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Abstract

Purpose of Review The purpose of this review is to differentiate delta-8-tetrahydrocannabinol (delta-8) and delta-9-tetrahy-
drocannabinol (delta-9) as they relate to human health and disease.

Recent Findings Delta-8 is a novel cannabinoid becoming increasingly used following the passage of the US Agricultural
Improvement Act of 2018 and the deregulation of hemp. Cannabis spp. naturally produces little delta-8. Retail delta-8 prod-
ucts consist of synthetic delta-8 chemically converted from cannabidiol (CBD). Delta-8 marketing claims a “softer, gentler
high” compared to delta-9, but limited data exist to support this claim. A recent screen of delta-8 products found that the
majority contained heavy metal contamination and that the reported vs. actual compositions of commercial products did
not agree.

Summary The effects of delta-8 on the human body remain largely unexplored, as do the pharmacokinetic differences
between delta-8 and delta-9. Because the dietary supplement market is largely unregulated, these products are not tested for
contaminants that may also have harmful effects.

Keywords Delta-8-tetrahydrocannabinol - Delta-9-tetrahydrocannabinol - Cannabinoid use disorder - Heavy metals -
Adulterants

Introduction The intent was to give US farmers the opportunity to cul-

tivate and market hemp for its commercial value in produc-

In this review, we wish to explore how the Agriculture
Improvement Act of 2018 (a.k.a. The 2018 Farm Bill) sin-
gle-handedly created an unregulated new pharmaceutical
cottage industry and potential health crisis — the explosion
in the production, marketing, and sale of over-the-counter
delta-8 (delta-8-tetrahydrocannabinol). Specifically, the
2018 Farm Bill provides:

... an amendment to the Controlled Substances Act
(21 U.S.C. 802(16)) to exclude hemp from the statu-
tory definition of marijuana as redefined in the 2018
farm bill, provided it contains not more than a 0.3%
concentration of delta-9 tetrahydrocannabinol—mar-
jjuana’s primary psychoactive chemical. [emphasis
added] [1]
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tion of fiber, rope, textiles, food, animal feed, and biofuel.
The unintended consequence was to seemingly legalize other
psychoactive cannabinoids (delta-8-THC, delta-10-THC, and
THC-O-acetate). While the cannabis plant naturally pro-
duces very little of these euphorigenic compounds, delta-8
can be readily synthesized in large quantities, in the labora-
tory, from hemp-derived cannabidiol (CBD). As result, a
delta-8 industry has developed exponentially since the Farm
Bill was signed into law in December 2018.

The growing popularity of delta-8 is exceeding our under-
standing of its effects. The first survey of delta-8 users was
published in 2021 and revealed alarming but informative
trends of user experiences and views of the drug [2ee]. This
survey study of Facebook and Reddit users (n=521) was
weakly representative of gender (57% men) and not rep-
resentative of race (90% white) and age (mean=34 years)
of the typical cannabis consumer, although this is to be
expected with a community-based survey of online applica-
tions. 90% of the participants were in states that did not have
recreational marijuana (delta-9) available, which supports
the hypothesis that consumers may seek delta-8 to replace
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or supplement their supply of delta-9 products. Participants
on average reported that delta-8 effects were less intense
and shorter than delta-9. Women and older individuals of
this survey were more likely to report that delta-8 effects
were stronger and lasted longer than delta-9, representing
a potential effect of sex and gender that should be explored
in further studies. Many participants lauded delta-8 for its
manageable high and reduced anxiety compared to delta-9,
but also reported inhaled delta-8 being harsher on the lungs
than delta-9. Importantly, the FDA Adverse Events Report-
ing System (FAERS) of delta-8 related products has docu-
mented over 200 adverse events associated with this com-
pound as of July 2022, with the large majority of adverse
events being respiratory and endocrine issues [3].

We herein compare and contrast delta-8 and the more
well-characterized delta-9. The key take-home messages are
that (1) while delta-8 may have therapeutic potential and
select advantages over its structurally similar delta-9 from
marijuana, it has not been extensively studied and is not
approved by the FDA (whereas delta-9 has been approved
for several medical indications). (2) Delta-8, as currently
marketed, is synthetic and not naturally produced. Moreover,
in this unregulated environment, the buyer should beware.

