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Abstract: Background: NPS belonging to the benzodiazepine (BZD) class, e.g., ‘legal/designer
BZDs’/‘research chemicals’, have recently emerged in the drug (mainly online/virtual) market.

Objective: While certain NPS belonging to the BZD class possess pharmacological profiles similar
to controlled pharmaceutical BZDs, clinical and pharmacological profiles of current emerging
BZDs are still not well-described. Therefore, there is a need to increase clinicians’/public health
knowledge/awareness, to incentive harm reduction strategies.

Method: A comprehensive overview was carried out by using the EMCDDA/EDND database regu-
larly monitored by our research team, by specifically looking at the ‘new BZDs’ so far notified.
Furthermore, given the limitation of peer-reviewed data published so far, a nonparticipant multilin-
gual qualitative netnographic study was conducted to obtain further clinical/pharmacological/
toxicological data, including psychonauts’ online trip reports.
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Results: First designer BZDs appeared as NPS around 2007. So far, 29 designer BZDs have been
DOI: notified to the EMCDDA, being some of them extremely powerful, also at lower dosages. They are
10217415 70159X186662001 10121333 sold as tablets/powder/pellets/capsules/blotters/liquids, at very affordable prices, and variably ad-
ministered. Some are also sold on the illicit drugmarket as counterfeit forms of traditional BZDs or
as either adulterants or diluents in heroin or other synthetic opioids/cannabinoids. Nowadays, there
is no guarantee of the quality of designer BZDs composition/purification and, hence, most NPS
consumers may be inadvertently exposed to unsafe and harmful compounds.

Conclusion: Given the limited information on their pharmacology/toxicity, variations in dosage,
onset of effects, combination of substances, potency, and general patient or individual variability,
the concomitant use of these substances with other drugs entails several and unpredictable risks.

Keywords: New benzodiazepines, NPS, novel psychoactive substances, benzodiazepines, designer benzodiazepines, synthetic
benzodiazepines.

1. INTRODUCTION the brain and plays an important role in modulating the activ-
ity of many neurons, including those in the amygdala and
prefrontal cortex [1]. The GABA, receptor is a ligand-gated
chloride-selective ion channel build-up of five subunits: two

o, two B (the binding site for endogenous neurotransmitter)

Benzodiazepines (BZDs) act as positive allosteric modu-
lators on the gamma-aminobutyric acid (GABA)a receptor
[1]. GABA represents the main inhibitor neurotransmitter in

and one Y. BZDs bind to the pocket created by o and vy
subunits and induce a conformational change in the GABA4
receptor. This alteration, in turns, induces a conformational
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change in the GABA4 receptor such as to increase the appar-
ent affinity for channel gating by GABA at both agonist
sites. As a result, maximal currents elicited by GABA re-
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main unaffected, and the GABA concentration channel open-
ing curve is shifted to lower GABA concentrations’ chloride
channel that hyperpolarizes the cell and accounts for
GABA'’s inhibitory effect throughout the central nervous
system [1]. These complex pharmacological activities ex-
plain the different clinical effects (i.e., anxiolytic, hypnotic,
anticonvulsant, amnestic, and muscle relaxant) of BZDs. The
pharmacological activity of BZDs is determined by the type
of GABA, receptor o subunit to which they bind. Thus, the
sedative, anterograde amnesic and anticonvulsant actions, as
well as the addictive potential of these drugs, require the
presence of a;-containing GABA 4 receptors, while the anx-
iolytic effects are mediated by GABA, receptors containing
ap subunits, and the myorelaxant actions by GABA, recep-
tors containing oy, 03, and as subunits [2].

Overall, BZDs are generally classified according to their
pharmacokinetic characteristics, i.e. a) plasma half-life (t/2);
and, b) hepatic metabolism [1, 3] (Table 1). Plasma half-life
(t”2) represents the hours required for the concentration of
the drug in the body to be reduced to half of the maximum
concentration. In detail, tV2, represents the ‘phase distribu-
tion’ from the vascular system to the tissues; whilst t'4g indi-
cates the ‘elimination phase’ and represents, hence, an index
of the metabolism and excretion of BZDs. This phase varies
significantly among different BZDs (from 2-3 hours up to
more than 100 hours) and is relevant for the accumulation of
some BZDs in tissues after long-term use (see Table 1 for
more details). Furthermore, BZDs may be classified accord-
ing to their chemical structure and designer BZDs are mainly
classified as either 1,4-benzodiazepines (a structure shared
by most ‘traditional’ BZDs), triazolo-BZDs, or thienotria-
zolodiazepines (Table 1) [4]. BZD metabolism mainly oc-
curs in the liver, primarily by oxidative metabolism mediated
by the cytochrome P450 (CYP450) family, i.e. CYP3A4,
CYP3AS5, CYP2C19, CYP2C18, CYP2C9 and CYP2B6 [5].
Tolerance and dependence may occur shortly after consump-
tion has started, which requires dose increase and may trig-
ger drug-seeking behaviours [1, 3]. Acute intoxication may
cause respiratory and central nervous system depression,
even though is rarely lethal if the BDZ is taken alone [6].
However, BZDs are usually consumed in combination with
other depressant drugs/substances (i.e., opioids, antidepres-
sants, etc.), as commonly documented amongst opioid con-
sumers in order to enhance their euphoric effects, alleviate
withdrawal or abstinence symptoms, or temper highs in-
duced by psychostimulants or synergistically enhance alco-
hol effect [1, 3].

As a relatively new phenomenon, novel psychoactive
substances (NPS) belonging to the BZD class have emerged
in the drug (mainly online/virtual) market, and are being sold
under street names such as ‘legal benzodiazepines’, ‘de-
signer benzodiazepines’ or ‘research chemicals’. This group
of drugs includes substances that were tested but not ap-
proved as medicines in the pharmaceutical industry or that
have been manufactured by modifying the core structure of
existing pharmaceutical BZDs [7-9]. Whilst certain NPS
belonging to the BZD class possess pharmacological profiles
similar to the ‘controlled’ pharmaceutical BZDs, profiles of
most of the current designer/NPS BZDs are not completely
well-described, hence, their safety, toxicological and clinical
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profile are still unknown, posing serious health risks to con-
sumers [9, 10]. Furthermore, the risk of polydrug use involv-
ing BZDs and opioids (both traditional and synthetic ones)
are furtherly intensified by NPS belonging to these
new/designer BZDs [10]. Given the limited information on
the pharmacology and toxicity of these substances, variations
in the dosage, onset of effects, combinations with other sub-
stances, potency, and general patient or individual variabil-
ity, the concomitant use of these substances with other drugs
entails several and unpredictable risks, particularly amongst
high-risk opioid users [11]. Interestingly, over the long-term
and in the last few years, a diverse range of NPS, including
synthetic opioids and BZDs have been found [10]. In fact, by
the end of 2018, EMCDDA monitored more than 730 NPS,
of which 55 were reported for the first time in Europe in
2018, of which around 5% belonging to the BZD class [10].
So far, 29 NPS belonging to the BZD class have been re-
ported by the Member States to the UNODC Early Warning
Advisory (EWA), of which 23 were firstly detected in
Europe during the last 5 years [10]. In 2008, phenazepam
was the first new BZD to be reported to the EWA. In 2011,
Germany, Norway and the United Kingdom were the first
countries to report the emergence of another designer, BZD,
etizolam. In the following years (2012-2013), a relatively
stable number of BZDs were reported to the EMCDDA; with
an increased number in 2014-2016, a reduction in 2017 and a
further increase in 2018 [10].

Some new BZDs were sold as tablets, capsules or pow-
ders under their own names, marketed as ‘legal’ versions of
authorised medicines. In other cases, counterfeiters used
these substances to produce ‘fake’ versions of commonly
prescribed anti-anxiety drugs, such as diazepam and alprazo-
lam, which were sold directly on the illicit online drug mar-
ket [10]. Furthermore, some new BZDs have been identified
mixed with other NPS (i.e., synthetic cannabinoids) or have
been labeled as diazepam tablets but containing a new potent
synthetic opioid [11]. Overall, some of the new BZDs have
been historically approved and marketed for use in some
countries (i.e., phenazepam); whilst others have been previ-
ously investigated and may be found in some patent literature
but subsequently not marketed; finally, the remaining ones rep-
resent completely new compounds [11]. Consequently, as an
increasing number of BZD derivatives have appeared on the
NPS market, many of them associated with hospitalizations
and fatalities, several countries worldwide have placed some
of these substances under national control [10, 11]. For ex-
ample, in Europe, NPS belonging to the BZD class have
been placed under national control in countries, such as
Denmark, Finland, Sweden, Switzerland, Turkey and the
United Kingdom. In South-East Asia, the Republic of Korea
is also reported to have placed diclazepam under national
control and in the Middle East, the United Arab Emirates has
placed diclazepam, and etizolam, flubromazepam and pyra-
zolam under national control [11]. Indeed, the WHO’s Ex-
pert Committee on Drug Dependence will be reviewing both
Etizolam and Flualprazolam at its 42nd meeting 21-25 Octo-
ber 2019, to bring these under international control [12].

Therefore, the present comprehensive overview aims at
providing up-to-date insight into the world of new/designer/
synthetic BZDs recently marketed in NPS marketplaces,
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Table 1. Pharmacokinetic and chemical structure classification of traditional and some new/designer BZDs.

SHORT / ULTRA-SHORT PLASMA HALF-LIFE (t/2) BZD - 1 GROUP

e Drug name (traditional):

a) Triazolobenzodiazepines: e.g., Alprazolam; Estazolam; Triazolam
b) Thienobenzodiazepines: e.g., Bentazepam; Brotizolam; Clotiazepam
e NPS:

a) Triazolobenzodiazepines: Adinazolam; Alprazolam triazolobenzophenone derivative; Bromazolam; Clobromazolam; Clonazolam (clonitrazolam);
Flualprazolam; Flubromazolam; Flunitrazolam; Nitrazolam; Pyrazolam; Thionordazepam; Zapizolam

b) Thienobenzodiazepines: thienotriazolodiazepines (Etizolam; Deschloroetizolam; Metizolam; Fluclotizolam)

e Pharmacokinetic features

a) Plasma half-life: increased in elderly patients and in those with liver disease.
a) Triazolobenzodiazepines: 6-24 hours.
b) Thienobenzodiazepines: 2-6 hours.

b) Metabolism: hydroxylation and conjugation with glucuronic acid.

e Accumulation: after prolonged use.

e Interactions: Cimetidine, propranolol, fluoxetine, paroxetine, fluvoxamine and oral contraceptives inhibit the processes of hepatic hydroxylation
(P-450), and decrease the metabolism of these BZD, increasing their plasma levels. Excessive sedative effects and hypotension when combined
with alcohol.

SHORT / ULTRASHORT PLASMA HALF-LIFE (t/2) BZD - II GROUP

e Drug name (traditional):
Oxazepam-like BZD: Camazepam; Lorazepam; Lormetazepam; Oxazepam; Temazepam.

e  NPS: Flutazolam; Nimetazepam (belonging to 1,4-BZD family)

¢) Pharmacokinetic features: no modification in elderly patients or in those with liver disease.
a) Plasma half-life: 10-24 hours.

b) Metabolism: conjugation with glucuronic acid. No active metabolites.

. Accumulation: no accumulation.

e Interactions: No relevant pharmacokinetic interactions. Excessive sedative effect and risk of hypotension when combined with alcohol or CNS
sedative drugs.

MEDIUM / LONG PLASMA HALF-LIFE (t2) BZD

e Drug name (traditional)

a)  Pronordiazepam-like BZD: Bromazepam; Chlorazepate; Chlordesmetildiazepam; Chlordiazepoxide; Clobazam; Desmethyldiazepam; Diazepam;
Flurazepam; Ketazolam; Medazepam; Pinazepam; Prazepam; Quazepam.

b)  Nitro-BZD: Clonazepam; Flunitrazepam; Nitrazepam.

e NPS:

a)  Pronordiazepam-like BZD: 4’-chlorodiazepam or Ro 5-4864 (belonging to 1,4-BZD family); Diclazepam or Ro 5-3448 (belonging to 1,4-BZD fam-
ily); Flubromazepam (belonging to 1,4-BZD family); Meclonazepam (belonging to 1,4-BZD family); Norfludiazepam or Ro 5-3367 (belonging to
1,4-BZD family); Ro 07-4065 (belonging to 1,4-BZD family).

b)  Nitro-BDZ: 3-hydroxyphenazepam (belonging to 1,4-BZD family); Cloniprazepam (belonging to 1,4-BZD family); Fonazepam or Ro-4435 (be-

longing to 1,4-BZD family); Methylclonazepam (belonging to 1,4-BZD family); Nifoxipam or DP 370 (belonging to 1,4-BZD family); Phenazepam
(belonging to 1,4-BZD family).

e Pharmacokinetic features
a)  Plasma half-life: 24-48 hours (nitro-BZD); >48 hours (pro-nordiazepam-like BZD). Plasma t' increases in elderly and patients with liver diseases.

b) Metabolism: demethylation to nordiazepam, hydroxylation and conjugation by glucuronic acid; nitro-reduction and conjugation by glucuronic acid.
Active metabolites with long plasma half-life.

e Accumulation: after long-term treatment.

