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Introduction 
Marijuana has been widely used for hundreds of years as an intoxicant or an herbal remedy. Marijuana has 
been used worldwide as a medicine by millions of people. The first written accotmt of marijuana use was 
published in China in tlte Fifth century BC. "l11e plant has been used at various times in history as a 
treatment for tetanus, convulsive disorders, migraine, neuralg-ia, dysmenorrhea, postpartum psychoses, 
senile insomnia, depression, gonorrhea, and dependence on opium and chloral hydrate However, by 194 l 
mruijuana was considered to have no therapeutic value. Since that time, possession attd sale of marijuana 
remains illegal. Marijuana is been classified as a schedule I drug by the Drug Enforcement Agency, 
meaning that it has high abuse potential and no therapeutic value. Interest in tlle tllerapeutic potential of 
marijuana was revived in tlte early 1970s, when it was widely used as part of the counter. Several cru1cer 
patients discovered that smoking marijuana relieved chemotherapy induced nausea and vomiting. "l11ese 
anecdotal accounts led to tlle development of THC, one of the active ingredients of marijuana, as an anti­
nausea ru1d appetite stimulant for cancer and AIDS patients. At the same time efforts to legalize the use of 
mru·ijuana tor medicinal use began. Nmnerous groups reported anecdotal stories of the curative properties 
of marijuana. In addition to nausea and decreased appetite, marijuana was reported able to runeliorate the 
symptoms of glaucoma, multiple sclerosis, headache, dysentery, menstrual cramps, pain, and depression. 
These effmts, often supported by major medical joumals, culminated in the approval of several 
propositions in several states that would legalize the possession of marijuana for medical purposes. The 
Drug Enforcement Agency strongly disagreed with the passage of the state stah1es. Citing supremacy of 
federal law, General Barry McCaffrey threatened to prosecute physicians who prescribed mruijtlana for 
their patients. Despite this stance, there has been growing support for the use of medicinal mruijuana and 
currently 8 states either have or are considering legalization of this substance for medical use. Regru·dless 
of the popular suppmt for the legali?..ation of marijuana, several important questions must be at1swered 
before physiciru1s should prescribe marijuana to their patients. 

I . What achtally constitutes a medicine? 

2. Is marijuana effective in the treatment of diseases? 

3. Is mruijuru1a safe? 

Epidemiology of Mari,juana use 
Marijuru1a has been tried by many European young adults and by most young adults in the USA and 
Australia. From 1962 to 1982, the use of marijuru1a increased 30-fold. It was estimated that more than a 
quarter of the Americru1 population has used it by the early eighties. Concunent witll the increase was a 
decrease in the age at which persons first used marijuana. fn 1982, many marijtlana users reported that 
they first used this agent in junior high school. The incidence of mruijuana use decreased tllroughout the 
eighties but dramatically increased in the 1990s. By 1993, the proportion of pruticipru1ts in a Center for 
Disease Control survey who reported marijtlana use was similar to those who reported marijuana use in 
1983. Nearly one third (32 .8%) of high school students nationwide had used marijuana during their 
lifetime. ln 1995, this number had increased to 42.4% and by 1998 this percentage had increase to 47.1% . 
The proportion of students who reported active marijuana use also increased. In 1993 17.7% of students 
reported using marijuana within the past 30 days; in 1995 this percentage had increased to 25% atld 
increased further to 26.5% in 1998. In each of these surveys, males are more likely to use marijuana tllan 
females. Studies of usage by race are inconsistent, with whites using marijuana more frequently that blacks 
in some surveys but not in others. Breakdown of marijuana use by race and sex, however, consistently 
demonstrates tllat Afiican American females ru·e least likely to use marijuana. Most marijuana use is 
intennittent. Most mru·ijuana users stop in tlleir smoking in their mid to late 20s, and vety few engage in 
daily cannabis use over a period of years. In the USA and Australia, about I 0 % of those who ever use 
cannabis become daily users, and another 20-30% use the drug weekly." Daily cannabis users are more 
likely to be white, male, to be less well educated. to use alcohol and tobacco regularly, and to use 
runphetamines, hallucinogens, psychosrimulat1ts, sedatives, and opioids. Because of uncettainties about 



THC content, heavy crumabis use is generally defined as daily or near daily use for the purposes of studies 
of the effects of marijuruta. 

Pharmacology of Marijuana 
Marijuruta is obtair. ~d from tlte flowering tops of the female plrutt of ( 'annabis sativa. The active 
ingredient of marijuruta is delta-9-tetrahydrocrutnabinol (THC). There are 480 other substances in 
mruijuruta including 66 other crumabinoid compotmds. Little, if ruty, is known about ·the action of these 
other constituents of marijuana. The THC content is highest in tl1e flowering tops, declining in the leaves, 
lower leaves, stems, rutd seeds of the plrutt. Marijuana is prepared from the dried flowering tops rutd leaves 
and has a THC content 0.5-5.0%. Hashish, on the oilier hrutd, is made dried cannabis resin rutd 
compressed flowers rutd has a THC content of 2-20%. Hashish oil may contain between 15% rutd 50% 
THC. The average THC content of marijuana probably increased over the past several decades. This 
increase is because of increased demand for more potent marijuana that was met by better methods of 
growing high-THC-content. For example, the Sinsemilla and Netherwood varieties crut have a THC 
content of up to 20%. 

