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Brain imaging of cannabinoid receptors 
 
*************************************************************************************************** 
 

 
1. Abstract 
 

The primary goals of this developmental project are to examine whether heavy cannabis use alters 
brain cannabinoid type 1 receptor (CB1R) availability in females, and if severity of cannabis 
withdrawal is correlated with CB1 receptor availability.  It is well established that dependence-
producing effects of cannabis (marijuana, MJ) are due primarily to the actions of Δ-9-
tetrahydrocannabinol (THC) on cannabinoid type 1 receptor (CB1R)(1, 2). Why is it important to 
study female MJ users? The scientific premise is that women have greater sensitivity to the abuse-
related effects of MJ and with chronic use may show neuroadaptive changes in CB1R that might be 
similar or differ from men(3). Women show an accelerated trajectory from first MJ use to onset of 
CUD and first treatment admission(4, 5). It is also established that women entering treatment present 
with more severe medical, psychological, and social problems, and have a higher rate of relapse 
than men(6, 7). The causes of ‘telescoping’ and greater relapse risk in women are unknown, but sex 

differences in neurobiology are proposed(4-6). CB1R are widely distributed in the human brain and 
can be quantified using positron emission tomography (PET) with the radiotracer 11C-OMAR(8). 
Our group and others have found CB1R availability is higher in female than male healthy non-users 
(9). Such innate differences in CB1R may contribute to sex-differences in MJ effects and the 
development of cannabis use disorder (CUD). Surprisingly, the consequences of chronic MJ use on 
brain CB1R have not been studied in females. Toward this goal, we will enroll 10 female MJ users 
with CUD and 10 matched controls in an inpatient protocol that includes administration of smoked 
MJ, followed by monitored abstinence with daily behavioral assessments, and PET imaging with 
11C-OMAR. The proposed study is an important first step to determine whether localized CB1R 
changes in female MJ users help explain, and provide a neurobiological target for intervention. 
Results will increase knowledge of cannabinoid mechanisms of CUD in females, an understudied 
population. 

 
2. Objectives (include all primary and secondary objectives) 
 

The proposed exploratory studies will help fill gaps in existing research by determining if female 
MJ users show changes in CB1R availability when compared to matched controls, and if severity of 
MJ withdrawal, craving and negative mood during abstinence in MJ users are correlated with CB1R 
availability. CB1R availability (distribution volume, VT) will be determined for regions associated 
with mood (amygdala and hippocampus), reward (ventral striatum), cognition (frontal cortex), 
motor function and learning (cingulate, putamen, and globus pallidus).  
 
Primary objective 1: To examine CB1R availability (VT) in female MJ users and matched 
controls.  
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Hypotheses1: When compared to controls, female MJ users will have lower VT, and the magnitude 
of downregulation will be correlated with greater severity of CUD. 

Primary objective 2: To evaluate whether severity of withdrawal during MJ abstinence is 
negatively associated with CB1R VT in female MJ users.  
Hypotheses 2: Greater severity of withdrawal symptoms, negative mood and craving will be 
correlated with lower VT, particularly in the amygdala and hippocampus.  

Secondary objective 3: To examine subjective effects before and after acute MJ administration in 
MJ users and explore the relationship of these measures to CB1R VT.  

Hypothesis 3: Ratings increases in subjective ratings of ‘good’ and ‘take again’ for MJ will be 
inversely correlated with VT in ventral striatum, cingulate, and putamen. 

Secondary objective 4: To examine cognitive performance before and after acute MJ 
administration in MJ users and explore the relationship of these measures to CB1R VT.  

Hypothesis 4: MJ will produce impairment of working memory, sustained attention, executive 
function and planning in MJ users, when compared to their own baseline and when compared to 
non-drug conditions in controls. We will examine if cognitive performance deficits in response to 
MJ are correlated with CB1R VT in frontal cortex, cingulate, and putamen.  

 
3. Background (briefly describe pre-clinical and clinical data, current experience with procedures, 

drug or device, and any other relevant information to justify the research) 
  
Public health significance. Cannabis (Marijuana, MJ) is the most widely used illicit drug in the 
world. An estimated 5.4 million individuals in the U.S. use MJ daily, and about 4.3 million meet 
criteria for current Cannabis Use Disorder (CUD)(10). CUD treatment admissions have been steadily 
increasing, but most patients entering treatment fail to achieve sustained MJ abstinence(11). Chronic 
MJ use has been linked with anxiety and mood disorders(12, 13), and women are at greater risk for 
these disorders than men(5). At the same time, MJ and related compounds are under investigation for 
medical use(14). There are currently 25 U.S. states and the District of Columbia that enacted laws to 
legalize medical use of MJ, and 4 states legalized non-medical use of MJ; two states have pending 
legislation in 2016. Coincident with this, rates of daily MJ use have increased and perceptions of 
harm associated with use have decreased(15-17). As a result, there is growing need for improved 
understanding of the consequences of MJ use to the individual and society. 

The endocannabinoid system. The endocannabinoid system includes two naturally occurring ligands 
arachindonoylethanolamide (anandamide) and 2-arachidonoylglycerol (2-AG), which bind to and 
activate 2 receptors, cannabinoid type 1 (CB1R) and type 2 (CB2R). CB1R are expressed 
preferentially in the human brain with high density in regions involved in drug reward (nucleus 
accumbens), mood regulation (amygdala and hippocampus), motor function and learning (caudate, 
putamen, globus pallidus) and cognition (frontal cortex)(8). Studies in rodents indicate that repeated 
cannabinoid exposure produces down-regulation of CB1R in key brain regions(18-21), which was 
concurrent with development of cannabinoid tolerance(18-20).  

Sex differences in cannabinoid sensitivity. Studies in humans and animals indicate females are more 
sensitive than males to many effects of MJ(7, 22, 23), and females reported more severe MJ 
withdrawal, compared with males matched for MJ use(24). Thus, innate sex differences in CB1R and 
MJ sensitivity, combined with possible sex-specific neuroadaptive changes associated with chronic 
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MJ use may contribute to greater withdrawal severity and relapse in females.  Preclinical research 
indicates that females show more cannabinoid-induced motor impairment, catalepsy and 
antinociception than males(25, 26), and develop tolerance to these effects more rapidly under the same 
dosing regimen as males(27). When compared to males, female rats acquire cannabinoid self-
administration more quickly, show more persistent responding during extinction, and are more 
sensitive to cannabinoid-associated cues(28, 29). Discontinuation of chronic THC produced more 
anxiety-related behaviors in female rats than males(30). Surprisingly few human laboratory studies 
have examined sex differences in MJ sensitivity, but those to date indicate women are more 
sensitive to the abuse-related subjective effects of MJ(23, 31). Studies in our laboratory and others 
have found that women experience greater withdrawal distress than men, but these studies were 
retrospective(24, 32, 33).  

When measured prospectively, abrupt abstinence after heavy MJ use results in a withdrawal 
syndrome that includes increases in anxiety, depression, irritability, anger, sleep problems, 
decreased food intake and weight loss(34-37). Symptoms are observed within 1-3 days, peak at 3-6 
days, then slowly return to baseline over days to weeks(35, 38). The fact that symptoms are reversed 
by resumption of MJ use or oral THC indicates that withdrawal is pharmacologically specific to 
THC(39, 40). Prospective studies that characterized withdrawal symptoms during verified MJ 
abstinence were conducted in largely male samples. We know far less about MJ withdrawal in 
women or the mechanisms involved. Clearly, this area of research needs to be addressed.  

Quantification of CB1R via PET: There are a number of CB1R radiotracers available for human 
use(41). Only a few human PET studies have evaluated CB1R in MJ users; two studies were in all 
male MJ smokers(42, 43), and a third was in almost all male MJ users (only 2 women)(44). Still, these 
studies demonstrated CB1R downregulation in male MJ users, and that CB1R binding increased 
with continued abstinence(42, 43). This suggests that CB1R downregulation may reflect a state rather 
than trait condition, and thus may be a primary mechanism of MJ withdrawal. However, prior 
studies have not controlled for time since last MJ use and studies were in almost entirely male 
subejcts. Potential changes in CB1R in women are unknown.  

[11C]-OMAR (JHU75528), which is an analog of the CB1R antagonist/inverse agonist rimonabant, 
was developed, synthesized and first tested in humans at the JHU PET center(8, 45, 46), and will be 
used in the proposed studies under IND76,698 (PI: Wong). Our [11C]-OMAR data in rodents, 
baboons and humans are highly consistent with the density and distribution of CB1R in human 
autoradiography studies(47, 48). It has excellent test-retest reliability (mean ΔVT -3%, SD10%)(49), 
and specific to non-specific binding is in the order of other PET CB1 tracers(41, 50). CB1R selectivity 
of [11C]-OMAR is supported by PET data in CB1R knockout and wild type mice(51), as well as in 
our in vivo occupancy studies in humans, which showed a CB1R antagonist inhibited [11C]-OMAR 
binding (¬90%)(52). In mice, we verified acute THC (10-40 mg/kg, IP) did not displace [11C]-
OMAR (Wong, unpublished findings), and are unaware of any studies showing THC displacement 
of any of the CB1 PET ligands. Because [11C]-OMAR functions as an antagonist/inverse agonist at 
CB1R, it is less affected by CB1R agonists like THC (unpublished data Wong lab). Indeed, for all 
PET ligands developed across the different receptor systems, the majority are antagonists for this 
reason. Thus, we believe [11C]-OMAR binding will not be impacted by residual THC. Rodent 
studies support this interpretation as chronic cannabinoid administration decreased CB1R density, 
and not CB1R affinity(53-55). [11C]-OMAR has been successfully used to demonstrate 16-22.9% 
increases in VT in multiple VOIs in alcohol dependent subjects(56), and 15% decreases in male MJ 
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users(43), when compared to controls. Thus, given meaningful group differences detected by us and 
others, we believe [11C]-OMAR is the appropriate radiopharmaceutical for our studies. 

Sex differences in CB1R. Sex-related differences in CB1R density have been identified in 
autoradiography studies in rodents, although the direction of sex effects differ depending on the 
brain region, age and procedures used(53, 57). In one study, intact female rats had higher in vitro 
densities of CB1/CB2 receptors in the amygdala, but lower CB1R density in the hypothalamus than 
males(54); this effect was sex steroid dependent, as ovariectomy resulted in CB1R upregulation in 
females. When estrus cycle was included in the analyses, females had higher endocannabinoid 
levels in the hypothalamus, pituitary, striatum, midbrain, and hippocampus than males(58, 59). A 
human PET study using [18F]MK-9470 reported lower Patlak slope Ki binding in women than 
men(60) (It is important to note that this measure does not separate flow and binding per se so 
decreased Ki could be a combination of both). In contrast, in our studies and others(9, 61) using 11C-
OMAR PET in healthy volunteers, women had higher mean composite VT than men. The reason 
for the differences across studies is unclear, but highlights the need for research to understand 
cannabinoid neurobiology. We need to examine mechanisms underlying more rapid progression to 
CUD in women, and prospectively examine their withdrawal symptom presentation. Given that the 
primary pharmacological treatments for CUD are those that act via the CB1R, and that women 
make up almost half of the population seeking treatment, research on MJ effects on the brain and 
behavior collected under scientifically rigorous, must be extended to studies in women. The public 
health importance of these data include identification of sex-specific symptoms, and improved 
treatment approaches based on CB1R differences. 

 
4. Study Procedures 

a. Study design, including the sequence and timing of study procedures   
(distinguish research procedures from those that are part of routine care). 

