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Abstract

Cocaine is a naturally occurring and illicitly used psychostimulant drug. Cocaine acts at 

monoaminergic neurotransmitter transporters to block uptake of the monoamines, dopamine, 

serotonin and norepinephrine. The resulting increase of monoamines in the extracellular space 

underlies the positively reinforcing effects that cocaine users seek. In turn, this increase in 

monoamines underlies the development of addiction, and can also result in a number of severe side 

effects. Currently, cocaine is one of the most common illicit drugs available on the European 

market. However, cocaine is increasingly sold in impure forms. This trend is driven by cocaine 

dealers seeking to increase their profit margin by mixing (“cutting”) cocaine with numerous other 

compounds (“adulterants”). Importantly, these undeclared compounds put cocaine consumers at 

risk, because consumers are not aware of the additional potential threats to their health. This 

review describes adulterants that have been identified in cocaine sold on the street market. Their 

typical pharmacological profile and possible reasons why these compounds can be used as cutting 

agents will be discussed. Since a subset of these adulterants has been found to exert effects similar 

to cocaine itself, we will discuss levamisole, the most frequently used cocaine cutting agent today, 

and its metabolite aminorex.

Keywords

Levamisole; Aminorex; Neurotransmitter transporter; Cocaine; Adulterant

*Corresponding author at: Medical University Vienna, Center for Physiology and Pharmacology, Institute of Pharmacology, 
Waehringerstrasse 13a, Vienna, A-1090, Austria. harald.sitte@meduniwien.ac.at (H.H. Sitte). 

Conflict of interest 
All authors declare no competing financial interests related to the publication of this paper.

Europe PMC Funders Group
Author Manuscript
J Chem Neuroanat. Author manuscript; available in PMC 2021 April 08.

Published in final edited form as:
J Chem Neuroanat. 2017 October 01; 83-84: 75–81. doi:10.1016/j.jchemneu.2017.06.001.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



1 Introduction

Cocaine is the most commonly used psychostimulant drug in Europe, however since 2010 its 

abuse has been steadily rising (EMCDDA, 2016, UNODC, 2016).1 Cocaine is an alkaloid 

(Fig. 1) which is synthesized by and stored in the leaves of Erythroxylum coca to fend off 

insects and herbivores; the plant is native to South America, Mexico, the West Indies, and 

Indonesia (Goldstein et al., 2009). Cocaine use by humans has an interesting history. 

Ancient cultures used coca leaves not only for ceremonies and religious reasons, but also for 

the local anesthetic properties of cocaine (Jay, 2015). After the Spanish conquistadores 

invaded South America, they soon found out about cocaine and its “mind-altering” and 

aversive effects, and immediately banned its use (Goerig and van Zundert, 2012). However, 

cocaine’s beneficial effects were not discovered until much later, 1857–1859, when the 

Austrian frigate, Novara, sailed around the globe under the flag of the Austro-Hungarian 

empire, and the command of Commodore von Wüllerstorf-Urbair. Among a number of other 

scientifically important findings resulting from this expedition, a considerable amount of 

coca shrubs were brought, first to Triest, the sea harbor of the empire, and subsequently to 

Vienna. Some of the coca plants were then sent to Würzburg, Deutsches Reich, where a 

young scientist called Albert Niemann achieved the extraction of cocaine as part of his thesis 

work (Niemann, 1860). It took until the 1880s for the medical and psychoactive effects of 

cocaine to be widely recognized by Western medicine (Markel, 2011). The local anesthetic 

and psychoactive effects of cocaine were discovered by two Viennese scientists, the 

pharmacologist and physiologist Sigmund Freud, and the ophthalmologist, Karl Koller, 

respectively (Freud, 1885; Koller, 1884). Importantly, Koller, was the first to realize that 

cocaine would revolutionize cataract surgeries, which at that time were performed with the 

aide of a red-hot needle (Koller-Becker, 1963). The subsequent development of local 

anesthesia and improved local anesthetics revolutionized not only ophthalmology but 

medicine in general (Markel, 2011). However, cocaine’s use as a recreational drug, and 

increasingly abused drug, has become a major public health concern.

