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ABSTRACT

This study investigated the effects of hexahydrocannabinol (HHC) and other unclassified cannabinoids,
which were recently introduced to the recreational drug market, on cannabis drug testing in urine and
oral fluid samples. After the appearance of HHC in Sweden in 2022, the number of posts about HHC
on an online drug discussion forum increased significantly in the spring of 2023, indicating increased
interest and use. In parallel, the frequency of false positive screening tests for tetrahydrocannabinol
(THCQ) in oral fluid, and for its carboxy metabolite (THC-COOH) in urine, rose from <2% to >10%. This
suggested that HHC cross-reacted with the antibodies in the immunoassay screening, which was
confirmed in spiking experiments with HHC, HHC-COOH, HHC acetate (HHC-O), hexahydrocannabihexol
(HHC-H), hexahydrocannabiphorol (HHC-P), and THC-P. When HHC and HHC-P were classified as narcotics
in Sweden on 11 July 2023, they disappeared from the online and street shops market and were
replaced by other unregulated variants (e.g. HHC-O and THC-P). In urine samples submitted for routine
cannabis drug testing, HHC-COOH concentrations up to 205 (mean 60, median 27) ug/L were observed.
To conclude, cannabis drug testing cannot rely on results from immunoassay screening, as it cannot
distinguish between different tetra- and hexahydrocannabinols, some being classified but others
unregulated. The current trend for increased use of unregulated cannabinols will likely increase the
proportion of positive cannabis screening results that need to be confirmed with mass spectrometric
methods. However, the observed cross-reactivity also means a way to pick up use of new cannabinoids

ARTICLE HISTORY
Received 4 December 2023
Revised 16 January 2024
Accepted 13 February 2024

KEYWORDS
Cannabinoids; cannabis;
drug testing; immunoassay;
mass spectrometry; oral
fluid; saliva; THC; urine

that otherwise risk going undetected.

Introduction

Laboratory testing for alcohol and drugs fulfills important
functions for objective control of harmful or illegal sub-
stance use, and for follow-up of treatment efforts, in health-
care and workplace testing. For many decades, the use of
illegal drugs mainly involved a few substances, typically
amphetamines, cannabis, cocaine and heroin, and drug test-
ing was consequently mainly focused on detecting these.
Over the past ~15years, however, the supply of novel recre-
ational drugs has increased sharply, including hundreds of
new psychoactive substances (NPS; also called designer or
internet drugs) and psychoactive medications (e.g. benzodi-
azepines, synthetic opioids and ADHD medications) [1].
The conventional drugs still dominate the market, but drug
testing has become much more extensive and complicated.
The NPS are structural variants of substances belonging
to the traditional classes of psychoactives, such as stimu-
lants, hallucinogens, dissociatives, benzodiazepines and can-
nabinoids [1,2], but they have been chemically modified to
circumvent drug legislations, allowing for open sale, and
avoid detection. At the same time, this has sometimes led to
unpredicted side effects and increased health risks. For

example, contrasting tetrahydrocannabinol (THC), the prin-
cipal psychoactive constituent in the cannabis plant which is
a partial agonist of the endocannabinoid type 1 receptor
(CB,), the new synthetic cannabinoids are often full CB,
receptor agonists, explaining their generally higher potency
and more serious toxidrome including fatalities, compared
with smoking herbal cannabis (marijuana) [3-5].

Cannabis usually refers to delta-9-THC which is the most
abundant of seven THC double bond isomers in the canna-
bis plant. In recent years, however, other isomers, especially
delta-8-THC, have emerged as alternatives to delta-9-THC
[6]. Delta-8-THC is a natural minor constituent of the plant,
but it may also be synthesized from cannabidiol (CBD). A
main reason for the increased popularity and rapid spread
of delta-8-THC was its sometimes different or unclear legal
status compared with delta-9-THC. In Sweden, which has
ratified the 1971 UN Convention on Psychotropic Substances
that controls the stereochemical variants of THC [7], all
double bond isomers are scheduled and therefore delta-8-
THC soon disappeared from the market [6].

More recently, hydrogenated THC derivatives, i.e. hexahy-
drocannabinol (HHC) and analogs, with cannabimimetic
properties have emerged as recreational drugs [8-11],
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sprayed on hemp materials, as liquids intended for
e-cigarettes or vaping, and as gummy edibles [8,12,13], and
been widely discussed in drug chat forums [14]. HHC may
not occur naturally or in only trace amounts in the cannabis
plant [15,16], but it too can be synthesized from CBD by
chemical transformation and is hence called semi-synthetic.
CBD is readily available at high concentration in “indus-
trial” hemp, i.e. cannabis strains containing <0.2% (EU) or
<0.3% (USA/Canada) delta-9-THC. The hexahydrocannabi-
nols are not covered in the UN Convention on Psychotropic
Substances [7] but have to be evaluated separately for drug
classification.