Mruijuruta crut is usually smoked in a rolled in paper call a "joint" or in a water pipe. Tobacco may or 
other objects are sometimes added to assist burning. Users usually inhale deeply rutd hold their breath to 
maximize absorption of THC by the lungs. Marijuruta rutd hashish may also be eaten, but smoking is the 
easiest way to achieve the desired psychoactive effects. After inhalation, THC reaches the bloodstrerun 
rapidly. The bioavailability ofTHC rrutges from 5% to 24%. Intoxication occurs within 6 to 121 minutes. 
Maximum effects occurring 15 to 30 minutes after the first puff; effects persist for 2 to 4 hours. As little 
as 2-3 puffs produces a "high" in occasional users, but regulru· users may smoke five or more joints a day. 
Users learn to modulate the effects by changing the depth ru1d length of inhalation. Because THC is lipid 
soluble, it remains distributed in fat cell s long after the psychoactive effects have wom off. THC has a 
half-life reported to be as long as hours. The lungs and liver convert THC to an active metabolite, I 
!-hydroxy-THC. TI1e liver converts tl1is compound to inactive metabolites, which are excreted by the 
kidneys. Orally administered, however, THC is slowly and erratically absorbed, giving blood levels that 
increase only gradually over four to six hours after administration. The total time THC or its metabolites 
may remain in the body is unknown. but studies show that THC does not accumulate in the blood, brain or 
testes. 

Oral THC was developed as ru1 altemative to smoking marijuru1a. It is available in a capsule knO\'~m as 
dronabinol ru1d is marketed under the trade nrune Marino!. The drug is enatically absorbed from the 
gastrointestinal tract. It is highly protein bound and fat-soluble ru1d thus is disnibuted to many body 
organs. The drug is rapidly metabolized in the hver to several metabolites, of which several may be active. 
TI1e drug is eliminated in the feces and in the wine. The half-life of the dmg is 19 hours. It is approve by 
the Food and Drug Administration for the treatment of chemotherapy related nausea rutd for AIDS 
associated wasting. The recommended dosage for nausea is 5 mg!Tvf while the dosage for AIDS wasting is 
2.5 mg twice daily. Most studies exrunining the effectiveness ofTHC have used dronabinol. 

The National Institute of Drug abuse has developed standardized marijuana cigarettes in order to better 
study the effects of mru·ijuana in humans. The cigarettes were blended to produce a final THC content of 
1.0 to 1.5% and each cigarette weighed about 900 grruns. Thus a standard dose of mru·ijuana could be 
detennined for each cigru·ette smoked. Since I 992, these cigarettes are no longer available through the 
NIDA. 

In 1988 a cannabinoid receptor was identified in the central nervous system. Shortly thereafter, a natural 
intemalligand, ru·achidonoylethanolamide, commonly called anandrunide (after the Sanskrit word ananda 
for "internal bliss") was identified. Anandamide is much less potent and has a shorter durtation thru1 THC 
Additional work revealed a peripheral receptor and five additional endogenous ligands. The central ru1d 
peripheral receptors are tem1ed CB I ru1d CB2 respectively. The CB I receptors are found in regions of the 
brain involved in cognition, memory reward, pain perception, ru1d motor coordination but are sparse in the 
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brainstem, which governs the cardiovascular and respirat01y systems. CB I receptors are also sparsely 
distributed throughout the spinal cord. In animal studies, anandamide binds easily to CB l receptors, but 
with a 30-fold less affinity to peripheral receptors. CB2 receptors have been found in the testes and in the 
spleen. Cannabinoid receptors have also been identified in a wide variety of !>pecies ranging from hwnans 
to sea urchins. The biologic pmpose of this system in hwnans and lower animals is unknown. CB l 
receptors are believed to alter neuronal function by inhibition of adenylyl cyclase through the G protein 
system. 

Marijuana has marked effects on the frontal lobe and other higher centers of the brain. Its effects are 
highly variable and modified by the individuals prior experience and expectations. The acute effects are 
dose dependent and peak 30 to 60 minutes after smoking. The major effects include euphoria, joviality, 
relaxation, and alterations of cognition, as well as alteration in sensory, and motor functions. When used in 
a social setting it may produce infectious laughter and talkativeness. Loss of sh01t-tenn memory is 
significant effect of marijuana intoxication. As a consequence, time passes slowly for the intoxicated user. 
There is enhancement of sensory sensations including touch, hearing and taste. Depersonalization, a 
sensation of viewing oneself from outside the body, occurs. Attention, motor skills, reaction time, and 
skilled activities are impaired while, a person is intoxicated. This pa.ticularly eftects the ability to perform 
sequential mental tasks. Panic attacks a11d a perception or fear of pennanent insanity are occasional effects. 
Reddened eyes accompany the marijuana high. Smoking or ingestion of marijuana increases heart rate by 
20-50% within a few minutes to a quarter of an hour; this effect lasts for up to three hours. Blood pressure 
is increased while the person is sitting, and decreased while standing. The cardiovascular effects are 
negligible in healthy young users because tolerance develops to them. Drowsiness occurs after the 
euphoric effects. 

Potential Therapeutic llses of Marijuana 
The therapeutic claims for marijuana are quite broad, spanning the spectrum from nausea to mental illness. 
Table l lists some of the conditions for which marijuana reportedly has a therapeutic benefit. 

