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Running title: Designer Benzodiazepine activity on opioid receptors  

 

ABSTRACT 

 
Background. Previous studies have reported that benzodiazepines (BZDs) seem to enhance euphoric 

and reinforcing properties of opioids in opioid users so that a direct effect on opioid receptors has 

been postulated together with possible synergistic induction of severe side-effects due to their co-use. 

This is particularly worrisome given the appearance on the market of designer benzodiazepines 

(DBZDs), whose activity/toxicity profiles are scarcely known.  

Objectives. This study aimed to evaluate, through computational studies, the binding affinity (or lack 

thereof) of 101 DBZDs identified online on the kappa, mu, and delta opioid receptors (K, M, DOR); 

and to assess whether their mechanism of action could include activity on t of the latter  

Methods. MOE® was used for the computational studies. Pharmacophore mapping based on strong 

opioids agonist binder’s 3D chemical features was used to filter the DBZDs. Resultant DBZDs were  

docked into the crystallised 3D active conformation of KOR (PDB6B73), DOR (PDB6PT3) and 

MOR (PDB5C1M). Co-crystallised ligands and four strong agonists were used as reference 
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compounds. A score (S, Kcal/mol) representative of the predicted binding affinity, and a description 

of ligand interactions were obtained from MOE® .  

Results. The docking results, filtered for S < -8.0 and interaction with the aspartic acid residue, 

identified five DBZDS as putative OR binders across the three ORs: ciclotizolam, fluloprazolam, 

JQ1, Ro 48-6791, Ro 48-8684.  

Conclusion. It may be inferred that at least some DBZDs may have the potential to activate opioid 

receptors. This could mediate/increase their anxiolytic, analgesic, and addiction potentials, as well as 

worsen the side-effects associated with opioid co-use. 
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1 INTRODUCTION  

Benzodiazepines (BZDs) are one of the most prescribed classes of drugs across the world [1,2].They 

were introduced onto the market in the early 1960s as anxiolytics, sedatives, hypnotics, 

anticonvulsants, and muscle relaxants [3]. Historically, they have been prescribed to heroin/opioid 

users to minimise withdrawal symptoms [3]. However, in recent years, this particular therapeutic 

indication has become controversial due to the reported increase of co-abuse disorders and addiction 

potential between the two classes of substances [4–8]. Indeed, opioid use disorders are associated 

with high-risk behaviours such as polysubstance use, including self-managed poly-consumption of 

benzodiazepines or psychotropic substances similarly active as benzodiazepine receptor agonists 

[9,10].  

The most common reasons for the  use of BDZs in poly-drug consumption are to enhance the feeling 

of “down” derived from opioids [11], with both chemical classes working as central nervous system 

depressants (CNS) [12]; and to self-medicate treating negative emotional states, psychiatric disorders 

and opioid withdrawal symptoms [1]. Previous studies have reported that BZDs seem to enhance 

euphoric, analgesic, and reinforcing properties of opioids in opioid users [10,13,14]. As a result,  

whilst BDZs’ main mechanism of action is the allosteric modulation of the gamma-aminobutyric acid 

A receptor (GABA-AR), a direct effect on the kappa, mu and delta opioid receptors (KOR, MOR, 

DOR) has been postulated [13,14]. Opioid receptors (ORs) belong to the large superfamily of seven 

transmembrane (7TM) G protein-coupled receptors (GPCRs) [15]. Agonist activation of the ORs 

causes analgesia, sedation, euphoria, and decreased respiration in MOR [16–18]; antinociceptive, 

analgesic, aversive and psychotomimetic effects (hallucination and dissociation) in KOR [19,20]; and 

antinociceptive, anxiolytic and antidepressant effects in DOR. MOR, in particular, is considered 

responsible for triggering the brain reward system and initiating addictive behaviours [21–23]. 

Evidence shows that both midazolam and diazepam have a direct effect on the spinal antinociceptive 

opioid receptors (KOR and DOR) [24] with reinforcing properties. A reinforcing effect on ORs has 

been reported as well for the anxiolytic properties of the BDZs. Their anxiolytic effects may indeed 

be mediated through the modulation of the endogenous opioid system [25]. However, the exact 

mechanism of interaction and the possible subtypes of opioid receptors involved are still unclear [25]. 

It has been observed that the systemic administration of non-selective opioid antagonists (i.e., 

naloxone, picrotoxine, and β-funaltrexamine), in both animal and human models, can interfere with 
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the anxiety-reducing effects of BZDs [26,27]. Moreover, naltrexone, a preferential antagonist of 

MOR, has been observed to reduce the effects of diazepam on response latency in rats, suggesting 

that some of diazepam’s effects could be caused by a mechanism sensitive to naltrexone [28,29]. A 

role for amygdalar opioid receptor sites (MOR and DOR) in the anxiolytic effects of benzodiazepines 

has been postulated [25]. 

Moreover, in the quest for safe and effective antinociceptive agents, derivatives of 1,4-

benzodiazepine (e.g., tifluadom) have been identified as possessing a selective affinity for KOR 

[30,31].  

