep1ors on ex 1·i1SiC J!l(; mtr1ns1c en ·r,c ncurr)ns 1nh1btts :1eetylcholine 1ACh 1 an,_i 
rachvk1n111 tclease. respcl'l e' result 11f "1 nh,h,tlC''l oi gdt n10lilily. These effects arc 
arnrl.f:.;,l l-y t1carn1c•r v, ti-, a PA.\H 111b:b .01 v,h1cb preYents the breakdown of anandc1n .J, 
Rep1\1duceci v\ it!, rLr,,,,,si(l'l ,rom Kunos Jnci P:lCher (2004) !vat Mee! 10:6'8-6"'79 © l\l~t1u1.: 
PubJi-.,hing Crour 

-~-- -- ~'Reyoncftfievascillopatnyotend-sfage curhos1s,"the endocannaofoold system may also be-~
involved in the pathogenesis of liver fibrosis. Siegmund et al. (2005) have recently reported that 
anandamide exerts antifibrogenic effects in vitro by inhibiting activated hepatic stellate cells at 
low micromolar concentrations and by inducing their necrosis at higher concentrations, via CBl/2-

and TRPV1-independent mechanism(s). In a study by Julien et al. (2005), the liver fibrosis 
induced by carbon tetrachloride was more severe in CB 2 knockout mice compared with their 
wild-type littermates. Also, the expression of CB2 receptors was found to be strongly induced in 
liver biopsy specimens from patients with active cirrhosis of various etiologies, particularly in 
nonparenchymal cells located within and at the edge of fibrous septa (Julien et al., 2005). 
Furthermore, CB 2 receptor activation triggered growth inhibition and apoptosis in myofibroblasts 
and in activated hepatic stellate cells, highlighting the antifibrogenic role of CB 2 receptors during 
chronic liver injury (Julien et al., 2005). However, chronic marijuana use has been associated 
with hepatotoxicity rather than hepatoprotection as expected from the above results (Borini et 
al., 2004), and results of a recent epidemiological study indicate that daily marijuana smoking is 
a risk factor for progression of fibrosis among people with chronic hepatitis C infection (Hezode 
et al., 2005). This finding has triggered an investigation into the possible pro-fibrogenic role of 
CB1 receptor activation, which is supported by the results of a preliminary study showing that the 
progression of experimental liver fibrosis induced by carbon tetrachloride is slower in mice with 
genetic ablation of CB1 receptors or treated with CB 1receptor antagonist SR141716 (Teixeira
Clerc et al., 2006). These latter findings suggest a broader role of CB 1 receptors in the 
pathogenesis of cirrhosis and forecast additional potential benefits from the therapeutic use of a 
CB1 antagonist in chronic liver disease. 
In contrast to the hepatotoxicity associated with chronic marijuana use, a synthetic, 
nonpsychotropic cannabinoid derivative (PRS-211,092) was reported to inhibit acute hepatitis 
induced by concanavalin A via negative cytokine regulation in mice (Lavon et al., 2003). 
Interestingly, in animal models of acute hepatic failure-induced encephalopathy, both 2-AG and 
SR141716 have been reported to exert beneficial effects on neurological and cognitive function 
(Gabbay et al., 2005; A vraham et al., 2006). Cannabinoids may also be beneficial in intractable 
cholestatic pruritus (Neff et al., 2002), which is associated with severe forms of liver disease, 
presumably by increasing the nociceptive threshold (Gingo)d and Bergasa, 2003). 



Collectively, the studies discussed in this section highlight the potential regulatory role of the 
endocannabinoid system in a variety of gastrointestinal and liver disorders, opening new avenues 
for their pharmacotherapy. It appears that CB1 agonists and perhaps FAAH antagonists might be 
beneficial in reducing increased gastrointestinal motility, bowel inflammation, and associated 
diarrhea, whereas CB 1 antagonists could be used in the treatment of constipation. In chronic liver 
cirrhosis, CB 1 antagonists may not only attenuate or reverse the adverse hemodynamic 
consequences of cirrhosis, thus extending life until a suitable liver becomes available for 
transplantation, but also could have additional benefits by slowing the progression of fibrosis and 
the neurological decline associated with hepatic encephalopathy. Selective CB2 receptor agonists 
might also be expected to protect against progression of liver fibrosis and perhaps against the 
chronic inflammation associated with IBD. 