This review focuses on cocaine as a recreational drug. Two distinct chemical forms of 

cocaine are typically abused: on the one hand, the water-soluble hydrochloride salt, and on 

the other hand, the water-insoluble cocaine base (“freebase”). The drug user typically snorts 

the hydrochloride salt, which is a powder, but it can also be readily dissolved and injected. 

Cocaine base is produced by “cooking” the extracted compound with ammonia or sodium 

bicarbonate (“baking soda”) and water to neutralize the hydrochloride and thereby produce 

the deprotonated species of cocaine, which can be smoked in vaporized form. Freebase 

cocaine is also sold under the street name “crack”, which stems from the crackling sound 

emerging during the burning of the mixture during the smoking procedure.

The main targets for cocaine are transporters for the neurotransmitters dopamine (DA), 

norepinephrine (NE) and serotonin (5HT). These belong to the Na+/Cl -neurotransmitter 

family of transporters (Kristensen et al., 2011). The substrate is eponymous for these 

transporters, naming them the serotonin transporter (SERT) for 5HT, the dopamine 

1 https://www.unodc.org/doc/wdr2016/WORLD_DRUG_REPORT_2016_web.pdf; http://www.emcdda.europa.eu/publications/pods/
cocaine-trafficking-to-europe.
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transporter (DAT) for DA and the norepinephrine transporter (NET) for NE. Each 

transporter is composed of 12 membrane spanning domains with their N- and C- terminals 

facing the intracellular side. Their function in the central nervous system is to clear the 

extracellular space of released neurotransmitters, thereby terminating signaling (Kristensen 

et al., 2011). Blockade of these transporters results in a prolonged monoamine signal at the 

corresponding pre- and post-synaptic receptors. Therefore, drugs affecting these transporters 

are used for clinical, but also for recreational purposes. Cocaine and similar compounds 

exert their pharmacological effects by simply blocking the transporters. Amphetamines on 

the other hand compete with the physiological substrate for uptake and induce non-

exocytotic neurotransmitter release (Sitte and Freissmuth, 2015). While amphetamines and 

cocaine were synthesized or extracted, respectively, in the 19th century, many more 

psychostimulant drugs have appeared over the years. Nowadays, it is rather straightforward 

for talented chemists to synthesize new psychostimulant drugs (Baumann et al., 2013a). 

Recently, many of these so called “new psychoactive substances” (NPS) have flooded the 

illicit drug market. This creates a challenge for legal authorities because drug control 

legislation must keep up with the rapidly increasing number of new drugs. Chemists 

continue to synthesize new drugs to stay one step ahead of law enforcement. Sold under 

innocent sounding names like “bath salts” or “plant food”, this group consists of compounds 

similar to amphetamine and cathinones (Baumann et al., 2013b), but also hallucinogenic 

compounds (e.g. 2-CB (2,5-dimethoxy-4-bromophenethylamine), a partial agonist at 

5HT-2A receptors) and cannabimimetic drugs (Baumann et al., 2013). However, cathinones 

and phenethylamines are the major types of drugs found on the European NPS market 

(Tyrkko et al., 2016). The expected effects and the tolerated side effects of the “old drugs”, 

like cocaine and amphetamines, are well known, but this does not hold true for new 

compounds. Deleterious dose-dependent side effects of substances like 4-methyl-N-

methylca-thinone (mephedrone) or 3,4-methylenedioxypyrrovalerone (MDPV) (Dargan et 

al., 2011) are often unknown to users, and therefore pose unexpected risks of toxic effects 

(Meyer, 2016). Another risk for consumers results from the fact that consumers do not know 

the composition of the product and the concentration of the ingredients when buying drugs 

on the illicit street market (Rosenauer et al., 2013).

