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 Participant will be able to identify the toxicity 
caused by some of the "Legal Highs" in 
America.  
 
Participant will be able to discuss the 
pharmacology and mechanisms of toxicity of 
these drugs of abuse.  
 
Participant will be able to discuss medical 
management of the toxicity associated with 
these drugs of abuse.  



 Really not a new concept 
 Many start out in Europe and then come to the USA 
 Many have even been produced by European 

pharmaceutical companies 

 
 Thought to be abused by those wanting to 

avoid detection during drug testing 
 Young adults, college students, employed adults 

 



 Idea is to “create” a drug that has desired 
effects without being easily detectable and 
therefore enforceable 
 Many aren’t really new drugs, but instead variations 

of “older”ones 
 When one becomes illegal, a “new” one is created 
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 Synthetic Marijuana 
 Bath Salts 



 Collection of symptoms and findings that 
suggest a particular toxicity 
 Sympathomimetic 
 Anticholinergic 
 Cholinergic 
 Serotonin syndrome 
 Opiate 
 



 Examples:  
 Cocaine 
 Amphetamines  

 Dextroamphetamines (Dexedrine®) 
 Methylphenidate (Ritalin®) 
 Methamphetamines (crank, speed, 

Ice) 
 MDMA (Ecstasy)   

 3,4-methylenedioxymethamphetamine 

 Phencyclidine (PCP) 
 Ephedrine 
 Pseudoephedrine (Sudafed®) 



 What might we see? 



 Fight or Flight-like 
 

 MyDriasis (DILATED) 

 Tachycardia 
 Hypertensive 
 Hyperthermic 
 Seizures 
 Insomnia 
 Excessive motor activity, restless 





 Marijuana = THC (∆9- tetrahydrocannabinol) 
 

 Human body has an endogenous chemical 
called anandamide which binds to the same 
cannabinoid  receptors in the brain as 
exogenous THC 
 
 
 

Anandamide THC 



 Researchers and Pharmaceutical companies 
have “created” other chemicals similar to 
anandamide and THC  Synthetic 
Cannabinoids  
 Looking for a drug with similar analgesic and anti-

inflammatory effects of THC without the “high” 
 Kind of like genetic engineering of vegetables 

 JWH-018; JWH-073; JWH-250; CP47,497; HU-210 
 Dr. John W. Huffman of Clemson University 

 These synthetic cannabinoids bind to the brain 
cannabinoid receptors even better 



 Examples: Spice and K2 
 

 Have been abused in Europe since the early 2000s 
 These hit the US market in about 2010 
 In 2011 the US Drug Enforcement Agency (DEA) listed 

several of these as Schedule I 

 
 Often marketed as incense and potpourri 

 Marketing disguise 

 
 “Not for human consumption” 

 



 Schedule I drugs, substances, or chemicals are 
defined as drugs with no currently accepted 
medical use and a high potential for abuse.  

 Schedule I drugs are the most dangerous drugs 
of all the drug schedules with potentially 
severe psychological or physical dependence.  

 Some examples of Schedule I drugs are: heroin, 
lysergic acid diethylamide (LSD), marijuana, 
methaqualone (Quaaludes), peyote, and 3,4-
methylenedioxymethamphetamine (Ecstasy) 



 Schedule II drugs, substances, or chemicals are 
defined as drugs with a high potential for 
abuse, less abuse potential than Schedule I 
drugs, with use potentially leading to severe 
psychological or physical dependence. These 
drugs are also considered dangerous. Some 
examples of Schedule II drugs are:  

 cocaine, methamphetamine, methadone, 
hydromorphone (Dilaudid), meperidine 
(Demerol), oxycodone (OxyContin), fentanyl, 
Dexedrine, Adderall, and Ritalin 
 



 Schedule III drugs, substances, or chemicals are 
defined as drugs with a moderate to low 
potential for physical and psychological 
dependence. Schedule III drugs abuse potential 
is less than Schedule I and Schedule II drugs 
but more than Schedule IV 

 Combination products with less than 15 
milligrams of hydrocodone per dosage unit 
(Vicodin), Products containing less than 90 
milligrams of codeine per dosage unit (Tylenol 
with codeine), ketamine, anabolic steroids, 
testosterone 
 



 Schedule IV drugs, substances, or chemicals are 
defined as drugs with a low potential for abuse 
and low risk of dependence. Some examples of 
Schedule IV drugs are: 

 Xanax, Soma, Darvon, Darvocet, Valium, 
Ativan, Talwin, Ambien 
 



 Schedule V drugs, substances, or chemicals are 
defined as drugs with lower potential for abuse 
than Schedule IV and consist of preparations 
containing limited quantities of certain 
narcotics. Schedule V drugs are generally used 
for antidiarrheal, antitussive, and analgesic 
purposes.  