H. Musculoskeletal Disorders 

1. Arthritis. 

Rheumatoid arthritis (RA) is a chronic, systemic, inflammatory autoimmune disease affecting 
-0.8% of adults worldwide. RA is more common in women, and it leads to joint destruction, 
deformity, loss of function, chronic pain, and reduced quality of life. When unchecked, it leads to 
substantial disability and premature death (O'Dell, 2004). Current medications used to treat 
rheumatoid arthritis are divided into three main classes: nonsteroidal anti-inflammatory drugs, 
corticosteroids, and disease-modifying antirheumatic drugs such as methotrexate (O'Dell, 2004). 
A better understanding of the cytokine networks that are responsible for the ongoing 
inflammatory response in RA has led to the successful use of novel therapies that target TNF-a 
and IL-1. 
The immunosuppressant and anti-inflammatory properties of cannabinoids are highly relevant 
for RA and other autoimmune disorders (e.g., systemic lupus erythematosus, autoimmune 
vasculitis, Sjogren's syndrome, and ankylosing spondylitis). Indeed, ajulernic acid (THC-11-oic 
acid, CT-3, IP-751), a potent analog of the acid metabolites of THC (Burstein, 2000, 2005) and 
cannabidiol have been shown to have analgesic, anti-inflammatory, and immunosuppressive 
effects in animal models of arthritis (Zurier et al., 1998; Dajani et al., 1999; Malfait et al., 
2000). Chronic administration of ajulemic acid attenuated joint inflammation in a murine model 
of adjuvant-induced arthritis and suppressed prostaglandin production in vitro to a greater extent 
than the potent nonsteroidal anti-inflammatory drug, indomethacin (Zurier et al., 1998). In 
another study, ajulemic acid caused less gastrointestinal ulcerations and was more effective in 
reducing adjuvant-induced arthritis than common nonsteroidal anti-inflammatory agents (Dajani 
et al., 1999). As discussed earlier in this review, ajulemic acid is a high-affinity agonist for 
human cannabinoid receptors and has CB1-mediated, potent antihyperalgesic activity in models 
of chronic neuropathic and inflammatory pain in the rat (Dyson et al., 2005). Ajulemic acid also 
induces apoptosis in human T lymphocytes (Hidinger et al., 2003) and suppresses IL-lP 
production in human monocytes (Zurier et al., 2003), which could contribute to its therapeutic 
effects in RA and other inflammatory disorders. Treatment with cannabidiol or its more potent 
dimethylheptyl derivative (HU-320) reduced an LPS-induced increase in serum TNF-a and 
immune function and effectively blocked the progression of collagen-induced arthritis in mice 
(Malfait et al., 2000; Sumariwalla et al., 2004). Other studies described the antinociceptive 
effects of anandamide and THC in rats with arthritis (Sofia et al., 1973; Smith et al., 1998; Cox 



and Welch, 2004). Mbvundula et al. (2005, 2006) have recently reported that WIN 55,212-2 and 
HU-210 inhibited IL-I-stimulated NO production in bovine articular chondrocytes, in contrast to 
AM281 and AM630, which elicited an opposite effect. Anandamide, WIN 55212-2, and HU-210 
also inhibited the release of sulfated glycosaminoglycans in bovine cartilage explants and IL-la 
stimulated proteoglycan and collagen degradation (Mbvundula et al., 2005, 2006). 
In a survey of 2969 people using cannabis for medicinal purposes, -25% of subjects mentioned 
relief of arthritis symptoms as the main reason for cannabis smoking, which was surpassed only 
by chronic pain, MS, and depression (Ware et al., 2003). Studies using cannabinoid-based 
extracts are also underway in patients with RA (Russo, 2006). The potential benefit of 
cannabinoids in fibromyalgia, a syndrome of widespread musculoskeletal pain, nonrestorative 
sleep, disturbed mood, and fatigue of unknown etiology, has also been reviewed (Russo, 2004). 

