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Abstract

Questions have been raised regarding the potential hepatotoxicity of cannabidiol (CBD). Conversely, several animal
studies have demonstrated the hepatoprotective effects of CBD against bile duct ligation, cocaine, thioacetamide, alcohol,
and several other chemicals. This review summarizes the current literature concerning the hepatic effects of CBD in
humans and animals. Based on the available data, it may be concluded that there is a low probability of serious hepato-
toxicity at the high therapeutic doses that are used and a much lower risk of adverse hepatic effects and a potential for
hepatoprotection effects at the lower doses commonly used in dietary supplements and food products. However, a
detailed safety study in rats using highly purified CBD rather than enriched Cannabis extracts is needed, enabling the
determination of hepatic as well as other tissue effects and potential margin of safety.
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Furthermore, a number of animal studies have demon-
strated that CBD is hepatoprotective,'*'* adding to the
confusion regarding hepatic effects.

To this end, is CBD safe and free of serious adverse
events, including hepatotoxicity, at the doses that are com-
monly and widely used in dietary supplements and foods?
These supplements and food-related doses are typically in
the range of 25-100 mg/day as compared to doses of
approximately 1000—1400 mg/day for a 70 kg (154 1b.)
human for neurological disorders. These questions will be
addressed, and both human and animal studies related to
hepatic effects are reviewed.

Introduction

Cannabidiol (CBD) is a nonpsychoactive cannabinoid
derived from the plant Cannabis sativa and has been the
subject of much discussion and marketing in recent years.
It is a major component of Epidiolex®, a drug approved
for the treatment of drug-resistant seizure disorders.'™
However, there is great interest in its use either as a diet-
ary supplement or as an over-the-counter product for a
wide range of health benefits including pain management,
relaxation and stress relief, sleep aid, antidepressant, anti-
oxidant, anti-inflammatory, neuroprotective, and other
indications.®

Typical doses of CBD that have been used for seizure
disorders and psychotic conditions are in the range of 10—
20 mg/kg/day, with the higher dose being most commonly
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used.'™7 At these doses, the most common adverse events
have included somnolence, diarrhea, decreased appetite,
fatigue, and, less frequently, elevated serum aminotrans-
ferases. *®? Several animal studies have raised questions
regarding the potential hepatotoxicity of CBD.'*'? How-
ever, these studies may have generated more questions than
they have answered, as will be discussed below.
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Human studies

A number of human studies have addressed the safety,
including hepatotoxic potential of the CBD drug product
Epidiolex in conjunction with its efficacy in seizure and
psychotic disorders. A primary issue in assessing safety and
the potential existence of adverse events of CBD in these
studies is the concurrent use of one to five other medica-
tions for neurological disorders. One of the most prominent
of these other drugs is valproic acid which is known for its
hepatotoxicity.'”?® As a consequence, based on human
studies, it is unclear whether adverse hepatic effects are
due to the valproic acid or caused or potentiated by high
doses of CBD.

In an open label study involving 162 patients with
treatment-resistant epilepsy, all the subjects were given
oral doses of 2-5 mg/kg/ day of CBD for 12 weeks." It was
noted that 7% of the patients experienced slightly elevated
transaminases, with one patient being withdrawn from the
study due to high levels. All patients were concomitantly
taking valproic acid.

In a 14-week study, 120 children with drug-resistant
Dravet syndrome were given CBD orally at a dose of 20
mg/kg/day.? Elevated aminotransferase levels occurred in
12 patients. All patients were taking valproic acid. In nine
cases in which the patient continued the trial, the enzyme
levels returned to normal while receiving CBD.

An open-label extension trial involving long-term CBD
treatment of Dravet syndrome patients was conducted.” A
total of 264 patients were enrolled and completed a median
treatment duration of 274 days with a modal CBD dose of
21 mg/kg/day. Patients also received a median of three
concomitant antiepileptic drugs. Twenty-two of them were
also on valproic acid, who experienced elevated serum
aminotransferase levels greater than three times upper lim-
its of normal.

