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Office of the Assistant Secretary for Health
Washington, D.C. 20201

August 29, 2023

The Honorable Anne Milgram
Administrator

Drug Enforcement Administration
U.S. Department of Justice

8701 Morrissette Drive
Springfield, VA 22152

Dear Anne Milgram:

Pursuant to the Controlled Substances Act (CSA), 21 U.S.C. 811(b) and (c), I, the Assistant Secretary
for Health, am recommending that marijuana, referring to botanical cannabis (Cannabis sativa L.) that
is within the definition “marihuana” or “marijuana” in the CSA, be controlled in Schedule 111 of the
CSA.

Upon consideration of the eight factors determinative of control of a substance under 21 U.S.C.
811(c), the Food and Drug Administration (FDA) recommends that marijuana be placed in Schedule
111 of the CSA. The National Institute on Drug Abuse has reviewed the enclosed documents (which
were prepared by FDA'’s Controlled Substance Staff and are the basis for FDA’s recommendation)
and concurs with FDA’s recommendation. Marijuana meets the findings for control in Schedule 111
set forth in 21 U.S.C. 812(b)(3).

Based on my review of the evidence and FDA’s recommendation, it is my recommendation as the
Assistant Secretary for Health that marijuana should be placed in Schedule 111 of the CSA.

Should you have any questions regarding this recommendation, please contact FDA’s Center for Drug
Evaluation and Research, Office of Executive Programs (cderexsec@cder.fda.gov), at (301) 796-3200.

Sincerely,

Rachel L. Levine, M.D.
ADM, USPHS
Assistant Secretary for Health

Enclosure

U.S. Public Health Service
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BASIS FOR THE RECOMMENDATION TO RESCHEDULE MARIJUANA
INTO SCHEDULE 111 OF THE CONTROLLED SUBSTANCES ACT

l. Introduction

Background

On October 6, 2022, President Joseph R. Biden released a statement asking the Secretary of the
Department of Health and Human Services (HHS) and the Attorney General “to initiate the
administrative process to review expeditiously how marijuana is scheduled under federal law.
This Presidential request led HHS to initiate a scientific and medical evaluation for botanical
cannabis (Cannabis sativa L.) that is within the definition “marihuana” or “marijuana” in the
federal Controlled Substances Act (CSA),? currently controlled under Schedule | of the CSA. As
with prior evaluations conducted to reconsider the control status of marijuana under the CSA, the
Food and Drug Administration (FDA) is conducting this evaluation and providing input and a
scheduling recommendation to the Drug Enforcement Administration (DEA) in the form of an
Eight Factor Analysis (8FA), pursuant to paragraphs (a) through (c) of section 201 and paragraph
(b) of section 202 of the CSA (21 U.S.C. 811 (a-c) and 21 U.S.C. 812(b)).?

]

Since 2000, HHS (through the FDA and the National Institute on Drug Abuse (NIDA)) has
conducted four scientific and medical evaluations of marijuana for drug scheduling purposes, in
the form of 8FAs. (The process for developing an 8FA is elaborated below under
Considerations for Scheduling of Marijuana.) The two most recent HHS 8FAs for marijuana
were conducted in 2015 at the request of the DEA to enable them to respond to two petitions
requesting removal of marijuana from Schedule | and placement in another schedule of the CSA.
After reviewing the 8FAs conducted by HHS, DEA denied both petitions and maintained
marijuana in Schedule I of the CSA.*

At the conclusion of an 8FA, three findings need to be made to determine the scheduling
recommendation for a substance: its relative abuse potential compared to other drugs, whether it
has a currently accepted medical use (CAMU) in treatment in the United States (or a currently

! Statement from President Biden on Marijuana Reform; https://www.whitehouse.gov/briefing-room/statements-
releases/2022/10/06/statement-from-president-biden-on-marijuana-reform/.

2 Under 21 U.S.C. 802(16): “(16)(A) Subject to subparagraph (B), the terms “marihuana” and “marijuana” mean all
parts of the plant Cannabis sativa L., whether growing or not; the seeds thereof; the resin extracted from any part of
such plant; and every compound, manufacture, salt, derivative, mixture, or preparation of such plant, its seeds or
resin.

(B) The terms “marihuana” and “marijuana” do not include—

(i) hemp, as defined in section 16390 of title 7; or

(ii) the mature stalks of such plant, fiber produced from such stalks, oil or cake made from the seeds of such plant,
any other compound, manufacture, salt, derivative, mixture, or preparation of such mature stalks (except the resin
extracted therefrom)

3 We acknowledge that the DEA, acting on behalf of the Attorney General, may ultimately implement any changes
in the federal control status of marijuana pursuant to section 201(d)(1) of the CSA (21 U.S.C. 811(d)(1)), due to the
control of cannabis and cannabis preparations internationally in Schedule | of the Single Convention on Narcotic
Drugs of 1961 (hereafter, the Single Convention), and the requirement for the United States to be compliant with
control measures stipulated for drugs controlled under the Single Convention.

4 Denial of Petition To Initiate Proceedings To Reschedule Marijuana, 81 FR 53688 (Aug. 12, 2016); Denial of
Petition To Initiate Proceedings To Reschedule Marijuana, 81 FR 53767 (Aug. 12, 2016).
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accepted medical use with severe restrictions (21 U.S.C. 812(b)(2)(B)), and its relative safety or
ability to produce physical dependence compared to other drugs, as provided under 21 U.S.C.
812(b). After the Presidential request in October 2022, HHS (through FDA and NIDA) applied a
two-part test to evaluate CAMU (hereinafter, “CAMU test™); this test takes into account the
current widespread medical use of marijuana under the supervision of licensed health care
practitioners (HCPs) under state-authorized programs.

Under Part 1 of the CAMU test, the Office of the Assistant Secretary for Health (OASH)
considered whether there is widespread current experience with medical use of marijuana in the
United States by licensed HCPs operating in accordance with implemented state-authorized
programs, where such medical use is recognized by entities that regulate the practice of medicine
under these state jurisdictions. Part 2 of the CAMU test, performed by the FDA, evaluated
whether there exists some credible scientific support for at least one of the medical conditions for
which the Part 1 test is satisfied.

An important difference in the present scientific and medical evaluation relative to the HHS
8FAs for marijuana from 2015 is that Congress amended the definition of “marijuana” in the
CSA in 2018. This action narrowed the scope of what is considered marijuana under the CSA by
removing “hemp” and chemical derivatives of “hemp”, as discussed below. When the CSA was
enacted in 1970, the term “marijuana” covered all varieties of Cannabis sativa L., including
chemovars and preparations with high concentrations of cannabinoid compounds with
intoxicating effects, such as delta-9-tetrahydrocannabinol (A9-THC), as well as chemovars and
preparations with lower concentrations of A9-THC and other cannabinoid compounds, which
could include “industrial hemp.” Specifically, the 1970 definition of “marihuana” under section
102(16) of the CSA (21 U.S.C. 802(16)) stated that:

The term ‘marihuana’ means all parts of the plant Cannabis sativa L., whether growing or
not; the seeds thereof; the resin extracted from any part of such plant; and every compound,
manufacture, salt, derivative, mixture, or preparation of such plant, its seeds or resin. Such
term does not include the mature stalks of such plant, fiber produced from such stalks, oil
or cake made from the seeds of such plant, any other compound, manufacture, salt,
derivative, mixture, or preparation of such mature stalks (except the resin extracted
therefrom), fiber, oil, or cake, or the sterilized seed of such plant which is incapable of
germination.

In December 2018, the Agriculture Improvement Act (also known as the 2018 Farm Bill), was
signed into law, which defined “hemp” as “a plant species Cannabis sativa L. and any part of
that plant, including the seeds thereof and all derivatives, extracts, cannabinoids, isomers, acids,
salts, and salts of isomers, whether growing or not, with a total A9-THC concentration of not
more than 0.3 percent on a dry weight basis” (revising Section 297A of the Agricultural
Marketing Act of 1946 (specifically, 7 U.S.C. 16390). The 2018 Farm Bill explicitly removed
“hemp” categorically from the definition of marijuana in the CSA, which removed it from
control under any drug schedule of the CSA. Based on the provisions of the 2018 Farm Bill, the
current definition of marijuana under 21 U.S.C. 802(16) is as follows:

(16)(A) Subject to subparagraph (B), the terms “marihuana” and “marijuana” mean all
parts of the plant Cannabis sativa L., whether growing or not; the seeds thereof; the resin



extracted from any part of such plant; and every compound, manufacture, salt, derivative,
mixture, or preparation of such plant, its seeds or resin.

