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1.    General Pharmacology 

 

Studies included in this pharmacology pre-review are those involving: 

 Cannabis as defined by the International Drug Control Conventions as "the flowering tops 

of the cannabis plant from which the resin has not been extracted." The term "cannabis" 

generally refers to a dried preparation of the flowering tops or other parts of the cannabis 

plant. 

 Cannabis resin which is defined as "the separated resin, whether crude or purified, 

obtained from the cannabis plant". It is normally in solid form and is sometimes known as 

hashish. 

Most of the studies covered herein involve cannabis delivered via smoking.  While the flowering 

tops of the cannabis plant may be vaped, this practice is relatively new and scientific literature on 

its distinct pharmacological effects (vs. smoking) are not available.  Vaping cannabis-derived oils will 

be described in the extracts pre-review.  Similarly, the initial step in creation of cannabis edibles 

typically involves extracting and concentrating cannabinoids contained in the cannabis plant.  

Hence, the literature on these products will also be covered in the cannabis extracts pre-review. 

1.1 Routes of administration and dosage 

To date, over 500 naturally occurring compounds have been identified in the cannabis plant, 

including cannabinoids (> 100 chemicals unique to the plant), terpenoids, and alkaloids.1-3 Earlier 

research identified Δ9-tetrahydrocannabinol (Δ9-THC) as the primary psychoactive constituent in 

cannabis,4 resulting in special emphasis being placed on delineation of the pharmacology of this 

constituent in subsequent research.  In the plant, Δ9-THC is present primarily in its acid form, Δ9-

THCA; however, it is rapidly decarboxylated to Δ9-THC upon heating or burning, as occurs during 

smoking or in the extraction process.  Concentrations of Δ9-THC contained in cannabis vary across 

strains and across the plant itself, with resin (i.e., hashish) and unfertilized female flowers (i.e., 

sinsemilla) having high concentrations compared to other parts such as the leaf. In addition, 

significant increases in Δ9-THC concentrations in seized or purchased cannabis have been 

documented over recent years in several countries, including the U.S. and U.K.5, 6 For example, 

average Δ9-THC concentration in cannabis samples in the U.S. in 1995 was ~4%; by 2014, average 
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Δ9-THC concentration had increased to ~12%,5 with some samples containing over 20% Δ9-THC.5-7 

Concentrated extracts contained even higher concentrations of Δ9-THC (average ~ 68%).7 

Concomitant decreases in cannabidiol (CBD) concentration have also been noted, with negligible 

CBD in sinsemilla and an average of 2.3% CBD in cannabis resin.5, 6  Selective breeding and greater 

use of plant parts with higher Δ9-THC concentrations (e.g., sinsemilla), both driven by consumer 

demand for stronger cannabis, may have contributed to this increased availability of high-Δ9-

THC/low-CBD cannabis.5-7 Hence, “dosage” for cannabis and its resin usually refers to Δ9-THC 

dose/concentration rather than to amounts of the other cannabinoid and non-cannabinoid 

constituents contained in the cannabis plant. 

Cannabis and cannabis resin (i.e., hashish) are typically administered via inhalation after 

combustion (i.e., smoking).  Because each inhalation of smoke from a cannabis cigarette or other 

delivery device (e.g., pipe, vaporizer) delivers a proportion of the chemicals contained in the 

cannabis, Δ9-THC concentration is an important consideration in determination of how much Δ9-

THC enters the body through the lungs.  Other factors that affect amount of Δ9-THC that ultimately 

is absorbed include topography of smoking behavior (e.g., puff volume and duration, number of 

puffs), individual differences in lung physiology, and amount lost to side stream smoke or 

pyrolysis.8-12  Desired Δ9-THC dosage is self-determined by the user and may change over time due 

to the development of tolerance.  

1.2  Pharmacokinetics 

In humans, the predominant route of administration of cannabis or cannabis resin is inhalation after 

combustion (i.e., smoking).  For this reason, discussion of the pharmacokinetics of cannabis and its resin 

will concentrate on inhalation as a route of administration.  In the plant, Δ9-THC is present primarily in its 

acid form, Δ9-THCA, which is rapidly decarboxylated to Δ9-THC upon heating or burning, as occurs during 

smoking or in the extraction process.  Hence, the bulk of the extant research on cannabis pharmacokinetics 

has focused on Δ9-THC.  This section will begin with a discussion of the pharmacokinetics of Δ9-THC 

delivered via smoking cannabis followed by a brief review of the pharmacokinetics of CBD and possible 

metabolic interactions of Δ9-THC and CBD.  Two excellent comprehensive reviews served as the basis for 

much of this section.11, 13 
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1.2.1 Δ9-Tetrahydrocannabinol 

Absorption of Δ9-THC in smoked cannabis is rapid and measurable levels are observed in plasma seconds 

after the first puff.11, 14  While peak plasma levels typically occur in 3-10 minutes after smoking, peak 

“highs” do not occur until 20-30 minutes after smoking,11 although others have reported an earlier peak.14  

Because Δ9-THC concentrations in the plasma may have already started to fall before maximal effect, 

plasma levels are not the best predictor of intoxication.15  Bioavailability of Δ9-THC after cannabis smoking 

ranges from 10 to 56%, with several factors contributing to the variability, including dose, smoking 

efficiency/topography, history of cannabis use, and individual differences in physiology.11, 13 In addition, 

approximately 30% of the Δ9-THC concentration in the plant material may be destroyed by pyrolysis and an 

additional variable amount may be lost in side stream smoke.11 

Due to its high lipophilicity, Δ9-THC is highly bound to plasma proteins and is readily distributed to highly 

vascularized tissues (e.g., liver, heart) after absorption from the lung.11  Although smoking cannabis avoids 

the significant first-pass metabolism associated with orally administered Δ9-THC, plasma-protein binding 

and rapid distribution to tissues contribute to rapidly falling plasma levels of Δ9-THC following cannabis 

smoking, even as pharmacological effects (including centrally mediated subjective effects) continue.11, 13, 16 

In experienced cannabis smokers, cannabis-induced subjective effects (e.g., “good drug effect,” “high,” 

“stoned”) have been found to be stronger during the distribution and elimination phases than during 

absorption.17 These prolonged cannabinoid behavioral effects, which occur despite reduced Δ9-THC plasma 

levels, may result from slow elimination of Δ9-THC from the brain, coupled with the cannabimimetic effects 

of its highly penetrant and equipotent active metabolite, 11-hydroxy-Δ9-tetrahydrocannabinol (11-OH-Δ9-