In Austria, the ‘checkIt!’ addiction prevention programme2 allows drug consumers to have 

their purchased substances analyzed anonymously and free of cost. This project has been 

implemented by the city of Vienna. A mobile analytical laboratory is brought to music 

events where customers can have their drugs analyzed. This analysis provides the mostly 

young, very often for the first time drug users, with information on the content of their drugs 

prior to use. This can be an eye-opening experience, which increases their awareness of 

unexpected risks encountered when buying drugs on the illicit market. To the big surprise of 

many customers, the drug they thought was pure contains not only a mixture a psychoactive 

substances in highly variable amounts, but also compounds that (at least at a first glance) are 

not expected to exert any psychostimulant effect. In the latter case, the purchaser is now 

made aware that they are not getting their “money’s worth”, 1. e. by paying for inclusion of 

compounds that will not give them the “high” they seek, rather than an equivalent amount of 

2 www.checkyourdrugs.at.
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pure drug, in its “uncut” form. In recent publications we (Hofmaier et al., 2014) and others 

(Broseus et al., 2015; Lapachinske et al., 2015; Schneider and Meys, 2011) described some 

of these “adulterant” substances. These papers discuss why these substances, in particular, 

were used. We also addressed the additional health risks arising from recreational drug 

combinations. In addition, systematic surveys, which track the chemical profile of samples 

collected during drug seizures, provide useful information to analyze the structure and 

organization of illicit drug markets (Broseus et al., 2016). It is evident that the forensic 

intelligence gathered by this systematic approach reflects the supply side of the market. In 

contrast, the knowledge-seeking behavior of volunteers, who partake in the Viennese 

‘checkIt!’ programme, offers a biased view into the effective demand of self-selected 

consumers (Hofmaier et al., 2014).

2 Adulterants in drug samples

In the years 2012 to 2015, 524 drug samples that were purchased as ‘cocaine’ were analyzed 

by the ‘checkIt!’ programme. Only about 10% of these samples (in numbers: 54) contained 

cocaine as the only active ingredient. On the other hand, 5% (25) did not contain cocaine at 

all. The remaining 445 samples consisted of cocaine plus 24 different substances used to 

‘cut’ and therefore dilute the cocaine samples, as revealed by HPLC–MS analysis. These 

substances include paracetamol (=acetaminophen), phenacetine, caffeine, lidocaine and in 

almost 70% of the samples levamisole (363 out of 524 samples). In a pan-European study 

(Trans European Drug Information, TEDI), levamisole was clearly the most commonly 

found adulterant (Brunt et al., 2017). The amount and ratio of levamisole to cocaine was 

highly variable in the analyzed samples. While some of the samples contained only traces of 

levamisole (less than 1%), in others, there was even a higher amount of levamisole than 

cocaine (up to 1.25 times more). On average ‘cocaine’ samples contained 49.7% cocaine and 

7.9% levamisole. It is known that users consume more and more of their drugs until the 

desired effect kicks in (Cole et al., 2011); therefore, it is likely that the more the cocaine is 

diluted, the more adulterant is – and must be – consumed.

While the Austrian sample was retrieved from drug users, who anonymously donated part of 

their material, other samples were partially based on seizures performed by police and other 

law enforcement agencies: for instance, a large study, performed in Switzerland, including 9 

years of sample-collection was recently published by Broseus and colleagues (Broseus et al., 

2015). These authors evaluated the evolution of ‘cutting agents’ found in heroin and cocaine 

samples. Interestingly, the median purity of cocaine showed a fluctuation over the years 

examined, but remained between 30% and 40% (Broseus et al., 2015). These values are 

somewhat lower than the values obtained from seizures in Luxembourg, which fluctuated 

between 43% and 54% (Schneider and Meys, 2011) and are comparable to the Austrian 

values. Importantly, levamisole was also found in increasing quantities in these surveys, and 

in a study examining samples from seizures in Brazil, which also reported the same 

adulterant compounds (Lapachinske et al., 2015). Of note, the Swiss study also highlights 

that less than approximately 10% of all samples contained only the ‘cutting agents’ and no 

cocaine at all; this is certainly more than was observed in Austria (~5%, see above). The 

‘cutting agents’, which were used to adulterate cocaine in the Swiss study, were phenacetin, 
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levamisole, lidocaine, caffeine, diltiazem, hydroxyzine, procaine, tetracaine, paracetamol, 

creatine and benzocaine.

