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Abstract

Cannabidiol (CBD), a major cannabinoid of hemp, does not bind to CB1 receptors and is therefore devoid of
psychotomimetic properties. Under acidic conditions, CBD can be transformed to deltad-tetrahydrocannabinol
(THC) and other cannabinoids. It has been argued that this may occur also after oral administration in humans.
However, the experimental conversion of CBD to THC and delta8-THC in simulated gastric fluid (SGF) is a highly
artificial approach that deviates significantly from physiological conditions in the stomach; therefore, SGF does
not allow an extrapolation to in vivo conditions. Unsurprisingly, the conversion of oral CBD to THC and its metab-
olites has not been observed to occur in vivo, even after high doses of oral CBD. In addition, the typical spectrum
of side effects of THC, or of the very similar synthetic cannabinoid nabilone, as listed in the official Summary
of Product Characteristics (e.g., dizziness, euphoria/high, thinking abnormal/concentration difficulties, nausea,
tachycardia) has not been observed after treatment with CBD in double-blind, randomized, controlled clinical
trials. In conclusion, the conversion of CBD to THC in SGF seems to be an in vitro artifact.
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Introduction
Two recent publications of Merrick et al.' and Bonn-
Miller et al.> have caused much confusion and uncertainty
whether oral cannabidiol (CBD) is safe and whether sub-
jects who are treated with CBD run the risk of positive
workplace tests on delta9-tetrahydrocannabinol (delta9-
THC, in short THC) with the respective consequences.
In this article, we would like to clarify a number of serious
misinterpretations in the above mentioned articles and re-
inforce the arguments published recently.”

CBD and THC have a very similar chemical struc-
ture. Despite this similarity, they differ widely in their
properties. CBD shows insufficient binding to the can-

nabinoid receptors, particularly to CB1, which is involved
in psychotomimetic effects. As to CB1, CBD is considered
to be a negative allosteric modulator, which means, it
modifies this receptor in such a way that the binding of
classical agonists such as anandamide (AEA), THC, or
nabilone is dramatically reduced.* This effect is utilized
also by Sativex™ to reduce some side effects of THC.
Given that CBD is not a CB1 agonist, it is free from psy-
chotomimetic properties and lacks cannabis-like intoxi-
cating effects. This has been confirmed repeatedly by
studies performed in the last four decades.

CBD, particularly in solution, is not fully stable; it
needs to be stored at temperatures below 8°C and
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protected from light. Under acidic conditions, CBD can
be converted (isomerized) to THC and other cannabi-
noids. Therapeutically used CBD can be either plant
derived, which is (-) trans CBD (purity >99.5%,
CBD, e.g., of GW, United Kingdom or of BSPG,
United Kingdom), or synthetic; the purity of mar-
keted products is around 98% to 99% according to re-
spective websites. Byproducts of plant-derived CBD
are (-)cannabinoids, as the plant makes only one iso-
mere, whereas impurities of synthetic CBD arise from
remaining starting material and products formed
during the synthesis. Traces of THC in less-purified
CBD products cannot be excluded, but are unlikely
of concern.

Based on in vitro conditions in simulated gastric
fluid (SGF), it has been argued that this conversion of
CBD to THC may also occur after oral administra-
tion."” Such chemical transformations would not
occur by other routes of administration, such as paren-
teral applications, particularly by inhalation, rectal,
or transdermal application. In the following, the phys-
iologic relevance of this in vitro transformation is
discussed.

SGF Does Not Reflect In Vivo Conditions

Merrick et al." used an in vitro model with an SGF
to study the conversion of CBD to delta-9THC and
delta8-THC. This SGF was highly artificial; synthetic
CBD (99% purity) was dissolved in methanol and an
aliquot diluted. The final SGF contained 1% sodium
dodecyl sulfate and 0.2% methanol, with a pH of 1.
There is no mention of the addition of electrolytes or
gastric enzymes; overall test conditions deviate also
from the U.S. Pharmacopoeia. In this assay, CBD de-
graded about 85% after 60 min and greater than
98% at 120 min, mainly to delta9-THC and delta8-
THC. Although the authors had cited a similar
in vitro investigation by Watanabe et al.,” they did
not discuss a striking discrepancy between these and
their own results.