THC).11, 18 Body fat also serves as a storage reservoir for Δ9-THC and its metabolites, as Δ9-THC is eliminated 

from fat tissues even more slowly than from brain.11  

Metabolism of Δ9-THC contained in cannabis smoke occurs primarily in the liver and is extensive, with 

almost 100 metabolites having been identified.11 Hydroxylation of the C-11 site to form 11-OH-Δ9-THC is 

the initial step of the biotransformation in most species, including humans.19, 20 This major metabolite is 

psychoactive, as indicated by its cannabimimetic effects in mice,21 its substitution for Δ9-THC in rat drug 

discrimination,22 and its similar psychological effects in men.18, 23  Data from early studies suggested that 11-

OH-Δ9-THC may have greater brain penetrance than Δ9-THC.11  However, unlike with orally administered Δ9-

THC, cannabis smoking results in low brain levels of 11-OH-Δ9-THC (vs Δ9-THC).13 Although hydroxylation of 

Δ9-THC at C-11 to form 11-OH-Δ9-THC is most common, hydroxylation may also occur at C-8, resulting in 

-OH- -OH-THC in rodents19 -OH-THC in human hepatic microsomes.24 I.v. 
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administration of the epimers to a small sample of men revealed that both epimers were active, but 

- -epimer.25 The primary CYP isoenzymes that catalyze the 

hydroxylation reactions are CYP2C9 and CYP3A4.24, 26  A secondary metabolite, 11-nor-9-carboxy-Δ9-

tetrahydrocannabinol (11-COOH-Δ9-THC or THC-COOH), is formed through oxidation of 11-OH-Δ9-THC.27  

THC-COOH lacks cannabimimetic effects and is further metabolized to its glucuronide conjugate, which is 

water soluble and excreted in urine.13, 26  Due to its extensive metabolism, relatively little Δ9-THC is 

eliminated from the body unchanged.  Δ9-THC is excreted primarily in the feces (65-80%) and in the urine 

(20-35%).11 

1.2.2 Cannabidiol 

The pharmacokinetics of cannabidiol (CBD) and other minor phytocannabinoids contained in the cannabis 

plant, including cannabinol (CBN), cannabigerol (CBG), and tetrahydrocannabivarin (THCV), following 

smoked cannabis resemble that observed with Δ9-THC.11 Absorption of smoked CBD is rapid, with 

bioavailability averaging about 31%.  As seen with Δ9-THC, primary metabolism occurs via oxidation at C9 

and at the side chain.13  However, unlike with Δ9-THC, a high percentage of CBD is eliminated unchanged in 

the feces.11, 13 

Animal work has suggested that CBD may hinder or delay Δ9-THC metabolism through competition for or 

inactivation of CYP P450 enzymes,28, 29 resulting in enhancement of Δ9-THC’s in vivo effects.30 However, this 

research generally used higher concentrations of CBD (in relation to Δ9-THC concentration) than are 

typically present in most cannabis strains. In contrast, lower CBD concentrations failed to accentuate Δ9-

THC’s effects in rodents.30 The degree to which a similar metabolic interaction occurs in humans is 

uncertain, with extant evidence suggesting that it does not at the ratios of Δ9-THC:CBD normally seen in 

cannabis.11, 31-33 

1.3 Pharmacodynamics 

To date, over 500 naturally occurring compounds have been identified in cannabis, including cannabinoids 

(> 100 chemicals unique to the plant), terpenoids, and alkaloids.1-3, 34 However, except for Δ9-THC, most of 

these other compounds are present in the plant in relatively small quantities.  The degree to which they 

may contribute to the array of pharmacological and behavioral effects produced by cannabis is largely 

unknown.  Hence, the discussion below focuses primarily on the pharmacodynamics of Δ9-THC followed by 

a summary of the possible contribution of other constituents to cannabis’ effects.   
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1.3.1 Δ9-Tetrahydrocannabinol 

When administered to animals, Δ9-THC produces characteristic profile of pharmacological effects which 

includes a tetrad of effects in mice and rats (locomotor suppression, antinociception, hypothermia and 

ring/bar immobility), discriminative stimulus effects (rats, mice, pigeons, rhesus monkeys), reinforcing 

effects (squirrel monkeys), and static ataxia (dogs).35-37  These cannabimimetic effects are produced 

through interaction with an endogenous cannabinoid system that serves to maintain physiological 

homeostasis as one of its primary functions.38 Within this endocannabinoid system, two cannabinoid 

receptors, CB1 and CB2, have been identified.39, 40 While CB1 receptors are widespread and abundant in the 

brain and periphery, CB2 receptors are confined primarily to the periphery,41 although recent evidence 

suggests that CB2 receptors may be present in the brain under certain conditions.42  Δ9-THC is a partial 

agonist at both types of cannabinoid receptors, at approximately equal affinities (Ki = 41 and 36 nM for CB1 

and CB2 receptors, respectively).43  Further, the affinities of cannabis smoke and pure Δ9-THC for the CB1 

receptor are similar for cannabis containing an equivalent amount of Δ9-THC,44 emphasizing the degree to 

which Δ9-THC is predominant in the pharmacology of smoked cannabis.  Δ9-THC’s psychoactivity is 

mediated via activation of CB1 receptors in the brain in a manner resembling activation by their 

endogenous ligands (e.g., anandamide and 2-arachidonoylglycerol).  For example, research has shown that 

the discriminative stimulus effects of Δ9-THC in animals were reversed by pre-injection with rimonabant, a 

selective CB1 receptor antagonist, but not by injection with SR144528, selective CB2 receptor antagonist.45  

Similarly, the reinforcing effects of THC in squirrel monkeys were reversed by rimonabant,46 as were its 

antinociceptive, hypothermic and cataleptic effects in rodents47 and its induction of static ataxia in dogs.37 

Antagonists of other major neurotransmitter systems (e.g., dopamine, acetylcholine, norepinephrine, mu 

opioid) did not alter the discriminative stimulus effects of Δ9-THC in rats.22  Consistent with these in vivo 

results, Δ9-THC does not have significant affinity for non-cannabinoid receptors of these major systems.48 In 

humans, rimonabant attenuated the acute psychological and physiological effects of a smoked marijuana 

cigarette containing 2.64-2.78% Δ9-THC,49, 50 suggesting that the antagonism results from preclinical Δ9-THC 

antagonism experiments are translational. 

