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Cathinenes: doessstructuteprecietactivity@vity?

Phenethylamine structure + @ keto group on the side -chain

MDMA analogues

MDMA -like cathinones

Amphetamine analogues
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Pharmacology oeffstimulantsiandnd empathgens

Potency to inhibit NE, DA and 5 -HT transport into transporter  -transfected cells
and their efflux from monoamine -preloaded cells
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POC reportroff cathinone: toxicityy  MEHE

All cases N= 236
Adverse clinical effect Number %
Tachycardia 166 459 . .
Agitation 142 39.2 Adrenergic signs
Hypertension 76 21.0
Hallucinations 64 17.7 .
Confusion 47 13.0 Encep alopathy SIS
Chest pain 26 1.2
Drowsiness 26 1.2
Fever 24 6.6
Electrolyte abnormality 20 5.5
Hyperventilation 19 5.2
Vomiting 19 5.2
CPK elevation 17 4.7
Diaphoresis 15 4.1
Hypotension 15 4.1
Rhabdomyolysis 13 3.6
Tremor 13 3.6 _ _ _
Dyspnea 12 3.3 Serotoninergic signs

-

Creatinine

Organ function

Mydriasis 11 3.0
Seimres 11 3.0
Total 362

Spiller HA. Clin Tox 2011




Chemsex practiceank-rance:an updatedne in
addictovigilance= datau
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Blood concentration (pg/L)
(mg/L)
Cases Poly-druguse Age Mephedrone 4-MEC  Butylone MDPV 3-MMC GHB Others
No. 1 Yes 54 1455 520 180
No. 2 Yes 36 1 366 16 MXE, alcohol
No. 3 Yes 36 5 5594 628 MXE, alcohol, nordiazepam
No. 4 Yes 27 9830 Ethylchloride
No. 5 Yes 55 916 Zolpidem, alcohol
No. 6 Yes 55 5480 Poppers: MetHb 39%
No. 7 Yes 54 26 12 Mexedrone
No. 8 Yes 40 29 4950

Batisse A. Fundam Clin Pharmacol 2021
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Synthetic: cannabinoids:
chemical structure

Used t o o-DHCdikempsy@d@ogical effects
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The rolecobeéndogenous.cannabinoidsds

= Retrograde messengers and synaptic modulators

3- Modulation of NT
release ( E secretion)

1- NT release

2- Endogenous cannabinoid
production during
postsynaptic excitation




Conseguences of pewernfilil cannabinoids

Substance Ki (nM) Cgflﬁ?gget;)tors
THC 41 N2 1
XLR-11 24 N5 X 2
JWH -018 9 N5 X5
JWH -073 8.9 N2 X5
CP 47,497 2.2 NO.5 X 20
AM-2201 1 X 40
HU-210 0.06 N0.01 X 700

()

- Activity duration:
up to24h
(instead of4 -6h)
- Incidence of
symptoms x2 -4
- Increased severity
(5% in the ICU)
- Fatalities: 8
published cases



Mervous system Restlessness//agitation

Changes of perceptions
hallucination

Syntheticc cannabinoids :

1

Somnolence 17

= = . = L . Initial nneconsciousness for up |

related-Clinical oxicity:ity
somnolence for several hours

Confusion/disorientation 1<

Anaesthesia/paraesthesia | )