(B) The terms “marihuana” and “marijuana” do not include—

(i) hemp, as defined in section 16390 of title 7; or

(ii) the mature stalks of such plant, fiber produced from such stalks, oil or cake made
from the seeds of such plant, any other compound, manufacture, salt, derivative,
mixture, or preparation of such mature stalks (except the resin extracted therefrom),
fiber, oil, or cake, or the sterilized seed of such plant which is incapable of germination.

In implementing the hemp provisions from the 2018 Farm Bill, DEA clarified that the definition
of “Tetrahydrocannabinols” under 21 CFR 1308.11(d)(31) does not include “any material,
compound, mixture, or preparation that falls within the definition of hemp set forth in 7 U.S.C.
16390.7°

The 2018 Farm Bill additionally had the effect of decontrolling many products containing
predominantly cannabidiol (CBD) derived from hemp and containing no more than 0.3 percent
A9-THC on a dry weight basis. This included the FDA-approved product Epidiolex, which
contains plant-derived, highly purified CBD as its active ingredient and was approved by FDA in
June 2018, just prior to the enactment of the Farm Bill. Prior to FDA approval of Epidiolex,
CBD was a Schedule | substance, based on its derivation from marijuana. To address the
Epidiolex approval, DEA placed “approved cannabidiol drugs” into Schedule V of the CSA in
September 2018, under 21 CFR 1308.15(f),® and asserted that the placement was necessary to
carry out United States obligations under the Single Convention. Notably, though, FDA’s
review of the NDA for Epidiolex, as well as the subsequent HHS 8FA, found that, “Based on the
totality of the available scientific data, CBD does not have meaningful abuse potential. In
support of this finding, the evidence for any abuse potential is also substantially less than that of
all substances currently in Schedule V.” Thus, the decontrol of FDA-approved drugs that
contain CBD derived from cannabis with no more than 0.1 percent A9-THC on a dry weight
basis is scientifically supported by preclinical and clinical study data. Products containing
predominantly plant-derived CBD or marketed with the intent of offering consumers a plant-
derived, CBD-containing product, will not be addressed in this scientific and medical evaluation
of marijuana. It should be noted some hemp-derived CBD products may contain A9-THC or
other cannabinoids in amounts sufficient to produce drug effects more associated with marijuana,
and may or may not be legally within the definition of marijuana. It is acknowledged that their
widespread use may contribute to the epidemiological data on marijuana use that is discussed in
Factors 4, 5, and 6 of this scientific and medical evaluation.

It is important to note that, to date, FDA has not approved an NDA for a drug product containing
botanical marijuana. However, two drug products containing A9-THC (as dronabinol, which is
specifically the (-)-trans-A9-THC stereoisomer), the primary compound in marijuana that is

585 FR 51639, 51639-51645, August 21, 2020

6 Under 21 CFR 1308.15(f): “Approved cannabidiol drugs. (1) A drug product in finished dosage formulation that
has been approved by the United States Food and Drug Administration that contains cannabidiol (2-[1R-3-methyl-
6R-(1-methylethenyl)-2-cyclohexen-1-yl]-5-pentyl-1,3-benzenediol) derived from cannabis and no more than 0.1
percent (w/w) residual tetrahydrocannabinols.”



responsible for its abuse potential, have received FDA approval: Marinol and Syndros.
Dronabinol is a Schedule I substance under the CSA unless it is contained in an FDA-approved
drug product, as described below.

Marinol (dronabinol) capsules, 2.5, 5, and 10 mg, received FDA approval in 1985 for the
treatment of nausea and vomiting associated with cancer chemotherapy in patients who failed to
respond adequately to conventional anti-emetic treatments. In 1992, FDA approved an
additional indication for the treatment of anorexia associated with weight loss in patients with
acquired immunodeficiency syndrome (AIDS). Following the 1985 Marinol approval, DEA
conducted a product-specific rescheduling in 1986 for “synthetic dronabinol in sesame oil and
encapsulated in soft gelatin capsules,” moving it from Schedule I into Schedule II. In 1999,
DEA rescheduled “synthetic dronabinol in sesame oil and encapsulated in soft gelatin capsules”
again, from Schedule 11 into Schedule 111, based on low numbers of reports of abuse of Marinol
relative to marijuana.

Syndros (dronabinol) oral solution 5 mg/ml received FDA approval in 2016 for the same
indications as those approved for Marinol: nausea and vomiting associated with cancer
chemotherapy in patients who have failed to respond adequately to conventional antiemetic
treatments and anorexia associated with weight loss in patients with AIDS. Following FDA
approval, DEA conducted a product-specific rescheduling in 2017 for “FDA-approved products
containing dronabinol in an oral solution” from Schedule I into Schedule I1.

Considerations for Scheduling of Marijuana

In considering the scheduling of marijuana in response to President Biden’s request, the Secretary
of HHS is required to consider in a scientific and medical evaluation eight factors determinative of
control under the CSA, pursuant to 21 U.S.C. 811(b). The eight factors are the following:

Its actual or relative potential for abuse;

Scientific evidence of its pharmacological effect, if known;

The state of current scientific knowledge regarding the drug or other substance;

Its history and current pattern of abuse;

The scope, duration, and significance of abuse;

What, if any, risk there is to the public health;

Its psychic or physiological dependence liability; and

Whether the substance is an immediate precursor of a substance already controlled.

NN E

Following consideration of the eight factors, three findings need to be made to determine the
schedule for a drug or substance under the CSA. The three required findings relate to a substance’s
abuse potential, CAMU in the United States, and safety or dependence potential (21 U.S.C.
812(b)).

In this document, the term “marijuana” will be used to refer to Cannabis sativa L., to be
responsive to language of the CSA definition of “marihuana” or “marijuana” and its listing as the
Schedule I drug class that is subject of this evaluation. The present evaluation of marijuana
discusses the scientific and medical information relative to each of the eight factors, presents



findings in the three required areas (abuse potential, CAMU, and safety or dependence liability)
and makes a recommendation regarding the scheduling of marijuana.

It is important to note that this evaluation is necessarily limited in scope and depth to those
preclinical, clinical, and epidemiological data that are directly related to determining the abuse
potential, physical dependence, and CAMU of marijuana in response to the eight factors
described in the CSA. As such, this assessment is comprehensive, but is not exhaustive or
encyclopedic. Extensive reviews of marijuana and cannabinoids are publicly available in papers
published in the scientific and medical literature, as well as from federal entities such as NIDA
and the Congressional Research Service, from professional medical associations, and from the
National Academies of Science, Engineering and Medicine (NASEM). The current review is
largely focused on modern scientific considerations on whether marijuana has a CAMU and on
new epidemiological data related to abuse of marijuana in the years since the 2015 HHS 8FAs on
marijuana.

In the epidemiological analyses below regarding prevalence of marijuana abuse and associated
harms, evaluations included comparators such as heroin (Schedule 1), fentanyl (Schedule I1),
oxycodone (Schedule 11), hydrocodone (Schedule I1), cocaine (Schedule 1), ketamine (Schedule
I11), benzodiazepines (Schedule 1V), zolpidem (Schedule 1V), tramadol (Schedule 1V), and
alcohol (FDA Office of Surveillance and Epidemiology, 2023). Each individual epidemiological
database evaluated a specific group of drugs and not every comparator was evaluated under each
database.

It should be noted that although alcohol is well known to be abused, it was explicitly exempted
from control under the CSA when it was enacted. Typically, substances that are not controlled
under the CSA are not utilized as comparator drugs for scheduling placement considerations
because they may not have been formally evaluated for abuse potential in standard preclinical
and clinical abuse-related studies. However, alcohol is included in the analyses because of its
extensive availability and use in the United States, which is also observed for nonmedical use of
marijuana (also known as recreational use of marijuana).

