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The emergence of ‘bath salts’ products containing synthetic cathinones represents a
global public health threat. Synthetic cathinones have significant abuse potential,
and the effects of high-dose administration can be life-threatening. More preclinical
and human research is needed to understand the complex pharmacology and
toxicology of these substances.

‘BATH SALTS’ PRODUCTS CONTAIN SYNTHETIC CATHINONES

During the past several years, there has been a dramatic rise in the abuse of so-called ‘bath
salts’ products that are purchased as alternatives to illicit drugs such as cocaine and 3,4-
methylenedioxymethamphetamine [1]. Bath salts are purposely mislabeled and have no use
as bath additives; instead, these products contain synthetic analogs of cathinone, an
amphetamine-like stimulant found in the khat plant Catha edulis. The marketing of bath salts
and related products (e.g. ‘research chemicals’) via the internet has fostered the widespread
availability of synthetic cathinones on a global scale. Most bath salts powders are
administered intranasally or orally, although some users self-administer by the intravenous
route. Clinical evidence indicates that recreational doses of bath salts enhance mood and
increase alertness, while high doses or chronic use can lead to serious medical
complications, including psychosis, hyperthermia, tachycardia and sometimes death [2,3].
Figure 1 shows three cathinones found commonly in bath salts products: 4-methyl- -
methylcathinone (mephedrone), 3,4-methylenedioxy-A~methylcathinone (methylone) and
3,4-methylenedioxypyrovalerone (MDPV). MDPV is the main substance detected in blood
and urine from patients hospitalized for bath salts overdose in the United States, whereas
mephedrone is associated more commonly with adverse clinical outcomes in Europe [2,3].
Due to public health risk posed by bath salts, the governments of many countries, including
the United States, have passed legislation banning the sale, possession and use of
mephedrone, methylone and MDPV [4,5].
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SYNTHETIC CATHINONES TARGET MONOAMINE TRANSPORTERS

Like other stimulant drugs, synthetic cathinones exert their effects by disrupting the function
of monoamine transporter proteins expressed on neurons in the central and peripheral
nervous systems. Monoamine transporters normally function to translocate neurotransmitter
molecules from the extracellular space back into the neuronal cytoplasm. Drugs affecting
transporters can be divided into two basic types: (i) amphetamine-like releasing agents and
(ii) cocaine-like uptake blockers. Both types of drugs increase the extracellular
concentrations of monoamines. Using /n-vitro assays, we and others have found that
mephedrone and methylone are transporter releasing agents that stimulate efflux of
dopamine, norepinephrine and serotonin [6,7]. MDPV is structurally distinct from other
cathinones (see Fig. 1), and this drug acts as a potent blocker at transporters for dopamine
and norepinephrine [7,8]. In-vivo microdialysis studies in rats show that mephedrone and
methylone increase extracellular concentrations of dopamine and serotonin in brain reward
pathways, whereas MDPV increases extracellular dopamine without affecting serotonin. The
fact that synthetic cathinones stimulate dopamine transmission predicts that bath salts have
high abuse liability. Consistent with this notion, studies in rats demonstrate that mephedrone,
methylone and MDPV stimulate loco-motor activity and are readily self-administered [6,8—
10]. No controlled laboratory-based investigations have been carried out to examine the
pharmacology of bath salts constituents in human subjects, and such studies are needed.

LEGISLATIVE BANS CAN HAVE UNINTENDED CONSEQUENCES

A major goal of the legislative ban on synthetic cathinones is to curtail their sale and use,
and this strategy might beworking. Since mephedrone, methylone and MDPV were placed
into Schedule 1 control in the United States, reports of bath salts exposures to poison control
centers have decreased from 6137 in 2011 to 995 in 2013 [11]. Nevertheless, drug
scheduling has a number of unintended consequences. Once synthetic cathinones are
rendered illegal, legitimate biomedical research with these substances is prohibited unless
investigators have the appropriate licensing and infrastructure to work with scheduled drugs.
By definition, Schedule I substances in the United States have no medical value, yet the
therapeutic potential of most synthetic cathinones has not been examined, despite the fact
that Food and Drug Administration (FDA)-approved cathinone-related medications such as
bupropion are widely prescribed [12]. Finally, clandestine chemists have responded to drug
scheduling by synthesizing an endless array of new ‘replacement’ cathinones [13,14], and
this trend is expected to continue. Figure 1 illustrates examples of replacement cathinones
that have appeared in the recreational drug market-place since emergency scheduling of
mephedrone, methylone and MDPV in 2011. Importantly, the pharmacology and toxicology
of these newer synthetic cathinones are completely unknown. As pointed out by Glennon
[15], synthetic cathinones represent a heterogeneous group of compounds, and their
biological activity cannot be inferred from existing data but must be determined on a case-
by-case basis.
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SYNTHETIC CATHINONES PRODUCE DANGEROUS ADVERSE EFFECTS

The emergence of bath salts has placed a significant burden on health-care professionals,
especially those providing emergency medical care [1—3]. Most cases of overdose from bath
salts are reported to poison control centers and subsequently treated in hospital emergency
departments [2,3]. As noted above, symptoms of severe bath salts intoxication include
psychosis, hyperthermia and tachycardia, which can be accompanied by combative or
violent behaviors; thus, subduing and treating such patients can be a harrowing experience
for hospital staff. Perhaps the most dangerous syndrome produced by bath salts is ‘excited
delirium’, in which the patient displays extreme agitation, delirium and hyperthermia in
conjunction with rhabdomyolysis and ensuing kidney failure [16,17]. Treatment is mostly
supportive, with benzodiazepines for agitation and excessive sympathetic stimulation, and
aggressive cooling for hyperthermia. At the present time, synthetic cathinones are not
detected by routine toxicology screens, so analytical confirmation of bath salts exposure is
often impossible. Sophisticated forensic methods for the detection of synthetic cathinones
are being reported [18], but such methods are not readily available in most clinical settings.
Unfortunately, forensic toxicologists are faced with the prospect of continually developing
new analytical methods to keep pace with the appearance of new replacement cathinone
analogs.

SUMMARY

To conclude, the emergence of synthetic cathinones as drugs of abuse is a serious problem
which negatively impacts global public health. Activation of central dopamine systems by
synthetic cathinones portends a substantial risk for addiction, and patients exposed to high
doses of these substances can experience life-threatening medical complications. Banning
specific synthetic cathinones may be a viable law enforcement strategy, but this approach
hinders the critical research that is needed to understand the basic pharmacology and
toxicology of cathinone analogs. Given the growing list of new replacement cathinones, it
seems likely that health-care professionals, forensic toxicologists and biomedical researchers
will continue to face formidable challenges in dealing with this unfolding drug abuse
phenomenon.
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Figurel.
Chemical structures of‘bath salts’ cathinones and their next-generation ‘replacement’

analogs. First-generation “bath salts’ cathinones are mephedrone, methylone and MDPV,
whereas next-generation ‘replacement’ cathinones are those that appeared in the recreational
drug market-place after the 2011 emergency scheduling legislation was enacted in the
United States. Mephedrone = 4-methyl-A~methylcathinone; methylone = 3,4-
methylenedioxy- A-methylcathinone; MDPV = 3,4-methylenedioxypyrovalerone; 4-MEC =
4-methyl- A-ethylcathinone; 4-MePPP = 4-methyl-a-pyrrolidinopropiophenone; butylone =
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B-keto- AV-methylbenzodioxolylbutanamine; pentylone = B-keto-
methylbenzodioxolylpentanamine; a-PVP = a-pyrrolidinovalerophenone; a-PBP = a-
pyrrolidinobutiophenone
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