 Cough preparations with less than 200 
milligrams of codeine per 100 milliliters 
(Robitussin AC), Lomotil, Motofen, Lyrica, 
Parepectolin (Paregoric, tincture of opium) 
 



 



 Reported by users to create the same clinical effects as 
THC, but not detected on traditional drug screens 
 

 Usually a mix of plant material and synthetic 
cannabinoids 
 Little is known about the herbs included in these preparations.  

They may have effects or toxicity all on their own. 
 The contents are often not clearly labeled 

 
 Wild dagga, baybean, beach bean, blue lotus, dog rose/rosehips, lion’s ear/tail, lousewort, 

dwarf skullcap, maconha brava, blue/sacred lotus, pink lotus, white and blue water lily, 
rose, Siberian motherwort/honeyweed, Indian warrior, red clover, marshmallow, honey, 
and vanilla 

 
 Sometimes sold as a single-ingredient powder 

 Often buyers then mix with their herb of choice 

 



 There is no reliable human data with the 
synthetic cannabinoids to discuss how it is 
absorbed, metabolized, excreted, or even 
duration of action 
 

 Case reports may or may not be helpful since 
each synthetic cannabinoid created may not act 
similar to another in vivo  
 JWH-018 ≠  JWH-250 





 Toxicity 
 Anxiety, paranoia, poor eye contact, agitation, delusions, 

and psychosis 
 Tachycardia, diaphoresis, ± seizures 
 These sound opposite of that traditionally seen with THC 
 Keep in mind that not all symptoms may be due to the 

synthetic marijuana toxicity, but may instead be related to 
the herbal preparation, co-ingestants, or as part of an 
underlying psychiatric illness  

 
 Withdrawal 

 Case report exist  
 Drug craving, tachycardia, hypertension,  
 tremor, diaphoresis, and nightmares 



 Medical Management of Toxicity 
 NO ANTIDOTE  
 SR141716 is an experimental antagonist of the cannabinoid 

receptor 
 

 Cardiac monitoring and EKG 
 
 Supportive care 
 Benzodiazepines for agitation, hypertension, tachycardia 
 Intravenous (IV) fluids 
 

 Observation 
 Until all abnormal vital signs, symptoms, and psychiatric 

abnormalities have resolved 



 Drug Testing 
 Of limited value 
 The synthetic marijuana have very different 

chemical structures compared to THC and do not 
share a common metabolite 

 

JWH-018 

THC 
11-nor-9-Carboxy-THC 

(metabolite) 



 In general most traditional urine drug screens 
look for a metabolite 
 Cocaine           benzoylecgonine 
 Morphine, Heroin, Codeine            morphine 
 Heroin  Morphine  Codeine 
 Oxycodone and hydrocodone               morphine 

 THC            11-nor-9-carboxy-THC 
 Benzodiazepines             oxazepam  
 



 **Why metabolites and not the original 
or parent compound?**  Most drug 
screens are looking to detect drug use in 
general (and not to help determine acute 
toxicity).  Most parent compounds are 
metabolized within hours to days and 
then are no longer present in the blood or 
urine, but metabolites may hang around 
for days to weeks depending on the drug 
and drug use history. 
 



Goodman  &  Gilman’s  Textbook 



 



Current HML Drug Screens   (by ordering panel code) 

DAM DA1 DA2 DA3 

Amphetamines  …………………. X X X   

Benzodiazepines  ………………. X X X   

Opiates  …………………………….. X X X   

Phencyclidine  …………………… X X X   

THC  …………………………………… X X X X 

Barbiturates  ……………………… X X     

Cocaine  …………………………….. X X X X 

Methadone  ……………………….. X       

Oxycodone ……………………….. X X     

Courtesy of Craig Rousar of HealthEast Labs and Carl Koch  

John’s  ER  – DA1 
Woodwinds ER – DAM 
Joe’s  ER  – DA1 



 Amphetamines 
 Methamphetamines 

 
 Alprazolam  (Xanax) 
  Alprazolam glucuronide 
 7-Aminoclonazepam 
 Bromazepam 
 Clorazepate (Tranxene SD) 
 Chlordiazepoxide (Librium) 
 Clobazam (Onfi) 
 Clonazepam (Klonopin) 
 Delorazepam 
 Desmethyldiazepam 
 Diazepam (Valium) 
 Flunitrazepam 