3 Pharmacological mode of action of adulterants and the rationale for 

their use

When examining the properties of the various adulterants, it becomes clear that the rationale 

for their addition to the ‘main’ ingredient cocaine is multi-faceted. The simplest reason is to 

increase the bulk by diluting the expensive drug with inexpensive ones, thereby increasing 

profit margins of the drug dealing enterprise. However, this explanation does not address the 

question of why certain “adulterant” compounds are found at such high frequency. The 

choice is guided by the consideration that the adulterant should not be obvious to the 

consumer. In other words, as Broseus pointed out, a compound is useful if it is a “strategic” 

adulterant, i.e. it enhances or mimics the effects of illicit drugs, like cocaine. Accordingly, 

local anesthetics are a logical choice to adulterate of cocaine (Broseus et al., 2015). Even the 

customer with limited chemical knowledge can perform simple tests to check the “purity” of 

their purchase. For example, the well-known local anesthetic property of cocaine is easily 

detectable. In the so-called tongue test, small amounts of cocaine are added to the 

gingivolabial tissue, which results in a numb feeling due to blockade of nervous signal 

transmission. However, when cocaine is adulterated with local anesthetics, the impure nature 

of the consumer’s purchase escapes detection. In addition, adulterants are selected so as to 

mimic the well-known bitter taste of cocaine. Likewise, another simple test for the customer 

is to melt a small amount of the purchased drug. Pure cocaine hydrochloride (which is the 

most common form that can be found in the market) will melt at once In the case of 

adulterated mixes they will melt at a different time points, which is easily detected. 

Therefore, an adulterant should have a comparable melting point to make it indistinguishable 

from cocaine. Finally, certain compounds may also be more or less available, and even the 

illicit drug market follows the usual general principles of all markets: the higher the 

availability at a given time the more will be used/consumed (for example, lidocaine 

described by Cole and colleagues (Cole et al., 2011)).

In addition to local anesthetics, other compounds such as amphetamines, synthetic 

cathinones, and analgesics, as well as substances like caffeine, hydroxizine and the 

anthelmintic drug levamisole have been found mixed with cocaine. Among these 

compounds, amphetamines and synthetic cathinones target the same monoamine transporters 

as cocaine itself. However, they have a different mode of action. They are substrates of 

monoamine transporters. Once inside the neuron, amphetamine and amphetamine-like 

compounds induce transporter-mediated release of monoamines, in contrast to cocaine, 

which non-competitively blocks the uptake of monoamines via these transporters (Fig. 2). 

Clearly, mixing an uptake blocker (e.g. cocaine) with a substrate (e.g. amphetamine) appears 

counterintuitive (Sitte and Freiss-muth, 2015). Levamisole is, as already mentioned, the 

most widely found adulterant in cocaine samples in Austria (Hofmaier et al., 2014), but also 

increasingly used in other countries (Broseus et al., 2015). In the following sections, we will 

briefly explain the rationale for typical individual cocaine adulterants, and then focus on 

levamisole, which is either the regionally most popular adulterant or on its way to number 1; 
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this is a source of concern, because levamisole can cause dangerous side effects such as 

agranulocytosis (Indorato et al., 2016; Zhu et al., 2009).

3.1 Local anesthetics

Although local anesthetics have been shown to act at monoamine transporters in a way 

similar to cocaine (Sato et al., 2000), the potency of local anesthetics at monoamine 

transporters is too low to explain why these are used as ‘cutting agents’. It is more likely that 

the local anesthetic property of cocaine is the underlying rationale. Like other local 

anesthetics cocaine blocks voltage-gated sodium channels. Therefore, addition of local 

anesthetics, e.g. lidocaine, procaine or tetracaine, simulates higher concentrations of 

cocaine, and fools the customer, who relies on the tongue test to gauge the quality of his/her 

purchase.

