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Abstract

A new wave of psychoactive drugs struck Sweden in 2008. These drugs were called “Spice”, and 

were described as a legal alternative to cannabis, and the popularity rose quickly. It was later 

reveled that these compounds contained synthetic cannabinoids, mostly aminoalkylindoles, who 

have a strong affinity for the cannabinoid CB1-receptors, e.g. JWH-018. Swedish authorities took 

action in prohibiting these substances in 2009. In order to develop a good drug screening test, 

knowledge about the aminoalkylindoles metabolism is required. Recent publications have revealed 

positive results using liquid chromatography tandem mass spectrometry to indentify JWH-018 

metabolites.

In this report the possible JWH-018 and JWH-081 metabolites have been screened for in urine 

samples from patients who tested positive for the mother substance in plasma. The main metabolites 

appears to be monohydroxylations of the alkyl chain, indole or naphthyl group for JWH-018 and O-

demethylation along with monohydroxylation for JWH-081. Although no certain metabolites for 

JWH-081 was found. The JWH-018 analysis detected three metabolites being monohydroxylated, 

N-dealkylated or forming dihydrodiols. The parent compounds were not detected in any urine 

samples.
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Introduction 

Cannabimimetic aminoalkylindoles are a relative new phenomenon on the drug market, and were 

originally developed by the American chemist John W. Huffman. The molecules are named after its 

founder, carrying names such as JWH-018 and JWH-081 [1, 2]. They are known to have high 

affinity for the cannabinoid receptors (CB1 and CB2), both being G-protein coupled receptors. 

JWH-018 has a Ki of 9 ± 5 nM for CB1 and 2.9 ± 2.6 nM for CB2. JWH-081 has a Ki of 1.2 ± 0.03 

nM for CB1 and 12.4 ± 2.2 nM for CB2. As one can see JWH-018 is more selective for the CB2 

receptor, while JWH-081 is more selective for the CB1 receptor [3].

The CB1 receptor is primarily found in the central and peripheral nervous system, located on nerve 

terminals. Activation of the CB1 receptor is responsible for the elevating mood and addictive 

property of cannabinoids. The CB2 receptor is commonly described as a peripheral cannabinoid 

receptor expressed on immune cells. It is well known that the CB2 receptor modulate cytokine 

release from these cells. [4-6]. Even though the CB2 receptor is described as a peripheral receptor 

recent research indicates the presence of CB2 receptors in brain microglia during 

neuroinflammation [7]. 

Cannabimimetic drugs are the active ingredient in a new popular drug mix called “Spice”. “Spice” 

and similar products are sold as incenses and labeled “not for human consumption” to avoid 

authorities. Spice is an herbal blend containing various herbs known to have some lesser 

psychoactive ability, for example Leonotis leonurus, which include alkaloids know to create 

cannabimimetic effects. Synthetic cannabinoids are then added to the herbal blend and the final 

product is sold in internet based shops [1, 2].

Authorities in Sweden have a major problem trying to prohibit “Spice” and other products similar to 

“Spice”. Because of the variety in molecule structure between the different synthetic cannabinoids, 

the prohibition only stops one of the varieties of products being sold. The whole scenario have 

turned out to be a cat and mouse game; authorities prohibiting one substance, drug manufactures 

synthesizing a different compound and puts it on the market, which in time also gets prohibited, and 

so it goes on. 
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As from September 2009 Swedish authorities have banned several synthetic cannabinoids, 

including JWH-018 and JWH-081. In order to develop a good drug screening test knowledge about 

the metabolism of the synthetic cannabinoids are required. Modern drug tests are based around 

screening and detecting the drugs in urine because of the prolonged detection time. The synthetic 

cannabinoids are very lipophilic making them nearly impossible to detect in urine [8]. Although 

there is some information about JWH-018 metabolism not much is known about JWH-081. Recent 

articles have reported positive results using liquid chromatography tandem mass spectrometry (LC-

MS/MS) for “spice” -metabolite detection in urine samples [9-11].

The aim of this study is to find as many metabolites as possible for the two mentioned synthetic 

cannabinoids using LC-MS/MS technique. This in order to develop a routine method for “spice” 

detection in urine.
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Materials and methods

Samples

Urine samples from four males were collected. Two which tested positive for JWH-081 in plasma, 

one which tested positive for JWH-018 in plasma and one negative control sample. The samples 

come from collaboration between Swedish emergency departments, the Swedish Poisons 

Information Centre and the Karolinska University Hospital. These four specific samples were de-

identified and taken from a routine screening of abuse substances.