While Δ9-THC produces its characteristic pharmacological effects via activation of CB1 and CB2 receptors, 

the brain’s endocannabinoid system has extensive interconnections with a variety of other 

neurotransmitter systems, including dopamine, GABA, glutamate, opioid, and norepinephrine.51-54  Hence, 

activation of this system through exogenous administration of Δ9-THC may have widespread indirect effects 

on modulatory endocannabinoid-induced regulation of these other neurotransmitters.55 Of note, similar to 

the action of many other drugs of abuse, acute administration of Δ9-THC induces dopamine efflux in 
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reward-related brain areas.52 In contrast, withdrawal from Δ9-THC after chronic administration is associated 

with decreased activation of dopamine neurons.56, 57 

1.3.2 Cannabidiol and Other Minor Cannabinoids 

In addition to cannabidiol (CBD), minor phytocannabinoids in cannabis include cannabinol (CBN), 

cannabigerol (CBG), tetrahydrocannabivarin (THCV), cannabidivarin (CBDV), and cannabichromene (CBC).34 

Some of these phytocannabinoids bind to the CB1 receptor with high affinity: CBN (Ki=13 nM) and THCA 

(Ki=23.5 nM); others had low or negligible affinity: CBG (Ki=897 nM) and CBDV (Ki=14,711 nM).58 These 

minor phytocannabinoids may affect the pharmacology of cannabis via two basic mechanisms: (1) the pure 

constituent may have pharmacological effects and/or (2) the constituent may interact with Δ9-THC and 

alter its effects (e.g., “entourage” effect).2, 59  While research has examined the pharmacological effects of 

some of these phytocannabinoids (especially CBD), much of this research has focused on potential 

therapeutic effects and has utilized doses of a single constituent that would far exceed its concentration in 

a cannabis cigarette.2, 60-64 Hence, with exception of CBD (discussed in the extracts pre-review),65 this 

research with single constituents does not provide clear information about the pharmacodynamics of 

cannabis as it is used in humans. Similarly, research that has used smoked cannabis (which presumably 

contains all naturally occurring chemicals in the plant) has not offered clear support for the “entourage” 

hypothesis, with a possible exception of pharmacokinetic interaction between CBD and Δ9-THC. 
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2.    Dependence Potential 

2.1.1 Animal Studies 

Three labs have investigated the dependence potential of smoked cannabis in animals.  In mice, daily ~5-

min exposure to cannabis smoke (3.46% Δ9-THC; 0.05-0.18% CBD, CBN, CBG, and THCV) for 5 days resulted 

in rimonabant-precipitated withdrawal characterized by an increase in paw tremors.66 Estimated ED50 for 

Δ9-THC in the smoked cannabis was 3.6 mg/kg whereas the ED50 for i.v. Δ9-THC was 4.1 mg/kg.  

Administration of i.v. Δ9-THC reversed withdrawal-induced paw tremors; however, smoked cannabis did 

not.  Serum Δ9-THC levels after exposure to the smoke of cannabis containing 100 or 200 mg of Δ9-THC was 

comparable to those obtained with 3 mg/kg Δ9-THC i.v., but concentrations of Δ9-THC in the brain with 

smoked cannabis bore greater similarity to those obtained with 1 mg/kg Δ9-THC i.v.  Whereas serum Δ9-THC 

concentrations dropped more rapidly after i.v. administration than after smoking, brain concentrations 

decreased in parallel.   

In rats, daily 1-hour exposure to cannabis smoke (5.7% Δ9-THC) five times a week for eight weeks also 

induced dependence.67 As with mice, rimonabant administration precipitated withdrawal, which was 

characterized by large increases in grooming and eye blinks as well as smaller increases in ptosis, wet dog 

shakes, and forepaw flutters.  While these results showed that rimonabant-precipitated withdrawal 

occurred after daily exposure to Δ9-THC-containing cannabis smoke in rodents, the potential for a similar 

regimen of smoke exposure to induce spontaneous withdrawal after abrupt cessation was not examined in 

these rodent studies.  

In rhesus monkeys, examination of the dependence potential of smoked cannabis (2.6% Δ9-THC) occurred 

prior to rimonabant availability; hence, only spontaneous withdrawal could be evaluated.  Two exposure 

regimens were used, with some monkeys receiving exposure to the smoke of one cannabis cigarette per 

day seven days a week while others were exposed to the same Δ9-THC amount for two days per week.  In 

each case, exposure was continued for one year.  Evaluation during the active exposure phase of the study 

revealed increases in progressive ratio responding for food reinforcement in control monkeys, which were 

not observed in cannabis-exposed monkeys.68  This response suppression lasted for 2-3 months after 

termination of cannabis exposure before recovery to control levels. Abrupt cessation of smoke exposure 

was associated with disruption of responding in progressive ratio and conditioned position responding in 

both control and cannabis-exposed groups, suggesting that it was related to the interruption of daily 

routine rather than to withdrawal from cannabis per se.68  Seven months after the last exposure to cannabis 
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smoke, a subset of monkeys was sacrificed and the caudate and hypothalamus of each monkey was 

removed for analysis.  Results revealed no long-term changes in either monoamine concentrations69 or CB1 

receptor densities.70  Although this multi-dimensional study does not offer support for the hypothesis that 

smoked cannabis has the potential to produce dependence in monkeys, the percentage of Δ9-THC 

contained in the cannabis used in the study (2.6%) was several-fold lower than the concentrations of Δ9-

THC in cannabis that is now available (e.g., ~12% Δ9-THC in samples seized in 2014 in the United States).5  

2.1.2 Human Studies 

Cannabis dependence is characterized by the development of withdrawal symptoms upon abstinence from 

regular use.  Multiple lines of evidence have converged to confirm and characterize a cannabis withdrawal 

syndrome.  In recognition of this evidence, the fifth edition of the Diagnostic and Statistical Manual, used 

for diagnosis of mental illness and substance abuse disorders in the U.S., outlines criteria for the syndrome 

and includes a specific diagnostic code for “Cannabis Use Disorder.”71 The International Statistical 

Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) also recognizes cannabis 

dependence, but does not list specific withdrawal criteria.72 The body of evidence supporting these 

classifications encompasses laboratory studies in inpatients, ecological momentary assessment and self-

report investigations in outpatients, and structured online surveys.73-81   

Estimated percentage of regular cannabis users who have experienced at least one episode of cannabis 

withdrawal during abstinence (e.g., when trying to quit) range from 16 to 33%, dependent upon the sample 

used for study.73, 82 Because worldwide use of cannabis is more extensive than any other illicit substance, 

with estimates ranging from 2.7 to 4.9%,83 the absolute number of people across the globe who have 

experienced cannabis withdrawal is quite large.  However, rates of dependence are not equal in all 

countries.  Rather, they exhibit geographical diversity, which is related to economic and cultural factors as 

well as to variability in the availability of specific types of cannabis.77, 84  For example, a vast array of 

cannabis products with various Δ9-THC concentrations can be purchased in Colorado, the first U.S. state to 

legalize non-medicinal use of cannabis.  In contrast, availability in Uruguay is restricted to five strains.84  

Rank order prevalence of cannabis dependence is highest in Australasia > North America > Western Europe 

> Central Asia and least in Southern Latin America.77   

The availability of high potency cannabis is associated with increased prevalence of cannabis dependence,77 

with cannabis potency being assessed in terms of Δ9-THC concentration. Chemotypes of cannabis include 

high potency plants that are usually cultivated indoors under carefully controlled conditions (> 15% Δ9-