3.2 Amphetamine and congeners

Cocaine increases the concentration of monoamines in the extracellular space by blocking 

their uptake via DAT, NET and SERT. Through competition at the same transporters, 

amphetamines can also inhibit the uptake of monoamines, however, amphetamines induce 

reverse transport of monoamines by DAT, NET and SERT, which results in an efflux of 

neurotransmitters (Sitte and Freissmuth, 2015). Therefore, amphetamines are not only used 

in medical therapy (e.g., for narcoleptic patients or patients with attention deficit 

hyperactivity disorder), but also have a long history of being used as illicit ‘recreational’ 

drugs (e.g., speed and methylene-dioxy-methamphetamine or ‘Ecstasy’). Nevertheless, with 

respect to cocaine, it is difficult to conceive why amphetamines should be used as 

adulterants because their action at monoamine transporters is inhibited by the concomitant 

presence of cocaine. However, (i) most amphetamines have a (substantially) longer half-life 

than cocaine, and (ii) analysis of behavioral data suggests that these drugs are more 

reinforcing when given together, compared to when given alone (Li et al., 2006).

3.3 Synthetic cathinones

At the beginning of this century, rogue chemists tried to avoid legislative restriction on 

psychoactive substances by synthesizing compounds that were not yet classified as illicit 

drugs (Rothman and Baumann, 2002). Synthetic cathinones were found among these, so-

called “designer drugs” or, more accurately, “new psychoactive substances” (NPS). 

Cathinones are a class of compounds that stem from the naturally occurring cathinone (also 

called b-ketoamphetamine). They differ from the amphetamine-type psychostimulants by the 

functional keto-group. Cathinone itself is found in the African shrub ‘Catha edulis’ and 

cultivated in countries close to the Horn of Africa including Yemen; people in these 

countries chew the fresh cathinone-containing Cath-leaves as a recreational drug. The 

chemical modification or synthesis of cathinone-congeners is straightforward. Thus, 

nowadays, several different compounds are available. Their mechanism of action is very 

similar to amphetamines, leading to increased levels of monoamines in the synaptic cleft. 

Synthetic cathinones comprise the so-called first (e.g. mephedrone, methylone (Baumann et 

al., 2012), MPDV (Baumann et al., 2013b)) and second generation compounds (e.g. 4-MEC, 

see (Saha et al., 2015)). Their straightforward synthesis, and the fact that cathinones were 

legal for a long time, make them ideal adulterants. Considering the current model of 
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psychostimulant action, co-administration of a releaser and a blocker is anticipated to reduce 

the efficacy of both by mutual competition, but again half-lives differ and this may be more 

important in the market place (see above for amphetamine and congeners).

3.4 Analgesics

While the substances mentioned above exert a psychostimulant effect by themselves, this is 

not the case for analgesic drugs, like acetyl-salicylic acid, paracetamol or phenacetine. 

Although there are reports mentioning a limited euphoric potency of paracetamol and its 

parent compound phenacetine, it seems unlikely that this is strong enough to qualify these 

drugs as ideal adulterants. For acetyl-salicylic acid, not even small euphoric effects have 

been reported. In all cases, it seems more plausible that these legal, over-the-counter 

medicines, are used to dilute cocaine because of their bitter taste or comparable chemical 

properties such as their similar melting points.

3.5 Caffeine

Caffeine is the most popular psychoactive compound worldwide. The known targets for 

caffeine are adenosine receptors (reviewed in (Fredholm et al.,1999)).The concentrations 

normally reached within the body are high enough to elicit physiologically relevant effects. 

In addition, caffeine is a low affinity non-selective inhibitor of cyclic nucleotide 

phosphodiesterases, and thus raises agonist-induced cAMP levels. This may be relevant in 

dopaminergic neurotransmission via D1-receptors. There are other stimulatory effects which 

have been proposed to be exerted via Ca2+-dependent release or inhibition of GABA-

receptors; however, these effects would require concentrations in a toxic range (Fredholm et 

al.,1999). Most recently, several publications reported on the augmentation by caffeine of 

effects elicited by cocaine (Muniz et al., 2016; Prieto et al., 2016). This may explain, 

together with the bitter taste of caffeine, why caffeine is widely used as an adulterant.

3.6 Hydroxyzine

Hydroxyzine is found in slightly more than 1% of cocaine samples. Hydroxyzine was 

originally approved as an anti-allergic drug. As an H1-blocker of the first generation, 

hydroxyzine was also in use for the treatment of kinetosis. Hydroxyzine easily penetrates the 

blood-brain barrier, and blocks various dopamine and 5-HT receptors. Therefore sedative, 

hypnotic and anxiolytic effects are observed. Adverse effects of hydroxyzine in the central 

nervous system (CNS) include tinnitus, headache, and hypotension. For these reason, the 

hydroxyzine metabolite, cetirizine, is in clinical use as antihistaminic medicine nowadays. 