Watanabe et al.” incubated CBD of herbal origin
(purity not stated) in modified artificial gastric juice
without pepsin, but containing NaCl (2 mg/mL, pH
1.2) at 37°C. Even after 20 h, the conversion rates for
THC, cannabinol, 9alpha-hydroxyhexahydrocannabinol
[90-OH-HHC], and 8-OH-iso-HHC from CBD were
only 2.9%, 1.1%, 1.4%, and 10.0%, respectively. This
is a much lower conversion rate and strongly suggests
that the composition of SGF and other test conditions
has a major impact on the degradation of CBD.
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The traditional medium to simulate gastric condi-
tions in the fasted state has been SGF of the U.S. Phar-
macopeial Convention (USP). This medium contains
hydrochloric acid and sodium chloride, as well as pep-
sin and water, and has a pH of 1.2. Most often, it is
prepared by dissolving 2.0 g of sodium chloride and
3.2 g of purified pepsin (derived from porcine stomach
mucosa, with an activity of 800-2500 U per mg of pro-
tein) in 7.0 mL of hydrochloric acid and water up to
1000 mL. However, it must be stressed that even this
SGF significantly deviates from physiologic condi-
tions. Most studies of gastric pH indicate that the
across-the-board average gastric pH usually lies in
the range 1.5-1.9.° To note, standard SGF is used to
test the dissolution/disintegration of oral medications;
it has not been developed to study chemical transfor-
mations. In fact, physiologic gastric juice is a very
complex fluid with a pH around 1.5 to 1.9 to 3.5
(more acidic after a meal), and which contains a num-
ber of proteins to improve digestion, notably gastric-
sin, pepsin, trypsin (1 and 2), gastric lipase, gastric
amylase, gelatinase, and mucin-glycoproteins, in ad-
dition to inorganic substances such as potassium,
sodium, and calcium.” Gastric transit time, although
varying, is in the order of 2.5 to 3 h (for 50% of stomach
contents emptied).

It is reminded that cannabinoids demonstrate signif-
icant protein binding; this could also protect CBD to
some extent from a chemical transformation.®

As to the in vivo relevance of CBD degradation to
THC and other cannabinoids, Watanabe et al.” com-
ment that “In biological systems, there have been no re-
ports on the conversion of CBD to delta9-THC.” We
agree, despite intensive research, we are also unaware
of any in vivo conversion of CBD to THC. In vivo,
CBD undergoes extensive hydroxylation at multiple
sites and further oxidations result in complex meta-
bolic profiles; altogether, some 100 CBD metabolites
have been identified.” Compared to THC, the metabo-
lism of CBD is unusually complex with considerable
species variability.

A Transformation of CBD to THC in the Stomach
Should Demonstrate the Presence of Typical
Metabolites of THC in Blood and Urine

Detection of THC and metabolites in hair, urine and
other body fluids is a well-established method in foren-
sic laboratories worldwide. Merrick et al. write “even if
just 1% of the CBD dose (i.e., 700 mg) were soluble,
total cannabinoid levels, primarily delta9-THC and
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delta8-THC..., would be 6.5mg after 30 min and
13 mg after 60 min.”

11-Hydroxy-A-tetrahydrocannabinol (11-OH-THC)
is the primary, main psychoactive metabolite of
delta9-tetrahydrocannabinol (THC). It is formed enzy-
matically by hydroxylation of the methyl side chain,
predominantly by CYP2C9, and is the precursor of
11-nor-delta9-tetrahydrocannabinol-9-carboxylic acid
(delta9-THC-COOH, also written as THCCOOH),"
a main forensic marker. A test on THCCOOH is a
sensitive method to prove the absorption of THC. THC
COOH is not psychoactive. In urine, it is excreted
mainly as glucuronide. This is important in view of
the results observed by Harvey and Mechoulam."'

As the chemical structure of CBD differs to that of
THC, the hydroxylation of the methyl side chain is pre-
dominantly catalyzed in vivo by a different enzyme,
CYP2C19; mono-hydroxylated CBD metabolites are
quickly formed, primarily 7-hydroxy-CBD (7-OH-
CBD). Subsequently, 7-OH-CBD is oxidized to CBD-
7-oic acid, which is a major metabolite in both plasma
and urine, and contains a hydroxyethyl side chain in
addition. Free CBD, in large amounts, is excreted also
in the feces.'” After repeated oral doses of 600 mg
CBD/day, Harvey and Mechoulam identified 33 me-
tabolites in human urine in addition to unmetabolized
CBD and several nonoxidized cyclized cannabinoids
(see the interpretations by Harvey and Mechoulam,
after next paragraph).'' If a transformation of 7-OH-
CBD to psychoactive 11-OH-THC occurs in vivo,
with the formation of a pyran ring (one oxygen atom
and five carbon atoms), this should be early in this
metabolization process, before the enzymatic hydroxyl-
ation. Although a test on 11-OH-THC is not specifi-
cally addressed in the publication of Harvey and
Mechoulam, it seems to be unlikely that such an impor-
tant metabolite would have been missed or not specif-
ically mentioned.