Sample preparation

The urine samples were diluted 1:2 with a dilution mixture then vortexed. The dilution mixture 

consists of a 1:1 mix between methanol (99.9%) and formic acid (0.1%). Because of time 

restrictions no samples have been incubated with β-glucuronidase. The two JWH-081 samples are 

named A (from patient 2953) and B (from patient 3459). The JWH-018 sample will be referred to as 

sample A in the JWH-018 section.

LC-MS/MS analysis

Waters Xevo UPLC-TQ instrument was used for the analysis. The injection volume was 5 μl. The 

mobile phase flow rate was set to 5 μl/min with a gradient elution of 70% formic acid (0.1%) in 

water and 30% methanol (99.9%). Start time for analysis was set to 0.2 min and end time 5 min. 

Positive electronic spray ionization (ESI) was used for all analysis except for detecting a 

carboxylated metabolite, in which negative ESI was used. Data format was set to centroid. Cone 

voltage was set to 30 V.

Metabolism information

Based on already known information about JWH-018 metabolism [9-11] and from using MetaSite 

(a computational procedure that predicts metabolic transformations) one can predict a possible 

metabolite scheme. It was natural to anticipate similar in vivo metabolism for JWH-081 as for JWH-

018.
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Results

For JWH-018 MetaSite predicts N-dealkylation and hydroxylation of the alkyl chain and naphthyl 

group. Recent articles show hydroxylation of the indole group as well for JWH-018, the same could 

be assumed for JWH-081 [9]. For JWH-081 MetaSite predicts N-dealkylation, O-demethylation, 

hydroxylation of the alkyl chain and naphthyl group. It's well known that hydroxylation is a 

common way of metabolism for xenobiotics, as well as O-demethylation of present O-methyl 

groups (fig. 1, 2 and 3).
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Fig. 1. MetaSite metabolism prediction.



Fig. 2. Predicted metabolites for JWH-018

Table 1. Kind of metabolite and [M+H]+ mass for JWH-018 metabolites.
JWH-018 - m/z 372.2

M1 Monohydroxylation m/z 358.2

M2 Dihydroxylation m/z 374.2

M3 Dehydration of the alkyl residue m/z 390.2

M4 Hydroxylation of the dehydrated alkyl residue m/z 356.2

M5 Dihydrodiol formation m/z 372.2

M6 Monohydroxylated dihydrodiols m/z 392.2

M7 N-dealkylation of dihydrodiols m/z 408.2

M8 N-dealkylation m/z 322.1

M9 Monohydroxylation and N-dealkylation m/z 288.1

M10 Carboxylation m/z 304.1

8



Fig. 3. Predicted metabolites for JWH-081

Table 2. Kind of metabolite and [M+H]+ mass for JWH-081 metabolites.
JWH-081 - m/z 372.2

M1 O-demethylation m/z 358.2

M2 O-demethylation, monohydroxylation m/z 374.2

M3 O-demethylation, dihydroxylation m/z 390.2

M4 O-demethylation, dehydration of the alkyl residue m/z 356.2

M5 O-demethylation, hydroxylation of the dehydrated alkyl residue m/z 372.2

M6 O-demethylation, dihydrodiol formation m/z 392.2

M7 O-demethylation, monohydroxylated dihydrodiols m/z 408.2

M8 O-demethylation, N-dealkylation of dihydrodiols m/z 322.1

M9 O-demethylation, N-dealkylation m/z 288.1

M10 O-demethylation, monohydroxylation and N-dealkylation m/z 304.1

M11 O-demethylation, carboxylation m/z 388.2
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JWH-018

SIM was performed in order to find the major metabolites. M1 (m/z 358.2) shows a major peak 

with very high abundance at 1.36 min and a lower peak at 2.13 min. The control sample has a 

similar peak at 1.34 min although the abundance is one magnitude lower. The peak at 2.13 min is 

absent in the control sample.

M3 have two peaks of high abundance at 1.48 min respectively 1.56 min that is absent in the 

control sample. Both samples have a peak at 3.31 min of high abundance, which probably correlates 

with some endogenous compound.

M9 have similar peaks in patient and control sample. Although the peak at 1.00 min is of greater 

abundance compared to the control sample.

The metabolites M2, M4, M8, show similar peaks at almost similar abundance as the control 

sample. Remaining metabolites (M5, M6, M7, M10) seems nonexistent.

