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Abstract 

New psychoactive substances (NPS) are life-threatening through unpredictable toxicity and 

limited analytical options for clinicians. We present the retrospective identification of NPS in 

raw data from a liquid chromatography-high resolution mass spectrometry (LC-HRMS) based 

multidrug panel analysis on 14,367 clinical oral fluid samples requested during 2019 mainly 

by psychiatric and addiction care clinics. Retrospectively analysed NPS included 48 notified 

originally in 2019 by the European Union Early Warning System (EU-EWS) and 28 

frequently reported in Sweden. Of 88 included NPS, 34 (mitragynine, flualprazolam, 3F/4F-α-

P(i)HP, etizolam, 4F-MDMB-BINACA, cyproheptadine, 5F-MDMB-PICA, isotonitazene, 

isohexedrone, MDPEP, N-ethylpentedrone, tianeptine, flubromazolam, 4′-methylhexedrone, 

α-P(i)HP, eutylone, mephedrone, N-ethylhexedrone, 5F-MDMB-PINACA, ADB-

BUTINACA, 3-methoxy PCP, 4F-furanylfentanyl, 4F-isobuturylfentanyl, acrylfentanyl, 

furanylfentanyl, clonazolam, norfludiazepam, 3F-phenmetrazine, 3-MMC, 4-

methylpentedrone, BMDP, ethylphenidate, methylone, α-PVP) were identified as 219 

findings in 84 patients. Eight NPS notified in 2019 were identified, five before EWS release. 

NPS occurred in 1.20% of all samples and 1.53% of samples containing traditional drugs, and 

in 1.87% of all patients and 2.88% of patients using traditional drugs. NPS use was more 

common in men and polydrug users. Legal (not scheduled) NPS were more used than 

comparable illegal ones. Retrospective identification could be useful when prioritizing NPS 

for clinical routine analysis and when studying NPS epidemiology. 
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INTRODUCTION 

Definitions of new psychoactive substances (NPS) often cover all narcotic or psychotropic 

drugs that are not controlled by the United Nations drug conventions, but which pose a public 

health threat comparable to that posed by substances listed in these conventions (1, 2). 

Although these definitions are wide enough to encompass registered pharmaceuticals such as 

zopiclone and pregabalin, NPS with poorly known toxicology are the notorious ones given 

their risk on life and health. Recent examples are the extremely potent and potentially lethal 

opioids such as fentanyl analogues (3) and “nitazene” derivatives (4, 5). The legal status of 

new NPS may be an important incentive for their use even though their wanted and unwanted 

effects are often unknown to the user. This demand is met by producers continuously feeding 

the market with legal drugs covering different drug classes (“legal highs”), obtained either 

through chemical modifications of existing drugs (yielding “designer drugs”), or through 

revival of old experimental substances or abandoned pharmaceutical drug candidates. With 

the exception of the substances which gain particular popularity, NPS tend to disappear from 

the market when scheduled. As a result, a significant part of the NPS market is characterized 

by numerous substances with short life span and rapid turnover. 

 

The multitude of NPS, their short life cycle, the lack of certified reference material and the 

occurrence of isobaric substances with similar fragmentation patterns are analytical 

challenges that limit the availability of NPS analysis for clinical purposes and also limits the 

available information on their actual prevalence and temporal distribution. Indeed, 

epidemiological data in the NPS field are often based on questionnaires or internet forum 

surveys, or data from calls to poison information centres (6-21). Detection of NPS intake in 

the clinical situation often needs to be based on the patient’s anamnesis (22, 23), which has 

limited validity as the use of NPS may reflect a desire to avoid analytical detection of drug 
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consumption. In addition, NPS may be wrongly labelled upon marketing, or used as 

undeclared adulterants of traditional DoA (24), so that the patient has incomplete information 

of their substance intake. Taken together, there is a need for objective tools for the 

identification of NPS use in patients (22, 25-27). Given the analytical challenges mentioned, 

there is also a need for prioritizing which NPS to include in the clinical analytic repertoire at 

any given time. In this study, we describe the retrospective identification of NPS in raw data 

from liquid chromatography-high resolution mass spectrometry (LC-HRMS) analysis of 

clinical samples, which had been routinely analysed in a panel identifying approximately 70 

drugs (28), to identify the prevalence, emergence of new NPS, and the demographics of NPS 

users within the clinical setting. The concept of retrospective analysis of NPS in LC-HRMS 

data has been used previously (29-33) but to our knowledge not on clinical routine samples in 

a scale allowing for epidemiological analyses. Herein we also demonstrate that this approach, 

applied on clinical samples, can generate demographic data of clinical interest. 

 

MATERIALS AND METHODS 

Chemicals 

Reference materials were purchased from Cayman Chemical, LGC Standards, Cerilliant 

Corporation, or obtained from the Swedish National Forensic Centre (NFC). Other chemicals 

were obtained from previously described sources (28). 

 

Oral fluid samples 

The samples included consisted of 14,367 authentic patient samples collected during routine 

treatment of 4,489 patients in mainly psychiatric and addiction clinics in West Sweden during 

2019. Samples were collected using the Saliva Collection System from Greiner Bio-One 

International GmbH. Samples were stored at 4⁰C before analysis and were analysed within 1-



5 
 

3 days after arrival to the laboratory. Sample pre-treatment before LC-HRMS analysis was 

carried out as previously described (28).  

 

LC-HRMS analysis of patient samples 

Oral fluid samples were analysed by LC-HRMS on Waters Acquity I-class UPLC systems 

coupled to Vion ion-mobility spectrometry (IMS)-quadrupole time-of-flight mass 

spectrometers (Waters Corporation) equipped with an electrospray ionization interface. The 

analysis was carried out as previously described but with a slight modification (28). The 

modification consisted of different time-points for the chromatographic gradient that was used 

for samples collected between January-April 2019 (Supplementary table 1, Supplementary 

figure). MS data were acquired in HDMSE mode, a data-independent acquisition mode which 

uses IMS and alternating high and low collision energies for collection of full scan data. The 

Waters UNIFI software v 1.9.4 was used for data acquisition and the accurate mass screening 

of IMS data workflow in the Waters UNIFI for data processing. Quality control samples at 

two levels containing all analytes included in the routine analysis were included in each 

analytical batch, as previously described (28). 