 
Protocol Overview: The proposed research study will be conducted at the Johns Hopkins 
Behavioral Pharmacology Research Unit (BPRU), the Johns Hopkins Bayview Clinical Research 
Unit (CRU) and the Johns Hopkins Hospital (JHH) PET Imaging Center.  All participants will be 
healthy volunteers and all procedures will be for research purposes.   
Female MJ users will be enrolled in a protocol that includes an outpatient drug administration 
session and a 4-day/3-night inpatient stay on the Johns Hopkins Bayview Clinical Research Unit 
(CRU).  During the outpatient visit, MJ users will have an MRI conducted and they will complete a 
placebo MJ self-administration session. Subsequent to this, a residential study visit will be 
completed. MJ users will arrive at the CRU early in the morning of Day 1 to complete a smoked MJ 
self-administration session, and be admitted to the CRU. MJ users will reside on the CRU, abstinent 
from MJ, and complete an MRI, and daily assessments of MJ craving, withdrawal and mood. On 
Day 4, [11C]-OMAR PET scan will be completed to measure CB1R VT. Controls (matched with MJ 
users for age, race, cigarette use, and BMI) will complete MRI, PET and cognitive testing under an 
outpatient protocol (no MJ administration). 
Human Subjects Involvement, Characteristics, and Design  
Recruitment will include newspaper, radio and other advertisements in the local Baltimore area. 
Female subjects aged 18-45 will be recruited based on demographics of MJ smokers as in our prior 
studies and as represented in samples of the community. Based on a recent census, the greater 
Baltimore area population is mostly Caucasian (61%) or African American (30%); the remaining 
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9% is mostly Asian (6%) and persons reporting other/ two or more races (2%). About 8% of the 
population report Hispanic or Latino origin. For Baltimore City, where JHU is located, the 
population is mostly African American (64%) or Caucasian (29%). MJ smokers in our prior studies 
were mostly African American (>80%) and non-Hispanic (96%); we anticipate a similar 
distribution for the current study sample; we will recruit non-users to match demographic 
characteristics of MJ users. 
All potential subjects will be screened by telephone using a standardized initial questionnaire, 
which includes demography, alcohol and drug use patterns and associated problems, and a brief 
personal medical and mental health status. This telephone screening addresses the major 
inclusion/exclusion criteria for the study and quickly rules out respondents who disqualify. We 
anticipate a highly adequate recruitment flow of subjects. In earlier studies, we completed a total of 
approximately 600 phone call inquiries and telephone screens annually. Based on our recent 
experience, we estimate we will consent and assess about 3 persons for each subject who completes 
study procedures. This is necessary to have a sufficient pool of subjects who meet 
inclusion/exclusion criteria and matching rules to achieve balanced subject groups.  
Subjects who appear eligible based on the telephone interview are informed of the general nature of 
the study, including study duration and commitment, introductory information about the medication, 
the nature of the measurement procedures, and compensation amount and arrangements. Interested 
volunteers are then invited for an in-person interview at the Behavioral Pharmacology Research Unit 
(BPRU) facilities on the Bayview Campus.  
 
Screening. 
Subjects who appear eligible and provide written informed consent will complete an in-person 
screening visit that includes a standard battery of instruments, a medical history, physical 
examination, vital signs, and standard blood chemistry and hematology laboratory tests. Prior to any 
research participation, subjects provide written informed consent using the Institutional Review 
Board (IRB) approved form; consent is obtained by IRB-approved members of the research team. 
Upon enrollment, subjects are assigned a unique study identifier (ID). Only subject IDs will be used 
to code all data forms. 
Multiple assessment instruments will be done to determine who should be included and who 
excluded, and to provide measures that may be included as covariates in analyses. The Mini-
International Neuropsychiatric Interview (MINI, v.7)(62) for DSM-5 will be used to assess CUD, 
other SUD, and psychological disorders. Alcohol and MJ use will be characterized using the 90-day 
Time Line Follow Back (TLFB)(63). The MINI and Fagerström Test for Nicotine Dependence 
(FTND)(64) will be used to determine presence of tobacco use disorder and severity of nicotine 
dependence. The Marijuana Quit Questionnaire(65) and a retrospective Marijuana Withdrawal 
Checklist (MWC)(35) will be used to obtain history of MJ use, quit attempts, and presence of MJ 
withdrawal symptoms during prior periods of abstinence. Nonusers will be recruited to match MJ 
users for age, rage, cigarette use and BMI.  Only healthy volunteers are eligible. Volunteers who 
appear eligible for study participation at the end of the screening visit will complete training on the 
battery of computer assessments, and a screening ECG (see below).  

ECG Screening. 
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The study team physicians with JHBMC privileges will review all health information to determine 
initial study eligibility.  Any participants with a history of heart disease, or blood pressure that 
exceeds a systolic blood pressure of 150 mmHg or a diastolic blood pressure of 90 mmHg will be 
excluded. Only healthy volunteers are eligible.  Although cannabinoids in general do not have an 
ECG indicated for their prescription, a 12-lead ECG will be conducted in those that appear to meet 
all other study inclusion/exclusion criteria as an additional screening procedure. If the ECG shows 
any abnormalities, a credentialed cardiologist will determine if the abnormality may be clinically 
significant (incidental findings).  Participants that have clinically relevant ECG abnormalities will 
be excluded from further study participation. 
Outpatient Session 1 
Cannabis users and Controls who meet eligibility criteria will come to the BPRU for and complete an 
MRI in the morning.  In the afternoon, Controls will complete the cognitive performance tasks, and 
MJ users will complete an outpatient session that includes cannabis self-administration and cognitive 
performance tasks (see below). 
 
MRI Procedures.  
Eligible participants will have a MRI scan of the head to identify the anatomy of the brain for co-
registration with the PET images.  The MRI exam will take approximately 40 min. Prior to the 
MRI, each participant will be asked to complete a standard questionnaire to determine if the 
participant has any metal in the eyes or head.  The purpose of this questionnaire is to ensure that the 
participants are safely able to enter the MRI area.  After answering this questionnaire, a small 
number of participants may be required to undergo two anteriorposterior (AP) skull x-rays to further 
determine if it is safe for them to enter the MRI area.  If the skull x-rays are necessary, the MRI 
staff will explain the x-ray procedure to the participant.  The results of the x-rays will then 
determine if it is safe for the participant to enter the MRI area.  An extremely small number of 
participants are determined to be unsafe to enter the MRI area based on the questionnaire and/or x-
rays.  If this should happen, or if the participant chooses not to have the x-rays, the participant will 
be removed from the study. 
 
Clinical Research Unit (CRU) Stay 
MJ users will complete a 4-day protocol that includes a stay on the Bayview CRU for 3 nights. MJ 
users will complete procedures as part of an inpatient stay. Throughout the CRU stay participants 
can use a telephone, have reading material and watch television. No visitors will be allowed during 
the CRU stay. Throughout the CRU stay, cannabis users will complete daily assessments three 
times daily (7am, noon, 7pm). Assessments include: 

• Vital signs (heart rate, blood pressure)  
• Breath CO levels 
• Profile of Mood State (POMS) (66, 67) 
• Beck Anxiety Inventory (BAI)(68) 
• Marijuana Withdrawal Checklist (MWC) (35) 
• Marijuana Craving Questionnaire Short Form (MCQ-SF)(69). 

 
Laboratory assessment of MJ withdrawal.  
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The 14-item MCQ-SF(69) will be used to assess MJ craving along 4 dimensions: compulsivity, 
emotionality, expectancy, and purposefulness. In prior laboratory studies using the MCQ-SF we 
demonstrated craving is increased during abstinence(70, 71). The MWC lists 32 symptoms and 
includes non-specific items to minimize response bias and is labeled the Behavior Checklist to 
minimize expectancy. Participants indicate severity on a 4-pt scale ranging from 0 (not at all) to 3 
(severe) which yields a composite Withdrawal Discomfort Score (WDS) for symptoms reliably 
observed in MJ withdrawal that is sensitive to changes during abstinence and to oral THC 
(dronabinol)(35, 39, 40, 72, 73). In heavy MJ users (>25 days/month)(35), WDS scores for MJ users 
increase from baseline at 1-3 days, remained high over days 4-6, then slowly declined. Thus, 
imaging after 3 days abstinence will target peak withdrawal. 
 
Cannabis Self-administration Session Procedures.  
MJ users will complete two self-administration sessions.  One session will be completed during an 
outpatient visit (OP Visit 1) and the second session will be completed on the day of inpatient 
admission to the CRU.  
MJ users will be scheduled to arrive to the BPRU early in the morning for cannabis self-
administration session. All participants will complete a breath alcohol test on arrival.  Participants 
with a positive BAL will be immediately discharged from the study.  Urine drug and pregnancy 
testing will then be conducted for all participants to test for evidence of recent illicit drug use and 
pregnancy.  Volunteers must have negative urine drug screens (except for MJ for MJ users) on the 
day of the cannabis exposure session to participate.  Participants will be fed a standardized low fat 
breakfast (e.g. toast and jam) each morning prior to cannabis administration. An intravenous catheter 
will be placed in one arm for blood sampling.  
Dried cannabis will be smoked using a small commercial pipe.  Placebo (<1% THC) and active 
(approximately 10-13% THC cannabis will be prepared by the BPRU pharmacy such that the same 
volume of cannabis will deliver 0 mg, or 25 mg of THC.  This procedure has been demonstrated to 
reliably deliver doses of THC from dried cannabis and adequately blinds study conditions. The pipe 
will be filled by the pharmacy with the appropriate THC dose, and then dispensed to study 
participants for self-administration. 
The THC doses will be administered in fixed order during the OP visit 1 (placebo), and IP visit Day 
1 (active).  Study participants and research staff administering the cannabis will be blinded to THC 
dose administered.  Participants will be provided with cannabis and drinking water approximately 
one hour after finishing their standardized low fat breakfast, and will be instructed that they need to 
self-administer the cannabis within 5 minutes. The conclusion of cannabis consumption will be 
considered the “0 hour” by which remaining protocol assessments will be scheduled.  Cannabis 
smoking will occur in a specially ventilated room in the BPRU designed for the conduct of research 
with smoked/inhaled drugs that minimizes staff exposure to second-hand smoke. 
Assessments during active and placebo MJ administration sessions will include: 

• Vital signs (heart rate, blood pressure)  
• Drug Effect Questionnaire (DEQ)(39, 40) 
• Marijuana Rating Form (MRF)(74)  
• Marijuana Craving Questionnaire Short Form (MCQ-SF)(69). 
•  

Assessment of circulating levels of THC and its metabolites.  
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At least 30 min before the session, a catheter will be inserted into a vein of one arm for withdrawal of 
blood specimens during the Cannabis Self-administration Session . Blood samples will be collected 
immediately after subjective and cardiovascular measures -15 (baseline), immediately after smoking 
(0) and then +5, +15, +30, +45, +60, +90, +120, +180 min after the start of smoking, and plasma 
levels of THC and its metabolites (11-OH-THC and THC-COOH) will be determined. Times are 
based on prior studies(75). Samples will be frozen (−20 C) until analysis, then analyzed for 
quantitative levels using GC/MS as in our prior studies(76, 77). 
Performance Session.  
We will test domains of cognitive and psychomotor functioning relevant to daily functioning in both 
cannabis users and match healthy control non-users using the following computerized tasks: 

• Digit Symbol Substitution Task (DSST), a measure of psychomotor ability and short-term 
 memory 

• Paced serial addition task (PASAT), a measure of working memory and sustained attention 
• Divided Attention Task (DAT), a measure of the ability to divide attention on more than one 

task 
 
During the assessment visit, subjects will complete training and practice tasks until performance is 
stable (+20%) for 3 consecutive trials. These tasks are sensitive to MJ-induced impairment(78-81).  
 
PET Scan Procedures:   
Controls will complete PET procedures during an outpatient visit (OP Visit 2), and MJ users will 
complete the PET procedures on day 4 of the CRU impatient stay. 
 
Prior to the PET scan participants will complete procedures i-iv. 
 
(i)Facemask Procedures:   

Each participant will have a facemask custom-fitted to facilitate maintaining the same position 
of the head for the PET scan. The facemask will be constructed on the day of the PET scan. To 
make the mask, a soft, warm piece of plastic will be laid across the participant’s face.  The 

plastic touches the participant’s face from his/her forehead to the middle of his/her nose.  The 

plastic molds to the shape of the participant’s face and hardens as it cools. The facemask will 

take approximately 10 minutes to construct. 
 
