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Objectives: Aminoindanes (“bath salts,” a class of novel psychoactive substances, 
NPSs) increased rapidly in popularity on the recreational drug market, particularly after 
mephedrone and other synthetic cathinones were banned in the UK in 2010. Novel 
aminoindanes continue to emerge, but relatively little is known about their effects and 
risks. Their history, chemistry, pharmacology, behavioral effects, pharmacokinetics, and 
toxicity are reviewed in this paper.

Methods: Scientific literature was searched on ISI Web of Knowledge: Web of Science 
(WoS) during June and July 2017, using English language terms: aminoindanes 
such as 5,6-methylenedioxy-2-aminoindane (MDAI), 5-iodo-2-aminoindane (5-IAI), 
2-aminoindane (2-AI), 5,6-methylenedioxy-N-methyl-2-aminoindane (MDMAI), and 
5-methoxy-6-methyl-2-aminoindane (MMAI). WoS was selected as it searches several 
databases simultaneously and has quality criteria for inclusion. For typical use and 
effects, Erowid, PsychonautWiki, Bluelight, and Drugs-Forum were searched; for legal 
status and epidemiology, the European Information System and Database on New Drugs 
(EDND) was used.

Results: Aminoindanes were first synthesized for medical use, e.g., as anti-Parkinsonian 
drugs and later as a potential compound facilitating psychotherapy; however, they are 
now widely substituted for ecstasy. Their mechanisms of action (primarily via serotonin) 
mean that they may pose a significant risk of serotonin syndrome at high doses or 
when combined with other drugs. Fatally toxic effects have been observed both in the 
laboratory in animal studies and in clinic, where deaths related with aminoindanes have 
been reported.

Conclusion: Greater knowledge about aminoindanes is urgently required to decrease 
risks of fatal intoxication, and appropriate legislation is needed to protect public health 
without impeding research.

Keywords:  aminoindanes, 5,6-methylenedioxy-2-aminoindane, 5-iodo-2-aminoindane, 2-aminoindane, 
5,6-methylenedioxy-N-methyl-2-aminoindane, 5-methoxy-6-methyl-2-aminoindane

inTRODUCTiOn

During the past decade, there has been a dramatic increase in the number and variety of novel 
psychoactive substances (NPSs) available on the illicit and gray drug markets (particularly via the 
Internet and “dark web”). In 2014, the number of NPSs boomed with 101 new compounds detected. 
In 2016, approximately one new NPS per week was identified, and the European Monitoring Centre 
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for Drugs and Drug Addiction (EMCDDA) was monitoring 
more than 620 NPSs (1). One of the first NPSs that became 
widely used recreationally was the cathinone derivative mephe-
drone (4-MMC, 4-methylmethcathinone), marketed at the 
time as a “legal” substitute for ecstasy (MDMA, 3,4-methylen-
edioxymethamphetamine) and cocaine, sharing effects of both 
(2). Mephedrone and other cathinones such as methylone (βk-
MDMA, 3,4-methylenedioxy-N-methcathinone) and butylone 
(βk-MBDB, β-keto-N-methylbenzodioxolylbutanamine) were 
initially sold as, e.g., “bath salts” or “plant food,” labeled “not for 
human consumption.” Mephedrone became very popular due to 
its low price, high purity, and “legality” and, in the UK, it rapidly 
became as widespread as cocaine (3). In 2009 and 2010, the UK 
government placed piperazine derivatives, mephedrone, and 
other related cathinones under legal control (4), which resulted 
in their immediate replacement with new structural analogs and 
with a new class of NPSs: synthetic aminoindanes. One of the 
first was 5,6-methylenedioxy-2-aminoindane (MDAI), which 
claimed to be a “legal,” non-neurotoxic analog of MDMA, 
with strong empathogenic and weaker stimulatory effects (5). 
Aminoindanes such as MDAI, 5,6-methylenedioxy-N-methyl-
2-aminoindane (MDMAI), 5-iodo-2-aminoindane (5-IAI), 
2-aminoindane (2-AI), 5-methoxy-6-methyl-2-aminoindane 
(MMAI), and 5-methoxy-2-aminoindane (MEAI) represent 
a relatively new generation of NPS. Cases of acute toxicity, 
including fatal poisoning, have been reported with their use 
(6). Only minimal reliable information on aminoindanes exists 
at present and, owing to their increasing popularity, the present 
brief review is timely. The paper summarizes the history of their 
creation, therapeutic potential in medical research and subse-
quent discovery by recreational drug users, their pharmacology, 
behavioral effects, pharmacokinetics, and toxicity.