e Interactions: cimetidine, propranolol, fluoxetine, paroxetine, fluvoxamine, and oral contraceptives, decrease hepatic hydroxylation (CYP-450) and

increase plasma levels of these BZD. Combination with alcohol and CNS depressant drugs induces severe sedative and hypotensive effects.
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Table 2. List of current new/designer benzodiazepines.
Name of BZD Chemical Molecular Structure Systematical Chemical Year Patented | Aspect and Char- User Reports of
(CAS Registry Formula Name (IUPAC Name) (Year Notified acteristics Effects
Number) (Molecular Other or Street Names to the (Typical Recreational
Weight, g/mol) EMCDDA) dose, mg)
Phenazepam Ci5H,oBrCIN,O (7-bromo-5-(2- 1974 White crystalline Anxiolytic, extremely
(51753-57-2) (349.6) chlorophenyl)-1,3- (2007, UK) powder with a sedating, sort-term
dihydro-1,4- greyish-yellow memory loss, blackouts
cl benzodiazepin-2-one) tinge, odorless and at higher doses, insom-
Br =N Other/Street Names: tasteless, insoluble nia, delirium, psychotic
Fenazepam; BD 98; in water and solu- episodes
N Elzepam; Phezipam; ble in ethanol, (0.5-1)
H 6] Phenorelaxan; Phenzitat; dimethylformamide
Bonzai; Bonsai; Super- and chloroform
sleep; Fenaz; Soviet
Benzo; Zannie
Etizolam Ci7H5CINS \(/ N\ 4-(2-chlorophenyl)-2- 1978 White crystalline Anxiolytic, muscle
(40054-69-1) (342.1) / N ethyl-9-methyl-6H- (2011, UK) powder relaxation, sleep-aid,
S N thieno[3,2- Tablets euphoria (0.25-3)
\ | f][1,2,4]triazolo[4,3- Blotters similar to
—N a][1,4]diazepine LSD paper doses
Other/Street Names:
cl AHR 3219; Depas; Y-
7131; Etizola; Sedekopan;
Pasaden; Etizest; Etilaam;
Etiz; Etizzy
Pyrazolam CH,BrNg \(/ N\ 8-bromo- 1-methyl-6- 1979 Tablets Effects lasting 6-7
(39243-02-2) (354.2) N / N (pyridin-2-yl)-4H- (2011, Finland) hours, anxiolytic, low
[1,2,4]triazolo[4,3- sedation, low hypnotic
a][1,4]benzodiazepine effect, low recreational
Br —N Other/Street Names: value
1-methyl[1,2,4]triazo-6- (1)
N= (2-pyridinyl)-8-bromo-
\ / 1,4-benzodiazepine
Flubromazepam C,5H,(BrFN,O 7-bromo-5-(2- 1962 Capsules Effects lasting 18-24
(2647-50-9) (331.1) fluorophenyl)-1,3- (2013, Ger- hours, anxiolytic, mild
dihydro-2H-1,4- many) euphoria, blackouts,
F benzodiazepin-2-one sedating and muscle
Br =N Other/Street Names: NA relaxation, short-term
memory loss
N )
H "o
Diclazepam CsH,CLLN,O 7-chloro-5-(2- 1964 Blue tablets Effects lasting 5-12
(2894-68-0) (319.2) chlorophenyl)-1-methyl- (2013, Sweden) hours, anxiolytic,
1,3-dihydro-2H-14- useful for ‘tapering’
Cl benzodiazepin-2-one dependence of other
c =N Other/Street Names: BZDs, low cognitive
Ro 5-3448; 2- impairment, low rec-
N chlorodiazepam; reational value
/ 0 chlorodiazepam (1-2)

(Table 2) contd....
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methyl-4H-
[1,2,4]triazolo[4,3-
a][1,4]benzodiazepine
Other/Street Names:
JYI-73

Name of BZD Chemical Molecular Structure Systematical Chemical | Year Patented Aspect and User Reports of Effects
(CAS Registry Formula Name (IUPAC Name) (Year Notified Characteristics (Typical Recreational
Number) (Molecular Other or Street Names to the dose, mg)
Weight, g/mol) EMCDDA)
Alprazolam Cy7H,5CIN,O [2-[3-(Aminomethyl)- 1986 White powder Anxiolytic
triazolobenzo- (326.8) 5-methyl-4H-1,2.,4- (2014, Spain) (NA)
phenone deriva- triazol-4-yl]-5-
tive chlorophenyl] phen-
(125316-83-8) c o) ylmethanone
Other/Street Names:
N /\L NA
HoN JL N
Meclonazepam C1sH2CIN;0; (S)-5-(2-chlorophenyl)- 1975 White powder Low sedation, anxiolytic,
(S-enantiomer: (329.7) 3-methyl-7-nitro-1,3- (2014, Sweden) muscle relaxation
58662-84-3; o) a dihydro-2H-1,4- (2-3)
Racemate: II\IIJ’ — N benzodiazepin-2-one
67027-56-9) 0”7 Other/Street Names:
(8)-3-
N methylclonazepam; Ro
H 11-3128; Ro 11-3624;
Meclonazepamum;
Methylclonazepam; 3-
methylclonazepam
Deschloroetizo- C7H ¢N,S \(/ N\ 2-ethyl-9-methyl-4- 1998 Blue tablets Effects lasting 12-24
lam (308.4) y N phenyl-6h-thieno[3,2- (2014, UK) hours, anxiolytic, seda-
(40054-73-7) S N f][1,2,4]triazolo[4,3- tion, slight euphoria
\ | a][1,4]diazepin (4-6)
—N Other/Street Names:
ETZ-2; etizolam-2
Flubromazolam C;H,BrFN, \r/ N\ 8-Bromo-6-(2- 1978 White rectangle Effects lasting 12 — 18
(612526-40-6) (371.2) N fluorophenyl)-1- (2014, Sweden) shaped tablets hours, anxiolytic, high

tolerance to lower doses
quickly observed, black-
outs and memory loss,
strongly sedating, higher
doses of 2.5 — 4 mg have
effects reported to last up
to 3 days and strong
memory loss and cogni-
tive impairment. Inges-
tion of 3 mg of flubroma-
zolam 19 hours prior to
hospitalization has been
reported in a patient.
Severe respiratory fail-
ure, hypotension, central
nervous system depres-
sion and brain damage
were observed.
(0.15-0.25)

(Table 2) contd....
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Name of BZD Chemical Molecular Structure Systematical Chemical | Year Patented Aspect and User Reports of
(CAS Registry Formula Name (IUPAC Name) (Year Notified Characteristics Effects
Number) (Molecular Other or Street Names to the (Typical Recreational
Weight, g/mol) EMCDDA) dose, mg)
Nifoxipam Cy5sH oFN;0, E o 5-(2-fluorophenyl)-3- 1985 Brown tablets Effects lasting 12-18
74723-10-7 3153 hydroxy-7-nitro-1H- 2015, Swe- hours, anxiolytic,
ydroxy y
o OH benzo[e][1,4]diazepin- den) moderately sedating,
SN — N 2(3H)-one mild euphoric, High
(IDI Other/Street Names: doses can cause users to
F 5-(2-fluorophenyl)-3- feel sleep-deprived,
methyl-7-nitro-1,3- muscle relaxant
dihydro-2H-1,4- (0.5-2)
benzodiazepin-2-one; 3-
hydroxydesmethylfluni-
trazepam; DP-370
Clonazolam Cy7H,CIN5O, \(/ N . 6-(2-chlorophenyl)-1- 1971 White powder in Slight euphoria,
33887-02-4 353.8 N methyl-8-nitro-4H- 2014, Swe- yellow tablets strongly sedating
/
N [1,2,4]triazolo[4,3- den) (0.5-1)
a][1,4]benzodiazepine
O NG —N Other/Street Names:
1 clonitrazolam
(¢}
Cl
Adinazolam CioH5CIN; ~ N -~ 1-(8-chloro-6-phenyl- 1976 White powder Strongly sedating,
(37115-32-5) (351.8) 4H-[1,2 4]triazolo[4,5- (2015, Ger- White tablet anterograde amnesia
-~ N\ a][1,4]benzodiazepin-1- many, Sweden labelled “D/CD” (20)
N / N y1)-N,N- and Slovenia)
dimethylmethanamine
Other/Street Names:
al — N Deracyn”; Adinazola-
mum; 8-chloro-1-
[(dimethylamino)
methyl]-6-phenyl-4H-s-
triazolo[4,3-
a][1,4]benzodiazepine
Nitrazolam C7H3N;50, \(/ N\ 1-methyl-8-nitro-6- 1971 Light brown Anxiolytic, hypnotic,
-99- B phenyl-4H- , Ger- powder strongly sedating (0.5-
28910-99-8 3193 /N henyl-4H: 2015, G d ly sedating (0.5
N [1,2,4]triazolo[4,3- many) 2)
a][1,4]benzodiazepine
0. N —N Other/Street Names: NA
i
O
Metizolam Ci6Hi3CINSS _ N‘ 4-(2-chloro-phenyl)-2- 1988 Light-blue or Anxiolytic and muscle
(40054-68-0) (328.8) y N ethyl-6H-thieno[3,2- (2015, Ger- blue round relaxation, effects not
S N f][1,2,4]triazolo[4,3- many and tablets as strong as etizolam
\ | a][1,4]diazepine Denmark) 2)
—N Other/Street Names:
desmethyletizolam
Cl

(Table 2) contd....
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Name of BZD
(CAS Registry
Number)

Chemical
Formula
(Molecular
Weight, g/mol)

Molecular Structure

Systematical Chemical
Name (IUPAC Name)
Other or Street Names

Year Patented
(Year Notified
to the
EMCDDA)

Aspect and

Characteristics

User Reports of
Effects
(Typical Recreational

dose, mg)

Cloniprazepam
(1998158-84-1)

C1oH 4CIN;O;
(369.8)

5-(2-Chlorophenyl)-1-
(cyclopropylmethyl)-7-
nitro-1,3-dihydro-2H-
benzo[e][1,4]diazepin-2-
one
Other/Street Names: 7-
nitro-1-(cyclo-
propyl(methyl))-1,3-
dihydro-5-(2-
chlorophenyl)-2H-1,4-
benzodiazepin-2-one;
kloniprazepam; 2-chloro-
7’-nitroprazepam; 1-
cyclopropylmethyl-

clonazepam

Not reported
(2015, Sweden)

White capsule

Slight anxiolytic,
higher doses (>5-10
mg) required for mus-
cle relaxation, sedation

in most users (2.5)

3.
hydroxyphenaze-
pam
(70030-11-4)

Cy5H,(BrCIN,O

2

(365.6)

Br =N

Tz
@]

7-bromo-5-(2-
chlorophenyl)-3-
hydroxy-1,3-dihydro-2H-
1,4-benzodiazepin-2-one
Other/Street Names: 7-
bromo-5-(2-
chlorophenyl)-1,3-
dihydro-3-hydroxy-2H-
1,4-benzodiazepin-2-one;
3-HOP; HPNZ; 3-
oxyfenazepam; 3-

hydroxyfenazepam

Not reported
(2016, Sweden)

White tablet
and pale blue
tablet

Anxiolytic, slight
muscle relaxation,
strongly sedating (0.5-
2)

Fonazepam
(2558-30-7)

C5H10FN305
(299.3)

5-(2-fluorophenyl)-1,3-
dihydro-7-nitro-2H-1,4-
benzodiazepin-2-one
Other/Street Names:
Desmethyl-
flunitrazepam; Norfluni-
trazepam; Ro 05-4435;
N-
desmethylflunitrazepam

1963
(2016, Sweden)

white, blue and
grey tablets
white/yellow

powder

Anxiolytic, muscle

relation, sedation (0.6)

4-chlorodiazepam
(14439-61-3)

CigH ,CIN;0
(319.2)

—z

7-chloro-5-(4-
chlorophenyl)-1-methyl-
3H-1,4-benzodiazepin-2-
one
Other/Street Names: 7-
chloro-5-(4-
chlorophenyl)-1-methyl-
1,3-dihydro-2H-14-
benzodiazepin-2-one; 7-
chloro-1,3-dihydro-1-
methyl-5-(p-
chlorophenyl)-2H-1,4-
benzodiazepine-2-one; 4-
chlorodiazepam; 4°-
chlorodiazepam; Ro 5-
4864; Ro5-4864;
Chlorodiazepam

1964
(2016, Slove-

nia)

Off-white

powder

Pro-convulsing effects,
also at lower doses
neuroprotective, seda-
tive
(NA)

(Table 2) contd....
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Molecular Structure

Other/Street Names: 4H-
[1,2,4]triazolo[4,3-
a][1,4]benzodiazepine, 8-
bromo-1-methyl-6-phenyl-;8-
bromo-1-methyl-6-phenyl-4H-
benzo[f][1,2,4]triazolo[4,3-
a][1,4]diazepine; XLI-268

Name of BZD Chemical Systematical Chemical Year Patented Aspect and User Reports of
(CAS Registry Formula Name (IUPAC Name) (Year Notified Characteristics Effects (Typical
Number) (Molecular Other or Street Names to the Recreational
Weight, g/mol) EMCDDA) dose, mg)
Flunitrazolam Ci7H,FN5O, \(/ N 6-(2-fluorophenyl) -1-methyl- 1960 White Powder Strong sedative,
(2243815-18-9) (337.1) 8-nitro-4H-[1,2.,4] tria- (2016, Ger- Grey and blue slight amnesia
N zolo[4,3- many) Tablets reported, anxiolytic
a][1,4]benzodiazepine Pellets and (0.8-1.5)
0. N _ Other/Street Names: Fluclazo- soaked into
1 lam paper strips
O
Bromazolam Cy;H3BrN, N\ 8-bromo-1-methyl-6-phenyl- 1976 Yellow powder No published
(71368-80-4) (353.2) / 4H-[1,2 4]triazolo[4,3- (2016, Sweden) reports
a][1,4]benzodiazepine (1-3)