Anterograde amnesia -

Acute psychosis® 3

: : Generalized seizure with 3
First generation: hypopnoic episode

Agoressive behaviowr 3

.. Aphasia, mild 3

Nausea/VOmltlng, Feeling hot 3

Laugh attacks 3

. . Mearomuscilar Muscle jerking/muscle cramps r

Occasional seizures system Muscle pain -

Mvoclonis 3

= . Shivering/shaking 1<

More recent generatlon " Cardiowvascalar Tachycardia s

svstem Bradyvcardiza 3

Selzu res Other electrocardiographic 1<k

b changes®

. . . Hypertension 34

Cardiotoxicity Hiypotension 7

Synoope b

. . Dysproen 21

Sympathomimetic syndrome Thoracic pain 10

Gastrointestinal Mausea vomiting 28

S t E E d svstem Dry mouth/globus sensation 1<k

erooninergic syndrome Excessive thirst -

Diarrhoea T

1 Eves Mydriasis a8

CardlovaSCUIar events Conjunctival hyperasemia | [

Laboratory Hypokalasmia 28

Stro ke results Elevation of creatine kinase 14

Elevation of blood glucoses 31

Hermanns-Clausen M. Addiction 2012



Repeated thrombosis afterisynthetici.cannabinaidiuse

RPO_PERF ‘ Raheemullah A. J Emerg Med 2016



Cannabinoids-induced AKIL

N=16; Age: 15027 yrs

- Intense nausea and flank or abdominal pain

- Median peak creatinine : 6.6 mg/ dL; proteinuria (N=8), casts (N=5),
RBC in urine (N=8); increased cortical echogenicity (N=9/12)
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Detection of fluorinated SCB (XLR -11) (N=4/6)
All patients were hospitalized; one required dialysis; none died

Tait RJ. Clin Tox 2016



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

“Zombie” Outbreak Caused by the Synthetic
Cannabinoid AMB-FUBINACA in New York

Axel J. Adams, B.S., Samuel D. Banister, Ph.D., Lisandro Irizarry, M.D.,
Jordan Trecki, Ph.D., Michael Schwartz, M.D., M.P.H., and Roy Gerona, Ph.D.

Premi'um_ Products

AK-47 24 Karat Gold Foil Wrapper
containing herbal products, r ecovered
from a patient involved in the outbreak
(12 Jul 2016, Brooklyn, New York)




Fatalities attributed to synthetic cannabinoids

Extra Relaxation
enuiion

Patton AL. J Forensic Sci 2013
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Psychedelic
phenetylamines
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What Does it Look Like?
Retail Level Photographs

Commonly Sold on Small Pieces of Blotter Paper

Wholesale Quantity Photographs

SI-NBOMe

N-2-methoxybenzyl derivatives of the
phenethylamine
Extremely potent, active at ug level

Binding affinities at 5-HT2A receptors Ki 0.16—1.49nM

y detected in ‘blotters’/tabs, sugar cubes

Face appears flushed
Confused and or combative
Fast Heart Rate

Sweating

Pupils dilated

Teeth grinding

Possible seizures

Unusual effects, pain, headaches,
etc

Numbing of mouth

Bitter taste

Powerful euphoric

One time use can be deadly
No known antidote

P 000D DD®

2P 929299



Psychedelic hallucinogen drug belonging to the phenylethylamine family
300 time more powerful than mescalin e and 1/5 time than LSD
Powerful 5-HT,, agonist with a-agonist effects

Wood DM. JMT 2009



Methoxetaminee taxicityy
(High - affinity selective NMDA -R antagonist)

N=47
Mumber % of total
Feature group Reported terms of cases (95% CI)
Stimulant Tachycardia, hypertension, 17 36 (24 to 50)
mydriasis, palpitation,
increased sweating
Acute mental Agitation, confusion, 20 43 (30 to 57)
health euphoria, aggression,
disturbance hallucination, paranoia,
hysteria, manic reaction,
psychosis
Dissociative Catatonia, dystonia, 5 11 (5 to 23)
hypertonia, tetany
Cerebellar Nystagmus, tremor 3 62tol])
Reduced Reduced conscious level, 8 17 19 1o 30)
CONSCIOUSNEess stupor, somnolence, coma
Seizures Seizures 1 21100 to 11)

Hill SL. Emerg Med J 2014






alcool, barbituriques HOJK/\/ NH; GH B’GBL

benzodiazépines gamma-
_ etapparentées  aminobutyrate
5 EEm) Activity half -life: 1-3 h

GABA _ e: 1-
GABA,R / Consciousness impairment <3h
A @ T l® Detection: 8h (plasma) et 12h (urine)
acide @ acide