 

Analyte inclusion 

All non-pharmaceutical NPS included in the LC-HRMS based high-throughput multidrug 

panel analysis for oral fluid (28) were included as NPS in this study (labelled “routine 

analysis” in Table 1). NPS (i) notified for the first time in 2019 by the European Union Early 

Warning System on NPS (EU EWS), or (ii) older NPS that were suspected to still be in use, 

and therefore deemed relevant, based on observations at the National Board of Forensic 

Medicine (RMV), Linköping, Sweden, were retrospectively searched for in the analytical raw 

data set generated by the multidrug panel (28) from all clinical samples taken in 2019 
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(“retrospective analysis”, Table 1). (For IUPAC-names of NPS included see Supplementary 

table 2.) Substances that (i) are narcotic or psychotropic drugs controlled by the United 

Nations drug conventions, and/or (ii) were registered pharmaceuticals in Sweden in 2019, and 

that were routinely analysed in the multidrug panel (28) in 2019, were included in the study as 

“traditional DoA” (Table 1). Thus, substances labelled as NPS by EMCDDA but that were 

registered pharmaceuticals in Sweden in 2019 (gabapentin, ketamine, loperamide, modafinil, 

pregabalin, tapentadol, tramadol, zolpidem, zopiclone) were considered “traditional DoA” as 

they are frequently detected in clinical analysis of DoA, may be a prescribed medication, and 

are atypical NPS in the sense that their safety profile is well known. Buprenorphine and 

methadone findings in opioid substitution patients, and methylphenidate and ritalinic acid 

findings in neuropsychiatry patients, were excluded from the study because of their high 

likelyhood of being legally prescribed medications. Criteria for identification/assumption of 

substance intake from parent substance – metabolite combinations are listed in Table 1. 

 

Retrospective analysis  

Before reprocessing the previously collected raw data from the patient samples to detect the 

NPS not included in the routine method, a database (scientific library) containing detection 

data from analysis of the reference substances (Table 1, 100 µg/L in 50% methanol) was 

generated in UNIFI using the LC-HRMS method described above. The detection data 

included chromatographic retention time, accurate mass of observed ions, collision cross 

section (CCS) values, and two to seven selected diagnostic fragment ions. The limit of 

identification (LOI) was estimated by comparing the responses of the reference substances at 

100 µg/L with the response cutoff and was estimated to <1 µg/L for 85% of the analytes. A 

few analytes (6-BR-DMPEA, cinazepam, 4-fluorophenibut, 3-methoxy PCP, phenazepam, 

pregabalin methyl ester, and SL-164) had lower response and their LOI was estimated to 
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approximately 10 µg/L. Due to very similar retention times, the retrospective analysis could 

not differentiate between the isobaric positional isomers 3F-α-PHP/4F-α-PHP/3F-α-PiHP/4F-

α-PiHP and α-PHP/α-PiHP as isomer reference compounds were not analyzed at the time of 

routine analysis. For retrospective analysis, the HRMS raw data files were reprocessed against 

a target list containing detection data from the database. The following criteria was used for 

positive detection: mass accuracy ≤5 ppm, retention time ≤0.5 min, CCS deviation ≤3%, ≥2 

diagnostic fragments detected, response ≥300-5000 (analyte-dependent), signal to noise ≥3, 

and manual assessment of peak shape. The high energy HDMSE spectrum (retention time and 

ion mobility-filtered fragmentation spectrum) for all positive findings was compared to 

reference spectra and findings were discarded if the spectra did not match. A results report 

containing sample id, detected substances and detection parameters was generated after the 

retrospective analysis. 

 

Data collection, processing and statistical analysis 

Data from the routine multidrug panel (28) in 2019 containing detected DoA, sample identity 

number, sampling date and patient data (personal identity number, age, sex and healthcare 

provider) was extracted from the laboratory information system (Tieto Lifecare v5.5) to Excel 

(Microsoft Office 365). The data was anonymised by exchanging the sample date, personal 

identity number, age, and healthcare provider to sample month, a randomised identity 

number, age group (<25 or ≥25 years) and healthcare provider type (psychiatry or addiction 

care), respectively. Detected substances from the retrospective analysis for NPS were then 

added to the anonymised data set, whereafter the sample identity numbers were substituted 

with code numbers. A patient was considered positive for a substance if it was detected in at 

least one sample. Statistical analyses were performed in SPSS, version 23.0 (IBM SPSS 

Statistics for Windows, Armonk, NY, USA) or Excel (Microsoft Office 365) using the chi-
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square test for contingency tables and the Mann-Whitney U-test for comparison of scale data 

between groups. The study was conducted in accordance with the Basic & Clinical 

Pharmacology & Toxicology policy for experimental and clinical studies (34). 

 

RESULTS AND DISCUSSION 

Analysed NPS 

In total, 53 NPS were notified by EU EWS for the first time in 2019; of these amantadine, 

baclofen and promethazine were excluded from the study as they are registered non-narcotic 

pharmaceuticals in Sweden. In addition, 5F-A-P7AICA (5F-7-APAICA) and 1-(4-bromo-2,5-

dimethoxyphenyl)ethanamine were excluded due to lack of reference substances. Thus, 48 

substances notified by EU EWS in 2019 were included (Table 1). Furthermore, 28 NPS 

suspected to still be in use in 2019 based on observations at RMV, and 15 already included in 

our multidrug panel (28) in the beginning of 2019 were included in the study (four of 28 

substances from the former category were included in routine analysis in May 2019; Table 1). 

This summarizes to 91 NPS; however, given that 3F-α-PiHP, 4F-α-PiHP and 4F-α-PHP could 

not be analytically distinguished and had to be identified as a group, and as this was the case 

also for α-PiHP and α-PHP, 88 NPS or NPS groups were investigated. Of these, 73 (69 from 

May on) were detected by retrospective analysis (Table 1). Since 3F-α-PHP could not be 

discriminated from 3F-α-PiHP, 4F-α-PiHP, and 4F-α-PHP, this substance was also included 

although notified by EU EWS in 2020. 

 

NPS findings 

In all, 219 findings from 34 substances (or groups of positional isomers) were detected in 84 

patients (Table 2). Pharmacological classes found were stimulants (68 findings, 16 

substances, in 22 patients) vastly dominated by synthetic cathinones but also represented by 
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3F-phenmetrazine and ethylphenidate (the latter in the absence of methylphenidate indicating 

that it was not a metabolite of methylphenidate and ethanol); sedatives/hypnotics that all were 

benzodiazepines (44 findings, 5 substances, in 25 patients); synthetic cannabinoids (16 

findings, 4 substances, in 6 patients); and potent opioids in the form of isotonitazene and four 

different fentanyl derivatives (13 findings, 5 substances, in 5 patients). In addition, the 

following substances were found: 3-methoxy-PCP, a dissociative hallucinogenic 

phencyclidine-derivative (35); cyproheptadine, a sedating antihistamine with low abuse 

potential (36) but possibly self-administered as a remedy against serotonergic, including 

sexual, side-effects of other substances (37); mitragynine, a stimulant at low doses but opioid-

like at high doses (38); tianeptine, an atypical antidepressant with known abuse potential and 

opioid-effects at high doses (39, 40). Of the 85 patients, 17 (20%) were positive for more than 

one NPS; 5 (6%) and 2 (2%) of these individuals were positive for NPS from two and three 

pharmacological NPS classes, respectively. Of the patients with three NPS classes, one was 

positive for in total 10 different NPS, 8 of these in a single sample. The other was positive for 

a total of 8 different NPS, and through a series of 7 samples taken over 2 months, the number 

fell steadily from 6 to 2 NPS per sample, which may illustrate an effect on NPS consumption 

by monitoring NPS in clinical routine samples. 

