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Cannabis and the liver: Things you wanted to
know but were afraid to ask
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ABSTRACT

Many Canadians use cannabis for medicinal and recreational purposes. We describe the current understandings of
how cannabis is metabolized in the liver and its potential interactions with other common drugs. We also summarize
how cannabis may exert various effects in chronic liver diseases (CLDs), especially in chronic hepatitis C virus (HCV)

and fatty liver disease.
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INTRODUCTION

Cannabis, which encompasses cannabis and its de-
rivatives, has been consumed globally. In Canada,
10%-15% of adults and 25%-30% of youths re-
ported having used cannabis in the past 1 year (1).
Recreational cannabis use became legal in Canada
on October 17, 2018. There are, however, many un-
answered questions with regards to the health out-
comes of long-term cannabis users. For example,
the impact of cannabis on many areas of the public
health burden is under-studied. In the past few de-
cades, research gained traction on the effect of canna-
bis on cognition and psychomotor function, finding
higher incidence of fatal motor vehicle accidents
among cannabis users (2), while others examined

the influence of smoking cannabis on respiratory
and cardiovascular systems and pregnancy, suggest-
ing various harmful outcomes in these areas (1,3).

However, the general public and health care
providers are not aware or certain about the ben-
efits and harms of cannabis, especially in those
individuals with liver disease. We scanned the lit-
erature and summarized what is known and what
needs to be studied in the near future.

PHARMACOLOGY OF CANNABIS

Pharmacokinetic studies of cannabis unveiled its
chemistry on the molecular level and helped to
make health recommendations. We know one of the
mostabundant constituents, tetrahydrocannabinol
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(THC), is also the main psychotropicingredient (1).
Cannabidiol to THC ratio was used to thwart the
unwanted side effects on the central nervous sys-
tem. Vaporized and edible forms were preferred
to minimize the deleterious effect on the respi-
ratory system (1). The bioavailability and peak
concentration of cannabis likely differ between
the routes of administration (ie, smoking versus
oral). Oral administration is associated with a
slower absorption by the gastrointestinal system,
reduced bioavailability and delayed peak con-
centration (4). Results from public health stud-
ies cautioned users to not drive while under the
influence of cannabis (1) or not drive for at least
6 hours after use, knowing that the concentra-
tion of THC peaks at 5-30 min and the blood con-
centration of THC would linger for at least 3 to
6 hours (1). In Canada, driving while impaired to
any degreeby drugs or alcoholis a criminal offence.
Since 2018 driving under the influence of cannabis
falls under drug-impaired driving, according to
the new national guidelines published online by
the Government of Canada. Three new offences
were added for having a prohibited concentration
of drugs in the blood within 2 hours of driving,

Figure 1: Metabolism of THC and CBD by the liver.

where detection of THC more than 2 ng/mL
of blood is subject to penalty.

Cannabis has played many roles in digestive
disorders such as inflammatory bowel disease, ir-
ritable bowel syndrome and other gastrointestinal
motility disorders (5). Cannabis hyperemesis syn-
drome is a well-recognized gastrointestinal (GI)
side effect among long-term users.

One of the earliest studies investigating the ef-
fect of cannabis on the liver was published in The
Lancet in 1971; abnormal liver enzymes and he-
patic dysfunction were found in young consumers
who were chronic cannabis users, amplified by co-
ingestion of alcohol (6). From there, knowledge in
this area continued to grow. Figure 1 outlines the
principal hepatic metabolism of cannabis by the
cytochrome 450 (CYP450) system, a critical step
followed by glucuronidation, which facilitates the
final fecal and urinary excretions (7,8,9,10).

CANNABIS METABOLISM IN PATIENTS
WITH ADVANCED LIVER DISEASE

The expressions of the cannabinoid receptors, CB1
and CB2, which make up the endocannabinoid

THC and CBD undergo two phases of metabolism in the liver. Phase I is conducted by the cytochrome P450 system. Phase Il is
glucuronidation of the phase | metabolites, facilitating fecal and urinary excretion by the kidneys.

THC = tetrahydrocannabinol; CBD = cannabidiol
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system, are up-regulated in the course of pro-
gressive liver disease (11), particularly in myofi-
broblasts and vascular endothelial cells, allowing
more significant interaction between cannabis and
the abnormal liver in comparison to the healthier
liver (12). Many studies have shown the effect of
advanced liver disease on CYP enzymes. In cir-
rhosis, expression of 1A2 and 3A4 isoenzymes is
decreased. There are reports of alteration of clear-
ance of drugs metabolized by 3A4 in patients of
cirrhosis. Activity of 2C19 is also reported to be de-
creased in patients with liver disease. Levels of 2C
subfamily have been reported to be up-regulated in
patients with hepatic carcinoma. Detailed knowl-
edge of these isoenzymes affected in disease states
would be used to enhance the design of rational
drug therapy.