An amount of 6.5 to 13mg THC is therapeutically
effective and would produce plasma and urine tests
that are positive on 11-OH-THC and THCCOOH.*"?
On the other hand, a much lower dose of 0.6 mg
THC (dissolved in hemp oil)/day over 10 days was
found to produce no THCCOOH-positive tests in the
urine of healthy volunteers.'” Therefore, if tests are neg-
ative on 11-OH-THC and particularly on THCCOOH,
any dose of THC is likely in the order of 0.6 mg THC
or less.

To emphasize the in vivo relevance of their findings,
Bonn-Miller et al.? cite the above-mentioned publica-
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tion of Harvey and Mechoulam."' However, not only
were the amounts of delta8-THC and delta9-THC
(benzopyran numbering) minimal (1.97% and 0.69%,
respectively) but also, their glucuronide metabolites
were not present in the urine as expected. Harvey
and Mechoulam cautiously conclude that,'"" “The for-
mation of cyclized cannabinoids and, in particular,
the THCs is also of interest. The mechanism for their
formation is unknown and formation in the urine itself
cannot be ruled out.” One year later, they confirm this
suspicion that, “The absence of metabolites of the
THCs in the urine would suggest that cyclization had
occurred after excretion.”"*

In short, according to Merrick et al.,' the majority
of subjects receiving oral CBD would test positive on
THC, with minimal amounts of CBD left (“In SGF,
CBD degraded ~85% after 60 min and greater than
98% at 120 min”). However, this conflicts with avail-
able data. There is no mentioning in the literature
that typical THC metabolites had been found in
blood or urine after oral CBD up to 800 mg, suggesting
an in vivo transformation of CBD to THC.'*"> On the
contrary, a significant percentage of CBD (>25%) is ex-
creted in urine unchanged or as glucuronide.'"'* Sim-
ilarly, a recent double-blind, placebo-controlled cross-
over study that investigated the pharmacokinetics and
safety of oral CBD (400 and 800 mg) coadministered
with intravenous fentanyl found neither THC nor its
main metabolites 11-OH-THC or THC-COOH in
plasma and urine.'®

Bonn-Miller et al* deny that the study of Martin-
Santos et al.'” demonstrates the absence of THC and its
metabolites (i.e., 11-hydroxy-delta-9-tetrahydrocannabinol
[11-OH-THC] or 11-nor-9-carboxy-delta-9-tetrahydro
cannabinol [THC-COOH]) in whole blood (not in
plasma as written by Bonn-Miller) after administration
of CBD. There seems to be a serious misunderstanding
upon the objectives of this study and therefore a misin-
terpretation of this graph. The study compared the phar-
macokinetics and acute pharmacological effects after
10 mg THC, 600 mg CBD, and placebo in a crossover de-
sign. As is described in the text, whole blood levels of
both, THC and CBD, are presented in the same graph.
The authors write unambiguously that, “Levels of 11-
OH-THC and THCCOOH were elevated after adminis-
tration of THC (but not CBD or placebo) and followed a
similar time course (fig. 6).” The legend of figure 6 per-
fectly corresponds “Time course of THC, 11-OH-THC,
and THC-COOH whole blood levels after oral adminis-
tration of 10 mg of THC, 600 mg of CBD, and placebo.”
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Levels of THC and metabolites as given in this graph re-
sult from the administration of THC and not the degra-
dation of CBD.

A Transformation of CBD to THC Is Likely

to Cause Typical Effects of THC

Bonn-Miller et al.” write “A number of the reviewed
(and some not reviewed) studies documented somno-
lence, lethargy, fatigue, and poor motor and cognitive
performance after administration of oral CBD, symp-
toms traditionally associated with THC,” and cite pub-
lications that have already been included in the article
of Merrick et al." A closer look on these publications re-
veals the following:

The study of Devinsky et al.!® (citation 13) was an
open, “add-on” study; CBD was coadministered with
standard epileptic medications. In such a design, ad-
verse events caused by CBD cannot be separated clearly
from those of comedications or those caused by inter-
actions. This is only reliable with blinded, randomized,
controlled clinical trials.

The review of Friedman and Devinsky." (citation
14) summarizes that, “Several studies suggest that CBD
is nontoxic in nontransformed cells and does not induce
changes on food intake, does not induce catalepsy, does
not affect physiological parameters (heart rate, blood
pressure, and body temperature), does not affect gas-
trointestinal transit, and does not alter psychomotor
or psychological functions. Also, chronic use and
high doses up to 1,500 mg/day of CBD are reportedly
well tolerated in humans.” In fact, this is a citation
out of the extensive review of Bergamaschi et al.** on
safety and side effects of CBD.