Normally, BDZs display side-effects as induced primarily cognitive and psychomotor impairments, 

agitation, amnesia, confusion, depression, and dementia. Individuals who co-use BZDs with opioids 

in recreational settings, could be susceptible to additive effects with increased risks of sedation, 

synergistic induction of respiratory depression, coma, and death [6,7,32–34].  

Recently, the documented co-use of BZDs and opioids and their synergistic side-effect profiles 

[7,33,34] have become increasingly worrisome, due mainly to the appearance on the market of novel 

synthetic opioids (NSOs) [35] and designer benzodiazepines (DBZDs) [36]. These new/novel 

molecules belong to the group of New Psychoactive Substances (NPSs) [37] and are mostly 

compounds with safety/toxicity profiles that are not fully understood. Indeed, limited knowledge is 

available on their pharmacodynamics and pharmacokinetics [38,39].  

DBZDs, even if accounting for only less than 2% of the total number of known NPSs [5,8], have been 

reported worldwide in most NPS hospitalisations and fatalities (post-mortem) [40], and particularly 

so in polysubstance consumption scenarios [41–43]. As classical BZDs, they are usually ingested 

with other sedatives, primarily opioids, to potentiate their effects; promote ‘come down’ after 

stimulant use; or unintentionally, as counterfeits of prescription benzodiazepines [40].  

Previous studies conducted by our research group with the use of a web crawler, NPSfinder®, 

identified a total of 101 DBDZs [44]. This list includes a number of DBZDs identified online (the 

majority of which were retrieved from isomerdesign.com), higher than the number reported by the 

UNODC and EMCDDA [45,46]. Their putative activity on the γ-aminobutyric acid (GABA)-A 

receptor (GABA-AR) [44] was assessed with the use of computational models (i.e., QSAR, molecular 

docking and pharmacophore mapping). Computational models have been indicated as highly reliable 

methodologies to predict both the biological activity and binding affinity of unknown molecules 

towards a known receptor, and are well-established, successfully/extensively used tools, especially 

for drug development [47].  

In light of the above, it is postulated that DBZDs could have a direct effect on the ORs receptors. This 

could complicate their already scarcely known pharmacodynamics and aggravate their safety/toxicity 

profiles. To date, the activity profile of DBDZs with ORs has not been assessed. Indeed, it is important 

to better understand the possible risks/harm associated with the use/abuse of DBZDs, assessing their 

mechanism of action and identifying the relative target receptor. While conducting preclinical studies 

with dozens or hundreds of molecules may constitute an extremely time-consuming and costly 

exercise, computational models could be used as fast and reliable preliminary assessment 

methodologies to investigate this mechanism of action. 

This study aimed to computationally evaluate the binding affinity (or lack thereof) of the 101 DBZDs 

identified online towards KOR, MOR, and DOR, with the use of pharmacophore and docking studies, 

to assess if their mechanism of action could include activity on opioids’ receptors.  

2 METHODS  



2.1 Identification of DBZDs  

A crawling/navigating software (i.e., NPSfinder®) was used to identify those NPSs being discussed 

and offered for sale on the surface web in the timeframe November 2017-February 2021. For the full 

methodology refer to Catalani et al. [44]. 

2.2 Identification of reference compounds  

Reference compounds necessary for the pharmacophore filtering and for the docking studies of the 

101 DBZDs identified, were obtained from the ChEMBL database [48]. Homo sapiens MOR, KOR, 

and DOR targets were searched for in the database and strong agonist binders for each of them were 

identified among the activity data available [49–51]. The EC50 (i.e., the concentration inducing half 

of the maximum effect, assessed as stimulation of [35S]GTPgammaS binding) was the activity type 

used. For each of the ORs, twenty potent (i.e., low value of EC50) molecules (agonists) were identified 

and used (Supplementary material Table S1). These were identified across assays to minimise biases. 

A decision was taken to include twenty compounds to obtain a good variety among the chemical 

structures, without compromising the analysis time of the computational studies.  

2.3 Computational models  

The computational analysis was carried out with MOE® 2020.0901 software developed in Canada by 

the Chemical Computing Group ULC [52].  

2.4 Pharmacophore filtering 

For each OR, a pharmacophore map was retrieved from the twenty potent agonists identified in the 

ChEMBL database (Table S1). The purpose of this exercise was to define pharmacophore features 

common to high biological activity values. All these molecules, uploaded as SMILES into the MOE® 

database, were converted to MOE® molecules and underwent an energy minimisation and partial 

charge calculation with the molecular mechanic's force field Amber10:EHT, using the general energy 

minimisation function [53]. Conformations (i.e., 3D coordinates) were obtained with the 

“conformational search” application and a potential energy E (kcal/mol) was reported. The stochastic 

search was used as the output method. The lowest energy conformations were used for flexible 

alignment. A set of alignments was computed, and a final score (S, kcal/mol) returned. S quantifies 

the quality of the alignment in terms of internal strain (U score) and overlap of molecular features (F 

value). Lower values indicate better alignment. For the purposes of this study, the default settings 

were used. From the list of returned alignments, the ones showing the lowest S value were analysed 

and used to generate a pharmacophore query. The pharmacophore editor application was used in the 

consensus mode to assign pharmacophore annotation points (e.g., H-bond donor, H-bond acceptor, 

etc.) to the 3D conformations of the DBZDs flexibly aligned. The unified annotation scheme was 

used. The consensus mode returns, for each annotation point (i.e., pharmacophore feature), a 

percentage that indicates how common that particular feature is to the set of molecules analysed. Only 

the features showing values > 50% (to include the most common features) were taken into account 

for the final pharmacophore description. The final pharmacophore maps generated for each OR 

underwent a “validation step” as they were used to filter three databases of know MOR, KOR and 

DOR ligands (Table S2).  

