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a b s t r a c t

In the past 15 years, close to 1000 of new psychoactive substances (NPS) have been reported in Europe and 
globally. At the time of identification, data on safety, toxicity and carcinogenic potential of many NPS are not 
available or very limited. To work more efficiently, a strategy and collaboration between the Public Health 
Agency of Sweden (PHAS) and the National Board of Forensic Medicine was established involving in vitro 
receptor activity assays to demonstrate neurological activity of NPS. This report summarizes the first results 
on the synthetic cannabinoid receptor agonists (SCRAs), and subsequent actions taken by PHAS. A total of 18 
potential SCRAs were selected by PHAS for in vitro pharmacological characterization. 17 compounds could 
be acquired and investigated for their activity on the human cannabinoid-1 (CB1) receptors expressed 
together with the AequoScreen system in CHO-K1 cells. Dose-response curves were established using eight 
different concentrations in triplicates at three occasions with JWH-018 as reference. For the MDMB-4en- 
PINACA, MMB-022, ACHMINACA, ADB-BUTINACA, 5F-CUMYL-PeGACLONE, 5C-AKB48, NM-2201, 5F- 
CUMYL-PINACA, JWH-022, 5Cl-AB-PINACA, MPhP-2201, 5F-AKB57 the half maximal effective concentration 
values ranged from 2.2 nM (5F-CUMYL-PINACA) to 171 nM (MMB-022). EG-018 and 3,5-AB-CHMFUPPYCA 
were none-active. The results contributed to 14 of these compounds being scheduled as narcotics in 
Sweden. In conclusion, many of the emerging SCRAs are potent activators of the CB1 receptor in vitro, 
although some lack activity or are partial agonists. The new strategy proved useful when data on psy-
choactive effects of the SCRAs under investigation were not available or limited.
© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http:// 

creativecommons.org/licenses/by/4.0/).

1. Introduction

The emergence of new psychoactive substances (NPS) is a global 
phenomenon and a health concern, due serious risks to public health 
and safety. Of the new drug identities within the European Early 
Warning System (EWS), operated by the European Monitoring 
Centre for Drugs and Drug Addiction (EMCDDA) and Europol, 
70–80% are also at some point identified in Sweden [1–4]. The main 
incentive for the evolution of new NPS and continuous inflow of new 
substances on the drug market is to develop substances with 

psychoactive effects resembling those of conventional drugs, how-
ever, bypassing both international and national control measures. 
Legal responses to NPS can be on an international level, and sub-
sequently mandatory from international agreements. However, on 
national level the law systems can have different approaches with 
elements of innovative features created with the aim to combat 
rapid proliferation of NPS more efficiently. Essentially, the existing 
control measures can be categorized into three different approaches 
of legal systems; e.g individual listing of substances, generic control 
and analogue legislation [5].

Some countries reporting large numbers of NPS have laws that 
regulate larger groups of substances [5]. In Sweden the substances 
are scheduled one by one, based on their chemical structure. In a 
previous governmental investigation and reviews [6–8], it has been 
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concluded that the scheduling of individual substances generally 
worked well in the Swedish context. The system requires a con-
tinuous updating of the list of controlled drugs and therefore more 
resources have been provided by the Swedish government to work 
timely and thus reduce harm and to establish an appropriate legal 
framework that is meaningful and applicable to the Swedish situa-
tion [7,8]. Also, Sweden follows the work on the three international 
drug conventions signed by United Nations (UN) member states, 
which eventually have consequences on the NPS availability 
[2–4,9–11]. For most substances, scheduling in Sweden has preceded 
international scheduling. Since the Conventions are not self-ex-
ecuting, and Sweden schedule drugs in response to rulings by the 
Commission on Narcotic Drugs (CND), Sweden must apply the na-
tional narcotic laws to ensure compliance with the decisions made 
by the CND or the EU Council and the European Parliament 
[9,11–14].