The study of Consroe et al.>!' (citation 15) states the
opposite of what is written by Bonn-Miller et al: “the
inactivity of CBD, a major marijuana constituent, on
motor and mental performance and effects also extends
to its interaction with alcohol.”

The study of Ramaekers et al.** (citation 16) is a
study on high-potency cannabis (13% THC); thus it
is not relevant for the properties of pure CBD.

Nicholson et al.*® (citation 17) summarize that,
“Fifteen milligrams THC would appear to be sedative,
while 15mg CBD appears to have alerting properties
as it increased awake activity during sleep and counter-
acted the residual sedative activity of 15mg THC”.

Obviously, this is again in conflict with the state-
ments made by Bonn-Miller et al.?

For Marinol™ (synthetic THC), the most frequent
and typical side effects listed in the official Summary
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of Product Characteristics (www.drugs.com/pro/
marinol.html) are as follows (>3%): abdominal pain,
nausea, vomiting, dizziness, euphoria, paranoid reac-
tion, somnolence, thinking abnormal, and furthermore
(>1% to 3%): asthenia, palpitations, tachycardia, va-
sodilation/facial flush, amnesia, anxiety/nervousness,
ataxia, confusion, depersonalization, and hallucina-
tion. These are the principal reactions we would ex-
pect in case of a conversion of CBD to THC. It is
reminded that the lowest observed adverse effect level
(LOAEL) of oral THC has been estimated to 2.5 mg/
day.** A THC dose of 6.5mg after 30 min and 13 mg
after 60 min as assumed by Merrick et al. would
therefore be well above this threshold, likely causing
typical adverse effects. Traces of THC are, however,
unlikely of concern.

In the absence of any proofs for a conversion of CBD
to THC in the stomach in vivo, the literature was
searched for controlled clinical trials (most of them pla-
cebo controlled) with CBD to detect signs that could be
interpreted, in view of the above, as typical THC reac-
tions after oral administration of CBD. A brief look on
some double-blind, randomized, parallel or cross-over
patient trials shows that this spectrum of typical THC
reactions has not been reported.”>>* These and addi-
tional studies have already been referred before.’
Although our list may still be incomplete, the conclu-
sions of Bergamaschi et al.*® have been confirmed by
other recent reviews.”>>*

A very recent publication describing two cases of
children with treatment-resistant epilepsy is of particu-
lar interest. Children first received CBD-enriched ex-
tracts that contained around 90% CBD in addition to
3-4% D9-THC and standard antiepileptic therapy
(case A, CBD dose 6 mg/kg/day; case B, 12.5 mg/kg/
day). After 3 to 4 months of treatment, both children
presented signs of intoxication by THC (inappropriate
laughter/mild euphoria, ataxia, reduced attention, irri-
tability, and eye redness, typical signs according to
Martin-Santos et al).!” The CBD-enriched extracts
(which remained the same during the initial treatment)
were replaced by 200-300 mg/day of purified CBD (pu-
rity >99.6%; BSPG, United Kingdom). This led to
prompt and complete improvement of all intoxication
signs. Follow-up assessments at 1 year (case A) and 1
year and 10 months (case B) showed remission of sei-
zures and clear progressive improvement of the remain-
ing general symptoms.”> Such evolution and lasting
improvement could hardly be explained in case of a con-
version of CBD to THC.
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Another clinical study, already cited above, concern-
ing whole blood levels of THC and CBD, is also of
interest for the pharmacological effects. In a random-
ized, double-blind, cross-over, placebo-controlled trial,
healthy male subjects received oral THC (10mg) or
CBD (600mg) or placebo. Relative to both placebo
and CBD, administration of THC was associated with
anxiety, dysphoria, positive psychotic symptoms, physi-
cal and mental sedation, subjective intoxication effect
at 2h (p<0.01), and a significant increase in heart
rate (p<0.05). There were no differences between
CBD and placebo on any symptomatic, physiological
variable.'”

In conclusion, both publications, that of Merrick
et al.' and Bonn-Miller et al.,* are unfortunately mis-
leading in many aspects. Over 40 years of research
on CBD does not suggest a conversion of CBD to
delta9-THC and/or other cannabinoids in vivo after
oral administration. Such transformation occurs un-
der artificial conditions, but is without any relevance
for an oral therapy with CBD. Traces of delta9-THC
in CBD per se, although theoretically possible in
less-purified CBD productions, are unlikely to be of
concern as long as the intake does not exceed the
LOAEL.
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