Similar to the JWH-081 samples, β-glucuronidase was not used. A SIM screening for 

glucuronidated metabolites were performed. For metabolite M1 (m/z 534.2) a peak of high 

abundance at 2.14 min was detected. This peak was absent in the control sample, although the 

major peak at 3.41 was seen in both samples (fig. 4).
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Fig. 4. SIM analysis of the glucuronidated M1 metabolite of JWH-018.



The M9 metabolite (m/z 464.1) has a major peak at 0.97 min and a smaller at 0.70 min. Both these 

peaks are absent in the control sample (fig. 5).

In order to further validate the M1 and M9 metabolites a SRM analysis was performed. A major 

peak of high abundance was found for the M1 metabolite (m/z 534.2 > 358.2) at 2.11 min. The 

same peak was found in the control sample although with an abundance of two magnitudes lower.

For the M9 metabolite (m/z 464.1 > 288.1) a major peak at 0.98 min and a smaller peak at 

0.71 min was found. The same peaks can be seen in the control sample although with a magnitude 

lower abundance and rougher pattern (fig. 6).
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Fig. 6. SRM analysis for M9 in sample A and control sample.

Fi
g. 5. SIM analysis of the glucuronidated M9 metabolite of JWH-018.



PIS was used to find specific fragments of the M1 metabolite. To detect key moieties the MS/MS 

was set to detect fragments between m/z 120-160. A major peak with very high magnitude at 2.13 

min was spotted. This peak was absent in the control sample. The spectrum of this peak show three 

major fragments at m/z 127, 155 and 144. The 127-fragment reflect the untouched naphthyl group 

while the 155-fragment reflects the naphthyl and ketone group between the naphthyl and indole 

moiety. The m/z 144-fragment may reflect a monohydroxylated naphthyl group (fig. 7 and 8).
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Fig.7. PIS analysis for M1.

Fig. 8. Spectrum for the 2.13 min peak in sample A. 
Naphthyl fragment with and without the CO group can 
be seen with ease. The 143/144 fragment may be a 
hydroxylated naphthyl moiety.



A recent publication identified with ease a trihydroxy metabolite with reduced naphthyl moiety 

(dihydrodiol formation) [9]. In a last attempt to identify this metabolite a PIS was performed with 

settings enabling detection of all possible fragments between m/z 100-400. The spectrum from this 

analysis gave characteristic fragments of the M6 metabolite (fig. 9). These fragments was not seen 

in the control spectrum.
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Fig. 9. PIS Spectrum for M6. Loss of a water and ketone group give this characteristic ion 
transition.



JWH-081

The LC-MS/MS technique selective ion monitoring (SIM) show a major peak for the M1 

metabolite at m/z 358.2 for both sample A and B, with a isotope abundance of 34% for sample B 

and 95% for sample A, which must be due to endogenous substances. The control sample shows a 

major peak at the same retention time (RT) (1.35 min), although with lower abundance (fig. 10).

The M2 metabolite (m/z 374.2) shows two peaks for sample B (RT = 0.53 min and 0.83 min) and 

no peaks for sample A. The peak at 0.83 min was of very low abundance in the control sample 

compared to sample B, which still makes it interesting.

The M3 metabolite (m/z 390.2) shows no peak of interest for sample A. Sample B have a 

peak of high abundance (RT = 0.38 min) that seems absent in the control sample. 

The M4 metabolite (m/z 356.2) has one major peak (RT = 0.92 min) for sample A that correlates 

with the major peak in the control sample. Sample B have two major peaks (RT = 0.93 min and 1.20 

min). The peak at 1.20 min is absent in the control sample and has low abundance in sample A (fig 

11).
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Fig. 10. SIM analysis screening for M1 in sample B. B1: M1,  B2: M1 isotope (+1) and C: Control sample.



The M5 metabolite (m/z 372.2) shows a major peak in sample A (RT = 2.93 min) that correlates 

with the control samples major peak at 2.96 min. Sample B have a peak of lower abundance at 2.95 

but have the highest abundance peak at 0.62 min. This peak has a lower abundance in the control 

sample and sample A.

The M6 (m/z 392.2) and M8 (m/z 322.1) metabolites seem absent in all samples. The M7 

metabolite correlates to well with the control sample for both sample A and B.

Metabolites M9 (m/z 288.1) and M10 (m/z 304.1) have peaks that correlate with the control 

sample. No peaks for M11 was recorded. 