Due to the close structural similarity to THC (Figure 1),
HHC has been demonstrated to cross-react in immunoassay
screening for delta-9-THC in oral fluid samples [17,18], and
this was also expected to occur with immunoassays for the
carboxylic acid metabolites (-COOH) [8] which are analyti-
cal targets in urine drug screening. This may result in an
increased incidence of false-positive THC and THC-COOH
results in cannabis drug screening, which is used very often.
However, due to the differences in structure and molecular
mass compared to THC, HHC and analogs (Figure 1) can
be separated and confirmed analytically using mass spectro-
metric (MS) analysis.

This study focuses on the appearance of HHC and some
related substances that have recently emerged as new recre-
ational drugs in Sweden, and their implications for routine

drug testing of cannabis use in urine and oral fluid samples,
based on results from the Karolinska University Laboratory
(Stockholm, Sweden).

Methods
Clinical samples and chemicals

The laboratory investigations were based on results with
deidentified patient specimens submitted for routine drug
testing at the Department of Clinical Pharmacology,
Karolinska University Laboratory (Stockholm, Sweden). The
selected oral fluid samples, obtained with the Quantisal col-
lection device (Immunalysis Corp., Maam, The Netherlands),
had tested positive for THC, and the urine samples positive
for THC-COOH, in the immunoassay screening.

Reference materials for 9(R)-HHC (HHC), 11-nor-
9(R)-carboxy-HHC (HHC-COOH), 9(R)-HHC acetate
(HHC-O), 9(R)-hexahydrocannabihexol (HHC-H), 9(R)-

hexahydrocannabiphorol (HHC-P) and delta-9-tetrahydro-
cannabiphorol (THC-P) (Figure 1) were obtained from
Cayman Chemical Co. (Ann Arbor, MI, USA), and delta-9-
THC, delta-9-THC-COOH and the corresponding deuter-
ated internal standards from Cerilliant Co. (Round Rock,
TX, USA). The materials were obtained as crystalline solid
or solutions in acetonitrile or methanol, and dilutions were

Figure 1. Chemical structures of delta-9-tetrahydrocannabinol (delta-9-THC), hexahydrocannabinol (HHC), its carboxylic acid metabolite (HHC-COOH), and the
analogs hexahydrocannabiphorol (HHC-P), HHC acetate (HHC-O) and hexahydrocannabihexol (HHC-H).
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made in the same organic solvents. All other chemicals were
of analytical or HPLC grade.

Routine drug testing for cannabis use

Immunoassay screening for THC-COOH in urine was per-
formed with an accredited method, using the CEDIA
Multi-Level THC Assay (Thermo Fisher Scientific, Fremont,
CA, USA) according to the standard procedure [19] on an
AU680 analyzer (Beckman Coulter, Brea, CA, USA) and the
nationally harmonized cut-off level of 25 ug/L [20]. Screening
for THC in oral fluid was performed with an accredited
method, using the THC Oral Fluid HEIA (Immunalysis
Corp.) according to the standard procedure on a DxC
700AU analyzer (Beckman Coulter) and a cut-off level of
4.0pug/L neat oral fluid.

In routine use, oral fluid and urine samples screening
positive for THC and THC-COOH, respectively, are sub-
jected to confirmatory liquid chromatography-tandem MS
(LC-MS/MS) analysis, essentially as described elsewhere [6].
THC-COOH is quantified in the free form following alka-
line hydrolysis of THC-COOH-glucuronide in 1.3mol/L
ammonia for 30min at 40°C [21]. The cut-off level for
THC-COOH in urine was 10pg/L, according to a national
harmonization [20], and 4ug/L for THC in neat oral fluid
(i.e. corrected for the 4-fold dilution of oral fluid with buf-
fer in the Quantisal device).

LC-MS/MS analysis of HHC and HHC-COOH

For confirmation and quantification of HHC in oral fluid
and HHC-COOH in urine, they were included in the rou-
tine LC-MS/MS detection methods for THC (Dionex
Ultimate 3000 UHPLC coupled to a TSQ Quantiva MS;
Thermo Fisher Scientific) and THC-COOH (AQUITY

UPLC coupled to a Xevo TQ-S micro MS; Waters, Milford,
MA, USA), respectively.

