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ABSTRACT
The National Center for Complementary and Integrative Health
(NCCIH), which is part of the US National Institutes of Health
(NIH), has a broad interest in studying the biologic activities of
natural products, especially those for which compelling evidence
from preclinical research suggests biologic activities that may be
beneficial to health or have a potential role in disease treatment, as
well as products used extensively by the American public. As of
2023, use of cannabis for medical purposes is legal in 38 states and
Washington, D.C. Such use continues to climb generally without
sufficient knowledge regarding risks and benefits. In keeping with
NCCIH’s natural product research priorities and recognizing this
gap in knowledge, NCCIH formally launched a research program in
2019 to expand research on the possible benefits for pain manage-
ment of certain substances found in cannabis: minor cannabinoids
and terpenes. This Viewpoint provides additional details and the

rationale for this research priority at NCCIH. In addition, NCCIH’s
efforts and initiatives to facilitate and coordinate an NIH research
agenda focused on cannabis and cannabinoid research are
described.

SIGNIFICANCE STATEMENT
Use of cannabis for purported medical purposes continues to in-
crease despite insufficient knowledge regarding risks and benefits.
Research is needed to help health professionals and patients make
knowledgeable decisions about using cannabis and cannabinoids
for medical purposes. The National Center for Complementary and
Integrative Health, along with other NIH Institutes, Centers, and
Offices, is expanding study on the safety, efficacy, and harms of
cannabis—a complex mixture of phytochemicals that needs to be
studied alone and in combination.

Natural products from diverse organismal sources (i.e., plants,
animals, or microorganisms) continue to be a valuable source of
novel analgesic small molecule scaffolds and biologics, serving as
lead molecules and as drugs approved by the US Food and Drug
Administration (McCurdy and Scully, 2005; Newman and Cragg,
2020; Chakraborty and Majumdarm, 2021). Growing evidence
points to analgesic properties of the cannabis plant and its con-
stituents, but research on this topic has been slow due to both
scientific and regulatory challenges (Cooper et al., 2021). Overall,
cannabis contains a complex mixture of constituents, with
over 100 unique phytocannabinoids and terpenes (Booth and
Bohlmann, 2019; Radwan et al., 2021). Many phytochemicals
found in cannabis may have not only analgesic properties but
also other therapeutic benefits and fewer adverse effects than

the major cannabinoid D9-tetrahydrocannabinol, or D9-THC
(Izzo et al., 2009). Additional research, therefore, needs to focus
on other constituents of cannabis, including minor cannabinoids
and terpenes, for their potential therapeutic benefits when used
alone or in combinations.
Research on the biologic activities of products derived from

natural sources is a priority for the National Center for Comple-
mentary and Integrative Health (NCCIH). Products of interest
include secondary metabolites from diverse taxa and complex
mixtures of these compounds (Still et al., 2022), as well as vita-
mins, probiotics, prebiotics, dietary supplements, and botanicals
(including cannabis). NCCIH emphasizes research on products
for which preclinical research supports potential biologic activ-
ity that may have a health benefit or lead to the development of
an intervention, as well as research on natural products that
Americans commonly use. NCCIH’s mission is to determine,
through rigorous scientific investigation, the fundamental sci-
ence, usefulness, and safety of complementary and integrative
health approaches and their roles in improving health and
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health care. Research includes the study of a diverse group of
nutritional, psychologic, and physical practices that may have
originated outside of conventional Western health care. Those
showing efficacy are gradually incorporated into mainstream
care to manage symptoms, such as pain and other conditions
treated initially through primary care.
Cannabis use presents unique challenges. Changes in medi-

cal and adult use of cannabis and related laws, regulations,
and policies have moved ahead of the science. As of 2023,
38 US states, four territories, and Washington, D.C. had legalized
or decriminalized medical and/or adult use of cannabis. However,
the US Food and Drug Administration has approved only three
natural and synthetic cannabinoids (i.e., dronabinol, nabilone,
and Epidiolex) for treating specific health conditions. Adequate
evidence on efficacy and safety does not exist for many of the
conditions for which medical use of cannabis has been approved
in Canada, Australia, various European countries, and certain
US states (Hall et al., 2019). In addition, patients are using, and
physicians are recommending cannabis products without an un-
derstanding of the medical impacts of dose, timing, concentration,
strain type (i.e., mixture of phytochemicals), route of administra-
tion, mechanism of action, population-specific effects, interactions
with other medications or substances, and potential adverse
effects.
The National Institutes of Health (NIH) is actively address-

