
S HO R T COMMUN I C A T I ON

Are the N-demethylated metabolites of U-47700 more active
than their parent compound? In vitro μ-opioid receptor
activation of N-desmethyl-U-47700 and N,N-bisdesmethyl-U-
47700

Frederike Nordmeier1 | Annelies Cannaert2 | Christophe P. Stove2 |

Peter H. Schmidt1 | Markus R. Meyer3 | Nadine Schaefer1

1Institute of Legal Medicine, Saarland

University, Homburg, Germany

2Laboratory of Toxicology, Faculty of

Pharmaceutical Sciences, Ghent University,

Ghent, Belgium

3Department of Experimental and Clinical

Toxicology, Saarland University, Homburg,

Germany

Correspondence

Nadine Schaefer, Institute of Legal Medicine,

Saarland University, Homburg, Germany.

Email: nadine.schaefer@uks.eu

Abstract

Studies on the tissue distribution of the new synthetic opioid U-47700 and its main

metabolite N-desmethyl-U-47700 revealed about sixfold higher metabolite concen-

trations in pig brain as compared with the parent compound. To better assess the

toxic potential of this drug, the aim of this study was to assess the in vitro μ-opioid

receptor (MOR) activation potential of the main metabolites of U-47700, N-

desmethyl-U-47700, and N,N-bisdesmethyl-U-47700, using a live cell-based reporter

assay based on NanoLuc Binary Technology®. Cells stably expressing human MOR

and β-arrestin 2 (βarr2), each fused via a flexible linker to two complementary inactive

subunits of the nanoluciferase, were seeded on poly-D-lysine-coated 96-well plates

and treated with N-desmethyl-U-47700, N,N-bisdesmethyl-U-47700, U-47700, or

hydromorphone as reference standard. MOR activation results in functional comple-

mentation of the nanoluciferase, which can be assessed via luminescence monitoring.

The potency of the metabolites is lower than that of U-47700 (EC50 of 186 nM for

U-47700, 3770 nM for N-desmethyl-U-47700, and >5 μM for N,N-bisdesmethyl-

U-47700). The maximal efficacy (Emax) observed (relative to hydromorphone, set

arbitrarily at 100%) decreased from 183% to 127% and 39.2% for U-47700,

N-desmethyl-U-47700, and N,N-bisdesmethyl-U-47700, respectively. Thus, the loss

of one or two methyl groups reduced the MOR activation potential, which was more

pronounced if both methyl groups were removed. It is thus anticipated that the

impact on MOR exerted by the higher metabolite concentration in brain has only

little—if any relevance for the strong toxic effects of U-47700.
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1 | INTRODUCTION

The misuse of highly potent new synthetic opioids (NSOs) mimicking

the effect of morphine or heroine has grown into a serious health

threat.1 Although the number of new releases is declining and NSOs

constitute only a relatively small subgroup of illicitly marketed

substances,2 their hazardous potential has been responsible for a dra-

matic rise in NSO-caused poisoning or fatal cases, especially in the

United States, in the last years.3 3,4-Dichloro-N-[2-(dimethylamino)

cyclohexyl]-N-methylbenzamide (U-47700, Figure 1) is one of the

most famous non-fentanyl-derived NSO and was involved in many

intoxication cases reported in literature.4–7 The structural arrange-

ment of the basic nitrogen and the aromatic ring system allows

U-47700 to assume a spatial orientation comparable with that of

morphine, resulting in a selective agonism at the μ-opioid receptor

(MOR),8 which mediates the major pharmacological effects, such as

analgesia, euphoria, sedation, and respiratory depression.9

MOR activation can be assessed using a variety of assays, for

example, a (35S)GTPγS assay, G protein bioluminescence resonance

energy transfer assays, or a live cell-based reporter assay based on

NanoLuc Binary Technology®.10,11 The latter assay monitors the

functional complementation of a split nanoluciferase following an

agonist-induced interaction of a β-arrestin 2 (βarr2) protein

with MOR, which is a G protein-coupled receptor,11 as shown in

Figure 2. Both βarr2 and MOR are fused to inactive subunits of

nanoluciferase, respectively the small (SmBiT) and large (LgBiT)

