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Contemplating cannabis? The
complex relationship between
cannabinoids and hepatic
metabolism resulting in the
potential for drug-drug
interactions
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The majority of states have fully legalized the use of medical cannabis

(MC), and nearly all other states allow limited access to cannabidiol (CBD),

a non-intoxicating constituent of cannabis often touted for a range of

therapeutic indications. Further, the Agricultural Improvement Act of 2018

legalized hemp-derived products in all 50 states; typically high in CBD,

these products are derived from cannabis varieties containing ≤0.3% delta-9-

tetrahydrocannabinol (THC) by weight. The recent “green rush” has resulted

in a striking increase in cannabis use among patients and consumers who

often use a wide variety of novel product types, each with a unique blend

of cannabinoid constituents. Importantly, however, several cannabinoids

have the potential to cause drug-drug interactions (DDI) with other

medications, primarily due to their involvement with the hepatic cytochrome

P450 (CYP450) system. This article examines the potential for individual

cannabinoids, particularly CBD, to interact with the hepatic metabolic

system, which is concerning given its involvement in the metabolism

of commonly-prescribed medications. CBD and other cannabinoids are

metabolized extensively by the CYP450 system, and also inhibit many of these

enzymes, potentially leading to variable serum levels of other medications,

as well as variable levels of cannabinoids when other medications

modify the system. As access and interest in cannabinoid-based products

continues to increase, critical questions remain unanswered regarding

their safety. The complex relationship between cannabinoids and the
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hepatic metabolic system, including common potential DDI resulting from

cannabinoid exposure, are explored along with the clinical significance of

these potential interactions and monitoring or mitigation strategies.

KEYWORDS

medical cannabis, cannabidiol (CBD), drug-drug interaction (DDI), CYP450, hepatic

metabolism

1. Introduction

Cannabis sativa is comprised of over 400 constituents,

including more than 100 phytocannabinoids, many of

which are known to have effects in the human body and

demonstrate therapeutic potential (1). Until recently, despite

widespread cannabis use, little research had elucidated the

effects of cannabinoids on various biological processes.

Two primary cannabinoids found in the plant are delta-9-

tetrahydrocannabinol (THC), the most abundant cannabinoid

and the primary intoxicating constituent, which has also

demonstrated therapeutic benefits as an anti-emetic for

chemotherapy-induced nausea and vomiting, pain, and muscle

spasticity (2); and cannabidiol (CBD), often the second

most abundant cannabinoid which is non-intoxicating and

has been touted as therapeutic for a range of indications,

including seizure disorders, anxiety, pain, and inflammation

(3). In addition to THC and CBD, dozens of “minor”

cannabinoids are found in the plant which are also often

present in cannabis products, including cannabigerol (CBG),

cannabichromene (CBC), cannabinol (CBN), cannabidivarin

(CBDV), tetrahydrocannabivarin (THCV), and the acid forms

of THC and CBD (THCA and CBDA), among others. While

little work thus far has focused on minor cannabinoids, studies

have shown that these compounds have a variety of biological

effects (1, 4), and the presence of minor cannabinoids in medical

cannabis (MC) products is increasing (5–7) as consumers and

patients become aware of their potential utility.

Medical cannabis use has increased dramatically in recent

years; in the U.S., almost all states have passed legislation

allowing the use of MC or CBD-containing products. The rapid

legalization of MC has coincided with a significant increase

in MC use; state registry data indicates a 4.5 fold increase

in registered MC patients from 2016 to 2020 (8), and use

among older adults has increased particularly rapidly (9). As

of November 2022, 37 states plus the District of Columbia

(D.C.) have fully legalized the use of MC; in addition, 21 states

plus D.C. have legalized adult or recreational use of cannabis

(10, 11). Additionally, the Agricultural Improvement Act of

2018 (colloquially known as the “Farm Bill”) legalized hemp-

derived products containing <0.3% THC by weight (12). While

a synthetic form (dronabinol) and an analog (nabilone) of THC

were approved by the U.S. Food and Drug Administration

(FDA) in 1985 for treating chemotherapy-related nausea and

vomiting, in 2018, the FDA approved Epidiolex, a plant-derived,

purified CBD isolate for treatment-resistant, pediatric-onset

seizure disorders. Epidiolex is the first (and only, to date)

FDA-approved, cannabis-derived medication available in the

U.S., while Sativex, a plant-derived 1:1 CBD:THC buccal spray,

is available in several other countries (13). The convergence

of legalization of cannabis and hemp, along with the more

recent approval and availability of Epidiolex and Sativex, has

resulted in a rapid increase in cannabinoid-based products

available for purchase in dispensaries, through online retailers,

and by prescription.