= succinique ——> succinique —» CO, * eau
a semi-aldéhyde

®
GABAB'R == bacloféne  (3)
— ® GBL ‘—@— THF
® gamma- \étra-

butyrolactone hydrofurane

gamma-

hydroxybutyrate

HOJ\/\/O“ @O

GHBR =
- : alcool —|@I
1,4-BD

1,4-butanediol
o NN

Endogenous GHB (blood < 5 pg/mL and urine < 10 pg/mL)




Toxicity\atiributeditedGHBG HB

¢ Dose- and concentration -effect relationships

Dose (mg/KQ) Symptoms
10 Amnesia, myorelaxation, hypotonic, dizziness, myoclonus
20 - 30 Euphoria followed by sleepiness
30 - 50 Sedation, nausea/ vomitig
50 - 100 Non-reactive coma (G -hole), respiratory depression, seizures,

bradycardia, hypotension, nystagmus, myosis/mydriasis

Cc Tight therapeutic index

C Inter -individual variability

¢ Tolerance development if repeated use
C Aspiration, EK+ B WBC, BbCK, AVB

¢ Withdrawal: 1 -6h, peak 24h, duration 14d Shep LJ. Clin Tox 2012




Gender (man)
Age (24 y-0)
Severely racuced conscousnass |GC5<H)
Otrer neuralagical symptoms (apart from altered GCS)
Any behaviour abnormality
Fyoatension (<30 mmHg)
Rradycardia (<60 bpm)
Other cardiovascular symptoms
Bradypnoes (<10 bpm)
Other respiratory symotams [including dyspneal
Hypaotharmia (<356C)
Gatraintestinal syrmproms (vomiting)
Treatment (any)
Use of antidotes
Need for mechanical ventilation

Meed for prolonged ED stay {12 hours)

Odds Ratio (95% CI)
More frequent in g—— —

Mare reguent in

GHBIGEL anly GHBE/GBL with
ronp 1 co-intoxicants 1 0
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—a— Euro-DEN current series
[multicentre, multinaticnal)

—J— Galicia et al. past series
(unicentre)

Mixed!
GHB/GBL
poisonings

GHB

Miro O. Tox Lett 2017






Prescriptionn opioids : fifstcauseof toxi¢deathiimtheiWShe US
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Opioid Analgesic
(n=16651)

Jones CM. JAMA 2013



The US:Opjoidd- Overdose: Epidemic:
Opioid sales; admissions fof @pioidoid--abuse treatment
and deathssduedotopioithoverdose; 99999962010
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A 1980CNEIM letteron-the riskof iopiaid addictionddiction
when prescribeddof ehrontepaimain

A 5-sentence letter published in the NEJM in 1980 was uncritically cited as
evidence that addiction was rare with long -term opioid therapy [439/608 (72%)]

35 Leung PTM. NEJM 2017
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Porter J, Jick H. Addiction rare in patients treated with narcotics. NEJM 1980;302:123



The 19" wealthiest family in the US

with a fortune of $13 billion in 2016

|

Purdue Pharma advert

EDUCATIONAL WEBINARS FOR HEALTHCARE PROFESSIONALS
PRESENTED BY PURDUE PHARMA L.P. MEDICAL LIAISONS

The: rolecobphanmaceutical compagniesies:
Accusatiomfophalfcarmillionideathsaths

“I couldn’t get through
my day without it!”

It gets you high " S



Deaths per 100,000

The: egidiemiccobopieidiaverdosk sieatas thihes U8e US

from opioid overdose
1M 6 1 million people died from
opioid overdose since 1999

4 10M - 10 million people misuse

, opioids in a year
. 72% - QOpioids are a factor in 7
’ out of 10 overdose deaths

120K- 120,000 people died in 2023
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Fentanyl (No Stimulants)

Fentanyl (With Stimulants)

Rx Opioids (No Fentanyl)

Heroin (No Fentanyl)

1988 2000 2001 3002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2020 2021

Wave 1 Wave 2
Prescription-opioids Heroin

Wave 3
Fentanyl

Wave 4
Fentanyl + stimulants




The US5Pasadaxxdedeeasingepioidqireserptioption

Opioid Prescriptions

butrinereasing®pipidioverdosewdeathsths
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The: traditionahvieweof egioidiablisehuse
0 the:downwarddspisatal -

Drug potency
Recreational Drug co-ingestions
b Drug adulteration
Sy /_ Novel compounds ﬁ

Substance =» ES1ile[o(cTgWeIZN1g
Acute — .