(ii)Pregnancy Testing for Females prior to all PET scans:  

All female participants will be required to provide a urine sample for pregnancy testing.  The 
pregnancy test must be negative for the participant to continue with the study. 

 
(iii) Laboratory Assessments:  

On the day of the PET scan, prior to starting the PET procedures, all participants will be 
required to provide a urine sample for urine drug screen.  The urine drug screen must also be 
negative (except for cannabis in cannabis users) for the participant to continue with the study.  
Participants will also take breathalyzer tests for exhaled carbon oxide (CO) and alcohol.  The 
breathalyzer test must also be negative for alcohol the participant to continue with the study. CO 
levels must be lower than admission CO (verified smoking abstinence) 
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(iv)Catheters and blood sampling:  
All participants will have two catheters, a venous and arterial, placed prior to the start of the 
PET scan.  The first venous catheter will be inserted into a vein of one arm for the injection of 
the radiotracer.  The arterial catheter will be inserted into a radial artery of the other arm by an 
anesthesiologist for rapid withdrawal of blood specimens for analysis of radiotracer. The wrist 
of each participant will be infiltrated intradermally via a 30 gauge needle with 2 mL 1% (20 mg 
(0.3 mg/kg for most adults) lidocaine hydrochloride before the insertion of the arterial line to 
provide local anesthesia. If participants experience discomfort at the site of insertion of the 
arterial line, then they will be administered subcutaneous injections of 2 mL 1% (20 mg (0.3 
mg/kg for most adults) lidocaine hydrochloride. This dose corresponds to 10% of the maximal 
recommended dose and 5% of the dose associated with effects on the central nervous system. 
During the PET scan, up to forty blood samples (a total blood volume of approximately 150 
mL) will be collected for metabolite and radioactivity analysis of the radiotracer.   

 
(v)Transmission and emission scan:   

After the catheters are placed the participant will be placed in the PET scanner and complete a 6 
to 10 minute transmission (attenuation) scan performed before or after the PET scan.  The 
participant will then have the PET scan performed during which an intravenous injection of 
approximately 20 mCi of [11C]-OMAR will be administered. Dynamic PET data will be 
acquired during scanning for approximately 90 minutes following tracer injection.  

 
b. Study duration and number of study visits required of research participants. 
 

Participants will have up to 6 months to complete all study procedures, from the time the informed 
consent is signed up to the completion of all study procedures. The number and type of visits 
(inpatient vs. outpatient) for each group are as follows: 

. Cannabis Users: 
 Outpatient Visits 

 OP Visit 1:  MRI, MJ administration & performance session 1 at BPRU 
   Completion of self-report measures 
 
Inpatient (IP) Stay (4 days, 3-nights) 
 IP Day 1: MJ administration & performance session 2 at BPRU 
   Admission to Bayview CRU 
   
 IP Day 1-4: Completion of daily self-report measures & 
  Monitored MJ abstinence 

 
 IP Day 4:  Completion of self-report measures  
   C11-OMAR PET scan 
   CRU discharge  
 

 Controls: 
 Outpatient Visits 

 Visit 1:  MRI & performance session 1 at BPRU 
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   Completion of self-report measures  
 
 Visit 2:  Performance session 2 at BPRU 
   Completion of self-report measures  
   C11-OMAR PET scan 
 
 

Blinding, including justification for blinding or not blinding the trial, if applicable. 
 
  Cannabis dose order of active vs. placebo will be blinded for participants in this study. 
Research assistants administering assessment forms will also be blinded.   It is standard 
procedure for appropriate scientific control in studies evaluating dose effects of psychoactive 
drugs to blind dose assignment.   
 

c. Justification of why participants will not receive routine care or will have current therapy 
stopped. 
 
This is a non-treatment study.  Participants in this study will be healthy volunteers.  Routine 
care for any medical illness that may arise during participation will not be affected. Participants 
seeking treatment for CUD are not eligible.  
 

d. Justification for inclusion of a placebo or non-treatment group. 
 
Cannabis dose order (active vs. placebo) will be blinded for participants in this study. Research 
assistants administering assessment forms will also be blinded.   It is standard procedure for 
appropriate scientific control in studies evaluating dose effects of psychoactive drugs to blind 
dose assignment.  Medical personnel and PIs will not be blind to the dose of cannabis. 
 

e. Definition of treatment failure or participant removal criteria. 
 
This is not a treatment study. Participants may withdraw at any time for any reason.  The study 
investigators will discharge study participants for failing to attend their scheduled session, 
failure to follow the protocol requirements, or for other reasons not known at this time. 
Participants can also be removed from the study for a positive toxicology test (except for MJ in 
MJ users), or pregnancy test.  Participants will be removed if they are unable to complete all 
protocol procedures.  Participants will also be removed from the study if the participant 
experiences an event making it unsafe for the participant to continue to participate in the study.  
Participants may also be removed if the principal investigator feels it is in the best interest of the 
participant. 
 
Description of what happens to participants receiving therapy when study ends or if a 
participant’s participation in the study ends prematurely. 
 
This is not a treatment trial; there is no direct course of therapy related to the participant 
population being targeted.  We are recruiting healthy adults with experience using cannabis and 
who are not seeking treatment for substance use problems.  Should any report the desire for 
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treatment they will be discontinued and referred to appropriate community service centers.  For 
participants who do not meet full study inclusion/exclusion criteria participation ends after 
screening procedures. Participants who meet all inclusion/exclusion criteria may also be 
discontinued if they are unable to complete all inpatient procedures (e.g., are unable to schedule 
or complete procedures in a timely manner; unable to have an arterial line placed for the PET 
scan) or where continuation may increase risk as determined by study physicians. Participants 
will be compensated for their participation in the number of procedures up the point of the 
premature termination of their participation. 
 
Premature termination of participation may result in the need to recruit additional research 
volunteers, but should have no impact on the study volunteer directly.  
 

 
5. Inclusion/Exclusion Criteria 

 
Inclusion criteria.   
 

• Female, healthy adult volunteers who are either MJ users and nonusers (controls) 
• 18-45 years of age  
• Laboratory parameters within the normal range, unless the Investigator considers an 

abnormality to be clinically irrelevant for healthy participants; however serum creatinine and 
hepatic enzymes (AST, ALT) must be within the normal limits/. 

• Willing to make themselves available for the duration of the study and are willing to follow 
study procedures and research unit policies. 

• Women of child bearing potential must meet one of the following three criteria: 
o negative pregnancy test by serum pregnancy test 
o Following a reliable method of birth control (hormonal, intrauterine device, barrier, 

or abstinence) and  
o agreeing to follow a reliable method of birth control during the study and for one 

month following all study procedures 
 

Additional inclusion criteria for MJ users  
• self-reported MJ use at least 25 days/month for the prior 3 months,  
• present MJ positive urine sample at screening and admission,  
• meet DSM-5 criteria for moderate to severe CUD  
• report at least 2 MJ withdrawal symptoms in previous period of abstinence 

 
Additional inclusion non-users  
• report no MJ use in the past 12 months 
• Report MJ use of no more than 5 times in lifetime 
• present a MJ-negative urine sample at screening and prior to study procedures.  

 
 

 
Exclusion Criteria: Women will be excluded if pregnant, breast feeding, or planning pregnancy; 
have amenorrhea, or menstrual cycle dysfunction.  Other exclusion criteria are:  
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• 5th grade reading level as determined by the Shipley-2 vocabulary score < 18 or by Rapid 
Estimate of Adult Literacy in Medicine (REALM Health Literacy Test),  

• Current DSM-5 mood or anxiety disorder;  
• Current DSM-5 alcohol or substance use disorder (excluding MJ or nicotine) 
• Illicit drug use in last 30 days or positive urine test for illicit drugs (excluding MJ for MJ 

users) 
• Using MJ under the guidance of MD;  
• History of seizures, closed head trauma;  
• BMI <18 or >35;  
• Clinically-significant abnormality on ECG; 
• unstable hypertension (BP > 150/90); 
• conditions preventing MRI (implanted metal, claustrophobia) 
• significant anatomical abnormalities on MRI (e.g., enlarged ventricles, brain lesions);  
• Use of prescribed medications in last 3 months; over the counter drugs or herbal 

supplements which  may be counter indicated as determined by study physician may also be 
excluded 

• Have had research related exposure to ionizing radiation that in combination with the 
study’s estimated radiation exposure would result in a cumulative exposure that exceeds 

recommended exposure limits of 5 rem per year. 
• Presence or history of drug allergy, or allergic disease diagnosed and treated by a physician. 
• any serious medical condition in whom participation is contraindicated.  

 
To determine eligibility, the medical records will be reviewed by study physicians, and 
psychological assessments and full inclusion/exclusion criteria will be reviewed by Drs. Weerts or 
Vandrey.  
 

6. Drugs/ Substances/ Devices 
a. The rationale for choosing the drug and dose or for choosing the device to be used. 
b. Justification and safety information if FDA approved drugs will be administered for non-FDA 

approved indications or if doses or routes of administration or participant populations are 
changed. 

c. Justification and safety information if non-FDA approved drugs without an IND will be 
administered.  

 
Marijuana (MJ).  

MJ is a DEA Schedule I substance. All MJ (active and placebo) will be obtained specifically for use 
in this study from the Federal Drug Supply System, and will be stored and dispensed by the BPRU 
pharmacy. Dr. Vandrey has DEA and Maryland Schedule I Researcher licenses for MJ research.  
MJ will be administered under Dr. Vandrey’s supervision in his laboratory in the BPRU.  We are 
cross-referencing his IND (103,211). This protocol will be conducted under his DEA license. 
Placebo MJ contains the plant material from which the THC has been removed via ethanol 
extraction. The active MJ will contain 250mg cannabis with 10-13% THC (25mg THC dose). This 
dose was selected to ensure participant safety and tolerability (based on our previous experience) 
while maximizing the likelihood that we will administer doses that approximate current use 
patterns.  In a previously published study, Abrams and colleagues administered THC doses up to 
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30.6 mg via smoking(82).  Participants in that study were current cannabis users (at least once in the 
past 30 days), but not heavy/daily users (maximum of 10 cannabis cigarettes or equivalent amount 
of plant material in the prior 30 days).  All doses in that study were well tolerated.  Thus, we believe 
that most study volunteers will be able to tolerate the proposed doses in the present study.  

A potential risk of smoking MJ is burning or irritation of the throat/lungs. Acute administration of 
MJ can produce tachycardia, intoxication, altered mood, impaired coordination, and cognitive 
deficits. Given the experience of the participants with smoking MJ and the high tolerance to THC 
demonstrated by prior research participants in our lab and others, the risk of serious adverse events 
related to smoking MJ in the laboratory setting is minimal. There is no known risk of overdose or 
death related to MJ/THC. In cases where a participant experiences panic and or paranoid reactions, 
research staff will engage the person in relaxation exercises and will suspend research procedures 
until the volunteer has regained comfort.  These types of effects are typically of short duration.  In 
the case of an extreme adverse reaction, participants will be taken to the Johns Hopkins Bayview 
ER for treatment. 

The effects of MJ on an unborn fetus are unknown but are potentially harmful. Women who are 
pregnant, planning to become pregnant or nursing will be excluded from study participation. 
Women of child bearing potential must use an effective non-hormonal form of birth control and will 
have urine pregnancy tests at screening and prior to all procedures; only women with a negative 
pregnancy test may participate. 

PET radiotracer: 
11C-OMAR (4-cyano-1-(2,4-dichlorophenyl)-5-(4-methoxyphenyl)-N-(piperidin-1-yl)-1Hpyrazole-
3-carboxamide), previously JHU75528, is a CB1R PET radiotracer. It is an analog of the CB1R 
antagonist/inverse agonist rimonabant. 11C-OMAR was developed, synthesized and first tested in 
humans at the JHU PET center(8, 45, 46), and will be used in the proposed studies under IND 76,698 
(effective date: 4/20/07), which is held by Dr. Dean F. Wong (Co-I on this protocol). A single dose 
of approximately 370-1110 MBq of [11C]-OMAR (approximate mass dose of 5 to 14 micrograms) 
will be administered during the PET scanning procedure by intravenous bolus administration.  Each 
participant will receive a single intravenous injection of [11C]-OMAR.   