2.5 Molecular docking  

Molecular docking (MD) evaluates the binding affinity between a ligand (DBDZ) and the receptors 

(KOR, MOR, and DOR) using a mathematical algorithm. To perform the molecular docking studies, 

3D crystallised structures of the receptor with co-crystallised agonist ligands were used. The latter 

were searched for in the Protein Data Bank (PDB) [54]. Crystallised 3D structures for KOR, MOR, 



and DOR were identified and refined according to the source organism and resolution (the resolution 

obtained in the 3D structure is measured in Angstrom (Å)). The chosen 3D structures were prepared 

with the Quick Prep application, which sets the protonation state of all residues and energy minimises 

the protein structure to avoid any steric clash.  

The active site (i.e., binding pocket) of the 3D structures, identified by the presence of the co-

crystallised ligands, was used as a superposition point for docking. Due to the presence of co-

crystallised structures no further search for active site was performed on the receptors. The ligands 

atoms were used as the docking “site” in the General docking panel. No pharmacophore constraint 

was added due to the diversity between the co-crystallised ligands and the DBZDs under evaluation 

and to avoid forcing poses for the latter. (For full details see Figure S1.) If solvent molecules were 

present in the crystal structure, they were included in the docking process.  

Reference compounds (i.e., selective and potent binders) for each of the receptors were docked to 

evaluate MOE® placement and scoring methods. Various conformations (energetically reasonable 3D 

atomic configurations) of the reference compounds were positioned into the binding pocket and the 

optimal interaction geometry (the conformation of the ligand that best interacts with the ligand 

pocket) and its associated energy (each conformation has an energy status associated resulting from 

the orientation of the molecule chemical bonds) determined. For each of these optimal interactions, a 

final score (S, Kcal/mol) was returned. The lower the S value was, the stronger the predicted binding 

affinity [52]. Once the placement and scoring method were chosen, they were used to dock the 

DBZDs matching the pharmacophore maps. Instead of repeating the docking process multiple times 

(usually 3 [55]), the number of poses generated in the placement was increased from the default values 

of 30 to 100 to account for system variability.  

3 RESULTS 

3.1 Identification of reference compounds  

Homo sapiens MOR (CHEMBL233), KOR (CHEMBL237), and DOR (CHEMBL236) targets were 

identified together with  a set of twenty potent agonists for each of the OR, selected from the 

ChEMBL Activity Database [49–51]. These compounds are reported in supplementary material 

(Table S1), identified by their ChEMBL ID, and include peptide and non-peptide ligands. A total of 

five compounds (including the co-crystallised ligand) for each OR were extrapolated from the 

literature according to their strong activity as agonist binders and used as reference molecules for 

docking studies (Table S3).  

3.2 Pharmacophore filtering 

For each of the twenty potent agonists selected from the ChEMBL database, ten conformations were 

generated. The ones showing the most favourable energetic state were further aligned. Three 

pharmacophore consensus queries for KOR, MOR, and DOR were generated from the alignment 

showing the lowest S values and  manually analysed (Figures 1-3). The alignments are reported as 

pdb files in the supplementary material. The resulting pharmacophore maps were “validated” via the 

filtering of agonist ligands databases (validations sets) extrapolated from ChEMBL (76 ligands for 

each receptor, Table S2). KOR pharmacophore matched 69 of the ligands (91%) included in the 

validation set, MOR 62 ligands (81%) and DOR 36 ligands (47%). These data suggested how MOR 

and DOR were more comprehensive pharmacophore, matching compounds with higher values of 

biological activity, while KOR was more selective towards those with lower activity values, i.e., more 

potent. When these queries were used to filter the list of 101 DBDZs (TableS4) identified by the 



NPSfinder® activity on the surface web (isomerdesign.com [44,56]), the resulting hits were: 16 

molecules for KOR, 23 molecules for DOR, and 21 molecules for MOR (Table S5). 

3.3 Molecular docking  

From the available structures in the PDB database, PDB5C1M for MOR [57,58], PDB6PT3 for DOR 

[59,60], and PDB6B73 [61,62] for KOR were chosen for docking studies. These crystallised 

structures, obtained by X-ray diffraction, all represent the opioid receptors in their active 

conformations, in complex with the agonist BU72, the small molecule agonist DPI-287, and the 

potent epoxymorphinan opioid agonist MP1104 respectively. These ligands were used as 

superposition targets for docking calculation sets and as reference for ligand interactions.  

The opioids characteristic agonists interactions, as identified in literature, with aspartic acid (Asp128, 

138, 147), methionine (Met132, 142, 151), and valine (Val281, 300) residues can be observed in 

Figures 4-6 [57,59,61].  

