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Figure 1: Chemical structures of (a) amphetamine and (b) 2-aminoindane
(2-Al).
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Figure 2: Chemical modifications of the (a) 2-Al backbone are indicated:
(b) (MDMALI), (¢) (5-IAI) and (d) (NM-2AI).
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Figure 3: The most common piperazines: (a) 1-benzylpiperazine (BZP),
(b) 1-(3-trifluoromethylphenyl) piperazine (TFMPP) and (c) 1-(3-
chlorophenyl) piperazine (mCPP)
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Figure 4: The most common synthetic cannabinoids: (a) HU-210 (classical
cannabinoid), (b) CP-47,497 (non-classical cannabinoid), (c) JWH-018
(aminoalkylindoles)
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Figure 5: Synthetic cathinones: (a) cathinone, (b) 4-methylmethcathinone
(mephedrone), (c) methylone,(d) pyrovalerone, (e) 3,4-
methylenedioxypyrovalerone, (f) naphyrone

tolanly piadll ) 58lS ¢ Ly
‘research chemicals’, ‘plant food’, ‘bath salts’ or ‘glass cleaner’.
Mephedrone  (“m-cat’, ‘meph’, ‘drone’ or ‘miaow’) and  methylone
(‘explosion’ or ‘top cat’) are usually available as white or brown powders or
in the form of pills that are often sold as ‘ecstasy’. Mephedrone is

commonly nasally insufflated, injected, ingested by swallowing a powder
wrapped in paper (bombing), or mixed in a drink.
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Figure 6: Tryptamine and related compounds: (a) tryptamine, (b) psilocin
and (c) 5’-methoxy-N,N-dimethyltryptamine (5-MeO-DMT)
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Figure 7: Tryptamine and related compounds: (a) tryptamine, (b) psilocin
and (c) 5’-methoxy-N,N-dimethyltryptamine (5-MeO-DMT).
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1-Penty1-3-(1-naphthoyl) indole (JWH-018).
1-buty1-3-(1-naphthoyl) indole (JWH-073).
1-{2-(4-morpholinyl) ethyl} -3-(1-naphthoyl) indole (JWH-200).
5-{1,1-(dimethylhepty1)-2-(3-hydroxycyclohexyl)-phenol (CP-47,497).
5-(1,1-dimethyloctyl)-2-(3-hydroxycyclohexyl)-phenol (cannabicyclohe-
xanol, CP-47, 497 C8 homologue)
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1- AB-Fubinaca:.n-[(2s)-1-amino-3-methyl-1-oxobutan-2-yl]-1-[(4-fluoro-
phenyl)methyl]indazole-3-carboxamide.

2- AB-Chminaca: n- [(2s)-1-amino-3-methyl-1-oxobutan-2-yl]-1-(cyclohe-
xylmethyl)indazole-3-carboxamide.

3- XLR-11: (1-(5-fluoropentyl)-1H-indol-3-yl)(2,2,3,3-tetramethylcyclopr-
opyl)methanone.

4- XLR-11N-(4-fluoropentyl) isomer: (1-(4-fluoropentyl)-1H-indol-3-yl)
(2,2,3,3-tetramethylcyclopropyl)methanone.

5- FUB-AMB: methyl (s)-2-[1-(4-fluorophenyl)methyl]Indazole-3-methyl-
butanoate.

6- 5-fluoro ADB: methyl (s)-2-[1-(5-fluoropentyl)-1h-indazole-3-carbox-
amido]-3,3-dimethylbutanoate.
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1- SDB-005: naphthalen-1-yl 1-pentyl-1H-indazole-3-carboxylate.

2- EMB -Fubinaca:ETHYL {1-(4-Fluorobenzyl)-1H-indazole-3-Carbonyl}
-L-Valinate.

3- 5-FLUORO PY - PICA: {1 - (5-fluoropentyl) - 1H -Indol -3-YL}
{Pyrrolidin - 1 - YL} Methanone.