Summary of Regulatory and Safety Issues

With the passage of the 2018 US Farm Bill, hemp (can-
nabis containing less than 0.3% delta-9) was removed from
Schedule I drug status. Over recent years, this has led to
the boom of the CBD nutritional supplement industry and,
more recently, into a growing market for minor cannabinoids
such as cannabigerol (CBG), cannabinol (CBN), and delta-
8. Interestingly, all tetrahydrocannabinols are still listed as
scheduled I substances by the US federal government; how-
ever, the specific mention of delta-9 in the Farm Bill has
led to the interpretation that delta-8 is no longer federally
regulated because it is coming from hemp. Because of the
perception that this compound produces a legal, and possibly
milder “high,” the delta-8 market is rapidly growing. While
a few states have taken up regulation to prohibit the sale of
delta-8 products, across most of the USA, delta-8 remains
readily available in retail and online sales outlets [4e].
Online sales raise another potential legal issue, as this could
constitute interstate trafficking of a controlled substance.
Structurally, delta-8 and delta-9 are very similar, with the
only difference being the location of a single double bond
(Fig. 1, top structures). Both molecules are agonists at the
two major cannabinoid receptors, and capable of inducing
euphoria. Despite delta-9 products being readily available in
several states either for medicinal or recreational purposes,
there still seems to be a market for delta-8 possible due to
lower cost or the perceived “softer, gentler” high. However,

the safety of current delta-8 products is unclear for three
reasons. First, these products are often marketed as natural;
however, the Cannabis plant produces very little delta-8 (not
in amounts to profitably make high concentration delta-8
extracts from plant material). Instead, the delta-8 in these
products is being synthetically produced from CBD. Sec-
ond, these products are not regulated or routinely tested by
independent sources and may contain by-products and other
undesirable compounds from the synthesis process. Finally,
this compound has not been thoroughly investigated for its
activity in humans.

The potential safety issue has recently been documented
in case reports of toxicity and cannabis-related compli-
cations. As one illustrative example, in 2021, a healthy
2-year-old girl ingested nine delta-8 gummies and experi-
enced severe side effects [5e]. Her father had purchased the
package earlier and left it unopened on a desk. The patient
was flown to the local ER due to sedation and decreased
responsiveness. Upon admission to the ER, she displayed a
score of 3/15 on the Glasgow Coma Scale, the lowest score
possible indicating total loss of consciousness. She required
intubation and a dexmedetomidine drip to relieve spastic-
ity. The toxicology team estimated that the total ingested
dose of delta-8 was 14.7 mg/kg or 225 mg, which resulted
in a serum level over 100 ng/ml and over 700 ng/ml for the
active metabolite (11-nor-9-carboxy-delta-8-THC). She was
extubated after 12 h and discharged after 48 h in the pedi-
atrics unit. For reference, a dose-response study of pediat-
ric delta-9 oral ingestion reported that ingestion exceeding
5 mg/kg was significantly more likely to require hospital
admission and higher ingested quantities of delta-9 led to
a higher likelihood of ICU admission [6]. It is important
to note that while delta-8 is claimed to be “milder” and
less potent than delta-9, the serum concentrations of each
to require severe medical intervention are not so different;
therefore it is imperative to ask what other delta-9 related
complications may arise from increasing delta-8 use.

A complication previously only associated with delta-9,
cannabinoid hyperemesis syndrome (CHS) is characterized
by cyclical vomiting unresponsive to typical antiemetics,
but selectively responsive to warm showers, capsaicin, and
haloperidol in the setting of a chronic cannabis user. This
syndrome has gained increasing attention due to influx of
emergency department (ED) visits from both adult and pedi-
atric patients suffering from intractable vomiting. In 2021,
the first report of delta-8 products causing this syndrome
was published detailing a 38-year-old woman with intrac-
table vomiting who had been taking nightly delta-8 gum-
mies for 30 days to aid sleep [7¢]. After ondansetron pro-
vided no relief, a detailed clinical history, and a computed
tomography (CT) scan of her abdomen and pelvis revealed
no physical etiologies, the physicians suspected CHS. Once
her providers administered topical capsaicin cream and IV
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Fig. 1 Here, we denote the similarities and differences of delta-8 and delta-9 THC. The black arrow identifies the “puckers” from different dou-