 

Temporal relationship between EU EWS notification and NPS consumption 

Figure 1 shows findings of NPS notified by EU EWS in 2019. If the isomer group 3F/4F-α-

PHP/PiHP is disregarded (as different isomers have different EWS notification years), 7 of 

the 47 NPS in this category included in the study (15%) were found in totally 39 findings in 

20 patients. Sixteen of the findings (41%, 4 substances and in 5 patients) were detected prior 

to the EU EWS notification date. Of these, 11 originated from one single individual (patient 

A). This data indicates that (frequent) use of NPS before notification by EU EWS is a 
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phenomenon limited to few individuals, whereas broader use (here 15 of 20 patients) starts 

after EU EWS notification. Thus, an EU EWS notification does not seem to trigger activities 

that immediately limit the use of its NPS. (Possible exceptions in Figure 1, isohexedrone and 

4′-methylhexedrone, appear to involve too few patients to be generalized.) At the same time, 

an EU EWS notification appeared to be a relatively weak predictor of clinical appearance 

during the same calendar year given that only 7 of 47 NPS (15%) were found. This was true 

also for the subgroup EU EWS notifications originating from Sweden, where 3 of 18 

substances (17%) were found, indicating that the predictive value of an EU EWS notification 

does not increase with geographical proximity. 

 

Information sources for prioritizing specific NPS for routine analysis 

Figure 2 shows 164 findings of 26 substances notified by EU EWS in 2018 or earlier. In the 

substance cohort selected based on observations in forensic samples at RMV, 13 of 20 

included NPS (65%) were observed in our clinical samples (Table 1-2; Figure 2; α-PHP and 

α-PiHP included as one). A similar finding rate was achieved in the cohort included in our 

clinical routine analysis based mostly on our observations from web forums, where 13 of the 

23 NPS (57%) routinely analysed from May 2019 were observed (Table 1-2; Figure 2) 

supporting that web forums can be utilized for prediction of NPS use with considerable 

quantitative precision (19, 20, 41). Taken together, these results indicate that forensic samples 

and web forums provide a useful source of information when prioritizing what analytes to 

include in clinical routine analysis.  

 

Impact of legal status on consumption 

The impact of the legal status on substance appearance in clinical samples was also 

investigated. In Sweden, substances are individually scheduled as either narcotics or “goods 
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dangerous to health” based on degree of scientific evidence for narcotic properties. Within all 

applicable pharmacological classes, prevalence differences were found between NPS being 

scheduled in 2019 and NPS not being scheduled in 2019 or part thereof. Thus, scheduled 

synthetic cannabinoids (5F-MDMB-PICA, 5F-MDMB-PINACA) occurred 2 times (median) 

as compared to 6 times for not scheduled ones (4F-MDMB-BINACA, ADB-BUTINACA). 

For opioids, the corresponding figures were 1 for scheduled (4F-isobuturylfentanyl, 

acrylfentanyl and furanylfentanyl) versus 5 for not scheduled (4F-furanylfentanyl and 

isotonitazene), and for stimulants (3F/4F-α-PHP/PiHP excluded) 2 for scheduled 

(ethylphenidate, 3-MMC, 3F-fenmetrazin, methylone, 4-methylpentedrone, mephedrone, α-

PVP, N-ethylhexedrone) versus 5 for not scheduled (BMDP, eutylon, MDPEP, N-

ethylpentedrone, isohexedrone and 4′-methylhexedrone). For the three drug classes together, 

median values were 1 and 5 for scheduled and not scheduled, respectively, and the prevalence 

differences between these categories reached significance (p < 0.004; Mann-Whitney U-test). 

All benzodiazepines detected were scheduled as narcotics, and no comparison between 

substances unique to pharmacological class appeared to be meaningful (cyproheptadine and 

tianeptine are not scheduled whereas 3-methoxy PCP and mitragynine are scheduled as 

narcotics). 

 

Our findings of significant effect of legal scheduling on consumption of individual substances 

has also been generally observed (42, 43), and specific reports on such effects of the Swedish 

legislative system have been published (7, 21). The effects of scheduling of individual 

substances may, however, not be proxies for real health benefits as they may lead to 

"substitution effects" whereby the scheduled substances are replaced with even more 

hazardous ones (42, 44). 
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A practical interpretation of our data could be that an imminent illegalization of a certain 

NPS, other things being equal, argues against prioritizing it for clinical routine analysis. 

Rather, given that a significant effect of scheduling exists, NPS retaining high popularity also 

a limited time after scheduling are probably attractive enough to be long-lived and may 

therefore merit for high priority for routine analysis. Historical illustrative examples found 

frequently in this study are flualprazolam and mitragynine, scheduled as narcotics in 2018 and 

2011, respectively. 

 

Patient epidemiology 

The ratio of NPS findings over traditional DoA findings, the ratio of NPS-positive samples 

over NPS-negative samples, and the ratio of patients ever positive of NPS over never positive 

of NPS, all indicate that NPS are more frequently used by males than females (Table 3). This 

is in accordance with numerous previous studies (8-12, 15, 17, 43, 45-47). 

 

Regarding patient age, there was no significant difference as for ratio of NPS over traditional 

DoA (Table 3). In contrast, the ratio of NPS-positive over NPS-negative samples was higher 

in patients ≥25 years of age, which could be due to broader testing in younger patient groups 

than in older. In support of this assumption, 45% and 73% of samples were positive of 

traditional DoA in patients <25 and ≥25 years of age, respectively, and when including only 

samples positive of traditional DoA, no significant difference in the ratio of NPS-positive 

over NPS-negative samples was observed between the age groups. However, also at the 

patient level, age ≥25 years correlated with higher NPS frequency, and this was true both for 

patients in general and patients at some point positive of traditional DoA. The latter 

comparison may be less affected by bias due to different testing practises in different age 

groups, and could indicate that older patients are actually more prone to use NPS than 
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younger. If so, this is in striking contrast to several other studies (10, 12, 17, 46) where young 

age coincided with higher NPS use. Of note, these studies were either based on questionnaire 

data (10, 12, 17) or data from acute intoxications (46), and it cannot be excluded that young 

patients are more prone to report unorthodox drug use in questionnaire surveys and to make 

dosing mistakes leading to intoxications, factors that could bias data in relation to actual NPS 

use. As discussed below, we aim at collecting more data hopefully allowing an in-depth 

analysis of this possible discrepancy between different data sources. 