MeTHOD

ISI Web of Knowledge: Web of Science (WoS) was searched during 
June and July 2017. WoS was selected because it simultaneously 
searches other databases such as PubMed and ScienceDirect, and 
includes quality criteria for inclusion (e.g., peer review). Keywords 
(used separately and in combination) were as follows: aminoindane, 
MDAI, 5,6-methylenedioxy-2-aminoindane, 5-IAI, 5-Iodo-2-
aminoindane, 2-aminoindane, MDMAI, 5,6-Methylenedioxy- 
N-methyl-2-aminoindane, MMAI, 5-Methoxy-6-methyl-2-
aminoindane. Full empirical/review articles containing relevant 
information about aminoindanes written in the English language 
were included; no date limits applied (Figure 1). When suitable 
articles were found, citation searches were also conducted. For sub-
jective effects, typical use and doses, Erowid,1 PsychonautWiki,2 
Bluelight,3 and Drugs-Forum4 (Internet discussion fora and 
wikis) were searched using the same search terms as above. 
Information about legal status and availability of aminoindanes 
in the European Union (EU), the EDND was consulted via the 

1 https://www.erowid.org/.
2 https://psychonautwiki.org/.
3 http://www.bluelight.org/.
4 https://drugs-forum.com/.

senior author, Dr. Palenicek, through the “Working group: Early 
warning system on new drugs,” National Monitoring Centre for 
Drugs and Addiction, Czech Republic.

ReSULTS

Chemistry
2-aminoindane is an amphetamine (AMPH) analog with a rigid 
conformation due to a bridge between the α-carbon and the 
aromatic ring (8). In the 1990s, Nichols et al. synthesized cyclic 
analogs of 3,4-methylenedioxyamphetamine (MDA), MDMA, 
3-Methoxy-4-methylamphetamine (MMA), and p-iodoamphet-
amine (PIA) containing the 2-AI compound. Their procedures 
for synthesizing aminoindanes were well described (9–13). 
NPSs synthesized from the substances listed above are MDAI, 
MDMAI, MMAI, and 5-IAI (Table 1); all of these are psycho-
active and their presence on the market has been confirmed in 
confiscated samples of “legal highs” (14). The EU Early Warning 
System5 and the United Nations Office on Drugs and Crime 
(UNODC) Early Warning Advisory (EWA) on New Psychoactive 
Substances6 have reported additional novel substances with 
an aminoindane structure, such as NM-2AI (N-methyl-2-
aminoindane), 1-AI (1-aminoindane), and a fenfluramine analog 
ETAI (N-ethyl-5-trifluoromethyl-2-aminoindane); however, 
there is currently no scientific information available about these  
compounds.

Origins of Aminoindanes in 
Pharmacological Research
Owing to an amino group, aminoindanes are potentially 
vasoactive and bronchodilatory, which was the main focus 
for their initial development (15, 16). Since the chemical 
structure of aminoindanes is similar to that of AMPHs (owing 
to the presence of the phenethylamine skeleton), there was a 
strong assumption that aminoindanes would have the same 
bronchodilatory effect as ephedrine. Therefore, Levin et al. (17) 
evaluated the bronchodilatory and toxic effects of 2-AI and its 
N-substituted derivatives in the rat. 2-AI hydrochloride given 
intravenously showed less toxicity than AMPH hydrochloride, 
and 2-AI derivatives were more effective bronchodilators as 
compared with L-ephedrine. Aminoindanes have also been 
studied for their analgesic potency (comparable to morphine 
sulfate)—potency to increase blood pressure, respiration, and 
spinal reflexes (18, 19).