&isuse Disoder =» JEEICN[F:li]

Patient in
pain




PR T p——— ¢
1- Potency of fentanyl compounds e Fentanyl
derivativess

o
Potent structural

analogues of
fentanyl, originally
synthesized as

Ejfﬁo gﬁ% ©ijo (jfjo pharmaceuticals
E} E - candidates became

Fentanyl (6) Mefentanyl (26) Phenaridine (29) «-mefentanyl (27) Ohmefentanyl (95)

N
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i v F°  drugs of abuse
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Vardanyan RS. Future Med Chem 2014
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Presentations of fentanyl overdose

Y Usual CNS: déppessionn Y Wooden chestiwalt Syndromene
- With fentanyl in operating room
1. Respiratory depression 5 o 5
2. Miosis - Mechanical ventilation (100%)
R Vi iy e i o i - Reversibility using naloxone?
5. Myoglobinuric renal failure . .
6. Rhabdomyolysis - Death with fentanyl at therapeutic
7. Absent or hypoactive bowe! sounds . . .
8. Compartment syndrome } dose range in non-naive opiate users
5. Hypothermia |
10. Possible presence of one or more fentanyl patches F\ - Frequent |aCk Of measurable
\ N norfentanyl despite high fentanyl
-  Mechanisms:

Activationof NA ci rul ospi na
(fentanyl) or 5SHT pathways (oxycodone)

L

Burns G. Clin Tox 2016
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) The rolécobéounterfeitfant faisifiedsifugs drugs

N 9

*FAKE
oxycodone M30 tablets
containing fentanyl

%
©
Entorceme™

AUTSIENTIC
- 20 M fake prescription pills seized  in 2022 _ /) e
(> last 2 yrs combined)

The most counterfeit pill = oxycodone 30mg
(M30s, Mexican Blues, Blues, M -Boxes)

People think they are purchasing legitimate
prescription medications; however, pills often
contain lethal amounts of illicit drugs

(4/10 with a lethal fentanyl dose)

- Seizure of 78 M fentanyl - lace fake pills and
12,000 pounds of fentanyl powder in 2023
= equivalent to 377 M deadly doses

- Rainbow fentanyl ="brightly -c ol or ed 0
used to target young Americans




2- Impact of multidrug (including stimulant drug) use

Age--ad|usteadigioverdosesdedtiuth reatess by

selectediddegginithe WeSL(20 160 1 662021))

Deaths per 100,000 standard population

25

20

15

10

Fentanyl: 31.3vs 11.9/100,000 (+300%)
Methamphetamine: 13.8vs5.4
Cocaine: 11.3vs 4.5

Heroin: 4.2 vs 1.5

Oxycodone: 1.7vs 1.3

Methamphetamine’

Cocaine’

Fentanyl’

_f.-".
— Heroin?
Oxycodone?
 —
| 1 ] | | ]
2016 2017 2018 2019 2020 2021

Spencer MR. CDC2023




3- Increasing fentanyl adulteration with xylazine

Thézombleodrmb lopocdliypsu g o

P SRR
Rompun®
Xylazine D Clomdlne gxgéafr:g7r:]nﬂeclion) L= B
Sedative and Analp”
H N : ——

fjr‘%@r

Veterinary drug, centrally acting a2
adrenergic R agonist C sedation &
muscle relaxation + necrotic skin AE