subunit. Upon MOR activation, βarr2 is recruited to the receptor due

to the phosphorylation of MOR, thus allowing for interaction

between the complementary nanoluciferase subunits. Subsequently,

the functionalized enzyme generates a bioluminescent signal in the

presence of the substrate furimazine, which can be monitored with a

standard luminometer.11

However, as for many other NSO, toxicokinetic (TK) and

toxicodynamic parameters are only sparsely available for U-47700.8,12

Thus, previous studies aimed to assess different TK properties of

U-47700 in a comprehensive controlled animal study using a pig

model following intravenous administration and with tramadol as a

reference.13 Studies on the tissue distribution revealed, as one of the

most important findings, an about sixfold higher concentration of

N-desmethyl-U-47700 in brain tissue compared with its parent

compound.13 Looking at O-desmethyltramadol, having a much higher

binding affinity to MOR than its parent compound,14 it should be

elucidated, whether the N-demethylated metabolites of U-47700

(Figure 1) have any MOR activity. Together with the much higher

concentration of N-desmethyl-U-47700 in brain, this metabolite and

possibly also N,N-bisdesmethyl-U-47700 might also have a relevant

impact on the toxicodynamic effects of U-47700 in vivo.

2 | MATERIALS AND METHODS

2.1 | Chemicals and reagents

Dulbecco's Modified Eagle's Medium (DMEM; GlutaMAX™), Opti-

MEM® I Reduced Serum Medium, Penicillin–Streptomycin

(5.000 U/ml), and amphotericin B (250 μg/ml) were purchased from

Thermo Fisher Scientific (Pittsburg, PA, USA). Fetal bovine serum

(FBS) and poly-D-lysine were supplied by Sigma-Aldrich (Overijse,

Belgium). The Nano-Glo® Live Cell reagent used for the readout of

the bioassay was procured from Promega (Madison, WI, USA).

Hydromorphone was acquired as hydromorphone-HCl from Fagron

(Nazareth, Belgium). U-47700 hydrochloride was obtained from

Chiron Pharmasynth AS (Trondheim, Norway), and N-desmethyl-

U-47700 (solid) was purchased from LGC (Wesel, Germany).

N,N-Bisdesmethyl-U47700 was purchased from Cayman Chemical

Company (Ann Arbor, MI, US).

F IGURE 1 Chemical structures of (a) U-47700, (b) N-desmethyl-
U-47700, (c) N,N-bisdesmethyl-U-47700, and (d) the reference
compound hydromorphone

F IGURE 2 Design of the μ-opioid receptor
(MOR) reporter assay with fusion of the β-arrestin
2 (βarr2) to the small subunit of nanoluciferase
(SmBiT) and the G-protein coupled MOR to the
large subunit of nanoluciferase (LgBiT). Figure was
taken from Cannaert et al.11 [Colour figure can be
viewed at wileyonlinelibrary.com]
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2.2 | Determination of the in vitro biological MOR
activity

A live cell-based receptor assay was applied to assess the biological

activity of the test compounds (U-47700, N-desmethyl-U-47700,

and N,N-bisdesmethyl-U-47700) by monitoring the in vitro MOR

activation. Details concerning the development of the modified

human embryonic kidney (HEK) 293 T cells stable cell line used in this

assay have already been described elsewhere.11 These cells stably

express human MOR or βarr2 fused via a flexible linker to the inactive

subunits of the nanoluciferase (LgBiT or SmBiT), along G protein-

coupled receptor kinase 2.11,15

As already described in previous studies,10,11,16,17 the engineered

cells were routinely maintained at 37�C and 5% CO2 under humidified

atmosphere in DMEM (GlutaMAX™) with different supplements. The

day prior to the experiments, cells were seeded on white poly-D-

lysine-coated 96-well plates at 5 � 104 cells/well and incubated over-

night. Afterwards, 90-μl of Opti-MEM® I and 25 μl of the Nano-Glo®

Live Cell reagent (a non-lytic detection reagent containing the cell per-

meable furimazine substrate) were added to each well. Subsequently,

the plate was placed into a TriStar2 LB 942 multimode microplate

reader (Berthold Technologies GmbH & Co., Germany). Luminescence

was recorded during the equilibration period until the signal stabilized

(±15 min). Subsequently, 20 μl/well of concentrated (6.75-fold, as

20 μl was added to generate a final volume of 135 μl/well) stock

solutions of the test compounds (U-47700, N-desmethyl-U-47700,

N,N-bisdesmethyl-U-47700; Figure 1) or hydromorphone (as a refer-

ence compound; Figure 1) in Opti-MEM® I/methanol were added.