In a placebo-controlled double-blind study involving
treatment-resistant Lennox-Gastaut syndrome,* 76 patients
received CBD at a dose of 20 mg/kg/day and 73 patients
received 10 mg/kg/day for 14 weeks. Increases in serum
aminotransferase levels greater than three times the upper
limit occurred in 11 patients at the high dose and 3 patients
at the low dose. Of these 14 patients, 11 were also receiving
valproic acid. The elevated serum enzyme levels resolved
spontaneously during treatment (five patients), after reduc-
ing the dose of CBD, CBD discontinuation, or reducing the
dose of another antiepileptic drug (nine patients).

An open-label study was conducted in 55 epilepsy
patients with CDKLS deficiency disorder and Dup15q and
Doose syndromes.” The average CBD oral dose at 48
weeks of treatment was 28.9 mg/kg/day. All patients were
receiving other antiepileptic medications. Four patients
withdrew from the study stating adverse events as the rea-
son. The most frequently noted adverse events were diar-
rhea (29%), fatigue (22%), somnolence (22%), convulsions
(9%), status epilepticus (9%), and respiratory infections

(5%). No mention was made of elevated serum aminotrans-
ferase enzymes or hepatotoxicity. Taken together, the
above studies indicate a low level of hepatic effects with
resolution upon continued use of the product in some cases,
and only several subjects being withdrawn from the studies
as a result thereof.

Animal studies

A paucity of published, peer-reviewed, well-designed ani-
mal safety studies involving orally administered highly
purified CBD devoid of tetrahydrocannabinol (THC)
exists. Marx et al.'® conducted a 14-day oral dose range-
finding study in rats treated with 1000, 2000, and 3000 mg/
kg/day of a Cannabis supercritical fluid extract that con-
tained 25% CBD. The product also contained 61% fatty
acids; 13% combination of plant sterols, triterpenes, and
tocopherols; and less than 1% of the psychoactive THC.
The authors were unable to determine a no-observed-
adverse-effect-level (NOAEL). One animal died after sev-
eral doses of 4000 mg/kg of the extract. No median lethal
dose (LDsg) was determined.

In male rats, the increase in serum alanine transaminase
(ALT) was not significant even at the highest dose, while a
twofold increase in ALT occurred in female rats at the 2000
and 3000 mg/kg doses.'® Small, less than twofold increases
occurred in serum alkaline phosphatase (ALP) levels at
3000 mg/kg dose in both male and female rats. Greatest
increases were observed in serum gamma-glutamyl trans-
ferase (GGT) levels at all doses of the extract in both male
and female rats in this 14-day study. Taken together, the
results indicate mild hepatotoxic effects at high doses of the
25% CBD extract.

These authors also conducted a 90-day repeated dose
toxicity study in rats that orally received 100, 360, or 720
mg/kg/day of the extract containing 25% CBD.'® No
increases were observed in this 90-day study in serum ALT
or aspartate transaminase (AST) levels in either male or
female rats at any of the doses. No increases in serum ALP
levels were observed in male rats and less than a threefold
increase in ALP in female rats at the 720 mg/kg dose. An
increase of less than three-fold occurred in serum GGT in
male rats at the720 mg/kg dose, while a less than five-fold
increase in serum GGT was observed in female rats at this
highest dose. Levels of all these serum parameters returned
to normal or were approaching normal at the end of the 28-
day recovery period. These results indicated that the hepa-
tic effects of this extract in rats were mild and reversible at
doses as high as 180 mg of CBD (720 mg of the extract)/kg
for 90 days.

Ewing et al."' conducted an acute hepatotoxicity study
of a CBD-rich Cannabis extract in mice. The extract con-
tained about 58% CBD and approximately 4.8% other can-
nabinoids including 1.69% THC. Approximately one-third
of the components in the extract were not identified. Doses
of CBD were based on the CBD content of the extract. In an
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acute toxicity study, mice were treated with 0, 246, 738, or
2460 mg/kg of CBD as a single oral dose. No animals died
after a single dose up to and including 2460 mg/kg of CBD.
At the highest dose, no effects were observed for ALP or
GGT, while less than three-fold increases were observed
for serum ALT, AST, and total bilirubin. Small increases in
liver-to-body weight ratios were also observed.