Norfludiazepam
(2886-65-9)

CysH,,CIFN,0
(288.7)

7-chloro-5-(2-fluorophenyl)-
1,3-dihydro-1,4-
benzodiazepin-2-one
Other/Street Names: Chloro-5-
(2-fluorophenyl)-1,3-dihydro-
2H-[1,4]-benzodiazepin-2-
one, 7-chloro-5-(2-
fluorophenyl)-1,3-dihydro-2H-
1,4-benzodiazepin-2-one, 7-
chloro-5-(o-fluorophenyl)-1,3-
dihydro-2H-1,4-
benzodiazepine-2-one; N-
desalkylflurazepam; Desal-
kylflurazepam; Norfluraze-
pam; Desalkylflurazepam;
Norflutoprazepam;
Ro 5-3367

1962
(2016, Sweden

and Germany)

Orange tablet
White powder

Strongly sedating
and long lasting

effects

(%)

Ro 07-4065
(39080-67-6)

CiH,,CIF,N,0
(320.7)

7-chloro-5-(2,6-
difluorophenyl)-1-methyl-3H-
1,4-benzodiazepin-2-one
Other/Street Names: 7-chloro-
5-(2,6-difluorophenyl)-1-
methyl-1,3-dihydro-2H-
benzo[e][1,4]diazepin-2-one,
7-chloro-5-(2,6-
difluorophenyl)-1,3-dihydro-
1-methyl-2H-1,4-
benzodiazepin-2-one, 7-
chloro-5-(2,6-difluorophenyl)-
1-methyl-1,3-dihydro-2H-14-
benzodiazepin-2-one; Ro-07-
4065; Difludiazepam

1972
(2017, Sweden)

Pale beige

powder

No published
reports
(NA)

(Table 2) contd....
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Name of BZD
(CAS Registry
Number)

Chemical
Formula
(Molecular
Weight, g/mol)

Molecular Structure

Systematical Chemical Name
(IUPAC Name)

Other or Street Names

Year Patented
(Year Notified
to the
EMCDDA)

Aspect and

Characteristics

User Reports of
Effects (Typical
Recreational

dose, mg)

Thionordiazepam
(4547-02-8)

CisH,,CIN,S
(286.8)

7-chloro-5-phenyl-1,3-dihydro-
2H-1,4-benzodiazepin-2-thione
Other/Street Names: 7-chloro-
5-phenyl-1,3-dihydro-1,4-
benzodiazepine-2-thione7-
chloro-1,3-dihydro-5-phenyl-
2H-1,4-benzodiazepine-2-
thione; 7-chloro-5-phenyl-1,3-
dihydro-1,4-benzodiazepine-2-
thione, 7-chloro-1,3-dihydro-5-
phenyl-2H-1,4-benzodiazepine-
2-thione; Thionordiazepam;

Thionordiaze-pam

1963
(2017, Sweden)

Pale yellow

powder

No published
reports
(NA)

Methyl-
clonazepam
(5527-71-9)

CisH12CIN;05
(329.7)

0 ¢
N

5-(2-chlorophenyl)-1-methyl-7-
nitro-3H-1,4-benzodiazepin-2-
one
Other/Street Names: 5-(2-
chlorophenyl)-1,3-dihydro-1-
methyl-7-nitro-2H-1,4-
benzodiazepin-2-oneS-(2-
chlorophenyl)-1-methyl-7-
nitro-(1,4)-benzodiazepin-2-
one5-(o-chlorophenyl)-1-
methyl-7-nitro-(1,4)-
benzodiazepin-2-oneS-(2-
chlorophenyl)-1,3-dihydro-7-
nitro-1,4-benzodiazepin-2-one;
ID 690; ID-690;
Ro 05-4082; R 5-4082

1974
(2017, Sweden)

Pale yellow

powder

Anxiolytic effect
more potent than
lorazepam
(1-6)

Fluclotizolam
(54123-15-8)

CysH,,CIFN,S
(332.8)

N

Cl \

2-chloro-4-(2-fluorophenyl)-9-
methyl-6H-thieno[3,2-
f][1,2,4]triazolo[4,3-
a][1,4]diazepine
Other/Street Names: 4-(2-
fluorophenyl)-2-chloro-9-
methyl-6H-thieno[3,2-
f][1,2,4]triazolo[4,3-
a][1,4]diazepine

1974
(2017, Sweden

and Denmark)

Pale green
tablets
Blotters

Potent hypnotic
(0.25-0.5)

Tofisopam
(22345-47-7)

CyHagN>O4
(382.5)

1-(3,4-dimethoxyphenyl)-5-
ethyl-7,8-dimethoxy-4-methyl-
5H-2,3-benzodiazepine
Other/Street Names: 1-(3,4-
dimethoxyphenyl)-4-methyl-5-
ethyl-7,8-dimethoxy-5H-2,3-
benzodiazepine; 7,8-
dimethoxy-1-(3,4-
dimethoxyphenyl)-5-ethyl-4-
methyl-5H-2,3-benzodiazepine;
Grandaxin®; Emandaxin®;
EGYT 341; Nodeprine;

Sériel; TF

1978
(2017, Sweden)

White tablet
labelled
‘GRANDAX’ in
blister packs

Anxiolytic effects
with increased
concentration,

memory and
attention, no
withdrawal ef-
fects
(NA)

(Table 2) contd....
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Name of BZD
(CAS Registry
Number)

Chemical
Formula (Mo-
lecular
Weight, g/mol)

Molecular Structure

Systematical Chemical Name
(IUPAC Name)
Other or Street Names

Year Patented
(Year Notified
to the
EMCDDA)

Aspect and

Characteristics

User Reports of
Effects (Typical
Recreational

dose, mg)

Flualprazolam
(28910-91-0)

C:H,,CIFN,
(326.8)

Cl

\

e

\
z

8-chloro-6-(2-fluorophenyl)-1-
methyl-4H-[1,2 4]triazolo[4,3-
a][1,4]benzodiazepine
Other/Street Names: 8-chloro-
6-(2-fluorophenyl)-1-methyl-
4H-[1,2 A]triazolo[4,3-
a][1,4]benzodiazepine; 8-
chloro-6-(2-fluorophenyl)-1-
methyl-4H-
benzo[f][1,2,4]triazolo[4,3-
a][1,4]diazepine; 12-chloro-9-
(2-fluorophenyl)-3-methyl-
2,4,5,8-
tetraazatricy-
clo[8.4.0.0%,%]tetradeca-
1(14),3,5,8,10,12-hexaene; Ro
11-5073/000

1971
(2017, Sweden)

Pale beige and
yellow powder
Tablet
Pellet

No published
reports
(NA)

Clobromazolam
(87213-50-1)

CH,,BrCIN,
(387.7)

Br

Cl

8-bromo-6-(2-chlorophenyl)-1-
methyl-4H-[1,2 4]triazolo[4,3-
a][1,4]benzodiazepine
Other/Street Names: 8-bromo-
6-(2-chlorophenyl)-1-methyl-
4H-s-triazolo[4,3-
a][1,4]benzodiazepine; Phena-
zolam; BRN 4550445; DM-II-
90

1983
(2016, Sweden)

White capsule
containing white

powder

No published
reports
(NA)

Bentazepam
(Free base:
29462-18-8;
Hydrochloride
salt: 29462-19-9)

CH N,08
(296.3)

\

5-phenyl-1,3,6,7.,8,9-
hexahydro-2H-
[1]benzothieno[2,3-
e][1,4]diazepin-2-one
Other/Street Names: 5-phenyl-
1,3,6,7,8,9-
hexahydrobenzothiopheno[2,3-
e][1,4]diazepin-2-one; CI 718;
QM 6008; Thiadipone; Tiadi-
pone; 608-362-7 (EC No);
29349990 (EU Customs Code
CN)

1986
(2014, Sweden)

White round
tablets

Limited published
reports
(30-50)

(Chemical structures performed by using ChemDraw for professionals version 16.0).

by investigating and collecting data coming from the litera-
ture so far published and the web as well, from pharmacol-
ogical, toxicological and clinical points of view.

2. MATERIALS AND METHODS

A comprehensive overview was carried out by using the
EMCDDA/EDND database regularly monitored and ana-
lysed by a team member of our research team, by specifically
looking at the so-called ‘new benzodiazepines’ so far mar-
keted (last update: 25 September 2019). For each BZD here
identified and selected, a PubMed/Medline search was also
conducted to evaluate (if any) literature published (particu-
larly, case-reports). Two team members of our research team

combined the search strategy of free-text terms and exploded
MESH headings for the topics of Benzodiazepines and
Novel Psychoactive Substances as following: ((Benzodi-
azepines) [Title/Abstract]) AND (Designer [Title/Abstract]))
and for each of the 29 BZDs here identified (Table 2). Sec-
ondary searches were performed using the reference list of
included articles and relevant systematic reviews. All articles
published without the time and/or language restriction were
selected. Working independently and in parallel, two review-
ers of our research team read the papers and determined
whether they provided data on ‘new benzodiazepines’. To be
included in the present overview, studies were required to
meet the following criteria: a) empirical and peer-reviewed
study; b) at least an abstract with estimates (for those papers
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not found in full text and/or with full text but not in English)
and/or full results published in English; c) investigated ‘new
benzodiazepines’. Studies evaluating ‘classical BZDs’, even
though containing data on abuse and/or misuse were cor-
rectly excluded as not relevant to the aims of the present
paper. As limited information is available, non-systematic
review, reviews, letters to editors and meta-analyses were
also considered for retrieving data (if available). Two team
members of our research team independently extracted the
data. Disagreements were resolved by discussion and con-
sensus with a third member of the team. Data were collected
using an ad-hoc developed data extraction spreadsheet. Table
2 provides a summary of the data collected by the present
comprehensive review.

However, given the limitation of peer-reviewed data pub-
lished so far, a preliminary nonparticipant multilingual quali-
tative study of a list of websites and other online resources
(i.e. e-newsgroups, chat-rooms, bulletin boards, and e-
newsletters), specifically addressed to psychonauts and NPS
consumers, was additionally conducted in order to obtain
more data (in terms of clinical, pharmacological and toxico-
logical effects) about the 29 BZDs selected and analysed
here. A systematic Internet search was conducted on Goo-
gle® which included the following keywords: ‘benzodi-
azepine name’ and/or possible acronyms, street names efc.
plus ‘to buy’, ‘experience’, ‘trip’, ‘legal high’, ‘abuse’,
‘misuse’. The first 5 pages recorded per search term and
search engine were consequently selected and analyzed only
if relevant in terms of information and data provided regard-
ing ‘new/designer BZDs’. Within the time frame of January—
September 2019, data were collected from 12 websites. Con-
fidentiality measures applied to the dataset included storage
in an online, password-protected computer and removal of
screen pseudonyms, URLs, country and city identifiers.
Some 2,900 fora threads were screened. After the removal of
Web pages which were either duplicates or nonrelevant to
the aims of the study, 268 fora threads were used to retrieve
and analyze the data presented here.

Ethical approval for the study was granted by the De-
partment of Pharmacy Ethics Committee at the University of
Hertfordshire (December 15, 2010, reference code
PHAEC/1042), with further extensions of the approval
granted in November 2013 and February 2019 (Protocol
number: aLMS/SF/UH/02951(2).

All designer BZDs are here described and discussed ac-
cording to a chronological order of appearance on the online
drug market and according to the notification sent out to the
EMCDDA.

3. RESULTS

3.1. Phenazepam

Phenazepam is a long-acting BZD, belonging to the 1,4-
BZDs, the same family as diazepam, oxazepam and temaze-
pam, which was developed in the 1970s for the treatment of
epilepsy, alcohol withdrawal syndrome, insomnia, anxiety,
and as premedication in anesthesia procedures, which is cur-
rently the most prescribed BZD in Russia since 1978 [13-
19]. Phenazepam has not been licensed in other European
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countries. Phenazepam is currently controlled under the 1971
United Nations Convention on Psychotropic Substances or
the 1961 Single Convention on Narcotic Drugs. Phenazepam
is controlled in Estonia, Latvia, Lithuania, Moldova, Nor-
way, Sweden, and the Republic of Ireland [16, 20-22].
Whilst it is covered by prescription legislation in Estonia,
Latvia, Lithuania, the Russian Federation and Belarus [16,
22]. Following the UK Advisory Council on the Misuse of
Drugs (ACMD) advice, the Home Office imposed a ban
(dated 22 July 2011) under the Open General Import License
on the importation of phenazepam [23-25]. Following the
ACMD recommendation, phenazepam became controlled in
the UK, like other BZDs, as a Class C drug from June 2012.
The recreational/unauthorized use of phenazepam has been
reported during the recent last years, particularly in the USA,
New Zealand, and some European countries, particularly in
Scandinavian countries (i.e., Finland, Norway and Sweden)
[16,26-28].

