
 EMS called for agitated/violent 17 year old 

male.  Tazed by police 5 times.  EMS gives 

him 10 mg midazolam IM.  Still agitated.  In 

ED given haloperidol, ketamine, lorazepam, 

diphenhydramine and phenobarbital.  Still 

agitated.  Finally intubated and sedated with 

propofol and fentanyl.

 What did he take?





 26-year-old male presents to ED with 1 day 

of N/V and abdominal & lower back pain.    

Initial evaluation demonstrated a serum 

creatinine of 5.38 mg/dL, a blood urea 

nitrogen of 30 mg/dL and an urinalysis with 

1+ protein and trace blood.  He admitted to 

approximately one year of daily use of “Mr 

Happy”

 What did he take?



XLR-11 UR-144



Stephen Thornton

Medical Director

University of Kansas Health Systems Poison Control Center



Disclosure

 No conflicts of interest to declare.



Objectives

1. List 3 characteristics common to novel 
psychoactive substances

2. List 4 types of novel psychoactive substances 
and their associated toxicity.

3. Describe 3 severe complications that can be 
seen with novel psychoactive substance use.



The Devil We Knew



New Devils?



Novel Psychoactive Substances

 a.k.a. Designer drugs

 a.k.a. Synthetic drugs

 a.k.a. Legal highs



Brief History of Novel Psychoactive 

Substances

 1874 –

 1887 -- Methamphetamine

 2004 -- Synthetic cannabinoids. 

 2006 -- Synthetic cathinones

 2012 -- 2-C drugs

 2015 -- Fentanyl analogs 

 2018 -- ??? 

Diacetylmorphine



1. Origins

▪ Research 

chemicals

▪ Foreign 

Pharmaceuticals

2. Start overseas

3. Manufactured in 

China or Eastern 

Europe.

5. Internet Distributed

➢ Grey Market 

➢ DarkNET

6. Evolve rapidly.

7. Difficult to detect.

8. “Not For Human 

Consumption”

9. Difficult to regulate.

Common Characteristics & 

Challenges



ORIGINS:

RESEARCH CHEMICALS 

Synthesized JWH-018 in 1993



ORIGINS:

FOREIGN PHARMACEUTICALS



The Grey Market



The Grey Market

 12 “Research Chemical” Internet Vendors 

monitored weekly for 24 weeks:

>600 novel psychoactive substances 

(NPS) listed

○> 13+ different classes

 ~70 new NPS listed during the study 

period.

>8 DEA Sched I substances/website



The Grey Market

 14 “Research Chemicals” Purchased

Total of 34 samples

 From 8 websites

 80% delivered

 80% confirmed to be advertised 

substance.

 Multiple DEA Schedule I substances

Armenian P, Thornton S, Gugelmann H,Gerona RR Ease of Identifying and 

Purchasing Popular “Research Chemicals” via the Internet. Clinical Toxicology 

(2015), 53, 639



The DarkNet



The DarkNet



Rapid Evolution



Regulation Begets Rapid Evolution

Illegal Legal

JWH-018 JWH-072 



Difficult to Detect

 NOT detected on your standard UDS.

 Large labs have dedicated screens.

 Still often don’t know what to test for!

 Need specialized testing methods



“Not For Human Consumption” 

Loophole

Skirts the Federal Analog Act

Avoids regulation by DEA or FDA.





The Scope of the Problem:



Palamar JJ, Acosta P, Sherman S, Ompad DC, Cleland CM. Self-reported use of novel psychoactive substances among attendees of 

electronic dance music venues. Am J Drug Alcohol Abuse. 2016 Nov;42(6):624-632.





 Novel Opioids

 Synthetic cannabinoids 

(“Spice, K2”)

 Substituted cathinones 

(“Bath Salts”)

 Designer 

Benzodiazepines

 Tryptamines

 2C drugs (“Nbomb”)

 Ketamine/PCP 

analogs(“MXE”)

 Piperzines “Party 

Pills”

 Phenethylamine 

derivatives

Common Classes of Novel 

Psychoactive Substances









Novel Opioids

 Fentanyl analogs

○Acetyl-, Butyryl-, Carfentanil, etc

➢ 1000+x more potent than heroin.

➢ Becoming rule, not exception.



Threat of Fentanyl…

Peterson AB, Gladden RM, Delcher C, Spies E, Garcia-Williams A, 

Wang Y, Halpin J, Zibbell J, McCarty CL, DeFiore-Hyrmer J, DiOrio 

M, Goldberger BA. Increases in Fentanyl-Related Overdose Deaths 

- Florida and Ohio, 2013-2015. MMWR Morb Mortal Wkly Rep. 2016 

Aug 26;65(33):844-9. 







Threat to First Responders, 

EMS, Health Care Workers?
• ACMT/AACT Statement:

• Inhalation: require ~ 200 min of exposure

• Dermal: cover both palms with fentanyl 

patches, toxicity expected in 14 minutes.

• Mucous membrane: could be risk

• Bottom line: Standard precautions (i.e. 

gloves) should be sufficient.





“Research” Opioids

 U-47700 (“Pink”)

 AH-7921

 MT-45

 Bromadol

 Variable potency



Remember Krokodil?



Desomorphine (“Krokodil”)

 Potent derivative of codeine.

 Previously rx drug in Switzerland

 “Krokodil” originated in Russia

 Multiple solvents/hydrocarbons used 

in manufacturing  tissue necrosis.

 No lab confirmed cases in USA.

 Unlikely to be seen.



Novel Spawns of the Opioid 

Epidemic

 Kratom

 Ibogaine

 Loperamide





Kratom

 Mitragyna speciosa: endemic to SE Asia

 Mitragynine – “primary” active compound

 Low dose: stimulant

 High dose: opioid-like

 Used recreationally but also to self-treat 

opioid withdrawal.