These authors'' also conducted a 14-day study with
daily oral doses of 0, 61.5, 184.5, or 615 mg/kg of CBD.
Hepatic effects were observed only with the highest dose,
with less than three-fold increases occurring in serum AST
and ALT. Total bilirubin was also increased. No effects of
any dose of CBD were observed for ALP and GGT. A dose-
dependent increase in liver-to-body weight ratios was
observed. At the 615 mg/kg dose, more than 50 hepatic
genes were differentially modulated, including genes
linked with oxidative stress, lipid metabolism, and drug
metabolism. However, no significant differences in serum
glutathione (GSH) were noted at any dose of CBD, suggest-
ing a lack of oxidative stress. Based on these studies, it is
clear that the authors have reported suboptimal liver injury
but have claimed CBD-induced hepatotoxicity.

Ewing et al.'? also published a second study using the
CBD-rich (58%) Cannabis extract. Mice were gavaged
daily for 3 days with 116 mg/kg. CBD-treated animals were
given 400 mg/kg acetaminophen (APAP) intraperitoneally
(i.p.) on day 4 to induce hepatotoxicity, resulting in a
37.5% mortality. No animals died with APAP alone. GSH
depletion and oxidative stress were confirmed by micro-
scopic examination. However, when mice were treated
orally for 3 days with 290 mg/kg of CBD followed by
APAP on day 4, no mortality occurred with no GSH deple-
tion and no histopathological effects were observed. Thus,
the high (290 mg/kg) dose of CBD appeared to be hepato-
protective with respect to a lethal dose of APAP. These
disparate effects may have been due to the antioxidant:
prooxidant properties of CBD and will be discussed below.
The authors emphasized that their results highlighted the
potential for CBD/drug interactions.

The adverse effects associated with the administration
of CBD to healthy dogs at a dose of 10 and 20 mg/kg/day
for 6 weeks have been reported.> The dogs were treated
with CBD in a topical cream, a capsule form, or in an oil.
The only significant change in a biomarker during the study
was an increase in serum ALP, which occurred in about
one-third of the dogs. All dogs experienced diarrhea
regardless of dose or formulation. The authors reported
no evidence of short-term hepatotoxicity with bile acid
levels remaining normal throughout the study and sug-
gested that longer term studies were warranted. As with
other studies, the products used in this study contained
various amounts of THC as well as other cannabinoids and
therefore uncertainties regarding the cause of the observed
effect on ALP.

These authors also studied the effect of administering
the same three CBD products (CBD in a topical cream, a

capsule form, or in an oil) in addition to conventional anti-
epileptic treatment on the frequency of seizures in dogs
with idiopathic epilepsy for 12 weeks.'* As was the case
in healthy dogs,'® the primary adverse finding was a sig-
nificant elevation in serum ALP. Whether the elevation was
related to an effect of CBD or other components in the
products on bone, liver, intestine, or another organ was not
known. No adverse behavioral effects were noted.

Several studies have been reported by Magen et a
regarding the ability of CBD to ameliorate toxicity caused
by bile duct ligation in mice, a model of chronic liver
disease. In the initial study,'® bile duct-ligated mice were
given either the vehicle or 5 mg/kg of CBD 1i.p. daily for 4
weeks. The ligated mice exhibited cognitive and locomotor
impairment, increased the expression of tumor necrosis
factor-al (TNF-al) receptor gene, and reduced the expres-
sion of the brain-derived neurotrophic factor (BDNF)
gene. In CBD-treated mice, cognitive impairment and loco-
motor function improved, while CBD reduced TNF-al
gene expression and increased BDNF gene expression.

In a subsequent study,'® the ability of 5 mg/kg of CBD
i.p. for 4 weeks to reverse the effects of bile duct ligation of
mice with respect to locomotion, cognitive function, and
the expression of genes associated with TNF-«1 and BDNF
was conducted. The authors concluded that the cognitive
impairment and decreased locomotion from bile duct liga-
tion resulted from both neuro-inflammation and 5-hydro-
xytryptamine-Al (5-HT ) receptor downregulation.
Furthermore, CBD reversed these effects through a combi-
nation of anti-inflammatory activity and the activation of
the 5-HT 5 receptor.