4- ETHCATHINONE: 2 - Ethylamino - 1 - Phenyl - Propan - 1-One.

5-4- CHLOROETHCATHINON: 1- (4-CHLOROPHENYL)-2-(Ethylam-
ino) Propan -1-One.

£60 o) el AN e (V) 3aLall sl el Al Syl Jhaal s
t I angll e aadd cadl Ll YoVA did
5-FYB - AMB (AMB - Fubinaca) (MMB - FUBINACA) methyl (2S) -2-
{I- ({4- fluorophenyl) methyl} indazole -3- carbonyl) amino} -3-
methylbutanoate.
i
3aaal) dadil) Msall e AL NacY) Cadg e 3N Culgial) aingd Wl s
(el Jay A L paally delila) @il Gow cpaal Sl ((NPS)
O L il (1Y) Jsall calbide g abedl) Jalail CDEA) e ae )l e
ol gid) e Bl Y1 aa daiadll clisdlls daiadll cilyl)
3ale Byde Caw Alsaay juae (& OlSudls dasall 3)hs Qb8 Je (Sl Lo sy
fen pan (e (Saiia o talgall o2 Jlextiud (i daay (i Yy leka
ler oy dupeaal) Blsudy) ) ELs JAs Cager alls cidan Al dlacY) o
DAL asi Cage Wil o i) Jolas (B LealsY daiall Lays e DS

Yo



5l S g T st S Ly e 3 e Bl Y
Aoalad) cfyasall Jglasy 4dlal)

Capailly clge )il AS sapanl) Gaviill Mgall amy ) i Wil (g g0 8
Gl e whe ) Zlinty Sl laality el LS o
gomd) oSl ks Aglaey (o)l e el 3 il e il
Lo glly iyl e o3l ally gl Gllee ey deie (ual)
=i il ) plind Basly celal) Hasall e clSyall o3 Ll Ll
Yy lgmpios b g lly lonsist o5 ) el 03 gaen Jady pappd
(e Adlisall Gle ganall (e Baals degana (e Bale Bydie Cw z)ya) Je i
Suaadl Al ol gall

Y1



dalyll

1- 1-UNODC. United Nations Office on Drugs and Crime, World Drug Report 2018.

2- Corazza O, Demetrovics Z, van den Brink W, Schifano F. “Legal highs” an
inappropriate term for “Novel Psychoactive Drugs” in drug prevention and scientific
debate, Int J Drug Policy. 2013; 24(1):82-83.

3- http://english.ahram.org.eg/NewsContent/1/64/311917/Egypt/Politics-/Voodoo-Egypts-
battle-against-Satans-drug.aspx.

4- Schifano F, Orsolini L, Duccio Papanti G, Corkery JM. Novel psychoactive substances
of interest for psychiatry. World Psychiatry. 2015;14(1):15-26. doi: 10.1002/wps.
20174.

5- UNODC. United Nations Office on Drugs and Crime, World Drug Report 2013,
Vienna, [cited 2016 May 5], from: https://www.unodc.org/unodc/secured/wdr/wdr2013/
World Drug Report 2013.

6- Clinical Commission 2011; Farré 2011; Hill 2011; EMCDDA 2012; EMCDDA 2013;
UNODC 2013; Prosser 2011.

7- Julia Gonzalez Alonso and Noelia Llorens Aleixandre, NEW PSYCHOACTIVE
SUBSTANCES. A CHALLENGE TO PUBLIC HEALTH, The Spanish Early Warning
System, SERVICIOS ADI EDITORIALES, http://www.pnsd.mscbs.gob.es/profesiona,
Legal deposit: M-21193-2014, ISBN: 978-84-940849-5-9.

8- Abdulrahim D, Bowden-Jones O, on behalf of the NEPTUNE Expert Group, 2015,
Guidance on the management of acute and chronic harms of club drugs and novel
psychoactive substances. http://neptune-clinicalguidance. March-2015. pdf. Accessed
24 Apr 2017.