 

NPS use was more common in addiction care patients (3.46 %) than in psychiatry patients 

(1.01 %) (Table 3) when observed at the patient level. No differences between the patient 

groups could, however, be demonstrated as for NPS findings over traditional DoA findings or 

NPS-positive samples over NPS-negative samples. This was probably due to differences in 

traditional DoA use and sampling frequency, respectively; 58% and 70% of samples were 

positive of traditional DoA, and 1.9 and 5.6 samples occurred per patient, in psychiatry and 

addiction care patients, respectively (Table 3). 

 

Both samples containing ≥1 NPS, and patients positive for ≥1 NPS at least once in 2019, were 

positive for significantly more traditional DoA than their NPS negative comparators (median 

2 vs 1 traditional DoA per sample, and 18 vs 1 traditional DoA per patient, respectively; p < 

0.001 for both analyses; Mann-Whitney U-test); the distribution of traditional DoA 

frequencies in NPS positive and negative samples are shown in Figure 3. This argues against 

a widespread use of switching from traditional DoA to NPS as a patient’s measure to avoid 

analytical detection, and rather indicates that NPS use is an expression of drug polypharmacy 

in general. Pragmatically, one may therefore argue that NPS analysis in clinical routine adds 

limited value as drug polypharmacy is already evident from detection of traditional DoA. 
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However, given the unpredictable toxicity of many NPS, their identification may be 

particularly important in patients that use multiple, and potentially synergistic, traditional 

DoA, especially since up to 4% of the patients co-administer NPS (Table 3). Detection of 

NPS may also indicate a general risk-taking behaviour in the patient and thus add diagnostic 

value. Further work is planned to elucidate the function of NPS in an already comprehensive 

set of traditional DoA, e. g. by statistical analysis of drug class combinations in patients 

combining NPS and traditional DoA. 

 

Strengths and limitations of this study. 

Strengths of the present study are the naturalistic setting, the consecutive inclusion of all 

intended samples and hence the large number of clinical samples included (n=14,194), the 

number of substances covered, the high sensitivity and specificity of the analysis method, the 

comprehensiveness of the method as for traditional DoA used as comparators, and the use of 

oral fluid as a matrix which, as opposed to urine, mostly contains parent (unmetabolized) 

substances which facilitates the identification of NPS with often unknown metabolites. The 

possibility to perform retrospective identification of NPS in stored data from more than 

14,000 clinical samples is, to our knowledge, unique. 

 

Limitations of the study include its descriptive nature. For some drugs it could be difficult to 

know if a particular finding reflects prescription or illegal use. The data may have limited 

external validity outside the group of patients tested for DoA in our clinical routine multidrug 

panel analysis for oral fluid (28). This panel analysis has, however, gained wide popularity in 

our health care region, so that significant bias from whole patient groups remaining on urine 

sampling only appears unlikely. An inherent limitation of the retrospective data analysis is the 

inability to adjust analytical conditions to improve separation of positional isomers. The 
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whole process of retrieving retrospective data from computer servers and analysing them also 

requires manual work, about one day per 1,000 samples. 

 

Future prospects 

Further work, based on the same methods and approach as in this paper, is planned to gain 

insight into a depth analysis of NPS epidemiology in clinical settings especially focusing on 

multiple drug use. One major goal is to search for covariations between pharmacological 

groups of NPS and traditional DoA to define what role different NPS play in complex drug 

polypharmacy. Although not supported by this study, one incentive for NPS use among 

patients could still be to avoid analytical detection, and when a larger dataset is available this 

might be revealed by differences between the prevalence of routinely and retrospectively 

analysed NPS. This is of principal interest; the mere suspicion that analysis of traditional DoA 

drives NPS use could introduce a moral motive for NPS analysis. As discussed, we also 

intend to further study the association between patient age and NPS use. 

 

CONCLUSIONS 

In this study, raw data from LC-HRMS analysis has successfully been used for the 

retrospective identification of NPS in clinical samples. Utilizing this concept on >14,000 

clinical samples, and merging the data with clinical routine data from the same samples, we 

investigated the presence of 88 NPS and found 34 corresponding to 1,87 % of all patients and 

2,88% of the patients positive for traditional DoA. The use of NPS was more common in men 

and among polydrug users and was significantly affected by legal scheduling. Further 

epidemiological analysis is planned from a larger data set. We consider retrospective 

identification of NPS in clinical samples a valuable tool for decision making when including 
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NPS in routine analysis, and as a crucial complement to patient´s self-reporting when 

studying NPS epidemiology. 
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Tables 

TABLE 1. List of Traditional DoA and NPS included in the study.1 

Substance Type Detection mode 
1β-LSD NPS (2019) Retrospective analysis 
1cP-LSD NPS (2019) Retrospective analysis 
2C-B aminorex NPS (2019) Retrospective analysis 
2F-QMPSB NPS (2019) Retrospective analysis 
2F-Viminol NPS (2019) Retrospective analysis 
2-Methyl AP-237 NPS (2019) Retrospective analysis 
3,4-CFP NPS (2019) Retrospective analysis 
3-Chloromethcathinone (3-CMC) NPS (2014) Routine analysis 
3-MeO-PCP NPS (2012) Retrospective analysis 
3-Methylmethcathinone (3-MMC) NPS (2012) Retrospective analysis 
3F-α-PHP NPS (2020) Retrospective analysis  
3F-α-PiHP NPS (2019) Retrospective analysis 
3F-Phenmetrazine NPS (2014) Retrospective analysis 
3F-Methamphetamine (3-FMA) NPS (2009) Retrospective analysis 
4-AcO-MALT NPS (2019) Retrospective analysis 
4-AcO-MPT NPS (2019) Retrospective analysis 
4C-D (α-ethyl 2C-D) NPS (2019) Retrospective analysis 
4-Chloromethcathinone (4-CMC) NPS (2014) Retrospective analysis 
4-Ethylmethcathinone (4-EMC) NPS (2011) Retrospective analysis 
4’-Ethyl-α-PVP NPS (2019) Retrospective analysis 
4F-α-PHP NPS (2015) Retrospective analysis 
4F-α-PiHP NPS (2017) Retrospective analysis 
4F-furanylfentanyl NPS (2019) Retrospective analysis 
4F-Isobuturylfentanyl NPS (2014) Retrospective analysis 
4F-Phenibut NPS (2019) Retrospective analysis 
4F-MDMB-BINACA NPS (2018) Retrospective analysis 
4-MeO-MiPT NPS (2019) Retrospective analysis 
4′-Methylhexedrone NPS (2019) Retrospective analysis 
4-Methylpentedrone NPS (2014) Retrospective analysis 
4’-Methyl-α-PiHP NPS (2018) Retrospective analysis 
4-PrO-DMT NPS (2019) Retrospective analysis 
5F-JWH-398  NPS (2019) Retrospective analysis 
5F-MDMB-PICA NPS (2016) Retrospective analysis 
5F-MDMB-PINACA (5F-ADB) NPS (2015) Retrospective analysis 
6-BR-DMPEA NPS (2019) Retrospective analysis 
Acrylfentanyl NPS (2016) Routine analysis 
ADB-BUTINACA NPS (2019) Retrospective analysis 
α-PHP NPS (2014) Retrospective analysis 
α-PiHP NPS (2016) Retrospective analysis 
AP-237 NPS (2019) Retrospective analysis 
APP-BINACA NPS (2019) Retrospective analysis 
Bentazepam NPS (2019) Retrospective analysis 
BMDP NPS (2010) Retrospective analysis 
BOD NPS (2019) Retrospective analysis 
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Carfentanil NPS (2013) Routine analysis 
Cinazepam NPS (2019) Retrospective analysis 
Clonazolam NPS (2015) Routine analysis 
Crotonylfentanyl NPS (2019) Retrospective analysis 
CUMYL-CBMICA NPS (2019) Retrospective analysis 
Cyclopropylfentanyl NPS (2017) Routine analysis 
Cyproheptadine NPS (2019) Retrospective analysis 
EPT NPS (2019) Retrospective analysis 
Ethylphenidate NPS (2011) Routine analysis 
Etizolam NPS (2011) Routine analysis 
Eutylon NPS (2014) Retrospective analysis 
Flualprazolam NPS (2018) Retrospective analysis 
Flubromazepam NPS (2013) Routine analysis 
Flubromazolam NPS (2014) Routine analysis 
Furanyl UF-17 NPS (2019) Retrospective analysis 
Furanylfentanyl NPS (2015) Retrospective and routine analysis 
Hexylone NPS (2019) Retrospective analysis 
Isohexedrone NPS (2019) Retrospective analysis 
Isohexylone NPS (2019) Retrospective analysis 
Isotonitazene NPS (2019) Retrospective analysis 
JWH-122 NPS (2010) Retrospective analysis 
MDMB-4en-PINACA NPS (2018) Retrospective analysis 
MDMB-CHMINACA NPS (2019) Retrospective analysis 
MDPEP NPS (2019) Retrospective analysis 
Mephedrone NPS (2008) Routine analysis 
Methyl 2-phenyl-2-(pyrrolidin-1-
yl)acetate NPS (2019) Retrospective analysis 