From a pharmacological point of view, phenazepam is
generally more potent than diazepam (5-10-fold) and pos-
sesses more severe and persistent side-effects (up to 5 days-3
weeks) by having a long elimination half-life of around 60
hours after ingestion [16, 26, 29-32]. Phenazepam has an
active metabolite 3-hydroxyphenazepam, which is as well 5-
to 10-fold more potent than diazepam. Various fatal cases
have been reported following the intake of phenazepam as
well as reports of abuse, especially in combination with
opioids and/or other sedatives [19, 21, 27, 32-43]. The most
frequently reported causes of poisoning occurring in children
in Moscow to appear to be BZD-related, mainly involving
cases of phenazepam intake [44]. Reported side-effects in-
clude amnesia, drowsiness, dizziness, somnolence, difficulty
in waking up, muscle weakness, headache, weakening of
attention, incoordination, blurred vision, slurred speech,
ataxia, and muscle weakness [45]. At high doses, delirium
and psychosis-like behaviour have been reported [46].
Phenazepam and its active metabolite are both GABA, re-
ceptor positive allosteric modulators [47, 48]. In Russia and
in other countries in which is legally marketed, phenazepam
is available as 0.5-1 mg tablets, injectable solutions (0.1%,
0,3%) and transdermal patches, with a usual therapeutic oral
dosage of 0.5 mg 2-3 times per day, and a maximum toler-
ated dose of 10 mg daily [33, 49, 50]. In the NPS market,
phenazepam has been sold as a powder, tablets, spiked in
blotters similar to LSD, or, in the USA, sold as an air fresh-
ener known as “Zannie” which can be administered by
spraying into the mouth [45]; it is easily available via the
Internet, often produced in China [32, 51, 52]. The main
routes of administration (ROA) reported include orally (most
common), snorted, inhaled, administered transdermal or rec-
tally, or injected (after crushing the tablet) [S3]. Phenazepam
has been reported to be used to enhance the euphoric effects
of opioids (particularly, to “boost” methadone doses), to al-
leviate withdrawal or abstinence syndrome (i.e., between
heroin ‘fixes’), to potentiate the effects of alcohol and to
temper/balance cocaine ‘highs’ [28, 50, 54].

The Scottish police seized phenazepam for the first time
in October 2008, sold as fake ‘diazepam’; then it appeared
again in January 2011 in North Wales and in March 2011 in
Germany [21]. Furthermore, phenazepam appeared to be
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presently mixed in some packages containing synthetic can-
nabinoids, JWH-018, JWH-073, JWH-122 and JWH-250
[55-57]. There are several anecdotal reports from psychonaut
fora which describe it as “a very long lasting, potent and
subtle benzodiazepine (...)” [52, 54]. In particular, a low
dose is reported to range from 0.5 to 1 mg, a typical dose is
1-2 mg, and a high dose is 2-4 mg or more [58]. The onset of
symptomatology is reported after 15-60 minutes, and effects
may last more than 18 hours and after-effects more than 36
hours [58].

3.2. Etizolam

Etizolam is a short-acting BZD, belonging to the
thienotriazolodiazepine family (in which a diazepine ring is
fused to a thiophene ring, instead of benzene), marketed in
some countries (i.e., Japan), which is used for the treatment
of insomnia, anxiety disorders, and withdrawal symptoma-
tology [59]. The recommended dosage of etizolam for medi-
cal use is approximately 1 mg to 1.5 mg daily up to a maxi-
mum of 4 mg daily [60]. It has elimination kinetics between
those of short-intermediate derivatives and ultra-rapidly
eliminated BZDs. Etizolam is pharmacologically similar to
diazepam [60]. It has been implicated in fatalities [61]. Per-
haps no more so than in Scotland. The number of deaths reg-
istered there involving etizolam has reached a crisis point;
rising gradually from 1 in 2012, 8 in 2013, 37 in 2014, and to
43 in 2015. However, the number in 2016 was 225, with 300
in 2017 but an unprecedented 551 in 2018, out of a total of
1313 drug-related poisoning deaths [62]. There are no fur-
ther data about clinical, pharmacological or toxicological
properties. Etizolam is not currently controlled under the
1971 United Nations Convention on Psychotropic Sub-
stances or the 1961 Single Convention on Narcotic Drugs.

Etizolam was first reported to the EMCDDA by the UK’s
Hampshire police in September 2011 in a seizure of tablets
bought on line. Subsequently, powders, as well as ‘blotters’
(similar to LSD paper doses) were reported [21]. There are
several anecdotal reports from psychonaut fora which de-
scribe it with a “high potency which allows an effective dose
of a few milligrams to be present on a paper dose (...)” [52;
54]. In particular, a low dose is 0.5-1 mg, a typical dose is 1-
2 mg, and a high dose is 2-4 mg or more [58]. The onset of
symptomatology occurs in 10-40 minutes, effects last 5-8
hours and after-effects for 6-24 hours [58].

3.3. Pyrazolam

Pyrazolam is a triazolo-BZD with apparently very little
information, structurally similar to alprazolam but is bromi-
nated rather than chlorinated and contains a pyridinyl group
instead of a phenyl group. It was first developed and pat-
ented by Hoffman-La Roche in 1979 in a patent [63]. How-
ever, pyrazolam is the first BZD on the NPS market that is
not marketed anywhere in the world by a pharmaceutical
company for medical purposes [63]. It has been sold as tab-
lets that contain 0.5 mg of active compound per tablet. From
a pharmacological point of view, pyrazolam is generally
more potent than diazepam (12-fold) and has an elimination
half-life of around 6 hours after ingestion [63]. There are no
further data about clinical, pharmacological or toxicological
properties. Pyrazolam is not currently controlled under the
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1971 United Nations Convention on Psychotropic Sub-
stances or the 1961 Single Convention on Narcotic Drugs.

Pyrazolam was first reported in a seizure of tablets in a
mail package on 3 August 2011 by Finnish Customs officials
[63, 64]. There are limited anecdotal reports from psychonaut
fora which describe it as “quite sedating, amnesic and loss of
inhibition at higher doses (...) anxiolytic effect at lower
doses (...)” [52, 54]. In particular, a light dose is 1-2 mg, a
typical dose is 2-3 mg, and a high dose is 3-4 mg [58]. The
onset of symptomatology occurs in 10-15 minutes, and ef-
fects may last 5-8 hours and after-effects for 1-12 hours [58].

3.4. Flubromazepam

Flubromazepam is a long-lasting BZD, structurally simi-
lar to phenazepam, from which it differs due to substitution
of a fluorine atom instead of a chlorine atom, and to triazo-
lam and pyrazolam. It does not appear to be licensed for
medical use. Flubromazepam was first described in 1962
when it was noted to be several times more potent than
chlordiazepoxide, the reference substance used in several
assays [65]. Derivatives of this substance may be used as
antivirals [66]. Pharmacokinetic data suggest an elimination
half-life of about 100 hours and anticonvulsant properties
[63]. Published literature described a fatal case of poisoning
by the synthetic opioid U-47700 in combination with flub-
romazepam in a 24-year-old man [67]. Furthermore, three
hospitalizations from acute exposure have been reported in
the US and 33 in Sweden between 2012-2017 [63, 68-71].
There are no further data about clinical, pharmacological or
toxicological properties. Flubromazepam is not currently
controlled under the 1971 United Nations Convention on
Psychotropic Substances or the 1961 Single Convention on
Narcotic Drugs.

Flubromazepam was first identified in a sample of cap-
sules analysed by a German university forensic institute in
March 2013 [69, 70, 72, 73]. There are several anecdotal
reports from psychonauts fora which describe it as “of ex-
treme duration, with effects for larger doses reaching up to
three days” [52, 54]. In particular, a low dose is 2-4 mg, a
typical dose is 4-8 mg, and a high dose is 8§-12 mg or more
[58]. Symptomatology occurs in 15-90 minutes, effects may
last 12-18 hours and after-effects for more than 36 hours
[58].

3.5. Diclazepam

Diclazepam is the 2'-chloro derivative of diazepam and a
positional isomer of 4-chlorodiazepam. It was first synthe-
tised by the Hoffman-La Roche in 1960 [74] and recently
appeared in the ‘grey drug market’ as an alternative to etizo-
lam [10]. Babbini et al. [75] reported a potency of approxi-
mately 4-8 times higher than diazepam in terms of reducing
motor activity and conflict behaviour in rats whilst Sternbach
et al. [76] described a potency similar to diazepam regarding
to muscle relaxant and sedative effects in mice and twice as
potent than diazepam investigating the same effects in cats
[76]. It does not show differences in the behavioural activity
if given to monkeys, compared to diazepam [77]. Diclaze-
pam has a long half-life of approximately 42 hours and its
pharmacokinetic profile follows a biphasic elimination [7].
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There are no further data about clinical, pharmacological or
toxicological properties. Diclazepam is not currently con-
trolled under the 1971 United Nations Convention on Psy-
chotropic Substances or the 1961 Single Convention on Nar-
cotic Drugs.

Diclazepam was first identified in a sample of tablets
analysed by a German university forensic institute in August
2013 [69, 70, 72]. There are several anecdotal reports on
psychonauts fora which describe it as “sedative and hyp-
notic” with similar effects to diazepam, even though “/0-fold
times more potent and with an intermediate half-life” [54]. In
particular, a low dose is 0.25-1 mg, a typical dose is 1-2 mg,
and a strong dose is 2 mg or more [58]. Symptomatology
occurs after 15-90 minutes, effects may last 8-12 hours and
after-effects for 1-24 hours [58].

3.6. Alprazolam triazolobenzophenone derivative

The Alprazolam triazolobenzophenone derivative repre-
sents a product of hydrolysis, under acidic conditions, of
alprazolam and, hence, a metabolite of alprazolam as well.
At neutral pH, it rapidly converts to alprazolam. It was firstly
developed by the Upjohn Company in the 1980s as a water-
soluble pro-drug of alprazolam for the parenteral (intrave-
nous or intramuscular) ROA [78]. There are no further data
about clinical, pharmacological or toxicological properties.
Alprazolam triazolobenzophenone is not currently controlled
under the 1971 United Nations Convention on Psychotropic
Substances or the 1961 Single Convention on Narcotic
Drugs.

Alprazolam triazolobenzophenone has been firstly identi-
fied in a seizure of 1000 grams of white powder, seized at
Madrid Airport in March 2014 by Customs authorities in a
package that had arrived from India; it also contained
paracetamol. The compound was identified and characterised
using the gas chromatography-mass spectrometry (GC-MS)
and nuclear magnetic resonance (NMR) by the Spanish Na-
tional Focal Point [79]. There are limited anecdotal reports
from psychonaut fora but it is supposed to exert an effect
similar to that of alprazolam [54].

3.7. Meclonazepam

Meclonazepam represents the 3-methyl-derivative of
clonazepam, hence, it has been supposed that it exhibits
similar sedative, anxiolytic and anti-parasitic effects [80]. Its
synthesis was first developed and patented by Hoffman-La
Roche in 1977 [81]. Its pharmacology has been investigated
in clinical trials as an anxiolytic and as a schistosomicidal
compound able to treat parasitic infections by Schistosoma
haemayobium and Schistosoma Mansori [§1-84]. Drowsi-
ness, dizziness, slurred speech, ataxia, muscle weakness,
reduced mental alertness and lateral nystagmus have been
described as the main side-effects [82]. The effects appear to
be dose-dependent with a narrow therapeutic range (0.3-0.4
mg/kg) [82]. Doses above 0.4 mg/kg have been described as
causing severe adverse drug effects, with the most pro-
nounced effects within 3 hours after oral intake of more than
1 mg of meclonazepam and amnesia after a 4-mg dose [82,
85]. An anxiolytic potency 3-fold that of diazepam has been
reported [83]. From a pharmacokinetic perspective, a plasma
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t 72 of approximately 40-80 hours is reported [83, 86]. There
are no further data about clinical, pharmacological or toxico-
logical properties. Meclonazepam is not currently controlled
under the 1971 United Nations Convention on Psychotropic
Substances or the 1961 Single Convention on Narcotic
Drugs.

Meclonazepam was first identified in a seizure of 145
capsules in May 2014 by Swedish police in Eskilstuna. The
substance was identified by the Swedish National Laboratory
of Forensic Science (SKL) using GC-MS and NMR analyses
[69, 70, 79]. There are several anecdotal reports from psy-
chonaut fora which describe it as “relatively fast sublingual
onset” which gives it a strong ‘anti-panic effect’ [54]. In
particular, a low dose is 0.25-0.5 mg, a typical dose is 0.5-1
mg, and a high dose is 1-2 mg or more [58]. The onset of
symptomatology is in 20-45 minutes, effects may last 8-12
hours and after-effects for 8-48 hours [58].

3.8. Deschloroetizolam

Deschloroetizolam is a thieno diazepine, structurally
similar to etizolam, from which it differs due to the absence
of chlorine on the benzene ring; triazolam and alprazolam
[87]. Deschloroetizolam is supposed to have a rapid onset of
action, even though it appears to be half as potent as its par-
ent compound etizolam with a duration twice as long, as
supposed by the loss of the chlorine atom [76, 87, 88]. Seda-
tion, respiratory distress, muscle relaxation, amnesia, dizzi-
ness, thought deceleration, disinhibition, the delusion of so-
briety, and dream potentiation have been described following
its intake [87]. The synthesis of deschloroetizolam was first
described in a 1988 patent [88, 89]. There are no further data
about clinical, pharmacological or toxicological properties.
Deschloroetizolam is not currently controlled under the 1971
United Nations Convention on Psychotropic Substances or
the 1961 Single Convention on Narcotic Drugs.

Deschloroetizolam was first identified in a UK seizure of
blue tablets in August 2014. The substance was identified by
the WEDINOS Project in Wales using TOF (time-of-flight
mass spectrometry) analysis [69, 79]. There are limited an-
ecdotal reports from psychonaut fora which describe it as
“longer acting and slightly less potent than etizolam” [54].
In particular, a low dose is 2-4 mg, a typical dose is 4-6 mg,
and a strong dose is 6-12 mg [58]. The onset of symptoma-
tology happens in 1-5 minutes, and effects may last 8-10
hours and after-effects for 1-8 hours [58].