There are potential drug-drug interactions
(DDIs) (13), since many drugs either up-regulate or
down-regulate the CYP450 system which may re-
sultin a higher or lower level of these drugs (Table 1).
Unfortunately, few data are available regarding the
potential drug interactions associated with canna-
bis. Nevertheless, we can make some predictions
of potential interactions based on the known phar-
macology of cannabis (4).

Tetrahydrocannabinol (THC)

THC is metabolized by CYP2C9 and CYP3A4
and has an inhibitory effect in them. Patients
who are poor metabolizers of CYP2C9 have
been shown to have THC concentrations that
are about 3-fold higher than those of extensive
metabolizers of CYP2C9 We are unaware of any
studies examining the effect of CYP2C9 inhibi-
tors on the elimination of THC. Based on ge-
netic studies, inhibitors of CYP2C9 would be
expected to increase the plasma concentration of
THC. CYP2C9 inhibitors that would be expected
to inhibit THC elimination include amioda-
rone, cimetidine, cotrimoxazole, metronidazole,
fluoxetine, fluvoxamine, fluconazole, and vori-
conazole (4).

Ketoconazole, an inhibitor of CYP3A4, has been
reported to increase the peak concentration and
area under the concentration-time curve of THC
by 1.2-fold and 1.8- fold, respectively, with greater
increases in the concentration of THC metabolites.
Other CYP3A4 inhibitors, including clarithromy-
cin, erythromycin, cyclosporine, verapamil, itra-
conazole, voriconazole, and boceprevir, would
be expected to produce similar increases in THC

concentrations. Conversely, rifampin, a CYP3A4
inducer, has been reported to reduce THC levels
by 20% to 40% (4).

Cannabidiol

Cannabidiol (also known as CBD) is a substrate
of CYP3A4 and CYP2C19 Similar to THC, keto-
conazole was noted to increase the plasma con-
centration of CBD by about 2-fold, while rifampin
reduced CBD levels by 50% to 60%. Other CYP3A4
inhibitors and inducers should be expected to have
a similar effect on CBD plasma concentrations if
co-administered. Omeprazole, a modest inhibitor
of CYP2C19, did not alter the plasma concentra-
tion of CBD in one study (14).

CANNABIS AND SPECIFIC LIVER
DISORDERS

Chronic HCV

In chronic hepatitis C virus (HCV), cannabis can
worsen liver fibrosis and steatosis in animal stud-
ies and cellular cultures (12,15). Cannabis was
linked to immunosuppression and profibrogenic
response in HCV patients versus healthy controls,
by the mechanism of CB1 and CB2 up-regulation,
resulting in the suppression of anti-viral immunity
(16,17). Daily cannabis smoking was an indepen-
dent risk predictor in the grading of steatosis on bi-
opsy in chronic HCV patients (18); a similar trend
was seen in a prospective HCV cohort study (19).
However, other studies reported a positive influ-
ence on HCV outcome. In September 2018, a retro-
spective cohort study reported a lower percentage
of HCV-related cirrhosis and lower total health
costs among cannabis users compared with non-
users (20). Cannabis use improved HCV virologic
outcome in the era of interferon and ribavirin by
bettering patient adherence to the anti-viral treat-
ment (21). Another study reported no negative
impact of cannabis smoking on liver fibrosis in a
subpopulation of HCV with HIV co-infection (22).

Alcoholic and non-alcoholic fatty liver diseases
Cannabis may also be a potential therapeutic tar-
get in alcoholic and non-alcoholic fatty liver dis-
ease. In animal models and cell cultures, CB1 and
CB2 played different roles in promoting fibrosis,
whereas CB2 activation was pro-inflammatory and
led to insulin resistance (23). The CB1 antagonist
has been shown to decrease fibrosis in human cell
cultures (24,25).
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Table 1: CYP450 system, cannabis and drug-drug interactions (DDIs)

CYP450 Involvement in hepatic

isoenzymes metabolism of drugs (%)  Inducers potentially lowering cannabis effect