2. Osteoporosis. 

Osteoporosis is a skeletal disorder characterized by low bone mass and microarchitectural 
deterioration of bone, leading to increased susceptibility to bone fractures. The associated 
fractures and the subsequent morbidity and mortality make osteoporosis an enormous public 
health concern. Osteoporosis is no longer considered an age-related disease, as it is increasingly 
recognized in children. Osteoporosis is thought to be a polygenic disorder, with vulnerability 
determined by multiple genes and environmental risk factors. It currently affects up to one in 
three women and 1 in 12 men worldwide (Keen, 2003). Treatment options include general 
measures on lifestyle, calcium and vitamin D supplements, hormone therapy, raloxifene, and 
bisphosphonates. 
Cannabinoid receptors were first implicated in the regulation of bone mass by Karsak et al. 
(2004), who found that CB2 knockout mice had markedly accelerated age-related trabecular bone 
loss and cortical expansion accompanied by increased activity of trabecular osteoblasts, 
increased numbers of osteoclasts, and decreased numbers of diaphyseal osteoblast precursors 
(Ofek et al., 2006). CB2 receptors were expressed in osteoblasts, osteocytes, and osteoclasts. The 
selective CB2agonist HU-308, but not the CB 1 agonist noladine ether, attenuated ovariectomy
induced bone loss and markedly stimulated cortical thickness through the suppression of 
osteoclast number and stimulation of endocortical bone formation (Ofek et al., 2006). 
Furthermore, HU-308 dose dependently increased the number and activity of endocortical 
osteoblasts and restrained trabecular osteoclastogenesis by inhibiting proliferation of osteoclast 
precursors (Ofek et al., 2006). These results, coupled with CB2 but not CB 1 receptor mRNA 
expression during osteoblastic differentiation, suggested a role for CB2 receptors in bone 
remodeling. Such a role of CB2 but not CB 1 receptors is also supported by a recent genetic 
association study in human samples of postmenopausal osteoporosis patients and matched 
female control subjects (Karsak et al., 2005). 
In contrast, Idris et al. (2005) have recently reported that CB1 receptor knockout mice or mice 
treated with antagonists of either CB 1 or CB2 receptors were protected from ovariectomy-induced 
bone loss. Furthermore, cannabinoid antagonists promoted osteoclast apoptosis, inhibited 
osteoclast activity, and decreased the production of several osteoclast survival factors in vitro, 
suggesting that cannabinoid antagonists may be beneficial in the treatment of osteoporosis. 
Although the reason for the discrepancy between the above studies is not clear; they suggest a 
role for the endocannabinoid system in the regulation of bone mass. 



I. Endocannabinoids and Reproductive Functions 

There is abundant evidence that the endocannabinoid system is involved in reproductive 
functions in both males and females and in both animals and humans, as discussed in more detail 
in recent reviews (Fride, 2004; Park et al., 2004; Schuel and Burkman, 2005; Tranguch et 
al., 2005; Wang et al., 2006). In males, marijuana, synthetic cannabinoids, and anandamide 
adversely affect the fertilizing capacity of sperm, wh.ich express functional CB1 receptors 
(Rossato et al., 2005; Schuel and Burkman, 2005; Whan et al., 2006). On the other hand, 
there is preclinical evidence to suggest that blockade of CB1 may be useful in the treatment of 
erectile dysfunction (Melis et al., 2004b, 2006). 
High levels of functional CB1 receptor, anandamide, and FAAH are present in the 
preimplantation embryo and/or in the uterus (Das et al., 1995; Paria et al., 1995, 2001; Schmid 
et al., 1997; Park et al., 2003; Guo et al., 2005). Anandamide synthesized in the uterus exerts 
dose- and stage-specific effects on embryo development and implantation. A temporary 
reduction of anandamide levels is essential for embryo implantation, and higher anandamide 
levels are associated with uterine noor.e~~tivity and impairment of blas1oc.~furmation, zona --~
hatching, and trophoblast outgrowth via CB1 receptors (Das et al., 1995; Paria et 
al., 1995, 2001, 2002; Schmid et al., 1997; Wang et al., 1999; Guo et al., 2005). Consequently, 
cannabinoids may retard the development of embryos, eventually leading to fetal loss and 
pregnancy failure (Bloch et al., 1978; Smith and Asch, 1987; Park et al., 2004). Anandamide 
levels in the uterus are regulated by FAAH activity (Paria et al., 1995, 1999; Schmid et al., 
1997). Accordingly, pregnant women with low FAAH activity in lymphocytes were found to 
have an increased incidence of miscarriage (Maccarrone et al., 2000c), and low FAAH activity 
also correlated with failure to maintain pregnancy after in vitro fertilization (Maccarrone et al., 
2002b). Finally, cannabinoids may also affect the levels of various hormones crucial for normal 
fertility and reproduction (Brown and Dobs, 2002; Park et al., 2004; Scorticati et al., 
2004; Gammon et al., 2005). Although such findings may suggest the potential usefulness of 
CB1 antagonists in the treatment of infertility problems, a note of caution is warranted because 
CB 1 knockout mice were reported to have impaired oviductal transport of embryos, leading to 
embryo retention. This suggests that treatment with CB 1 antagonists may facilitate ectopic 
pregnancy (Wang et al., 2004). 