Hydromorphone was used as a reference agonist for normalization,

given its extensive use in prior work, thus allowing maximal

comparability with other data, generated with the same assay.17,18 All

compounds were tested in concentrations ranging between 10 pM

and 100 μM (in-well). The luminescence was constantly monitored for

120 min. In all experiments, solvent controls were included.

Statistical analysis and curve fitting were performed using

GraphPad Prism 5.00 software (San Diego, CA, USA). The

concentration–response curves were generated using data points

obtained in three independent experiments, with duplicates run

for each concentration within an experiment. The results are

represented as mean area under the curve (AUC) ± standard error of

mean (SEM). All results were normalized to the maximal activity (Emax)

of the reference compound hydromorphone (= 100%). Curve

fitting of concentration–response curves via nonlinear regression

(four-parametric logistic fit) was utilized to determine the potency

(EC50) and the efficacy (Emax) of the investigated compounds.

3 | RESULTS AND DISCUSSION

The results of the MOR activation assay, including mean receptor acti-

vation (Emax) and the potency (EC50) of all substances, are presented

in Figure 3 and in Table 1. The in vitro MOR activation analysis of

U-47700 and its metabolites demonstrates a lower potency for the

metabolites than for U-47700, with EC50 values of 186 nM for

U-47700, 3770 nM for N-desmethyl-U-47700 and >5 μM for

N,N-bisdesmethyl-U-47700. In addition, the maximal effect observed

(relative to the 100% MOR activation of the reference compound

hydromorphone) declined from 183% to 127% and 39.2% for

U47700, N-desmethyl-U47700, and N,N-bisdesmethyl-U-47700,

respectively (Figure 3). For the latter, no Emax value could be deter-

mined as the maximal plateau phase was not reached, but the maximal

achieved effect (at the highest concentration tested) is given. The

EC50 and Emax obtained for U-47700 are well in line with those

obtained previously, that is, 167 nM and 214%, respectively.18

Previous studies examining the tissue distribution of U-47700

and its main metabolite N-desmethyl-U-47700 in pigs revealed that in

F IGURE 3 Concentration-dependent interaction of the μ-opioid
receptor (MOR) with β-arrestin 2 protein upon stimulation with
hydromorphone (HM, black line/dot), U47700 (blue line/square),

N-desmethyl-U47700 (yellow line/triangle up), and N,N-bisdesmethyl-
U47700 (green line/triangle down). Data are given in a semi-
logarithmic plot as mean receptor activation ± standard error of mean
(SEM) (n = 3), normalized to the maximal activity (Emax) of HM
(= 100%) and plotted against the logarithmic concentration of the
compound [Colour figure can be viewed at wileyonlinelibrary.com]

TABLE 1 The EC50 and Emax values are presented as a measure of
potency and efficacy, respectively (95% CI profile likelihood)

Compound EC50 (95% CI) Emax (95% CI)

Hydromorphone (HM) 57.0 nM

(47.3–67.8 nM)

100% (99.7%–104%)

U47700 186 nM

(106–351 nM)

183% (164%–206%)

N-Desmethyl-U47700 3770 nM

(2524–5495 nM)

127% (118%–138%)

N,N-Bisdesdimethyl-

U47700

>5 μM 39.2%

Note. As the maximal plateau was not reached for N,N-bisdesmethyl-

U47700, the maximal achieved effect is given as no Emax values could be

determined.