9- https://www.unodc.org/LSS/SubstanceGroup/GroupsDashboard?testType=NPS

10-E. Solomons and J. Sam, “2-aminoindans of pharmacological interest”, Journal of
Medicinal Chemistry 16 ,1973: 1330-33.

11-A.P. Monte, D. Marona-Lewicka, N.V.Cozzi and D.E. Nichols, “Synthesis and
pharmacological examination of benzofuran, indan, and tetralin analogs of 3,4-
(methylenedioxy)amphetamine”, Journal of Medicinal Chemistry 36, 1993: 3700-6.

12-P.D. Sainsbury, A.T. Kicman, R.P. Archer, L.A. King and R.A. Braithwaite “Aminoin-
danes - the next wave of ‘legal highs’?”, Drug Testing and Analysis 3, 2011: 479-482.

13-P.V. Kavanagh, J. Sharma, S. McNamara, D. Angelov, S. McDermott, D. Mullan and
S. Ryder, Head shop ‘legal highs’ active constituents identification chart (May 2010,
pre-ban).

Yv



14-H.M. Connolly, J.L. Crary, M.D. McGoon, D.D. Hensrud, B.S. Edwards, W.D. Edw-
ards and H.V. Schaff, “Valvular heart disease associated with fenfluramine-
phentermine”, New England Journal of Medicine 337 (1997): 581-8.

15-Baldridge, E.B., Bessen, H.A., ‘Phencyclidine’, Emergency Medicine Clinics of North
America, 1990, 8 (3), 541-50; Balster, R.L., ‘The behavioral pharmacology of
phencyclidine’, in H.Y. Meltzer (Eds.), Psychopharmacology: The third generation of
progress, New York, 1987, 1573-9; The structure-activity relationships among
arylcycloalkylamines can be further consulted in Manallack, D.T., Davies, J.W., Beart,
P.M., Saunders, M.R. and Livingstone, D.J., ‘Analysis of the biological and molecular
properties of phencyclidine-like compounds by chemometrics’, Arzneimittelforschung,
1993, 43 (10), 1029-32

16-Pearlson, G.D., ‘Psychiatric and medical syndromes associated with phencyclidine
(PCP) abuse’, Johns Hopkins medical journal, 1981, 148, 25-33; Smith, J.B.,
‘Situational specificity of tolerance to effects of phencyclidine on responding of rats
under fixed-ratio and spacedresponding schedules’, Psychopharmacology, 1991, 103,
121-8.

17-World Health Organization, Model List of Essential Medicines: 19th List (April 2015)
amended November.

18-United Nations Office on Drugs and Crime, ‘UNODC questionnaire on new
psychoactive substances’, submitted by Member States and a network of drug analysis
laboratories in 2012.

19-World Health Organization, Ketamine (INN) Update Review Report, Agenda Item 6.1.
Expert Committee on Drug Dependence. Thirty-seventh Meeting. Geneva, 16 to 20
November 2015.

20-Gorelick, D.A. and Balster, R.L., ‘Phencyclidine (PCP)’, in F.E. Bloom & R.L. Kupfer
(Eds.), Psychopharmacology: The fourth generation of progress, New York, 1995,
1767-76; Brecher, M., Wang B.W., Wong, H. and Morgan, J.P., ‘Phencyclidine and
violence: clinical and legal issues’, Journal of Clinical Psychopharmacology, 1988, 8
(6), 397-401; Daghestani, A.N. and Schnoll, S.H., ‘Phencyclidine abuse and
dependence’, Treatments of Psychiatric Disorders: A task force report of the American
Psychiatric Association, American Psychiatric Association, Washington D.C., 1989,
1209-18.

21-Hill, SL., Thomas, S.H., ‘Clinical toxicology of newer recreationaldrugs’, Journal:
Clinical Toxicology, 2011, 49(8), 705-19.

22-European Monitoring Centre for Drugs and Drug Addiction, ‘Report on the risk
assessment of PMMA in the framework of the joint action on new synthetic drugs’,
2003, 56.