3.9. Flubromazolam

Flubromazolam is a substituted BZD, structurally related
to pyrazolam from which it differs due to the substitution of
a 2-fluorophenyl instead of a 2-pyridinyl group at position 6.
Moreover, it is the triazolo-analogue of flubromazepam and
it is structurally related to alprazolam and triazolam [90-93].
The substance has been researched in the patent literature for
its anxiolytic properties and decreased sedative, hypnotic,
and ataxic side-effects, but it does not appear to be licensed
for medical use. Lukasik-Glebocka ef al. [94] reported a case
of severe intoxication following the intake of flubromazolam
in an individual who presented with deep coma, bilateral
pinpoint unreactive pupils, acute respiratory failure and hy-
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potension complicated by hypoxic cerebral ischaemia. Hup-
pertz et al. [90] reported muscle relaxation, sedation, diffi-
culty following and participating in conversation and partial
amnesia in a healthy volunteer following intake of 0.5 mg of
flubromazolam. A case-report described a 36-year-old male
affected with a schizoaffective disorder, opioid use disorder,
seizures, anxiety and a posttraumatic stress disorder who
presented to an inpatient facility and reported flubromazolam
abuse [93]. There are no further data about clinical, pharma-
cological or toxicological properties. Flubromazolam is not
currently controlled under the 1971 United Nations Conven-
tion on Psychotropic Substances or the 1961 Single Conven-
tion on Narcotic Drugs.

Flubromazolam was first identified in a sample of 10
white rectangle shaped tablets labelled “XANAX?”, seized in
Malmé by Swedish police in September. The substance was
identified by the National Laboratory of Forensic Science
(SKL) by using GC-MS and NMR [79]. There are several
anecdotal reports from psychonaut fora which describe “mild
anxiolytic and skeletal muscle relaxant effects” at low doses
as 0.1 mg whilst “significant sedation” at doses of 0.5 mg
[51]. Moreover, it has been described as “hard to dose” due
to its unpredictable dose-response effects [52, 93]. In par-
ticular, a ‘threshold’ dose of 80 ug is described, with a low
dose being 100-200 ug, a typical dose is 200-400 pg, and a
high dose is 400-600 pwg or more [58]. The onset of sympto-
matology occurs in 20-45 minutes, and effects may last 6-12
hours and after-effects for 6-24 hours [58].

3.10. Nifoxipam

Nifoxipam  represents the  3-hydroxy-desmethyl-
derivative (active metabolite) of the hypnotic BZD fluni-
trazepam, from which it differs due to the presence of an
additional hydroxyl group and the deletion of a methyl
group. Moreover, nifoxipam is also the 3-hydroxy metabolite
of fonazepam [95]. It is normally consumed in tablet form,
even though is also available in the powder form. Its typical
ROA is orally or sublingually [95]. Little is known about the
pharmacology and toxicology of nifoxipam. Nifoxipam
likely possesses a pharmacological activity similar to fluni-
trazepam, by binding to the GABA 4 receptor, and with simi-
lar side-effects and toxicity [95]. Nifoxipam is extremely
physically and psychologically addictive and presents cross-
tolerance with all BZDs, thereby reducing their pharmacol-
ogical effects [95]. There are no further data about clinical,
pharmacological or toxicological properties. Nifoxipam is
not currently controlled under the 1971 United Nations Con-
vention on Psychotropic Substances or the 1961 Single Con-
vention on Narcotic Drugs.

Nifoxipam was first identified in a seizure of 20 brown
tablets made by the Swedish Police in April 2014. The sub-
stance was analytically confirmed by GC-MS, LC-MS (lig-
uid chromatography-mass spectrometry) and NMR analysis
by the Swedish National Laboratory of Forensic Sciences
[69, 79]. In December 2014, four-round, light-brown tablets
marked as ‘nifoxipam 1 mg’ were sent from the UK to Fin-
land where they were seized and nifoxipam was analytically
confirmed by GC-MS and LC-MS/MS analysis [9, 10]. Fi-
nally, in January 2015, the Norwegian Federal Police seized
101 brown tablets found in a mail package sent from the UK
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to Norway and nifoxipam was analytically confirmed by
GC-MS analysis [10, 95]. There are several anecdotal reports
from psychonaut fora which describe “a greater hypnotic
effect” [51], anxiety relief, euphoria within 10-15 minutes
after intake of 1 mg of nifoxipam along with a drink [52]. A
low dose is 250-500 pg, a typical dose is 500-1000 pg, and
high dose is 1000-2000 pg or more [58]. The onset of symp-
tomatology occurs after 10-75 minutes, and effects may last
10-18 hours and after-effects for 1-24 hours [58].

3.11. Clonazolam/Clonitrazolam

Clonazolam is a triazolo BZD, structurally similar to
flubromazolam, from which it differs due to possessing a
nitro group in the 8th position and a 2-chlorophenyl group
instead of a 2-fluorophenyl group. Clonazolam is the second
most common single agent exposure responsible for 50 cases
(21% of the sample) of BZD intoxications reported to the
National Poison Data System (USA) in 2014-2017, accord-
ing to a study by Carpenter et al. [64]. The most frequently
reported motivations for intake are reported as: misuse
(12%), abuse (60%) and suspected suicide (20%), being
acute intoxication the most commonly described (78%). Sub-
jects who took clonazolam described the onset of leth-
argy/drowsiness (68%), slurred speech (16%), tachycardia
(14%), confusion (10%), agitation/irritability (6%), ataxia
(6%), hypotension (6%), coma (6%), and bradycardia (6%).
Most patients were treated with fluid infusion (34%), oxygen
(12%), intubation or ventilation (6%), flumazenil (6%) and
antiemetics (4%). Eleven patients were admitted to a non-
critical care unit, ten to a critical care unit while 17 were
treated and released; only five cases were admitted to a psy-
chiatric facility, by reporting minor or moderate sequalae in
45% and 35% of cases, respectively [70]. There are no further
data about clinical, pharmacological or toxicological properties.

Clonazolam was first synthesized in the 1970s by the
Upjohn Company [96]. Clonazolam was first identified in a
seizure of 25 yellow tablets containing a white powder by
the Swedish Police on 16 October 2014. The substance was
analytically confirmed by GC-MS and NMR analysis [69,
79]. Clonazolam was classified as a Class C drug by the May
2017 amendment to the Misuse of Drugs Act 1971 in the UK
[97]. There are several anecdotal reports from psychonaut
fora that describe “a totally relaxing and anxiolytic effect, a
moderate sedation” [54]. A threshold dose is described as
being 50-75 ug, a low dose is 75-200 pug, a typical dose is
200-400 pg, and a high dose is 500-1000 pug or more [58].
Symptomatology occurs in 10-30 minutes, with effects last-
ing 6-10 hours and after-effects for 1-12 hours [58]. The
most commonly reported ROA is oral, with a described po-
tency 10-fold higher than lorazepam 1 mg [98]. Moosmann
et al. [8] reported that clonazolam, due to its higher potency,
can cause sedation and amnesia at oral doses as low as 0.5
mg which are extremely difficult to measure for users han-
dling bulk materials, and, being tablets often vary greatly in
terms of clonazolam content, this can frequently lead to un-
intended overdosing and lead to drug facilitated crimes [99].

3.12. Adinazolam

Adinazolam is a short-acting BZD belonging to the tria-
zolo-BZD class. The half-life of adinazolam is indicated as
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less than 3 hours [100]. Three hours were also considered the
time of peak onset for adinazolam, i.e., the time after ad-
ministration of the substance where subjective effects were
most pronounced [101]. In-vivo metabolism of adinazolam
occurs mainly through the liver and results in the formation
of active metabolites, mostly N-demethyl-adinazolam
(NDMAD) [102]. Alpha-hydroxy-alprazolam and estazolam
are also metabolites of adinazolam [103]. Adinazolam has a
high affinity for the GABA, receptor [102]. In vitro, both
adinazolam and NDMAD bind to central BZD-receptors but
NDMAD has an approximately 25-fold higher activity than
adinazolam [102, 104-106]. The molecule has been studied
for the treatment of depression, panic disorder, general anxi-
ety and status epilepticus [106-108]. It can be used to induce
sedation and anterograde amnesia (whereby it reduces the
memory of an event following its administration) [100, 109].
Ataxia, dysarthria, weakness, diminished reflexes, confusion,
coma and a paradoxical excitement in children have been
reported, in addition to signs of overdose [100]. A human
study comparing the subjective effects and abuse potential of
adinazolam (30 mg and 50 mg) with diazepam, lorazepam
and a placebo showed that adinazolam causes the most
“mental and physical sedation” and the greatest “mental un-
pleasantness” [101]. The same study notes that despite re-
ports of “unpleasantness” the participants of the study rated
the substance of high “street value”, capable of producing
“physical and mental highness” according to the Addiction
Research Criteria Inventory (ARCI) [101]. There are no fur-
ther data about clinical, pharmacological or toxicological
properties. Adinazolam is not currently controlled under the
1971 United Nations Convention on Psychotropic Sub-
stances or the 1961 Single Convention on Narcotic Drugs.

Adinazolam was first identified in a sample of 1 gram of
white powder collected by the Medical Centre in the Institute
of Forensic Medicine at the University of Freiburg (Ger-
many) on 5 September 2015. The substance was analytically
confirmed by GC-MS analysis [70, 109]. A seizure of 105
tablets was reported shortly afterwards (8 September 2015)
by the Swedish Focal point, following a seizure by the
Swedish police in Gottenburg. The tablets were white in col-
our with the markings “D/CD” and weighed 0.35 grams on
average. Moreover, the Swedish Poison Control Cen-
tre/STRIDA project reported a positive detection for adina-
zolam related to a hospital inquiry where an individual had
taken “Xanor 2.0” (i.e., brand name for Xanax® in Sweden)
[109]. Additionally, a sample of 5 g of adinazolam (as a
white powder) was test-purchased on 18 September 2015 by
the National Forensic Laboratory in Slovenia [110]. There
are several anecdotal reports from psychonaut fora. A low
dose is 5-15 mg, a typical dose is 15-30 mg, and a high dose
is 30-50 mg or more [58]. The onset of symptomatology
occurs after 10-25 minutes, effects may last 2-5 hours and
after-effects for 1-16 hours [58].

3.13. Nitrazolam

Nitrazolam is a triazolo-BZD, structurally similar to
clonazolam (previously notified on 30 December 2014),
from which it differs by a chlorine atom on the ortho posi-
tion of the benzene ring [111]. Its synthesis and activity were
described in a 1976 patent [96, 112]. Animal studies show
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that nitrazolam can be several times more potent than diaze-
pam in preventing of electroshock-induced tonic-extensor
convulsions [111]. Moreover, nitrazolam appears to be less
potent than clonazolam and triazolam [111]. Clonazolam
may cause powerful sedation and amnesia at a total oral dose
of 0.5 mg [88, 96, 113-115]. There are no further data about
clinical, pharmacological or toxicological properties. Nitra-
zolam is not currently controlled under the 1971 United Na-
tions Convention on Psychotropic Substances or the 1961
Single Convention on Narcotic Drugs.

Nitrazolam was first identified in a sample of light brown
powder on the 20 October 2015 by the Medical Centre, Insti-
tute of Forensic Medicine at the University of Freiburg,
Germany. The substance was analytically confirmed by GC-
MS and NMR [110, 111]. There are several anecdotal re-
ports from psychonaut fora, which described mostly an “anx-
iolytic and muscle relaxant effect [...] with a low tolerance
shows hypnotic effects. Amnesiac, but not a huge degree [...]
closer to etizolam than alprazolam™ [116]. A low dose is
0.5-1 mg, a typical dose is 1-2 mg, and a high dose is 2-3 mg
or more [58]. The onset of symptomatology happens in 15-
30 minutes, and effects may last 5-10 hours and after-effects
for 10-24 hours [58].

3.14. Metizolam

Metizolam is a thienodiazepine, structurally similar to
etizolam, from which it differs by only a methyl ring in the
thiophene moiety [117]. There are no data about clinical,
pharmacological or toxicological properties. Metizolam is
not currently controlled under the 1971 United Nations Con-
vention on Psychotropic Substances or the 1961 Single Con-
vention on Narcotic Drugs.

Metizolam was first identified in a sample of 20 light-
blue round tablets by the Medical Centre, Institute of Foren-
sic Medicine at the University of Freiburg, Germany, on 25
September 2015. The substance was analytically confirmed
by GC-MS and NMR. The Danish National Focal Point re-
ported a seizure of 55 blue round tablets containing metizo-
lam on the 30 October 2015 by Danish Customs and related
to a package sent from the UK to a private address in Den-
mark [110]. There are limited anecdotal reports from psy-
chonaut fora. It has been reported that metizolam causes ef-
fects similar to etizolam, even though it is half as potent and
with around a 60% longer t % [51]. It has also been de-
scribed as exerting hypnotic and sedative effects, and may
cause amnesia and lowered inhibition if taken at higher dos-
ages [116]. A low dose is 1-2 mg, a typical dose is 2-4 mg,
and a high dose at 4-6 mg, while a heavy dose is 6 mg or
more [58]. Symptomatology occurs in 30-90 minutes, with
effects lasting 5-8 hours and after-effects for 10-30 hours
[58].