Chromatographic separation of HHC in oral fluid was
achieved on a Hypersi GOLD VANQUISH column
(2.1 x100mm, particle size 1.9 pum; Thermo Fisher Scientific),
using gradient elution (mobile phase A: 1mol/L ammonium
formate and 0.5% formic acid; mobile phase B: methanol) at
0.6 mL/min. The MS was operated in positive mode and the
ion transitions monitored for HHC were m/z 317.2>123.1
(quantifier) and m/z 317.2>193.2 (qualifier), and m/z
318.2>196.2 for THC-D3 (IS).

Chromatographic separation of HHC-COOH in urine
samples was achieved on an AQUITY UPLC BEH C18 col-
umn (1.0x 100 mm, particle size 1.7 um; Waters), using gra-
dient elution (mobile phase A: 0.1% formic acid; mobile
phase B: acetonitrile) at 0.2mL/min (Figure 2). The MS was
operated in negative mode and the ion transitions moni-
tored for HHC-COOH were m/z 345.2>301.3 (quantifier)
and m/z 317.2>191.2 (qualifier), and m/z 352.4>308.4 for
THC-COOH-D9 (IS).

Acceptance criteria for a positive identification are
Gaussian peak shapes of analyte and IS, a relative retention
time (RRT) versus calibrator within + 0.5%, and ion ratios
within + 20%. The cut-off levels applied for HHC in oral
fluid and HHC-COOH in urine were the same as for the
tetrahydrocannabinols (i.e. 4 and 10pg/L, respectively).

Results

Open online discussions about HHC on a drug chat
forum

In October 2021, a discussion thread about HHC was
started on a Swedish internet chat forum for psychoactive
substances [14]. Initial posts concerned the potency and
legality of HHC, which was described as a weaker, legal

Figure 2. Chromatograms showing a patient urine sample testing positive for the carboxylic acid metabolite of delta-9-tetrahydrocannabinol (THC-COOH), a
spiked urine standard for hexahydrocannabinol carboxylic acid (HHC-COOH), and a patient urine sample testing positive for HHC-COOH (22 ug/L).
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alternative to THC, and from where it was obtained. During
2022, the number of posts remained at a low level (Figure
3) and mainly focused on personal experiences of the sub-
stance, and whether it would show up in a drug test. In
November, it was also noted that HHC had been put under
investigation for classification as a narcotic substance in
Sweden by the Public Health Agency.

In the spring of 2023, the number of posts about HHC
increased sharply (Figure 3) and mainly included reviews of
Swedish online drug dealers and products intended for
smoking and vaping, as well as further discussions about the
risk of testing positive in a cannabis drug test. However,
there were also some posts about tolerance and negative
effects. It was further noted that the Swedish customs had
seized HHC products ordered from abroad, which is possi-
ble since 2011 for unregulated substances that are under
investigation for classification. During the spring of 2023,
HHC became available to buy also over the counter in street
shops, after which its popularity greatly increased.

On 17 May 2023, the Swedish Public Health Agency rec-
ommended that HHC and the analogue HHC-P, having a
longer carbon tail (Figure 1), should be classified as narcot-
ics in Sweden, and this became effective on 11 July through
a government decision. In June, the upcoming classification
was much debated, and the online vendors began selling out
HHC. Other posts concerned which substances would fol-
low HHC, mainly focusing on HHC acetate (also called
HHC-O) and THC-P (Figure 1). Eventually, separate threads
about these substances were started and the one about HHC
stopped being used (Figure 3).

Analytical results with HHC in drug testing for cannabis
use

After observations in the fall of 2022 that HHC was sold
openly on Swedish websites for unclassified recreational

drugs, reference materials for HHC and its tentative urinary
carboxy metabolite (HHC-COOH) (Figure 1) were pur-
chased, spiked in blank samples, and tested for interferences
in the routine immunoassay screening methods for cannabis
use in urine (i.e. targeting THC-COOH) and oral fluid (i.e.
THC) in December 2022. As shown in Figure 4, HHC and
HHC-COOH were found to give similar test responses as
THC and THC-COOH, respectively.

The LC-MS/MS methods used for routine identification
and quantification of THC in oral fluid and THC-COOH in
urine, respectively, also proved useful for inclusion of HHC
and HHC-COOH (Figure 2).

In a subset of 21 routine urine samples testing positive
for HHC-COOH, the concentrations ranged 10-205 (mean
60, median 27) pg/L.

Frequency of false positive test results in cannabis drug
screening

Since HHC was demonstrated to show high cross-reactivity
in the cannabis screening tests (Figure 4), and the interest
in HHC as a recreational drug was indicated to increase
much in Sweden in the spring of 2023 (Figure 3) when
HHC was still unregulated, this was expected to cause an
increased incidence of false positive screening results in the
routine drug testing for cannabis use.