IV. Future Directions 

The length of this review, necessitated by the steady growth in the number of indications for the 
potential therapeutic use of cannabinoid-related medications, is a clear sign of the emerging 
importance of this field. This is further underlined by the quantity of articles in the public 
database dealing with the biology of cannabinoids, which numbered -200 to 300/year 
throughout the 1970s to reach an astonishing 5900 in 2004. The growing interest in the 
underlying science has been matched by a growth in the number of cannabinoid drugs in 
pharmaceutical development from two in 1995 to 27 in 2004, with the most actively pursued 
therapeutic targets being pain, obesity, and multiple sclerosis (Hensen, 2005). As in any rapidly 
growing area of research, not all the leads will turn out to be useful or even valid. Nevertheless, 
it is safe to predict that new therapeutic agents that affect the activity of the endocannaboinoid 
system will emerge and become members of our therapeutic armamentarium. The plant-derived 



cannabinoid preparation Sativex has already gained regulatory approval in Canada for the 
treatment of spasticity and pain associated with multiple sclerosis, and the CB1 receptor 
antagonist rimonabant has been approved in Europe and is awaiting Food and Drug 
Administration approval in the United States for the treatment of the metabolic syndrome. 
Undoubtedly, these will be followed by new and improved compounds aimed at the same or 
additional targets in the endocannabinoid system. However, it may be only after the widespread 
therapeutic use of such compounds that some important side effects will emerge. Although this 
occurrence would be undesirable from a health care perspective, such side effects may shed 
further light on the biological functions of endocannabinoids in health and disease. 
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Footnotes 

• 11 Abbreviations: THC or ~ 9-THC, ~9-tetrahydrocannabinol; CP-55,940, (1R,3R,4R)-3-[2-

hydroxy-4-( 1, 1-dimethylheptyl)phenyl]-4-(3-hydroxypropyl)cyclohexan-1-ol; GPCR, G 

protein-coupled receptor; CB1 or CB2, cannabinoid 1 or 2; CBD, cannabidiol; SR141716, N

(piperidin-l-yl)-5-( 4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-lH-pyrazole-3-

carboximide hydrochloride (rimonabant); AM25 l, N-(piperin-l-yl)-5-( 4-iodophenyl)-1-(2,4-

dichlorophenyl)-4-methyl-lH-pyrazole-3-carboxamide; TRPV1 or VR1, transient receptor 

potential vanilloid 1 or vanilloid 1; WIN 55,212-2, R-(+)-[2,3-dihydro-5-methyl-3-

[(morpholinyl)methyl]pyrrolo-[ 1,2,3-de ]-1,4-benzoxazinyl]-( 1-naphthalenyl)methanone 

mesylate; GTPyS, guanosine 5'-0-(3-thio)triphosphate; HU-210, ~ 8-tetrahydrocannabinol 

dimethyl heptyl; DARPP-32, dopamine- and cAMP-regulated phosphoprotein of 32 kDa; 2-AG, 

2-arachidonoylglycerol; NAPE; N-arachidonoyl phosphatidylethanolamide; PE, 

phosphatidylethanolamine; PL, phospholipase; DAG, diacylglycerol; FAAH, fatty acid amide 

hydrolase; UCM707, N-(3-furanylmethyl)-5Z,8Z,11Z,14Z-eicosatetraenamide; LY2318912, 5-

(4-azido-3-iodo-benzoylaminomethyl]-tetrazole-1-carboxylic acid dimethylamide; MGL, 

monoacylglyceride lipase; DSI, depolarization-induced suppression of inhibition; SR144528, N