 11C-OMAR is the appropriate radiopharmaceutical for our studies. It has excellent test-retest 
reproducibility(9), and has been used successfully and safely in PET studies in alcohol dependent 
subjects(56), post-traumatic stress disorder patients(61), schizophrenic patients(8) and more recently in 
male cannabis users(43).   

 
7. Study Statistics 

a. Primary outcome variable. 
b. Secondary outcome variables. 
c. Statistical plan including sample size justification and interim data analysis. 
d. Early stopping rules. 

N/A 
 

Derivation of outcome variables. There is no appropriate, reliable reference region for 11C-OMAR due to the 
widespread distribution of CB1R in human brain. BPND (non-displaceable binding potential which requires a 
measure of absolute non-specific binding) is not appropriate for quantification of this radioligand. Volumes 
of Interest (VOI) will be generated by spatially normalizing(83) a standard VOI template(84) to individual 
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subjects on Spoiled Grass (SPGR) sequenced MRI volumes. VOIs are: ventral striatum, amygdala, putamen, 
cingulate, globus pallidus, insula, frontal cortex, and hippocampus to target regions associated with drug 
reward, mood, cognition, motor function and habit learning (see Aims). VT will be obtained for each VOI by 
plasma reference graphical analysis (PRGA); we have previously demonstrated that PRGA showed more 
robust estimates of VT than the two-compartment model, as measured with time dependency of estimates and 
the magnitude of inter-subject variability(8). VT is a standard outcome for many receptor binding 
radiopharmaceuticals.  
Sample size and Power Analysis: We propose a use of 10 subjects per group (total n=20) to reliably detect 
CB1R differences in MJ users vs. controls. We completed power analyses with SAS v3.2.2 using our mean 
and SD 11C-OMAR VT data, and assuming equal variance per group, we have 95% power for amygdala and 
globus pallidus, and 80-89% power for putamen, cingulate, insula, frontal cortex, and hippocampus to detect 
a significant (p<0.05) group difference in VT of 10% or greater. We will be underpowered to detect 10% 
change for the ventral striatum (63% power, p<0.05), but this VOI is not one of those hypothesized to be 
downregulated in withdrawal. Thus, we have sufficient power (>80%, p<0.05) for our study aims. 
Statistical Analysis Plan: Baseline participant characteristics will be summarized and compared between 
groups (female MJ users vs. controls). For each outcome variable descriptive statistics will be generated; 
continuous variables will be reported as means (SD) and categorical variables as frequencies and 
percentages. Outcome variables will undergo data cleansing and evaluated for accuracy and missing data. 
We will perform exploratory data analyses (stem-leaf displays, box plots, histograms, and Q-Q plots), and, if 
necessary, appropriate data transformations will be performed. Groups will be matched for age, race, BMI 
and nicotine use, and we will use propensity score analysis(85) to evaluate group differences. To compare the 
groups across different VOIs, we will use a general linear model, where VT will be the dependent variable 
with group status (encoded as a dummy variable) as the independent variable, along with covariates for age, 
race or any other variables indicated by propensity analyses. All VOI-based statistical analyses will be done 
with SPSS (IBM) statistical software. After the initial VOI-based analyses, we will also use Statistical 
Parametric Mapping (SPM)(83, 86) to identify changes of VT across groups without restrictions of VOIs. The 
same linear models used in VOI-based analyses will be applied to the voxel-based analyses. We plan to use a 
threshold level of p = 0.05, FDR-corrected, and the minimal cluster size at 50 voxels (~0.4 ml). Using the 
SPM package for MATlab, our model will also include fixed and random effects(87).  
Aim 1: To examine the relationship between VT and severity of CUD, our model will have VT as the 
dependent variable, and severity of CUD (number of symptoms on the MINI) as the independent variables.  
Aim 2: To determine if VT will be associated with greater withdrawal severity, greater craving and increased 
negative mood during cannabis abstinence, our model will have VT as the dependent variable, and 
assessment instrument scores for mood and MJ withdrawal (MWC)(35) and craving (MCQ-SF)(69) as the 
independent variables (Hypothesis 2).  
Exploratory Aim: For cognitive tasks and subjective effects, we will use ANOVA and linear regression to 
compare the groups. These pilot data in females will be pooled with our historic samples to generate effect 
sizes and power analysis for future sex differences research. For all analyses we will add covariates as based 
on propensity analyses. Levels of estrogen/progesterone will be included for analyses of VT. 
 
 

8. Risks 
a. Medical risks, listing all procedures, their major and minor risks and expected frequency. 
 
This study involves several separate procedures, each of which entails some risk of discomfort or 
side effects. These risks are discussed by procedure. Participants will receive a thorough description 
of all potential risks in the consent document.  
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Screening procedures: This study involves questions about dangerous or illegal behavior, 
psychiatric history, a medical history, and a physical exam. There is risk of a possible breach of 
confidentiality. There is also a small risk that participants will become upset during the screening 
interview. Participants’ names will be recorded only on the screening, informed consent, and 

necessary medical and payment forms.  Anonymous participant identification numbers will be used 
on all other forms and labeling of biological fluids and test results.   

ECG Screening. Although cannabinoids in general do not have an ECG indicated for their 
prescription, a 12-lead ECG will be conducted in those that appear to meet all other study 
inclusion/exclusion criteria as an additional screening procedure. These screening ECG results may 
identify a potentially clinically significant cardiac abnormality (i.e., incidental finding).  The 
screening ECG only identifies an “incidental finding” and is not a full diagnostic ECG. One of the 
study physicians will contact the participant and discuss the nature of the ECG findings, and if 
results are clinically significant, the physician will recommend that the participant see his/her 
physician for diagnostic evaluations, or if needed, refer the participant to an appropriate 
physician. We will provide a copy of the ECG report. Participants that have clinically relevant ECG 
abnormalities will be excluded from further study participation. Disclosure of these incidental 
findings to the participant may be distressing to the participant. 
MRI. The MRI does not involve any radiation exposure, but does involve exposure to magnetic 
fields. Although scientists do not know a great deal about the possible long-term effects of exposure 
to magnetic fields, the risks of the MRI scanning procedure are presumed to be minimal. Because 
the MRI instrument contains a powerful magnet, it could be painful if subjects have any metal 
objects in or on their body; Subjects who report metal in their body are excluded from participation. 
At-risk subjects (e.g., metalworkers) who may have metal in their eye will also complete a skull x-
ray to determine presence of metal prior to the MRI exam (see below). Some people find the MRI 
unpleasant or claustrophobic.  
 
MRIs will be reviewed by a faculty neuroradiologist, who may identify brain abnormalities 
(incidental findings), some of which may be clinically significant. These MRI results only identify 
“incidental findings” as the research MRI is not a full diagnostic MRI. One of the study Physicians 
will contact the participant and discuss the nature of the findings (e.g. benign, congenital 
abnormalities etc.) if it is not exclusionary, and if results are clinically significant, will recommend 
that the participant see his/her physician and if needed refer the participant to a physician. 
Disclosure of these incidental findings to the participant may be distressing to the participant.  
Skull x-ray. As indicated in the MRI procedures, participants may be asked to undergo two skull x-
rays to determine the participant has not metal in their skull.  This is a standard safety procedure 
employed by the Johns Hopkins MRI staff to verify it is safe for the participant to enter the MRI 
area.  If participants undergo the skull x-ray there will be an additional 0.01 rem of radiation 
exposure to the participant. 
PET and Radiologic Procedures. Studies that employ PET are approved by the Johns Hopkins 
University IRB and the Federal Drug Administration (FDA). Subjects will undergo one PET 
imaging session using the CB1R radiotracer 11C-OMAR. Use of 11C-OMAR PET in current 
protocol will be under IND# 76,698 (effective date: 4/20/07), which is held by one of the PIs, Dr. 
Dean F. Wong. Potential risks are detailed below. 

1. Catheters: All participants will have two catheters, one venous and one arterial, placed prior 
to the start of each PET scan. The venous catheter will be inserted into a vein of one arm for 



Date: 08/15/2017   
Principal Investigator: Elise Weerts. Ph.D 
Application Number: IRB00101744 
 

JHMIRB eFormA  01 
Version 3 Dated:   06/2007  

Page 17 of 29 
 

the injection of the radiotracer. The arterial catheter will be inserted into a radial artery of 
the other arm by an anesthesiologist for rapid withdrawal of blood specimens; up to 40 
blood samples (a total blood volume of approximately 150 mL) will be collected for 
metabolite and radioactivity analysis of the radiotracer.  

2. Lidocaine. Lidocaine, a local anesthetic, is administered prior to arterial catheter placement. 
There is the possibility of an allergic reaction following the topical placement or the 
injection of the lidocaine. Lidocaine will not be administered to participants with known 
allergy to lidocaine. Lidocaine may cause drowsiness, tremors, and decreased respirations 
for a few hours after administration. The maximal amount of lidocaine the participant will 
receive in this study is 10% of the maximal recommended dose and 5% of the dose at which 
any side effects (such as drowsiness or tremors) would be expected. Therefore, side effects 
from lidocaine are unlikely. 

3. Radiotracer. Only high specific activity 11C-OMAR (20 mCi) is being administered in this 
study. Each participant will receive approximately 740 MBq of 11C-OMAR (mass dose of 
0.14 micrograms/kg) during the PET scanning procedure as a bolus injection. This is a tracer 
dose of drug; therefore, no behavioral or adverse effects of the radiotracer are anticipated. 
There is a low risk of an allergic reaction following the injection of the radiotracer. Dr. 
Wong has extensive experience with 11C-OMAR under IRB approved protocols 
NA_00009703,NA_00026434, and NA_00086242. There were no significant side effects or 
adverse experiences reported during prior studies in healthy control subjects, subjects with 
schizophrenia, PTSD or alcohol dependence(8, 56, 61). However, the most common side effects 
reported with these types of drugs—such as Rimonabant—may include nausea, altered 
mood, depression, anxiety, dizziness, headache, euphoria, fatigue, and insomnia. 

4. Radiation exposure. A tracer dose of 20 mCi (~740 MBq) is delivered in the PET scan and 
results in a maximum of 0.227 rem effective dose radiation exposure. From the PET 
transmission scan, participants receive an additional 0.0026 rem of external radiation 
exposure. Thus the total radiation exposure from the one PET scan will be about 0.23 rem. If 
participants are required to have the skull x-rays performed to verify it is safe for the 
participant to enter the MRI area, the radiation exposure will increase by 0.01 rem. Thus, the 
total possible maximum amount of radiation exposure from the combined internal and 
external sources of radiation in this study will be about 0.24 rem, which is below the 
allowable annual radiation exposure limit of 5 rem per calendar year set by JHU. The 
amount of radiation exposure is also within the limits set forth by 21CFR361.1. 

5. Women for child bearing potential: To avoid unknown risks for the fetus, women of child 
bearing potential must use an effective non-hormonal form of birth control and will have 
urine pregnancy tests at screening and prior to all procedures; only women with a negative 
pregnancy test may participate. 

6. Other risks. Several additional risks occur throughout the course of the PET study. PET 
risks include a risk of pain, bleeding or infection from the catheters used for PET scan 
procedures. In rare cases, fainting or infection could occur. 