This was investigated by comparing the frequency of pos-
itive screening results for THC-COOH in urine with the
corresponding results of the confirmatory analysis, among
samples sent to the Karolinska University Laboratory for
routine drug testing. As shown in Figure 5, the relative pro-
portion of false positive THC results was typically <2% until
the spring of 2023 when it increased sharply to >10% in
June. After a small drop in July, which coincided with the
classification of HHC as a narcotic substance, the frequency

Figure 3. Monthly number of posts on hexahydrocannabinol (HHC) over two years until October 2023 on a Swedish open online discussion forum for psychoac-
tive substances [14]. After 11 July 2023 (broken line), when HHC was classified as a narcotic substance, the number of posts on the HHC thread decreased and
eventually ended. Instead, new threads were started about the unregulated analogues HHC acetate (HHC-O) and tetrahydrocannabiphorol (THC-P).
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of false positive screening results for cannabis use continued
to increase (Figure 5).

Screening results with other novel cannabinols

When the Swedish classification of HHC and HHC-P as
narcotics became effective on 11 July 2023, the online drug
vendors switched to selling other unclassified cannabinols,
the most common being HHC acetate (also called HHC-O),
HHC-H, and THC-P (Figure 1). Since the frequency of false
positive test results in the routine cannabis screening did
not decrease but rather continued to rise (Figure 5), it was
investigated whether also the newly marketed cannabinols

cross-reacted in the cannabis screening assays. This study
was performed with the parent compounds spiked in oral
fluid samples collected with the Quantisal device, as refer-
ence materials of the corresponding carboxylic acid metab-
olites were not yet commercially available. The results
demonstrated that these substances also cross-reacted in the
screening assay for THC in oral fluid, albeit at slightly lower
levels than observed for HHC (Figure 6).

Discussion

The results of this study highlighted serious practical impli-
cations for the routine drug testing of cannabis use, after a

Figure 4. Test responses for A) delta-9-tetrahydrocannabinol (THC) and hexahydrocannabinol (HHC) and B) their carboxylic acid metabolites, THC-COOH and
HHC-COOH, respectively, in immunoassay screening for cannabis use in oral fluid (OF) (THC Oral Fluid HEIA, Immunalysis Corp.) and urine (CEDIA Multi-Level THC
Assay, Thermo Fisher Scientific), respectively. The substances were diluted in acetonitrile or methanol. Blanks with solvent only generated negative results.
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Figure 5. Frequency of urine samples testing preliminary positive for cannabis use (THC-COOH) in immunoassay screening, but confirmed negative by LC-MS/
MS, among samples submitted for routine drug testing at the Karolinska University Laboratory (Stockholm, Sweden) in 2021-2023. On 11 July 2023, HHC was
classified as a narcotic substance (broken line). The monthly number of samples that are screened for cannabis use is ~10 000. Results are shown for urine sam-
ples confirmed to contain <5pg/L THC-COOH, to exclude samples just below the 10ug/L routine cut-off.

Figure 6. Test responses for hexahydrocannabinol (HHC), HHC acetate (HHC-0), hexahydrocannabihexol (HHC-H), hexahydrocannabiphorol (HHC-P) and delta-9-tet-
rahydrocannabiphorol (THC-P), in comparison with delta-9-tetrahydrocannabinol (THC), in immunoassay screening for cannabis use in oral fluid (OF) (THC Oral
Fluid HEIA, Immunalysis Corp.). The substances were diluted in acetonitrile or methanol and spiked in three different blank oral fluid samples collected with the

Quantisal device (Immunalysis Corp.). Results are the mean values. Blanks with solvent only generated negative results.

new group of unregulated cannabinoids, the hexahydrocan-
nabinols which are structurally closely related to the prin-
cipal psychoactive constituent THC and have similar
cannabimimetic effects, were recently introduced as recre-
ational drugs. Although HHC has been known for a long
time [8,9,22,23], it has not previously been associated with
drug use, while cannabis, i.e. plant materials containing
delta-9-THC, is one of the most common drugs worldwide
[1]. Most importantly, and in agreement with previous

observations [17,18,24], high cross-reactivity was demon-
strated for HHC and its carboxylic acid metabolite
HHC-COOH in laboratory-based immunoassays for canna-
bis drug testing in oral fluid and urine samples, respectively.