The DBZDs obtained from the pharmacophore filtering were docked into their respective opioid 

receptors (PDB5C1M, PDB6PT3 and PDB6B73) together with the four reference compounds (i.e., 

strong agonist binders) and the co-crystallised ligand (BU72, DPI-287 and MP1104).  

London dG and GBVI/WSA dG [52] were used as the scoring methods for the placement (alpha 

triangle and refinement (induced fit) of the docking process in the General Dock Panel application. 

For each molecule, the docking poses generated were analysed according to the energetic S values 

returned for each pose and the type of interaction suggested for the latter. The most common 

interactions identified between the DBZDs, and the binding pockets are presented in Table 2.  

For the binding affinity a cut-off was chosen after evaluation of S values returned for the reference 

compounds and co-crystallised ligands (BU72 (S= -10.15), DPI-287 (S= -8.58) and MP1104 (S= -

9.79) (Table 1). In particular DBZDs showing S<-8.00 (the lower the value, the stronger the binding), 

were considered as putative strong binders. For the interactions with the residues of the binding 

pockets, particular regard was given to the ionic and hydrogen-bond mediated interactions with the 

aspartic acid ( Asp128,138,147) and to the hydrogen-bond mediated ones with methionine () residues 

[57,59,61]. Indeed, as reported in the literature, the ionic Asp interaction is an essential trait to infer 

the activity of an index molecule on the ORs [63,64]. A total of six molecules for KOR, five for DOR 

and four for MOR meeting both criteria were identified (Table 1).  

Cinazepam, cyprazepam, ciclotizolam, fluloprazolam, Ro 48-6791, Ro 48-8684, JQ1 were found to 

display good binding affinity and the mandatory ionic interaction with the Asp residues. In particular, 

ciclotizolam, fluloprazolam, Ro 48-8684, JQ1 showed these characteristics consistently across the 

three receptor subtypes, showing however diverse binding affinity value for diverse ORs. The 

docking poses for these DBDZs are included as pdb files in supplementary material.  

The 2D ligand interactions maps for the three top scoring DBZDs on each OR are reported in Figures 

7-9. Detailed ligand interactions are reported in table S6. Fluloprazolam, Ro 48-8684 and Ro 48-6791 

interact with Asp residue via the charged amine in their R group . For these molecules, none of the 

nitrogen atoms of the benzodiazepines structure seems to be involved in the ionic interaction. The 

ionic interaction of JQ1 and ciclotizolam instead, is mediated by the charged nitrogen atom in position 

4 of the diazepine core. The same is observed for the other two DBZDs, cinazepam and cyprazepam. 

All the top scoring DBZDs are either triazolo or imidazole-benzodiazepines. This results in the 

presence of benzotriazole and benzimidazole moieties in the molecule scaffold, something that 

identifies with the structure of the synthetic opioids class nitazenes [65].  



DISCUSSION  

To the best of our knowledge, this study is the first to evaluate the possible binding affinity between 

DBZDs and the three opioid receptors, KOR, MOR, and DOR, giving an insight into their possible 

mechanism of action. 

For each ORs, the best alignment obtained from twenty potent  agonist binders for each of the ORs 

was used to design a pharmacophore map for the filtering of 101 DBZDS previously identified online. 

The resulting pharmacophores confirmed the importance and the recurring presence of two aromatic 

features and a more complex feature that includes, across all three receptor subtypes, a cation, a 

hydrogen bond prone group and an hydrophobic centre. This more complex feature  identifies the 

important tertiary amine group, positively charged, that has been found mandatory activate the ORs 

family [66,67]. Consistent with previous studies, the interaction between the charged amine and the 

aspartic acid residue can be mediated either by a hydrogen bond or ionic interaction (salt bridge), the 

latter being stronger and important for the activation of the receptor [68].  

The majority of interactions with active ORs are hydrophobic or aromatic in nature, with two 

conserved polar interactions as the exception [57].The pharmacophore maps presented in Figures 1-

3 are in line with what have been reported in the literature [69–71]. 

Due to the similarity of the pharmacophores obtained for the ORs, the lists of the filtered DBZDs 

share similar entries (Table S2). In particular, the following molecules seem to match all three 

pharmacophore queries: ciclotizolam,  fluloprazolam, JQ1 , Ro 48-8684 and Ro 48-6791. . It should 

be noted that these are either partial agonists towards the GABA-AR [72], characterised by fast 

pharmacokinetics (i.e., rapid onset and short half-life) [73], or “unknown” molecules, identified as 

DBZDs but lacking any further information on activity profile (e.g., fluloprazolam).  

The pharmacophore filtered molecules were docked and further analysed according to two criteria: 

their value of predicted binding affinity (S) and their capability of engaging ionic/hydrogen bond 

interactions with the aspartic acid residue of the ORs binding pocket (Asp128, 138, 147). The lack of 

the latter  constituted a reason for rejecting the molecule as a putative OR binder. The cut-off for the 

S value was set to -8.0 (Kcal/ mol). Despite the fact that this cut-off is one order of magnitude lower 

than some of the very potent agonists/strong binders reference compounds (e.g., Leu-enkephalin, 

carfentanyl, etc.), DBZDs with such S values could still  show good binding affinity. The five DBZDs 

that met both criteria are discussed as possible binders: JQ1, fluloprazolam, ciclotizolam, Ro 48-8684, 

and Ro 48-6791.  