MDPV NPS (2008) Routine analysis 
Methylone NPS (2005) Retrospective and routine analysis 
Mitragynine (kratom) NPS (2008) Routine analysis 
N-Ethylheptylone NPS (2019) Retrospective analysis 
N-Ethylhexedrone (NEH) NPS (2016) Routine analysis 
N-Ethylhexylone NPS (2019) Retrospective analysis 
N-Ethylpentedrone (NEP) NPS (2014) Retrospective and routine analysis 
N-Ethylheptedrone NPS (2019) Retrospective analysis 
N-Methylephedrine NPS (2018) Retrospective analysis 
Nitrazolam NPS (2015) Routine analysis 
Nitromethaqualone NPS (2019) Retrospective analysis 
Norfludiazepam NPS (2017) Retrospective analysis 
Pagoclone NPS (2019) Retrospective analysis 
pBPP NPS (2019) Retrospective analysis 
Phenazepam NPS (2011) Retrospective analysis 
Piperidylthiambutene NPS (2019) Retrospective analysis 
Pregabalin methyl ester NPS (2019) Retrospective analysis 
SL-164 NPS (2019) Retrospective analysis 
Tianeptine NPS (2018) Retrospective and routine analysis 
UR-144 degradant NPS (2019) Retrospective analysis 
Xylazine NPS (2019) Retrospective analysis 
α-PVP NPS (2011) Routine analysis 
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3,4-Methylenedioxy 
methamphetamine (MDMA) Traditional DoA2 Routine analysis 

3,4-Methylenedioxyamphetamine 
(MDA) Traditional DoA2 Routine analysis 

Alprazolam Traditional DoA2,3 Routine analysis 
Amphetamine Traditional DoA2,3 Routine analysis 
Bromazepam Traditional DoA2 Routine analysis 
Buprenorphine Traditional DoA2,3 Routine analysis 
Cathinone Traditional DoA2 Routine analysis 

Clonazepam Traditional DoA2,3 Routine analysis (detection of 7-
aminoclonazepam) 

Cannabis Traditional DoA2 Routine analysis (detection of Δ9-
tetrahydrocannabinol) 

Cocaine Traditional DoA2 Routine analysis (detection of cocaine and/or 
benzoylecgonine) 

Codeine Traditional DoA2,3 Routine analysis (detected as codeine and/or 
hydrocodone w/ 6-acetylmorphine) 

Diazepam Traditional DoA2,3 Routine analysis (detected as diazepam 
and/or nordiazepam and/or temazepam) 

Ephedrine Traditional DoA2,3 Routine analysis 
Ethylmorphine Traditional DoA2,3 Routine analysis 
Fentanyl Traditional DoA2,3 Routine analysis 

Flunitrazepam Traditional DoA2,3 Routine analysis (detected as 7-
aminoflunitrazepam) 

Gabapentin Traditional DoA3,4 Routine analysis 

Heroin Traditional DoA2 Routine analysis (detected as 6-
acetylmorphine) 

Hydrocodone Traditional DoA2 Routine analysis 
Ketamine Traditional DoA3,4 Routine analysis 
Ketobemidon Traditional DoA2,3 Routine analysis 
Loperamide Traditional DoA5,3 Routine analysis 
Lorazepam Traditional DoA2,3 Routine analysis 
Lysergic acid diethylamide (LSD) Traditional DoA2 Routine analysis 
Mescaline Traditional DoA2 Routine analysis from May 2029 
Methadone Traditional DoA2,3 Routine analysis 
Methamphetamine Traditional DoA2 Routine analysis 

Methylphenidate Traditional DoA2,3 Routine analysis (detected 
as methylphenidate and/or ritalinic acid) 

Metorphan Traditional DoA2,3 Routine analysis 
Midazolam Traditional DoA2,3 Routine analysis 
Modafinil Traditional DoA3,4 Routine analysis from May 2029 

Morphine Traditional DoA2,3 
Routine analysis (detected as morphine 
and/or hydromorphone w/ codeine, 
hydrocodone and 6-acetylmorphine) 

Nitrazepam Traditional DoA2,3 Routine analysis (detected as 7-
aminonitrazepam) 

Oxazepam Traditional DoA2,3 Routine analysis (detected as oxazepam w/ 
diazepam, nordiazepam and/or temazepam) 

Oxycodone Traditional DoA2,3 Routine analysis 
Oxymorphone Traditional DoA2 Routine analysis 
Pethidine Traditional DoA2,3 Routine analysis from May 2029 
Phencyclidine (PCP) Traditional DoA2 Routine analysis 
Pregabalin Traditional DoA3,4 Routine analysis 
Psilocin Traditional DoA2 Retrospective and routine analysis 
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Tapentadol Traditional DoA3,4 Routine analysis 