THC); low potency plants that often are grown outdoors (~ 9% Δ9-THC); and compressed blocks of plant 
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matter (~ 5% Δ9-THC plus CBD).84 While considerable variability in Δ9-THC concentrations has been 

observed across chemotypes, this classification scheme is helpful because it emphasizes the role that Δ9-

THC plays in the development of dependence.  Interestingly, chronic smoking of cannabis over a period of 

years has been associated with CB1 receptor downregulation in humans,85 an effect that also occurs in 

rodents who have been administered repeated doses of Δ9-THC or other cannabinoid agonist.86  

In humans, onset of withdrawal typically occurs within 24 to 48 hours of abstinence following a period of 

regular use. The sequalae of physical and psychological symptoms comprising the withdrawal syndrome 

may include mood changes, irritability, increased anger, anxiety, craving, restlessness, sleep impairment, 

stomach pain, and decreased appetite, with most individuals reporting four or more symptoms.73-75, 78, 82 

Psychological symptoms predominate, with peak intensity usually 2 to 6 days after last use.  Similar to 

withdrawal from other drugs of abuse (e.g., nicotine), maximal discomfort lasts 2 to 3 weeks with gradual 

return to baseline,76 although disruption of sleep may linger.81 Partial recovery of CB1 receptor functioning 

occurs over a similar period of time, suggesting that cannabis dependence is related to Δ9-THC-induced 

changes in the endocannabinoid system.87  Withdrawal symptoms are alleviated by re-administration of 

oral Δ9-THC88 and increased self-reported severity of symptoms is associated with return to cannabis 

smoking (i.e., self-medication).89  While dependence may develop with regular use of cannabis of low 

potency,78 regular use of high potency cannabis is associated with enhanced severity of withdrawal 

symptoms as well as with increased risk memory impairment and paranoia.84 Nevertheless, users report 

that high potency cannabis provides the “best high” and is most preferred.84  

 



   

 
 
 

14 

3.    Abuse Potential 

3.1.1 Animal Studies 

Because of the technical challenges which accompany exposure of animals to smoke from combustion of 

cannabis or its resin, only a few behavioral pharmacologists have pursued investigation of the abuse 

potential of cannabis in animals.  Rather, most have used systemic injection of Δ9-THC as a proxy for 

cannabis. However, this approach ignores at least two factors that may be relevant to the translational 

implications of this preclinical research for the abuse potential of cannabis: (1) in humans, cannabis or its 

resin is typically self-administered via smoking rather than by injection and differences across route of 

administration could conceivably affect abuse potential; and (2) in addition to Δ9-THC, cannabis contains 

numerous other cannabinoid and non-cannabinoid chemicals that may alter or add to Δ9-THC’s behavioral 

effects.1   

A handful of studies have attempted to overcome these challenges through using inhalation exposure to 

combusted cannabis with defined amounts of Δ9-THC and other cannabinoids, such as CBD, CBN, CBG, and 

THCV.  Whereas an older study demonstrated that exposure to smoke from combustion of cannabis 

containing 2.1% Δ9-THC (and 0.2% CBN and CBD) produced immediate and short-acting (~ 3 minutes) 

hyperactivity followed by longer duration (> 1 hour) hypoactivity,90 more recent studies have used cannabis 

with higher (5.19-5.7%) concentrations of Δ9-THC, but with similarly low concentrations of other 

cannabinoid constituents.  In rats, acute exposure to Δ9-THC-containing cannabis smoke increased 

locomotor activity followed by decreases at later time points.67  Decreased rearing also was observed, an 

effect that was reversible by the CB1 receptor antagonist rimonabant.  In mice, nose-only inhalation of 

smoke from cannabis with these higher Δ9-THC concentrations produced characteristic cannabinoid effects 

of antinociception, catalepsy, and hypothermia that were similar in magnitude to those induced by i.v. Δ9-

THC.30, 91, 92  Locomotor suppression effects were also observed; however, these effects were obscured by 

comparable effects seen in mice exposed to placebo smoke.  All observed effects in the tetrad battery 

(regardless of route of Δ9-THC administration) were attenuated by pre-injection with rimonabant, 

suggesting that they were CB1 receptor-mediated.  Further, potencies for i.v. Δ9-THC were similar to those 

obtained with smoked cannabis containing comparable quantities of Δ9-THC.  Based on the accumulated 

data, the authors concluded that the characteristic behavioral effects of Δ9-THC in the tetrad battery in 

mice were not altered by the low concentrations of CBD and other cannabinoids normally present in 

cannabis;30, 92 i.e., Δ9-THC alone was responsible for these effects.  In contrast, when a higher concentration 

of CBD (30 mg/kg) was administered i.v., Δ9-THC concentrations in the brain and serum were increased and 
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its antinociceptive effects were enhanced.30  These results are consistent with previous data showing that 

higher concentrations of CBD inhibit Δ9-THC metabolism via cytochrome P450 mechanisms.28  Further, 

these increases in Δ9-THC concentrations in brain and serum were not observed after exposure to Δ9-THC-

containing cannabis smoke,30 a route of administration that would avoid first-pass metabolism.     

3.1.2 Human Studies 

Although development of robust i.v. Δ9-THC self-administration in animal models has been relatively elusive 

until recently, cannabis is readily self-administered by humans despite possible negative legal 

consequences.93 In the 2015 World Drug Report, estimates of global prevalence of cannabis use ranged 

from 2.7 to 4.9% and the trend was towards increases.83 The reinforcing effects of smoked cannabis also 

have been demonstrated in a number of laboratory-based self-administration procedures.  Smoked 

cannabis is readily self-administered by experienced users.94  In these studies, participants chose to smoke 

cannabis cigarettes (Δ9-THC content ranging from 1.8 to 5.8%) rather than placebo cigarettes in choice 

procedures 95-97 and preferred higher doses over lower doses within this range.98, 99 When given the 

opportunity, most subjects were willing to work to smoke cannabis.98, 100  However, when given a choice 

between smoking cannabis (1.8 or 3.9% Δ9-THC) or performing a computer task for money, the degree to 

which subjects preferred cannabis or money depended upon the amount of work required to earn the 

money.  When the performance criteria for money were high, subjects chose to smoke cannabis, but when 

the criteria were low, their choice switched to money.98, 101 These results suggest that preference for 

cannabis is malleable dependent upon its availability and response cost of alternative reinforcers.  