In addition, there are other national laws applicable to NPS, e.g. 
the Act (SFS 1999:42) on the Prohibition of Certain Goods Dangerous 
to Health (GDH) which refer to goods (including NPS) that, due to 
their inherent properties, endanger people’s lives or health, and that 
are used - or can be assumed to be used - to achieve intoxication or 
other effects, and the Act (2011: 111) on the Destruction of Certain 
Substances of Abuse Dangerous to Health (the Destruction Act) 
which aims to prevent people from misusing certain hazardous 
substances (including NPS), giving the police or customs the possi-
bility to seize and destroy substances. These two latter acts partly 
serve the purpose of regulating and reduce the use and harms of NPS 
in the situations where the necessary conditions to schedule them as 
narcotics are not fulfilled. However, depending on which law is ap-
plied, penalties vary, from mere confiscation of the NPS to 6–10 years 
of imprisonment for particularly serious drug offences [15].

The Public Health Agency of Sweden (PHAS) is commissioned by 
the Government to monitor and investigate the need for non-med-
ical goods (including NPS) to be controlled as narcotics or GDH and is 
responsible for submitting proposals to the Government on which 
substances to regulate. The risk assessment process requires in-
formation on the chemical, physical, pharmacological, and tox-
icological properties of the substance.

One initiative by PHAS was to establish a collaboration with the 
National Board of Forensic Medicine (NBFM), which aims to con-
tribute scientific data to the risk assessment process when a sub-
stance is investigated for control at the national level. For this 
reason, development of assays to test drug functionality followed by 
interpretations performed by scientists at NBFM may provide re-
levant scientific information contributing to PHAS mission.

The synthetic cannabinoid receptor agonists (SCRAs) have been 
a particularly problematic and harmful NPS subgroup. Initially 
identified in herbal smoking mixtures called “spice”, which were 
then related to relatively mild clinical signs and symptoms (tran-
sient tachycardia, hypertension, dilated pupils and nausea) in ad-
mitted patients [16–20]. With time and the NPS market 
development, SCRAs have caused serious acute intoxications and 
deaths, sometimes in clusters, all over the world as well as in 
Sweden [16,21–23]. The compounds classified as SCRA have rela-
tively large and complex chemical structures (many structurally 
unrelated to tetrahydrocannabinol [THC]), providing a variety of 
options for SCRA structural analogues [24]. Compared with THC, 
which is a partial cannabinoid-1 (CB1) receptor agonist, many 
SCRAs show full receptor agonist effect and also a significantly 
greater affinity, making them much more potent and potentially 
more toxic. CB1 receptor overstimulation is therefore a likely cause 
for serious adverse events in hospitalized patients after SCRA 
consumption [17,20,25]. The diversity of available SCRAs on the 
drug market seen over time, their common use and popularity 
among drug consumers, suggest that SCRAs are perceived as a legal 
alternative to cannabis [26].

Improved and timely initiated work processes around legality 
may reduce the risk of future SCRA outbreaks and related harm. The 
present work describes a new initiative and collaboration between 
two Swedish agencies, with the aim to reduce harm related to NPS, 
by improving the knowledge of the mechanism of action of in-
dividually investigated SCRAs in vitro. Also, to exemplify the pre-
liminary results and effect of the collaboration, the present study 
reports the retrieved laboratory data results from the first 6 months 
of the project.

2. Materials and method

2.1. Monitoring and investigating NPS

New identifications of NPS are routinely reported to and/or ob-
served by the PHAS, via national and international network (such as 
EWS), drug analysis presented online (e.g. Welsh Emerging Drugs 
and Identification of Novel Substances [WEDINOS] and United 
States’ National Drug Early Warning System [US NDEWS]), web drug 
forum and NPS retailors online [4,27–29]. Whenever a new sub-
stance assumed to be psychoactive is confiscated by the Swedish 
Police or Customs, the drug sample is forwarded to the National 
Forensic Center (NFC, an organization within the Swedish Police) for 
chemical identification and structure characterization. In cases 
where the Destruction Act is applied, the PHAS is tasked to in-
vestigate the need of classification given that the substance does not 
relate to pharmaceutical use. The list of the NPS that PHAS currently 
are tasked to investigate are published online and publicly available. 
However, the list is regularly revised depending on new identifica-
tions and regulatory measures and decisions [30].

The NPS are individually investigated and evaluated for classifi-
cation as a narcotic or a substance dangerous to health using an 
evidence-based process, including scientific literature search, drug 
forum search, availability at web shops and statistics of seizures, 
confiscations, clinical complications, and deaths related to the sub-
stance of concern.