After assessing all available preclinical, clinical, and epidemiological data, FDA recommends
that marijuana be rescheduled from Schedule I into Schedule 111 of the CSA. Schedule 111 drugs
are classified as having a potential for abuse less than the drugs or other substances in schedules
I and 11, a currently accepted medical use in treatment in the United States, and moderate or low
physical dependence or high psychological dependence that may result from their use. NIDA
concurs with this recommendation.

Il.  Evaluating Marijuana Under the Eight Factors

Pursuant to 21 U.S.C. 811(c), the eight factors pertaining to the scheduling of marijuana are
considered below.



FACTOR 1. ITS ACTUAL OR RELATIVE POTENTIAL FOR ABUSE

Under the first factor, the Secretary must consider actual or relative potential for abuse of
marijuana. The CSA does not define the term “abuse.” However, the CSA’s legislative history
suggests using the following criteria in determining whether a particular drug or substance has a
potential for abuse’:

a. There is evidence that individuals are taking the drug or drugs containing such a
substance in amounts sufficient to create a hazard to their health or to the safety of
other individuals or to the community.

b. There is a significant diversion of the drug or drugs containing such a substance from
legitimate drug channels.

c. Individuals are taking the drug or drugs containing such a substance on their own
initiative rather than on the basis of medical advice from a practitioner licensed by law
to administer such drugs in the course of his professional practice.

d. The drug or drugs containing such a substance so related in their action to a drug or
drugs already listed as having a potential for abuse to make it likely that the drug will
have the same potentiality for abuse as such drugs, thus making it reasonable to assume
that there may be significant diversions from legitimate channels, significant use
contrary to or without medical advice, or that it has a substantial capability of creating
hazards to the health of the user or to the safety of the community.

In the development of this scientific and medical evaluation for the purpose of scheduling, the
Secretary analyzed considerable data related to the abuse potential of marijuana. Determining
the abuse potential of a substance is complex with many dimensions, and no single test or
assessment provides a complete characterization. Thus, no single measure of abuse potential is
ideal. Scientifically, a comprehensive evaluation of the relative abuse potential of a substance
can include consideration of the following elements: chemistry, receptor binding, behavioral
effects indicating that the substance is rewarding or is similar to another substance controlled
under the CSA, pharmacokinetics, behavioral effects indicating that the substance produces
physical or psychic dependence, and epidemiological data related to abuse of the substance
regarding its pattern and duration of use, as well as the risk it presents to the public health.

a. There is evidence that individuals are taking the substance in amounts sufficient to
create a hazard to their health or to the safety of other individuals or to the
community.

Evidence shows that some individuals are taking marijuana in amounts sufficient to create a
hazard to their health and to the safety of other individuals and the community. However,

" Comprehensive Drug Abuse Prevention and Control Act of 1970, H.R. Rep. No. 91-1444, 91st Cong., Sess. 1
(1970) reprinted in U.S.C.C.A.N. 4566, 4603.



evidence also exists showing that the vast majority of individuals who use marijuana are doing
S0 in a manner that does not lead to dangerous outcomes to themselves or others.

The data supportive of this conclusion are found in Factor 4 (below), “Its History and Current
Pattern of Abuse” (citing data from National Survey on Drug Use and Health (NSDUH), the
Behavioral Risk Factor Surveillance System (BRFSS), the Researched Abuse, Diversion and
Addiction-Related Surveillance (RADARS) System’s Nonmedical Use of Prescription Drugs
(NMURXx) Program, Monitoring the Future (MTF), the Youth Risk Behavior Surveillance
System (YRBSS), and the International Cannabis Policy Survey (ICPS)), in Factor 5, “The
Scope, Duration, and Significance of Abuse” (citing data from National Poison Data System
(NPDS), NSDUH, the Treatment Episode Data Set (TEDS), National Addictions Vigilance
Intervention and Prevention Program (NAVIPPRO), the Nationwide Emergency Department
Sample (NEDS), and the National Inpatient Sample (NIS)), and Factor 6, “What, if any, Risk
There is to the Public Health” (citing data from NSDUH, TEDS, NEDS, NIS, ToxIC Core
Registry, FDA Adverse Event Reporting System (FAERS), FDA’s Center for Food Safety and
Applied Nutrition (CFSAN) Adverse Event Reporting System (CAERS), National Vital
Statistics System-Mortality and Drug-Involved Mortality (NVSS-M and DIM), the Drug Abuse
Warning Network (DAWN), FDA'’s Sentinel Distributed Database System, and Centers for
Medicare and Medicaid Services (CMS).

To provide context, from 2015 to 2019, the prevalence of past-year use of alcohol was 5-6 times
greater than that that of past-year nonmedical use of marijuana. In contrast, the prevalence of
past-year nonmedical use of heroin, cocaine, oxycodone, hydrocodone, tramadol,
benzodiazepines, and zolpidem was 4-5 times less than that for marijuana.

In NSDUH, among people with past-year marijuana nonmedical use, approximately half of
individuals reported nonmedical marijuana use an average of less than 5 days/month while
another 30% reported nonmedical marijuana use for an average of more than 20 days/month. In
the BRFSS population of people with past-30-day marijuana use, near-daily use was more likely
if the individual was using marijuana for medical reasons. However, medical-only use of
marijuana was less common (25% for medical-only use, compared to 39% for medical and
nonmedical use, and 36% for nonmedical use only). Additionally, in NSDUH, past-year use of
marijuana was predictive of past-month use for 60-80% of respondents, similar to alcohol use
(approximately 80% of those who used alcohol in the past year also did so in the past month).

The most notable conclusion from an evaluation of various epidemiological databases of adverse
outcomes involving marijuana or comparator drugs that are used nonmedically, occurring over
2015 to 2021, is that the utilization-adjusted rate of adverse outcomes involving marijuana was
consistently lower than the respective utilization-adjusted rates of adverse outcomes involving
heroin, cocaine, and, for certain outcomes, other comparators. Also, the rank order of the
comparators in terms of adverse outcome counts typically placed alcohol or heroin in the first or
immediately subsequent positions, with marijuana in a lower place in that ranking. This pattern
was also observed for serious medical outcomes, including death, observed in Poison Center
data, where marijuana was in the lowest ranking group. This suggests consistency across
databases, across drugs, and over time, and although abuse of marijuana produces clear evidence
of harmful consequences, these appear to be relatively less common and less severe than some



other comparator drugs. Importantly, these comparisons of prevalence of adverse outcomes were
from descriptive analyses only. Thus, underlying differences in the populations being compared
(e.g., age or pre-existing medical conditions) may have contributed to observed differences in
outcome frequency and severity, and the ranked order across comparators. In addition, because
individuals using marijuana and/or the selected comparators may have been monitored
differently, there may have been differences between the populations in outcome ascertainment.

The risks to the public health posed by marijuana are lower compared to other drugs of abuse
(e.g., heroin, oxycodone, cocaine), based on an evaluation of various epidemiological databases
for emergency department (ED) visits, hospitalizations, unintentional exposures, and most
importantly, for overdose deaths. The rank order of the comparators in terms of greatest adverse
consequences typically places heroin, benzodiazepines and/or cocaine in the first or immediately
subsequent positions, with marijuana in a lower place in the ranking, especially when a
utilization adjustment is calculated. For overdose deaths, marijuana is always in the lowest
ranking among comparator drugs. These evaluations demonstrate that there is consistency across
databases, across substances, and over time that although abuse of marijuana produces clear
evidence of a risk to public health, that risk is relatively lower than that posed by most other
comparator drugs.

b. There is significant diversion of the substance from legitimate drug channels.

There is a lack of evidence of significant diversion of marijuana from legitimate drug channels
(i.e., marijuana that is legally marketed under United States federal law), due to the fact that an
NDA for a drug product containing botanical marijuana has not been approved for marketing in
the United States. Marijuana is used by researchers for clinical research under investigational
new drug (IND) applications, and there are multiple DEA-registrants who have applied and are
approved to produce marijuana and derived formulations for use in DEA-authorized nonclinical
and clinical research. These research and manufacturing authorizations represent the only
legitimate federally sanctioned drug channels in the United States, and there is a lack of data
indicating diversion occurring from these entities or activities. However, there are significant
additional sources of marijuana in the United States, both from illicit cultivation and production,
illicit importation from other countries, and from state programs that permit dispensing of
marijuana for medical use and, in some states, recreational adult use.

c. Individuals are taking the substance on their own initiative rather than on the basis
of medical advice from a practitioner licensed by law to administer such substances.