Table 1. Ulness for which marruana is claimed to be effective - --·- ---------- -------
AIDS related stress and depression Epilepsy 

AIDS Wasting 

Alcohol and Narcotic Withdrawal 

Anorexia Nervosa 

Asthma 

Back Spasms 

Bacterial Infections 

Corns, Fistulas, Fibrosis 

Depression 

Emphysema 

Glaucoma 

Insomnia 

Migraine headaches 

Nausea 

Pain 

Paraplegia and Quadriplegia 

Spasticity and Paralysis from Multiple Sclerosis 

Skin diseases (pruritis) 

Smog related iJJnesses 

Review of the medical literature, however, reveals few controlled studies of the efficacy of mruijuana in 
the treatment of diseases. TI1ere is infonnation suggesting a role of ma.ijuru1a or of oral THC, the active 
ingredient of marijuana, in the treatment of chemotherapy induced nausea, as appetite stimulants, as a 
therapy for glaucoma, as a pain reliever, and as a treatment for the spasticity associated with multiple 
sclerosis. The studies demonstrating a positive effect in these illness are swnmarized in table 2. 
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Table 2. Dlness for which there is credible medical evidence that mariiuana has beneficial effects ------- ------- --------·--·· --
Entity Evidence 

r-------------··· --------· · ····- -······-------------------------~----- -- ----··· ··· --------------------~ 

Chemotherapy related nausea Case Reports from Marijuana Users 

Placebo Controlled Trials ofTHC 

Comparative trial ofTHC and standard anti-emetics 

Combinations ofTHC/anti-emetics vs anti-emetics alone 

THC versus smoked marijuana 

AIDS Wasting Case Reports from Marijuana Users 

Placebo Controlled T1ial ofTHC 
-----

Pain Case Repmts from Mm-ijuana Users 

Comparative Trial ofTHC and Codeine 
·-·-

Glaucoma Decreased intra-ocular pressure with oral or topical THC 
-------------------------------------------- ----------------------------------------------------------------------------· ------------ ------------------------------
Multiple Sclerosis Case Reports from Marijuana Users 

Placebo Controlled Trial ofTHC 
.. 

Nausea 
Most research on the effectiveness of marijuana has involved the use of oral THC (dronabinol). Marijuana 
or THC can be effective in the treatment of chemotherapy induced nausea that is refractory to other 
therapy. In one of the few studies that achlally used smoked marijuana to treat nausea caused by cancer 
chemotherapy, Vinciguerra and colleagues found that smoked marijuana controlled nausea in patients in 
whom other conventional fonns of antiemetic therapy had failed . Persons who responded to smoked 
marijuana tended to have previously used mruijuana. This sh1dy was uncontrolled, and patients themselves 
evaluated the results. Smokers \vere required to inhale deeply and hold the smoke for 10 seconds. Twenty­
five percent of the patients refused to smoke the mmijuana. More than 20% of the patients dropped out of 
the smoking group before the end of the study, and 22% of the remaining patients reported no benefit 
from smoking marijua11a. Kluin- Neleman ru1d colleagues fmmd that oral THC to be superior to placebo in 
the treatment of nausea. In this study, the toxicity of THC was so pronounced that over half of the 
subjects stated that they prefetTed nausea to THC. ln some subjects, the plasma 11-IC levels were as high as 
300 ng/ml, levels consistent with those achieved by recreational marijua11a smokers. Orr and colleagues 
studied patients who were refractory to other m1tiemetic regimens and fmmd that THC was supei-ior to 
prochlorperazine, which was superior to placebo. ln another study of patients with refractory nausea, 
nausea completely or partially resolved in 72% of patients. ·n,e selection of refractory patients, however, 
introduces bias against the regimens that do not include THC. 

Studies of THC in the treatment of non-refractory nausea also show a benefit to this agent. Ekert and 
colleagues found that oral THC was more effective than oral metoclopramide ru1d prochlorperazine. They 
also found that drowsiness was more common with THC than with either metocloprrunide or 
prochlorperazine. In a randomized, double-blind study comparing pure THC with smoked marijuana, 
Levitt a11d colleagues found that pure THC was more effective for nausea than smoked marijuana in 35% 
of patients. Forty-five percent of patients voiced no preference between the two. Lane a11d associates 
compm·ed dronabinol plus prochlorperazine with single antiemetic agents. TI1e combination regimen 
seemed to slightly mitigate the tox.ic effects of THC. However, 23% of the 60 patients w'ithdrew from the 
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study because of adverse effects (which were psychotropic effects in aU but 1 patient who withdrew). 
Oralia and associates found that intravenous metoclopramide provided more protection than did THC. 

The effectiveness of THC was usually correlated to the blood levels of the dmg. Chang and colleagues 
that plasma THC levels of at least l 0 ng/mL were necessary to prevent nausea. lf nausea occuned after the 
initial treatment, patients were assigned to smoked THC or placebo. Both THC and prochlorperazine were 
found to be more effective than placebo. In a study by Frytak and colleagues peak levels of THC ranged 
from 2.7 to 6.3 ng/mL levels below those required to prevent nausea. 

TI1ere was also a high incidence of side effects in each of these studies. Sallan and colleagues reported 
adverse events in 81% of subjects, including hallucinosis, distortion of reality, and mental depression . 
Frytak reported that 32% reported toxicity even though they had low levels of blood THC. ln addition, 
these studies were complicated because of their high drop out rates. In a study by Ungerleider et. al . 75 of 
214 subjects dropped out because of uncertainty of their treatment assignments. Only one study compared 
intravenous anti-emetics with oral THC. 

ln summary, oral THC has been et1ective in treating nausea associated with cancer chemotherapy if 
patients are pretreated and doses are then repeated eve1y 3 to 6 hours for approximately 24 hours. Eilicacy 
is often associated with a sensation of intoxication. The studies included a wide and heterogeneous 
representation of tumors and chemotherapy regimens and there was no pattern of THC efficacy for any 
one type of tumor or chemotherapy. None of the studies compared THC or marijuana with the serotoxin 
antagonists ondansetron or gran.isetron. 