(( lS)-endo-1,3,3-trimethyl bicyclo heptan-2-yl]-5-( 4chloro-3-methylphenyl)-l-( 4-

methylbenzyl)-pyrazole-3-carboxamide ); NPY, neuropeptide Y; MCH, melanin concentrating 

hormone; a-MSH, a-melanocyte-stimulating hormone; CRH, corticotropin-releasing hormone; 

CART, cocaine- and amphetamine-related transcript; AMPK, AMP-activated protein kinase; 

ACCl, acetyl CoA carboxylase-1; SREBPlc, sterol response element binding protein le; HDL, 



high-density lipoprotein; LDL, low-density lipoprotein; CNS, central nervous system; HN, 

human immunodeficiency virus; LPS, lipopolysaccharide or endotoxin; TNF-a, tumor necrosis 

factor-a; IL, interleukin; CXCL, CXC chemokine ligand; NMDA receptor, N-methyl-D

aspartate receptor; HU-211, dexanabinol; TBI, traumatic brain injury; BAY 38-7271, (-)-(R)-3-

(2-hydroxymethylindanyl-4-oxy)phenyl-4,4,4-trifluoro-l-sulfonate; MCAo, middle cerebral 

artery occlusion; GABA, gamma-aminobutyric acid; GPe or GPi, external or internal globus 

pallidus; HD, Huntington's disease; HPA axis, hypothalamic-pituitary-adrenal axis; HU-211, 

dexanabinol; ICAM-1, intercellular adhesion molecule- I; IL, interleukin; 1/R, ischemia 

reperfusion; KA, kainic acid; LID, levodopa-induced dyskinesia; methyl-D-aspartate receptor; 

NO, nitric oxide; PD, Parkinson's disease; LY320135, [6-methoxy-2-(4-

methoxyphenyl)benzo[b ]-thien-3-yl][4-cyanophenyl] methanone; MS, multiple sclerosis; SCI, 

spinal cord injury; EAE, experimental autoimmune encephalomyelitis; JWH-133, 1,1-
--~ 

- dimethylbutyl-1-deoxy-~9-tetrahydrocannabinol; PEA, palmitoylethanolamide; ACEA, 

arachidonyl-2'-chloroethylamide/(all Z)-N-(2-cycloethyl)-5,8,11,14-eicosatetraenamide; JWH-

015, (2-methyl-1-propyl-lH-indol-3-yl)-1-naphthalenylmethanone; OMDMl, (R)-N-oleoyl-(l '

hydroxybenzyl)-2'-ethanolamine; OMDM2, (S)-N-oleoyl-( l '-hydroxybenzyl)-2' -ethanolamine; 

SNr, substantia nigra pars reticulata; LID, levodopa-induced dyskinesia; GPe or GPi, external or 

internal globus pallidus; HD, Huntington's disease; ALS, amyotrophic lateral sclerosis; 

AM404, N-(4-hydroxyphenyl)-eicosa-5,8,11,14-tetraenamide; VDMl 1, N-(4-hydroxy-2-

methylphenyl) arachidonoyl amide; AM374, palmitylsulfonyl fluoride; TS, Gilles de la 

Tourette's syndrome; AD, Alzheimer's disease; A~, ~-amyloid; HPA, hypothalamic-pituitary

adrenal; URB597, cyclohexyl carbamic acid 3'-carbamoyl-biphenyl-3-yl ester; 5-HT, 5-

hydroxytryptamine (serotonin); VTA, ventral tegmental area; nAc, nucleus accumbens; CPP, 

conditioned place preference; MDMA, 3,4-methyl-enedioxymethamphetamine (Ecstasy); SHR, 

spontaneously hypertensive rat(s); WKY, Wistar-Kyoto; AM281, N-(morpholin-4-yl)-1-(2,4-

dichlorophenyl)-5-(4-iodophenyl)-4-methyl-lH-pyrazole-3-carboxamide; AM630, 6-iodo-2-

methyl-1-[2-( 4-morpholinyl)ethyl]- l-H-indol-3-yl( 4-methoxyphenyl)-methanone; IBD, 

inflammatory bowel disease; PRS-211,092, [( +)-(6aS,10aS)-6,6-dimethyl-3-(1,1-

dimethylheptyl)-1-hydroxy-9-( 1H-imidazol-2-ylsulfanylmethyl]-6a-, 7, 10, 1 Oa-tetrahydro-6H

dibenzo[ b,d]pyran; RA, rheumatoid arthritis; HU-320, cannabidiol-dimethylheptyl-7-oic acid; 