23-Huang, H.H. and Bai, Y.M. ‘Persistent psychosis after ingestion of a single tablet of
‘2C-B”’, Journal: Progress in Neuro-Psychopharmacology & Biological Psychiatryis,
2010, 35 (1), 293-4.

YA



24-Monte, A.P., Waldman, S.R., Marona-Lewicka, D., Wainscott, D.B., Nelson, D.L.,
Sanders-Bush, E., Nichols, D.E., ‘Dihydrobenzofuran analogues of hallucinogens. 4.
Mescaline derivatives’, Journal of Medicinal Chemistry, 1997, 40 (19), 2997-3008.

25-Collins, M., ‘Some new psychoactive substances: precursor chemicals and synthesis-
driven end-products’, Drug Testing and Analysis, 2011, 3 (7-8), 404-16.

26-Hill, S. and Thomas S. H., ‘Clinical toxicology of newer recreational drugs’, Clinical
Toxicology, 2011, 49, 705-19.

27-King’s College London, Institute of psychiatry, Psychonaut Web Mapping Research
Group, ‘Bromo-Dragonfly report’, London UK, 2009, (http://194.83.136.209/
documents/reports/Bromodragonfly. pdf; accessed in: September 2012.

28-Ling, L.H., Marchant, C., Buckley, N. A., Prior, M., Irvine, R.J., ‘Poisoning with the
recreational drug paramethoxyamphetamine (death), Medical Journal of Australia,
2001, 174, 453-55; Elliot, S.P., ‘Fatal poisoning with a new phenethylamine: 4-
methylthioamphetamine (4-MTA)’, Journal of Analytical Toxicology, 2000, 24, 85-9;
Lamberth, P.G., Ding, G.K., Nurmi, L.A., ‘Fatal paramethoxy-amphetamine (PMA)
poisoning in the Australian Capital Territory’, Medical Journal of Australia, 2008, 188,
426.

29-Andreasen, M.F., Telving, R., Birkler, R., Schumacher, B. and Johannsen, M., ‘A fatal
poisoning involving Bromo-Dragonfly’, Annales de Toxicologie Analitique, 20 (1), 1-

55; Personne, M., Hulten, P., ‘Bromo-Dragonfly, a life threatening designer drug’,
Journal: Clinical Toxicology, 2008, 46, 379-80

30-King, L.A and A.T. Kicman, “A brief history of ‘new psychoactive substances”, Drug
Testing Analysis 3,2011: 401-403.

31-European Monitoring Centre for Drugs and Drug Addiction (EMCDDA), “EMCDDA
Risk Assessments: Report on the risk assessment of BZP in the framework of the
Council decision on new psychoactive substances”, Germany, 2009.

32- Approximately 1.5 to 2 million tablets had been manufactured by Vitafit Nutrition Ltd.
for Stargate International (one of the major distributors in New Zealand) since 2001” in
“The Expert Advisory Committee on Drugs (EACD) advice to the Minister on:
Benzylpiperazine (BZP)”, New Zealand, April 2004; Industry figures point out that 26
million doses were sold over an 8-year period; Stargate International, “Party pills:
successful safety record”, Press Release, 13 March 2008.

33-Drug Enforcement Administration (DEA), Office of Diversion Control, “N-
Benzylpiperazine. (Street Names: BZP, A2, Legal E or Legal X)”, March 2014;
European Monitoring Centre for Drugs and Drug Addiction (EMCDDA), “EMCDDA
Risk Assessments: Report on the risk assessment of BZP in the framework of the
Council decision on new psychoactive substances”, Germany, 2009; World Health
Organization (WHO), ‘“N-benzylpiperazine (BZP): Pre-Review Report”, Expert
Committee on Drug Dependence, Thirty-fifth Meeting”, Hammamet, Tunisia, 4-8 June
2012.

¥4



34-Gee, P., Jerram, T. and Bowie, D., “Multiorgan failure from I1-benzylpiperazine
ingestion—legal high or lethal high?”, Clinical Toxicology 48, 2010: 230-3.