 
For MJ users only: 
MJ withdrawal:  
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Abstinence after chronic daily use or near daily use of MJ is associated with MJ withdrawal 
discomfort that includes increases in anxiety, depression, irritability, anger, sleep problems, and 
decreased food intake and weight loss(34-37). In a subset of MJ users, blood pressure can significantly 
increase during MJ abstinence (88). Since this is a focus of the study, and we will be selecting 
individuals that have shown 2 or more symptoms in the past, it is likely participants will experience 
some of these symptoms. These symptoms are time delimited, not associated with severe health 
consequences, and typically resolve on their own within 2 weeks. 
Controlled MJ administration.  
MJ is a DEA Schedule I substance. All MJ (active and placebo) will be obtained specifically for use 
in this study from the Drug Supply System of the National Institute on Drug Abuse (NIDA) and will 
be stored and dispensed by the BPRU pharmacy.  Dr. Vandrey has DEA and Maryland Schedule I 
Researcher licenses for MJ research. This protocol will be conducted under his DEA license and we 
are cross-referencing his IND (103,211).     
Active MJ will contain MJ (potency approximately 10-13% THC by volume). Placebo MJ contains 
the plant material from which the THC has been removed via ethanol extraction. A potential risk of 
smoking MJ is burning or irritation of the throat/lungs. Acute administration of MJ can produce 
tachycardia, intoxication, altered mood, impaired coordination, and cognitive deficits. Only healthy 
volunteers who are current MJ users and are fully eligible based on the study inclusion/exclusion 
criteria will receive MJ. Given the experience of the participants with smoking MJ and the high 
tolerance to THC demonstrated by prior research participants in our lab, the risk of serious adverse 
events related to smoking MJ in the laboratory setting is minimal. There is no known risk of 
overdose or death related to MJ/THC. The effects of MJ on an unborn fetus are unknown but are 
potentially harmful. Women who are pregnant, planning to become pregnant or breast feeding will 
be excluded from study participation. Women of childbearing potential must use an effective non-
hormonal form of birth control and will have urine pregnancy tests at screening and prior to all 
procedures; only women with a negative pregnancy test may participate. 
Treatment Diversion:  
Despite clear efforts to indicate otherwise, participants who are cannabis users may mistake the 
proposed studies as treatment or may delay treatment seeking in order to participate. 
Blood collection: Blood is collected at baseline, at the time of admission to the CRU, during the 
cannabis self-administration session, and during the PET scan. A maximum of approximately 300 
mL of blood will be taken during the entire study. This is less than the amount taken for routine 
blood donation. Blood draw procedures involve minimal risks, such as a slight risk of discomfort at 
the intravenous site. A small amount of bleeding under the skin will produce a bruise in about 5% of 
cases. The risk of temporary clotting of the vein is about 1%. The risk of infection or significant 
blood loss is less than 1 in 1000. In rare cases, fainting could occur.  
 
b. Steps taken to minimize the risks. 
 
Recruitment and Informed Consent:  Participants will be identified through the media. To date, we 
have used newspaper, radio and social media advertisements. All ads are reviewed and approved by 
the IRB prior to use. At the initial contact, the research coordinator will discuss the study purpose 
and requirements with the participants. Prior to the start of the screening, subjects provide written 
informed consent using a document approved by the Johns Hopkins IRB. The Project Coordinator 
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will read and, as necessary, explain the consent form to the volunteers before they are asked to sign 
it. Volunteers will receive a copy of the signed consent form to keep. The consent form describes 
the experimental procedures and their associated risks. It provides an assurance that volunteers may 
ask and will receive answers to questions, assures volunteers that their participation is voluntary and 
may be terminated by them at any point if they wish. The consent form also gives the conditions for 
investigator termination of research participation, and provides names and numbers to contact in the 
event of questions or concerns.  
Prior to completing any assessment materials, subjects are breathalyzed and must provide a 0mg% 
reading to participate in the interview. Subjects also must provide a urine sample and test negative 
for illicit drug use (excluding THC) and for pregnancy. 
Subjects with any contraindications are excluded from participation. Subjects are permitted to 
discontinue their participation at any time. Subjects are carefully and continually monitored 
throughout their participation. In case of an adverse event, a physician or nurse practitioner is on 
call for assistance.  
Insuring protocol comprehension: We exclude potential subjects with literacy below the 5th grade 
reading level as determined using the Rapid Estimate of Adult Literacy in Medicine (REALM 
Health Literacy Test) or Shipley-2 because of concerns about their ability to adequately participate 
in the study procedures. Many of our behavioral/subjective measures are self-administered and 
require basic literacy and language skills. If subjects are not at a 5th grade level, they have difficulty 
responding accurately to the study questionnaires.  
Psychosocial assessments: The risk of distress or personal discomfort elicited during testing is 
minimized by the use of standardized assessment procedures widely used in research settings. In 
addition, all study staff are trained in nonjudgmental interview techniques and crisis intervention 
procedures.  

ECG Screening. Although cannabinoids in general do not have an ECG indicated for their 
prescription, a 12-lead ECG will be conducted in those that appear to meet all other study 
inclusion/exclusion criteria as an additional screening procedure. There is a small risk of some skin 
irritation from the pads used to do the ECG.  Any irritation is usually mild and will resolve on its 
own. Sometimes a small amount of your body hair where the ECG pads will be placed must be 
shaved to help pads stick to the skin. Only a small amount of hair would be shaved, but may cause 
some temporary skin irritation. There is a risk the screening ECG results may identify a potentially 
clinically significant cardiac abnormality (i.e., incidental finding).  The screening ECG only 
identifies an “incidental finding” and is not a full diagnostic ECG. One of the study physicians will 

contact the participant and discuss the nature of the ECG findings, and if results are clinically 
significant, the physician will recommend that the participant see his/her physician for diagnostic 
evaluations, or if needed, refer the participant to an appropriate physician. Disclosure of these 
incidental findings to the participant may be distressing to the participant. We will provide a copy of 
the ECG report. Participants that have clinically relevant ECG abnormalities will be excluded from 
further study participation.  
MRI: The risk of pain associated with metal in the body will be reduced by taking the following 
steps: 1) Subjects will be instructed to inform the investigator if they have metal objects on or in 
their body that cannot be removed (e.g., bone pin, skull plate, braces). 2) Subjects will only be 
allowed to receive an MRI scan if the implant or device is made of non-magnetic materials. 3) Skull 
x-rays will be used to determine if at risk subjects (e.g., metalworkers) have metal in their eye prior 
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to the MRI exam. If they are found to have metal in their eye, they will not be allowed to continue 
in the study. Subjects are also informed that the MRI scanner produces banging sounds, and that 
some people find these conditions unpleasant or claustrophobic. In addition, if the MRI scan 
identifies a significant brain abnormality (e.g., enlarged ventricles, brain lesions) subjects will be 
terminated from the protocol (exclusion criteria). One of the study Physicians will contact the 
participant and discuss the nature of the findings (e.g. benign, congenital abnormalities etc.) if it is 
not exclusionary, and if clinically significant, will recommend that the participant see his/her 
physician. Participant notification of incidental findings from the MRI are required by the JHU IRB. 
We will provide a copy of the radiology report of the abnormality. If the participant does not have a 
physician, contact information for one will be provided.  
PET and Radiologic Procedures: We have safely studied research subjects with a wide variety of 
psychiatric, drug use and medical disorders under these protocols. A physician is present throughout 
the PET procedure, and monitors the subject to insure the comfort and well-being, and respond 
appropriately to remedy and adverse effects. Vital signs will be taken prior to the tracer injection, 
every 5 minutes for the first 20 minutes after the injection, then every 15 minutes for the next 30 
minutes, then every 30 minutes until the end of the PET scan, and once just after the scan is 
completed. An ECG will be performed at least an hour before the tracer injection. During the PET 
scan, continuous ECG monitoring will be conducted. ECG monitoring of subjects during the scan is 
utilized as a safety precaution. If any clinically relevant abnormalities are detected, a printout is 
obtained and appropriate intervention in consultation with the staff cardiologist will be done. 
IV and arterial catheters. Participants will receive lidocaine hydrochloride intradermally (2 mL 1%; 
20 mg or 0.3 mg/kg for most adults) before the insertion of the arterial line to provide local 
anesthesia. If participants experience discomfort at the site of insertion of the arterial line, then they 
will be administered subcutaneous injections of 2 mL 1% lidocaine hydrochloride. This dose 
corresponds to 10% of the maximal recommended dose and 5% of the dose associated with effects 
on the central nervous system. The arterial line will be monitored by a physician and nuclear 
medicine technologist staff throughout the entire procedure. The arterial line will be removed by a 
study physician who will ensure there is no residual bleeding and will advise the subjects on the 
monitoring and precautions for the next 24 hours following its removal. An arterial line is necessary 
for analysis of PET imaging data; if one cannot be placed, then the PET scan will be cancelled. 
Radiation: Participants that have had research related exposure to ionizing radiation that in 
combination with the study’s estimated radiation exposure would result in a cumulative exposure 

that exceeds recommended exposure limits of 5 rem per year would be excluded from participation. 
The amount of radiation exposure in the current protocol is within the limits set forth by 
21CFR361.1. 
MJ withdrawal. MJ users will complete MJ abstinence and withdrawal on the CRU and are closely 
monitored. They will report withdrawal symptoms on standard forms and CRU nurses take vital 
signs three times daily. Symptoms of MJ withdrawal are time limited and typically resolve without 
clinically-significant problems. In case of an emerging or adverse event, a study physician is 
available via pager for assistance. 
MJ administration: Only frequent MJ users with a positive urine test for MJ will receive MJ in the 
current study. MJ will be provided by the NIDA federal drug supply and is standardized for THC 
content. The amount of THC consumed during the session is effective at inducing MJ intoxication, 
but is lower than what is typically acutely self-administered in the natural environment by most 
research volunteers for this type of study. Prior to study participation, overall health is evaluated via 
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history and physical exams, with the study physician or the nurse practitioner. Only healthy MJ 
users may participate in the study. To reduce the risk associated with MJ-induced tachycardia, 
subjects will have an EKG during the health screen; subjects with a clinically significant ECG 
abnormality will be excluded. Subjects with uncontrolled hypertension (blood pressure > 150/90) 
are also excluded from study participation. To further reduce the likelihood of adverse reactions to 
administration of smoked MJ during the study, nursing staff will be instructed to withhold 
administration for any participant with heart rate above 120, systolic blood pressure above 160, or 
diastolic blood pressure above 100. Throughout the MJ administration sessions, subjects are 
monitored by the research nurse. In case of an emerging or adverse event, the study physician is 
available via pager for assistance.  
Women of child bearing potential and risk to the fetus: The effects of MJ and radiation exposure on 
an unborn fetus are unknown. Females who are pregnant, planning to become pregnant or nursing 
will be excluded from study participation. All females must have a negative pregnancy test at 
screening, prior to CRU admission and prior to study procedures. A positive pregnancy test at any 
point during the study results in study termination.  
Women of child bearing potential must also use a medically acceptable method of contraception for 
the duration of the study.  
Treatment Diversion: All advertisements and the informed consent process will clearly indicate that 
this research is designated only for those not seeking treatment, that participation is not a substitute 
for treatment, and that participation offers no clinical benefit. They will be clearly informed that 
they will be asked to smoke MJ during their participation. Any participant who expresses an interest 
in receiving immediate treatment for MJ or other substance use will be referred to a community 
treatment clinic. If this occurs during the study, their participation in the study will be terminated. 
As previously described, participants will be instructed that should they withdraw from the study at 
any point to pursue treatment they will still be compensated for their participation up until that point 
in the study. 
Blood collection: To minimize risks associated with venipuncture, experienced medical personnel, 
using sterile equipment, will perform the blood draws. The total volume of blood drawn in the 
protocol is under the Johns Hopkins IRB ceiling of 500 ml and is not expected to lead to discomfort 
or health concerns.  
Confidentiality: Our staff is well trained in the matters of confidentiality. Participants’ names will 

be recorded only on the screening, informed consent, and necessary medical and payment forms.  
All medical information obtained will be handled in accordance with HIPAA regulations. 
Anonymous participant identification numbers will be used on all other forms and labeling of 
biological fluids and test results. Subject numbers will be used to code all data forms for computer 
entry and storage. All information gathered will be kept in locked research staff offices or file 
cabinets.  Only research staff will have access to participant research records.  Study findings are 
reported using group data only. No information about subjects will be provided to anyone outside of 
the study including family members, third persons or organizations. Experimental sessions will take 
place in the BPRU, Johns Hopkins 550 Building and the Johns Hopkins Clinical Research Unit.  
The limits of confidentiality (e.g. suspected child abuse or neglect, or harm to self or others) will be 
discussed in detail with the participants during the informed consent process.  To reduce the 
likelihood of patient records disclosure we will obtain a Certificate of Confidentiality from the 
FDA. 
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c. Plan for reporting unanticipated problems or study deviations. 
 