While the use of cannabinoid-containing products has

increased significantly, relatively little work has focused on

assessing potential drug-drug interactions (DDI) between

cannabinoids and conventional medications. DDI can result

in variable serum levels of substrates, leading to unexpected

side effects, stronger drug effects than intended, or incomplete

symptom relief due to lower efficacy (14). Several studies have

demonstrated that cannabinoids interact with the cytochrome

P450 (CYP450) enzyme system, the hepatic system responsible

for the metabolism of most common medications, and

the second phase of metabolism which further processes

compounds for excretion (15–21). As these pathways are

commonly implicated in DDI, increased cannabinoid use results

in a major public health concern regarding potential DDI that

has yet to be addressed. This article will provide a brief overview

of the hepatic metabolic process and discuss potential areas of

concern for interactions with cannabinoids (particularly CBD),

the clinical significance of these interactions, and potential

monitoring or mitigation strategies to minimize interactions

which may help address public health concerns regarding DDI.

2. Hepatic metabolism: An
overview

2.1. Phase I: CYP450 system

Drug metabolism primarily occurs in the liver, with

secondary metabolism occurring at other sites including the
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intestines, kidneys, blood plasma, and lungs (22). Phase I

of metabolism involves hydrolysis, reduction, and oxidation

(the most common type of metabolism) (22), resulting

in a metabolite that is commonly still active (23). Two

additional phases of metabolism often occur; Phase II reactions

create inactive compounds with increased polarity, often via

glucuronidation, that are water-soluble and thus able to be

excreted, while Phase III (which is uncommon and not discussed

here in detail) further metabolizes Phase II compounds to allow

for excretion (23). Together, Phase I metabolism via the CYP450

system and Phase II glucuronidation account for themetabolism

of over 90% of conventional medications (18).

The CYP450 system is the major hepatic metabolic enzyme

system that catalyzes Phase I reactions and is involved in the

metabolism of the majority of common medications (24, 25).

CYP450 is a hemeprotein superfamily comprised of over 50

enzymes/pathways (22) named with a family number (e.g.,

CYP1) and a subfamily letter (e.g., CYP1A), along with another

number to determine the specific isoform or enzyme (e.g.,

CYP1A1) (22). Importantly, these enzymes do not typically

work in isolation; multiple enzymes are often involved in the

metabolism of a single medication or substrate.

In a report describing the characterization and distribution

of CYP450 enzymes, Zanger and Schwab (24) noted that

the enzymes most often associated with metabolizing typical

medications were CYP3A4/5 (metabolizing > 30%); CYP2D6

(metabolizing > 20%); CYP2C9 (metabolizing > 13%); and

CYP1A2 (metabolizing ∼9%). Other research has reported

similar findings, confirming the critical role these enzymes

play in metabolizing the majority of “most often prescribed”

medications (26). Multiple factors impact functionality of each

CYP enzyme, including polymorphisms, age, inflammation,

illnesses/disease, and sex (24); variability in enzyme function

over time may lead to fluctuations in metabolism within the

same person, as well as inconsistent and variable levels of

metabolism when compared to other individuals.

Modification of the CYP450 system by exogenous

substances can alter metabolism of other substrates in two

primary ways–inhibition and induction. Inhibition of CYP450

enzymatic activity is primarily accomplished by competitive

binding; by occupying the enzyme’s active binding site, other

substrates are displaced and are unable to be metabolized

(27). The other main inhibitory method is non-competitive

inhibition, in which the inhibitor binds to a different (allosteric)

binding site than the substrate, changing the enzyme’s shape

or function such that the substrate’s binding site is no

longer available (27). Inhibition has the potential to result

in incomplete metabolism and increased serum levels of

concomitant medications, potentially leading to adverse

events (28). Several medications are recognized as CYP450

inhibitors, including omeprazole, erythromycin, fluvoxamine,

fluoxetine, haloperidol, ritonavir, and some antifungals

including ketoconazole and fluconazole (27–29).