JQ1 is a thienotriazolobenzodiazepine that does not act as an agonist at the GABA-AR. It is not 

currently used in human clinical trials due to its very short half-life [74]. 

Fluloprazolam seems to be an unknown DBZD, and  only reference to a patent was retrieved in 

literature [75]. . Ciclotizolam is a very well-known low efficacy partial agonist of GABA-AR [76].  

Ro 48-8684 and Ro 48-6791 are benzodiazepines developed by Hoffman-LaRoche in the 1990s [77] 

to achieve an improved replacement for midazolam. Unfortunately, they did not show advantages 

over the parent drug and were never developed as therapeutics [78].  

Studies conducted with Ro 48-8684 and Ro 48-6791 [78–80] reported considerably shorter duration 

of action as well as faster recovery from the deep hypnotic effect. In particular, for Ro 48-8684 a 

reduced sensitivity was observed after repeated increasing dosage administration, due to 

undetermined factors [78]. 

https://en.wikipedia.org/wiki/Hoffman-LaRoche


These DBZDs show a short duration of action, in line with a partial agonist activity profile and the 

results predicted for their biological activity on GABA-AR [44]. Indeed, previous QSAR studies [44] 

predicted very low biological activity for Ro 48-8684, Ro 48-6791, JQ1, and fluloprazolam on the 

GABA-AR in line with their partial agonist activity profile. The only oddly predicted value was for 

ciclotizolam, indicating that the molecule may have a strong activity in contrast with it being a weak 

binder.  

Analysing the S values obtained with the docking studies (Table 1), it can be noted that JQ1, Ro 48-

8684 and fluloprazolam display higher binding affinity toward MOR, with values similar or greater 

than those obtained for carfentanyl and fentanyl (S= -9.95, -8.44) (Table S2). They all show 

interaction with Asp147 and Met151, while none of them  interacts with His297 (Figure 7), as 

observed for BU72 (Figure 4). JQ1 and Ro 48-8684 display the hydrophobic  bond with Val300 

(Figure 7). This interaction has been observed, so far, in the binding of morphinan ligands only with 

the recruitment of a bigger hydrophobic surface including I296, W318, and I322 [57]. It is interesting 

to note that JQ1, the top scoring DBZDS, seems to interact with the Asp147 residue only, while Ro 

48-8684 and fluloprazolam bind Met151 as well (Figure 7). The distance of the ionic bond 

(respectively, 3.20 (JQ1), 3.58 (fluloprazolam), and 3.35 (Ro 48-8684)  Å) suggests a slightly stronger 

interaction than BU72 (3.53 Å) (Table S6).  

The same very strong binding affinity is not observed for KOR, towards which the DBZDs display S 

values that are roughly one unit lower than the reference compounds and the epoxy morphinan 

MP1104 (Table1). It could be inferred that lower S values mean an activity threshold moved towards 

a greater order of magnitude when compared to MP1104. However, considering the latter has a 

picomolar KOR binding affinity [61], one can assume the higher concentration required to activate a 

response [55] will still fall in the lower nM range. Ro 48-8684 seems to be the most likely to bind 

KOR (S=- 8.74), followed by JQ1 and ciclotizolam. The distance of their ionic bond to Asp138, 

respectively, 3.91 and 3.02 and 3.3.35 Å, suggests a strength interaction similar to MP1104 (3.02 Å). 

The interactions for each molecule are presented in Figure 8, confirming the binding to Asp138. 

A similar profile of binding affinity is observed for DOR. The DBDZs seem to show less affinity 

when compared to the reference compounds (Table 1), but the same affinity of the co-crystallised 

ligand DPI-287 (S= -8.58). Their interaction profile is presented in Figure 9.. Ro 48-8684 seems to 

be the molecule showing again the best affinity (S= -8.70). The distance of its ionic interaction (3.20) 

(Table S6)suggests it to be slightly weaker than DPI-287 (2.72), in line with the binding prediction 

(Figure 9). This applies as well to Ro 48-6791 (3.11) and fluloprazolam (3.61). 

It is interesting to note that all the top scoring DBZDs, being either triazolo or imidazole-

benzodiazepines, show structural similarity to midazolam, which was shown to have a direct effect 

on the spinal antinociceptive opioid receptors (KOR and DOR) [24]. For the scope of this paper a 

comparison with midazolam, together with other GABAergic currently used in the anaesthesia was 

carried out. A set of six commonly used GABAergic anaesthetic, including midazolam, diazepam 

and lorazepam [81] , was compiled (Table S7) and docked in the ORs. Only the anaesthetic possessing 

a nitrogen atom in their chemical formula were included. When docked in the ORs, midazolam was 

the only anaesthetic showing ionic interaction with Asp147 in MOR, with an S value of -7.33. The 

latter suggests a low binding affinity in line with the literature [13,14,24]. Same ionic interactions 

were observed for KOR and DOR.  

No interaction with the aspartic acid residue was observed for the others anaesthetic, suggesting that 

anaesthetic/ analgesic action may be the result of interactions other than those with ORs. Moreover, 

these molecules showed S values higher than -7.0, hence almost two orders of magnitude lower than 

those observed for the DBZDs (TableS7). 