NORDMEIER ET AL. 715

 19427611, 2022, 4, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/dta.3182 by U

niversitaet D
es Saarlands, W

iley O
nline L

ibrary on [22/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://wileyonlinelibrary.com


most organs, the concentration of N-desmethyl-U-47700 was twofold

to eightfold higher than that of the parent compound.13 U-47700

itself is a potent MOR agonist with an in vivo activity 7.5–12-fold

greater than morphine.7 Nevertheless, functional in vitro activity

assays showed a lower in vitro potency (EC50 of 140 nM) at MOR

than that of morphine (EC50 of 31 nM), and radioligand-binding assays

also showed a lower in vitro affinity to MOR (Ki of 57 nM) than

morphine (Ki of 5 nM).7 Thus, concerning brain tissue with a high

density of opioid receptors,19 the elucidation of MOR activity of the

N-demethylated metabolites of U-47700 is essential to assess their

potential toxicity. However, our in vitro MOR activation analysis of

U-47700 and its metabolites revealed a negative impact of the loss of

the methyl group(s) on the MOR activation potential. The metabolites

were only capable of activating the MOR to a minor degree when

compared with the parent compound. This effect was even more

pronounced when both methyl groups were removed. Regarding

U-47700 and N-desmethyl-U-47700, the EC50 value increased (thus,

potency decreased) by a factor of 20 through loss of one methyl group.

These results are in line with those obtained by Truver et al.,20

who, using a radioligand-binding assay, assessed competition with

[3H]DAMGO binding to rat brain tissue to examine the binding affinity

of both U-47700 metabolites, expressed as inhibitory constant (Ki). In

that assay, the affinity at MOR was higher for U-47700 (Ki = 11 nM)

than for N-desmethyl-U-47700 (Ki = 206 nM) and N,N-bisdesmethyl-

U-47700 (Ki = 4080 nM). Thus, a negative effect on the affinity was

observed, which was also more pronounced upon loss of both methyl

groups. In general, different binding studies of various U-compounds

have already shown that the spatial relationship between the aryl

moiety and the aminoamide is decisive for the MOR versus the

κ-opioid receptor-binding affinity. In this constellation, the sterically

unhindered N,N-dimethylamino group enhanced the MOR affinity.8

The results of our study are consistent with the study by Truver

et al.20 and additionally indicate that the presence of both methyl

groups at the tertiary amino group itself is necessary for the higher

MOR activation potential.

Thus, in contrast to the pharmacodynamic relationship between

tramadol and its main metabolite O-desmethyltramadol, the findings

of this study indicated that the high N-desmethyl-U-47700 concentra-

tion in brain likely only has little—if any—impact on the strong and

unpredictable toxic effects of U-47700 at MOR. In conclusion,

although the complexity of interactions taking place in a living organ-

ism complicates straightforward translation of in vitro data to the

in vivo situation, our data support the hypothesis that the strong toxic

effects of U-47700 and its higher in vivo activity than morphine are

primarily owing to U-47700 itself, which, as a result of its high

lipophilicity (logP 4.09),7 shows an improved penetration of the

blood–brain-barrier.

4 | CONCLUSION

This study revealed that single or twofold N-demethylation of

U-47700 resulted in a decrease in MOR activation potential, with

the effect being much more pronounced upon loss of both methyl

groups. Insofar, N-demethylated metabolites of U-47700 only

showed a weak intrinsic MOR activation potential when compared

with the parent compound and the reference compound hydro-

morphone. Thus, despite a high metabolite concentration in porcine

brain tissue, human in vitro MOR activation data suggest that MOR

activation by the N-demethylated metabolites is unlikely to be a

relevant contributory factor to the toxic effects of U-47700,

assuming a comparable tissue distribution of U-47700 and its

metabolites in humans and pigs.

ACKNOWLEDGEMENT

The authors thank Marthe Vandeputte for her support and reading

the manuscript.

CONFLICT OF INTEREST

The authors declare that there are no financial or other relations that

could lead to a conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Christophe P. Stove https://orcid.org/0000-0001-7126-348X

Nadine Schaefer https://orcid.org/0000-0002-5589-9370

REFERENCES

1. Zawilska JB. An expanding world of novel psychoactive substances:

opioids. Front Psych. 2017;8:1-14. https://doi.org/10.3389/fpsyt.