The present study extended the knowledge about the
analysis of new cannabinols by also demonstrating a high
but variable cross-reactivity of some HHC analogs, i.e.
HHC-O, HHC-H and HHC-P, as well as THC-P, in the
oral fluid THC screening. However, there appears to be
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differences in test response between laboratory-based assays
and point-of-care test strips [24,25]. Moreover, while
HHC-H, HHC-P and THC-P differ from HHC and THC in
the length of the carbon tail (Figure 1), a possible bioana-
Iytical problem with HHC-O is that it may undergo hydro-
lysis to the parent compound in the body which would
complicate the interpretation of a drug test result [26]. This
is further supported by observations of a delayed bioactivity
of THC acetates compared with the parent compounds, and
less cross-reactivity in immunoassays [8], although the pres-
ent study showed no major difference between HHC and
HHC-O (Figure 6). As of January 16, 2024, however,
HHC-O, as well as THC-O and THC-P (both the delta-9
and delta-8 variants), are classified as narcotics in Sweden.

The cannabinol concentrations tested for cross-reactivity
in the screening assays were considered relevant, by refer-
ring to those observed for HHC-COOH in a subset of
patient urine samples at the Karolinska University Laboratory
(mean 60, median 27, and maximum 205pg/L). For com-
parison, the yearly mean (median) THC-COOH concentra-
tions in drug positive samples were 383 (90) pg/L (range =
10-28 300ug/L). However, it should be noted that the
immunoassays give a maximum test response already at rel-
atively low substance concentrations (Figure 4), e.g. typically
around 100ug/L for THC-COOH in urine samples and
~20pg/L for THC in oral fluid.

The present results supported that the parent compounds
are suitable targets for drug testing of hexahydrocannabinols
in oral fluid, while their carboxylic acid metabolites are use-
ful for urine testing, in agreement with THC [27]. Other
studies have suggested the 11-OH-HHC metabolite [24,28]
to be an alternative, major urinary target analyte [29,30],
but it was not included here. It should also be noted that
HHC and analogs occur as the 9R and 9S epimers [24,31],
but no attempt was made to separate these in this study as
it primarily focused on the impact on routine cannabis drug
testing.

In Sweden, the classification of HHC and HHC-P as nar-
cotic drugs in the summer of 2023 meant that the open sales,
which took place both online and in street shops, shifted to
other yet unclassified structural variants and trade now con-
tinues as before. This is consistent with the flexible online
drug market and constantly changing drug trends noticed for
hundreds of NPS over the past ~15years [1,2]. Accordingly,
the demonstrated increased occurrence of positive screening
results in routine drug testing for cannabis use, presently
(early 2024) making up >12% of all positive findings at the
Karolinska University Laboratory in Sweden, increases the
burden on the more laborious confirmatory analysis.

Conclusions

The results of this study demonstrated that HHC and some
structurally related substances, that were recently introduced
in Sweden and have become popular as unclassified recre-
ational drugs, cross-react in immunoassay screening tests for
cannabis use, i.e. assays targeting THC in oral fluid and
THC-COOH in urine samples. An apparent increased use of

HHC in the spring of 2023, as reflected in a sharp rise in
the number of HHC-related posts on an open online drug
discussion forum, coincided in time with an increased fre-
quency of false positive screening results for cannabis use in
the routine drug testing, from typically <2% to >10%. After
HHC and HHC-P were classified as narcotic substances in
Sweden on 11 July 2023, other unclassified cannabinols were
introduced, which in turn have been classified.

The observed cross-reactivity of HHC and analogs in the
screening assays for cannabis is expected to have major
practical implications for routine drug testing, because a
positive screening result may be due to use of either classi-
fied or unclassified substances and thus cannot be relied
upon alone. Accordingly, an increased use of unclassified
cannabinoids will mean that more preliminary positive sam-
ples need to be confirmed with more laborious and expen-
sive LC-MS-based methods. At the same time, the
cross-reactivity means an analytical advantage by increasing
the possibility of identifying use of new cannabinoids that
would otherwise risk go undetected, since samples that
screen negative are rarely subject to further investigation.

To conclude, cannabis drug testing cannot rely on test
result from immunoassay screening, as these methods can-
not distinguish between different subtypes of tetra- and
hexahydrocannabinols, some of which are illegal but others
unregulated. The current trend for an increasing use of
novel unregulated cannabinoids means that the proportion
of preliminary positive screening results that need to be
confirmed is likely to increase. This also highlights the need
for laboratories to keep up with the rapid changes in the
recreational drugs market and regularly update their confir-
mation methods to cover the panel of recreational drugs
currently on the market, otherwise the final test result will
more often be false negative.
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