Since no β-glucuronidase has been used one could assume that the major metabolites are 

glucuronidated. In order to find these metabolites the LC-MS/MS was set to selective reaction 

monitoring (SRM). This technique allows one to separate the glucuronate ion (m/z 176) from the 

compound. 

SRM analysis for metabolite M1 (m/z 534.2 > 358.2) recorded sample A and B to have the highest 

abundance peak at 2.10 min respectively 2.12 min. This peak is of low abundance in the control 

sample, which instead has the highest peak/spikes around 0.50 min (fig 12).
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Fig. 11. SIM analysis for M4. B: Sample B, C: Control sample



For the M2 metabolite (m/z 550.2 > 374.2) sample A shows a major peak (RT = 1.82) that is 

completely absent in the control sample. Nothing was recorded for sample B.

Metabolite M5 has a twin peak around in 1.57-1.59 min in sample B that is absent or has low 

abundance in the control sample. Although there is a peak in sample B it’s not very convincing that 

it actually is the M5 metabolite due to low abundance.

The rest of the metabolites show nothing of interest in SRM mode.

In order to validate the most promising metabolites, M1 and M2, SRM was used to search for a 

special fragment of the metabolites. The [+H]+ O-demethylated naphthyl group (m/z 144.1) is 

predicted to lose with ease (fig. 13). Metabolite M1 (m/z 358.2 > 144.1) has a major peak at 1.33 

min in both sample A and B. The control sample has a peak at 1.32 min with lower abundance 

compared to sample A and B. It’s still unclear whether or not it’s an endogenous compound.

For metabolite M2 (m/z 374.2 > 144.1) sample A shows lots of spikes around 0.52 min and one low 

abundance spike at 0.84 min. For sample B we see the same spikes/top around 0.52 min but also a 

peak around 0.81 min. The peak at 0.81 min is absent in the control sample, which is promising 

evidence for the presence of metabolite M2.
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Fig. 12. SRM analysis for M1. B: Sample B, C: Control sample.



For further validation product ion scan (PIS) was used to screen for fragments between m/z 140 and 

150. This was in order to detect the O-demethylated naphthyl fragment of metabolite M1 with high 

sensitivity. Sample A and B show high abundance peaks at 1.34 min. The control sample has a peak 

at the same RT although of lower abundance. The spectrums for these peaks show a top at m/z 

144.0 for sample A and m/z 144.2 for sample B. The control samples spectrum have a top with two 

peaks at m/z 143.94 and 144.26. It’s still unclear whether or not it’s a endogenous compound 

interacting at the same m/z (fig. 14).
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Fig. 13. Specified SRM analysis for the naphthyl fragment. B1: M1 Sample B. B2: M2, Sample B. 
C1/C2 respectively control.



18

Fig. 14. PIS analysis for M1 in sample A, B and control with respectively spectrum.



Discussion and conclusion

For JWH-018 three metabolites can be affirmed: The monohydroxylated M1, the 

monohydroxylated dihydrodiols M6 and the monohydroxylated N-dealkylation M9. Recent 

publications have announced detecting M2 (in various forms), M5 and M10. The main metabolites 

appear to be monohydroxylations and dihydroxylations with the hydroxylations at either the alkyl 

chain, indole or naphthyl group. A carboxylated metabolite was not detected even though it's been 

found with ease in recent publications using negative ESI mode [9].

The overall results for JWH-081 seem very gloomy. At this point it's not possible to give an answer 

in a conclusive way about the metabolites. Although the most promising metabolites seem to be M1 

and M2. A major flaw might be the assumption that all JWH-081 metabolites will be metabolized 

by O-demethylation. For future analysis the aim should probably be to run more PIS analysis with a 

wider fragment spectrum for both O-demethylated and non-O-demethylated metabolites. The fact 

that β-glucuronidase wasn't used might have given lower levels of free metabolites in the urine 

samples. It also appears that sample B for JWH-081 contained higher levels of metabolites due to 

that sample always having higher abundance compared to sample A.

Overall LC-MS/MS has proven to be a good method for detecting post-administrated 

cannabimimetic aminoalkylindoles in urine. Recently the company Cayman Chemical have 

developed a routine LC-MS/MS method for detecting JWH-018 metabolites in both biological and 

non-biological samples. These include the common variations of monohydroxylated and 

carboxylated metabolites. Unfortunately these were not available at the time of this study.
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