2.2. Selection of NPS for in vitro analysis

SCRAs were selected from unscheduled substances under PHAS 
monitoring or from substances scheduled as GDH but which lacked 
scientific evidence of mode of action, e.g. activity at the CB1 receptor. 
Special focus was on SCRAs that were available on the drug market 
and/or newly identified. This was performed by reviewing several 
databases and websites in combination with scientific literature 
available to PHAS.

Furthermore, the list of substances under GDH control was 
scrutinized to identify SCRAs lacking scientific proof of mechanism 
of action at the time of investigation, making regulation under the 
narcotic laws impossible. GDH controlled SCRAs that were con-
sidered to pose a risk to the public health without adequate legal 
measures were selected to be tested.

2.3. Laboratory analysis

2.3.1. Availability and retrieval of test substances for in vitro 
experiments

In total, pharmacological data for 18 SCRAs were requested in the 
project. One compound was excluded from testing as reference 
material could not be obtained. The compounds 3,5-AB-CHFUPYCA 
(cat no 11233.22, synonym 3,5-AB-CHMFUPPYCA), 4F-MDMB- 
BINACA (cat no 14040.19), 5C-AKB48 (cat no 11058.23), 5F-CUMYL- 
PeGACLONE (cat no 13069.25), 5F-CUMYL-PINACA (cat no 10742.22, 
synonyms CUMYL-5F-PINACA or SGT-25), EG-018 (cat no 11875.28), 
JWH-018 (cat no 9038.24), JWH-022 (cat no 12583.24) and NM-2201 
(cat no 11059.24) were purchased from Chiron AS (Trondheim, 
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Norway). 5Cl-AB-PINACA (item no 9001857), 5F-MDMB-P7AICA 
(item no 25286, synonyms 5-fluoro MDMB-7-PAICA or 7′N-5-fluoro 
ADB), 5F-AKB57 (item no 18592), ACHMINACA (item no 25006), 
4CN-CUMYL-BUT7AICA (item no 22818, synonym CUMYL-4CN- 
B7AICA), MDMB-4en-PINACA (540771), MMB-022 (AMB-4en-PICA, 
item no 25906) and MPhP-2201 (item no 25916) were acquired from 
Cayman Chemicals (Ann Arbor, USA). The compound ADB-BUTINACA 
was kindly purified and characterized by the National Forensic 
Center (NFC item no 2019:74) in Linköping, Sweden from a police 
seizure.

3. Cell lines and dose-response assays

The AequoScreen recombinant CHO-K1 cell line expressing the 
human CB1 receptor (#ES-110-A) was purchased from Perkin Elmer 
(Groningen, Netherlands). Besides expressing the CB1 receptor, the 
cells also express the subunit Gα16, coupling receptor activation to 
achieve an increase in intracellular Ca2+ concentration [31]. Cell 
culture media Ham’s F12 media supplemented with 10% Fetal Bovine 
Serum (FBS) and assay media Dulbecco’s Modified Eagle Medium 
(DMEM)/Ham’s F12 with 15 mM N-2-hydroxyethylpiperazine-N-2- 
ethane sulfonic acid (HEPES), 2,5 mM L-glutamine and without 
phenol red, were from Thermo Fisher (Gothenburg, Sweden). Digi-
tonin, ATP, trypsin, and protease-free bovine serum albumin (BSA) 
were purchased from Sigma-Aldrich (Darmstadt, Germany). FBS and 
coelenterazine was from Life Technologies, Thermo Fisher (Göte-
borg, Sweden) and Nanolight Tech (Pinetop, AZ, USA), respectively.

The cell lines were cultured in Ham’s F12 media supplemented 
with 10% FBS at 37 °C in a humidified air atmosphere containing 5% 
CO2. The cells were not grown for more than five months before a 
new batch was used. Coelenterazine (500 µM) was prepared in 
methanol (and protected from light), 50 mM digitonin in DMSO and 
10 mM ATP in Milli-Q water and all were stored at −20 °C until use.