3.15. Cloniprazepam

Cloniprazepam shares structural similarities with the pre-
viously notified BZD clonazolam (clonitrazolam) and me-
clonazepam. It has also been described as a prodrug for
clonazepam [58]. There are no data about clinical, pharma-
cological or toxicological properties. Cloniprazepam is not
currently controlled under the 1971 United Nations Conven-
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tion on Psychotropic Substances or the 1961 Single Conven-
tion on Narcotic Drugs.

Cloniprazepam was first identified in a seizure of 25
white capsules by Swedish Police in Sundsvall on 2 Decem-
ber 2015. The substance was analytically confirmed by GC-
MS, GC-IR (gas chromatography infrared spectrometry),
LC-HRMS (Liquid Chromatography-High Resolution Mass
Spectrometry) and NMR [70, 110, 118, 119]. There are lim-
ited anecdotal reports from psychonaut fora. Cloniprazepam
is usually sold online in 2.5 mg capsules and available is in
packs of 20, 60, 120 and 240 and it appears to exert similar
effects to clonazepam [51]. A low dose is 0.5-1 mg, a typical
dose is 1-2 mg, and a high dose is 2-4 mg or more [58]. The
onset of symptomatology occurs in 15-45 minutes, with ef-
fects lasting 6-9 hours and after-effects for 1-8 hours [58].

3.16. 3-hydroxyphenazepam

3-Hydroxyphenazepam is an active metabolite of both
phenazepam (7-bromo-5-(2-chlorophenyl)-1,3-dihydro-1,4-
benzodiazepin-2-one) and cinazepam [120, 121]. It can be
quantified by LC-MS/MS in a variety of post-mortem fluids
(subclavian blood, femoral blood, cardiac blood, urine, vit-
reous humour) and tissues (thalamus, liver and psoas mus-
cle) [122]; and by GC-MS (limit of detection: 1 mg/L) [29,
123]. In a study in which a 5-mg oral dose of phenazepam
was given to healthy volunteers, 3-hydroxyphenazepam was
detected in urine samples but not in blood samples [29]. In
research investigating its distribution in the plasma and brain
of mice tranquillising and anticonvulsive properties were
reported [124-126]. It is a full y- GABA4 receptor positive
allosteric modulator [73, 126, 127]. 3-hydroxyphenazepam
appears to be pharmacologically active with some 5- to 10-
fold higher potency than diazepam, probably due to the bro-
mine atom in the molecule [128]. In addition, 3-
hydroxyphenazepam represents the main metabolite of le-
vana (3-hydroxyphenazepam hemisuccinate) [125]. Re-
searchers report that levana has a greater anticonvulsive ef-
fect than its metabolite 3-hydroxyphenazepam [125, 126,
129]. 3-Hydroxyphenazepam is not currently controlled un-
der the 1971 United Nations Convention on Psychotropic
Substances or the 1961 Single Convention on Narcotic
Drugs.

The 3-hydroxyphenazepam molecule was first identified
in a collected sample of white powder by the Medical Centre
in the University of Freiburg, Institute of Forensic Medicine,
Forensic Toxicology Department on 19 October 2015 [69,
110]. It was also detected in a seizure of 21 tablets (12 white
tablets and 9 pale blue tablets) by Swedish police on 1 De-
cember 2015 in Varberg [69, 110]. The STRIDA project
described a case-series of consecutive patients with admitted
or suspected NPS intake afferent to the emergency depart-
ment of all Swedish hospitals in 2012-2016, of which eight
cases had 3-hydroxyphenazepam implicated [69]. There are
several significant anecdotal reports from psychonaut fora. A
low dose is 0.5-1 mg, a typical dose is 1-2 mg, and a high
dose is 2-4 mg [58]. Symptomatology occurs 30-90 minutes
after oral and/or sublingual intake, with effects lasting 10-24
hours and after-effects for 2-24 hours [58]. The most com-
monly reported ROAs are oral and sublingually [51, 52, 54].
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3.17. Fonazepam

Fonazepam is structurally related to the internationally
controlled substance flunitrazepam (aka ‘Rohypnol®’), from
which it differs only due to the absence of an N-methyl
group [130]. Fonazepam is the desmethyl-derivative and one
of the active metabolites of flunitrazepam [95, 130]. There-
fore, it has been supposed to possess similar pharmacologi-
cal and toxicological properties to flunitrazepam (i.e., hyp-
notic and pre-anesthetic effects) [95]. Furthermore, it also
shares structural similarities with the previously notified
BZD nifoxipam (3-hydroxydesmethylflunitrazepam), from
which it differs by the absence of a hydroxy group. Fonaze-
pam was included in research describing the synthesis of 1,3-
dihydro-7-nitro-5-phenyl-2H-1,4-benzodiazepin-2-ones by
direct nitration of the corresponding unsubstituted BZDs
[131]. The synthesis of fonazepam was first described in a
1963 patent by Hoffman-La Roche and research determining
1,4-BZDs and -diazepin-2-ones in blood by Electron-
Capture Gas-Liquid Chromatography (EC-GLC) [131, 132].
Research into the binding affinity to GABA, receptors has
been predicted for fonazepam (Ro 05-4435) using artificial
neural networks [133]. Fonazepam was reported to have a
binding affinity (log IC50) of 0.176 and a predicted value of
0.565 [95, 133, 134]. Fonazepam is not currently controlled
under the 1971 United Nations Convention on Psychotropic
Substances or the 1961 Single Convention on Narcotic
Drugs.

Fonazepam was first identified in a sample of 51 tablets
(27 white, 15 blue and 9 grey tablets) found in Lidkping, by
Swedish police on 10 March 2016. The substance was ana-
lytically confirmed by GC-MS using a reference standard
[95, 135]. In addition, it was also detected in a collected
sample of 1 gram of white/yellow powder received from an
online research chemical company based in China on 13
January 2016. The sample was collected by the Medical
Center at the University of Freiburg, Institute of Forensic
Medicine, Forensic Toxicology Department [10]. There are
several significant anecdotal reports on psychonaut fora.
Fonazepam is normally consumed in a tablet (or in powder)
form and administered in doses ranging from 0.5 to 3 mg
[51, 52, 54]. The most commonly reported ROAs are oral
and sublingual [51, 52, 54]. It is usually taken in association
with other BZDs [52]. Fonazepam is a controlled substance
on Schedule IV of the Controlled Substances Act in the
U.S.A. as a derivative of flunitrazepam [95].

3.18. 4-chlorodiazepam

4-chlorodiazepam represents the 4-chloro-derivative of
the internationally controlled substance diazepam, from
which it differs due to the addition of a chloro substituent in
the para or 4-position of the phenyl ring. It is a positional
isomer of another designer BZD, diclazepam (Ro5-3448 or
2’-chlorodiazepam) [136]. First studies investigating 4-
Chlorodiazepam (aka Ro 5-4864) began in the mid-1960s
and it was mentioned in a 1964 patent on ‘Amino substituted
benzophenone oximes and derivatives thereof [137]. The
compound was researched for its anticonvulsant profile against
experimental seizures in mice [138]. Initial clinical studies
using healthy volunteers indicated that 4-Chlorodiazepam
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had a pharmacological effect comparable to that of diazepam
[139]. It was further investigated due to its binding and
higher affinity to the translocator protein (TSPO), a periph-
eral-type BZD receptor, even though it does not bind to cen-
tral-type BZD receptors [139-141]. Research in rodents indi-
cates that 4-chlorodiazepam may exert analgesic, antidepres-
sant, cardio-protective and neuro-protective effects [141-
149]. A study by Viega et al. [145] indicated that there were
several possible explanations for the neuro-protective effect
of 4-Chlorodiazepam including modulation of the mitochon-
drial transmembrane potential protecting the neural cells
from damage by reactive species, prevention of apoptosis or
regulation of steroid synthesis. 4-Chlorodiazepam is not cur-
rently controlled under the 1971 United Nations Convention
on Psychotropic Substances or the 1961 Single Convention
on Narcotic Drugs.

4-chlorodiazepam has been first identified in a sample of
5 grams of off-white powder by the Slovenian National Fo-
rensic Laboratory in Ljubljana. The sample was purchased
from the Internet as part of the RESPONSE project and was
received on 10 May 2016, shipped from China. The sub-
stance was analytically confirmed by GC-MS, HPLC-TOF
(Time-of-Flight High-Performance Liquid Chromatography),
FTIR-ATR (Spectrophotometry Infrared-Attenuated total
reflectance), GC-MS-IR-(condensed phase) and ion chroma-
tography [9, 135]. There are limited clinically significant
anecdotal reports from psychonaut fora. It has been de-
scribed as having pro-anxiety and pro-convulsive effects
[54, 116].

3.19. Flunitrazolam

Flunitrazolam is a triazolo BZD, structurally related to
the previously notified clonazolam (clonitrazolam), differing
by the replacement of 2-chloro with 2-fluoro on the phenyl
group. It is also the triazolo version of the internationally
controlled substance flunitrazepam [87, 150]. Flunitrazolam
was discovered in the 1960s but it has never been marketed
[87]. No information about doses, effects, safety and toler-
ability has been published so far. However, based on its
structural similarity to other triazolo-BZDs, it has been sup-
posed that the potency of flunitrazolam is higher than of the
already highly potent flunitrazepam [151]. A t 72 of around 8
hours in oral fluid is reported [87]. There are no further data
on its pharmacological and/or toxicological profile so far.
Flunitrazolam is not currently controlled under the 1971
United Nations Convention on Psychotropic Substances or
the 1961 Single Convention on Narcotic Drugs.

Flunitrazolam was first identified by an analytical labora-
tory in Germany on 6 October 2016, although there was sei-
zure of 80 grey tablets in Sweden on 7 June 2016. The mole-
cule has not been previously described in the scientific or
patent literature [9, 109, 135, 152]. There are limited clini-
cally significant anecdotal reports from psychonaut fora. A
threshold dose is stated to be 0.3-0.4 mg, a low dose as 0.4-
0.8 mg, a typical dose is 0.8-1.5 mg, and a high dose as 1.5-3
mg [58]. The onset of symptomatology occurs within 10-30
minutes after oral intake, with effects lasting 4-5 hours and
after-effects for 1-16 hours; whilst after sublingual admini-
stration, symptoms start within 5-15 minutes, may last
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around 4-5 hours with after-effects present for 1-12 hours
[58].

3.20. Bromazolam

Bromazolam is a triazolo-BZD structurally related to
flubromazepam, from which it differs due to the absence of a
fluorine in the 2-position on the phenyl ring. Bromazolam is
also structurally similar to pyrazolam, where the pyridinyl
group has been replaced with a phenyl group. Moreover,
bromazolam is the brominated version of the internationally
controlled substance alprazolam [115, 153]. There are further
data about clinical, pharmacological or toxicological proper-
ties. Bromazolam is not currently controlled under the 1971
United Nations Convention on Psychotropic Substances or
the 1961 Single Convention on Narcotic Drugs.

Bromazolam was first identified in a sample of 0.74
grams of yellow powder seized by Swedish Customs in
Stockholm on 3 August 2016. The substance was analyti-
cally confirmed by the Swedish National Forensic Centre
using GC-MS, GC-IRD (Gas Chromatography with infrared
detection), LC-HRMS and NMR [9, 135]. There are limited
clinically significant anecdotal reports from psychonaut fora.
A low dose is 0.5-1 mg, a typical dose is 1-3 mg, and a high
dose is 3-5 mg or more [58]. Symptomatology onset occurs
15-45 minutes after oral intake, effects may last 5-8 hours
and after-effects for 1-12 hours after administration [58].

3.21. Norfludiazepam

Norfludiazepam is a BZD, structurally related to the in-
ternationally controlled substance diazepam, from which it
differs due to the addition of a fluoro substituent in the ortho
or 2-position of the phenyl ring and by the absence of the
methyl group attached to the amide in diazepam. It is also
structurally related to the previously notified 4-
chlorodiazepam (Ro 5-4864), from which it differs due to the
replacement of the chlorine in the 4-position on the phenyl
ring with a fluorine in the 2-position and the methyl group
attached to the amide in 4-chlorodizepam is also absent [74].
It is the active metabolite of flurazepam and fludiazepam and
is used in the synthesis of midazolam, either as an intermedi-
ate with 2-amino-5-chloro-2'-fluorobenzophenone as the
starting substance or as the starting substance itself [74, 136,
154]. Norfludiazepam has a significantly longer half-life
compared to flurazepam (up to 24-74 hours) [154]. Research
into norfludiazepam began in the mid-1960s [74]. No further
pharmacological and toxicological data are available. There
are no further data about clinical, pharmacological or toxico-
logical properties. Norfludiazepam is not currently con-
trolled under the 1971 United Nations Convention on Psy-
chotropic Substances or the 1961 Single Convention on Nar-
cotic Drugs.

Norfludiazepam was first identified in 5 grams of white
powder seized by Swedish Customs in Stockholm, on 22
November 2016, and in 50 orange tablets and in 1 gram of
white powder by the Medical Center — University of
Freiburg, Institute of Forensic Medicine, Forensic Toxicol-
ogy Department, Freiburg Germany, on 4 March 2016. The
substance was analytically confirmed by the Swedish Na-
tional Forensic Centre using GC-MS [9, 135], There are no
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clinically significant anecdotal reports from psychonaut fora
describing clinical effects of norfludiazepam so far.