 Might see opioid effects but serious 

toxicity rarely reported.

 Withdrawal has been described.



Krypton :
It isn’t just bad for Superman

 Kratom and o-desmethyltramadol mix

 Seizures

 Deaths reported





Ibogaine

 Found in root of the African rainforest 

shrub Tabernanthe iboga in 1901.

 DEA schedule 1(1970)

 Active CYP2D6 metabolite (noribogaine)

 Resurgence as anti-addiction therapy.

 Multiple effects: NMDA antagonism, opioid 

receptor binding, potassium channel 

blocker.

 Risk is QT prolongation  TdP





Loperamide

 FDA approved since 1976

 Peripheral acting opioid

 Does not normally penetrate blood/brain 

barrier due to P-glycoprotein (PGP) activity.

 Huge doses (>40x) or co-ingestion with 

PGP inhibitor (omeprazole, cimetidine) 

result in typical central opioid results.

 Huge doses QT prolongation  TdP





Novel Opioids
Associated Clinical Symptoms

Common Severe/Uncommon

CNS depression Apnea

Respiratory Depression ???

Miosis







Synthetic Cannabinoids
(“Synthetic marijuana, Spice, K2...”)

 Multiple compounds and product names.

 Usually sprayed on “herbs” and smoked.

 Bind to cannabinoid-1 & 2 receptors. 





Synthetic Cannabinoids
Associated Clinical Symptoms

Common Severe/Uncommon

• Nausea/Vomiting

• Agitation

• Tachycardia

• Seizures

▪ Hyperemesis Syndrome

▪ Prolonged psychosis

▪ Renal Injury

▪ Myocardial Infarction

▪ Stroke







Synthetic Cathinones

(“Bath Salts, Plant Food”)

 Cousins of amphetamines.

 Many compounds and product names.

 Usually insufflated or injected.

 Promote release of norepi, dopamine, & 

serotonin.





The Story of Cathinone

Catha edulisKhat



Amphetamines Ugly Cousin:

Gerona RR, Wu AH. Bath salts. Clin Lab Med. 2012 Sep;32(3):415-27.



Shanks KG, Dahn T, Behonick G, Terrell 

A. Analysis of first and second generation 

legal highs for synthetic cannabinoids and 

synthetic stimulants by ultra-performance 

liquid chromatography and time of flight 

mass spectrometry. J Anal Toxicol. 2012 

Jul;36(6):360-71.



• Meth-like

• “Ecstasy”-

like

• Cocaine-like

Organic Chemistry Gone Bad

Simmler LD, Buser TA, Donzelli M, Schramm Y, Dieu LH, Huwyler J, Chaboz S, Hoener MC, Liechti ME. 

Pharmacological characterization of designer cathinones in vitro. Br J Pharmacol. 2013 Jan;168(2):458-70.



NRG-3



Synthetic Cathinones

Associated Clinical Symptoms

Common Severe/Uncommon

• Tachycardia

• Hypertension

• Anxiety/Agitation

• Seizures

▪ Excited delirium

▪ Prolonged psychosis

▪ Serotonin Toxicity

▪ Hyponatremia







Designer Benzodiazepines

• Many variations and analogs.

• Etizolam, phenazepam, flubromazepam,…

• Many prescription drugs in other countries.

• All have similar effects as GABAA agonists.

• Usually taken orally.







NMS. Designer Drugs_Novel Psychoactive Substances (NPS) Trends Data 

2016



Designer Benzodiazepines

Associated Clinical Symptoms

Common Severe/Uncommon

Sedation

Respiratory depression**

Withdrawal?



More and More NPS…

 Tryptamines – powerful hallucinogens

 2C drugs – “synthetic LSD”

 PCP/Ketamine analogs

 Benzofurans

 Aminoindanes

 Designer amphetamines

 LSD analogs

 Cocaine analogs





Trying to Address the 

Challenges of NPS…
 P-SCAN

 Psychoactive Surveillance Consortium 

and Analysis Network

 Goal: Allow for “earlier” warning of NPS 

epidemics.

 Multi-center (10 sites)

 Analyze suspected NPS cases with LC-

QTOF/MS from scavenged labs.







Now for some good news…



Common Treatment Pathway: 

 Supportive care the key: Calm, Cool, Hydrate

 Watch QTc

 Excited Delirium common complication:

 If you have to calm them down:

Benzodiazepines, Haloperidol

Ketamine, Dexmedetomidine

 If you have to wake them up:

Naloxone for novel synthetic opioids.

Flumazenil for designer benzodiazepines.



Take Home Points

 Characteristics/Challenges of NPS:

Research chemicals or foreign 

pharmaceuticals. 

Start overseas.

Distributed via the internet.

Evolve rapidly.

 “Not for human consumption” label.

Are difficult to detect and regulate.



Take Home Points

 Classes include:

Synthetic Cannabinoids

Synthetic Cathinones

Novel Synthetic Opioids

Designer Benzodiazepines

Tryptamines

 2C drugs

Ketamine/PCP analogs

Kratom



Take Home Points

 Severe complications include:

Respiratory arrest from novel synthetic 

opioids.

Strokes, MI, AKI from synthetic 

cannabinoids.

Excited delirium, hyponatremia and 

seizures from synthetic cathinones.

Withdrawal from designer benzos.



Take Home Points

 Treatment is supportive:

Calm, Cool and Hydrate

Benzos, Haloperidol, Ketamine

Naloxone and flumazenil should 

work.



Questions?
Call:

U of Kansas Health System 

Poison Control Center: 

8-6638

Dr. Thornton

913-917-0013