Induction is the second method by which exogenous

substances typically modify the CYP450 system. Inducers

activate a CYP enzyme, leading to increased enzymatic

activity, which results in decreased bioavailability and

increased clearance of certain medications (28). This is

typically accomplished by activation of transcription factors

resulting in increased expression of CYP enzymes (29). Many

medications have been identified as CYP450 inducers, including

carbamazepine, ethinyl estradiol, phenobarbital, dicloxacillin,

and others [see Hakkola et al. for review (29)].

It is important to note that many medications with a

narrow therapeutic index (TI), the ratio between a drug’s toxicity

and effectiveness, rely on metabolism by the CYP450 system.

Common medications with narrow TIs include anticoagulants,

beta blockers, antidepressants, and antipsychotic medications.

The enzyme CYP2C9 is particularly important, given many of

its substrates include those with a narrow TI (24). Disruption

of enzymatic activity may result in clinically significant changes

in serum levels of these drugs with a narrow TI, leading to

inadequate symptom relief or even adverse events.

2.2. Phase II metabolism

Phase II metabolism involves adding hydrophilic groups to

the substrate or its metabolites to create water-soluble products

for excretion (23). It involves multiple mechanisms, including

methylation, acetylation, conjugation with amino acids or

glutathione, or sulfation, but primarily involves glucuronidation

using uridine 5′-diphosphoglucuronosyltransferase (UGT)

enzymes, which link glucuronic acid to the substrate in order to

increase polarity (13). A variety of UGT enzymes are involved

in this process, and typically multiple UGTs are involved in

glucuronidation of a single compound. Four broad families of

UGT enzymes are involved in human drug metabolism: UGT1,

UGT2, UGT3, and UGT8 (30).

Many common medications rely on activity of these

enzymes, including over-the-counter (OTC) products

like ibuprofen and other non-steroidal anti-inflammatory

drugs (mainly relying on the UGT1A and 2B subfamilies),

acetaminophen (primarily glucuronidated by the UGT1A

subfamily), and prescription drugs including valproic

acid, sorafenib, and propofol (13). Given that common

OTC medications and prescription medications rely

on glucuronidation, significant DDI could occur for

many individuals.

3. Cannabinoid involvement with
hepatic metabolic pathways

Medical cannabis and cannabinoids are available across

a range of product types with many possible modes of use
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or routes of administration, resulting in variable impact with

regard to metabolism. For example, inhalation (smoking or

vaping) predominantly avoids first-pass metabolism (31) and is

associated with a very rapid onset of action and relatively limited

concern regarding DDI (15). Conversely, ingestion introduces

cannabinoids through the gastrointestinal tract where they are

processed, absorbed into the bloodstream, and travel to the

liver where they undergo first-pass metabolism, resulting in a

more delayed onset of action and raising significant concern

regarding DDI (32). Cannabinoid metabolism may be impacted

by medications that interact with hepatic metabolic pathways,

potentially leading to greater side effects or unintended effects

(such as intoxication), as well as directly impacting the

metabolism of other substances relying on hepatic metabolism.

Given the increasing availability and variety of cannabis and

cannabinoid products, it is imperative to understand the

potential interactions for both major and minor cannabinoids.

3.1. Cannabidiol (CBD)

Cannabidiol (CBD) has become increasingly popular given

its potential therapeutic benefits without risk of intoxication.

Given CBD-based products are typically used as edibles,

capsules, or sublingual solutions/oils, and since CBD has

been identified as the cannabinoid exhibiting the strongest

interactions with the CYP450 system (21), CBD poses

considerable risk for DDI.

Cannabidiol is metabolized extensively by the CYP450

system (13, 15, 17, 18), primarily by hydroxylation (21); while

not all research agrees on the specific enzymes involved in CBD

metabolism, it is clear that many are implicated. In addition

to the CYP2C9, CYP2C19, CYP3A4, UGT1A9, and UGT2B7

enzymes involved in general cannabinoid metabolism (18),

CYP2C8, CYP1A2, and CYP2B6 are also potentially implicated

in CBD metabolism; several additional studies suggest that

CYP2C9, CYP2C19, and CYP3A4 likely play the greatest role

in metabolism of CBD (21, 33, 34).