Appetite Stimulants 
Mruijuana has been proposed as a therapy for weight loss associated with cancer or with HIV infection. 
The rationale for mruijuana use is that it stimulates appetite resulting in increased caloric intake and weight 
gain. Mattes and colleagues compared the effects of oral ru1d rectal suppository preparations of THC on 
appetite stimulation and calorie intake with those of smoked marijuana in healthy persons. All pruticipants 
in this double blind, placebo-controlJed study were experienced marijuana users; thus, the drug acceptance 
rate was relatively high . Smoked marijuru1a was no more effective than suppository THC in stimulating 
appetite, as measured by calorie intake. Rectal suppositories and oral THC were given at a dosage of 2.5 
mg twice daily . Patients assigned to smoked marijuru1a had to inhale for 3 seconds ru1d hold the smoke 
deeply in their lungs for 12 seconds; this process was continued until the cigarette was smoked to a stub. 
The plasma THC levels peaked more quickly with the inhaled THC but also decreased more quickly; in 
contrast, the levels achieved with suppository THC were more sustained. 

There is limited data that marijuana increases appetite and weight gain in cancer and HIV infected patients. 
In an open labeled, prospective, uncontrolled study, low doses ofTHC improved appetite in patients with 
tenninal cru1cer. Twenty-two percent of patients withdrew from the trial because of typical cannabinoid 
toxicity. Studies of have demonstrated a benefit of THC in AIDS patients. In a double blind, placebo­
controlled, pru·allel group study 2.5 mg of oral THC twice daily effectively stimulated appetite in patients 
with AIDS. The investigators did not evaluate muscle mass or totaJ body fat but did find that in patients 
who received oral THC, weight was maintained or increased slightly. 

Glaucoma 
THC can reduce intra-ocular pressure in laboratory animals and humans who have glaucoma. CannabinoL 
nabilone, THC, ru1d delta-8-tetrahydrocrumabinol have been found to decrease intra-ocular pressure, 
whereas crumabidiol had no eflect. 11tey appear to act only against a primary symptom of the disease 
rather than against the underlying disease process. Intra-ocular pressure is reduced only if patients stay 
under the effects of THC almost continuously. Mcnitt and colleagues concluded that such side effects as 
hypotension, tachycru·dia. palpitations, and altered mental status precluded the use of these drugs in the 
general population with glaucoma. 
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Pain 
There are limited controlled studies of the analgesic effects of marijuana. A study using rats found 
analgesic activity for cannabinoids in neuropathic pain. ln a study comparing THC with codeine in 34 
cancer patients, 10 mg of THC was roughly equivalent to 60 mg of codeine. This dose was well t0lerated, 
with sedative but not psychic effects. Twenty milligrams of20 ofTHC was more efficacious than codeine 
but, as with other dose ranging studies of THC, there were more side effects including causing 
depersonalization and other effects associated with the marijuana high. 

Multiple Sclerosis 
Anecdotal report and a case report have suggested that THC has benefits for patients with the spasticity of 
multiple sclerosis. Excruciating facial pain from up to 50 attacks per day of trigeminal neuralgia is 
experienced by 25 to 30% of patients with multiple sclerosis. Morphine can be an effective therapy for 
this condition but anecdotal reports suggest that marijuana gives prompt relief. A double blind, 
randomized, placebo controlled study of the effect of smoking marijuana in patients with multiple 
sclerosis showed au anti-spasticity and anti-tremor and anti-ataxia action. However, posture and balance 
were negatively affected by the treatment and were actually worse than at baseline. TI1ese findings are 
consistent with the deterioration of mental, motor, and postural ftmctions associated with marijuana 
smoking in nonnal volunteers. 

Hazards of Marijuana 
The toxic or negative effects of exposure to marijuana depend on the route of delive1y, the duration of 
exposure, the patient's age and immunologic status. Short- or long-term use often affects the central 
nervous system. Both smoked and oral THC have been associated with distortion of reality, euph01ia, 
dysphoria, and changes in coordination and concentration. Some investigators have found more serious 
toxic effects, including hallucinosis, depersonalization, and paranoia. 

Short Term Toxicities 
Concentration, motor coordination, memorization, memory retrieval, and the ability to s011 unimportant 
infonnation are all adversely affected by the use of m.arijuana. ·n1ese impaim1ents are larger and more 

Table 3. Acu~!_ Toxiciti~~of _Marijuana _ 
Decreased Concentration 

Impaired Motor Coordination 

Decreased Short Term Memory 

Impaired Driving Ability 

Hallucinations 

Dysphoria 

Tachycardia/hypotension 
c_______ ·-··------·---··· - - - ·-····-··-··---

persistent for difficult tasks that depend on sustained attention. The severity of these effects is not as 
grossly debilitating as those that are found with chronic heavy alcohol use. The ability to drive an 
automobile or fly an airplane is impaired with short-term marijuana use. The effects of recreational doses 
of cannabis on driving performance in laboratory simulators and standardized driving courses have been 
rep01ted by some researchers as being similar to the effects when blood alcohol concentrations are 
between 0.07% and 0.10%. Marijuana use is fiequently associated with vehicular trauma. Epidemiological 
studies of road-traffic accidents are equivocal because most drivers who have cannabinoids in their blood 
also have high blood alcohol concentrations. The separate effects of alcohol and cannabis on psychomotor 
impainnen~ and driving pe1fonnance are additive in laboratory tasks, however, so the main effect of 
cannabis use on dtiving may be in amplifying the impainnents caused by alcohol. 
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Serious dysphoria and even hallucinosis have been reported with brief use of marijuana. Large doses of 
THC produce confusion, amnesia, delusions, hallucinations, anxiety, and agitation. Such reactions are rare, 
occumng after unusually heavy cannabis use; in most cases they remit rapidly after abstinence from 
cannabis. 