All adverse events, protocol deviations, and other unanticipated problems are required to be 
reported to the PI, and other applicable study team members assisting with the protocol, as soon as 
possible.  The PI and study team members will review the information pertaining to the event.  For 
Adverse events, the review will include a determination of severity, relationship to investigational 
drugs and/or protocol procedures, and reportability of the adverse event as outlined in our data 
safety and monitoring plan document.  For protocol deviations, the review will include a 
determination as to why it occurred, the significance of the deviation, and any corrective action to 
be taken (e.g., amending the protocol).  All other unanticipated problems that cannot be categorized 
as an adverse event or protocol deviation will be reviewed by the investigators and study MDs to 
determine the reportability of the problem. 
 
All events will be reported to the IRB, FDA, and other applicable reviewing committees per the 
policies, regulations, and/or guidelines of these entities.  If any of the events require revisions to the 
consent form(s) and/ or the protocol, amendments will be submitted to IRB prior to implementation, 
with the exception of the implementation of protocol procedures that are required to protect human 
participants.  In the latter case, these protocol revisions will be submitted to the IRB for review 
within 1 to 5 working days after their implementation. 
 
d. Legal risks such as the risks that would be associated with breach of confidentiality. 

 
This study involves questions about drug use and dangerous or illegal behavior, psychiatric history. 
If there is a breach of confidentiality, then there may be a legal risk of release of sensitive 
information. To reduce the likelihood of patient records disclosure we will obtain a Certificate of 
Confidentiality. 

 
e. Financial risks to the participants. 
 
This study includes healthy volunteers for research. It does not involve patients receiving treatment; 
therefore, the financial risks are minimal. 
 
Participants will be fairly compensated for their time and effort in complying with the study 
protocol. 
 

9. Benefits 
a. Description of the probable benefits for the participant and for society. 

 
There is no direct benefit to the participants from being in this study.  If they participate, they may 
help others in the future. The primary benefit of the proposed research is in the knowledge gained 
regarding the relative biological, subjective and behavioral effects of chronic exposure to cannabis 
and the cannabis abstinence syndrome.  The study will also extend the extant literature investigating 
the acute dose effects of cannabis in women, including subjective effects, cognitive performance, 
and their correlation with brain CB1R availability. Because we anticipate relatively minor risks to 
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these cannabis experienced study participants, we feel that the proposed research has a positive risk 
benefit ratio. 

 
10. Payment and Remuneration 

a. Detail compensation for participants including possible total compensation, proposed bonus, 
and any proposed reductions or penalties for not completing the protocol. 

 
All participants will be compensated $30 for completing the screening visit.  Occasionally a second 
visit is needed to complete screening procedures; participants would receive $25 for this additional 
visit, if needed. Participants will be paid in cash for the initial screening procedures.   
 
Participants who are eligible will complete procedures while staying in the CRU (marijuana users) or 
at outpatient visits (healthy volunteers without marijuana use).  Payments for marijuana users and 
healthy volunteers who do not use marijuana are different since only MJ users complete the 
inpatient phase and MJ administration procedures.  Payments are as detailed below. The balance of 
the payments for study procedures will be made by check after study completion. 
 

 Payments for visits for marijuana users 
 MRI & performance tests $50  
 Outpatient visit to BPRU  $50 

PET scan  $150 
3-night CRU stay        $300 
Completion Bonus                                $100 
Subtotal for procedures $650 

 
 Typical Total Compensation (including $30 screening visit) $680 
 Maximum Total Compensation with extra visit) = $705 
 

For healthy volunteers (no marijuana use): 
  
 MRI & performance tests $50  

PET scan  $150 
Completion Bonus                                  $50 
Subtotal for procedures $250 

 
 Typical Total Compensation (including screening visit) $280 
 Maximum Total compensation with extra visit = $305 

  
Participants who drop out or do not complete all procedures will be paid the money earned for 
completed procedures prior to drop out, but will forfeit future possible earnings. If study 
investigators decide that it is not safe for a participant to continue the study, or are excluded after 
the ECG or MRI incidental findings, participants will be paid the money earned for completed 
procedures. 
 

 
 

11. Costs 
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a. Detail costs of study procedure(s) or drug(s) or substance(s) to participants and identify who 
will pay for them. 
 

 
Participants are not responsible for the cost of the study procedures or drugs. The only direct costs 
to the participants will be their transportation to and from our research facilities for study visits.  
That cost has been factored into the compensation for participating. 

 



Date: 08/15/2017   
Principal Investigator: Elise Weerts. Ph.D 
Application Number: IRB00101744 
 

JHMIRB eFormA  01 
Version 3 Dated:   06/2007  

Page 25 of 29 
 

 
 

REFERENCES 
 

1. Cooper ZD, Haney M. Cannabis reinforcement and dependence: role of the cannabinoid CB1 receptor. Addiction 
biology. 2008;13(2):188-95. Epub 2008/02/19. doi: 10.1111/j.1369-1600.2007.00095.x. PubMed PMID: 18279497; PMCID: 
2731704. 
2. Tanda G, Goldberg SR. Cannabinoids: reward, dependence, and underlying neurochemical mechanisms--a review of 
recent preclinical data. Psychopharmacology. 2003;169(2):115-34. Epub 2003/06/27. doi: 10.1007/s00213-003-1485-z. PubMed 
PMID: 12827346. 
3. Sanchis-Segura C, Becker JB. Why we should consider sex (and study sex differences) in addiction research. Addiction 
biology. 2016;21(5):995-1006. doi: 10.1111/adb.12382. PubMed PMID: 27029841. 
4. Ehlers CL, Gizer IR, Vieten C, Gilder DA, Stouffer GM, Lau P, Wilhelmsen KC. Cannabis dependence in the San 
Francisco Family Study: age of onset of use, DSM-IV symptoms, withdrawal, and heritability. Addictive behaviors. 
2010;35(2):102-10. Epub 2009/10/13. doi: 10.1016/j.addbeh.2009.09.009. PubMed PMID: 19818563; PMCID: 2805269. 
5. Khan SS, Secades-Villa R, Okuda M, Wang S, Perez-Fuentes G, Kerridge BT, Blanco C. Gender differences in 
cannabis use disorders: results from the National Epidemiologic Survey of Alcohol and Related Conditions. Drug and alcohol 
dependence. 2013;130(1-3):101-8. Epub 2012/11/28. doi: 10.1016/j.drugalcdep.2012.10.015. PubMed PMID: 23182839; 
PMCID: 3586748. 
6. Greenfield SF, Back SE, Lawson K, Brady KT. Substance abuse in women. The Psychiatric clinics of North America. 
2010;33(2):339-55. Epub 2010/04/14. doi: 10.1016/j.psc.2010.01.004. PubMed PMID: 20385341; PMCID: 3124962. 
7. Fattore L. Considering gender in cannabinoid research: a step towards personalized treatment of marijuana addicts. 
Drug testing and analysis. 2013;5(1):57-61. Epub 2012/08/14. doi: 10.1002/dta.1401. PubMed PMID: 22887940. 
8. Wong DF, Kuwabara H, Horti AG, Raymont V, Brasic J, Guevara M, Ye W, Dannals RF, Ravert HT, Nandi A, 
Rahmim A, Ming JE, Grachev I, Roy C, Cascella N. Quantification of cerebral cannabinoid receptors subtype 1 (CB1) in healthy 
subjects and schizophrenia by the novel PET radioligand [11C]OMAR. NeuroImage. 2010;52(4):1505-13. Epub 2010/04/22. 
doi: 10.1016/j.neuroimage.2010.04.034. PubMed PMID: 20406692. 
9. Normandin MD, Zheng MQ, Lin KS, Mason NS, Lin SF, Ropchan J, Labaree D, Henry S, Williams WA, Carson RE, 
Neumeister A, Huang Y. Imaging the cannabinoid CB1 receptor in humans with [11C]OMAR: assessment of kinetic analysis 
methods, test-retest reproducibility, and gender differences. J Cereb Blood Flow Metab. 2015;35(8):1313-22. doi: 
10.1038/jcbfm.2015.46. PubMed PMID: 25833345; PMCID: PMC4528005. 
10. SAMHSA. Results from the 2012 National Survey on Drug Use and Health: Summary of National Findings Rockville, 
MD: Substance Abuse and Mental Health Services Administration; 2013. 
11. Vandrey R, Haney M. Pharmacotherapy for cannabis dependence: how close are we? CNS drugs. 2009;23(7):543-53. 
Epub 2009/06/26. doi: 10.2165/00023210-200923070-00001. PubMed PMID: 19552483; PMCID: 2729499. 
12. Ashton CH, Moore PB. Endocannabinoid system dysfunction in mood and related disorders. Acta psychiatrica 
Scandinavica. 2011;124(4):250-61. Epub 2011/09/16. doi: 10.1111/j.1600-0447.2011.01687.x. PubMed PMID: 21916860. 
13. Leweke FM, Koethe D. Cannabis and psychiatric disorders: it is not only addiction. Addiction biology. 2008;13(2):264-
75. Epub 2008/05/17. doi: 10.1111/j.1369-1600.2008.00106.x. PubMed PMID: 18482435. 
14. Greydanus DE, Hawver EK, Greydanus MM, Merrick J. Marijuana: Current Concepts. Frontiers in public health. 
2013;1:42. Epub 2013/12/19. doi: 10.3389/fpubh.2013.00042. PubMed PMID: 24350211; PMCID: 3859982. 
15. Johnston LD, O’Malley PM, Bachman JG, Schulenberg JE, Miech RA. Monitoring the Future national survey results on 
drug use, 1975–2014: Volume 2, College students and adults ages 19–55. . Ann Arbor: Institute for Social Research, The 
University of Michigan. , 2015. 
16. Miech RA, Johnston LD, O’Malley PM, Bachman JG, Schulenberg JE. Monitoring the Future national survey results on 
drug use, 1975–2014: Secondary school students. . Ann Arbor: Institute for Social Research, The University of Michigan., 2015. 
17. Johnston LD, O’Malley PM, Miech RA, Bachman JG, Schulenberg JE. Monitoring the Future national survey results on 
drug use: 1975-2014: Overview, key findings on adolescent drug use. . Ann Arbor: Institute for Social Research, The University 
of Michigan., 2015. 
18. Romero J, Garcia-Palomero E, Castro JG, Garcia-Gil L, Ramos JA, Fernandez-Ruiz JJ. Effects of chronic exposure to 
delta9-tetrahydrocannabinol on cannabinoid receptor binding and mRNA levels in several rat brain regions. Brain research 
Molecular brain research. 1997;46(1-2):100-8. Epub 1997/06/01. PubMed PMID: 9191083. 
19. Gonzalez S, Cebeira M, Fernandez-Ruiz J. Cannabinoid tolerance and dependence: a review of studies in laboratory 
animals. Pharmacology, biochemistry, and behavior. 2005;81(2):300-18. Epub 2005/05/28. doi: 10.1016/j.pbb.2005.01.028. 
PubMed PMID: 15919107. 