HU-308, ( + )-( 1-aH,3H,5aH)-4-[2,6-dimethoxy-4-( 1, 1-dimethylheptyl)phenyl]-6,6-

dimethylbicyclo[3. l. l]hept-2-ene-2-carbinol. 
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Benefits of Legalization 

• Economic benefits 

o Tax revenue 

o Increased tourism 

o More employment options 

o Less crime 
o More law enforcement resources for real crime 

o Hemp industry 

• Religious Freedom 
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o "Congress shall make no law respecting an establishment of religion, or prohibiting the free 

exercise thereof ... " -The United States Constitution 

o Thousands of yrs of human use and zero fatalities 
o Used as a religious sacrament for many religions incl. Christianity, Hinduism, Rastafari 

• In Christianity and Judaism, the "holy anointing oil" mentioned by the Old 

Testament had cannabis as one ofthe main ingredients. 

• "And God said, Let the earth bring forth grass, and the herb yielding seed ... " -

Genesis 1:11 
• Hindus have used cannabis in religious ceremonies for over 3000 yrs 

• Considered a holy sacrament in Rastafarian religion 

• Health benefits: 
o Lower violent crime in states where legal 

o Treats or prevents: 

• Cancer 

• Reduces Pain and nausea from chemo and improves appetite 

• Journal of the American Medical Association study reports Tobacco smokers 

lost lung function over time, but cannabis smokers showed an increase in 

lung capacity and lower incidents of lung cancer and other cancers. 

• California Pacific Medical Center reports CBD can stop the spread of cancer, 

esp. breast cancer and may even target and destroy cancer cells. 

• Alzheimer's 

• The 2006 study, published in the journal Molecular Pharmaceutics, found 

that MJ slows the progression on Alzheimer's by blocking the enzyme in the 

brain that makes amyloid plaques. These plaques are what kill brain cells 

and cause Alzheimer's. 

• Glaucoma 

• according to the National Eye Institute: "Studies showed that marijuana, 

lowered intraocular pressure (IOP) in people with glaucoma. These effects 

of the drug may slow the progression of the disease, preventing blindness. 

• Epilepsy and other Seizure disorders 

• Journal of Pharmacology and Experimental Therapeutics report MJ helps 
control seizures by binding to the brain cells responsible for controlling 

excitability and regulating relaxation. 

• Anxiety/Depression 



• Harvard Medical School suggested that that MJ can reduce anxiety and act 

as a sedative in low doses. 

• Multiple Sclerosis 

• a study published in the Canadian Medical Association Journal found that 

MJ can treat MS pain. THC binds to receptors in the nerves and muscles to 

relieve pain and control the muscle spasms. 
• Crones I IBS 

• the Journal of Pharmacology and Experimental Therapeutics reports that MJ 

interact with cells in the body that play an important role in gut function 
and immune responses. Cannabinoids in marijuana help heal perforations in 

the gut which cause IBS and help intestinal cells bond together tighter. 

• a recent study in Israel showed that smoking a joint significantly reduced 

Crohn's disease symptoms in 10 out of 11 patients, and caused a complete 
remission of the disease in five of those patients. That's a small study, but 

other research has shown similar effects. The cannabinoids from marijuana 

seem to help the gut regulate bacteria and intestinal function. 

• Arthritis 

• Marijuana alleviates pain, reduces inflammation, and promotes sleep, which 

may help relieve pain and discomfort for people with rheumatoid arthritis, 

• Obesity/ Diabetes 

• A study published in the American Journal Of Medicine reports that 

cannabis users are less overweight (despite eating more calories due to 

munchies) and have a better metabolic response to sugars 

• A research paper published by the American Alliance for Medical Cannabis 

(AAMC) suggested that cannabis can help: 

o Stabilize blood sugars improving insulin response 

o Suppress arterial inflammation commonly experienced by diabetics, 

which can lead to cardiovascular disease 

o Prevent nerve inflammation and ease the pain of diabetic 

neuropathy by stimulating receptors in the body and brain. 