Long Term Toxicities 

Cognitive Effects 
The chronic effects on the frontal lobe after prolonged use of marijuana are uncertain. There is some 
preliminru.y, but disputed, evidence that slightly diminished ability to concentrate may linger for months in 
chronic users after they stop using the drug. The reported effects ru.·e very subtle and of unknown duration. 
In one study, former users of cannabis were compru.·ed with current users ru.1d with controls. The three 
groups were closely matched for sex, age, years of education, I.Q. , frequency of alcohol use, and 
frequency and duration of cannabis use. The former users (28 subjects) had smoked cannabis for an 
average of 3.8 yeru.·s or I 0. 9 days per month, and had abstained for a mean of 2 years (range 3 months to 6 
years). In ail experiment to measure selective audito1y attention, the tluee groups were given headphones 
to listen to a series of tone pips of varying duration, pitch, and location. They were required to press a 
button to identify a pre-described tone. Fonner users made a significantly lower percentage of conect 
selections thru.1 nonusers, but about the sru.ne number of co!Tect selections as the current users. ln ru.1other 
shtdy, a group of heavy users who smoked at least 22 of the past 30 days were compared with a group of 
"occasional users" who used the drug a maximum of9 out oft11e past 30 days. Both groups were abstinent 
for a minimum of 19 hours and then given a neuropsychologic test battery to measure verbal IQ, attention 
and memory. Heavy users showed greater impainnent of attentional/executive functions than light users, 
particularly in learning of word lists and card sorting. The longer cannabis has been used, the more 
pronounced the cognitive impaim1ent." Eru.·Jy srudies that suggested gross struchtral brain dru.nage with 
heavy use have not been supp01ted by better controlled studies with better methods. 'l11ese impai1ments 
are subtle, so it remains uncleru.· how important they are for everyday functioning, and whether they are 
reversed after an extended period of abstinence. 

Amodivational s:vndrorne 
There is a cross-sectional associat;on between heavy marijuana use in as a teenager and the risk of leaving 
high school education and of experiencing job instability in ymmg adulthood. ln longirudinal srudies. 
however, the su·ength of this association is re-duced when adjustments are made for the fact that heavy 
mru.ijuana users have poorer high-school perfom1ance compared with their peers. There is some evidence 
that heavy use has adverse effects on fan1.ily fonnation. mental health, and involvement in drug-related 
crime. As in the case of high school perfonnance, the associations in cross-sectional studies are more 
modest in longirudinal sh1dies atler statistical adjustments for other pre-existing characteristics that 
independently predict these adverse outcomes. 

Dependence .\yndrome 
TI1ere is evidence that a cannabis dependence syndrome in heavy users of marijuana. Animals develop 
tolerance to the effects of repeated doses of THC. Tolerance to mru.ijuana does develop, but its degree 
varies considerably among individuals. Heavy smokers of cannabis also develop tolerance to its subjective 
and cru.·diovascular effects. Dependence also develops but only after heavy daily use. Heavy users report 
withdrawal symptoms on the abrupt cessation of cru.mabis use. One study reports that approximately 16% 
of users report restlessness, sleep disturbance, decreased appetite upon marijuana withdrawal. Placing 
these symptoms in perspective, marijuana withdrawal appears to be mild compared to opiates or 
benzodiazepines. Heavy chronic users report problems in controlling theu· use ru.1d continue to use d1e drug 
despite experiencing adverse personal consequences. Marijuana addiction is not as common as other fonns 
of addiction. About one in ten of those who ever use cru.mabis become dependent on it at some time 
during their 4 or 5 yeru.·s of heaviest use compared to 15% addiction rate for alcohol, a 23% rate for 
opioids and a 32% rate for nicotine. 
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Table 4. Long Ter~J!:_f!~~~ __ o_!_M.~!!i~-~_!!~!1~-~----------------------------------------
Long Term Effed Association 

Psychiatric Effects 

Physiologic Effects 

Aiarijuana and Addiction 

Long Term Decrease in Concentration 

Amodivation Syndrome 

Dependence Syndrome 

Schizophrenia 

Other Addictions 

Lung Disease 

Cardiac Disease 

Immunosuppression 

Infections 

Premature Death 

Decreased Cognition in Offspring 

Moderate 

Moderate 

Strong 

Weak 

Weak 

Sn·ong 

Weak 

Weak 

Moderate 

Moderate 

Moderate 

Long-tenn and repetitive use of THC derivatives, especially by ymmg persons, poses the problem of 
addiction. In the United States, marijuana use is consistently associated with subsequent use of harder 
drugs such as cocaine and heroin. This is most likely to occm because adolescents who are likely to use 
marijuana also have a propensity to usc other illicit drugs. Once they begin using marijuana, they have 
social interaction with drug-using peers and brreater access to illicit-drug markets, making them more likely 
to use other illicit drugs. The less compelling hypothesis is that cannabis use directly increases the use of 
other drugs. The best evidence that marijuana use does not predispose to other drug use is the fact that 
marijuana is less likely to be the entree drug in European countlies. 

Schizophrenia 
There is an association between schizophrenia and chronic marijuana use. A cohort study of over 45000 
Swedish conscripts were asked to report their frequency of cannabis use and followed for 15 years in the 
national register of psychiatric care, which records all psychiatric inpatient admissions in Sweden. Draftees 
who had used marijuana more than SO times before induction into the military had an increased incidence 
of schizophrenia compared to non-users (relative risk = 6.0, 95% confidence interval 4.0-8.9). Those with 
moderate marijuana use, ll to SO times prior to induction., bad less of risk of schizophrenia. (relative risk 
= 3.0, 95% Cl l.6-S .5). A more recent study compared 63 individuals never exposed to marijuana with 
three groups: 37 current, 61 recent, and 50 past users. The three user groups had statistically significant 
higher mean scores on a personality scale measuring for schizotypy and psychoticism. Despite these 
associations, these studies are confounded by the fact many schizophrenic patients self medicate with 
alcohol and other illegal drugs. 