A drug discrimination model has also been employed to examine the subjective effects of smoked cannabis 

in humans.  Chait and colleagues102 found that study participants readily learned to discriminate cannabis 

smoke (2.7% Δ9-THC) from placebo cigarette smoke, with high (~90%) accuracy. Cannabimimetic 

discriminative stimulus effects were characterized by rapid onset (often after as little as two puffs), were 

dependent upon Δ9-THC concentration, and lasted up to120 minutes. Self-reported subjective effects 

associated with smoked cannabis in laboratory studies include dose-dependent increases in ratings of “drug 

effect,” “high” or “stoned.”96, 100, 103, 104 Similar effects were produced by Δ9-THC alone when administered 

orally or when smoked.100, 103, 105 These results suggest that the cannabis constituent responsible for the 

plant’s reinforcing effects is Δ9-THC. This hypothesis receives further support from the finding that orally 

administered doses of CBD (200-800 mg) did not alter self-administration of smoked cannabis or associated 

increases in ratings of “high” or “stoned.”96 Similarly, the effects of smoked cannabis on subjective, 

physiological, and performance measures varied with the concentration of Δ9-THC, but not with 



   

 
 
 

16 

concentration of the minor constituents CBD and cannabichromene (CBC).106 Rimonabant reversal of 

intoxication induced by cannabis smoking has been reported in one study,49 but not in another,50 both 

conducted in the same laboratory. 

 

  



   

 
 
 

17 

4.    References 

 

1. ElSohly MA. Chemical constituents of cannabis. In: Grotenhermen F, Russo E, editors. Cannabis and 
Cannabinoids: Pharmacology, Toxicology and Therapeutic Potential. Binghamton, NY: Haworth Press; 2002. 
p. 27-36. 

2. Russo EB, Marcu J. Cannabis pharmacology: The usual suspects and a few promising leads. Advances in 
Pharmacology. 2017;80:67-134. 

3. Mechoulam R, Hanus L. A historical overview of chemical research on cannabinoids. Chemistry and Physics 
of Lipids. 2000;108(1-2):1-13. 

4. Mechoulam R, Gaoni Y. The absolute configuration of delta-1-tetrahydrocannabinol, the major active 
constituent of hashish. Tetrahedron Letters. 1967;12:1109-11. 

5. ElSohly MA, Mehmedic Z, Foster S, Gon C, Chandra S, Church JC. Changes in cannabis potency over the last 
2 decades (1995-2014): Analysis of current data in the United States. Biological Psychiatry. 2016;79(7):613-
9. 

6. Potter DJ, Hammond K, Tuffnell S, Walker C, Di Forti M. Potency of Delta(9) -tetrahydrocannabinol and 
other cannabinoids in cannabis in England in 2016: Implications for public health and pharmacology. Drug 
Testing and Analysis. 2018;10(4):628-35. 

7. Smart R, Caulkins JP, Kilmer B, Davenport S, Midgette G. Variation in cannabis potency and prices in a newly 
legal market: evidence from 30 million cannabis sales in Washington state. Addiction. 2017;112(12):2167-
77. 

8. Van der Kooy F, Pomahacova B, Verpoorte R. Cannabis smoke condensate I: the effect of different 
preparation methods on tetrahydrocannabinol levels. Inhalation Toxicology. 2008;20(9):801-4. 

9. Van der Pol P, Liebregts N, Brunt T, van Amsterdam J, de Graaf R, Korf DJ, et al. Cross-sectional and 
prospective relation of cannabis potency, dosing and smoking behaviour with cannabis dependence: an 
ecological study. Addiction. 2014;109(7):1101-9. 

10. Poklis JL, Thompson CC, Long KA, Lichtman AH, Poklis A. Disposition of cannabichromene, cannabidiol, and 
delta(9)-tetrahydrocannabinol and its metabolites in mouse brain following marijuana inhalation 
determined by high-performance liquid chromatography-tandem mass spectrometry. Journal of Analytical 
Toxicology. 2010;34(8):516-20. 

11. Grotenhermen F. Pharmacokinetics and pharmacodynamics of cannabinoids. Clinical Pharmacokinetics. 
2003;42(4):327-60. 

12. Herrmann ES, Cone EJ, Mitchell JM, Bigelow GE, LoDico C, Flegel R, et al. Non-smoker exposure to 
secondhand cannabis smoke II: Effect of room ventilation on the physiological, subjective, and 
behavioral/cognitive effects. Drug and Alcohol Dependence. 2015;151:194-202. 

13. Huestis MA. Human cannabinoid pharmacokinetics. Chemistry and Biodiversity. 2007;4(8):1770-804. 
14. Huestis MA, Sampson AH, Holicky BJ, Henningfield JE, Cone EJ. Characterization of the absorption phase of 

marijuana smoking. Clinical Pharmacology and Therapeutics. 1992;52(1):31-41. 
15. Cocchetto DM, Owens SM, Perez-Reyes M, DiGuiseppi S, Miller LL. Relationship between plasma delta-9-

tetrahydrocannabinol concentration and pharmacologic effects in man. Psychopharmacology. 
1981;75(2):158-64. 

16. Ohlsson A, Lindgren JE, Wahlen A, Agurell S, Hollister LE, Gillespie HK. Plasma delta-9 tetrahydrocannabinol 
concentrations and clinical effects after oral and intravenous administration and smoking. Clinical 
Pharmacology and Therapeutics. 1980;28(3):409-16. 

17. Desrosiers NA, Ramaekers JG, Chauchard E, Gorelick DA, Huestis MA. Smoked cannabis' psychomotor and 
neurocognitive effects in occasional and frequent smokers. Journal of Analytical Toxicology. 
2015;39(4):251-61. 



   

 
 
 

18 

18. Lemberger L, Martz R, Rodda B, Forney R, Rowe H. Comparative pharmacology of delta9-
tetrahydrocannabinol and its metabolite, 11-OH-delta9-tetrahydrocannabinol. Journal of Clinical 
Investigation. 1973;52(10):2411-7. 

19. Harvey DJ, Brown NK. Comparative in vitro metabolism of the cannabinoids. Pharmacology, Biochemistry, 
and Behavior. 1991;40(3):533-40. 

20. Yamamoto I, Narimatsu S, Shimonishi T, Watanabe K, Yoshimura H. Difference in epoxides formation and 
their further metabolism between delta 9- and delta 8-tetrahydrocannabinols by human liver microsomes. 
Journal of Pharmacobio-Dynamics. 1984;7(4):254-62. 

21. Watanabe K, Kijima T, Narimatsu S, Nishikami J, Yamamoto I, Yoshimura H. Comparison of pharmacological 
effects of tetrahydrocannabinols and their 11-hydroxy-metabolites in mice. Chemical and Pharmaceutical 
Bulletin. 1990;38(8):2317-9. 

22. Browne RG, Weissman A. Discriminative stimulus properties of ∆9-THC : Mechanistic studies. Journal of 
Clinical Pharmacology. 1981;21:227s - 34s. 

23. Perez-Reyes M, Timmons MC, Lipton MA, Davis KH, Wall ME. Intravenous injection in man of 9 -
tetrahydrocannabinol and 11-OH- 9 -tetrahydrocannabinol. Science. 1972;177(4049):633-5. 