FDA has not approved an NDA for a drug product containing botanical marijuana for any
therapeutic indication. Thus, at the federal level, the only way an individual can use marijuana
on the basis of medical advice through legitimate channels under federal law is by participating
in research under an IND. However, 38 states and the District of Columbia have passed state-
level medical marijuana laws allowing for individuals to use marijuana under certain
circumstances for medical purposes. Outside of the federal- and state-sanctioned medical use of
marijuana, individuals are using marijuana on their own initiative for medical as well as
nonmedical, purposes. Epidemiological data related to nonmedical use of marijuana is detailed
in Factor 4, “Its History and Current Pattern of Abuse.”



d. The substance is so related in its action to a substance already listed as having a
potential for abuse to make it likely that it will have the same potential for abuse as
such substance, thus making it reasonable to assume that there may be significant
diversions from legitimate channels, significant use contrary to or without medical
advice, or that it has a substantial capability of creating hazards to the health of the
user or to the safety of the community.

Marijuana has been a Schedule I substance under the CSA since it was enacted in 1970. The
primary compound in marijuana that is responsible for its abuse potential is A9-THC (also
known as dronabinol, when specifically referring to the (-)-trans-A9-THC stereoisomer), which
has agonist activity at cannabinoid CB; receptors. As discussed under Factor 2, there are
extensive nonclinical and clinical studies that establish that marijuana, due to the CB1 agonist
activity of its main cannabinoid constituent A9-THC, produces rewarding effects that would be
consistent with observed long-term patterns of nonmedical use and abuse, both before and in
years since enactment of the CSA (see Factor 4). Additionally, FDA has approved two drug
products containing dronabinol: Marinol (in 1985; Schedule 111) and Syndros (in 2016; Schedule
I1). When these products were being developed, they underwent a systematic evaluation of their
abuse potential based on animal and human behavioral studies, which showed that dronabinol
has abuse potential. The abuse-related studies for Marinol and Syndros confirmed the abuse
potential of A9-THC, the primary compound responsible for the abuse of marijuana. These
findings suggest that marijuana will continue to be used nonmedically, diverted from legitimate
channels, and trafficked in illicit channels as a potential source for continued nonmedical use in
the United States (see Factor 5).

Epidemiological data indicate that marijuana has the potential for creating hazards to the health
of the user and to the safety of the community. However, as a relative finding on abuse liability,
when comparing marijuana to heroin, oxycodone, hydrocodone, fentanyl, cocaine, ketamine,
benzodiazepines, zolpidem, tramadol, and alcohol in various epidemiological databases that
allow for some or all of these comparisons, marijuana is not typically among the substances
producing the most frequent incidence of adverse outcomes or severity of substance use disorder
(see Factors 4, 5, and 6). However, as noted above in Factor 1a, there are limitations in
comparing descriptive data on adverse outcomes across drugs.

FACTOR 2. SCIENTIFIC EVIDENCE OF ITS PHARMACOLOGICAL EFFECTS, IF KNOWN.

Under the second factor, the Secretary must consider the scientific evidence of the
pharmacological effects of marijuana, based on the effects of A9-THC, the primary compound
responsible for the abuse potential of marijuana. This section includes a scientific evaluation of
the neurochemistry, receptor pharmacology, animal abuse-related behavioral effects, and human
behavioral and physiological effects of marijuana. The overview presented below relies upon the
current scientific information available in the public domain.



Neurochemistry and Receptor Pharmacology of Marijuana

Cannabis is the genus of a plant that contains numerous natural constituents, including
cannabinoids (see Factor 3, below). Marijuana samples derived from various cultivated
chemovars may vary with respect to their composition and concentration of various chemical
constituents, including whether they contain significant amounts of A9-THC or other
cannabinoids (Appendino et al., 2011; Smith et al., 2022). As a consequence, marijuana
products from different strains will have differing biological and pharmacological profiles.

Marijuana contains at least 560 identified natural constituents, including 125 compounds
classified as cannabinoids (Appendino et al., 2011; Elsohly & Slade, 2005; Radwan et al., 2021).
Most major cannabinoid compounds occurring naturally in Cannabis have been identified
chemically, but new and minor compounds are continuously being characterized (Pollastro et al.,
2011; Radwan et al., 2021). The chemistry of marijuana is described in more detail in Factor 3,
“The State of Current Scientific Knowledge Regarding the Drug or Other Substance.”

The two most abundant cannabinoids present in marijuana are A9-THC and CBD (Lewis et al.,
2018). Mechoulam and Gaoni first described the structure and function of A9-THC in 1965,
while Mechoulam and Shvo first described the structure of CBD in 1963 (Mechoulam & Gaoni,
1965; Mechoulam & Shvo, 1963). A9-THC is the major psychoactive intoxicating cannabinoid
in marijuana (Wachtel et al., 2002) and is the component of marijuana that is primarily
responsible for its abuse potential. In contrast, CBD has negligible abuse potential, as assessed
by FDA during the NDA review for Epidiolex, an FDA-approved drug product containing plant-
derived, highly-purified CBD (Epidiolex drug label, 2022) .

There are two cannabinoid receptors: CB1 and CB,. The identification and cloning of CB1
receptors from rat brain tissue (Devane et al., 1988) and then from human brain tissue (Gerard et
al., 1991) was followed by identification and cloning of CB: receptors in the periphery (Munro et
al., 1993) .

CB: and CB: receptors belong to the family of G-protein-coupled receptors and present a typical
seven transmembrane-spanning domain structure. Cannabinoid receptors primarily link to an
inhibitory G-protein (Girn), such that adenylate cyclase activity is inhibited when a cannabinoid
ligand binds to the receptor. This, in turn, prevents the conversion of adenosine triphosphate
(ATP) to the second messenger, cyclic AMP (CAMP), which decreases CAMP levels (Eldeeb et
al., 2020; Howlett et al., 2004). Kesner et al. (Kesner & Lovinger, 2021) have summarized the
second messenger functioning in more depth, noting that G proteins also contain beta/gamma G
protein units that are also liberated following ligand binding, which then bind to and alter ion
channel function, including inhibition of voltage-gated ion channels and activation of potassium
channels. Ligand binding can also activate some subforms of phospholipase C as well as beta-
arrestin protein. All of these second messenger routes amplify the neural signal following
cannabinoid binding at CB1 and CB:> receptors.

CB: receptors are found primarily in the central nervous system (CNS), but are also present in

peripheral tissues, such as liver, heart, and lungs (Howlett & Abood, 2017). In the brain, CB:
receptors are expressed with highest density in cortical regions, hippocampus, basal ganglia, and
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cerebellum (Herkenham et al., 1991; Howlett et al., 2004; Marsicano & Kuner, 2008) and lowest
density in brainstem and hypothalamic areas (Howlett et al., 2004; Busquets-Garcia et al., 2018).
The localization of these receptors may explain cannabinoid effects on movement coordination,
memory, and cognition. Additionally, CB; receptors are found in glial cells (Breivogel & Sim-
Selley, 2009) as well as in the immune system (Klein et al., 2003). However, the concentration
of CB1 receptors is considerably lower in peripheral tissues than in the CNS (Herkenham, 1992;
Herkenham et al., 1990).

CB2 receptors are found primarily in the immune system (Klein et al., 2003; Mackie & Stella,
2006), including numerous leukocyte cell types (Bouaboula et al., 1993; Turcotte et al., 2016), as
well as in activated CNS microglia (Mackie, 2008). Additionally, CB: receptors have been
localized in the brain, primarily in the cerebellum and hippocampus (Gong et al., 2006). The
distribution of CB> receptors throughout the body is less extensive than the distribution of CB1
receptors (De Petrocellis & Di Marzo, 2009).