 

 
 
 

 Flurazepam (Dalmane) 
 Lorazepam (Ativan) 
 Lormetazepam  
 Medazepam 
 Nitrazepam 
 Norfludiazepam 
 Oxazepam glucuronide 

(Serax) 
 Prazepam  
 Temazepam (Restoril) 
 Temazepam glucuronide 
 Triazolam (Halcion) 



 Morphine 
 Codeine 
 Heroin (6-monoacetyl morphine) 

 Methadone 
 Methadol 
 Oxycodone (Percocet) 
 Oxymorphone (Opana) 
 Noroxymorphone 
 Noroxycodone 

 
 Phencycline 

 
 THC 

 
 

 Alphenal 
 Amobarbital 
 Aprobarbital 
 Barbital 
 Butabarbital (Butisol) 
 Butalbital (combo drug in Fioricet) 
 Butethal 
 Diallybarbital 
 Pentobarbital (Nembutal) 
 Phenobarbital  
 Secobarbital (Seconal) 
 Talbutal  
 Thiopental (Pentothal) 
 Benzoylecgonine (cocaine metabolite) 

 



 DAM tests for: 
 Morphine 
 Codeine 
 Heroin (6-monoacetyl morphine) 
 Methadone 
 Methadol 
 Oxycodone (Percocet) 
 Oxymorphone (Opana) 
 Noroxymorphone 
 Noroxycodone 
  



 If we want to test for our usual opiate suspects 
we need to send the test to Mayo – 
 Codeine 
 Hydrocodone 
 Hydromorphone 
 Oxycodone 
 Morphine 

 
 What about fentanyl?? 



 Great article about drug testing 
 

 Urine Drug Screening: Practical Guide for Clinicians   
Mayo Clin Proc. January 2008;83(1)66-76 
 - www.mayoclinicproceedings.com 
 - free and available on the internet 





 Currently NMS labs (nmslab.com) will test for 
several of the known synthetic cannabinoid 
metabolites in blood and urine 
 It is thought that the metabolites are present in urine 

for 48-72 hours 







 According to Wikipedia: 
 Bath salts traditionally are water soluble and inorganic 

materials added to enhance cleaning and the bathing 
experience 
 

 Often contain: 
 Magnesium Sulfate (Epsom salts) 
 Sodium chloride (table salts) 
 Sodium bicarbonate (baking soda) 
 Sodium hexametaphosphate (Calgon) 
 Sodium sesquicarbonate 
 Borax 

 
 Not what we are talking about! 



 Synthetic Cathinones 
 Cathinone and its metabolite, cathine, are 

responsible for the amphetamine-like effects 
received from chewing the leaves and twigs of the 
Khat plant (Catha edulis) 
 Common practice in Somalia and Ethiopia 
 2006 it was estimated that there was 10 million khat 

users worldwide 



 Original synthetic cathinone, methcathinone, was 
created in 1928 
 

 1993 cathinone was listed as Schedule I in the US 
 

 Other synthetic cathinones 
 Mephedrone, 3,4-methylenedioxypyrovalerone (MDPV), 

methylone, butylone, and naphyrone 
 

 Mephedrone was first seen in Australia and 
middle Europe in 2007 and the US in 2009 
 

 MDPV and methylone appeared shortly after 
 
 



 Common names: Bath Salts and Ivory Wave 
 

 Placed on temporary Schedule I by DEA in 
October 2011 
 

 Often “marketed” as bath salts, plant food, 
insecticides, chicken feed additives, or research 
chemicals 
 Marketing disguise 

 
 “Not for Human Consumption” 

 
 



 



Bath Salts 

Adapted from James D et al. Emerg Med J 2011;28:686-689 

Copyright © BMJ Publishing Group Ltd and the College of Emergency Medicine. All rights reserved. 