Even so, hydroxyzine is still approved for the treatment of allergic reactions, and as an 

anxiolytic medicine. Taken together, these effects do not explain why hydroxyzine should be 

used as a cocaine adulterant. Alternative explanations could be its mild, anti-muscarinic 

effects (Orzechowski et al., 2005) or more likely the fact that hydroxyzine was shown to 

block axonal conduction, therefore also displaying local anesthetic effects (Elliott and 

Quilliam, 1964).
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4 Why levamisole differs from other adulterants

As outlined above, the anthelmintic drug levamisole is more and more frequently found as a 

cocaine adulterant. Analysis from a number of different studies, including the Austrian 

‘checkIt!’-drug testing, showed that more than two thirds of all examined samples (69.3%) 

contained this drug (Buchanan et al., 2010; Chai et al., 2011).

We therefore analyzed its pharmacological properties to understand the reason for its 

preferred status as a cocaine adulterant. A survey of levamisole and its action at SERT, NET 

and DAT revealed that the compound exerts inhibitory activity at these transporters, but at 

much higher concentrations than cocaine (Hofmaier et al., 2014). Given these large 

differences, it was concluded that levamisole was highly unlikely to exert a significant 

pharmacological action on these transporters in vivo when administered in therapeutic 

and/or recreational doses. An orally administered amount of 50 mg of levamisole gives rise 

to peak blood plasma concentrations (cmax) of 368 mg/L on average (equivalent to about 1.5 

μM) (Gwilt et al., 2000). Furthermore, there is a large intra-individual variation in its 

pharmacokinetic properties (Gwilt et al., 2000), and some uncertainty about nasal 

absorption, which is the most commonly used route of cocaine intake (and therefore also of 

the adulterant levamisole). Nevertheless, due to its lipophilic nature, levamisole can be 

expected to readily penetrate the blood-brain barrier leading to possibly higher 

concentrations of levamisole in the brain than cocaine. When consumed at excessive levels, 

as a consequence, this could potentially lead to enhanced and protracted inhibition of NET 

and DAT.

Levamisole and cocaine differ in their ability to inhibit DAT, NET and SERT (Hofmaier et 

al., 2014). Whereas cocaine inhibits these transporters to similar extents, levamisole is a 

more potent inhibitor of DAT and NET, with lesser affinity for SERT. Nevertheless, drugs 

like levamisole can act as cocaine-like inhibitors at transporters and trap them in their 

outward facing conformation, thereby precluding completion of the transport cycle. 

Alternatively, levamisole may act as an amphetamine-like releaser (Rothman et al., 2002), 

where an increase in extracellular monoamine concentration ensues the triggering of 

substrate efflux (Sitte and Freissmuth, 2015). However, the chemical structure of levamisole 

is distantly related to amphetamine (Fig. 1), and even concentrations of up to 100 mM do not 

induce any appreciable efflux. Based on these findings it is concluded that levamisole acts as 

a cocaine-like blocker without any releasing activity (Hofmaier et al., 2014).

However, it was found that levamisole is metabolised in the liver. Indeed, its metabolite, 

aminorex, was found in samples taken from race horses to check for doping (Barker, 2009). 

Aminorex, a well-known amphetamine-like compound, was not only found in race horses, 

but also in dogs and humans (Bertol et al., 2011; Hess et al., 2013) treated with the 

anthelmintic drug levamisole. Activity of aminorex was seen at DAT, NET and SERT, 

though it more strongly inhibited substrate uptake by NET and DAT, compared to SERT 