Prior to the dose-response assays, the cells were cultured to a 
confluency of 70–90% and then trypsinated, centrifuged (150 g for 
5 min at room temperature) and resuspended at a concentration of 
3 × 105 cells/mL in pre-warmed DMEM/Ham’s F12 without phenol 
red supplemented with 15 mM HEPES, 2.5 mM L-glutamine and 0.1% 
protease-free BSA (assay media). The cells were gently pre-incubated 
with coelenterazine (2.5 µM) on a rotating wheel at room tem-
perature for 3 h while protected from light. The drugs tested were 

prepared in 96-well-plates (OptiPlate-96, white opaque microplates 
from PerkinElmer), in triplicate, at the final drug concentrations of 
20000, 4000, 800, 160, 32, 6.4, 1.28, 0.256, 0.0512, 0.01024 ng/mL in 
each well. JWH-018 was analysed in the same concentration range to 
serve as CB1 receptor agonist reference. Wells containing cells and 
medium without drug were used as negative controls. As positive 
controls for coelenterazine cell loading digitonin (67 µM) and ATP 
(7 µM) were used. Using a TECAN Spark 10 M (Tecan, Switzerland) 
the receptor activation at each drug concentration was determined 
by dispensing 50 µl of cells into each well (15,000 cells/well) and 
registering 200 luminescence readings for ∼25 s. Baseline was set by 
measuring the luminescence for 10 cycles before the cells were 
added. The experiments for each substance were repeated using at 
least three different independent experiments.

4. Data analysis

Area under the curve for the luminescence data from each well 
was determined. Response signals were normalized to the signal of 
three independent wells containing JWH-018 at 59 µM and denoted 
as 100% activity.

The half maximal effective concentration (EC50) values and effi-
cacy with 95% confidence intervals (profile likelihood) and curve 
fittings (non-linear fit, three parameters) were calculated using 
GraphPad Prism version 8.3.0 for Windows (GraphPad Software, La 
Jolla, CA, USA). The efficacy (derived as the top value from the re-
gression) of all compounds were compared to the efficacy of the full 
dose-response curves of JWH-018 (nine different runs corresponding 
to the total number of independent experiments) using a Brown- 
Forsyth and Welch ANOVA with Dunnett T3 correction for multiple 
tests. Differences in potency between the compounds was evaluated 
using the Log(EC50) values from the regression and compared to the 
potency of JWH-018 using a Brown-Forsyth and Welch ANOVA with 
Dunnett T3 correction for multiple tests.

5. Results

Within the present study time, August 2019 to May 2020, NBFM 
investigated 17 SCRAs on CB1 receptor activity, efficacy and potency 
in relation to JWH-018. The requests of analysis were sent on three 
separate occasions. The results were delivered to PHAS as the 

Table 1 
Potency and efficacy at the CB1 receptor of the new psychoactive substances tested. All drugs were tested in triplicates at eight different drug concentrations on the CB1 receptor 
in at least three independent experiments. JWH-018 was used as a reference compound and during each experiment, the potency and efficacy of all compounds were compared to 
that of JWH-018. 

Efficacy Potency

% JWH-018 95% CI P-value* % JWH-018 95% CI P-value*

5F-CUMYL-PINACA 112 109 - 114 0.004 2.2 1.8 - 2.6 0.0002
NM-2201 117 115 - 119 0.0005 7.2 6.2 - 8.1 0.001
5F-CUMYL-PeGACLONE 119 117 - 122 0.002 7.3 6.0 - 8.4 0.003
4F-MDMB-BINACA 115 113 - 118 0.004 10.8 9.0 - 12.3 0.013
MPhP-2201 112 110 - 114 0.003 11.52 9.9 - 12.9 0.005
MDMB-4en-PINACA 109 107 - 111 0.010 16.7 14.2 - 18.8 0.10
ADB-BUTINACA 125 122 - 128 0.004 21.7 17.5 - 25.1 0.98
JWH-018 100 98 - 101 ref 24.12 21.1 - 26.8 ref
5F-MDMB-7PAICA 115 112 - 118 0.006 30.4 24.8 - 35.1 0.58
5Cl-AB-PINACA 111 109 - 113 0.005 34.73 29.6 - 39.2 0.12
5C-AKB48 114 111 - 117 0.025 41.0 32.9 - 47.9 0.081
JWH-022 81 79 - 84 0.0006 60.25 47.4 - 70.9 0.012
ACHMINACA 116 113 - 119 0.017 63.3 51.7 - 73.1 0.008
5F-AKB57 111 109 - 114 0.014 84.6 71.1 - 96.3 0.001
4CN-CUMYL-BUT7AICA 108 105 - 110 0.051 114.7 96.6 - 130 0.0002
MMB-022 110 108 - 113 0.020 170.9 146 - 192 <  0,0001
EG-018 n.d. n.d. - n.d. n.d. n.d. - n.d.
3,5-AB-CHFUPYCA n.d. n.d. - n.d. n.d. n.d. - n.d.