Based on Kier’s receptor mapping technique (20)—a drug 
discovery method where the distance between oxotremo-
rines’s heteroatoms and dopamine’s heteroatoms in reported 
conformations is similar—Martin et  al. (21) designed and 
synthesized a series of aminoindanes with the intention to 
invent an anti-Parkinsonian drug. Although none of the 
resulting substances antagonized Parkinsonian-like symptoms 
(in a model of oxotremorine-induced tremors) nor showed 
any dopaminergic properties in mice, some of the molecules 

5 http://www.emcdda.europa.eu/themes/new-drugs/early-warning.
6 https://www.unodc.org/LSS/Home/NPS.
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FigURe 1 | PRISMA flowchart visualization of the search and selection process. Adapted from Moher et al. (7).
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showed monoamine oxidase (MAO) inhibition and analgesic 
activity. Therefore, they investigated molecules with higher 
MAO-inhibiting potential in  vivo and identified a candidate 
molecule N-methyl-5-methoxy-1-indanamine in mice. The 
authors concluded that the size of amine substituent and 
position of methoxyl substitution are most important for their 
biological activity (22).

Kalir et al. (23) examined the inhibitory action of substances 
containing aminoindanes on brain mitochondrial MAO type A 
and B, to ascertain MAO B inhibitors’ anti-Parkinsonian poten-
tial. Two irreversible, selective-type MAO B inhibitors were 
identified: AGN-1133 (N-methyl-N-2-propynyl-1-indanamine 
hydrochloride) and AGN-1135 (N-propargyl-1R-aminoindane). 
AGN-1135 showed greater selectivity in vitro and in vivo, with 
no central nervous system, cardiovascular, or sympathomimetic 
effects and was eventually patented as a Parkinson’s disease 
treatment (US patent no. 5457133A; US patent no. 5387612A; 
US patent no. 5453446A), known as rasagiline (24). The key 

difference between rasagiline and its analog selegiline is that 
rasagiline’s major metabolite is aminoindane, whereas selegi-
line metabolizes to l-amphetamine and l-methamphetamine  
(24, 25). Therefore, no AMPH-like adverse effects are seen after 
rasagiline.

Aminoindanes–A Unique Drug Class  
with entactogenic Properties
Contemporary research has focused on the psychoactive effects 
of substituted 2-AIs (9–13, 26–31). In their earlier work, Nichols 
et  al. (32) proposed a new class of therapeutic psychoactive 
substances “entactogens,” which were neither hallucinogens nor 
psychostimulants; instead, they facilitated communication and 
introspection, and were argued to be valuable agents in psycho-
therapy and potentially powerful tools for understanding the neu-
rochemistry of emotion (27). To begin with, entactogens included 
MDMA, MDA, and 3,4-methylenedioxy-N-ethylamphetamine 
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TAbLe 1 | Chemical structures and names, International Union of Pure and Applied Chemistry (IUPAC) names of amphetamine, MDMA, MDA, 2-aminoindane, and its 
derivatives with psychoactive effects.