2017.00110

2. European Monitoring Center of Drugs and Drug Addiction

(EMCDDA). European drug report: trends and developments. 2020.

https://www.emcdda.europa.eu/publications/edr/trends-

developments/2020_en. Accessed June, 2021. doi:https://doi.org/

10.2810/420678

3. Jannetto PJ, Helander A, Garg U, Janis GC, Goldberger B, Ketha H.

The fentanyl epidemic and evolution of fentanyl analogs in the united

states and the european union. Clin Chem. 2019;65(2):242-253.

https://doi.org/10.1373/clinchem.2017.281626

4. Baumann MH, Majumdar S, le Rouzic V, et al. Pharmacological charac-

terization of novel synthetic opioids (NSO) found in the recreational

drug marketplace. Neuropharmacology. 2018;134(Pt A):101-107.

https://doi.org/10.1016/j.neuropharm.2017.08.016

5. Ruan X, Chiravuri S, Kaye AD. Comparing fatal cases involving U-

47700. Forensic Sci Med Pathol. 2016;12(3):369-371. https://doi.org/

10.1007/s12024-016-9795-8

6. Rambaran KA, Fleming SW, An J, et al. U-47700: A clinical review of

the literature. J Emerg Med. 2017;53(4):509-519. https://doi.org/10.

1016/j.jemermed.2017.05.034

7. Kyei-Baffour K, Lindsley CW. DARK classics in chemical neurosci-

ence: U-47700. ACS Chem Nerosci. 2020;11(23):3928-3936. https://

doi.org/10.1021/acschemneuro.0c00330

8. Baumann MH, Tocco G, Papsun DM, Mohr AL, Fogarty MF,

Krotulski AJ. U-47700 and its analogs: non-fentanyl synthetic opioids

impacting the recreational drug market. Brain Sci. 2020;10(11):1-30.

https://doi.org/10.3390/brainsci10110895

9. Trescot AM, Datta S, Lee M, Hansen H. Opioid pharmacology. Pain

Physician. 2008;11(2 Suppl):S133-S153.

716 NORDMEIER ET AL.

 19427611, 2022, 4, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/dta.3182 by U

niversitaet D
es Saarlands, W

iley O
nline L

ibrary on [22/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-7126-348X
https://orcid.org/0000-0001-7126-348X
https://orcid.org/0000-0002-5589-9370
https://orcid.org/0000-0002-5589-9370
https://doi.org/10.3389/fpsyt.2017.00110
https://doi.org/10.3389/fpsyt.2017.00110
https://www.emcdda.europa.eu/publications/edr/trends-developments/2020_en
https://www.emcdda.europa.eu/publications/edr/trends-developments/2020_en
https://doi.org/10.2810/420678
https://doi.org/10.2810/420678
https://doi.org/10.1373/clinchem.2017.281626
https://doi.org/10.1016/j.neuropharm.2017.08.016
https://doi.org/10.1007/s12024-016-9795-8
https://doi.org/10.1007/s12024-016-9795-8
https://doi.org/10.1016/j.jemermed.2017.05.034
https://doi.org/10.1016/j.jemermed.2017.05.034
https://doi.org/10.1021/acschemneuro.0c00330
https://doi.org/10.1021/acschemneuro.0c00330
https://doi.org/10.3390/brainsci10110895


10. Vandeputte MM, Cannaert A, Stove CP. In vitro functional characteri-

zation of a panel of non-fentanyl opioid new psychoactive sub-

stances. Arch Toxicol. 2020;94(11):3819-3830. https://doi.org/10.

1007/s00204-020-02855-7

11. Cannaert A, Vasudevan L, Friscia M, Mohr ALA, Wille SMR, Stove CP.

Activity-based concept to screen biological matrices for opiates and

(synthetic) opioids. Clin Chem. 2018;64(8):1221-1229. https://doi.

org/10.1373/clinchem.2018.289496

12. Meyer MR. New psychoactive substances: an overview on

recent publications on their toxicodynamics and toxicokinetics.

Arch Toxicol. 2016;90(10):2421-2444. https://doi.org/10.1007/

s00204-016-1812-x

13. Nordmeier F, Doerr AA, Potente S, et al. Perimortem distribution of

U-47700, tramadol and their main metabolites in pigs following intra-

venous administration. J Anal Toxicol. 2021;bkab044. https://doi.org/

10.1093/jat/bkab044

14. Miotto K, Cho AK, Khalil MA, Blanco K, Sasaki JD, Rawson R.

Trends in tramadol: pharmacology, metabolism, and misuse.