Tramadol Traditional DoA3,4 Routine analysis (detection of tramadol 
and/or O-desmethyltramadol) 

Triazolam Traditional DoA2 Routine analysis 
Zolpidem Traditional DoA3,2 Routine analysis 
Zopiclone Traditional DoA3,4 Routine analysis 

1 Unless otherwise stated, the parent drug was used for detection. For NPS, the year of the first notification by 
the European Union Early Warning System on New Psychoactive Substances (EWS) is given within parenthesis.  
2 Included in the United Nations drug conventions. 
3 Approved therapeutic drug in Sweden. 
4 Due to their high frequency of abuse in our region as well as being approved as therapeutic drugs in Sweden, 
gabapentin, ketamine, modafinil, pregabalin, tapentadol, ramadol and zopiclone are regarded as traditional DoA 
in this study. They are however not included in United Nations drug conventions. Gabapentin, modafinil, 
pregabalin, tramadol, and zopiclone are classified as NPS by EWS but not UNODC. Ketamine is classified as an 
NPS by UNODC and as a new psychoactive drug by the EWS. Tapentadol is not considered an NPS by either 
EWS or UNODC. 
5 Loperamide is regarded as a traditional drug in this study despite not being included in the United Nations drug 
conventions nor classified as an NPS by UNODC or EWS. It is currently an approved therapeutic drug in 
Sweden. 
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TABLE 2. Detected new psychoactive substances (NPS). 

No Substance 
Year 
notified 

Pharmacological  
drug class Chemical drug class. 

No of 
findings 

No of 
patients1 

1 4F-MDMB-BINACA 2018 Cannabinoid Indazole-based synthetic cannabinoid 10 5 
2 5F-MDMB-PICA 2016 Cannabinoid Indole-based synthetic cannabinoid 3 3 
3 5F-MDMB-PINACA 2015 Cannabinoid Indazole-based synthetic cannabinoid 1 1 
4 ADB-BUTINACA 2019 Cannabinoid Indazole-based synthetic cannabinoid 2 1 

5 3-Methoxy PCP 2012 
Dissociative/ 
Hallucinogenic Phencyclidine-type 3 1 

6 4F-Furanylfentanyl 2019 Opioid Fentanyl 2 1 
7 4F-isobuturylfentanyl 2016 Opioid Fentanyl 1 1 
8 Acrylfentanyl 2016 Opioid Fentanyl 1 1 
9 Furanylfentanyl 2015 Opioid Fentanyl 1 1 
10 Isotonitazene 2019 Opioid Benzimidazole 8 3 
11 Clonazolam 2015 Sedative/Hypnotic Benzodiazepine 1 1 
12 Etizolam 2011 Sedative/Hypnotic Benzodiazepine 10 8 
13 Flualprazolam 2018 Sedative/Hypnotic Benzodiazepine 27 18 
14 Flubromazolam 2014 Sedative/Hypnotic Benzodiazepine 3 2 
15 Norfludiazepam 2017 Sedative/Hypnotic Benzodiazepine 3 1 

16 
3- or 4F-α-PiHP or 3- 
or 4F-α-PHP2 

2015-
2020 Stimulant Cathinone 16 10 

17 3F-Phenmetrazine 2014 Stimulant Phenethylamine 1 1 
18 3-MMC 2012 Stimulant Cathinone 1 1 
19 4′-Methylhexedrone 2019 Stimulant Cathinone 4 2 
20 4-Methylpentedrone 2014 Stimulant Cathinone 2 1 

21 α-PHP or α-PiHP 
2014-
2016 Stimulant Cathinone 2 2 

22 BMDP 2010 Stimulant Cathinone 1 1 
23 Ethylphenidate 2011 Stimulant Phenethylamine 2 1 
24 Eutylone 2014 Stimulant Cathinone 5 2 
25 Isohexedrone 2019 Stimulant Cathinone 8 3 
26 MDPEP 2019 Stimulant Cathinone 5 3 
27 Mephedrone 2008 Stimulant Cathinone 2 2 
28 Methylone 2005 Stimulant Cathinone 1 1 
29 N-Ethylhexedrone 2015 Stimulant Cathinone 2 2 
30 N-Ethylpentedrone 2014 Stimulant Cathinone 10 3 
31 α-PVP 2011 Stimulant Cathinone 6 1 
32 Cyproheptadine 2019 Other Tricyclic 10 5 
33 Mitragynine 2008 Other Plant alkaloid 58 28 
34 Tianeptine 2015 Other Tricyclic 7 3 
1 Detected in at least one sample from the patient. 
2 The positional isomers 3F/4F-α-PiHP and 3F/4F-α-PHP had very similar MS fragmentation pattern and 
retention times and are difficult to distinguish at low response levels. Six samples were found to contain either 
3F-α-PiHP or 4F-α-PiHP and 10 samples either 3F-α-PiHP, 4F-α-PiHP, 3F-α-PHP or 4F-α-PHP. 3F-α-PiHP, 4F-
α-PiHP, 3F-α-PHP and 4F-α-PHP were first notified by the European Union Early Warning System on New 
Psychoactive Substances (EWS) in 2019, 2017, 2020 and 2015, respectively.
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TABLE 3. Epidemiological data on NPS findings.  
 

    
 

    
 

    
 

 
  Substance findings Samples Samples Patients Patients 
        all positive for all  positive for 
              traditional DoA       traditional DoA in ≥ 1 sample 
                    ≥1  No   ≥1  ≥1  No   ≥1  

  NPS Traditional NPS NPS- NPS   NPS- NPS- NPS   NPS- NPS- NPS-   NPS- NPS- NPS-   NPS- 

   DoA     pos. neg.   pos. pos. neg.   pos. pos. pos.   pos. pos. pos.   pos. 

                    sample sample  sample sample sample  sample 

  (n) (n)   (% ) (n) (n)   (% ) (n) (n)   (% ) (n) (n)   (% ) (n) (n)   (% ) 

Total 219 22,015     .98% 173 14,194     1.20% 144 9,249     1.53% 84 4,405     1.87% 76 2,560     2.88% 

     
      

      
      

      
   

Male 202 16,203 } p < .001* 1.23% 157 9,895 } p < .001* 1.56% 130 6,655 } p < .001* 1.92% 73 2,710 } p < .001* 2.62% 65 1,675 } p < .001* 3.74% 

Female 17 5,812 .29% 16 4,299 .37% 14 2,594 .54% 11 1,695 .64% 11 885 1.23% 
                                

Age <25 years 27 2,420 } p = .531 1.10% 27 3,183 } p = .032* .84% 22 1,419 } p = .956 1.53% 12 1,395 } p = .001* .85% 10 604 } p = .039* 1.63% 

Age ≥25 years 192 19,583 .97% 146 11,005 1.31% 122 7,969 1.51% 72 3,005 2.34% 66 2,028 3.15% 
                                

Psychiatry 65 5,787 } p = .305 1.11% 52 5,124 } p = .070 1.00% 41 2,978 } p = .308 1.36% 28 2,743 } p < .001* 1.01% 23 1,377 } p < .001* 1.64% 

Addiction care 153 15,864 .96% 120 8,743 1.35% 102 6,129 1.64% 55 1,535 3.46% 52 1,202 4.15% 
* significance at level p < .05
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Figure legends 

 

FIGURE 1. Graphical illustration of the appearance of NPS (or isomeric NPS groups) during 

the calendar year 2019. The chart encompasses NPS notified by EU EWS in 2019, and the 

stars indicate the EWS notification date (the star at the sixth row refers to 3F-α-PiHP). Capital 

letters above each finding indicate individual patients. 