There are two endogenous cannabinoid receptor agonists, anandamide (identified in 1992) and
arachidonyl glycerol (2-AG; identified in 1995) (Di Marzo, 2006). At CB: receptors,
anandamide is a partial agonist with low intrinsic efficacy (Mackie, 2008) while 2-AG is a full
agonist with high intrinsic efficacy (Gonsiorek et al., 2000). These endogenous cannabinoid
ligands are present in central as well as peripheral tissues. A combination of uptake and
hydrolysis terminate the action of anandamide and 2-AG. The endogenous cannabinoid system
is a locally active signaling system, activated “on demand” in response to changes to the local
conditions to help restore homeostasis (Medeiros et al., 2020). The endogenous cannabinoid
system, including the endogenous cannabinoids and the cannabinoid receptors, demonstrate
substantial plasticity in response to several physiological and pathological stimuli (Augustin &
Lovinger, 2018; De Petrocellis & Di Marzo, 2009). This plasticity is particularly evident in the
CNS.

A9-THC and CBD have varying affinity and effects at the cannabinoid receptors. A9-THC is a
partial agonist at both CB;1 (Ki = 18-218 nM) and CB: receptors (Ki = 36-309 nM) (Tagen and
Klumpers, 2022). However, CB; receptors are the main pharmacological site of action for A9-
THC, making CB;: receptors the site that is responsible for the abuse potential of marijuana
(Zimmer et al., 1999). The other CNS site where A9-THC may have activity is the 5HT3
receptor, where it functions as an antagonist (Barann et al., 2002; Shi et al., 2012). In contrast,
CBD has low affinity for both CB1and CB: receptors (McPartland et al., 2007; Mechoulam et
al., 2007) and may act as a negative allosteric modulator and/or weak antagonist at these sites
(Morales et al., 2017; Thomas et al., 2007). CBD has additional CNS effects as a serotonin
5HT1a agonist and a serotonin 5SHT2a weak partial agonist (Russo et al., 2005), and well as a
serotonin 5HT3a antagonist (Yang et al., 2010).

In the past 30 years, the potency of marijuana with regard to A9-THC has increased dramatically.
As reported in 2021 by EISohly et al., the concentration A9-THC in marijuana samples in the
United States increased from 3% in 1991 to 4.47% in 1997, from 3.4% in 1993 to 8.8% in 2008,
from 4% in 1995 to 12% in 2014, and from 8.9% in 2008 to 17.1% in 2017. These increases
were attributed by EISohly et al. to an increase in the number of high potency samples (i.e.,
sinsemilla) in the overall samples tested. In contrast, there was a decrease initially in the
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concentration of CBD in the same samples, from 0.40% in 2009 to 0.14% in 2017, but this rose
to 0.60% in 2019. Based on an evaluation of marijuana seized by DEA, the majority of samples
contained high concentrations of A9-THC and low concentrations of CBD (EISohly et al., 2021).

Animal Abuse-Related Behavioral Effects

Self-Administration

Self-administration is a method that assesses the ability of a drug to produce rewarding effects.
The presence of rewarding effects increases the likelihood of behavioral responses to obtain
additional drug. Animal self-administration of a drug is often useful in suggesting whether
humans will experience that a particular substance will have rewarding effects, which is
indicative of abuse potential. A good correlation is often observed between those drugs that
rhesus monkeys self-administer and those drugs that humans abuse (Balster & Bigelow, 2003).

Since self-administration is a methodology in which the test drug is typically administered
intravenously to rats, it is not possible to evaluate botanical marijuana through self-
administration. However, given that A9-THC is the primary substance that confers abuse
potential to marijuana, its ability to induce self-administration can serve as an indicator of the
abuse potential of marijuana.

For many decades, researchers had difficulty producing consistent self-administration of A9-
THC in animals (Harris et al., 1974; Kaymakcalan, 1973; Mansbach et al., 1994; Pickens et al.,
1973; van Ree et al., 1978). When novel training paradigms were developed, intravenous self-
administration of A9-THC was eventually established in a variety of animal models (Braida et
al., 2004; Justinova et al., 2005; Justinova et al., 2004; Justinova et al., 2003; Tanda et al., 2000).

In the past 20 years, investigators have continued to experiment with A9-THC self-
administration in animal investigations by varying the methodology, testing differences in animal
species and sex, route of administration (intravenous, oral, or inhalation of vaporized or
combusted A9-THC), dose of A9-THC, and the schedule of reinforcement (fixed ratio and/or
fixed interval). Based on the specific methods used, laboratories have had variable success in
producing self-administration of A9-THC.

Some studies showed successful animal self-administration of A9-THC following intravenous
administration (John et al., 2017; Justinova et al., 2003; Spencer et al., 2018; Stringfield &
Torregrossa, 2021) administration of inhaled vapor (Freels et al., 2020), oral administration
(Abraham et al., 2020; Nelson et al., 2019; Smoker, Hernandez, et al., 2019; Smoker, Mackie, et
al., 2019), and intracerebroventricular administration (Braida et al., 2001; Zangen et al., 2006).
The repeated self-administration in these studies show that A9-THC produces rewarding effects
that lead an animal to repeatedly seek out the substance, which demonstrates that A9-THC is
reinforcing.

In contrast, there are other recent animal studies that have not been able to produce A9-THC self-
administration following intravenous administration (Lefever et al., 2014; Wakeford et al., 2017)
and oral administration (Barrus et al., 2018). However, these negative data demonstrate how the
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specific methodology used in a study can limit a behavioral response, and thus do not negate the
positive results from the studies in which A9-THC was actively self-administered by animals.

Typically, animal self-administration is used primarily to predict whether a novel substance is
likely to be used by humans for its rewarding properties, as an indication of its abuse potential.
However, it is well-known from epidemiological data that humans self-administer substances
that contain A9-THC, including botanical marijuana (see Factors 4, 5, and 6), for their ability to
produce positive subjective responses, including euphoria. Thus, a comprehensive
deconstruction of which animal methodology is optimum for producing preclinical self-
administration of A9-THC is not necessary for an evaluation of the abuse potential of marijuana
in humans, since it is already clear that humans utilize marijuana for its rewarding properties.

Conditioned Place Preference

Conditioned place preference (CPP) is a less rigorous method than self-administration of
determining whether drugs have rewarding properties. In this behavioral test, animals are given
the opportunity to spend time in two distinct environments: one where they previously received
a drug and one where they received a placebo. If the drug has rewarding properties, animals will
choose to spend more time in the environment paired with the drug than the one paired with the
placebo, when both options are presented simultaneously.

Many attempts to produce animal CPP with A9-THC were unsuccessful, producing either no
CPP (Parker & Gillies, 1995; Vlachou et al., 2007) or a conditioned place aversion (where an
animal avoids the side of the cage where the drug was given, suggesting the drug was
experienced as unpleasant) (Cheer et al., 2000; Hutcheson et al., 1998; Quinn et al., 2008;
Sanudo-Pena et al., 1997; Schramm-Sapyta et al., 2007). This is similar to the experimental
difficulties reported in producing animal self-administration of A9-THC.

In 1995, CPP was first shown to be elicited from exposure to A9-THC (Lepore et al., 1995),
followed by success by other investigators in producing CPP associated with A9-THC (Braida et
al., 2004; Castane et al., 2003; Ghozland et al., 2002; Le Foll et al., 2006; Soria et al., 2004;
Valjent & Maldonado, 2000; Valjent et al., 2002).

The studies in which A9-THC successfully produced CPP occurred under very specific
experimental conditions, similar to the A9-THC self-administration studies in animals.
Experimental manipulations in CPP studies with A9-THC have included varying animal species,
sex, dose, route of administration, introduction of flavors to obscure unpleasant taste, and the
drug history of the animals tested. However, as with animal self-administration, the use of CPP
is typically to determine if a new drug produces rewarding sensations, which would suggest that
a drug has abuse potential. Since it is clear that humans self-administer substances that contain
A9-THC, including botanical marijuana, it is not necessary to interrogate which CPP methods are
optimal for demonstrating that A9-THC has rewarding properties in animals.
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Drug Discrimination Studies

Drug discrimination is a method in which animals indicate whether a test drug produces
sensations similar to those produced by a training drug with a known pharmacological
mechanism of action. In this test, an animal learns to press one bar in a test cage when it
receives the training drug and another bar when it receives placebo. A challenge session with the
test drug determines which of the two bars the animal presses more often, as an indicator of
whether the test drug produces effects that are similar to the training drug. Drug discrimination
is only considered to be an abuse-related study when the training drug is a known drug of abuse
that is scheduled under the CSA and the test drug may have abusable effects similar to the
training drug, based on having a similar mechanism of action to the training drug.