Cannabidiol also modifies CYP450 enzyme function as an

inhibitor and inducer. Several studies indicate that CBD inhibits

CYP450 enzymes, typically due to competitive inhibition.

Specifically, in vitro and in vivo studies have demonstrated

that CYP2C9, CYP2C19, CYP2D6, and CYP3A enzymes are

inhibited by CBD; CYP1A2, CYP2B6, and CYP2C8 may also

exhibit reduced function after administration of CBD (15, 17,

18, 33). UGT1A9 and UGT2B7 are potentially inhibited by CBD

administration as well (18, 35), indicating that not only is Phase

I impacted, but Phase II inhibition is also possible. Additionally,

CBD may modify the CYP450 system through induction; CBD

may induce CYP1A2, CYP2B6, and CYP3A4 (20, 36). Other

inhibitors or inducers of the CYP450 system may also affect the

bioavailability of CBD, either increasing or decreasing serum

levels, depending on the pathways implicated.

Investigations have only more recently begun to examine

the potential clinical significance of interactions precipitated

by CBD co-administration with other medications. While

only a few studies have examined these effects, these

investigations are especially useful in determining whether

clinically meaningful interactions may affect the bioavailability

of either CBD or concomitant medications. Bansal et al. (15,

16) precipitated interactions in a human liver microsome

model and determined that strong interactions likely occur

with high-dose oral CBD (700 mg) and CYP3A substrates,

followed by moderate interactions with CYP1A2, CYP2B6,

CYP2C8, CYP2C9, CYP2C19, and CYP2D6 substrates. In a

clinical study, Gaston et al. (37) assessed serum levels of

antiepileptic drugs following titration from 5 to 50 mg/kg/day

of CBD in patients with epilepsy. Increasing CBD doses were

associated with changes in serum levels of clobazam, rufinamide,

topiramate, zonisamide, and eslicarbazepine, although levels

remained within the acceptable serum range for each drug (37).

Finally, in a recent clinical trial, Anderson et al. (38) examined

CBD’s impact on serum levels of several medications used

to treat anxiety disorders (fluoxetine, sertraline, citalopram,

escitalopram, and mirtazapine), finding that common doses

of CBD-containing products (200–800 mg/day) resulted in

significantly increased citalopram serum levels in patients taking

citalopram or escitalopram. The full clinical significance of these

alterations is yet to be explored.

In addition to the risk of DDI, many medications have the

potential to cause liver damage; pre-existing liver disease can

significantly impact drug metabolism, resulting in substantial

DDI (39). Liver function tests (LFTs) are a common way to

monitor liver health and provide an important indicator of

hepatic disease. Clinical trials of Epidiolex reported elevated

LFTs in some individuals, which increased as the daily dose

of Epidiolex increased; further, co-administration of Epidiolex

with valproate and/or clobazam resulted in a significantly higher

risk of elevated LFTs (3, 36). It is possible that these LFT

elevations are clinically significant and have the potential to be

serious; further investigation is warranted regarding the impact

of CBD on LFTs with and without concomitant medication

administration. Importantly, however, the prescribed daily

dose of Epidiolex typically ranges from 5 to 20 mg/kg/day,

which is significantly higher than typical doses of full- or

broad-spectrum CBD products proliferating in the marketplace,

raising the question of whether lower-dose CBD products are

less concerning.

3.2. Delta-9-tetrahydrocannabinol
(THC)

Considered the most abundant cannabinoid in the plant,

and often sought by both recreational consumers and medical

patients, delta-9-tetrahydrocannabinol (THC) is also likely to
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impact metabolic pathways, particularly the CYP450 system,

causing potential DDIs. In their review, Kocis and Vrana (18)

reported that CYP2C9, CYP2C19, CYP3A4, and UGT1A9 and

UGT2B7 are the primary enzymes involved in cannabinoid

metabolism, including THC. Several studies have demonstrated

that THCmay act as an inhibitor of CYP1A2, CYP2B6, CYP2C9,

CYP2C19, CYP2D6, CYP2E1, and CYP2J2 (17, 19, 20). THC

may also induce CYP1A1 and CYP2C9 (20). While many edible

THC products are available in the marketplace, a significant

number of THC-containing products are designed to be inhaled

(i.e., smoked and vaped), which bypass first-pass metabolism in

the liver, potentially limiting concerns related to DDI for at least

some products (15).