Structure name Chemical name lUPAC name

Amphetamine, AMPH, Speed Alpha-methylphenethylamine l-phenylpropan-2-amine

MDMA, Ecstasy, Molly, X, XTC 3,4-methylenedioxymethamphetamine l-(1,3-benzodioxol-5-yl)-N-methylpropan-2-amine

MDA 3,4-methylenedioxyamphetamine l-(1,3-benzodioxol-5-yl)propan-2-amine

2-AI 2-aminoindane 2,3-dihydro-1H-inden-2-amine

5-IAI 5-Iodo-2-aminoindane 5-iodo-2,3-dihydro-1H-inden-2-amine

MDAI 5,6-methylenedioxy-2-aminoindane 6,7-dihydro-5H-cyclopenta[f][1,3]benzodioxol-6-amine

MDMAI 5,6-methylenedioxy-2-methylaminoindane N-methyl-6,7-dihydro-5H-cyclopenta[f][1,3]
benzodioxol-6-amine

MMAI 5-methoxy-6-methyl-2-aminoindane 5-methoxy-6-methyl-2,3-dihydro-1H-inden-2-amine
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(MDEA), and later, related novel compounds such as 1,3-ben-
zodioxolyl-N-methylbutanamine (MBDB) and MDAI were 
synthesized. Since MDMA and its analogs (MDA, MDEA) had 
been widely abused by recreational drug users and serotonergic 
neurotoxicity was identified, Nichols et  al. refocused on the 
preparation of non-neurotoxic analogs of MDMA. The result was 
the description, for the first time, of these novel “entactogenic” 
compounds (27, 32).

Nichols et  al. (9) described effects of MDAI on catecho-
lamines and serotonin (5-HT), measured metabolite levels, 
and determined the affinity (KD) and number of binding sites 
(Bmax) for 5-HT transporter (SERT) (in rat brain cortical resp. 
hippocampal homogenates) measured 1 week after subcutane-
ous (s.c.) administration of 40  mg/kg MDAI. After 1 week of 
recovery, there were no significant changes in levels of any of the 
measured neurotransmitters or SERT compared with controls; 
by contrast, significant reductions in the neurotransmitter levels 
and SERT were induced by MDMA. No changes in KD and Bmax 
were observed, indicating no detectable 5-HT neurotoxicity or 
5-HT terminal degeneration. However, drug discrimination 
experiments with MDMA-trained rats showed that MDAI 
fully substitutes for MDMA and that MDAI and MDMAI were 
observed to completely substitute for another MDMA-like drug 
MBDB (10). It was concluded that both drugs have MDMA-like 
behavioral pharmacology but without lasting 5-HT neurotox-
icity following an acute, very high dose. However, the effects 
of chronic administration of MDAI (most drugs, whether for 
medical or recreational purposes are taken on multiple occa-
sions) were not investigated until much later, and research on 

the chronic effects of aminoindanes, including MDAI, is still 
lacking.

A study on in vitro monoamine reuptake inhibition (using 
rats’ synaptosomes) identified MDAI as a highly potent inhibi-
tor of 5-HT and dopamine (DA) reuptake rather than causing 
non-vesicular DA release. 5-IAI and MMAI were subsequently 
evaluated, both of them increased non-vesicular release of 
5-HT, DA, and norepinephrine (NE), but MMAI had 100- and 
50-fold selectivity for 5-HT over DA and NE uptake inhibition, 
indicating that it is a very selective serotonergic releaser (28).  
In the monoamine reuptake transporter inhibition test performed 
on HEK 293 (human embryonic kidney 293) cells, MDAI’s 
ability to preferentially inhibit the NE transporter (NET) and 
SERT over the DA transporter (DAT) was confirmed, with an 
approximately twofold lower potency compared with MDMA. 
The other aminoindane tested, 5-IAI, showed a similar pattern/
ratio of inhibitory action at NET/SERT/DAT. 2-AI selectively 
inhibited just NET, and for SERT and DAT it has low potency. 
Apart from inhibitory actions on transporter molecules, ami-
noindanes have been shown to cause transporter-mediated 
release (reverse transport) of monoamines: MDAI released 
5-HT and NE, 5-IAI released 5-HT and DA, and 2-AI released 
NE and DA (33).