Date: 08/15/2017   
Principal Investigator: Elise Weerts. Ph.D 
Application Number: IRB00101744 
 

JHMIRB eFormA  01 
Version 3 Dated:   06/2007  

Page 26 of 29 
 

20. Sim-Selley LJ, Schechter NS, Rorrer WK, Dalton GD, Hernandez J, Martin BR, Selley DE. Prolonged recovery rate of 
CB1 receptor adaptation after cessation of long-term cannabinoid administration. Molecular pharmacology. 2006;70(3):986-96. 
Epub 2006/06/09. doi: 10.1124/mol.105.019612. PubMed PMID: 16760363; PMCID: 1774983. 
21. Winsauer PJ, Filipeanu CM, Bailey EM, Hulst JL, Sutton JL. Ovarian hormones and chronic administration during 
adolescence modify the discriminative stimulus effects of delta-9-tetrahydrocannabinol (Delta(9)-THC) in adult female rats. 
Pharmacology, biochemistry, and behavior. 2012;102(3):442-9. Epub 2012/06/19. doi: 10.1016/j.pbb.2012.06.008. PubMed 
PMID: 22705493; PMCID: 3402337. 
22. Craft RM, Marusich JA, Wiley JL. Sex differences in cannabinoid pharmacology: a reflection of differences in the 
endocannabinoid system? Life sciences. 2013;92(8-9):476-81. Epub 2012/06/26. doi: 10.1016/j.lfs.2012.06.009. PubMed PMID: 
22728714; PMCID: 3492530. 
23. Cooper ZD, Haney M. Investigation of sex-dependent effects of cannabis in daily cannabis smokers. Drug and alcohol 
dependence. 2014;136:85-91. Epub 2014/01/21. doi: 10.1016/j.drugalcdep.2013.12.013. PubMed PMID: 24440051; PMCID: 
PMC4518446. 
24. Herrmann ES, Weerts EM, Vandrey R. Sex differences in cannabis withdrawal symptoms among treatment-seeking 
cannabis users. Experimental and clinical psychopharmacology. 2015;23(6):415-21. doi: 10.1037/pha0000053. PubMed PMID: 
26461168; PMCID: PMC4747417. 
25. Tseng AH, Craft RM. Sex differences in antinociceptive and motoric effects of cannabinoids. European journal of 
pharmacology. 2001;430(1):41-7. Epub 2001/11/08. PubMed PMID: 11698061. 
26. Craft RM, Wakley AA, Tsutsui KT, Laggart JD. Sex differences in cannabinoid 1 vs. cannabinoid 2 receptor-selective 
antagonism of antinociception produced by delta9-tetrahydrocannabinol and CP55,940 in the rat. The Journal of pharmacology 
and experimental therapeutics. 2012;340(3):787-800. Epub 2011/12/21. doi: 10.1124/jpet.111.188540. PubMed PMID: 
22182934. 
27. Wiley JL. Sex-dependent effects of delta 9-tetrahydrocannabinol on locomotor activity in mice. Neuroscience letters. 
2003;352(2):77-80. Epub 2003/11/20. PubMed PMID: 14625027. 
28. Fattore L, Spano MS, Altea S, Angius F, Fadda P, Fratta W. Cannabinoid self-administration in rats: sex differences and 
the influence of ovarian function. British journal of pharmacology. 2007;152(5):795-804. Epub 2007/09/25. doi: 
10.1038/sj.bjp.0707465. PubMed PMID: 17891164; PMCID: 2190022. 
29. Fattore L, Fadda P, Fratta W. Sex differences in the self-administration of cannabinoids and other drugs of abuse. 
Psychoneuroendocrinology. 2009;34 Suppl 1:S227-36. Epub 2009/09/12. doi: 10.1016/j.psyneuen.2009.08.008. PubMed PMID: 
19744795. 
30. Harte-Hargrove LC, Dow-Edwards DL. Withdrawal from THC during adolescence: sex differences in locomotor 
activity and anxiety. Behavioural brain research. 2012;231(1):48-59. Epub 2012/03/17. doi: 10.1016/j.bbr.2012.02.048. PubMed 
PMID: 22421367; PMCID: PMC4212817. 
31. Cooper ZD, Haney M. Comparison of subjective, pharmacokinetic, and physiological effects of marijuana smoked as 
joints and blunts. Drug and alcohol dependence. 2009;103(3):107-13. Epub 2009/05/16. doi: 10.1016/j.drugalcdep.2009.01.023. 
PubMed PMID: 19443132; PMCID: 2776770. 
32. Copersino ML, Boyd SJ, Tashkin DP, Huestis MA, Heishman SJ, Dermand JC, Simmons MS, Gorelick DA. Cannabis 
withdrawal among non-treatment-seeking adult cannabis users. The American journal on addictions / American Academy of 
Psychiatrists in Alcoholism and Addictions. 2006;15(1):8-14. Epub 2006/02/02. doi: 10.1080/10550490500418997. PubMed 
PMID: 16449088. 
33. Copersino ML, Boyd SJ, Tashkin DP, Huestis MA, Heishman SJ, Dermand JC, Simmons MS, Gorelick DA. 
Sociodemographic characteristics of cannabis smokers and the experience of cannabis withdrawal. The American journal of drug 
and alcohol abuse. 2010;36(6):311-9. Epub 2010/08/04. doi: 10.3109/00952990.2010.503825. PubMed PMID: 20678028; 
PMCID: 3197209. 
34. Haney M, Ward AS, Comer SD, Foltin RW, Fischman MW. Abstinence symptoms following smoked marijuana in 
humans. Psychopharmacology. 1999;141(4):395-404. Epub 1999/03/25. PubMed PMID: 10090647. 
35. 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. Epub 2003/08/29. PubMed PMID: 12943018. 
36. Budney AJ, Hughes JR, Moore BA, Vandrey R. Review of the validity and significance of cannabis withdrawal 
syndrome. The American journal of psychiatry. 2004;161(11):1967-77. Epub 2004/10/30. doi: 10.1176/appi.ajp.161.11.1967. 
PubMed PMID: 15514394. 
37. Haney M. The marijuana withdrawal syndrome: diagnosis and treatment. Current psychiatry reports. 2005;7(5):360-6. 
Epub 2005/10/12. PubMed PMID: 16216154. 
38. Kouri EM, Pope HG, Jr. Abstinence symptoms during withdrawal from chronic marijuana use. Experimental and 
clinical psychopharmacology. 2000;8(4):483-92. Epub 2000/12/29. PubMed PMID: 11127420. 



Date: 08/15/2017   
Principal Investigator: Elise Weerts. Ph.D 
Application Number: IRB00101744 
 

JHMIRB eFormA  01 
Version 3 Dated:   06/2007  

Page 27 of 29 
 

39. Budney AJ, Vandrey RG, Hughes JR, Moore BA, Bahrenburg B. Oral delta-9-tetrahydrocannabinol suppresses 
cannabis withdrawal symptoms. Drug and alcohol dependence. 2007;86(1):22-9. Epub 2006/06/14. doi: 
10.1016/j.drugalcdep.2006.04.014. PubMed PMID: 16769180. 
40. Vandrey R, Stitzer ML, Mintzer MZ, Huestis MA, Murray JA, Lee D. The dose effects of short-term dronabinol (oral 
THC) maintenance in daily cannabis users. Drug and alcohol dependence. 2013;128(1-2):64-70. Epub 2012/08/28. doi: 
10.1016/j.drugalcdep.2012.08.001. PubMed PMID: 22921474; PMCID: 3546149. 
41. Horti AG, Raymont V, Terry GE. PET Imaging of Endocannabinoid System. In: al. RAJODe, editor. PET and SPECT 
of Neurobiological Systems. Berlin Heidelberg: Springer-Verlag 2014. p. in press. 
42. Hirvonen J, Goodwin RS, Li CT, Terry GE, Zoghbi SS, Morse C, Pike VW, Volkow ND, Huestis MA, Innis RB. 
Reversible and regionally selective downregulation of brain cannabinoid CB1 receptors in chronic daily cannabis smokers. 
Molecular psychiatry. 2012;17(6):642-9. Epub 2011/07/13. doi: 10.1038/mp.2011.82. PubMed PMID: 21747398; PMCID: 
3223558. 
43. D'Souza DC, Cortes-Briones JA, Ranganathan M, Thurnauer H, Creatura G, Surti T, Planeta B, Neumeister A, Pittman 
B, Normandin M, Kapinos M, Ropchan J, Huang Y, Carson RE, Skosnik PD. Rapid Changes in CB1 Receptor Availability in 
Cannabis Dependent Males after Abstinence from Cannabis. Biol Psychiatry Cogn Neurosci Neuroimaging. 2016;1(1):60-7. doi: 
10.1016/j.bpsc.2015.09.008. PubMed PMID: 26858993; PMCID: PMC4742341. 
44. Ceccarini J, Kuepper R, Kemels D, van Os J, Henquet C, Van Laere K. [18F]MK-9470 PET measurement of 
cannabinoid CB1 receptor availability in chronic cannabis users. Addiction biology. 2015;20(2):357-67. Epub 2014/01/01. doi: 
10.1111/adb.12116. PubMed PMID: 24373053. 
45. Fan H, Kotsikorou E, Hoffman AF, Ravert HT, Holt D, Hurst DP, Lupica CR, Reggio PH, Dannals RF, Horti AG. 
Analogs of JHU75528, a PET ligand for imaging of cerebral cannabinoid receptors (CB1): development of ligands with 
optimized lipophilicity and binding affinity. European journal of medicinal chemistry. 2009;44(2):593-608. Epub 2008/05/31. 
doi: 10.1016/j.ejmech.2008.03.040. PubMed PMID: 18511157; PMCID: 2728551. 
46. Horti AG, Fan H, Kuwabara H, Hilton J, Ravert HT, Holt DP, Alexander M, Kumar A, Rahmim A, Scheffel U, Wong 
DF, Dannals RF. 11C-JHU75528: a radiotracer for PET imaging of CB1 cannabinoid receptors. Journal of nuclear medicine : 
official publication, Society of Nuclear Medicine. 2006;47(10):1689-96. Epub 2006/10/04. PubMed PMID: 17015906. 
47. Herkenham M, Lynn AB, Little MD, Johnson MR, Melvin LS, de Costa BR, Rice KC. Cannabinoid receptor 
localization in brain. Proceedings of the National Academy of Sciences of the United States of America. 1990;87(5):1932-6. 
Epub 1990/03/01. PubMed PMID: 2308954; PMCID: 53598. 
48. Glass M, Dragunow M, Faull RL. Cannabinoid receptors in the human brain: a detailed anatomical and quantitative 
autoradiographic study in the fetal, neonatal and adult human brain. Neuroscience. 1997;77(2):299-318. Epub 1997/03/01. 
PubMed PMID: 9472392. 
49. Normandin M, Zheng MQ, Ropchan J, Najafzadeh S, Hull R, Qian W, Henry S, Carson R, Huang Y, Neumeister A. 
Test-retest reproducibility and gender differences in binding of CB1 PET tracer [11C]OMAR in humans. J Nucl Med  2010;51  
(S2):51. 
50. Bailey C, Normandin M, Henry S, Greene A, Potenza M, Carson R, Huang Y, Neumeister A. The use of [11C]OMAR 
and positron emission tomography to investigate the pathophysiology of posttraumatic stress disorder. Journal of Cerebral Blood 
Flow & Metabolism. 2012; 32(S):24. 
51. Herance R, Rojas S, Abad S, Jimenez X, Gispert JD, Millan O, Martin-Garcia E, Burokas A, Serra MA, Maldonado R, 
Pareto D. Positron emission tomographic imaging of the cannabinoid type 1 receptor system with [(1)(1)C]OMAR 
([(1)(1)C]JHU75528): improvements in image quantification using wild-type and knockout mice. Molecular imaging. 
2011;10(6):481-7. Epub 2011/12/29. PubMed PMID: 22201539. 
52. Wong D, editor. Novel PET biomarkers for dementia and psychosis and target engagement – Cannabinoids, 
metabotropic glutamate and beyond. . 28th CINP World Congress of Neuropsychopharmacology; 2012; Stockholm, Sweden. 
53. Castelli MP, Fadda P, Casu A, Spano MS, Casti A, Fratta W, Fattore L. Male and Female Rats Differ in Brain 
Cannabinoid CB1 Receptor Density and Function and in Behavioural Traits Predisposing To Drug Addiction: Effect of Ovarian 
Hormones. Current pharmaceutical design. 2013. Epub 2013/07/09. PubMed PMID: 23829370. 
54. Riebe CJ, Hill MN, Lee TT, Hillard CJ, Gorzalka BB. Estrogenic regulation of limbic cannabinoid receptor binding. 
Psychoneuroendocrinology. 2010;35(8):1265-9. Epub 2010/03/09. doi: 10.1016/j.psyneuen.2010.02.008. PubMed PMID: 
20207489; PMCID: 2933663. 
55. Dalton VS, Zavitsanou K. Cannabinoid effects on CB1 receptor density in the adolescent brain: an autoradiographic 
study using the synthetic cannabinoid HU210. Synapse. 2010;64(11):845-54. Epub 2010/09/16. doi: 10.1002/syn.20801. 
PubMed PMID: 20842718. 
56. Neumeister A, Normandin MD, Murrough JW, Henry S, Bailey CR, Luckenbaugh DA, Tuit K, Zheng MQ, Galatzer-
Levy IR, Sinha R, Carson RE, Potenza MN, Huang Y. Positron emission tomography shows elevated cannabinoid CB1 receptor 