Compared to midazolam (TableS7), the top scoring DBZDs seems to show higher binding affinity 

towards the ORs (Table1).   

These results suggest how those obtained for the DBZDs, could be of value especially if one considers 

the presence of benzotriazole and benzimidazole moieties in the scaffold of these molecules, and their 

similarity with the nitazenes class of synthetic opioids. 

Despite the docking results obtained for each molecule are only an educated guess, a prediction of 

the binding affinity towards ORs, they can still be considered of value due to the comparison with 

those obtained for well-known strong agonist binders and the respective ORs co-crystallised ligands 

[55]. This comparison, together with the identification of ionic interactions and the fact that docking 

score function has been proven capable of predicting crystallographic binding orientations [82,83], 

could support the thesis that these DBZDs may be able to acts on ORs, and not just fit in the binding 

pocket. However, to confirm or refute this hypothesis, further and more sophisticated computational 

methodologies (molecular dynamics), and/or experimental (i.e.. in vitro and ex vivo) approaches are 

needed. 

Moreover binding affinity does not give information on the agonist or antagonist nature of the 

binding. Indeed docking per se does not provide a measure to discern between the two. Nevertheless, 

considering that the pharmacophores were built using agonist ligands, the likelihood of these DBZDs  

behaving as agonists could be inferred.  

These results give an interesting insight into the possible interactions and mechanisms of action of 

these five DBZDs. They all seem to possess low activity on GABA-AR (fluloprazolam excluded), 

however, expressing some of the agonist features (analgesic, antidepressant and anxiolytic), 

accompanied by fast pharmacodynamics. 

Indeed, the two Ro compounds have a reported profile of action that differs from common BZDs, 

characterised by a rapid onset and rapid recovery from the deep hypnotic effect together with the 

development of tolerance.  

It could be inferred that the particular pharmacodynamics observed, especially the fast onset and 

recovery timing, could be due to the recruitment and activation of opioids’ transmission. Indeed, it 

has been reported that the binding pockets of the ORs analysed here are largely exposed to the 

extracellular surface cavity and cause very fast dissociation half-lives of some extremely potent 

opioids (e.g., buprenorphine, carfentanyl, etorphine) [67,84].  

Moreover, activation of the ORs produces effects similar to the activation of GABA-AR. In 

particular: activation of MOR results in sedation as well as tolerance and respiratory suppression, as 

seen for the α1 isoform of GABA-AR [85]; activation of DOR results in anxiolytic and 

antidepressant-like effects [86–88] as seen for the activation of the α2 isoform [89]. Activation of 

KOR instead produces analgesic, hallucinogenic, and dysphoric effects [61], which have not been 

observed with GABA-AR activation. Analgesic properties have previously been reported for BDZs; 

however it is important to underscore that this could be due to other mechanisms than interaction with 

ORs. Indeed, it has been reported that the reduced complaints of pain following BZDs consumption 

is just an indirect effect of their depressant activity [90]. Further studies will be conducted on 

evaluating possible pharmacophore match between opioid and BDZs, to address the possibility of a 

common drug scaffold.  

Finally, if one considers that the most powerful analgesic and addictive properties of opioids are 

mediated by MOR, the results obtained from the docking studies could suggest a reinforcement of 

the addiction potential of these DBZDs.  



4 Limitations 

The major limitation of this study is the restricted size of the dataset (20 compounds for each receptor) 

used to develop the queries for the pharmacophore mapping/filtering exercise. Other limitations 

include the use of one receptor active conformation and co-crystallised ligand only, the lack of 

consensus docking; the lack of previous experimental data assessing the experimental binding affinity 

of DBZDs on ORs; and the lack of clear information on agonist /antagonist activity of the mentioned 

DBZDs despite the use of agonist binders for the creation of the pharmacophores.can be assumed. 

Further studies will include the evaluation of the binding pocket pharmacophore for each of the three 

ORs; in vitro assays to obtain experimental data on the EC50 or Ki as per Vandeputte et al. [65]; and 

ex vivo assays to get insight in their possible G protein (or β-arrestin) pathways activation as suggested 

by Inoue et al. [91].  

CONCLUSIONS 

 

While DBZDs represent only a small percentage of the NPSs identified worldwide [45,46], they are 

molecules of strong interest in polysubstance consumption settings. Indeed, they are increasingly 

being reported with other CNS depressants (e.g., opioids) to enhance and prolong the ‘down’ of the 

latter, or to deal with their withdrawal effect. Moreover, fatalities worldwide have been associated 

with their intravenous misuse [43]. The concomitant use of CNS depressants could lead to severe and 

worrisome synergistic enhancement of the adverse effects of both classes of substances, potentially 

resulting in life-threatening side-effects such as respiratory depression and coma. 

This is particularly true for the combination of DBZDs and NSOs. Their pharmacodynamics and 

activity/toxicity profiles are largely unknown, and complications could arise if one considered a 

possible multitarget action profile for these new DBZDs. 