(Hofmaier et al., 2014). The pattern of inhibition (NET > DAT >> > SERT) was similar to 

that of the parent compound levamisole, however, the inhibitory potency of aminorex was in 

a range similar to cocaine. That notwithstanding, aminorex has also been shown to be an 

amphetamine-like, monoamine transporter substrate, and used as an appetite suppressant 
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(akin to fenfluramine (Fen-Phen), also a substrate for monoamine transporters) (Roszkowski 

and Kelley, 1963; Zheng et al., 1997). In line with these reports, others have described that 

aminorex behaves like a substrate at SERT, and like an inhibitor at DAT, leading to increased 

extracellular levels of dopamine and 5-HT (Rothman et al., 1999). Yet others, using different 

experimental methods, report that aminorex functions as a substrate releaser via DAT, SERT 

and NET (Rothman et al., 2001). Upon testing the capability of aminorex to induce efflux, 

the compound was able to elicit release only in SERT expressing cells, and to a much lower 

extent in NET expressing cells. Cells that stably expressed DAT did not show any 

appreciable release (Hofmaier et al., 2014). In contrast, studies using rat synaptosomes as an 

assay system, revealed that DAT and NETcontaining synaptosomes displayed similar 

substrate efflux after aminorex exposure, while SERT containing synaptosomes only 

responded to higher concentrations of aminorex (Brandt et al., 2014; Rothman et al., 2001). 

The reason for this difference might be explained by differences in experimental approaches: 

synaptosomes versus stably expressing cell lines carrying different amounts of the human 

monoamine transporters. In addition, there are arguments both for and against species 

differences, which could be another explanation: Sealover and co-workers recently showed 

differences in the action of MDMA on human, drosophila and C.elegans SERT (Sealover et 

al., 2016), while no differences have been observed in a recent study employing rat and 

human DAT and SERT (Saha et al., 2015). Hence, there are multiple ways how the observed 

differences could be explained and thorough investigations are necessary to resolve these 

differences.

Regardless, these discrepancies in the literature, together with evidence that peripheral SERT 

activity is hampered by aminorex, and the risk for pulmonary hypertension, led to the 

withdrawal of aminorex from the market (Eddahibi and Adnot, 2002; Pollick, 1999). A 

subsequent study, using a pharmacoinformatic docking approach to understand the 

discrimination by aminorex against SERT, showed that the docking orientation was 

markedly different between SERT compared to DAT and NET (for all details, please refer to 

(Hofmaier et al., 2014)). This analysis provided an explanation for the cocaine-like effect of 

aminorex on human DAT and NET, and an amphetamine-like effect on human SERT. 

Therefore, it can be speculated that levamisole could potentially serve as an adulterant that 

extends the effects of cocaine. When the psychoactive effect of cocaine “fades out”, the 

aminorex-mediated effect “kicks in” due to of the longer systemic availability of aminorex.

Most all illicit drugs that are recreationally consumed are adulterated. These adulterants may 

not only be used to ‘cut’ (dilute) the drugs, but act as ‘cutting agents’ (enhancers), which are 

also pharmacologically active compounds. Sometimes the adulterants may also be used to 

extend the duration of the drug action, as discussed above with levamisole and its metabolite 

aminorex as an example. However, mostly, adulterants are used to increase the profitable 

margin of the drug dealer’s business. Cocaine must be available at a cheap price. The use of 

adulterants enables the market to profit by being undetectable to the consumer with respect 

to both their appearance and their chemical profile. However, the overall gain in return on 

investment for the drug market, may come at a considerable price to the consumer, i.e. an 

increased health risk and potentially life-threatening consequences. This scenario is 

exemplified by examples where adulterants are formerly marketed therapeutics, which have 

been withdrawn from the market because of discoveries revealing their serious toxicological 
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effects. This underscores the importance of public outreach, to educate recreational drug 

users of the potential, serious, threats to their well-being by using drugs sold on the street 

market.
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Fig. 1. 
Structures of the three main compounds described in this article: cocaine, levamisole and 

aminorex. All structures have been retrieved from Pubchem (URL: http://

pubchem.ncbi.nlm.nih.gov/).
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Fig. 2. A simple illustration of uptake inhibition versus release.
On the left side, uptake inhibition by the prototypical, non-selective blocker cocaine is 

shown. The right side shows the releaser amphetamine which needs to be taken up to exert 

its releasing activity. In both cases, the illustration shows the serotonin transporter (SERT) 

and its cognate neurotransmitter serotonin, abbreviated as 5-HT.
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