3.22. Ro 07-4065

Ro 07-4065 is structurally related to the internationally
controlled substances diazepam and fludiazepam. Ro 07-
4065 differs from diazepam due to the addition of fluoro
substituents in both the 2- and 6-positions on the phenyl ring
and differs from fludiazepam due to the additional fluoro-
substituent in the 6-position on the phenyl ring. It is also
structurally related to norfludiazepam (Ro 5-3367), formally
notified to the EMCDDA in January 2017, from which it
differs due to the additional fluoro-substituent in the 6-
position on the phenyl ring and due to the addition of a
methyl group attached to the amide [10, 155]. Despite it be-
ing previously described in a 1972 patent, it is an extremely
newly marketed BZD, mainly used as a research tool to help
determining the shape and function of the GABA receptor
complex [133, 134, 156, 157]. There is limited published
information on its pharmacology and toxicology. The bind-
ing affinity of Ro 07-4065 to GABA, receptors has been
predicted using in silico methods, such as for example artifi-
cial neural networks, and being reported as 0.613 [133, 134].
There are no further data about clinical, pharmacological or
toxicological properties. Ro 07-4065 is not currently con-
trolled under the 1971 United Nations Convention on Psy-
chotropic Substances or the 1961 Single Convention on Nar-
cotic Drugs.

Ro 07-4065 was firstly identified in 1 gram of pale beige
powder seized by Swedish Customs at FedEx Arlanda,
Stockholm, on 14 March 2017 and notified as an NPS by
Sweden to the EMCDDA in May 2017. The substance origi-
nated by China and the sample was declared as a “sample for
research” [155]. The substance was analytically confirmed
by the Swedish National Forensic Centre using GC-MS, GC-
IRD, LC-HRMS and NMR [11, 135]. There are no clinically
significant anecdotal reports from psychonaut fora describ-
ing the clinical effects of Ro 07-4065 so far.

3.23. Thionordazepam

Thionordazepam is structurally related to internationally
controlled nordazepam and alprazolam. Thionordazepam
differs from nordazepam due to the replacement of the oxy-
gen with a sulfur and it differs from alprazolam due to the
absence of the 1,2,4-triazole moiety [158]. It was previously
described in a 1963 patent by Hoffman-La Roche [158].
Thionordazepam is used in the synthesis of alprazolam [159,
160]. The analysis and identification of the starting material
and synthesis-related intermediates for alprazolam, including
thionordazepam, using high performance thin layer chroma-
tography is reported in the literature [159]. There is no in-
formation available on the pharmacology and toxicology of
thionordazepam. There are no further data about clinical,
pharmacological or toxicological properties. Thionordaze-
pam is not currently controlled under the 1971 United Na-
tions Convention on Psychotropic Substances or the 1961
Single Convention on Narcotic Drugs.

Thionordazepam was first identified in 2 grams of pale-
yellow powder seized by Swedish Customs in Stockholm on
20 June 2017. The substance was analytically confirmed by

Orsolini et al.

the Swedish National Forensic Centre using GC-MS, GC-
IRD, LC-HRMS and NMR [11]. There are no clinically sig-
nificant anecdotal reports from psychonaut fora describing
the clinical effects of thionordazepam so far.

3.24. Methyl-clonazepam

Methylclonazepam is a 1,4-BZD, structurally related to
clonazepam, being its N-methyl derivative, and to interna-
tionally controlled flunitrazepam, from which it differs due
to the substitution of the fluorine atom present in flunitraze-
pam with a chlorine atom [131]. Methylclonazepam also
shares structural similarities with the previously notified
meclonazepam, diclazepam and cloniprazepam [161-163].
Synthesis of Methylclonazepam was originally described by
Sternbach et al. [131]. Behavioural effects of methyl
clonazepam were compared with diazepam in rats and mice
[164]. Methylclonazepam showed relatively potent muscle
relaxant and extremely potent anti-pentetrazol convulsing
action as compared to diazepam, even though it has been
reported to be approximately S-times more potent than di-
azepam in impairing rotarod performance in mice [164].
Methylclonazepam exerted muscle relaxant action in the
rotarod method in rats and mice like clonazepam and ni-
trazepam and an anticonvulsant action like clonazepam
[165]. Overall, it possesses a wider pharmacological spec-
trum than clonazepam, which is almost equal in potency to
nitrazepam and is more potent than diazepam [165]. Methyl-
clonazepam at a dose of 2.5 mg/kg showed a depressant ef-
fect on gamma motor activity in rats. The depressant effects
of a dose of 5.0 mg/kg lasted for more than 60 minutes
[166]. Methylclonazepam produced sedation with a general
drowsy pattern in the electroencephalogram in rabbits [167].
Furthermore, it has also been reported to exert both facilita-
tive and depressive effects on paradoxical sleep in cats, de-
pending on the dose [168]. From a pharmacokinetic point of
view, methylclonazepam has a long plasma t %2 (40 hours)
[83]. A double-blind, randomised cross-over study recruiting
18 inpatients affected with Generalized Anxiety Disorder
compared daily flexible doses (3-6 mg) of methylclonaze-
pam vs 2.5 mg lorazepam vs placebo, by showing highly
significant superiority of both BZDs over placebo and a sig-
nificant superiority of methylclonazepam over lorazepam on
the Hamilton Anxiety scale (p<.001), Clinical Global Im-
pairment (CGI)(p<.01), without any significant differences
in side-effects [83]. There are no further data about clinical,
pharmacological or toxicological properties. Methylclonaze-
pam is not currently controlled under the 1971 United Na-
tions Convention on Psychotropic Substances or the 1961
Single Convention on Narcotic Drugs.

Methylclonazepam was been first identified in 100 grams
of pale-yellow powder seized by Swedish Customs in Stock-
holm on 8 November 2017. The substance was analytically
confirmed by the Swedish National Forensic Centre using
GC-MS, GC-IRD, LC-HRMS, and NMR [11]. There are no
clinically significant anecdotal reports from psychonaut fora
describing the clinical effects of methylclonazepam so far.

3.25. Fluclotizolam

Fluclotizolam is a thienodiazepine, where the diazepine
ring is fused to thiophene, instead of to a benzene ring, struc-
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turally related to internationally controlled brotizolam from
which it differs in the halogen substituents at the tiophene
and phenyl ring. Moreover, fluclotizolam also shares struc-
tural similarities with etizolam, formally notified to the
EMCDDA in December 2011, from which it differs due to
the replacement of a phenyl ring at the thiophene. Fluclotizo-
lam was mentioned in a 1974 patent on thienotriazolodi-
azepines [169]. There are no data about clinical, pharmacol-
ogical or toxicological properties. Fluclotizolam is not cur-
rently controlled under the 1971 United Nations Convention
on Psychotropic Substances or the 1961 Single Convention
on Narcotic Drugs.

Fluclotizolam was firstly seized in 94 pale green tablets
by Swedish police in Gillivare, on 26 October 2017. The
substance was analytically confirmed by the Swedish Na-
tional Forensic Centre using GC-MS, GC-IRD, LC-HRMS
and NMR [11]. It was also identified in 10 blotters seized by
Danish customs at the Copenhagen International Post Office
on 25 October 2017 [11]. There is no information available
on the pharmacology and toxicology of this substance, as
there are no published reports so far. Based on its chemical
structure and similarity to brotizolam and etizolam, the sub-
stance is expected to have sedative-hypnotic effects [170].
There are limited clinically significant anecdotal reports
from psychonauts fora. A low dose is 0.25 mg, a typical dose
is 0.25-0.5 mg, a high dose is 0.5-0.75 mg, whilst a heavy
effect is experienced after more than 0.75 mg [58]. Caution
is strongly recommended at higher doses, with 2 mg being
considered a ‘blackout dose’ [171]. The onset of symptoma-
tology occurs 10-30 minutes after oral intake, effects may
last 6-14 hours and after-effects for 1-36 hours after admini-
stration [58]. There are conflicting anecdotal reports on its
dosage, though claims have been made that it has an ap-
proximately 3-fold higher potency and a shorter t '2, com-
pared to etizolam [51, 58, 116, 171].

3.26. Tofisopam

Tofisopam is an atypical 2,3-benzodiazepine, which con-
tains a stereogenic center. Hence, it possesses an S- and an
R-enantiomer form [172, 173]. Tofisopam is a BZD first
developed in Hungary and authorised in some European
countries, marketed in the racemate form under the name
Grandaxin®, orally administered at 300 mg daily for the
treatment of neurotic and somatic disorders associated with
tension, anxiety, vegetative disorders, lack of energy and
motivation, apathy, fatigue, depressed mood and alcohol
withdrawal syndrome [174, 175]. Moreover, tofisopam is
marketed in other international countries, such as Japan, In-
dia, Russia etc. [176, 177]. Pellow et al. [178] described its
behavioural and biochemical profile, in both animals and
humans. Tofisopam does not act on the BZD site of the
GABA receptor but has a good anxiolytic activity without
having appreciable sedative, anticonvulsant, amnestic, or
muscle-relaxant effects in humans [179, 180]; whilst it com-
pletely lacked anxiolytic and anticonvulsant properties in
animals [178]. In addition, it appears to exert mixed dopa-
mine agonist and antagonist-like properties in several in vivo
and in vitro animal tests [181]. Moreover, under some cir-
cumstances, tofisopam may demonstrate stimulant properties
as well [178, 182]. Tofisopam has multiple selective phos-
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phodiesterase (PDE)-inhibiting actions (i.e. at PDEyay,
PDE a1, PDE; and PDE;a3) which are being actively evalu-
ated for managing negative and cognitive symptoms of
schizophrenia [176, 180, 183, 184]. Furthermore, it does not
impair psychomotor and intellectual performance, like other
BZDs and it has a potent capability in alleviating vegetative
symptoms accompanying anxiety disorders [182, 185-188].
Due to these pharmacodynamic properties, tofisopam has
been considered as an atypical BZD [178, 183]. Tofisopam
is rapidly absorbed from the intestinal tract, peak plasma
concentrations are reached within 1-1.5 hours in humans
[189]. After oral absorption, it undergoes extensive first-pass
hepatic metabolism, mainly by demethylation, and has a t 2
of around 6-8 hours [190]. Hatayama ef al. [191] described a
hypouricemic effect after 2-3 hours following oral admini-
stration of tofisopam (300 mg daily) comparable or greater
than that of losartan and/or fenofibrate; hence, it may be
suggested in patients with hyperuricemia and/or gout with
concomitant autonomic dysfunction symptoms. There are no
further data about clinical, pharmacological or toxicological
properties. Tofisopam is not currently controlled under the
1971 United Nations Convention on Psychotropic Sub-
stances or the 1961 Single Convention on Narcotic Drugs.

Tofisopam was firstly identified in 80 white tablets, la-
belled as ‘GRANDAX’, seized in blister packs by Swedish
Customs in Malmo on 22 November 2017. The substance
was analytically confirmed using GC-MS, NMR and LC-
HRMS by the Swedish National Forensic Centre [11]. There
is considerable information available on the pharmacology,
toxicology and clinical profile of this substance, as there are
some published reports on tofisopam, particularly focusing
on its anxiolytic properties and alleviating effects on gastro-
intestinal functional or psychosomatic disorders [177, 182,
185-188, 192-194]. A Japanese retrospective observational
study carried out on a sample of patients affected with func-
tional dyspepsia described a significant improvement (p<.05)
at the Gastrointestinal Symptom Rating Scale (GSRS) total
score, the State-Trait Anxiety Inventory (STAY) total score,
and the Zung Self-rating Depression Scale (SDS) total score,
and at the following GSRS domains: abdominal pain, indi-
gestion and constipation [177]. A case-report described a
clinically significant efficacy of tofisopam in the treatment
of paroxysmal supraventricular tachycardia [194]. There are
significant anecdotal reports on psychonaut fora which de-
scribe a “relaxing effect” with “excellent concentration, mo-
tivation, and sociability, without any muscle relaxant or any
sedative or amnestic properties and without any apparent
withdrawal effects” [51, 116].

3.27. Flualprazolam

Flualprazolam is a 1,2,4-triazolobenzodiazepine, where
the diazepine ring is fused to a triazole ring. Flualprazolam is
the 2-fluoro derivative of alprazolam and it differs from tria-
zolam by replacement of the chlorine with fluorine at the 2-
position (ortho position) on the phenyl ring attached to the
benzodiazepine moiety. Both substances, alprazolam, and
triazolam, are under international control. Flualprazolam is
also structurally related to flubromazolam, formally notified
to the EMCDDA in 2014 [152], from which it differs due to
the replacement of bromine with chlorine at the 8-position
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on the benzodiazepine moiety [96, 195]. The synthesis of
flualprazolam has been previously described [96, 195, 196].
Based on its chemical structure and similarity to alprazolam
and triazolam the substance is expected to have sedative and
hypnotic effects. The 1,4-triazolo ring present in tria-
zolobenzodiazepines prevents the oxidative metabolism of
classical BZDs (i.e., diazepam), which results in the forma-
tion of active metabolites with long elimination t % [197]. In
some of the pharmacological tests conducted on mice,
fluaprazolam was reported to be active at doses of less than
10 pg/kg [96]. There are no further data about clinical,
pharmacological or toxicological properties. Flualprazolam
is not currently controlled under the 1971 United Nations
Convention on Psychotropic Substances or the 1961 Single
Convention on Narcotic Drugs.