It is, therefore, relevant to assess as much as possible their profile of activity, including possible 

actions on multiple receptors. This is particularly true for DBZDs because an interaction with opioids’ 

transmission has already been postulated [13,14] and molecules containing the BZD scaffold 

synthesised in the quest for selective ORs ligands [30,31]. To achieve this, computational simulations, 

including, but not limited to docking and pharmacophore studies, could be used to elucidate the 

mechanism of action of these unknown molecules and help understand the possible threat (side-

effects) associated with the latter. Computational studies can provide quick and reliable predictions 

of activity and affinity for a biological target, helping researchers to focus and direct their efforts and 

studies (e.g., in vitro, preclinical) towards a smaller number of NPSs.  
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Table 1 Binding values (S) generated for the ten molecules that showed the highest predicted values of log1/c, docked 

within the 6HUP and 6HUO receptors.  

Notes: The molecules are listed in decreasing order, within each OR type, of their predicted log1/c (biological activity); 

alprazolam and diazepam are prescription medications and here included only as a reference, because they are the 

respective bound ligand of 6HUO and 6HUP. 

MOR 

Molecule  SMILESs 

BU72 

O(C)[C@]12[C@]3(C)[C@@H](c4ccccc4)[NH2+][C@H]1[C@@]14c5c(ccc(O)c5)C[C@@H]([NH+](C)CC1)[C@@]4(C=C2)

C3 

Ro 48-6791 Fc1cc2C(=O)N(C)Cc3c(-c4nc(CN(CCC)CCC)on4)ncn3-c2cc1 

Ro 48-8684 Fc1cc2C(=O)N(C)Cc3c(-c4oc(C[NH+](CCC)CCC)cn4)ncn3-c2cc1 

Fluloprazolam Fc1c(C2=NCC=3N(C(=O)C(=CN4CC[NH+](C)CC4)N=3)c3c2cc([N+](=O)[O-])cc3)cccc1 

Ciclotizolam Brc1sc2-n3c(C4CCCCC4)nnc3C[NH+]=C(c3c(Cl)cccc3)c2c1 

Ro 15-9270 Clc1c(C=2c3c(-n4c(C)nnc4CC=2)ccc([N+](=O)[O-])c3)cccc1 

Pynazolam O=[N+]([O-])c1cc2C(c3ncccc3)=NCc3n(c(C)nn3)-c2cc1 

Tuclazepam Clc1c(C2=[NH+]CC(CO)N(C)c3c2cc(Cl)cc3)cccc1 

Deschloroetizolam C(C)c1sc2-n3c(C)nnc3C[NH+]=C(c3ccccc3)c2c1 

Metizolam Clc1c(C2=[NH+]Cc3n(-c4sc(CC)cc24)cnn3)cccc1 

KOR 

MP11 04 C1CC1CN2CC[C@]34[C@@H]5[C@H]2CC6=C3C(=C(C=C6)O)O[C@H]4[C@@H](C=C5)NC(=O)C7=CC(=CC=C7)I 

Fluloprazolam Fc1c(C2=NCC=3N(C(=O)C(=CN4CC[NH+](C)CC4)N=3)c3c2cc([N+](=O)[O-])cc3)cccc1 

Ro 48-6791 Fc1cc2C(=O)N(C)Cc3c(-c4nc(CN(CCC)CCC)on4)ncn3-c2cc1 

Ciclotizolam Brc1sc2-n3c(C4CCCCC4)nnc3C[NH+]=C(c3c(Cl)cccc3)c2c1 

Cinazepam Brc1cc2C(c3c(Cl)cccc3)=NC(OC(=O)CCC(=O)[O-])C(=O)Nc2cc1 

JQ1 Clc1ccc(C2=[NH+]C(CC(=O)OC(C)(C)C)c3n(c(C)nn3)-c3sc(C)c(C)c23)cc1 

Devazepide O=C(N[C@@H]1C(=O)N(C)c2c(C(c3ccccc3)=N1)cccc2)c1[nH]c2c(c1)cccc2 

Ro 48-8684 Fc1cc2C(=O)N(C)Cc3c(-c4oc(C[NH+](CCC)CCC)cn4)ncn3-c2cc1 

Arfendazam Clc1cc2N(c3ccccc3)C(=O)CCN(C(=O)OCC)c2cc1 

Ro 17-1812 Clc1c2C(=O)N3C(c4c(C(=O)OCC5CC5)ncn4-c2ccc1)CC3 

DOR 

DPI-287 O=C(N(CC)CC)c1ccc([C@@H](N2[C@@H](C)C[NH+](CC=C)[C@H](C)C2)c2cc(O)ccc2)cc1 

Ro 48-8684 Fc1cc2C(=O)N(C)Cc3c(-c4oc(C[NH+](CCC)CCC)cn4)ncn3-c2cc1 

JQ1 Clc1ccc(C2=[NH+][C@H](CC(=O)OC(C)(C)C)c3n(c(C)nn3)-c3sc(C)c(C)c23)cc1 

Fluloprazolam Fc1c(C2=NCC=3N(C(=O)/C(=C/N4CC[NH+](C)CC4)/N=3)c3c2cc([N+](=O)[O-])cc3)cccc1 