 

FIGURE 2. Graphical illustration of the appearance of NPS (or isomeric NPS groups) during 

2019. Only NPS notified by EU EWS before 2019 are included. 

 

FIGURE 3. Histograms illustrating the distribution of numbers of traditional DoA in samples 

positive (A) or negative (B) for NPS. 



SUPPLEMENTARY TABLE 1. 
Chromatographic gradient used for samples 
analysed in January – April 2019 

 Chromatographic gradient used for samples 
analysed in May – December 2019 

Time 
(min) 

Mobile phase A 
(%) 

Mobile phase B 
(%) 

 Time 
(min) 

Mobile phase A 
(%) 

Mobile phase B 
(%) 

0 95 5  0 95 5 
0.5 95 5  6.5 50 50 
7.0 50 50  6.8 13 87 
8.0 1 99  8.1 13 87 
9.2 1 99  8.15 1 99 
9.3 95 5  8.50 1 99 
10 95 5  8.55 95 5 
    10 95 5 

 



SUPPLEMENTARY FIGURE. Overlaid extracted ion chromatograms (±31 ppm) of analytes 

in a QC low sample. A is analysed using the January - April gradient and B using the May - 

December gradient. 

  



SUPPLEMENTARY TABLE 2. IUPAC-names of NPS included in the study. 
 
Substance IUPAC name 
1β-LSD 4-butyryl-N,N-diethyl-7-methyl-4,6,6a,7,8,9-hexahydroindolo[4,3-

fg]quinoline-9-carboxamide 
1cP-LSD 4-(cyclopropanecarbonyl)-N,N-diethyl-7-methyl-4,6,6a,7,8,9-

hexahydroindolo[4,3-fg]quinoline-9-carboxamide 
2C-B aminorex 5-(4-bromo-2,5-dimethoxy-phenyl)-4,5-dihydrooxazol-2-amine 
2F-QMPSB quinolin-8-yl 3-((4,4-difluoropiperidin-1-yl)sulfonyl)-4-methylbenzoate 
2F-Viminol 2-[di(butan-2-yl)amino]-1-[1-(2-fluorobenzyl)-1H-pyrrol-2-yl]ethan-1-ol 
2-Methyl AP-237 1-[2-methyl-4-(3-phenylprop-2-en-1-yl)piperazin-1-yl]butan-1-one 
3,4-CFP 1-(3-chloro-4-fluorophenyl)piperazine 
3-Chloromethcathinone (3-CMC) 1-(3-chlorophenyl)-2-(methylamino)propan-1-one 
3-MeO-PCP 1-[1-(3-methoxyphenyl)cyclohexyl]piperidine 
3-Methylmethcathinone (3-MMC) 1-(3-methylphenyl)-2-(methylamino)propan-1-one 
3F-α-PHP 1-(3-fluorophenyl)-2-(pyrrolidin-1-yl)hexan-1-one 
3F-α-PiHP 1-(3-fluorophenyl)-4-methyl-2-(pyrrolidin-1-yl)pentan-1-one 
3F-Phenmetrazine 2-(3-fluorophenyl)-3-methylmorpholine 
3F-Methamphetamine (3-FMA) 1-(3-fluorophenyl)-N-methylpropan-2-amine 
4-AcO-MALT [3-[2-[allyl(methyl)amino]ethyl]-1Hindol-4-yl] acetate 
4-AcO-MPT 3-(2-[methyl(propyl)amino]ethyl)-1H-indol-4-yl acetate 
4C-D (α-ethyl 2C-D) 1-(2,5-dimethoxy-4-methylphenyl)butan-2-amine 
4-Chloromethcathinone (4-CMC) 1-(4-chlorophenyl)-2-(methylamino)propan-1-one 
4-Ethylmethcathinone (4-EMC) 2-methylamino-1-(4-ethylphenyl)propane-1-one 
4’-Ethyl-α-PVP 1-(4-ethylphenyl)-2-(pyrrolidin-1-yl)pentan-1-one 
4F-α-PHP 1-(4-fluorophenyl)-2-(pyrrolidin-1-yl)hexan-1-one 
4F-α-PiHP 1-(4-fluorophenyl)-4-methyl-2-(pyrrolidin-1-yl)pentan-1-one 
4F-Furanylfentanyl N-(4-fluorophenyl)-N-(1-phenethylpiperidin-4-yl)furan-2-carboxamide 
4F-Isobuturylfentanyl N-(4-fluorophenyl)-N-[(1-(2-phenylethyl)-4-piperidinyl)]butanamide 
4F-Phenibut 4-amino-3-(4-fluorophenyl)butanoic acid 
4F-MDMB-BINACA methyl 2-(1-(4-fluorobutyl)-1H-indazole-3-carboxamido)-3,3-

dimethylbutanoate 
4-MeO-MiPT N-[2-(4-methoxy-1H-indol-3-yl)ethyl]-methylpropan-2-amine 
4′-Methylhexedrone 2-(methylamino)-1-(4-methylphenyl)-1-hexanone 
4-Methylpentedrone 1-(4-methylphenyl)-2-methylamino-pentan-1-one 
4’-Methyl-α-PiHP 4-methyl-1-(4-methylphenyl)-2-(pyrrolidin-1-yl)pentan-1-one 
4-PrO-DMT 3-[2-(dimethylamino)ethyl]-1H-indol-4-ylpropanoate 
5F-JWH-398  1-(5-fluoropentyl)-3-(4-chloro-1-naphthoyl)indole 
5F-MDMB-PICA methyl 2-(1-(5-fluoropentyl)-1H-indole-3-carboxamido)-3,3-dimethylbutanoate 
5F-MDMB-PINACA (5F-ADB) methyl 2-(1-(5-fluoropentyl)-1H-indazole-3-carboxamido)-3,3-

dimethylbutanoate 
6-BR-DMPEA 2-bromo-4,5-dimethoxyphenethylamine 
Acrylfentanyl 1-phenethyl-4-N-acryloylanilinopiperidine 
ADB-BUTINACA N-(1-amino-3,3-dimethyl-1-oxobutan-2-yl)-1-butyl-1H-indazole-3-

carboxamide 
α-PHP 2-(pyrrolidin-1-yl)-1-(phenyl)hexan-1-one 
α-PiHP 4-methyl-1-phenyl-2-pyrrolidin-1-yl-pentan-1-one 
AP-237 1-[4-(3-phenylprop-2-en-1-yl)piperazin-1-yl]butan-1-one 
APP-BINACA N-(1-amino-1-oxo-3-phenylpropan-2-yl)-1-butyl-1H-indazole-3-carboxamide 
Bentazepam 5-phenyl-1,3,6,7,8,9-hexahydro-2H-[1]benzothieno[2,3-e][1,4]diazepin-2-one 
BMDP 2-benzylamino-1-(3,4-methylenedioxyphenyl)propan-1-one 