A9-THC, the primary compound in marijuana that is responsible for its abuse potential, is used
extensively as the training drug in animal drug discrimination studies to demonstrate whether a
novel compound produces cannabinoid effects. Since A9-THC is already considered to be the
standard for establishing if new drugs have classic marijuana-like pharmacological activity in
drug discrimination, the application of this method in evaluating the abuse potential of A9-THC
will not be discussed further.

Human Behavioral and Physiological Effects

Subjective Effects of A9-THC

The psychological, behavioral, and subjective responses to marijuana in humans have been
known and characterized since antiquity (Chaachouay et al., 2023; Russo, 2016). In the modern
period, data on the psychological, behavioral, and subjective responses to marijuana are available
from the drug label of FDA-approved drug products, from prospective human abuse potential
(HAP) studies, from accounts published in the scientific and medical literature, and from an
evaluation published in 2017 by the NASEM.

FDA-Approved Drug Products Containing A9-THC

Clinical scientific studies have investigated the effects of A9-THC, the primary compound
responsible for the abuse potential of marijuana, on humans during the drug development of the
FDA-approved drug product Marinol, which contains 2.5, 5, and 10 mg dronabinol ((—)-trans-
A9-THC of synthetic origin in sesame seed oil). Section 6.1 (Clinical Trials Experience) of drug
labels for Marinol and Syndros (which relied on the safety data from Marinol during drug
development) lists the following AEs as occurring in controlled clinical studies during drug
development.

Incidence > 1%:
e CNS: amnesia, anxiety/nervousness, ataxia, confusion,
depersonalization, hallucination
e General: asthenia
e Cardiovascular: palpitations, tachycardia, vasodilation/facial flush

14



Incidence 3% to 10%
e CNS: euphoria, paranoid reaction, somnolence, thinking
abnormal, dizziness
e Gastrointestinal: Abdominal pain, nausea, vomiting

Human Abuse Potential Studies

HAP studies evaluate whether a test drug produces positive subjective responses, compared to
placebo and a known drug of abuse that is scheduled under the CSA that serves as the positive
control. If the test drug produces rewarding effects that are statistically significantly greater than
placebo, and beyond the acceptable placebo range of response, it is an indication that the drug
may have abuse potential. The relative abuse potential is suggested by the responses from the
positive control on these measures, in comparison to the test drug.

For many decades, HAP studies have been conducted with marijuana and A9-THC in subjects
who had nonmedical experience with cannabinoids (Fogel et al., 2017; Hunault et al., 2014;
Karschner et al., 2011; Kaufmann et al., 2010; Ramesh et al., 2013; Ranganathan et al., 2012;
Schindler et al., 2020; Spindle et al., 2021; Wachtel & de Wit, 2000; Wachtel et al., 2002). In
these studies, doses of A9-THC ranging from 1.79 to 69 mg were administered to subjects using
marijuana and/or isolated A9-THC. Most of these studies used smoking or oral administration,
with some studies using the intravenous route of administration.

There were commonalities in results among all of these HAP studies, despite the differences in
dose of A9-THC, the route of administration, or whether the A9-THC was provided in the form
of marijuana or isolated compound. Following administration of the study drug, there were
increases on such positive subjective responses as visual analog scales (VAS) for Drug Liking,
Overall Drug Liking, Good or Pleasant Drug Effects, High, Stoned, Stimulated, Enjoyment, Take
Drug Again, Want More Drug, and Willing to Pay. There were also increases on the Addiction
Research Center Inventory (ARCI) scales for Morphine Benzedrine Group (euphoria),
Marijuana, and Amphetamine. These data consistently demonstrate that A9-THC, in the form of
marijuana or isolated compound, when administered under controlled experimental conditions,
produces rewarding effects that are indicative of abuse potential.

Following administration of marijuana or A9-THC, there were also increases on subjective
responses assessing various negative drug effects and sedation, often delayed in onset from when
the positive subjective effects began. These assessments included VAS for Bad Drug Effect,
Sick, Dizzy, Hungry, Suspicious, Paranoid, Anxious, Sedated, Calm, Drowsy, Tired, Forgetful,
Impaired Memory, Dry Mouth, and Dry/Red Eyes, as well as ARCI scales for Lysergic Acid
Diethylamide (dysphoria), Benzedrine Group (stimulant), and Pentobarbital-Chlorpromazine-
Alcohol Group (sedation).

Given the wide range of doses tested in HAP studies, these positive and negative subjective
responses following administration of marijuana or A9-THC were often dose-dependent. There
were typically few differences between the responses between marijuana and A9-THC, or
between responses based on route of administration of the study drug.
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Common Responses to Marijuana in Humans

The responses to dronabinol reported during drug development and in HAP studies parallel the
common responses to marijuana that have been described by other medical scientists (Adams &
Martin, 1996; Agrawal et al., 2014; American Psychiatric Association, 2013; Earleywine, 2002;
Hollister, 1986, 1988), which include:

Positive Subjective Responses

e FEuphoria

e Pleasurable “rush” or “buzz”
e Merriment

e Happiness

e Exhilaration

Sedative Responses
Sedation
Drowsiness
Relaxation
Changes in sleep

Anxiety and Negative Responses
e Anxiety

Panic attack

Fearfulness

Agitation

Paranoia

Restlessness

Dysphoria

Perceptual Changes
e Hallucinations
Feelings seem stronger
Sexual enhancement
Spiritual enhancement
Changes in time perception
Changes in perception (sight, sound, taste, smell, touch)

Psychiatric, Social, and Cognitive Changes
e Drug abuse

Illusions

Delusions

Depersonalization

Heightened imagination

Disinhibition

Emotional lability

16



Memory and concentration impairment
Disorganized thinking

Impaired judgment

Confusion

Increased sociability

Talkativeness

Physiological Responses

Nausea

Tachycardia

Facial flushing

Dry mouth

Tremor

Dizziness

Increased appetite, especially for sweet and fatty foods
Reduced coordination

Ataxia

Hyperemesis

The positive changes that occur following use of marijuana are pleasurable to many humans and
are associated with drug-seeking and drug-taking. These effects are typically dose-dependent,
with higher doses and routes of administration that produce faster onset producing more intense
responses and the likelihood of more negative subjective effects (Kesner & Lovinger, 2021).

National Academies of Science, Engineering, and Medicine

In 2017, NASEM published a book-length evaluation entitled The Health Effects of Cannabis
and Cannabinoids: The Current State of Evidence and Recommendations for Research
(National Academies of Sciences & Medicine, 2017). In this evaluation, NASEM provided a
brief summary of the clinical features of marijuana intoxication, as follows:

During acute cannabis intoxication, the user’s sociability and sensitivity to certain stimuli
(e.g., colors, music) may be enhanced, the perception of time is altered, and the appetite for
sweet and fatty foods is heightened. Some users report feeling relaxed or experiencing a
pleasurable “rush” or “buzz” after smoking cannabis (Agrawal et al., 2014). These
subjective effects are often associated with decreased short-term memory, dry mouth, and
impaired perception and motor skills. When very high blood levels of A9-THC are
attained, the person may experience panic attacks, paranoid thoughts, and hallucinations
[...] Furthermore, as legalized medical and nonmedical cannabis availability increase
nationwide, the impairment of driving abilities during acute intoxication has become a
public safety issue.