ing the chasm between medical use of cannabis and research
that informs safety and efficacy. NCCIH, for example, is lead-
ing and coordinating a cannabis and cannabinoid interest
group that includes several partner NIH Institutes, Centers,
and Offices (ICOs) that share an interest in both the potential
therapeutic benefits and the adverse effects of the cannabis
plant and substances derived from it.
One issue of particular interest to NCCIH is the potential an-

algesic properties of cannabis and its constituents. Chronic pain
is a major public health concern. The Medical Expenditure
Panel Survey, which collected data from a nationally represen-
tative sample of US adults, found that between 1997/1998 and
2013/2014, the proportion who had a painful health condition
grew from 32.9% (120.2 million) to 41.0% (178.0 million)—a 25%
increase. Furthermore, in 2013/2014, 68 million individuals
with painful health conditions reported that pain had a mod-
erate or severe adverse effect on their activities at work or at
home (Nahin et al., 2019).
The cannabinoid D9-THC has demonstrated analgesic prop-

erties (Whiting et al., 2015; Weizman et al., 2018; Casey et al.,
2022), but it also has psychoactive effects and a potential for
abuse that limit its usefulness (Murray and Srinivasa-Desikan,
2022). Cannabis, with its numerous chemotypes, cannot be con-
sidered analogous to D9-THC, but rather is a mixture of phyto-
chemicals and their metabolites that may have antagonistic,
additive, or synergistic actions that could cause different physi-
ologic and behavioral effects, some of which may modulate the
putative therapeutic actions of various combinations (Russo,
2019; LaVigne et al., 2021; Rodriguez et al., 2022; Moore et al.,
2023). The cannabis chemotype primarily containing D9-THC,
however, is the most widely available and consumed cannabis
product for medical and adult use; one path forward is to de-
velop and test more complex chemotypes or mixtures for poten-
tial therapeutic benefit (Lewis et al., 2018; Russo, 2019).
In 2019, NCCIH issued the funding opportunity “Exploring

the Mechanisms Underlying Analgesic Properties of Minor
Cannabinoids and Terpenes.” This vanguard initiative resulted

in 11 grants totaling approximately $3 million in the first year
for all awards supported by NCCIH to investigate the potential
analgesic effects of phytochemicals from cannabis and their
mechanisms of action. Both minor cannabinoids (those other
than D9-THC) and terpenes were included in this initiative.
Along with some prior-funded cannabinoid research, in subse-
quent years NCCIH expanded this research program to support
additional research grant applications. Some highlighted fea-
tures of this research program include:

� Identifying the mechanisms of action by which cannabi-
diol (CBD) affects chronic pain associated with arthritis

� Testing individual cannabinoids and terpenes and combina-
tions of these compounds for analgesia in rodent models of
pain and determining their interactions withmorphine

� Exploring the effects of rare cannabinoids on microglia
� Investigating CBD and terpenoid interactions in amygdala

regulation of pain states
� Conducting therapeutic and mechanistic evaluation of ter-

penes in neuropathic painmodels
� Initiating computation-assisted discovery of bioactive minor

cannabinoids from hemp
� Chemical synthesis of rare cannabinoids not available

commercially
� Evaluating the impact of CBD on gamma-aminobutyric

acid (GABA) signaling in the brain
� Identifying the potential ability ofmyrcene and b-caryophyllene

to replace THC and opioids
� Studying the effects of CBD on sleep and pain in multiple

sclerosis
� Exploring cannabis’s effects on social anxiety disorder
� Conducting observational research on the effects of edible

cannabis and cannabinoids on pain

A recent published report supported by NCCIH showed that
the minor cannabinoid cannabigerol (CBG) relieved chemo-
therapy-induced peripheral neuropathy pain without evidence
of tolerance in an experimental model of female and male mice,
suggesting CBG could be used as a long-lasting pain treatment
medication (Nachnani et al., 2023). Another NCCIH-supported
study demonstrated that the cannabinoids CBD and CBG,
which do not have significant psychotropic effects, have anal-
gesic effects in a mouse model for tibial fracture. Interestingly,
these cannabinoids also promoted bone healing through sev-
eral mechanisms (Khajuria et al., 2023).
NCCIH is also working with other NIH ICOs to further investi-