o Lower blood pressure over time, which can help reduce the risk of 
heart disease and other diabetes complications 

o Keep blood vessels open and improve circulation. 

o Relieve muscle cramps and the pain of gastrointestinal (GI) 

disorders 

o Be used to make topical creams to relieve neuropathic pain and 

tingling in hands and feet 

• Lupus/Auto-immune disorders 

• Some chemicals in marijuana seem to have a calming effect on the immune 
system and are anti-inflamitory 

• Parkinson's 

• Recent research from Israel shows that smoking marijuana significantly 

reduces pain and tremors and improves sleep for Parkinson's disease 

patients. 



• PTSD 

• The Department of Health and Human Services recently signed off on a 

proposal to study marijuana's potential as part of treatment for veterans 

with post-traumatic stress disorder. Naturally occurring cannabinoids, 

similar to THC, help regulate the system that causes fear and anxiety in the 

body and brain. Research also shows that it can eliminate nightmares and 

improve sleep. 

• Brain damage after stroke, concussion or head injury 

• Research from the University of Nottingham shows that marijuana may help 

protect the brain from damage caused by stroke, by reducing the size of the 

area affected by the stroke. research shows that the plant may help protect 

the brain after other traumatic events, like concussions as well. 

• Addiction to alcohol, opiates, meth, etc. 

• Marijuana is safer than alcohol, opiates, meth, etc .. That's not to say it's 

completely risk free, but it's much less addictive and doesn't cause nearly as 

much physical damage. 

• Disorders like alcoholism involve disruptions in the endocannabinoid 

system. Cannabis can help balance the endo-cannabinoids and help patients 

struggling with addiction 

• Research in Harm Reduction Journal shows that some people use marijuana 

as a less harmful substitute for alcohol, prescription drugs, and other illegal 

drugs. Some of the most common reasons for patients to make that 

substitution are the less adverse side effects from marijuana and the fact 

that it is less likely to cause withdrawal problems. 

• Some people do become psychologically dependent on marijuana, and this 

doesn't mean that it's a cure for substance abuse problems. But, from a 

harm-reduction standpoint, it can help. 
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Link between Adolescent Pot Smoking and Psychosis 
Strengthens 
Research presented at a Berlin psychiatric 
conference shows teenage cannabis use hastens 
onset of schizophrenia in vulnerable individuals 
R. Douglas Fields on October 20, 2017 Scientific American 
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BERLIN-Society's embrace of cannabis to treat nausea, pain and 
other conditions proceeds apace ·with the drive to legalize the plant 
for recreational use. Pot's seemingly innocuous side effects have 
helped clear a path toward making it a legal cash crop, with all of 
the n1arketing glitz brought to other consumer products. But that 
clean bill of health only goes so far. Marijuana's potentially 
detrimental impact on the developing brains of adolescents remains 
a key focus of research-particularly because of the possibility 
teenage users could go on to face a higher risk of psychosis. 

New findings may fuel those worries. At the World Psychiatric 
Association's World Congress in Berlin on October 9, 
Hannelore of the Max Planck Institute of Experimental 
Medicine presented results of a study of 1,200 people with 
schizophrenia. The investigation analyzed a wide range of genetic and 
environmental risk factors for developing the debilitating mental 
illness. The results-being submitted for publication-show people 
who had consumed cannabis before age 18 developed schizophrenia 
approximately 10 years earlier than others. The higher the frequency 
of use, the data indicated, the earlier the age of schizophrenia onset. 
In her study neither alcohol use nor genetics predicted an earlier time 
of inception, but pot did. "Cannabis use during puberty is a major 
risk factor for schizophrenia," Ehrenreich says. 

Other studies, although not all, support the thrust of Ehrenreich's 
findings. "There is no doubt," concludes Robin Murray, a professor of 
psychiatry at King's College London, that cannabis use in young 
people increases the risk of developing schizophrenia as an adult. 
Speaking at the Berlin conference, Murray-one of the first scientists 
to research pot's link to the disorder-cited 10 studies that found a 
significant risk of young cannabis users developing psychosis. He also 
mentioned three other studies that identified a clear trend but had a 
sample size that was too small to reach statistical significance. "The 
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the risk," he contends, warning this makes the increasingly potent 
new strains of marijuana especially concerning. 
In an interview Murray said his research with users in London has 
shown that high-potency cannabis-approximately 16 
percent -was involved in 24 percent of 
all cases of a first episode of psychosis. (New laws permitting 
recreational pot use do not make it legal for teens to consume 
cannabis, but that has not impeded access.) 