24. Watanabe K, Yamaori S, Funahashi T, Kimura T, Yamamoto I. Cytochrome P450 enzymes involved in the 
metabolism of tetrahydrocannabinols and cannabinol by human hepatic microsomes. Life Sciences. 
2007;80(15):1415-9. 

25. Hollister LE, Gillespie HK. Delta-8- and delta-9-tetrahydrocannabinol comparison in man by oral and 
intravenous administration. Clinical Pharmacology and Therapeutics. 1973;14(3):353-7. 

26. Mazur A, Lichti CF, Prather PL, Zielinska AK, Bratton SM, Gallus-Zawada A, et al. Characterization of human 
hepatic and extrahepatic UDP-glucuronosyltransferase enzymes involved in the metabolism of classic 
cannabinoids. Drug Metabolism and Disposition. 2009;37(7):1496-504. 

27. Watanabe K, Yamamoto I, Oguri K, Yoshimura H. Comparison in mice of pharmacological effects of delta 8-
tetrahydrocannabinol and its metabolites oxidized at 11-position. European Journal of Pharmacology. 
1980;63(1):1-6. 

28. Bornheim LM, Kim KY, Li J, Perotti BY, Benet LZ. Effect of cannabidiol pretreatment on the kinetics of 
tetrahydrocannabinol metabolites in mouse brain. Drug Metabolism and Disposition. 1995;23(8):825-31. 

29. Klein C, Karanges E, Spiro A, Wong A, Spencer J, Huynh T, et al. Cannabidiol potentiates Delta(9)-
tetrahydrocannabinol (THC) behavioural effects and alters THC pharmacokinetics during acute and chronic 
treatment in adolescent rats. Psychopharmacology. 2011;218(2):443-57. 

30. Varvel SA, Wiley JL, Yang R, Bridgen DT, Long K, Lichtman AH, et al. Interactions between THC and 
cannabidiol in mouse models of cannabinoid activity. Psychopharmacology. 2006;186(2):226-34. 

31. Hunt CA, Jones RT, Herning RI, Bachman J. Evidence that cannabidiol does not significantly alter the 
pharmacokinetics of tetrahydrocannabinol in man. Journal of Pharmacokinetics and Biopharmaceutics. 
1981;9(3):245-60. 

32. Karschner EL, Darwin WD, Goodwin RS, Wright S, Huestis MA. Plasma cannabinoid pharmacokinetics 
following controlled oral delta9-tetrahydrocannabinol and oromucosal cannabis extract administration. 
Clinical Chemistry. 2011;57(1):66-75. 

33. Nadulski T, Pragst F, Weinberg G, Roser P, Schnelle M, Fronk EM, et al. Randomized, double-blind, placebo-
controlled study about the effects of cannabidiol (CBD) on the pharmacokinetics of delta9-
tetrahydrocannabinol (THC) after oral application of THC versus standardized cannabis extract. Therapeutic 
Drug Monitoring. 2005;27(6):799-810. 

34. Hanus LO, Meyer SM, Munoz E, Taglialatela-Scafati O, Appendino G. Phytocannabinoids: a unified critical 
inventory. Natural Product Reports. 2016;33(12):1357-92. 

35. Compton DR, Rice KC, De Costa BR, Razdan RK, Melvin LS, Johnson MR, et al. Cannabinoid structure-activity 
relationships: correlation of receptor binding and in vivo activities. Journal of Pharmacology and 
Experimental Therapeutics. 1993;265(1):218-26. 



   

 
 
 

19 

36. Tanda G. Preclinical studies on the reinforcing effects of cannabinoids. A tribute to the scientific research of 
Dr. Steve Goldberg. Psychopharmacology. 2016;233(10):1845-66. 

37. Lichtman AH, Wiley JL, LaVecchia KL, Neviaser ST, Arthur DB, Wilson DM, et al. Effects of SR 141716A after 
acute or chronic cannabinoid administration in dogs. European Journal of Pharmacology. 1998;357(2-
3):139-48. 

38. Di Marzo V, Petrosino S. Endocannabinoids and the regulation of their levels in health and disease. Current 
Opinion in Lipidology. 2007;18(2):129-40. 

39. Devane WA, Dysarz FA, Johnson MR, Melvin LS, Howlett AC. Determination and characterization of a 
cannabinoid receptor in rat brain. Molecular Pharmacology. 1988;34:605-13. 

40. Munro S, Thomas KL, Abu-Shaar M. Molecular characterization of a peripheral receptor for cannabinoids. 
Nature. 1993;365(September 2):61-4. 

41. Galiègue S, Mary S, Marchand J, Dussossoy D, Carriere D, Carayon P, et al. Expression of central and 
peripheral cannabinoid receptors in human immune tissues and leukocyte subpopulations. European 
Journal of Biochemistry. 1995;232:54-61. 

42. Atwood BK, Mackie K. CB2: a cannabinoid receptor with an identity crisis. British Journal of Pharmacology. 
2010;160(3):467-79. 

43. Showalter VM, Compton DR, Martin BR, Abood ME. Evaluation of binding in a transfected cell line 
expressing a peripheral cannabinoid receptor (CB2): identification of cannabinoid receptor subtype 
selective ligands. Journal of Pharmacology and Experimental Therapeutics. 1996;278(3):989-99. 

44. Fischedick J, Van Der Kooy F, Verpoorte R. Cannabinoid receptor 1 binding activity and quantitative analysis 
of Cannabis sativa L. smoke and vapor. Chemical and Pharmaceutical Bulletin. 2010;58(2):201-7. 

45. Wiley JL, Jefferson RG, Griffin G, Liddle J, Yu S, Huffman JW, et al. Paradoxical pharmacological effects of 
deoxy-tetrahydrocannabinol analogs lacking high CB1 receptor affinity. Pharmacology. 2002;66(2):89-99. 

46. Justinova Z, Munzar P, Panlilio LV, Yasar S, Redhi GH, Tanda G, et al. Blockade of THC-seeking behavior and 
relapse in monkeys by the cannabinoid CB(1)-receptor antagonist rimonabant. Neuropsychopharmacology. 
2008;33(12):2870-7. 

47. Compton DR, Aceto MD, Lowe J, Martin BR. In vivo characterization of a specific cannabinoid receptor 
antagonist (SR141716A): inhibition of delta 9-tetrahydrocannabinol-induced responses and apparent 
agonist activity. Journal of Pharmacology and Experimental Therapeutics. 1996;277(2):586-94. 

48. Wiley JL, Lefever TW, Marusich JA, Grabenauer M, Moore KN, Huffman JW, et al. Evaluation of first 
generation synthetic cannabinoids on binding at non-cannabinoid receptors and in a battery of in vivo 
assays in mice. Neuropharmacology. 2016;110(Pt A):143-53. 

49. Huestis MA, Gorelick DA, Heishman SJ, Preston KL, Nelson RA, Moolchan ET, et al. Blockade of effects of 
smoked marijuana by the CB1-selective cannabinoid receptor antagonist SR141716. Archives of General 
Psychiatry. 2001;58(4):322-8. 