Avraham et al.'” studied the effects of CBD on mice
with experimentally induced liver failure, which was
induced by treating the mice with 200 mg/kg of thioaceta-
mide i.p. The mice were treated one day after the thioace-
tamide with either 5 mg/kg of CBD i.p. or the vehicle.
Neurological and motor functions were evaluated 2 or 3
days after the liver failure, respectively. Cognitive and neu-
rological functions of the mice were severely impaired,
while 5-hydroxytryptamine (5-HT) levels were enhanced
following the thioacetamide treatment, and these functions
were restored and normalized by CBD treatment. The
decreased locomotor functions produced by thioacetamide
were partially restored by CBD. The authors also showed
that CBD at 5 mg/kg dose gave a maximal effect as com-
pared to doses of 1 and 10 mg/kg.

The ability of CBD to protect against hepatic toxicity
and seizures in mice produced by cocaine was demon-
strated by Vilela et al."® CBD was given i.p. 30 min prior
to the administration of 75 mg/kg of cocaine i.p. CBD
reduced acute liver damage and prevented seizures induced
by the cocaine. A dose of 30 mg/kg of CBD provided
greater protection than 60 and 90 mg/kg. A previous study
by these authors showed that CBD inhibited hyperlocomo-
tion produced by p-amphetamine (5 mg/kg) and ketamine
(60 mg/kg)."”” CBD was given in doses of 15-60 mg/kg
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immediately after the two psychomimetic drugs with 30
mg/kg providing the optimal dose. All substances were
given i.p.

CBD was shown to attenuate alcohol-induced hepatic
steatosis, metabolic dysregulation, inflammation, and
neutrophil-mediated injury in mice.?® Mice were fed a
liquid diet containing 5% ethanol for 10 days and on day
11 were gavaged with a single dose of 5 g/kg ethanol. The
mice had been given CBD at a dose of 5 or 10 mg/kg i.p. or
the vehicle for the 11 days of ethanol exposure. CBD treat-
ment significantly attenuated the ethanol-induced elevation
of serum AST and ALT levels and the liver-associated
increases in triglycerides, fat droplet, protein 3-
nitrotyrosine and 4-hydroxynonenal formation, lipid
peroxidation, inflammation (increased messenger RNA
expressions of interlukin-6 and other mediators of inflam-
mation), and neutrophil accumulation.

Discussion

Concerns have been raised regarding the potential hepato-
toxicity of CBD.? '? In conjunction with assessing the effi-
cacy of CBD in various neurological diseases, the potential
hepatic effects have been determined in human subjects
who received CBD in daily doses of 10-29 mg/kg.' > In
addition to the high doses of CBD, essentially all patients in
these studies were taking at least one antiepileptic medica-
tion, with the most common being valproic acid, a drug
well known to be associated with hepatotoxicity.?'*

Many variables are involved, which impact the assess-
ment and comparison of human and animal studies that
have been conducted relative to hepatotoxicity versus hepa-
toprotection of CBD. Pharmacokinetic differences, meta-
bolic differences, condition of the liver, doses, duration of
studies, purity of product, concurrently administered drugs,
and healthy versus disease states as well as paucity of pub-
lished studies complicate the assessment picture. However,
some information can be gleaned from the extant literature.

It is noteworthy that with few exceptions, the hepatic
effects in these human studies were mild with small, less
than three-fold increases in AST and ALT. In several stud-
ies, it was noted that the elevated plasma levels of AST and
ALT returned to normal for some subjects during the
study>* and after reducing the dose of another antiepileptic
drug, reducing the dose of CBD, or discontinuation of the
CBD.* In one study, it was stated that although AST and
ALT were modestly elevated, no hepatic damage
occurred.'

Based on these human studies which are limited in num-
ber, it can be concluded that the incidence of hepatotoxicity
was low due to CBD, and in only several cases, amino-
transferases were sufficiently elevated to warrant with-
drawal of the subjects from the study. It appears that the
increased AST and ALT levels may have been due most
frequently to the augmentation by CBD of the hepatic

effects of the antiepileptic medications, although effects
due to the high dose of CBD cannot be ruled out.