Ciclotizolam Brc1sc2-n3c(C4CCCCC4)nnc3C[NH+]=C(c3c(Cl)cccc3)c2c1 

Ro 48-6791 Fc1cc2C(=O)N(C)Cc3c(-c4nc(CN(CCC)CCC)on4)ncn3-c2cc1 

Elfazepam Clc1cc2C(c3c(F)cccc3)=NCC(=O)N(CCS(=O)(=O)CC)c2cc1 

Metaclazepam Brc1cc2C(c3c(Cl)cccc3)=[NH+]C[C@H](COC)N(C)c2cc1 

Ethyl Carfluzepate Clc1cc2C(c3c(F)cccc3)=N[C@H](C(=O)OCC)C(=O)N(C(=O)NC)c2cc1 

Fluadinazolam Clc1cc2C(c3c(F)cccc3)=NCc3n(c(C[NH+](C)C)nn3)-c2cc1 

Devazepide O=C(N[C@@H]1C(=O)N(C)c2c(C(c3ccccc3)=N1)cccc2)c1[nH]c2c(c1)cccc2 

 

Table 2 Most common interactions identified between the DBDZs ligands and the ORs 

Receptor Residue Interaction 

MOR Asp 147  side chain H-donor/ionic 



Met 151  sidechain H-donor 

Val300  Arene-H interaction 

His297  hydrogen bonds water mediated. 

Lys233  hydrogen bonds water mediated. 

DOR 

Asp 128  sidechain H-donor/ionic 

Met 132  sidechain H-donor 

Val 281  Arene-H interaction 

His 278  H-Arene interaction 

KOR 

Asp 138  sidechain H-donor 

Met 142  sidechain H-donor 

Ser 211  side chain hydrogen acceptor 

Leu 212  hydrogen acceptor 

Glu 115  Backbone hydrogen acceptor 

Tyr139  Arene-Arene interaction 

 Ile 316  Backbone hydrogen acceptor. 

 

 

 

Figure 1.Pharmacophore queries generated for MOR, KOR and DOR. 

Notes: On the left side, the pharmacophore query obtained from the flexible alignment of the 20 

strong agonist binders for MOR, in the middle for KOR and on the right side for DOR. It can be seen 

from the pictures that different spatial coordinates may host more than one feature. In orange are 

represented the aromatic/hydrophobic centroids, in green the hydrophobic centroid only, in purple 

the H-bond donor/ hydrophobic centroid for MOR with the addiction of the cationic atom, and in 

light blue the H-bond acceptor, aromatic/hydrophobic centroid.  

 



 

Figure 2 5C1M mu opioid receptor (RCSB PDB, 2015) binding site 3D and 2D representations. 

Notes: 5C1M binding site; on the left, the binding pocket 3D representation. The green portion 

represents the receptor backbone and the side chains of the amino acid residues forming the binding 

pocket whilst the gold one is the co-crystallised ligand BU72. On the right side, a 2D representation 

of the binding pocket and interactions between receptor residues and ligand is provided.  

 

 

 

 

Figure 36B73 kappa opioid receptor (RCSB PDB, 2018) binding site 3D and 2D representations. 



Notes: 6B73 binding site; on the left, the binding pocket 3D representation. The green portion 

represents the receptor backbone and the side-chains of the amino acids residues forming the binding 

pocket whilst the gold one is the co-crystallised ligand MP11 04. The see-through cloud in the binding 

pocket represents the pocket surface. On the right side, the 2D representation of the binding pocket 

and the interactions between receptor residues and ligand are provided. 

 

 

 

Figure 4 6PT3 delta opioid receptor (RCSB PDB, 2018) binding site 3D and 2D representations. 

Notes: 6PT3 binding site; on the left, the binding pocket 3D representation. The green portion represents the receptor 

backbone and the side-chains of the amino acids residues forming the binding pocket whilst the gold one is the co-

crystallised ligand DPI-287. On the right side, the 2D representation of the binding pocket and the interactions between 

receptor residues and ligand is provided 

 



 

Figure 5 3D and 2D interactions for fluloprazolam, ciclotizolam, Ro 48-8684 and Ro 48-6796 

 

 

Figure 6 2D representation of the interactions between BU72, Ro 48-8684 and the binding pocket of MOR. In the 

tables, the amino acid residues involved in the interaction are reported, together with the type of interactions, their 

length (expressed in Angstrom, Å) and their energy (expressed in Kcal/mol) 

 



 

Figure 7 2D representation of the interactions between MP11-04, fluloprazolam and the binding pocket of KOR. In 

the tables, the amino acid residues involved in the interaction are reported, together with the type of interactions, their 

length (expressed in Angstrom, Å) and their energy (expressed in Kcal/mol) 

 

Figure 8 2D representation of the interactions between Ro 48-679, ciclotizolam and the binding pocket of KOR. In the 

tables, the amino acid residues involved in the interaction are reported, together with the type of interactions, their 

length (expressed in Angstrom, Å) and their energy (expressed in Kcal/mol). 

 



 

Figure 9 2D representation of the interactions between DPI-287 (co-crystallised ligand), fluloprazolam, Ro 48-8684 

and the binding pocket of DOR. In the tables, the amino acid residues involved in the interaction are reported, together 

with the type of interactions, their length (expressed in Angstrom, Å) and their energy (expressed in Kcal/mol). 

 

 

 

 

 