In addition to A9-THC dosage, two main factors influence the intensity and duration of

acute intoxication: individual differences in the rate of absorption and metabolism of A9-
THC, and the loss of sensitivity to its pharmacological actions. Prolonged CB1 receptor
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occupation as a consequence of the sustained use of cannabis can trigger a process of
desensitization, rendering subjects tolerant to the central and peripheral effects of A9-THC
and other cannabinoid agonists (Gonzalez et al., 2005). Animals exposed repeatedly to A9-
THC display decreased CB;: receptor levels as well as impaired coupling between CB; and
its transducing G-proteins (Gonzalez et al., 2005). Similarly, in humans, imaging studies
have shown that chronic cannabis use leads to a down-regulation of CB: receptors in the
cortical regions of the brain and that this effect can be reversed by abstinence (Hirvonen et
al., 2012).

In conclusion, A9-THC, the substance largely responsible for the abuse potential of marijuana, is
an agonist at the cannabinoid CB; receptor. When A9-THC is administered to animals, it
produces rewarding responses, as evidenced by its ability to induce self-administration and
conditioned place preference. This is consistent with the data from human studies and from
clinical observations, where administration of A9-THC or use of marijuana produces euphoria
and other pleasurable responses, as well as sedation and anxiety responses. Psychiatric, social,
and cognitive responses, which are often experienced as negative, are also reported, as are
physiological responses such as dry mouth, ataxia, and increased hunger. As described in Factor
4, the rewarding responses observed in humans are consistent with the prevalence of nonmedical
use of marijuana, which includes abuse of the substance. Abuse of marijuana by individuals can
lead to other negative consequences, including addiction and the need to seek medical attention
through calls to poison centers or visits to an ED, as described in Factor 5.

FACTOR 3. THE STATE OF CURRENT SCIENTIFIC KNOWLEDGE REGARDING THE DRUG OR
OTHER SUBSTANCE

Under the third factor, the Secretary must consider the state of current scientific knowledge
regarding marijuana. Thus, this section discusses the chemistry and human pharmacokinetics of
marijuana, as well as whether marijuana has a CAMU in the United States.

Chemistry

Cannabis is a genus of annual flowering plant with digitate leaves in the family Cannabaceae
Martinov (United States Department of Agriculture Natural Resources Conservation Service,
2023; WorldFloraOnline, 2023). Many scholars have studied diverse datasets and models to
estimate the origins of Cannabis. It likely originated in Central or Southeast Asia over 10,000
years ago and was first cultivated in China for fiber and seed production (Bonini et al., 2018;
Russo et al., 2008), with cultivation spreading across Asia, Africa, and Europe and eventually to
the Americas (Pisanti & Bifulco, 2019). A long-standing and significant historical debate by
botanists and taxonomists continues today regarding the number of species in the Cannabis
genus (Clarke & Watson, 2007; Hillig, 2005; Russo, 2004; Schultes et al., 1974; Small &
Cronquist, 1976). It is generally treated as a single, highly polymorphic species known as
Cannabis sativa L., with the other two previously reported species listed as Cannabis indica
Lam. and Cannabis ruderalis Janisch (United States Department of Agriculture Agricultural
Research Service, 2023). Plants previously believed part of the latter two species are generally
recognized as varieties (or subspecies) of Cannabis sativa L. (C. sativa), which are commonly
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referred to as var. indica and var. ruderalis. Cannabis sativa and var. indica plants are widely
cultivated for their size, branching, and cannabinoid content, while ruderalis is rarely cultivated
alone as it is shorter, often unbranched, and has very low cannabinoid content (Thomas &
ElSohly, 2016a). Worldwide Cannabis varieties are separated into hundreds of different
cultivars and strains. Plants selected for cultivation are known as cultivated varieties or cultivars,
whereas plants reproduced asexually from a cultivar through clonal propagation are known as
strains (Procaccia et al., 2022). These practices have resulted in significantly different chemical
profiles for Cannabis cultivars and the classification term to account for these chemical profile
differences has evolved. The term ‘chemovar’ accounts for the plant’s chemical profile and is a
more meaningful classification for clinical researchers studying the plant’s potential drug effects
(Hazekamp & Fischedick, 2012).

Cannabis is a dioecious plant (WorldFloraOnline, 2023), meaning female and male flowers
occur on separate plants, and rarely occurs as a monoecious plant (single plant containing male
and female flowers). The glandular trichomes found on the female plant’s unfertilized flower
heads and bracts contain the highest concentrations of cannabinoids. For this reason, unfertilized
female chemovars are favored to harvest large inflorescences (i.e., complete flower head) for
their rich cannabinoid and terpene content, Error! Bookmarknot defined. Consequently, marijuana
products developed from diverse chemovars will have different safety, biological,
pharmacological, and toxicological profiles.

The C. sativa plant naturally contains many different compounds and more than 550 have been
identified, such as: cannabinoids, terpenoids, flavonoids, stilbenoids, steroids, polysaccharides,
benzoquinone, phenanthrenes, spiroindans, lignans, fatty acids, sugars, hydrocarbons, amino
acids, and proteins (Liu et al., 2022; Rock & Parker, 2021). Cannabinoids are mainly found in
living C. sativa plants in their non-psychoactive carboxylated forms (i.e., acid form), which
require drying, heating, combustion, or aging to decarboxylate to their neutral forms, (Thomas &
ElSohly, 2016b) and are primarily composed of C>; terpenophenolic compounds (Brenneisen,
2007). The most abundant neutral form cannabinoids are A9-THC and CBD, but nearly 200
have been identified (EISohly et al., 2017; Johnson et al., 2020) in the plant and are divided into
subclasses: cannabigerols (CBGs), cannabichromenes (CBCs), cannabidiols (CBDs), (-)-A9-
trans-tetrahydrocannabinols (A9-THCS), (-)-A8-trans-tetrahydrocannabinols (A8-THCS),
cannabicyclols (CBLs), cannabielsoins (CBESs), cannabinols (CBNs), cannabinodiols (CBNDs),
cannabitriols (CBTs), and the miscellaneous cannabinoids (Thomas & EISohly, 2016a).

Like any other botanical substance, marijuana plants are heterogeneous in nature and contain a
complex chemical profile. Moreover, variable organic plant material, as well as manufactured
preparations, result in a variety of product forms that dictate different routes of administration,
associated risks, and differences in quality of the product used, which may also influence risk for
users. The potential for high variability of marijuana and marijuana-derived products, both in
product composition and impurity profile, are major considerations for the potential variability of
drug effects and safety. This variability may derive from:

e Different botanical raw material and controls which may influence or be influenced by

the following (e.g., good agricultural and collection practices) (World Health
Organization, 2003).
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e Harvest location (including global positioning system (GPS) coordinates), growth
conditions, stage of plant harvest, and harvest time/season — as these all impact the
chemical profile.

e Post-harvest processing (e.g., washing, drying, and grinding processes), including control
of foreign matter (i.e., inorganic and organic contaminants like soil, insects, and
algae/fungi); preservation procedures; handling, transportation, and storage
conditions; tests for elemental impurities; microbial limits; tests for residual
pesticides, including parent pesticides and their major toxic metabolites; and tests for
adventitious toxins (e.g., aflatoxins), foreign materials, and adulterants.

Processing of marijuana and its use in further manufacturing can lead to a range of forms that
individuals may use or consume, including crude mixtures and highly purified substances of
botanical origin, many of which may be cannabinoid compounds. Among known cannabinoids
in the cannabis plant, both A9-THC (National Center for Biotechnology Information, 2023a) and
A8-THC (National Center for Biotechnology Information, 2023e) produce marijuana’s
psychoactive effects. Because A9-THC is significantly more abundant than A8-THC,
marijuana’s intoxicating effects are largely attributed to the former. Only small quantities of A8-
THC acid (Krejci & Santavy, 1975) and A8-THC (Hively et al., 1966) have been identified in
plants (Thomas & EISohly, 2016a). A9-THC is a resinous substance, essentially insoluble in
water and extremely lipophilic, that is also photolabile and volatized when exposed to heat
(ElSohly, 2007). Furthermore, A9-THC is an optically active substance with two chiral centers
at C-6a and C-10a and thus has four diastereomers (Schafroth et al., 2021), which are:
e (6aR,10aR)-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydrobenzo[c]chromen-1-ol
o alternate name: (-)-trans-A9-THC (National Center for Biotechnology
Information, 2023b)
e (6aS,10aR)-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydrobenzo[c]chromen-1-ol
o alternate name: (-)-cis-A9-THC (National Center for Biotechnology Information,
2023f)
e (6aS,10aS)-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydrobenzo[c]chromen-1-ol
o alternate name: (+)-trans-A9-THC (National Center for Biotechnology
Information, 2023d)
e (6aR,10aS)-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydrobenzo[c]chromen-1-ol
o alternate names: (+)-cis-A9-THC; (+)- A9-cis-THC (6aR, 10aS)-3 (National
Center for Biotechnology Information, 2023c)

The formation of the (-)-trans isomer is favored in the plant and this isomer is 6—100 times more
potent pharmacologically than the (+)-trans isomer (Brenneisen, 2007; Dewey et al., 1984).