Lung Disease 
Smoking marijuana exposes patients to 50% higher levels of the procarcinogen benz-a-pyrene than does 
smoking tobacco. l'v1arijuana smoking results in carboxyhemoglobin levels that are five times higher and 
tar levels that are three times higher than those produced by tobacco smoking. Long-term exposure to 
smoked marijuana is associated with many adverse effects, including impaired hmg function. reduced 
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specific conductance and increased airway resistance, heightened alveolar cellular response. ln vitro 
studies have demonstrated DNA damage to human alveolar macrophages and suppression of anti-herpes 
activity by alveolar macrophages. Long-term marijuana smokers also use health care resources at an 
increased rate because of respiratory problems. These findings suggest that long term marijuana use 
would cause lung cancer and COPD. Despite these findings there are no long term studies associating 
marijuana use with these lung diseases. 

Cardiac Disease 
Marijuana causes tachycardia, orthostatic hypotension and peripheral vasodilatation and decreased platelet 
aggregation. THC increased heart rate with concomitant local vasodilatation causes the reddened 
conjunctivae associated with marijuana use. Prolonged exposure causes hypotension and bradycardia. 
Despite these effects, there have been myocardial infarctions or arrhythnias reported with marijuana use. 
This may be because most marijuana users are young and are at low risk for cardiac disease. 

Carcinogenesis 
Marijuana smoke is mutagenic in vivo and in vitro. It may also be carcinogenic. Three studies have shown 
an increased risk of nonlymphoblastic leukemia, rhabdomyosarcoma, and astrocytoma in children whose 
mothers repot1ed using marijuana during their pregnancies. None of these was a planned study of the 
association. ln these studies marijuana use was one of many potential confounders included in statistical 
analyses of the relation between the exposure of interest and childhood cancer. 

immunologic suppression and risks u_(infections 
THC impairs cell-mediated and humoral immunity rats, decreasing their resistance to infection. Non­
cannabinoids in marijuana smoke impair the actions of alveolar macrophages. 'l11e relevance of these 
findings to human health is uncertain because the doses of THC used in animal studies have been very 
high, and tolerance may develop to the effects on immunity in human beings. A few studies that have 
pointed to the adverse effects of cannabis on human immunity have not been replicated. There is no 
conclusive evidence that consumption of cannabinoids impairs humru1 immtme function, as measured by 
numbers ofT lymphocytes, B-lymphocytes, or macrophages, or immunoglobulin concentrations. Despite 
initial case reports, there is no reliable evidence that smoking_marijuana increases the viral load in ArDS 
patients. Mru1y patients with AJDS commonly smoke marijuana to relieve the nausea caused by 
ru1tiretroviral dmgs and for weight gain. Two prospective studies of HIV positive homosexual men have 
shown that cannabis use is not associated with an increased risk of progression to ArDS. 

Ntmlerous pathogenic bacte1ia including Klebsiella, Enterobacter, group D Streptococcus, and Bacillus 
species have been cultured from marijuruta, ru1d infectious with salmonella ru1d fungi have been associated 
with matijuana use. AIDS patients ru·e especially susceptible to pulmonary aspergillosis and other 
pathogenic contaminants that may be in marijuru1a. Smoking dmgs does increase the risk' of Pneumocystis 
carinii ru1d bacterial pneumonias in HIV -positive patients. Despite these reports, there have not been wide 
spread epidemics ofpulmonaty infections associated with marijuana use. 

Marijuana and Pregnancy 
Smoking ma.tijuana may cause bit1h defects. Chronic administration of high doses of THC to animals 
lowers testosterone secretion, impairs sperm production, motility, and viability, and dismpts the ovulat01y 
cycle. Cannabis administration dming pregnancy reduces bit1h-weight in animals. Low birth weight has 
been reported in children of mothers who smoke marijuana. These studies ru·e confmmded by the fact that 
low birth weight commonly occurs in children of mothers who smoke cigarettes. There is also an increased 
prevalence of nonlymphocytic leukemia in children of mothers who smoked marijuana while pregnant, 
suggesting a causal relationship. Children bom to mothers who smoked marijuana very subtle impaim1ents 
of executive tl.mction or individual's ability to plan al1ead. a.tlticipate ru1d suppress behaviors that are, 
incompatible with a current goal. For exrunple, three year olds have lower scores on intellegence tests thru1 
tluee yeru· olds whose mothers did not smoke marijuana. At age four, there are incre.ased problems with 
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behavior, language, sustained memory, and sustained attention. These problems are persistent at age 6and 
are signi flcautly more pronounced at about age nine. 

Premature mortality 
There have been two prospective epidemiological studies of mortality among marijuana users. A Swedish 
study of mortality ~uring I 5 years among male military conscripts showed an increased risk of premature 
death among men who had smoked marijuana SO or more times by age 18. Violent and accidental death 
was the main contributor to this excess. 'lbe association between mortality and marijuana use disappeared 
after multivariate statistical adjustment for alcohol and other drug use. Sydney and colleagues reported a 
I 0-year study of mortality in marijuana users aged between 15 and 49 years among 65 171 members of 
the Kaiser Petmanente Medical Care Program. The sample consisted of 38% who had never used 
marijuana, 20% who had used fewer than six times, 20% who were former users, and 22% who were 
current users. Regular marijuana use had a small association with premature mortality (RR 1-33), which 
was wholly explained by increased deaths fi·om AIDS in men. This may have been because marijuana use 
was a marker for male homosexual behavior in this cohott. 