BOD 2-(2,5-dimethoxy-4-methylphenyl)-2-methoxyethan-1-amine 
Carfentanil methyl 1-(2-phenylethyl)-4-[phenyl(propionyl)amino]-4-piperidinecarboxylate 
Cinazepam 4-[[7-bromo-5-(2-chlorophenyl)-2-oxo1,3-dihydro-1,4-benzodiazepin-3-yl 
Clonazolam 6-(2-chlorophenyl)-1-methyl-8-nitro-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine 
Crotonylfentanyl N-phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]-2-butenamide 
CUMYL-CBMICA 1-(cyclobutylmethyl)-N-(2-phenylpropan-2-yl)-1H-indole-3-carboxamide 
Cyclopropylfentanyl N-phenyl-N-[1-(2-phenylethyl)-4-piperidyl]cyclopropanecarboxamide 
Cyproheptadine 4-(5H-dibenzo[a,d][7]annulen-5-ylidene)-1-methylpiperidine 
EPT N-(2-(1H-indol-3-yl)ethyl)-N-ethylpropan-1-amine 
Ethylphenidate ethyl 2-phenyl-2-(piperidin-2-yl)acetate 
Etizolam 4-(2-chlorophenyl)-2-ethyl-9-methyl-6H-thieno[3,2- f][1,2,4]triazolo[4,3-

a][1,4]diazepine 
Eutylon 1-(1,3-benzodioxol-5-yl)-2-(ethylamino)butan-1-one 
Flualprazolam 8-chloro-6-(2-fluorophenyl)-1-methyl-4H-[1,2,4]triazolo[4,3-

a][1,4]benzodiazepine 
Flubromazepam 7-bromo-5-(2-fluorophenyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one 
Flubromazolam 8-bromo-6-(2-fluorophenyl)-1-methyl-4H-[1,2,4]triazolo-

[4,3a][1,4]benzodiazepine 
Furanyl UF-17 N-[2-(dimethylamino)cyclohexyl]-N-phenyl-furan-2-carboxamide 
Furanylfentanyl N-phenyl-N-[1-(2-phenylethyl)piperidin-4-yl]-furan-2-carboxamide 
Hexylone 1-(1,3-benzodioxol-5-yl)-2-(methylamino)hexan-1-one 
Isohexedrone 4-methyl-2-(methylamino)-1-phenylpentan-1-one 
Isohexylone 1-(1,3-benzodioxol-5-yl)-4-methyl-2-(methylamino)pentan-1-one 
Isotonitazene N,N-diethyl-2-[[4-(1-methylethoxy)phenyl]methyl]-5-nitro-1H-benzimidazole-

1-ethanamine 
JWH-122 1-pentyl-3-(4-methyl-1-naphthoyl)indole 
MDMB-4en-PINACA methyl 3,3-dimethyl-2-(1-(pent-4-en-1-yl)-1H-indazole-3-

carboxamido)butanoate 
MDMB-CHMINACA methyl 2-[1-(cyclohexylmethyl)-1H-indazole-3-carboxamido]-3,3-

dimethylbutanoate 
MDPEP 1-(1,3-benzodioxol-5-yl)-2-(pyrrolidin-1-yl)heptan-1-one 
Mephedrone 2-methylamino-1-p-tolylpropan-1-one 
Methyl 2-phenyl-2-(pyrrolidin-1-
yl)acetate 

methyl 2-phenyl-2-(pyrrolidin-1-yl)acetate 

MDPV 1-(3,4-methylenedioxyphenyl)-2-pyrrolidinyl-pentan-1-one 
Methylone 3,4-methylenedioxymethcathinone 
Mitragynine (kratom) methyl 2-(3-ethyl-8-methoxy-1,2,3,4,6,7,12,12b-octahydroindolo[2,3-

a]quinolizin-2-yl)-3-methoxyprop-2-enoate 
N-Ethylheptylone 1-(1,3-benzodioxol-5-yl)-2-(ethylamino)heptan-1-one 
N-Ethylhexedrone (NEH) 2-(ethylamino)-1-1phenylhexan-1-one 
N-Ethylhexylone 1-(1,3-benzodioxol-5-yl)-2-(ethylamino)hexan-1-one 
N-Ethylpentedrone (NEP) 2-(ethylamino)-1-phenylpentan-1-one 
N-Ethylheptedrone 2-(ethylamino)-1-phenylheptan1-one 
N-Methylephedrine 2-(dimethylamino)-1-phenylpropan-1-ol 
Nitrazolam 1-methyl-8-nitro-6-phenyl-4H-[1,2,4]triazolo[4,3-a][1,4]benzodiazepine 
Nitromethaqualone 3-(2-methoxy-4-nitrophenyl)-2- 

methylquinazolin-4-one 
Norfludiazepam 7-chloro-5-(2-fluorophenyl)-1,3-dihydro-1,4-benzodiazepin-2-one 
Pagoclone 2-(7-chloro-1,8-naphthyridin-2-yl)-2,3-dihydro-3-(5-methyl-2-oxohexyl)-1H-

isoindol-1-one 
pBPP 1-(4-bromophenyl)piperazine 
Phenazepam 7-bromo-5-(2-chlorophenyl)-1,3-dihydro-1,4-benzodiazepin-2-one 



Piperidylthiambutene 1-(4,4-di(thiophen-2-yl)but-3-en-2-yl)piperidine 
Pregabalin methyl ester methyl 3-(aminomethyl)-5-methylhexanoate 
SL-164 5-chloro-3-(4-chloro-2-methylphenyl)-2-methyl-4(3H)-quinazolinone 
Tianeptine 7-[(3-chloro-6,11-dihydro-6-methyl-5,5-dioxidodibenzo[c,f][1,2]thiazepin-11-

yl)amino] heptanoic acid 
UR-144 degradant 3,3,4-trimethyl-1-(1-pentyl-1H-indol-3-yl)pent-4-en-1-one 
Xylazine N-(2,6-dimethylphenyl)-5,6-dihydro-4H-1,3-thiazin-2-amine 
α-PVP 1-phenyl-2-pyrrolidin-1-ylpentan-1-one 
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