ble bond locations. Original artwork using MarvinSketch

haloperidol, she experienced immediate relief and was dis-
charged without follow-up. While these providers did not
treat her again, CHS typically induces several emergency
department visits and only resolves after complete, sustained
cessation of cannabis use [8]. This report confirms public
health and ED providers’ fears: the increase of chronic
delta-8 users (who assume delta-8 to be safer) will increase
the number of adverse events associated with cannabis use.
There are no evidence-based treatments for acute cannabis
toxicity nor CHS, and the science of treating cannabis-
related complications is lagging behind the marketing and
consumption of cannabis products.

In considering the lack of industry regulation, Meehan-
Atrash and Rahman recently published a quality report for
27 delta-8 containing e-cigarette products from 10 commer-
cially available brands [9ee]. The authors used mass spec-
troscopy methods to quantify cannabinoid levels in each
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product, as well as to identify additional additives, reaction
side-products, and heavy metals. Several poor practices in
unregulated delta-8 manufacturing and sale are gleaned from
this study. First, none of the products contained the reported
amount of delta-8, with almost all containing up to 40% less
delta-8 than reported. Second, analysis of heavy metals con-
firmed detectable levels of magnesium, chromium, nickel,
copper, zinc, mercury, lead, and silicon which may increase
rates of reactive oxygen species production in the respiratory
track when the vapor is heated and inhaled. Metal conju-
gates, like silicon compounds, have been associated with
significant lung injury since 2018. E-cigarette and vaping-
induced lung injury (EVALI), a US epidemic, had caused
more than 2800 hospitalizations until 2020 when the CDC
stopped indexing cases [10]. EVALI creates a chemical
pneumonitis in airways that results in moderate-to-severe
shortness of breath, chest pain, and/or abdominal pain. The



Current Addiction Reports (2022) 9:622-629

625

disease is potentially fatal, with almost 50% of cases requir-
ing ventilation and/or intubation [11]. The potential for this
disease to interact with pre-existing conditions or COVID
infection is great and increases the chance of death from res-
piratory illness. Third, up to 13% of the mass of each prod-
uct consisted of unstudied, synthetic cannabinoid products,
which can alter the psychoactive and safety profiles of the
retail products. Finally, adulterants used in the formulation
process were found in all products, suggesting additional
risk of respiratory damage from ingestion of strongly acidic
compounds such as hydrochloric acid.

Synthesis and Structure

One of the conundrums in considering delta-8 versus delta-9
is how they can have differing effects when they have nearly
identical structures. They have the same chemical composi-
tion (C,,H;,0,) and identical molecular weights (314.45 g/
mole). As shown in Fig. 1, they have structures that vary
only in the position of a double bond (starting at carbon
number 8 versus starting at carbon 9). Examining a 3-dimen-
sional model (Fig. 1, lower structures) shows a very subtle
difference in the “pucker” of the ring containing the “delta”
bond. This may account for the perceived differences in the
pharmacological and psychological effects described in the
next section.

A common fallacy in the hype surrounding delta-8 is that
it is a natural and legal form of THC because it is found in
hemp. The fact of the matter is that the delta-8 being mar-
keted, sold, and consumed is not isolated from the natural
plant; rather, it is synthesized chemically and then added to
consumer products. As Pellati et al. have described in great
detail, when the cannabis plant condenses geranyl pyroph-
osphate with olivetolic acid, it does so in such a manner that
the double bond (that is destined to become “delta”) must be
positioned to produce delta-9 [12]. There is a small amount
of spontaneous conversion to delta-8, but it is just that ...
a small amount. It is reported that typical concentrations
of delta-8 are generally around 0.1% [4e]. By comparison,
commercially available delta-9-dominant cannabis can reach
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20 to 30% delta-9 (200 to 300 times the levels of delta-8).
Our own recent characterization of six CBG/CBD-dominant
strains of hemp produced delta-8 concentrations in extracts
from 0.3 to 2.6% (data not shown). The bottom line is sim-
ply that there is not enough delta-8 in a plant to isolate in a
cost-effective manner.