Anesth Analg. 2017;124(1):44-51. https://doi.org/10.1213/ANE.

0000000000001683

15. Cannaert A, Deventer M, Fogarty M, Mohr ALA, Stove CP. Hide and

seek: overcoming the masking effect of opioid antagonists in

activity-based screening tests. Clin Chem. 2019;65(12):1604-1605.

https://doi.org/10.1373/clinchem.2019.309443

16. Cannaert A, Ambach L, Blanckaert P, Stove CP. Activity-based detec-

tion and bioanalytical confirmation of a fatal carfentanil intoxication.

Front Pharmacol. 2018;9:1-5. https://doi.org/10.3389/fphar.2018.

00486

17. Blanckaert P, Cannaert A, van Uytfanghe K, et al. Report on a novel

emerging class of highly potent benzimidazole NPS opioids: chemical

and in vitro functional characterization of isotonitazene. Drug Test

Anal. 2020;12(4):422-430. https://doi.org/10.1002/dta.2738

18. Vasudevan L, Vandeputte M, Deventer M, Wouters E, Cannaert A,

Stove CP. Assessment of structure-activity relationships and biased

agonism at the Mu opioid receptor of novel synthetic opioids using a

novel, stable bio-assay platform. Biochem Pharmacol. 2020;177:

113910. https://doi.org/10.1016/j.bcp.2020.113910

19. Mansour A, Khachaturian H, Lewis ME, Akil H, Watson SJ. Autoradio-

graphic differentiation of mu, delta, and kappa opioid receptors in the

rat forebrain and midbrain. J Neurosci. 1987;7(8):2445-2464.

20. Truver MT, Smith CR, Garibay N, Kopajtic TA, Swortwood MJ,

Baumann MH. Pharmacodynamics and pharmacokinetics of the novel

synthetic opioid, U-47700, in male rats. Neuropharmacology. 2020;

177:108195. https://doi.org/10.1016/j.neuropharm.2020.108195

How to cite this article: Nordmeier F, Cannaert A, Stove CP,

Schmidt PH, Meyer MR, Schaefer N. Are the N-demethylated

metabolites of U-47700 more active than their parent

compound? In vitro μ-opioid receptor activation of N-

desmethyl-U-47700 and N,N-bisdesmethyl-U-47700. Drug

Test Anal. 2022;14(4):713-717. doi:10.1002/dta.3182

NORDMEIER ET AL. 717

 19427611, 2022, 4, D
ow

nloaded from
 https://analyticalsciencejournals.onlinelibrary.w

iley.com
/doi/10.1002/dta.3182 by U

niversitaet D
es Saarlands, W

iley O
nline L

ibrary on [22/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s00204-020-02855-7
https://doi.org/10.1007/s00204-020-02855-7
https://doi.org/10.1373/clinchem.2018.289496
https://doi.org/10.1373/clinchem.2018.289496
https://doi.org/10.1007/s00204-016-1812-x
https://doi.org/10.1007/s00204-016-1812-x
https://doi.org/10.1093/jat/bkab044
https://doi.org/10.1093/jat/bkab044
https://doi.org/10.1213/ANE.0000000000001683
https://doi.org/10.1213/ANE.0000000000001683
https://doi.org/10.1373/clinchem.2019.309443
https://doi.org/10.3389/fphar.2018.00486
https://doi.org/10.3389/fphar.2018.00486
https://doi.org/10.1002/dta.2738
https://doi.org/10.1016/j.bcp.2020.113910
https://doi.org/10.1016/j.neuropharm.2020.108195
info:doi/10.1002/dta.3182

	Are the N-demethylated metabolites of U-47700 more active than their parent compound? In vitro μ-opioid receptor activation...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Chemicals and reagents
	2.2  Determination of the in vitro biological MOR activity

	3  RESULTS AND DISCUSSION
	4  CONCLUSION
	ACKNOWLEDGEMENT
	  CONFLICT OF INTEREST
	  DATA AVAILABILITY STATEMENT

	REFERENCES