Inhibitors potentially
increasing cannabis effect

Involved in CBD and THC metabolism

2C9 Rifampicin
2C19 Artemisinin
3A4 30%—40%

Ketoconazole

Fluconazole

Amiodarone, benzbromarone
Cimetidine

Fluvoxamine

Fluoxetine

Omeprazole

Ticlopidine

Cimetidine

Ketoconazole

Azole antifungals, (eg, ketoconazole, fluconazole) Rifampicin

Macrolide antimicrobials, (eg, erythromycin, Rifabutin

clarithromycin)

Selective serotonin re-uptake inhibitors (SSRIs)

Carbamazepine phenytoin,
phenobarbitone (13)

(eg, fluoxetine, paroxetine)
Calcium channel blockers (eg, verapamil, diltiazem)

Protease inhibitors

Grapefruit juice
Ciprofloxacin

Cimetidine
Propofol
Involved only in CBD metabolism
1A2 Tobacco

2D6

Fluvoxamine

Fluoxetine

Ciprofloxacin

Grapefruit juice
Cimetidine

Verapamil, diltiazem
Estradiol, levonorgestrel
Omeprazole

SSRIs (eg, fluoxetine)
Propafenone
Cimetidine

Quinidine

Terbinafine
Amiodarone

CYP450 = cytochrome P450; CBD = cannabidiol; THC = tetrahydrocannabinol

Hepatic encephalopathy

There is little evidence on the safety of cannabis use
in hepatic encephalopathy (HE). Whether to make
a recommendation against using cannabis in HE
requires further validation (26). Surprisingly, ani-
mal model evidence suggested HE improved with
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cannabis in fulminant failure (27). The proposed
mechanisms were anti-inflammatory properties of
cannabis that activated 5-hydroxytryptamine re-
ceptor 5-HT,,, and the partial restoration of brain
and liver functions. However, if an agent such
as cannabis can cross the blood-brain barrier to
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influence the central nervous system, it could theo-
retically adversely worsen HE. There have been no
human studies to date.

Liver transplant recipients

Due to the significant lack of data on the safety
and efficacy of cannabis use in liver transplant
recipients and their outcomes, a general recom-
mendation cannot be made at this time. In the
pre— and post-liver transplant periods, patient
survival appeared to be the same in users and
non-users, based on a small group of data (28,29).
The effect on renal function post liver transplant
can be extrapolated from the kidney transplant
study. A study examined the safety of cannabis
in 1,225 renal transplant recipients and reported
similar kidney graft survival and graft function at
1 year post-transplant (30). The safety of cannabis
in a liver transplant patient was affirmed by a case
report (31). Another study found no negative im-
pact on hepatic function (32).

One should use cannabis with caution in this
special population for several reasons. When used
by an immune-compromised patient, there were
reported health concerns, specifically pertaining to
smoking unsterilized cannabis which resulted in
rare Aspergillus infection of the lung (33). Potential
DDI with tacrolimus may occur, especially in in-
dividuals with certain allelic variability in CYP3A,
and as a CYP3A inhibitor, cannabis may heighten
tacrolimus toxicity (34). Tacrolimus toxicity that
reached clinical significance was reported in a
bone marrow transplant patient, who used edible
cannabis (35). This was a cautionary tale to users in
the post-transplant period and that frequent drug
monitoring is required. Beyond anecdotal reports,
there are no systematic studies published to date
on the topic of DDI between cannabis and vari-
ous immunosuppressive medications in the liver
transplant population.

POTENTIAL FUTURE OF CANNABIS
AND HEPATOLOGY STUDIES

There are both controversies and advances in us-
ing the endocannabinoid system as a potential
therapeutic target in treating chronic liver diseases
(CLDs) (26,36,37). A few pathways to explore the
endocannabinoid system are in the making, aimed
at changing the progression of fibrosis and control
of portal hypertension. Reducing ischemic reper-
fusion injury in organ transplants is another poten-
tial therapeutic interest (38).

CONCLUSIONS

In summary, cannabis is widely used by Canadians
for recreational and medicinal purposes. The impact
of cannabis on liver health and CLD is gaining atten-
tion, making it an attractive area of future research.
The high frequency and increasing use of cannabis in-
vites the need for health care providers to familiarize
themselves with potential DDIs in persons receiving
select psychotropic agents, and additionally consum-
ing medical cannabis and/or recreational cannabis.
Although no striking contraindications, until more
data on its safety and DDIs, there remain unanswered
questions of cannabis use in CLD and long-term data
are required to elucidate the future of cannabis in
CLD. The endocannabinoid system is also being in-
vestigated as the new therapeutic target in treating
sub-populations of liver disease and liver fibrosis.
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