Date: 08/15/2017   
Principal Investigator: Elise Weerts. Ph.D 
Application Number: IRB00101744 
 

JHMIRB eFormA  01 
Version 3 Dated:   06/2007  

Page 28 of 29 
 

binding in men with alcohol dependence. Alcoholism, clinical and experimental research. 2012;36(12):2104-9. Epub 2012/05/04. 
doi: 10.1111/j.1530-0277.2012.01815.x. PubMed PMID: 22551199; PMCID: 3418442. 
57. Rubino T, Parolaro D. Sexually dimorphic effects of cannabinoid compounds on emotion and cognition. Frontiers in 
behavioral neuroscience. 2011;5:64. Epub 2011/10/13. doi: 10.3389/fnbeh.2011.00064. PubMed PMID: 21991251; PMCID: 
3181427. 
58. Gonzalez S, Bisogno T, Wenger T, Manzanares J, Milone A, Berrendero F, Di Marzo V, Ramos JA, Fernandez-Ruiz JJ. 
Sex steroid influence on cannabinoid CB(1) receptor mRNA and endocannabinoid levels in the anterior pituitary gland. 
Biochemical and biophysical research communications. 2000;270(1):260-6. Epub 2000/03/29. doi: 10.1006/bbrc.2000.2406. 
PubMed PMID: 10733937. 
59. Bradshaw HB, Rimmerman N, Krey JF, Walker JM. Sex and hormonal cycle differences in rat brain levels of pain-
related cannabimimetic lipid mediators. American journal of physiology Regulatory, integrative and comparative physiology. 
2006;291(2):R349-58. Epub 2006/03/25. doi: 10.1152/ajpregu.00933.2005. PubMed PMID: 16556899. 
60. Van Laere K, Goffin K, Casteels C, Dupont P, Mortelmans L, de Hoon J, Bormans G. Gender-dependent increases with 
healthy aging of the human cerebral cannabinoid-type 1 receptor binding using [(18)F]MK-9470 PET. NeuroImage. 
2008;39(4):1533-41. Epub 2007/12/14. doi: 10.1016/j.neuroimage.2007.10.053. PubMed PMID: 18077184. 
61. Neumeister A, Normandin MD, Pietrzak RH, Piomelli D, Zheng MQ, Gujarro-Anton A, Potenza MN, Bailey CR, Lin 
SF, Najafzadeh S, Ropchan J, Henry S, Corsi-Travali S, Carson RE, Huang Y. Elevated brain cannabinoid CB1 receptor 
availability in post-traumatic stress disorder: a positron emission tomography study. Molecular psychiatry. 2013;18(9):1034-40. 
Epub 2013/05/15. doi: 10.1038/mp.2013.61. PubMed PMID: 23670490; PMCID: 3752332. 
62. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, Hergueta T, Baker R, Dunbar GC. The Mini-
International Neuropsychiatric Interview (M.I.N.I.): the development and validation of a structured diagnostic psychiatric 
interview for DSM-IV and ICD-10. The Journal of clinical psychiatry. 1998;59 Suppl 20:22-33;quiz 4-57. Epub 1999/01/09. 
PubMed PMID: 9881538. 
63. Babson KA, Boden MT, Bonn-Miller MO. The impact of perceived sleep quality and sleep efficiency/duration on 
cannabis use during a self-guided quit attempt. Addictive behaviors. 2013;38(11):2707-13. Epub 2013/08/03. doi: 
10.1016/j.addbeh.2013.06.012. PubMed PMID: 23906725. 
64. Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO. The Fagerstrom Test for Nicotine Dependence: a revision 
of the Fagerstrom Tolerance Questionnaire. Br J Addict. 1991;86(9):1119-27. PubMed PMID: 1932883. 
65. Boyd SJ, Tashkin DP, Huestis MA, Heishman SJ, Dermand JC, Simmons MS, Gorelick DA. Strategies for quitting 
among non-treatment-seeking marijuana smokers. The American journal on addictions / American Academy of Psychiatrists in 
Alcoholism and Addictions. 2005;14(1):35-42. Epub 2005/04/05. doi: 10.1080/10550490590899835. PubMed PMID: 15804875. 
66. McNair DM, Lorr M, Droppleman LF. EDITS manual profile of mood states. San Diego: Educational and Industrial 
Testing Service. ; 1992  
67. Curran SL, Andrykowski MA, Studts JL. Short Form of the Profile of Mood States (POMS-SF): Psychometric 
information. Psychological Assessment. 1995;7(1):80-3. 
68. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical anxiety: psychometric properties. J 
Consult Clin Psychol. 1988;56(6):893-7. PubMed PMID: 3204199. 
69. Heishman SJ, Evans RJ, Singleton EG, Levin KH, Copersino ML, Gorelick DA. Reliability and validity of a short form 
of the Marijuana Craving Questionnaire. Drug and alcohol dependence. 2009;102(1-3):35-40. Epub 2009/02/17. doi: 
10.1016/j.drugalcdep.2008.12.010. PubMed PMID: 19217724; PMCID: 2694410. 
70. Vandrey R, Smith MT, McCann UD, Budney AJ, Curran EM. Sleep disturbance and the effects of extended-release 
zolpidem during cannabis withdrawal. Drug and alcohol dependence. 2011;117(1):38-44. Epub 2011/02/08. doi: 
10.1016/j.drugalcdep.2011.01.003. PubMed PMID: 21296508; PMCID: 3119729. 
71. McClure EA, Stitzer ML, Vandrey R. Characterizing smoking topography of cannabis in heavy users. 
Psychopharmacology. 2012;220(2):309-18. Epub 2011/09/17. doi: 10.1007/s00213-011-2480-4. PubMed PMID: 21922170; 
PMCID: 3641906. 
72. Vandrey R, Budney AJ, Kamon JL, Stanger C. Cannabis withdrawal in adolescent treatment seekers. Drug and alcohol 
dependence. 2005;78(2):205-10. Epub 2005/04/23. doi: 10.1016/j.drugalcdep.2004.11.001. PubMed PMID: 15845324; PMCID: 
1626354. 
73. Vandrey RG, Budney AJ, Hughes JR, Liguori A. A within-subject comparison of withdrawal symptoms during 
abstinence from cannabis, tobacco, and both substances. Drug and alcohol dependence. 2008;92(1-3):48-54. Epub 2007/07/24. 
doi: 10.1016/j.drugalcdep.2007.06.010. PubMed PMID: 17643868; PMCID: 2214670. 
74. Ramesh D, Haney M, Cooper ZD. Marijuana's dose-dependent effects in daily marijuana smokers. Experimental and 
clinical psychopharmacology. 2013;21(4):287-93. Epub 2013/08/14. doi: 10.1037/a0033661. PubMed PMID: 23937597; 
PMCID: PMC4547548. 



Date: 08/15/2017   
Principal Investigator: Elise Weerts. Ph.D 
Application Number: IRB00101744 
 

JHMIRB eFormA  01 
Version 3 Dated:   06/2007  

Page 29 of 29 
 

75. Huestis MA, Henningfield JE, Cone EJ. Blood cannabinoids. I. Absorption of THC and formation of 11-OH-THC and 
THCCOOH during and after smoking marijuana. Journal of analytical toxicology. 1992;16(5):276-82. Epub 1992/09/01. 
PubMed PMID: 1338215. 
76. Lee D, Vandrey R, Mendu DR, Anizan S, Milman G, Murray JA, Barnes AJ, Huestis MA. Oral fluid cannabinoids in 
chronic cannabis smokers during oral delta9-tetrahydrocannabinol therapy and smoked cannabis challenge. Clinical chemistry. 
2013;59(12):1770-9. Epub 2013/08/14. doi: 10.1373/clinchem.2013.207316. PubMed PMID: 23938457. 
77. Milman G, Bergamaschi MM, Lee D, Mendu DR, Barnes AJ, Vandrey R, Huestis MA. Plasma cannabinoid 
concentrations during dronabinol pharmacotherapy for cannabis dependence. Therapeutic drug monitoring. 2014;36(2):218-24. 
Epub 2013/09/27. doi: 10.1097/FTD.0b013e3182a5c446. PubMed PMID: 24067260; PMCID: 3955404. 
78. Hart CL, Haney M, Vosburg SK, Comer SD, Foltin RW. Reinforcing effects of oral Delta9-THC in male marijuana 
smokers in a laboratory choice procedure. Psychopharmacology. 2005;181(2):237-43. Epub 2005/04/15. doi: 10.1007/s00213-
005-2234-2. PubMed PMID: 15830233. 
79. Kamien JB, Bickel WK, Higgins ST, Hughes JR. The effects of delta(9)-tetrahydrocannabinol on repeated acquisition 
and performance of response sequences and on self-reports in humans. Behavioural pharmacology. 1994;5(1):71-8. Epub 
1994/02/01. PubMed PMID: 11224253. 
80. Hooker WD, Jones RT. Increased susceptibility to memory intrusions and the Stroop interference effect during acute 
marijuana intoxication. Psychopharmacology. 1987;91(1):20-4. Epub 1987/01/01. PubMed PMID: 3029792. 
81. Ramaekers JG, Kauert G, Theunissen EL, Toennes SW, Moeller MR. Neurocognitive performance during acute THC 
intoxication in heavy and occasional cannabis users. Journal of psychopharmacology. 2009;23(3):266-77. Epub 2008/08/23. doi: 
10.1177/0269881108092393. PubMed PMID: 18719045. 
82. Abrams DI, Vizoso HP, Shade SB, Jay C, Kelly ME, Benowitz NL. Vaporization as a smokeless cannabis delivery 
system: a pilot study. Clinical pharmacology and therapeutics. 2007;82(5):572-8. doi: 10.1038/sj.clpt.6100200. PubMed PMID: 
17429350. 
83. Ashburner J, Friston KJ. Spatial normalization using basis functions. In: Frackowiak RSJ, Friston KJ, Frith C, Dolan 
KJ, Price CJ, Zeki S, Ashburner J, Penny WD, editors. Human Brain Function, 2nd Edition: Academic Press; 2003. p. 655-72. 
84. Tzourio-Mazoyer N, Landeau B, Papathanassiou D, Crivello F, Etard O, Delcroix N, Mazoyer B, Joliot M. Automated 
anatomical labeling of activations in SPM using a macroscopic anatomical parcellation of the MNI MRI single-subject brain. 
NeuroImage. 2002;15(1):273-89. Epub 2002/01/05. doi: 10.1006/nimg.2001.0978. PubMed PMID: 11771995. 
85. Rosenbaum P, Rubin D. Reducing bias in observational studies using subclassification on the propensity score. . Journal 
of the American Statistical Association. 1984;79: 516-24. 
86. Friston KJ, Frith CD, Liddle PF, Frackowiak RS. Comparing functional (PET) images: the assessment of significant 
change. J Cereb Blood Flow Metab. 1991;11(4):690-9. Epub 1991/07/01. doi: 10.1038/jcbfm.1991.122. PubMed PMID: 
2050758. 
87. Holmes A, Friston KJ. Generalisability, Random Effects and Population Inference. . NeuroImage. 1998;7:S754. 
88. Vandrey R, Umbricht A, Strain EC. Increased blood pressure after abrupt cessation of daily cannabis use. Journal of 
addiction medicine. 2011;5(1):16-20. Epub 2011/03/02. doi: 10.1097/ADM.0b013e3181d2b309. PubMed PMID: 21359104; 
PMCID: 3045206. 
 