Note: *P-value compared to that of JWH-018 using Brown-Forsythe and Welsh ANOVA (i.e. non-equal standard deviation is used) and correction using Dunnett’s T3 for multiple 
comparisons. n.d., not detectable.
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analyses were completed and results had been confirmed and 
evaluated. For one compound, FDU-PB-22, reference standard could 
not be obtained. The results are summarized and compared in 
Table 1 and Fig. 1. For MDMB-4en-PINACA, MMB-022, ACHMINACA, 
ADB-BUTINACA, 5F-CUMYL-PeGACLONE, 5C-AKB48, NM-2201, 5F- 
CUMYL-PINACA, JWH-022, 5Cl-AB-PINACA, MPhP-2201, and 5F- 
AKB57 the EC50 values ranged from 2.23 nM (5F-CUMYL-PINACA) to 
171 nM (MMB-022). EG-018 and 3,5-AB-CHMFUPPYCA were none- 
active. The efficacy ranged from 81.4% for JWH-022 and 126% for 
ADB-BUTINACA as compared to JWH-018, see Table 1.

All selected SCRAs were considered to pose a risk to the public 
health lacking adequate legal measures. The results from all SCRAs 
tested in vitro on SCRA receptor activity assays have been used in 
PHAS investigative reports and contributed to 14 submissions to the 
Government, which clarified that the legal requirements for classi-
fication as Narcotics were met. All 14 SCRAs were eventually selected 
for scheduling. 12 substances were moved from the GDH to the 
narcotic list of prohibited substances, see Table 2 for legality, first 
and most recent time of detection on the Swedish drug market, and 
dates of scheduling. Fig. 2 shows the efficiency of inter-agency co-
operation in a targeted approach.

6. Discussion

17 SCRAs, identified and present on the drug market, and posing 
a risk to public health, have been investigated in vitro in order to 
confirm CB1 receptor activity. The generated pharmacology and 
toxicology data have been used in the Swedish risk assessment 

process of SCRAs that precedes scheduling. All but two in vitro tested 
substances showed activity, providing valuable scientific evidence to 
support the proposal of scheduling according to the Swedish 
Narcotic legislation (substance specific prohibition). Today, 14 of the 
15 SCRAs that were studied and demonstrated to have CB1 receptor 
activity in vitro are scheduled as Narcotics.

SCRAs have been involved and caused drug-related intoxications 
in Sweden since 2007. From then and onward, the number and 
frequency of positive test results for SCRAs in products and users 
have increased and varied markedly [18,32–35]. The broad range of 
clinical presentations from herbal smoking mixture products use 
may be explained by the wide variability of its chemical analogues 
confirmed by laboratory analysis. The innovations related to SCRA 
development and production, often driven by control measures and 
customer demand [36,37], generated new generations of SCRAs and 
introduced novel legal substances to the NPS consumer group 
[38–41]. There are multiple possible explanations for this type of 
reactive development, i.e. the introduction of scarcely investigated, 
potentially more potent and harmful, but legal, SCRA variants on the 
Swedish drug market. In Sweden, a sudden increase of number SCRA 
intoxications coincided with the scheduling of 21 SCRAs in 2014 [16]. 
Instead of curbing the use of SCRAs to protect public health, the 
legislative response may have had an impact on the introduction of 
several novel uncontrolled SCRAs, to maintain online sales and dis-
tribution to their customers. The sale and use of SCRAs, not yet 
known, at the time may have been the predominant factor that 
caused severe (seizure episodes, deep unconsciousness, and re-
spiratory depression) SCRA-related intoxications during the national 

Fig. 1. Dose-response curves of all tested compounds. All tests were performed together with JWH-018, as a reference substance, and the results are presented in relation to the 
results from JWH-018. The error-bars represent + /- SEM.

M. Bäckberg, S. Vikingsson, J. Strandberg et al. Forensic Science International 348 (2023) 111691

4



so called “spice” outbreak [21,23]. Also, similar unpredictable out-
breaks have later been seen in United States. However, rapid and 
cross-disciplinary actions and reactions were proven effective in 
stopping these dangerous public health scenarios [21–23].