Physicians and Marijuana Use 
Several sm'Veys have examined oncologists' choices of therapy for the nausea caused by chemotherapy. 
Doblin and Kleiman surveyed 2430 oncologists (response rate, 43%) and fow1d that 44% of the 
respondents bad recommended illegal marijuana to at least one patient having chemotherapy. These 
oncologists said smoking the drug was more effective and at least as safe as oral THC. The results of this 
sm'Vey have been widely misquoted. For example, Grinspoon and Bakalar incorrectly stated in a major 
medical joumal that "44% of oncologists," rather than 44% of oncologists responding to the survey, had 
recommended mruijuana to their patients. Schwartz and Beveridge surveyed oncologists practicing in the 
Washington, DC area to detennine their preferences for the treatment of nausea caused by chemotherapy. 
Oral THC or smoked marijuana ranked ninth of nine choices for mild nausea and sixth out of nine for 
severe nausea. Approximately 25% of the respondents who treated their patients with marijuana reported 
that the patients had adverse side effects. Another Slll'Vey of 1500 clinical adult oncologists conducted in 
1994 found that serotonin receptor antagonists were the treatment of choice for chemotherapy associated 
nausea. TI1is study had a 75%) response rate. Eighty eight percent of physiciru1s 88% of respondents had 
never marijuana to a patient and only I% estimated that they had recommended marijuru1a more thru1 five 
times a year. 

Legal Barriers 
Use of marijuru1a was legal in the United States until 1938.. Possession and selling of the substance 
remains a felony under federal statues ru1d in most of the states. With increase in illegal usage of marijuana 
in the 1960s the drug was classified as schedule I in 1970, sib'llifYing that the drug was considered to have 
no therapeutic value and was highly addictive and dangerous. Currently, this list includes heroin, PCP and 
LSD as well as marijuru1a. In 1972 a California group petitioned the Dmg Enforcement Agency to 
reclassifY mruijuana. The group requested that marijuana be reclassified as schedule II . This would allow 
for limited therapeutic use of the substance. In 1988, the DEA asked administrative law judge Francis 
Young asked by the Drug Enforcement Administration to comment on the merits of rescheduling 
marijuana. Young suggested that marijuana be rescheduled for nausea associated with cancer 
chemotherapy. He also concluded that there was insufficient evidence to warrant the use of marijuana for 
glaucoma or pain. Young rejected as ''specious" the argument that medicinal use of marijuana would 
encourage recreational use. ''Marijuana cru1 be harmful. But the same is true of dozens of drugs or 
substances," he said. "It is essential for this agency, and its administrator, calmly and dispassionately to 
review the evidence of record, conectly to apply the law, and act accordingly." 

The administrator of the Dmg Enforcement Administration r~jected Young's opinion and stated that 
Young had relied mostly on ru1ecdotal infonnation ru1d ib'llored the prevailing scientific. The rescheduling 
petition was then appealed to the U.S. Comt of Appeals for the Disttict of Cohunbia. In rejecting the 
petition to reschedule matijuana, the Court detennined that only tigorous scientific proof can satisfy the 
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requirement of "currently accepted medical use, " which is necessary for a substance to be considered a 
medicine. All potential medicines are submitted to this standard. Specifjcally, the court ruled that the 
marijuana did not meet the definition of a dmg because it was not a pure substance with a standard 
delivery system and that there was insufficient scientific evidence to demonstrate conclusively that 
marijuana was effective in the treatment of any specific illness. 

ln 1993 Congressman Dan Han1burg of the United States House of Representatives requested that the 
National Institutes of Health review the reported therapeutic benefits of marijuana make recommendations 
regarding its medicinal usage. The report delivered to Congress in July 1994 stated that " .. . studies 
supporting these claims are lacking despite anecdotal claims that smoked marijuana is beneficial. 
Scientists at the National Institutes of Health indicate that after carefully examining the existing preclinical 
and human data, there is no evidence to suggest that smoked marijuana might be superior to currently 
available therapies for glaucoma, weight loss associated with AIDS, nausea and vomiting associated with 
cancer chemotherapy, muscle spasticity associated with multiple sclerosis, or intractable pain". 

Despite these seemingly definitive legal and scientific pronouncements regarding the medicinal usage of 
marijuana, there has been a strong and effective grass roots effot1 to legalize the medicinal use of 
marijuana. In November 1996, ballot initiatives in California and Arizona allowed physicians to either 
recommend or prescribe crude marijuana. These initiatives placed no limitations on age or on the disorders 
for which crude marijuana could be used. The response fl'om the federal government was swift and harsh . 
General Bany McCaffrey, Director of the White House Oflice of National Drug Control Poljcy threatened 
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to prosecute physicians for prescribing or helping patients obtain marijuana. In addition, the 
implementation of these laws has met resistance. State courts overturned Arizona's law five months after 
the referendum. The Attorney General of California, Dan Lungren, blocked implementation of the 
proposition 2 t 5. Public outcry against this position was so strong that the Department of Health and 
Hwnan Services advised that "physicians could discuss medical marijuana with patients but could not 
recommend it." In November 1998, voters in six states (Alaska, Arizona, Colorado, Nevada, Oregon, and 
Washington) passed ballot initiatives in support of medical marijuana. 