35-Elliott, S., “Current awareness of piperazines: pharmacology and toxicology”, Drug
Testing and Analysis 3, 2011: 430-8; for more information on fatalities related to BZP
see World Health Organization (WHO), ‘“N-benzylpiperazine (BZP): Pre-Review
Report”, Expert Committee on Drug Dependence, Thirty-fifth Meeting”, Hammamet,
Tunisia, 4-8 June 2012.

36-Sawair, F.A., Al-Mutwakel, A., Al-Eryani, K., Al-Surhy, A., Maruyama, S., Cheng, J.,
Al-Sharabi, A. and Saku, T., ‘High relative frequency of oral squamous cell carcinoma
in Yemen: qat and tobacco chewing asits actiological background’, International Journal
of Environmental Health Research, 2007, 17, 185-95.

37-European Monitoring Centre for Drugs and Drug Addiction, ‘khat’, Drug Profiles
(www.emcdda.europa.cu).

38-Dhaifalah I. and Santavy J., ‘Khat habit and its health effect. A natural amphetamine’,
Biomedical Papers, 2004, 148, 11-5.

39-Hoffman, R. and Al’absi, M., ‘Khat use and neurobehavioural functions: suggestions
for future studies’, Journal of Ethnopharmacology, 2010, 132, 554; Morrish, P.K.,
Nicolaou, N., Brakkenberg, P. and Smith, P.E., ‘Leukoencephalopathy associated with
khat misuse’, Journal of Neurology, Neurosurgery, and Psychiatry, 1999, 67, 556;
Odenwald, M., ‘Chronic khat use and psychotic disorders: a review of the literature and
future prospects’, Sucht, 2007, 53, 9-22.

40-European Monitoring Centre for Drugs and Drug Addiction, ‘kratom’, Drug Profiles
(www.emcdda.europa.cu).

41-op. cit.
42-op. cit.

43-Kikura-Hanajiri, R., Kawamura, M., Maruyama, T., Kitajima, M., Takayama, H. and
Goda, Y., Simultaneous analysis of mitragynine, 7 hydroxymitragynine, and other
alkaloids in the psychotropic plant “kratom” (Mitragynaspeciosa) by LC-ESI-MS’,
Forensic Toxicology, 2009, 27 (2), 67-74.

44-European Monitoring Centre for Drugs and Drug Addiction, ‘Salvia divinorum’, Drug
Profiles (www.emcdda.europa.eu)

45-United States, Drug Enforcement Administration, ‘Salvia divinorum and salvinorin A’,
2012.  (http://www.deadiversion.usdoj.gov/drugs_concern/salvia_d.pdf); = European
Monitoring Centre for Drugs and Drug Addiction, ‘Salvia divinorum’, Drug Profiles
(www.emcdda.europa.cu).

46-Ludger, E., et.al., “Synthetic cannabinoids in ‘spice-like’ herbal blends: first appearance
of JWH-307 and recurrence of JWH-018 on the German market”, Forensic Science
International 222.1 ,2012: 216-222.



47-Kelly, J.P. “Cathinone derivatives: A review of their chemistry, pharmacology and
toxicology”, Drug Testing and Analysis 3,2011: 439-453.

48-European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) and the
European Police Office (EUROPOL), “EMCDDA—Europol 2010 Annual report on the
implementation of Council Decision 2005/387/JHA”, Lisbon, May 2011.

49-Meltzer, P., Butler, D., Deschamps, J.R. and Madras, B.K., “(4-methylphenyl)-2-
pyrrolidin-1-yl-pentan-1-one  (Pyrovalerone) analogues: a promising class of
monoamine uptake inhibitors”, Journal of Medicinal Chemistry 49, 2006: 1420-32;
other cathinone derivatives, such as amfepramone and bupropion are or have also been
used as active pharmaceutical ingredients.