As discussed in Section I, Background, the 2018 Farm Bill changed how the cannabis plant is
scheduled under the CSA and removes hemp from the definition of marihuana. However, the
term ‘cannabis’ is still often broadly used to refer to a wide variety of products manufactured
from the C. sativa plant regardless of control status. These products may include the dried
inflorescences (flowers), leaves, seeds, and stems and may be used in the manufacturing of
concentrates, edibles, and topicals. Thus, marijuana or derived products can generally be
categorized as one of four types:

e Flowers — includes dried herb that is smoked or vaped, and pre-rolls
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e Concentrates — includes products for inhalation referred to as shatter, wax, butter, sugar,
hash, resin, and rosin via vaping (use of an electronic vaporizer) or via dabbing (use of
other paraphernalia such a pipe or “dab rigs”) (Colorado Department of Revenue, 2021,
Drug Enforcement Administration, 2023)

e Edibles — includes infused food, beverage, and tincture products (e.g., baked goods,
chocolate, drinks, candies, and snacks)

e Topicals — includes infused ointments, lotions, creams, or transdermal products

As a result of the 2018 Farm Bill, a large “hemp marketplace” exists,® containing a wide variety
of products representing the above product categories and involving various routes of
administration. Aside from products purporting to meet the definition of hemp, the public also
has access to cannabis products within the CSA definition of marijuana through state-authorized
adult-use (i.e., nonmedical use) and medical-use programs, as well as via the illicit marketplace
(see Factor 4 for additional details).

Based on these diverse sources of marijuana, there is a lack of unified controls on cultivation and
manufacturing, which raises concerns related to the safety, quality, and consistency of botanical
substances (e.g., botanical raw materials, extracts, and intermediates) and final product
formulations that are currently accessed for medical and nonmedical use. Products sourced from
state-authorized adult-use and medical-use programs are subject to a patchwork of inconsistent
product standards and safety requirements. While each state program generally has a set of
standards (for example, on manufacturing, testing, labeling, and packaging), each program’s
controls are different, leading to wide variation of products across state-authorized programs.
Additionally, the illicit marketplace is not subject to any standards or oversight. Thus, the range
of products within the CSA’s definition of marijuana encompasses a large degree of variation in
forms for consumption, composition of biologically relevant constituents, potency, and
contaminants.

In conclusion, marijuana has hundreds of chemovars containing variable concentrations of A9-
THC, cannabinoids, and other compounds. Thus, marijuana is not a single chemical with a
consistent and reproducible chemical profile or predictable and consistent clinical effects. This
current evaluation of marijuana will focus to greatest extent possible on wide-ranging cannabis
plant-derived substances that are vehicles for the self-administration of A9-THC as the key
biologically active substance on which the CSA’s current definition of marijuana is based.

Human Pharmacokinetics of A9-THC

The pharmacokinetics of A9-THC in humans have been evaluated following inhaled
administration of marijuana and oral administration of marijuana. These are the most frequently
used routes of administration for marijuana or isolated A9-THC (Vinette et al., 2022), as
confirmed by the United States Poison Centers National Poison Data System (NPDS), which
showed that ingestion (57%) and inhalation (41%) were the most common routes of
administration for marijuana, while other routes of abuse were not common (<0.2%).

8 Additionally, hemp products with industrial applications, such as textiles, plastics, and other building materials,
exist in the marketplace. However, these products are not relevant to this analysis.
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Absorption of A 9-THC Following Inhaled Administration of Marijuana

Marijuana is commonly administered by humans via inhalation through smoking and, more
recently, through vaping (e.g., heating and inhalation of botanical matter or other volatile
substances containing A9-THC) (Miech et al., 2019; Miech et al., 2020). Characterization of the
pharmacokinetics of A9-THC from smoked and vaped marijuana is difficult under naturalistic
conditions because the pace of drug inhalation varies widely among individuals (Agurell et al.,
1986; Herning et al., 1986; Huestis, Sampson, et al., 1992). For example, experienced marijuana
smokers will titrate their A9-THC dose to obtain the desired acute psychological effects and
minimize undesired effects. Nonmedical marijuana users will also often hold marijuana smoke
in their lungs for an extended period of time in an attempt to increase absorption and subsequent
psychoactive effects despite data showing that this technique has minimal effects on A9-THC
plasma levels and subjective ratings of “high” (Azorlosa et al., 1995; Zacny & Chait, 1989,
1991). Thus, in order to standardize drug administration in scientific studies in humans,
investigators will often use a Paced Inhalation Procedure (Foltin et al., 1987). Using this
method, subjects take 5 seconds to prepare for inhalation, 5 seconds to inhale, 10 seconds to hold
smoke or vapor in the lungs, followed by exhalation, and a 40 second interval prior to the next
prepare/inhale/hold cycle.

Pulmonary administration of a drug is the route that produces the fastest rate of drug absorption,
even faster than that produced by intravenous administration. Inhaled marijuana results in
absorption of A9-THC through the lungs in the form of an aerosol within seconds. Peak plasma
levels of A9-THC following inhalation occur very quickly, within 6-10 minutes (Grotenhermen,
2003). Psychoactive effects begin immediately following absorption, although peak subjective
effects do not coincide with peak plasma A9-THC levels and are often delayed (Singla & Block,
2022). Following administration of marijuana through inhalation, the bioavailability of A9-THC
is 10% to 35% (Grotenhermen, 2003; Lindgren et al., 1981). Although pulmonary
administration does not involve dose loss from the hepatic first-pass effect in the liver, as would
be seen with oral administration, the relatively low and variable bioavailability following inhaled
marijuana results from significant loss of A9-THC in side-stream smoke, cannabinoid pyrolysis,
incomplete absorption of inhaled smoke or vapor, and metabolism in the lungs. An individual's
experience and technique with smoking marijuana also determines the dose absorbed (Herning et
al., 1986; Johansson et al., 1989).

Absorption of A9-THC Following Oral Administration of Marijuana

After oral administration of A9-THC, marijuana, or marijuana-infused foods (e.g., brownies) the
onset of effects starts within 30 to 90 minutes, reaches its peak at 1.5 to 3 hours and remains
measurable for 4 to 12 hours (Adams & Martin, 1996; Agurell, 1984; Agurell et al., 1986;
Grotenhermen, 2003; Vandrey et al., 2017). Due to the delay in onset of effects after oral
administration, including a slower onset of peak effects, titration of oral A9-THC doses is
difficult compared to inhalation of marijuana (Spindle et al., 2021). Oral bioavailability of A9-
THC, following ingestion of an edible containing marijuana or isolated A9-THC, ranges from 5
and 20% (Agurell, 1984; Agurell et al., 1986). The low and variable oral bioavailability of A9-
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THC is a consequence of its first-pass hepatic elimination from blood and erratic absorption from
stomach and bowel (Sharma et al., 2012). Ingestion of brownies containing marijuana also
results in lower A9-THC plasma levels relative to inhalation of marijuana (Schlienz et al., 2020).
Inter- and intra-subject variability occurs even with repeated dosing under controlled conditions.

Distribution, Metabolism and Excretion of A9-THC

Although there are differences in absorption of A9-THC depending on route of administration,
the distribution, metabolism, and excretion of A9-THC is similar regardless of how the drug is
administered.

Plasma concentrations of A9-THC decrease quickly after absorption through rapid distribution
into tissues and through liver metabolism. Given that A9-THC has hi