In Sweden, to limit the availability of new potentially harmful 
SCRAs on the market classifications of new identified substances are 
commonly undertaken. The type of harm reduction action depends 
on which legislation (Narcotics or GDH) that applies. There are in-
dications that some SCRAs are long-lived on the NPS market, which 
suggests that scheduling a substance as GDH is not always sufficient 
to remove it from the drug market [18]. A contributing factor could 
be the penalty difference between a substance being regulated as a 
narcotic drug or GDH; personal use is allowed for GDH-regulated 
NPS and this type of statutory decisions also have an impact on the 
Police capability and priority of actions.

In response to health-related problems associated with the 
consumption of SCRAs across Europe, agencies have taken legal steps 
to limit the sale, use and harm of these substances [26]. To know the 
benefits and effects of the introduced measures, it is important to 
follow up the results, especially since SCRAs continues to represent a 
challenge to current drug policy models.

Globally, there are a number of different approaches and legal 
responses to handle the negative effects composed by NPS, such as 
SCRAs, and there are both possibilities and challenges with the dif-
ferent legal responses. Regardless of what type of response, it is 
equally important to follow up and evaluate the respective 
strategy [5].

To minimise negative impact on public health it is important to 
speed up and streamline the investigation process of the latest 
identified SCRAs to enable prohibition, if needed. In Sweden, the 
evidence-based process involves assessing the harms of the drug, 
and reviewing if a substance should be controlled. The extent of 
scheduling (i.e. applied to which law), depend on the result of this 
process. If there are evidence of danger to the public (e.g. related to 
deaths and hospital visits), a substance may be regulated and listed 
as GDH. For a substance to be regulated as a narcotic it needs to be 
shown that the substance cause dependence or euphoria, or that a 
substance easily can be altered to a substance with these effects.

The present study shows how a more proactive approach is used 
in Sweden, without waiting for data to be published in scientific 
journals. This is in line with the directives from the Swedish gov-
ernment, which were concerned to provide a fit response to the fast- 
paced nature of the NPS market.

Neither the in vitro receptor activity assays nor the testing of NPS 
is unique, similar studies are performed by several research groups 
[42–44]. Studying the activation of the CB1 or CB2 can be done either 
by measuring the inhibition of adenylate cyclase using an assay of 
membrane potential [42], [35S]GTPγS-mediated activation assay [43], 
the recruitment of β-arrestin to the receptor using LgBiT/SmBiT as-
says [44] or like we did using a calcium release sensitive assay. In 
general, the assays may produce different actual values, but the fold 
change is usually similar. Although scientific publications and in-
ternational exchange of results will continue to add value when 
assessing NPS, the presented collaboration between two national 
agencies, will most likely improve the conditions for more efficient 
work in the future. Also, using a cell-based receptor system, with an 
intrinsic biological maximum of activation and a quick luminescence 
read is a cost-effective way to get information of efficacy and po-
tency, although as with all in vitro models it has its limitation when 
comparing to the effects in a whole organism. By providing addi-
tional means at the government level, the PHAS has, together with 
the NBFM, developed the collaboration between the agencies. The 
results from the performed analyses is an important part of an ef-
ficient workflow to prevent illness and protect against various forms 
of health threats resulting from NPS (Fig. 2).
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7. Conclusions

Limiting the use and availability of dangerous NPS is important to 
protect public health from harmful effects. This can be facilitated by 
performing in vitro receptor activity assays to demonstrate neuro-
logical activity of NPS. The in vitro receptor activity data of SCRAs 
represent an important complement, adding valuable information to 
the regulatory investigation process aiming to provide scientific in-
formation for regulating SCRAs according to the Swedish Narcotic 
Act. Although this study covers a time period between 2019 and 
2020, the presented approach quickly provides scientific data that 
accelerates the regulatory process and relevant Swedish authorities 
are now better prepared to deal with the fourth generation com-
pounds of the second most consumed NPS, currently availible on the 
market [41], in a timly manner.

The same principles used for SCRAs can be applied for other NPS 
subgroups. The collaboration is ongoing and include investigations 
in other cell system of NPS with potential activity on opioid, ser-
otonergic and GABAergic receptors. Going forward, these results will 
continue to contribute to a legal certainty response to harmful NPS, 
fitting into the mission of ensuring good public health.
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