Interpretations of these new findings are hardly likely to receive 
universal acceptance. Questions about the cannabis-psychosis link 
have persisted for years. "The available data on this subject is far 
from definitive-particularly with regard to any potential cause-and
effect relationship," notes Paul Armentano, deputy director of 
NORML, a U.S. organization that advocates marijuana legalization 
for adults. "For instance, increased cannabis use by the public has not 
been followed by a proportional rise in diagnoses of schizophrenia or 
psychosis." 

In 2015 the Toronto-based International Center for Science in Drug 
Policy issued a report-"State of the Evidence: Cannabis Use and 
Regulation" -that detailed this discrepancy. It cited a British study 
that estimated the significant rise in pot use should have produced, 
between 1990 and 2010, a 29 percent increase in schizophrenia cases 
among men and 12 percent among women. But according to other 
data, during the time when usage was thought to have grown most 
(1996 to 2005), the nu1nber of new schizophrenia cases remained 
stable or declined. "These findings strongly suggest that cannabis use 
does not cause schizophrenia," the center's report notes. 

Another speaker at the Berlin conference-Beat Lutz, a neurochemist 
at the University of Mainz-described the mechanisms by which the 
drug might produce deleterious effects in a young person's brain. The 
main psychoactive compound in marijuana, THC, disrupts the 
normal flow of signals among brain cells-a process normally 
regulated by chemicals called endocannabinoids. 

These compounds occur naturally in the body and activate a type of 
cellular docking site (called the cannabinoid type 1, or CB1, receptor) 
to "act like a circuit breaker," Lutz says, keeping the brain's level of 
signaling activity or "excitation" within a normal range. Too little 
endocannabinoid signaling results in excessive excitation of the 
nervous svstem. and this can nromote anxietv disorders. imnnlsivitv 



and epilepsy. Too much activity has the opposite effect and can 
promote depression, for example. Upsetting the information flows 
regulated by the endocannabinoid system has also been linked to 
psychosis. 

THC acts differently from endocannabinoids. It does not break down 
rapidly in the body the way natural endocannabinoids do, Lutz says, 
noting this sustained activation causes serious vvide-ranging 
disturbances in the brain. Low doses of THC may reduce anxiety but 
high doses can heighten it, and chronic overstimulation of CB1 
receptors by THC shuts down the body's natural endocannabinoid 
signaling system by eliminating the CB1 receptors from neurons, Lutz 
adds. In addition, new research reveals mitochondria-the organelles 
within cells that generate energy for cellular metabolism-also have 
CB1 receptors. THC inhibits mitochondrial activity, reducing the 
cells' vital energy supply, he says, citing a 2016 paper published 
inNature. Perhaps most critically, he believes THC's disruption of 
endocannabinoid signaling in the early teen brain can hinder key 
neurodevelopmental processes that involve the CB1 receptors, 
thereby impairing brain communication permanently. 

Recent research on marijuana is starting to address the type of 
questions that might ordinarily be revealed via lengthy clinical 
trials during the development of a pharmaceutical. This process is 
occurring as the legalization bandwagon picks up speed. Marijuana 
is increasingly taking a place alongside Johnny Walker and Yellow 
Tail on the credenza-no longer stashed away in a drawer within. 
In the U.S. marijuana use among high school seniors is more 
common than smoking cigarettes. The researchers at the Berlin 
conference discussed the need to alert the public about worrying 
new findings. "As physicians, we need to say clearly what is 
happening and what is not," says Peter Falkai, a psychiatrist at the 
Munich Center for Neurosciences at Ludwig Maximilian University. 
"Looking into the data, clearly yes, the data show increasing risk of 
psychosis." 

R. Douglas Fields, Ph.D., is a neuroscientist and an 
adjunct professor at the University of Maryland, College Park. He is author of Why We 
Snap, about the neuroscience of sudden aggression, and The Other Brain, about glia. 
Fields serves on Scientific American Mind's board of adviser 