The concurrent use of valproic acid and/or other anti-
epileptic drugs known to cause hepatotoxicity constitutes
a major confounding factor in these studies. To determine
the actual incidence of adverse hepatic effects due to
CBD, studies are needed where CBD is given without the
concomitant administration of antiepileptic drugs as val-
proic acid.

The hepatotoxicity of valproic acid in patients with epi-
lepsy has been reviewed.>® These authors summarized the
available mechanistic literature regarding formation of val-
proic acid reactive metabolites, excess oxidative stress,
altered fatty acid metabolism, and genetic variants of some
enzymes such as glutathione transferases, uridine dipho-
sphate (UDP)-glucuronosyltransferases, superoxide dismu-
tase, and mitochondrial polymerase gamma.

Both CBD and valproic acid are known to undergo
metabolism, and a metabolite of valproic acid (2-ene-
valproic acid) has been shown to be hepatotoxic.>****
Because here are some structural similarities between the
metabolites of CBD and valproic acid, CBD may potentiate
the hepatotoxicity of valproic acid via this mechanism.>*

Several animal studies have specifically addressed the
potential hepatotoxic effects of CBD-containing prod-
ucts.'®!5 Unfortunately, in one case, the product contained
approximately 25% CBD,'" and in the other cases, it con-
tained approximately 58% CBD.'"'? As a consequence, it
is not possible to attribute the observed effects to CBD,
recognizing that the other constituents in the products could
have attenuated, enhanced, or had no effect on the hepatic
outcomes. Although NOAELs were determined for male
and female rats in the study of Marx et al.,'® because the
extract contained only 25% CBD, it is not known how these
values would relate to a product that would contain pure
CBD. The authors did follow standard Organization for
Economic Cooperation and Development (OECD) 407 and
OECD 408 protocols for their 14-day and 90-day studies,
respectfully.

The study of Ewing et al.!' in mice in addition to using a
product that contained only 58% CBD presents a number of
additional issues. The authors did not determine an LDs,
although a single dose of 2460 mg/kg of CBD was not
lethal. As points of comparison, the LDs, of table salt
(sodium chloride) is about 3000 mg/kg in rats and 4000
mg/kg in mice, while the LDs, of caffeine is about 200
mg/kg in rats and 150 mg/kg in mice. The authors failed
to determine the no-observed-effect-level (NOEL) and
NOAEL, which enable the determination of margins of
safety. If one assumes based on the data provided that the
NOAEL in mice was 61.5 mg/kg and this is directly extra-
polated to a 60 kg human per Food and Drug Administra-
tion (FDA) guidelines, this would represent a single dose of
3690 mg of CBD in humans as compared to 1200 mg for a
20 mg/kg dose, which is commonly used in seizure disor-
ders' ™7 The authors concluded that “CBD exhibited clear
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signs of hepatotoxicity” and “it poses a risk for liver injury”
but failed to emphasize that the doses required to do so."’
One can also conclude that the potential for hepatotoxicity
is vastly overstated by the authors and draw the opposite
conclusion based on the data provided.

In the second study of Ewing et al.'* in mice, a CBD
dose of 116 mg/kg was shown to enhance the hepatotoxi-
city of APAP, while a dose of 290 mg/kg protected the liver
against the toxicity of APAP. The high-dose protective
response of CBD might be explained based on having an
appropriate dose that prevented oxidative damage due to
the free radicals and reactive oxygen species produced by
the metabolism of APAP. The CBD and/or other constitu-
ents in the extract may have acted as free radical scaven-
gers, antioxidants, and anti—inﬂammatory,25 therefore
prevented hepatotoxicity due to APAP.

It is not known whether the enhanced toxicity at the
lower dose was due to CBD or other constituents in the
extract. Unless pure CBD is used, it is not possible to
attribute the enhanced toxicity of the extract to CBD. The
antioxidant and anti-inflammatory properties of CBD are
well known and the associated mechanisms have been
extensively reviewed.?® However, as with other antioxi-
dants, CBD may act as a prooxidant under certain condi-
tions,?” which may have been the case with the lower dose
of CBD in conjunction with the APAP toxicity.'? Finally,
the authors of the hepatotoxicity studies in rats'® and
mice' "' failed to review studies that have shown effects
that are contradictory to their own findings.