3.3. Minor cannabinoids

Despite increasing presence in commercially-available

products, relatively little research has focused on the impact

of “minor” cannabinoids, which are less abundant in the

plant than THC and CBD, and include CBG, CBC, CBN,

THCV, CBDV, CBDA, and THCA. Although many “minors”

are often only present in trace amounts in the plant and

were historically present in very small amounts in cannabis

and cannabinoid-based products, recent interest in their

potential clinical benefit has resulted in products focused

on delivering isolated minor cannabinoids (e.g., CBG and

CBN) as well as combination products containing multiple

cannabinoids. Cannabinol (CBN) is the most commonly

studied minor cannabinoid, which has demonstrated inhibition

of CYP1A1, CYP2B6, CYP2C9, and CYP2E1 (17, 19, 40,

41). Recently, Doohan et al. (17) evaluated the inhibitory

potential of cannabinoids including 10 minor cannabinoids

(THCA, THCV, THCVA, CBDA, CBDV, CBDVA, CBN, CBC,

CBG, and CBGA) against CYP2B6, CYP2C9, CYP2C19,

CYP2D6, and CYP3A4 in vitro. All minor cannabinoids

except CBN inhibited CYP2C9, and most (CBDV, CBDVA,

CBG, CBN, THCV, and THCVA) inhibited or partially

inhibited CYP2C19. It is not clear from these in vitro

studies whether minor cannabinoids inhibit the CYP450

system in a clinically meaningful way. Given their growing

popularity and the increasing number of novel products in

the marketplace containing considerable amounts of these

constituents, additional research is needed to determine the

likelihood of DDI related to minor cannabinoids.

4. Future directions

As access toMCproducts, particularly high CBD-containing

products, continues to expand, critical questions remain

unanswered regarding their safety. Although few studies have

assessed the clinical significance of common DDI related to

CBD exposure, evidence suggests moderate to strong interaction

risks between CBD and drugs metabolized by a variety of

CYP450 enzymes (15, 16), indicating that interactions are likely

at clinically-relevant doses of CBD. Future studies are needed

to fully evaluate the potential for cannabinoids to cause DDI;

in vivo studies and human pharmacokinetic/pharmacodynamic

(PK/PD) studies involving co-administration of multiple

medications with cannabinoids will be particularly valuable in

determining the clinical significance of any interactions. As

DDI are also more likely with drugs with a narrow TI (17,

18, 22), additional co-administration studies are warranted,

particularly for CYP2C9 substrates with a narrow TI (17). In

addition, studies are necessary to assess whether DDI that result

in changes in bioavailability actually lead to adverse outcomes in

various clinical populations.

To date, potential mitigation strategies have not been

studied. It is unlikely that an offset between administration

of cannabinoids and concomitant medications of concern

would completely address the issue, given the extremely

long half-life of certain cannabinoids, which are lipophilic

and remain detectable for days to weeks after use (42,

43); however, this should be evaluated directly. Monitoring

strategies, including serial blood draws assessing serum levels

of concomitant medications, and monitoring LFTs to avoid

potential hepatic damage, could be utilized to minimize

potential negative outcomes. Importantly, as the majority

of older adults take medications involving the CYP450

system (44), this group is particularly important to monitor

upon initiation of cannabinoid use. Consumers and health

care providers alike should be informed regarding the

potential for DDI when considering cannabis and cannabinoid

use, and efforts should be made to eliminate or limit

potential risk and harm.

5. Conclusion

The proliferation of medical cannabis and hemp-derived

products has resulted in thousands of commercially available

cannabinoid-based options in the marketplace. Many consider

cannabis and cannabinoid-based products relatively harmless,

especially those high in CBD which is non-intoxicating and

often touted for its medical benefits. Unfortunately, concerns

regarding the potential safety issues associated with their use in

conjunction with other medications are often overlooked.While

there is great promise in the use of cannabis and cannabinoid-

based products for a range of conditions, researchers and

healthcare providers should be aware of the potential for

significant DDI and should counsel their patients regarding

potential interactions whenever the use of cannabinoid-

based products is disclosed or considered. As cannabis and

cannabinoid use increases, particularly vulnerable groups (e.g.,
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older adults) should understand the potential risks associated

with using these products with concomitant medications.
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