Total Exposures
Exposures Without Other
Clinical Effect, n (%) (N =76) Substances (N = 48)
Drowsiness/lethargy 36 (47.4) 21 (43.8)
Bradycardia 15(19.7) 13 (27.1)
Hypotension 8 (10.5) 5(10.4)
Hypertension 7(9.2) 4 (8.3)
Puncture/wound 6(7.9) 4 (8.3)
Slurred speech 6 (7.9) 3 (6.3)
Coma 5 (6.6) 1(2.1)
Ocular irritation/pain 5 (6.6) 4 (8.3)
Respiratory 4 (5.3) 1(2.1)
depression

Forrester M. J Emerg Med 2016

apo

Xylazine-Positive Cases of Evidence Analyzed and Overdose Deaths by
Region During 2020 and 2021 Reported by DEA

West

Midwest

0 200 400 600 800 1000 1200 1400 1600

Northeast South Midwest West
W 2021 Overdose Deaths 1,281 1,423 351 34
B 2021 Evidence 556 580 118 163
H 2020 Overdose Deaths 631 116 o 4
2020 Evidence 346 198 110 77

Silva Torres LA. J Forensic Leg Med 2024




Does xylazimesworseropipidid--relateed
neurerespiiatoryy depressiani?

P *x
1404 T

~ 120 9

3 . < 1204 %

c .Usu,('.‘ Lot S !
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— Ll Yeeeees hessseensnnrnngrarasncy sl -y L 208 - \\ B " w “l{Y"“r~“‘.

R 2 100 R -y Srmd RN RIS
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= 3

&5 9~ O 80-

. e Heroin (n=13) %’ * Fentanyl (n=16)

< 60+ . % Horoin + Xylazine (n=14) 604 : = Fentanyl + Xylazine (n=11)
i T T T T T T T T T T T 1 l . 1 L 1 bl | s 1 v 1 ¥ 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120

Time (min) Time (min)

Xylazine/heroin potentiates initial O  , decrease, deleting the hyperoxic portion of
the biphasic response ==> more robust and prolonged brain hypoxia

Xylazine/fentanyl eliminates hyperoxic phase of response + prolongs brain hypoxia
==> attenuation of compensatory mechanisms to counteract brain hypoxia

Choi S. Psychopharmacology 2023



Relationshipof bloahXylazine andchfenhtaaytanyl
concentraiionsdnifatalitigsties

Annual number of fentanyl fatalities

2019 2020 2021

s Mumber of fentanyl fatalities === Percentage of fentanyl fatalities with xylazine

2022

2

1

Percentage of fentanyl fatalities with

Table 2. Postmortem xylazine and fentanyl concentrations.

xylazine detected

Postmortem fentanyl concentrations
were greater in cases with xylazine
detected than those without xylazine.

It is unclear why patients who were
exposed to xylazine tolerated higher
opioid doses prior to dying

Hypothesis: Xxylazine may act to
competitively antagonize some degree
of MOR binding by opioids

Drug

All xylazine concentrations

Fentanyl concentrations, all fatalities
Fentanyl concentrations, without xylazine
Fentanyl concentrations, with xylazine

Median with quartiles (pg/l) Range (pg/L)
21.0 (8.8, 44.0) 3.3-2755
10.0 (5.7, 18.0) 0.3-1349
10.0 (5.6, 18.0) 0.3-1331
17.0 (7.9, 27.0) 1.2-1349

Hays HL. Clin Tox 2024



4- Emergence of non - fentanyl synthetic opioids

2--Benzylbenzimidazoless ( (nitazeness)
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Number of positive identifications
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Compound of interest N N Mean Median (ng/mL) Range (ng/mL)
Qualitative Quantitative (+SD) (ng/
mL)
Etodesnitazene 26 15 25+ 36 4 0.1-120
N-Pyrrolidino protonitazene 39 26 8+17 1.2 0.3-55
N-Pyrrolidino metonitazene 15 11 + 0.47 0.2-26
N-Desethyl isotonitazene 16 9 442 34 0.82-8.3
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