So, where is all the delta-8 coming from if the plant does
not make it in quantity? It is being synthesized in a simple
chemical reaction. In a quirk of chemistry, when CBD is
heated in the presence of acid, the cyclization that produces
THC does so with the double bond in position 8§ (delta-8;
Fig. 2). The same Farm Bill of 2018 that made hemp legal
created a legal source of vast amounts of inexpensive CBD.
In addition to being sold as the ubiquitous CBD oil, it did not
take long for entrepreneurs to recognize a new and lucrative
market. Unfortunately, the unregulated landscape produced
an ecosystem in which products not only do not contain the
advertised levels of cannabinoids but can have a great many
constituents that were not disclosed (e.g., metals, organic
solvents) as discussed above. Therefore, these products that
are being marketed are not derived from hemp — they have
been synthesized in an unregulated laboratory setting.

Pharmacology
Receptor Activity

The activity of different cannabinoids at receptors across the
body and brain largely determines their physiological and
psychological effects. The euphoric, analgesic, anxiogenic
(or anxiolytic depending on the individual and dose), appe-
titive, and other effects of THC are largely due to activ-
ity at the cannabinoid receptor 1 (CB1), the most abundant
G-protein coupled receptor in the brain. Immune and indi-
rect effects may result from activity at cannabinoid receptor
2 (CB2). Consuming THC products with high potency, at
higher frequencies, is associated with increased risk of psy-
chosis, cannabinoid use disorder, and cannabinoid hyperem-
esis syndrome (CHS) [13, 14, 15].

Add acid & heat

Delta-8-Tetrahydrocannabinol

(Delta-8-THC)

Fig.2 The conversion process from hemp to delta-8 THC by way of CBD is detailed here. The black arrows denote the different locations of the
double bond between CBD and delta-8. Original artwork using MarvinSketch
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The only measures of the affinity (Ki) of human CB1 and
CB2 for delta-8 are through in vitro models. Two differ-
ent cell model studies and one structural-activity relation-
ship analysis reported ranges of affinity for delta-8 at CB1
between 44 and 251 nM and CB2 between 12 and 417 nM
[16, 17, 19]. These same studies reported delta-9 at CB1
between 18 and 40.7 nM and CB2 between 36 and 309 nM.
Taken together, it is likely that delta-8 exhibits less affinity
for CB1 than delta-9 THC and about the same affinity for
CB2.

To measure intracellular signaling, a similar cell system
can be used to measure the amount of G-protein coupled
receptor (GPCR) activity after adding a drug of interest.
CB1 and CB2 are Gi/o inhibitory GPCRs: when activated
they will reduce the activity of adenylyl cyclase. First, a
study of GTPyS binding reported delta-8 at CB1 with an
ECj5, of 5820 nM, while delta-9 in the same system was
269 nM [16]. At CB2, the values were similar (524 nM
and 327 nM for delta-8 and delta-9, respectively). Another
method of measuring activity is using the forskolin assay to
stimulate cAMP production. At CB1, the EC50 values for
delta-8 and delta-9 were 82 nM and 13 nM, respectively;
CB2 was not evaluated in this study [18]. The signaling
activity reported in these studies suggests that delta-8 and
delta-9 have wide differences in activity after cannabinoid
receptor activation, and more studies are needed to measure
these differences more thoroughly as well as to character-
ize delta-8 and delta-9 activity at other common bioactive
receptors.

While there have been several studies of delta-8’s effects
on cannabinoid receptors in rodent and human models, there
are no studies, to our knowledge, of this cannabinoid’s activ-
ity at non-cannabinoid receptors [20ee]. Delta-9 and other
cannabinoids exhibit activity across a wide range of recep-
tor and channel systems, with high activity at GPRS5 and
TRP family channels [21]. These systems contribute to the
analgesic effects of delta-9, and since there is evidence of
differential activity at cannabinoid receptors, it is likely that
delta-8 does not affect these channels with the same affin-
ity and activity as delta-9. Finally, unpredictable activity at
non-cannabinoid receptors presents the danger of unintended
drug interactions in patients with complex pharmacological
regimens or those with varying underlying illnesses.