gate minor cannabinoids and terpenes. In 2022, NCCIH coordi-
nated an effort to release the notice of special interest “Promoting
Mechanistic Research on Therapeutic and Other Biological Prop-
erties of Minor Cannabinoids and Terpenes.” Minor cannabinoids
include but are not limited to D8-tetrahydrocannabinol, CBD,
CBG, cannabichromene, cannabinol, tetrahydrocannabinolic
acid, cannabichromevarin, tetrahydrocannabivarin, tetrahydro-
cannabivarin acid, carmagerol, and cannabicitran. It should be
noted that increased concentrated amounts of minor cannabi-
nols such as D8-tetrahydrocannabinol can be manufactured
from hemp-derived CBD beyond what is “naturally” present in
the plant material. Terpenes of interest include limonene, linal-
ool, myrcene, a-humulene, a-terpineol, a-phellandrene, a-pinene,
b-pinene, b-terpinene, and b-caryophyllene. The notice of special
interest supports innovative basic research, either in appropriate
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model organisms or with research participants, to investigate
mechanisms underlying potential therapeutic effects of minor
cannabinoids and terpenes. In addition to NCCIH, components
of NIH participating in this initiative include the National In-
stitute on Aging, National Institute on Drug Abuse, National
Institute on Alcohol Abuse and Alcoholism, National Cancer In-
stitute, National Institute of Dental and Craniofacial Research,
National Eye Institute, National Institute of Neurologic Disor-
ders and Stroke, Office of Dietary Supplements, and Office of
Research on Women’s Health. All applications submitted under
this notice of special interest should fall within the mission of
at least one of these NIH ICOs.
To explore the pharmacokinetic properties of and interactions

between natural and conventional medications, NCCIH sup-
ports the Center of Excellence for Natural Product–Drug Inter-
action Research, which provides leadership in studying natural
product–drug interactions. Natural Product-Drug Interaction
Research recently compared the pharmacokinetics and pharma-
codynamics of orally administered D9-THC-dominant and CBD-
dominant cannabis extracts; the study showed greater adverse
effects from the CBD-dominant extract at the same dose of
D9-THC. The results conflict with the popular belief that CBD
lessens D9-THC’s adverse effects (Zamarripa et al., 2023). Addi-
tional research is needed to further investigate interactions be-
tween cannabinoids and interactions of cannabinoids with
drugs to help inform decisions about both the therapeutic and
nontherapeutic uses of cannabis products.
Another new NIH activity is support of a Resource Center

for Cannabis and Cannabinoid Research through a request for
applications. The request for applications requested applica-
tions from the extramural research community to support a
Center that will help investigators overcome challenges and
barriers to conducting research on cannabis and its constitu-
ents, including regulatory concerns as well as scientific issues.
The Center is also intended to help investigators successfully
produce rigorous basic and clinical research evidence in multi-
ple domains. The Center is expected to be a focal point for in-
vestigators who are new to cannabis research. It will support
research tool development to facilitate cannabis research, and
over time, it is expected to change the landscape of this field.
Finally, NCCIH is coordinating and hosting the website “NIH-
Supported Research on Cannabis, Cannabinoids, and Related
Compounds.” The website consolidates information about the
NIH cannabis and cannabinoid research program, and it in-
cludes NIH research priorities, relevant NIH program staff
contacts for each ICO, active notices of funding opportunity,
and access to funded active research grant applications.
Trends in the use of cannabis products for health-related

purposes continue to climb (Mahabir et al., 2020) without suf-
ficient knowledge regarding risks and benefits. More research
is needed to help health professionals and patients make
knowledgeable choices about whether to use cannabis and
cannabinoids for health-related purposes. NIH is expanding
its study on the safety, efficacy, and harms of cannabis, rec-
ognizing that cannabis is a complex mixture of phytochemi-
cals that need to be studied both alone and in combination.
Although this work is challenging, NCCIH and our NIH part-
ners are committed to helping researchers navigate the cur-
rent regulatory guidelines and advance this field of research.

Only through rigorous and innovative research can we fully
understand and harness the therapeutic potential of canna-
bis constituents while clearly articulating safety concerns to
address this public health imperative.
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