Flualprazolam was first identified in 89.8 grams of pale
beige powder seized by Swedish police in Linkdping on 29
November 2017. The substance was analytically confirmed
using GC-MS, LC-HRMS and NMR by the Swedish Na-
tional Forensic Centre [11]. It was also identified in 1 gram
of yellow powder, collected by the Slovenian National Fo-
rensic Laboratory in Ljubljana, purchased from the Internet,
as part of the RESPONSE 2 project and was received on 3
January 2018. The price was 129 US dollars per 1 gram and
the sample was advertised as flualprazolam. The substance
was analytically confirmed using GC-MS, HPLC-TOF, IC,
FTIR-ATR, GC-(MS)-IR condensed phase at the Slovenian
National Forensic Laboratory and by NMR at the Faculty of
Chemistry and Chemical technology, University of Ljubljana
[10]. There is limited information available on the pharma-
cology and toxicology of this substance, as there are not pub-
lished reports so far. However, in a recent report by WHO
ECDD on flualprazolam, more than 25 deaths with con-
firmed exposure to flualprazolam and around 30 non-fatal
poisonings with suspected exposure have been reported so
far [12]. The presence of this molecule in the material seized
in relation to an ‘anesthesia robbery’ case has recently been
reported [198]. There are limited clinically significant anec-
dotal reports from psychonauts fora. A longer half-life and
higher potency compared to alprazolam is reported, with
strong and heavy effects after oral intake of 0.5-1 mg and 1-2
mg respectively [58]. Symptomatology occurs 10-30 minutes
after oral intake, effects may last 6-14 hours and after-effects
for 36 hours [58]. Flualprazolam appears to be marketed as
‘fake’ alprazolam (labelled as ‘Xanax® or Xanor’ tablets)
and some psychonauts defined it as the “king of the RC ben-
zos” (i.e. the king of the research chemicals benzodiazepi-
nes) [54, 199, 200].

3.28. Clobromazolam/Phenazolam

Clobromazolam is a 1,2,4-triazolobenzodiazepine, where
the diazepine ring is fused to a triazole ring. Clobromazolam
is the 2-chloro derivative of bromazolam and shares struc-
tural similarities with clonazolam and flubromazolam, for-
mally notified to the EMCDDA in 2016, 2015 and 2014 re-
spectively [152]. Clobromazolam is structurally related to
the internationally controlled substances phenazepam, alpra-
zolam and triazolam. The synthesis of clobromazolam (com-
pound V) has been previously described in the literature; it
differs from triazolam due to the replacement of chlorine
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with bromine at the 8-position on the benzodiazepine moiety
[201]. It has been pharmacologically evaluated following
oral administration in mice and reported as “very potent in
pharmacological tests for anticonvulsant, central depressant
and discoordination activity in mice”, with a strong central
depression, ataxia and convulsive reactions at doses of 0.2-1
g/kg, with symptoms lasting more than 24 hours [201]. The
acute toxicity of clobromazolam was found to be very low in
mice and, compared to triazolam, it has a similarly low tox-
icity with a similar anticonvulsant effect towards pentetrazol,
with 25% of the triazolam activity in the test of electroshock,
12% of the locomotor inhibiting effect and 40% of the dis-
coordination activity [201]. There are no further data about
clinical, pharmacological or toxicological properties. Clo-
bromazolam is not currently controlled under the 1971
United Nations Convention on Psychotropic Substances or
the 1961 Single Convention on Narcotic Drugs.

Clobromazolam was first identified in 20 white capsules
containing white powder seized by Swedish Police in Lulea
on 11 March 2016 [11]. The substance was analytically con-
firmed using GC-MS, LC-HRMS and NMR by the Swedish
National Forensic Centre [11]. There is limited information
available on the pharmacology and toxicology of this sub-
stance, as there are no published reports so far. There are no
clinically significant anecdotal reports from psychonaut fora
describing the clinical effects of clobromazolam so far.

3.29. Bentazepam

Bentazepam is a thienodiazepine that differs from the
previously notified thienodiazepines (i.e., etizolam, metizo-
lam and fluclotizolam) due to the presence of cyclohexane
fused to the thiophene instead of a triazole [201]. Bentaze-
pam was used in the manufacture of a medicinal product for
human use authorized in Spain and marketed as Tiadipona®
(marketing authorization suspended on 6 March 2019) [202].
It exerts anxiolytic, anticonvulsant, sedative and muscle re-
laxant effects [203, 204]. Its peak plasma concentration is
reached within 1-3 hours after oral administration and it has
a t % of approximately 3.3 hours [202]. Hepatitis and severe
liver damage have also been associated with bentazepam
[205-209]. There are no further data about clinical, pharma-
cological or toxicological properties. Bentazepam is not cur-
rently controlled under the 1971 United Nations Convention
on Psychotropic Substances or the 1961 Single Convention
on Narcotic Drugs.

Bentazepam was firstly seized by the Swedish Police, on
3 March 2014, in Borlénge in a sample of 6 white round tab-
lets. The substance was identified by the Swedish National
Forensic Centre sing GC-MS and reference material [110].
There are limited clinically significant anecdotal reports
from psychonauts fora. A low dose is 15-30 mg, a typical
dose is 30-50 mg whilst a strong effect is experienced with
50-75 mg or more [58]. Symptomatology happens 15-45
minutes after oral intake, effects may last 3-6 hours and af-
ter-effects for 1-8 hours after administration [58].

4. DISCUSSION

During recent years, the advent of NPS and the dissemi-
nation of internet purchasing has meant that some BZDs, that
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are not licensed in most countries, but which remain avail-
able in some others (i.e., Russia and ex-Soviet Union states),
began to appear more widely and frequently in the NPS mar-
ket as ‘legal and without medical prescription alternative’ to
the common regulated pharmaceutical BZDs (i.e., phenaze-
pam, etizolam, efc.). However, beside these BZDs, there are
also completely new and recently synthetised NPS BZDs
(i.e., pyrazolam, flubromazepam, efc.), some of them were
previously research trial compounds whose development did
not proceed to clinical use [79, 210]. These compounds are
sold as tablets, powder, pellets, capsules or blotters, and re-
cently liquids under their own names, at very affordable
prices [37, 211, 212]. They are usually administered orally,
intramuscularly, intravenously or insufflated nasally, or in-
haled by smoking or vaporisation; occasionally rectally [70,
152, 211]. Most designer BZDs possess a liver metabolism,
primarily by oxidative metabolism mediated by the CYP450
family, mainly CYP3A4 [152]. One of the major issues and
concerns related to the emergence of NPS BZDs is that there
is no guarantee of the quality of their composition and puri-
fication and, hence, most NPS consumers may be inadver-
tently taking not that BZD labelled but another compound
(belonging or not to the BZD family) and potentially many
times more harmful than expected, due to the lack of infor-
mation regarding drug-drug interactions. In fact, some of
them are also sold on the illicit drug market as counterfeit
forms of other traditional/pharmaceutical BZDs (e.g., diaze-
pam, alprazolam, etc.), which may increase the risk of unin-
tentional overdose and intoxication [9, 10, 170]. Further-
more, there have been sporadic reports of the use of these
designer BZDs as either adulterants or diluents in heroin or
other synthetic opioids or cannabinoids, with consequent
respiratory depression documented [8, 213, 214].

Designer BZDs began to appear as recreational
drugs/NPS around 2007 [68, 152, 215]. Between 2012 and
2019, new compounds classified as ‘designer BZDs’ started
to be distributed by online retailers, mostly labelled as ‘re-
search chemicals’ [10]. Some of these compounds are ex-
tremely powerful, also at lower dosages (i.e., flubromazo-
lam) [152, 215]. Indeed, psychonauts boosted the NPS mar-
ket and shaped the drug market overall, by increasing NPS,
including designer BZDs, popularity and interest by posting
technical and accurately descriptive trip reports on the web.
In fact, the increasing interest towards the ‘psychonauts’
world’, and contextually towards online platforms, specifi-
cally designed and disseminated as “pro-drug” virtual infor-
mative centers for e-psychonauts, facilitated the exchange of
pharmaceutical and clinical ‘dirty’ (aka ‘unsafe’, ‘unveri-
fied’) information about NPS in general, and, specifically, on
designer BZDs [216-218]. However, there is currently a
“dramatic gap” in the information flow amongst clinicians
working in the Addiction and/or in Mental Health services,
as this gap is represented by the information available on the
surface (i.e., mainly derived by the information provided by
EMCDDA /other drug monitoring systems and literature) and
those ‘hidden’ (i.e., accessible mainly amongst NPS con-
sumers, as shared/posted by themselves; hence, mainly
available online but not always ‘verified’). Moreover, it is
assumed that clinicians working in Mental Health and Ad-
diction Services may “underestimate” the real number of
designer BZDs consumers and, hence, they may not collect
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clinically relevant data on their clinical, pharmacological and
toxicological effects. This consideration mainly derived by
the fact that there are not so far published epidemiological
data on this relatively new emerging phenomenon, as it may
be difficult to collect data for several reasons here listed: a)
most designer BZDs are extremely new and unknown by
clinicians who do not ask for that specific compound to their
patients; b) most consumers (mainly those who buy
drugs/NPS, including designer BZDs online) may not com-
pletely aware if they are taking traditional or designer BZDs
which are frequently sold as counterfeit of traditional BZDs;
¢) most NPS consumers may not completely aware if they
are taking designer BZDs as they are mainly contained as
adulterants, efc. in NPS packages without specifying they are
mixed with synthetic opioids/cannabinoids, etc.

Overall, the effects of designer BZDs largely vary de-
pending on the dose(s) consumed, the route of administration
and combination with other drugs/medicaments/substances.
However, information on the effects of these designer BZDs
is largely limited to self-reported experiences coming from
online trip reports and limited case-reports and/or case-series
[37, 152, 170, 216]. By analogy to traditional BZDs, the de-
sired effects may include sociability, muscle relaxation,
sleep-inducing and anxiolytic effects, as a reducer of chronic
pain, and nervousness. At lower doses, BZDs may cause
drowsiness, fatigue and lethargy; whilst, at higher doses mo-
tor coordination disorders, mood swings, dizziness and
sometimes euphoria have been reported [152]. The use of
BZDs, including ‘designer benzos’ varies from country to
country, even within the UK. So, whilst ‘traditional’ BZDs
account for most of BZD-related fatalities in Northern Ire-
land, in Scotland it is NPS varieties that dominate not only
the BZD-related poisoning deaths, but all drug-poisoning
related ones. For example, nearly 95% of all NPS-related
deaths registered in Scotland during the period 2013-8 in-
volved BZD analogues (unpublished data from National Re-
cords of Scotland). Furthermore, dependence and tolerance
have been documented as well as withdrawal syndrome after
abrupt discontinuation [150, 152, 219]. In fact, designer
BZDs, like traditional ones, play an integral role in the rein-
forcing and addictive properties through the GABA, recep-
tors in the mesolimbic dopaminergic pathway, by determin-
ing the onset of tolerance and a physical and psychological
dependence [219].

5. LIMITATIONS OF THE PRESENT STUDY

Therefore, the great limitation of the present overview
arises from the fact that the information search strategy has
been mainly performed on those designer BZDs so far noti-
fied to EMCDDA and not strictly limited to all designer
BZDs currently available on the NPS market. The ongoing
‘NPS finder’ project performed by our research team is
working to develop a useful online tool able to identify a
much larger number of NPS, including BZDs, by specifically
focussing on psychonauts’ entries only. Therefore, one of the
major limitations of our work is directly related to these ‘in-
formation’ and ‘search strategy’ biases which indeed limit
the reliability of the findings collected here. In addition,
most data here discussed mainly derive from cases of intoxi-
cations (i.e., subjects coming to the emergency departments
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due to health risky reactions following designer BDZs in-
take) or trip experiences collected through a netnographic
approach on the web.

CONCLUSION

BZDs are a class of drugs widely prescribed for the
short-term treatment of anxiety, epilepsy, muscle spasm,
alcohol withdrawal and insomnia. However, BZDs can also
be misused and/or abused by various substance user groups,
mainly in combination with other drugs of abuse (e.g.,
opioids, psychostimulants, etc.) [152, 215]. Their wide ap-
plication and use facilitates the diffusion and growth of an
extensive interest in research around their chemical struc-
tures, pharmacological properties and clinical effects, by
incentivising the development of a wide variety of active
compounds that did not obtain marketing authorisation and
which are now being rediscovered and sold online as ‘legal
alternatives to the prescribed-only BZDs’, becoming indeed
NPS (aka ‘designer/synthetic/new BZDs”) [10]. Despite lim-
ited information so far available for most of these ‘designer
BZDs’, a recent trend in the NPS market appears to be a
greater diffusion of this class [10]. One could argue that a
possible explanation may depend on country, ie. in some
countries such as the UK it is indeed extremely difficult to
be prescribed with BZDs; other explanations could be that
this dramatic increased trend is related to higher rates of
anxiety disorders, particularly amongst substances users, and
an increased number of subjects who self-medicate [220].
Furthermore, designer BZDs may represent a target of inter-
est as well for those subjects who commonly abuse other
substances (i.e., opioids, psychostimulants, efc.). The recent
increase in the dissemination and seizures of this new NPS
class, observed during the last several years, poses a great
concern regarding health risks associated with their intake,
particularly amongst those vulnerable subjects who consume
other substances [211, 221]. In fact, combining designer
BZDs with other drugs (e.g., ethanol, marijuana, stimulants,
opioids, and other psychoactive substances) can prove to be
risky, especially as there are no reliable data about any pos-
sible synergic and antagonistic effects.

Therefore, further clinical research should be conducted
within this field in order to better identify and prevent poten-
tial risky behaviours and attenuate (if not actually eliminate)
health risks associated with the intake of these de-
signer/synthetic/new BZDs. A preventive and informative
campaign should be aimed at clinicians and mental health
professionals as well as amongst drug users about this new
class of BZDs.
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