Metabolism

Delta-8 and delta-9 are both metabolized by human liver
cytochrome P450 enzyme CYP2C9, which produces a phar-
macologically active hydroxyl metabolite of the cannabi-
noid at the 11 position. For delta-9, this metabolite is more
potent at cannabinoid receptors and contributes to the psy-
choactive effects of ingesting cannabis [22]. Similarly, the
11-OH metabolite of delta-8 appears to be more potent than
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its parent compound in a small study of intravenous admin-
istration [23]. There is additional metabolism by CYP3A4;
however, the products of delta-8 metabolism at this enzyme
have not been thoroughly studied [24].

Emerging knowledge of cannabinoid pharmacokinetics
has revealed the risk of these compounds interfering with
medications through drug-drug interactions [25]. Many
narrow therapeutic index medications are metabolized by
CYP2C9 and CYP3A4 enzymes. Practitioners must there-
fore be vigilant with asking about all cannabinoid use,
including delta-9, CBD, and now delta-8, to prevent drug-
drug interactions and adverse events.

Tolerance

A 1977 preclinical study documented that chronic admin-
istration of delta-8 in rats producing tolerance to analgesia,
heart rate change, and temperature change after 13 days of
daily administration [26]. Recently, a preclinical rodent
study by Vanegas and colleagues confirmed the results of the
previous study in mice [27]. These researchers found that the
effects of delta-8 on catalepsy, antinociception, and hypo-
thermia were significantly reduced after 5 days of repeated,
subcutaneous injections, and produced cross-tolerance to the
CBI1R/CB2R agonist WIN 55,212-2 on these metrics. Simi-
lar to the rapid tolerance reported with daily delta-9 THC
administration, these results suggest that preclinically, there
exists a need to ingest increasing amounts of the cannabinoid
to maintain analgesic effects.

Reward

Preclinical preference and reward assays are limited in
understanding the differences between delta-8 and delta-9.
Vanegas and colleagues shed light on the reward qualities of
delta-8. These researchers report that repeated administra-
tion of delta-8 induces physical dependence, as measured by
increased anxiety and withdrawal behaviors after administra-
tion of a CB1R/CB2R antagonist rimonabant [27]. Addition-
ally, delta-8 dose-dependently substituted for delta-9 in the
drug discrimination paradigm, which measures the ability
for the rodents to discern the subjective effects of differ-
ent drugs. These results were consistent for both male and
female mice. This is the most recent and, to our knowledge,
only preclinical study on delta-8 reward. A major reason for
a dearth of evidence is because reward studies in rodents and
primates produce mixed, inconsistent results of the reinforc-
ing properties of delta-9. In humans, however, studies are
clearer and there are associations between higher concentra-
tions of THC and altered reward in cannabis users.

Human decision-making studies in the clinical environ-
ment shed light onto behavioral patterns of cannabis users
and may inform the forthcoming rise in delta-8 use and
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complications. Regular and chronic cannabis users tend to
change their smoking behavior if they know the reported
potency of a product; however, these data are mixed [28].
Some studies report users will use less of a higher potency
product, but other studies report that users will continue
their typical ingestion patterns with high potency products
resulting in more frequent adverse events. Populations of
cannabis users who seek the highest potency have the most
frequent use, and the highest likelihood for psychological
dependence also tend to be the youngest users [29]. The
upper limit of THC (regardless of isomer) use is variable for
each user, but it seems experienced users will tend to titrate
drug to produce desired effects.

Taken together, less potent, but still euphoric, cannabi-
noids like delta-8 might encourage increased ingestion
with the intention to mimic the high potency THC that a
chronic user is familiar with. This presents a major issue
for younger users, who will likely have greater access to
the unregulated retailers of delta-8. Conversely, adults who
desire non-euphoric effects of THC might seek delta-8 from
perceived opportunity to titrate effects at a lower range of
CBI activity to minimize psychoactive effects, but maximize
other desired effects such as appetite stimulation or analge-
sia. There are no studies suggesting that this optimization is
possible at CB1, and differential receptor availability, den-
sity, and distribution across subpopulations of users make
this difficult to confirm or refute.