50-Wikstrom, M., Thelander, G., Nystrom, 1. and Kronstrand, R, “Two fatal Intoxications
with the New Designer Drug Methedrone (4-Methoxymethcathinone)’, Journal of
Analytical Toxicology, 2010, 34, 594-98.

51-Collins, M., “Some new psychoactive substances: precursor chemicals and synthesis-
driven end-products”, Drug Testing and Analysis 3, 2011: 404-16.

52-Bufotenin (a tryptamine closely related to serotonin) was originally found by Wieland
in the 1930s; Wieland, H., Konz, W. and Mittash, H., “Die Konstitution von Bufotenin
und Bufotenidin. Uber Kroten-Giftstoffe VII”, Justus Liebigs Annalen der
Chemie 513.1,1934: 1-25.

53-The structures of psilocin and psilocybin were confirmed by Albert Hoffmann et al. in
1959; Hoffmann, A., Heim. R., Brack, A. and Kobel, H., Experientia 14, 1958: 107-9;
Hoffmann, A., et.al., “Psilocybin und Psilocin, zwei psychotrope Wirkstoffe aus
mexikanischen Rauschpilzen”, Helvetica Chimica Acta 42, 1959: 1557-72.

54- Alatrash, G., Majhail, N.S. and Pile, J.C., “Rhabdomyolysis after ingestion of “Foxy,” a
hallucinogenic tryptamine derivative”, Mayo Clinic Proceedings 81.4 , 2006: 550-1.

55-Einosuke, T., et.al., “A fatal poisoning with 5-methoxy-N, N-diisopropyltryptamine,
Foxy”, Forensic Science International 163 , 2006: 152—-4; Sklerov, J., et.al.,, “A fatal
intoxication following the ingestion of 5-methoxy-N,N-dimethyltryptamine in an
ayahuasca preparation”, Journal of Analytical Toxicology 29.8 , 2005: 838-41.

56-Bjoern Moosmann, Volker Auwérter, Designer Benzodiazepines: Another Class of
New  Psychoactive  Substances,  Chapter in Handbook  of  experimental
pharmacology 252 , October 2018, p. 383, DOI: 10.1007/164 2018 154.

57-Logan BK, Mohr ALA, Friscia M et al., 2017, Reports of adverse events associated
with use of novel psychoactive substances, 2013-2016: a review. Anal Toxicol
41(7):573-610. https://doi.org/10.1093/jat/bkx03.

)



Abstract
New Psychoactive Substances (NPS)

Nadia Jamal Eldin Zaki

Recent years have seen a steady growth in the availability and consumption of novel
psychoactive substances (NPS) across the world. NPS are a range of drugs that have been
designed to mimic established illicit drugs, such as cannabis, cocaine, ecstasy and LSD.
They are sold as legal, cheap and non-detectable substitutes for controlled drugs, and
commonly known by terms such as “designer drugs,” “legal highs,” or “herbal highs.”
These drugs are gaining popularity among youth in recent times as they are less expensive
and easily available through head shops and internet. A large number of NPS are entering
the user market due to the infinite possibility of altering the chemical structures of existing
NPS to derive new substances, making them difficult to monitor.

Since 2009, tens of new compounds belonging to six major groups of NPS are
introduced into the market each year. The number of compounds belonging to the two most
popular groups, synthetic cannabinoids and synthetic cathinones, makes up to two-thirds of
the total number of NPS. Different classes of NPS exert their actions by various
pharmacological mechanisms, such as the enhancement of central neurotransmission or
activation of certain receptors. Activation of NPS can produce a wide spectrum of life-
endangering side effects. NPS may impair cognitive functions, exacerbate or trigger mental
disorders and cause severe neurological and cardiovascular symptoms. Definition of new
psychoactive substances, different classes of NPS, mode of action, risks and health hazards,
the legal situation of NPS were discussed in this article.

We currently present characteristics of these new substances and issues regarding
their monitoring and regulatory measures already taken for their control.

These issues would be important for clinicians, law enforcement authorities, and
policy makers to consider for mounting an effective response to control the use of NPS.
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