50. Huestis MA, Boyd SJ, Heishman SJ, Preston KL, Bonnet D, Le Fur G, et al. Single and multiple doses of 
rimonabant antagonize acute effects of smoked cannabis in male cannabis users. Psychopharmacology. 
2007;194(4):505-15. 

51. Carvalho AF, Van Bockstaele EJ. Cannabinoid modulation of noradrenergic circuits: implications for 
psychiatric disorders. Progress in Neuro-Psychopharmacology and Biological Psychiatry. 2012;38(1):59-67. 

52. Bloomfield MA, Ashok AH, Volkow ND, Howes OD. The effects of delta(9)-tetrahydrocannabinol on the 
dopamine system. Nature. 2016;539(7629):369-77. 

53. Wenzel JM, Cheer JF. Endocannabinoid regulation of reward and reinforcement through interaction with 
dopamine and endogenous opioid signaling. Neuropsychopharmacology. 2018;43(1):103-15. 

54. Dow-Edwards D, Silva L. Endocannabinoids in brain plasticity: Cortical maturation, HPA axis function and 
behavior. Brain Research. 2017;1654(Pt B):157-64. 

55. Zlebnik NE, Cheer JF. Drug-induced alterations of endocannabinoid-mediated plasticity in brain reward 
regions. Journal of Neuroscience. 2016;36(40):10230-8. 



   

 
 
 

20 

56. Diana M, Melis M, Muntoni AL, Gessa GL. Mesolimbic dopaminergic decline after cannabinoid withdrawal. 
Proceedings of the National Academy of Sciences of the United States of America. 1998;95(17):10269-73. 

57. Spiga S, Lintas A, Diana M. Altered mesolimbic dopamine system in THC dependence. Current 
Neuropharmacology. 2011;9(1):200-4. 

58. Rosenthaler S, Pohn B, Kolmanz C, Huu CN, Krewenka C, Huber A, et al. Differences in receptor binding 
affinity of several phytocannabinoids do not explain their effects on neural cell cultures. Neurotoxicology 
and Teratology. 2014;46:49-56. 

59. Russo EB. Taming THC: potential cannabis synergy and phytocannabinoid-terpenoid entourage effects. 
British Journal of Pharmacology. 2011;163(7):1344-64. 

60. Hill TD, Cascio MG, Romano B, Duncan M, Pertwee RG, Williams CM, et al. Cannabidivarin-rich cannabis 
extracts are anticonvulsant in mouse and rat via a CB1 receptor-independent mechanism. British Journal of 
Pharmacology. 2013;170(3):679-92. 

61. McPartland JM, Duncan M, Di Marzo V, Pertwee RG. Are cannabidiol and delta(9) -tetrahydrocannabivarin 
negative modulators of the endocannabinoid system? A systematic review. British Journal of Pharmacology. 
2015;172(3):737-53. 

62. Bolognini D, Costa B, Maione S, Comelli F, Marini P, Di Marzo V, et al. The plant cannabinoid delta9-
tetrahydrocannabivarin can decrease signs of inflammation and inflammatory pain in mice. British Journal 
of Pharmacology. 2010;160(3):677-87. 

63. Rong C, Lee Y, Carmona NE, Cha DS, Ragguett RM, Rosenblat JD, et al. Cannabidiol in medical marijuana: 
Research vistas and potential opportunities. Pharmacological Research. 2017;121:213-8. 

64. Izzo AA, Borrelli F, Capasso R, Di Marzo V, Mechoulam R. Non-psychotropic plant cannabinoids: new 
therapeutic opportunities from an ancient herb. Trends in Pharmacological Sciences. 2009;30(10):515-27. 

65. Boggs DL, Nguyen JD, Morgenson D, Taffe MA, Ranganathan M. Clinical and preclinical evidence for 
functional interactions of cannabidiol and delta(9)-tetrahydrocannabinol. Neuropsychopharmacology. 
2018;43(1):142-54. 

66. Wilson DM, Varvel SA, Harloe JP, Martin BR, Lichtman AH. SR 141716 (Rimonabant) precipitates withdrawal 
in marijuana-dependent mice. Pharmacology, Biochemistry, and Behavior. 2006;85(1):105-13. 

67. Bruijnzeel AW, Qi X, Guzhva LV, Wall S, Deng JV, Gold MS, et al. Behavioral characterization of the effects of 
cannabis smoke and anandamide in rats. PLoS One. 2016;11(4):e0153327. 

68. Paule MG, Allen RR, Bailey JR, Scallet AC, Ali SF, Brown RM, et al. Chronic marijuana smoke exposure in the 
rhesus monkey. II: Effects on progressive ratio and conditioned position responding. Journal of 
Pharmacology and Experimental Therapeutics. 1992;260(1):210-22. 

69. Ali SF, Newport GD, Scallet AC, Paule MG, Bailey JR, Slikker W, Jr. Chronic marijuana smoke exposure in the 
rhesus monkey. IV: Neurochemical effects and comparison to acute and chronic exposure to delta-9-
tetrahydrocannabinol (THC) in rats. Pharmacology, Biochemistry, and Behavior. 1991;40(3):677-82. 

70. Westlake TM, Howlett AC, Ali SF, Paule MG, Scallet AC, Slikker W, Jr. Chronic exposure to delta 9-
tetrahydrocannabinol fails to irreversibly alter brain cannabinoid receptors. Brain Research. 
1991;544(1):145-9. 

71. American Psychiatric Association. Diagnostic and statistical manual of mental disorders (5th ed.). Arlington, 
VA: American Psychiatric Publishing; 2013. 

72. World Health Organization. ICD-10 : international statistical classification of diseases and related health 
problems. 2nd ed. Geneva, Switzerland: World Health Organization; 2004. 

73. Budney AJ, Hughes JR. The cannabis withdrawal syndrome. Current Opinion in Psychiatry. 2006;19(3):233-
8. 

74. Budney AJ, Hughes JR, Moore BA, Novy PL. Marijuana abstinence effects in marijuana smokers maintained 
in their home environment. Archives of General Psychiatry. 2001;58(10):917-24. 

75. Budney AJ, Hughes JR, Moore BA, Vandrey R. Review of the validity and significance of cannabis withdrawal 
syndrome. American Journal of Psychiatry. 2004;161(11):1967-77. 



   

 
 
 

21 

76. Budney AJ, Moore BA, Vandrey RG, Hughes JR. The time course and significance of cannabis withdrawal. 
Journal of Abnormal Psychology. 2003;112(3):393-402. 

77. Bonnet U, Preuss UW. The cannabis withdrawal syndrome: current insights. Substance Abuse and 
Rehabilitation. 2017;8:9-37. 