Human Effects

There are less than ten published studies of delta-8 con-
sumption by humans in a clinical environment. The major
advantages of clinical studies over survey studies include
known concentrations of administered cannabinoids, under-
standing potential pharmacokinetic interference, and metrics
of psychological and physiological arousal. These studies
examined the effects of delta-8 through intravenous (IV),
oral, and smoked routes of administration. Each of the stud-
ies have significant design and control limitations; moreo-
ver, no new data were published between 1995 and 2022.
This lack of research has left researchers and practitioners
unarmed in the face of the deluge of delta-8 interest, con-
sumption, and potential misinformation.

The first known and largest sample (n=77 males) of delta-8
ingestion was reported as a lecture by Roger Adams in 1942,
but the lecture notes have little quantitative data [30]. Later
studies use small sample sizes (n=1 to n=2_8) with almost all
subjects being healthy, adult, cannabis-naive males. Three
studies used a placebo group but none of these studies used
similar outcome measurements (heart rate, subjective effects)
[31, 32, 33]. One study reported “over 480" pediatric cancer
patients treated with edible delta-8 as an anti-emetic, but only
describe eight of those patients along with their side effects

[34]. Finally, Wurz and colleagues described a case series of
three male chronic cannabis users who smoked delta-8§ THC
while researchers observed impairment and breath/blood
pharmacology [35]. The results indicated similar self-reported
impairment, objective impairment as measured by horizontal
gaze nystagmus (HGN), and half-lives (in blood and breath)
of delta-8 and delta-9. This important case series serves to
emphasize the need for development of guidelines for impair-
ment of novel psychoactive cannabinoids.

Future Imperatives — Clinical Trials

Comprehensive clinical studies, albeit challenging, would
account for the following factors:

A large population of healthy men and women, age-

matched and cannabis-experience matched.

— Several doses administered, by the same route of admin-
istration.

— Documentation of dietary supplements, medications, and
foods that may affect pharmacometabolic enzymes.

— A detailed and validated psychoactive effect matrix to

report outcomes.

Despite the difference in potency at the human cannabi-
noid receptors, many external factors may affect the subjec-
tive differences and consumption behaviors of delta-8 and
delta-9 users. First, when users purchase delta-8 products,
they are subject to the effects of marketing and sugges-
tion of the retail websites, conversations with sellers, and
anecdotes from other users. Second, the lack of regulation
and stringency of quality control on delta-8 products will
contribute to the amorphous effects reported by consumers,
as illustrated by the Rochester study [9ee]. This highlights
the importance of safe supply of cannabinoid products.
Consumers of delta-8 products are likely not ingesting the
reported amount of delta-8 and other cannabinoids reported
by sellers. Third, in cases where users are consuming the
easily available delta-8 to replace restricted-use delta-9, they
may intentionally or unintentionally ingest more amounts
of delta-8 to reach the same potency of delta-9 subjective
effects. While this serves as a monetary boon to delta-8 sell-
ers, there may be unforeseen effects of increased concentra-
tion of delta-8 at other receptors as well as an accumulated
toxicity of adulterants, unintended by-products, and heavy
metals [Qee].

Conclusion
In conclusion, the data are still unclear of the effects of

delta-8 on the human body. The pharmacological studies
that have been performed suggest this cannabinoid may be
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a less potent agonist of CB1 receptors compared to delta-
9, with similar effects at CB2 receptors. Delta-9 is known
to also be an agonist at GPR55 and several TRP channels,
while it is an antagonist at TRPMS; unfortunately, there are
no data regarding the activity of delta-8 at these receptors.
While the two compounds are metabolized in a similar man-
ner, the half-life of delta-8 in humans has not been exam-
ined. There are also safety issues to consider with the current
market of delta-8 products. As dietary supplements, these
products are largely unregulated (even in states that other-
wise regulate THC-dominant cannabis products). A recent
report has shown that the quality of delta-8 products does
not reflect the package labeling with regard to cannabinoid
content. Additionally, heavy metals have been detected in
these products, likely a result of growing conditions and the
process by which delta-8 is produced from CBD. Smoking
or vaping impure products with heavy metal contamination
has been linked to respiratory illnesses, like EVALI. It is
therefore important that if consumers are going to use these
products, they source from reputable companies that provide
a detailed, independent analysis of each lot or batch of the
product.
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