A series of studies have demonstrated that pure CBD
can be hepato- and neuroprotective in mice against bile
duct ligation'>'® as a model of hepatic encephalopathy,
thioacetamide-induced fulminant hepatic failure as a model
of hepatic encephalopathy,'” cocaine-induced hepatotoxi-
city and seizures,'® and alcohol-induced hepatic steatosis,
metabolic dysregulation, inflammation, and neutrophil-
mediated injury.?® In addition, CBD inhibited hyperloco-
motion produced by p-amphetamine and ketamine.?!

Pure CBD and not an enriched extract was administered
i.p. in all of the above hepatoprotective studies.'>2° An
effective CBD dose of 5 mg/kg/day reversed the adverse
effects of bile duct ligation'>'® and thioacetamide-induced
liver failure.'” A CBD dose of 30 mg/kg was most effective
against the effects of cocaine,'® p-amphetamine, and keta-
mine,"” while a 5 and 10 mg/kg dose response effect of
CBD was observed against alcohol-induced hepatic steato-
sis, metabolic dysregulation, inflammation, and neutrophil-
mediated injury in mice.*°

As compared to the i.p. administration of 5-30 mg/kg
hepatoprotective doses of CBD,'> 2 the oral administra-
tion of 290 mg/kg protected against the hepatotoxic effects
of APAP.'? Again, it should be noted that this latter extract
product was only 58% CBD. In a pharmacokinetic study,
when mice were given 120 mg/kg of CBD orally and i.p,*®
the i.p. administration yielded plasma maximum concen-
tration and area under the curve values that were 6.45- and

6.30-fold higher, respectively, than when the CBD was
administered orally. These observations can be extrapo-
lated to the APAP study where 290 mg/kg of CBD given
orally provided protection.'? Recognizing that this may not
have been the optimal dose, this dose would translate into
an i.p. dose of CBD of approximately 45 mg/kg. Conver-
sely, a dose of 30 mg/kg of CBD given i.p. that provided
hepatoprotection could translate into an oral dose of
approximately 190 mg/kg,'®'? indicating that the results
between the various studies involving i.p. administration
are within the range of the oral dose used in the APAP
study.'?

It is important to know whether CBD causes hepatotoxi-
city at therapeutic doses. However, for the general public,
the question is whether CBD causes hepatotoxicity at the
much lower doses that are more widely and commonly used
in the form of dietary supplements and food products, that
is, to deal with common ailments, such as pain manage-
ment, relaxation and stress relief, sleep aid, and depression.
As previously noted, the doses of CBD that are commonly
used therapeutically as a drug to treat resistant neurological
disorders such as seizures are about 20 mg/kg or 1200 mg
for a 60 kg individual. The doses of CBD that may be
appropriate when used for providing relief for aches and
pains, headaches, insomnia, and so on, are in the range of
25-100 mg/day. Taken together, this suggests that CBD-
induced hepatotoxicity reported in mice in the recent liter-
ature is not pharmacologically relevant.'?

Based on the data provided, if one assumes that the
NOAEL for CBD in mice was 184.5 mg/kg,'" and this is
extrapolated to a 60 kg human per FDA guidelines, this
would represent a single dose of 11,070 mg of CBD in
humans. If one assumes a typical daily dose of 50 mg of
CBD, this yields a margin of safety of 221. This factor
should be kept in mind when designing animal experiments
and clinical trials with human subjects.

Based on the available data, it may be concluded that
there is a higher probability of serious hepatotoxicity at
the high therapeutic doses that are used, particularly
when used in conjunction with other antiepileptic drugs
such as valproic acid, and a much lower risk of adverse
hepatic effects and the potential for hepatoprotection at
the lower doses commonly used in dietary supplements
and food products. However, a safety study in rats using
a highly purified CBD rather than enriched Cannabis
extracts is needed. Studies should include an assessment
of the LDs, and a 90-day subchronic toxicity study that
enables the determination of hepatic as well as other
tissue-specific effects, NOEL, NOAEL, and potential
margins of safety.
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