78. Haney M, Ward AS, Comer SD, Foltin RW, Fischman MW. Abstinence symptoms following smoked 
marijuana in humans. Psychopharmacology. 1999;141(4):395-404. 

79. Jones RT, Benowitz N, Bachman J. Clinical studies of cannabis tolerance and dependence. Annals of the 
New York Academy of Sciences. 1976;282:221-39. 

80. Ramesh D, Schlosburg JE, Wiebelhaus JM, Lichtman AH. Marijuana dependence: not just smoke and 
mirrors. ILAR Journal. 2011;52(3):295-308. 

81. Schlienz NJ, Budney AJ, Lee DC, Vandrey R. Cannabis withdrawal: A review of neurobiological mechanisms 
and sex differences. Current Addiction Reports. 2017;4(2):75-81. 

82. Wiesbeck GA, Schuckit MA, Kalmijn JA, Tipp JE, Bucholz KK, Smith TL. An evaluation of the history of a 
marijuana withdrawal syndrome in a large population. Addiction. 1996;91(10):1469-78. 

83. United Nations Office on Drugs and Crime. World Drug Report. Vienna, Austria: United Nations, 2015. 
84. Freeman TP, Winstock AR. Examining the profile of high-potency cannabis and its association with severity 

of cannabis dependence. Psychological Medicine. 2015;45(15):3181-9. 
85. Hirvonen J, Goodwin RS, Li CT, Terry GE, Zoghbi SS, Morse C, et al. Reversible and regionally selective 

downregulation of brain cannabinoid CB1 receptors in chronic daily cannabis smokers. Molecular 
Psychiatry. 2012;17(6):642-9. 

86. Sim-Selley LJ, Schechter NS, Rorrer WK, Dalton GD, Hernandez J, Martin BR, et al. Prolonged recovery rate 
of CB1 receptor adaptation after cessation of long-term cannabinoid administration. Molecular 
Pharmacology. 2006;70(3):986-96. 

87. D'Souza DC, Cortes-Briones JA, Ranganathan M, Thurnauer H, Creatura G, Surti T, et al. Rapid changes in 
CB1 receptor availability in cannabis dependent males after abstinence from cannabis. Biological Psychiatry 
Cognitive Neuroscience and Neuroimaging. 2016;1(1):60-7. 

88. Haney M, Hart CL, Vosburg SK, Nasser J, Bennett A, Zubaran C, et al. Marijuana withdrawal in humans: 
Effects of oral THC or divalproex. Neuropsychopharmacology. 2004;29(1):158-70. 

89. Levin KH, Copersino ML, Heishman SJ, Liu F, Kelly DL, Boggs DL, et al. Cannabis withdrawal symptoms in 
non-treatment-seeking adult cannabis smokers. Drug and Alcohol Dependence. 2010;111(1-2):120-7. 

90. Weinberg AD, Dimen EM, Simon GS, Harris LS, Borzelleca JF. Measurements of weight and activity in male 
mice following inhalation of cannabis smoke in a controlled smoke exposure chamber. Toxicology and 
Applied Pharmacology. 1977;42(2):301-7. 

91. Lichtman AH, Poklis JL, Poklis A, Wilson DM, Martin BR. The pharmacological activity of inhalation exposure 
to marijuana smoke in mice. Drug and Alcohol Dependence. 2001;63(2):107-16. 

92. Varvel SA, Bridgen DT, Tao Q, Thomas BF, Martin BR, Lichtman AH. Delta9-tetrahydrocannbinol accounts 
for the antinociceptive, hypothermic, and cataleptic effects of marijuana in mice. Journal of Pharmacology 
and Experimental Therapeutics. 2005;314(1):329-37. 

93. Justinova Z, Goldberg SR, Heishman SJ, Tanda G. Self-administration of cannabinoids by experimental 
animals and human marijuana smokers. Pharmacology, Biochemistry, and Behavior. 2005;81(2):285-99. 

94. Chait LD. Delta-9-tetrahydrocannabinol content and human marijuana self-administration. 
Psychopharmacology. 1989;98(1):51-5. 

95. Chait LD, Zacny JP. Reinforcing and subjective effects of oral delta 9-THC and smoked marijuana in humans. 
Psychopharmacology. 1992;107(2-3):255-62. 

96. Haney M, Malcolm RJ, Babalonis S, Nuzzo PA, Cooper ZD. Oral cannabidiol does not alter the subjective, 
reinforcing or cardiovascular effects of smoked cannabis. Neuropsychopharmacology. 2016;41(8):1974-82. 

97. Chait LD, Burke KA. Preference for high- versus low-potency marijuana. Pharmacology, Biochemistry, and 
Behavior. 1994;49(3):643-7. 



   

 
 
 

22 

98. Haney M, Comer SD, Ward AS, Foltin RW, Fischman MW. Factors influencing marijuana self-administration 
by humans. Behavioural Pharmacology. 1997;8(2-3):101-12. 

99. Kelly TH, Foltin RW, Emurian CS, Fischman MW. Are choice and self-administration of marijuana related to 
delta 9-THC content? Experimental and Clinical Psychopharmacology. 1997;5(1):74-82. 

100. Mendelson JH, Mello NK. Reinforcing properties of oral delta 9-tetrahydrocannabinol, smoked marijuana, 
and nabilone: influence of previous marijuana use. Psychopharmacology. 1984;83(4):351-6. 

101. Ward AS, Comer SD, Haney M, Foltin RW, Fischman MW. The effects of a monetary alternative on 
marijuana self-administration. Behavioural Pharmacology. 1997;8(4):275-86. 

102. Chait LD, Evans SM, Grant KA, Kamien JB, Johanson CE, Schuster CR. Discriminative stimulus and subjective 
effects of smoked marijuana in humans. Psychopharmacology. 1988;94(2):206-12. 

103. Wachtel SR, ElSohly MA, Ross SA, Ambre J, de Wit H. Comparison of the subjective effects of delta(9)-
tetrahydrocannabinol and marijuana in humans. Psychopharmacology. 2002;161(4):331-9. 

104. Hunault CC, van Eijkeren JC, Mensinga TT, de Vries I, Leenders ME, Meulenbelt J. Disposition of smoked 
cannabis with high delta(9)-tetrahydrocannabinol content: a kinetic model. Toxicology and Applied 
Pharmacology. 2010;246(3):148-53. 

105. Hart CL, Ward AS, Haney M, Comer SD, Foltin RW, Fischman MW. Comparison of smoked marijuana and 
oral delta(9)-tetrahydrocannabinol in humans. Psychopharmacology. 2002;164(4):407-15. 

106. Ilan AB, Gevins A, Coleman M, ElSohly MA, de Wit H. Neurophysiological and subjective profile of marijuana 
with varying concentrations of cannabinoids. Behavioural Pharmacology. 2005;16(5-6):487-96. 

 

 
 