Methamphetamine 



 Structural similarities of cathinones to 
amphetamines 
 

 Cathinones tend to be more hydrophilic, 
making them less able to cross the blood-brain 
barrier and so they are less potent than 
amphetamines 
 Less potent doesn’t mean not effective, may just take 

more drug to get desired effect 



 Cathinone and the synthetic cathinones strongly inhibit 
the reuptake of dopamine, serotonin, and 
norepinephrine 
 Results in increased 
 dopamine, serotonin, 
 and norepi 

 They may also  
 increase presynaptic  
 release of these same 
  monoamines 

  Results in increased 

 dopamine, serotonin, 
 and norepi 

 
Neurotransmitters.png 



 Synthetic cathinones are commonly sold as a 
powder (white or brown), tablet, or capsule 
 

 Routes of exposure include nasal insufflation, 
oral ingestion, rectal insertion, intramuscular 
(IM) and IV 
 

 Reports from users indicate 
 Mephedrone and methylone: onset of 30-45 minutes 

and lasts 2-5 hours 
 MDPV: onset 15-30 minutes and lasts 2-7 hours 



 Desired effects 
 Euphoria, heightened alertness, increased energy, 

increased sexual arousal, and talkativeness 

 
 Intoxication 

 Similar to sympathomimetic toxicity 
 Hypertension, tachycardia, hyperthermia,  and 

agitation 
 Palpitations, chest pain, headache, bruxism, tremors, 

paranoia, seizures, and insomnia 
 



 Some case reports document severe aggression, 
psychotic behavior, self-mutilation, suicide 
attempts, and prolonged paranoia 
 

 Users themselves describe prolonged 
paresthesias and mood changes for days to 
weeks after use of mephedrone and MDPV 
 

 Many medical providers describe effects like 
phencyclidine (PCP) 
 Superhuman strength 



 Medical Management 
 NO ANTIDOTE 

 
 Cardiac monitoring and EKG 

 Labs: CK total, ± electrolytes 
 

 Supportive care 
 Benzos for agitation, seizures, tachycardia, hypertension 
 ± Haloperidol 
 IV fluids 
 Passive or active cooling for hyperthermia 
 Tylenol or Ibuprofen are not appropriate 
 Some patients may even need intubation and paralysis 

 Titratable vasodilator for persistent hypertension 
 Nitroglycerine or nitroprusside 
 Avoid beta blockers due to unopposed alpha-adrenergic stimulation 

 
 Observe patient until resolution of all symptoms and lab/vital 

abnormalities 
 
 



 Withdrawal 
 Like amphetamines, it is believed that tolerance, 

dependence, and withdrawal can occur 

 
 Drug Testing 

 Synthetic cathinones may cause a false positive 
result on methamphetamine urine drug testing 

 



 Synthetic Marijuana  
 Toxicity can act like sympathomimetic 
 Supportive Care 

 Bath Salts 
 Toxicity similar to amphetamines and other 

sympathomimetics 
 Supportive care 



 Consider coingestants 
 They will often mix and match to try to improve the 

high 

 



 



 Staffed 24/7 by “Specialists in Poison Information” (SPIs) 
 Specially trained nurses and pharmacists 
 Take a licensing exam 
 

 Toxicologist oncall 24/7 
 Toxicology fellowship trained board certified physicians 
 Most often Emergency Medicine physicians 

 Toxicology board certified pharmacist 
 Diplomat of the American Board of Applied Toxicology (DABAT)  

 
 Consider them for: 

 Consider calling them for any possible tox case or ingestion  
 Refer patients to call from home (toddler ingestions, medication 

mistakes) 
 Pill identification, etc 

1-800-222-1222 



 Internet Resources: 
 EROWID (erowid.org) 
 Erowid provides access to reliable, non-judgmental 

information about psychoactive plants, chemicals, and 
related issues. 

 Tox Talk (toxtalk.org) 
 ToxTalk is a toxicology podcast produced by the Division of 

Toxicology, Department of Emergency Medicine at the 
University of Massachusetts Medical School  

 Google.com Images 
 Cartoons and pictures 

 Neurotransmitters.png 
 Neurotransmitter diagram 

 Wikipedia (wikipedia.com) 
 Chemical structures 



 Poison Control Centers 
 Texas: http://www.poisoncontrol.org/ 
 Minnesota: http://www.mnpoison.org/  
 Wisconsin: http://www.wisconsinpoison.org 
 North Carolina: http://www.ncpoisoncenter.org   

 

 Governmental Resources: 
 Morbidity and Mortality Weekly Report (MMWR) 

(www.cdc.gov/mmwr) 
 Drug Enforcement Agency (DEA) 

(http://www.justice.gov/dea/) 
 (http://www.justice.gov/dea/pubs/abuse/index.htm) 
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