The Colorado vote was invalid, however, because a state court ruled that there had not been enough valid 
signatures to place the initiative on the ballot. Initiatives to legalize medical marijuana are being put on the 
ballot in Maine this November and in Nevada and perhaps in Colorado in 2000. They are under 
consideration in another four states: Florida, Massachusetts, Michigan and Ohio. In California, the 
republican attorney general was replaced by the Democrat BiJI Lockyer, who announced that he favors the 
law and will work to lift all legal obstacles. Each of these laws is problematic as possession and 
distribution of marijuana remains illegal. The paradox of these statues is that patients who wish to legally 
use marijuana for medicinal purposes must at some point, obtain the drug from someone who is iUegally 
distributing the marijuana. The laws explicitly permit patients with specific chronic or terminal diseases to 
smoke marijuana as long as they have a doctor's recommendation. The U.S. Justice Department continues 
to prosecute marijuana law violators, including some medical users, at a record pace. So far, the 
government has not prosecuted any doctors who recommend marijuana to patients 

The Institute of Medicine Report 
In January 1997, the White House Offlce of National Dmg Control Policy (ONDCP) asked the Institute of 
Medicine to conduct a review of the scientific evidence to assess the potential health benefits and risks of 
marijuana and its constituent cannabinoids That review began in August 1997. A report was issued in 
March 1999. lnfonnation for this study was gathered through scientific workshops, site visits to cannabis 
buyers' clubs ~md HIV I AIDS clinics, analysis of the relevant scientific literature, and extensive 
consultation with biomedical and social scientists. After extensive review, the Institute of Medicine 
appointed a panel of nine experts to advise the study team on technical issues. 

This panel concluded that·' for patients, such as those with AIDS or undergoing chemotherapy, who suffer 
simultaneously from severe pain, nausea, and appetite Joss, cannabinoid drugs might offer broad spectmm 
relief not fow1d in any other single medication." They also concluded that marijuana is not a completely 
benign substance. Mm·ijuana smoke delivers harmful substarices, including most of those found in tobacco 
smoke. Because marijuana is a plant, its contain a mixture of biologically-active compounds thus will have 
vmiable phannacological effects. Thus the authors conclude that future of cmmabinoid drugs lies in the 
development of chemically defined dmgs dmt act on the cmmabinoid systems. Based on their extensive 
review, the pm1el made the following recommendations. 

Recommendation I: 
Research should continue into the physiological effects of synthetic and plant-derived cannabinoids and 
the nah1ral function of cannabinoids fow1d in the body. Because different cannabinoids appear to have 
different effects, cmmabinoid research should include, but not be restricted to, effects attributable to THC 
alone. 

Recommendation 2: 
Clinical trials of cannabinoid drugs for symptom management should be conducted with the goal of 
developing rapid-onset, reliable, and safe delivery systems. 

Recommendation 3: Psychological effects of cannabinoids such as anxiety reduction and sedation, which 
can influence medical benefits, should be evaluated in clinical trials. 
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Recommendation 4: Studies to define the indi\idual health tisks of smoking manJuana should be 
conducted, particularly among populations in which marijuana use is prevalent. 

Recommendation 5: Clinical trials of marijuana use for medical purposes should be conducted under the 
following limited circumstances: trials should involve only short-tenn marijuana use (less than six 
months); be conducted in patients with conditions for which there is reasonable expectation of efficacy; be 
approved by institutional review boards; and coJJect data about efficacy. The goal of clinical trials of 
smoked marijuana would not be to develop marijuana as a licensed drug, but rather as a first step towards 
the possible development of nonsmoked, rapid-onset cannabinoid delivery systems. 

Recommendation 6: Short-term use of smoked marijuana (less than six months) for patients with 
debilitating symptoms (such as intractable pain or vomiting) must meet the following conditions: 

l. failure of all approved medications to provide relief has been documented; 
2. the symptoms can reasonably be expected to be relieved by rapid-onset cannabinoid drugs; 
3. such treatment is administered under medical supervision in a manner that allows for assessment of 

treatment effectiveness; 
4. and involves an oversight strategy comparable to an institutional review board process that could 

provide guidance within 24 hours of a submission by a physician to provide marijuana to a patient for 
a specified use. 

CONCLliSIONS 
Marijuana has a beneficial effect in a variety of conditions, patticularly in the treatment of intractable 
nausea vomiting associated with cancer chemotherapy. Marijuana also may be beneficial in the treatment 
of AIDS associated wasting atld in pain controL There is reason to believe that smoked marijuana may be 
more efficacious than oral THC for these conditions because it achieves higher serum levels ofTHC more 
rapidly than dronabinol. Despite these benefits, marijuana cannot be considered a drug. There are no 
standardized preparations of marijuana and levels of the active ingredients vary greatly in crops of 
marijuana. In addition, there are many other components of marijuana smoke that are uncharacterized and 
their phannacologic action remains unkno\,.'11 . Smoking marijuana is not safe by ru1y definition. Marijuana 
smoke contains all of the components of tobacco smoke and delivers higher concentrations of these 
components to the hmgs. Although there is little evidence that marijuruta causes lung cancer other diseases, 
this lack of data is because there has been little effort to examine the relationship to between mruijuana 
smoking and lung crutcer. The limited data that marijuana is helpful for asthma must be weighed against 
extensive data that smoking is hat"Inful to people with asthma and other lung diseases. Marijuruta can also 
be contaminated with bacteria and fungi and has been associated with dru1gerous lung infections. The 
recommendation by the Institute of Medicine that alternative deliverey systen1s of the active form of 
marijuana be developed is reasonable. However, their recommendation that marijuana be provided until 
such time that these systems are available seems unrealistic, given the legal barriers and risks of marijuana 
use. 
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