The pharmacokinetics of MDAI in Wistar rats have been 
described in our recently published paper (34). Tissue samples 
were collected after a single bolus of MDAI (10 mg/kg, s.c.) at 
intervals of 30, 60, 120, 240, and 480 min after administration. 
Separated sera, whole brains, livers, and lungs were analyzed. 
MDAI showed fast and high influx into the brain; the drug 
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was accumulated in lungs where the concentration exceeded 
the concentration in the brain by approximately 30% (~30 vs. 
18  µg/g, respectively) indicating its high-lipid solubility (34). 
When compared with s.c. MDMA in Sprague-Dawley rats (35), 
the kinetic profile of MDAI is much faster and its storage profile 
is similar to PMMA or 2C-B (36, 37). These results can be associ-
ated with potential selective MDAI neurotoxicity, exacerbated by 
combination with other drugs (6).

Subjective effects and Acute behavioral 
Studies
Very little is known about acute behavioral effects of aminoin-
danes in animal studies. We described acute behavior in Wistar 
rats after MDAI administration. Three different s.c. doses of 
MDAI (5, 10, 20, and 40 mg/kg) administered (at two testing 
onsets 15 respectively 60 min) prior to open field test (OFT) 
and prepulse inhibition test (PPI) were examined to evaluate 
effects on locomotor activity and sensorimotor gating. At all 
doses used, MDAI showed a disruptive effect on sensorimotor 
gating and, most evidently, at testing onset 15 min. The same 
disruptive effect on PPI can be seen after MDMA, AMPH or 
other psychoactive drugs (37), and it is related to changes in 
sensory filtering of information due to manipulation with 
DA and 5-HT levels in brain (38). These changes may alter 
information processing and induce a schizophrenic state (39). 
MDAI increased trajectory length in a dose-related manner, but 
not dramatically. MDAI has short-acting, slightly stimulatory 
and anxiolytic effects (34). In another animal model, in Swiss-
Webster mice, Gatch et al. (40) examined the effect of MDAI 
[1, 3, 10, and 30 mg/kg; administered intraperitoneally (i.p.)] 
on locomotor activity. Lower MDAI doses produced a rapid 
onset of locomotor depression and at higher doses, a slower 
onset of locomotor stimulation was observed, but it was longer 
lasting. These findings suggest that although MDAI affects 
DA and stimulation, this is not a strong effect. This can lead 
users to combine MDAI with other drugs with stimulatory 
 potency.

Since no clinical trial has yet been performed in humans 
with recreational aminoindanes, information about subjective 
effects and health risks comes from subjective personal experi-
ences shared on drug website platforms, wikis, and discussion 
fora. Based on users’ reports on PsychonautWiki, Erowid, 
Drugs-Forum, and Bluelight, MDAI and 5-IAI effects are mainly 
euphoria, empathy, stimulation (not the case with MDAI), and 
cognitive enhancement. The adverse effects described by users 
include dehydration, increased perspiration, anxiety, depression, 
panic attacks, and tachycardia. Several routes of administration 
have been reported from insufflation, oral ingestion to rectal 
application. The latter has the fastest onset of effects. Smoking  
and injecting have not been described (6, 41, 42). The onset of 
subjective psychoactive effects is reported to be around 30 min 
and their peak varies from 45 min up to 3 h after being taken  
orally. The wide time-window for peak effects after oral use could 
be caused by different product purities (6, 43): administration 
routes and factors influencing absorption (e.g., with oral con-
sumption, food in the digestive tract). Users’ “recommended” 
dose for a mild MDAI effect is 100–150  mg, for 2-AI it is 

10–20 mg orally (43, 44). The doses of 5-IAI in trip reports are 
approximately 100 mg orally for a mild effect (45).

Toxicity and Health Risks
Palenicek et al. (34) examined an acute toxicity including median 
lethal dose (LD50). The highest dose of MDAI (40 mg/kg) showed 
50% greater locomotion activity compared with 20 mg/kg dur-
ing the onset of its action; however, animals rapidly began to 
hyperventilate and showed signs of serotonin syndrome (intense 
perspiration, copious salivation, and seizures). In total, 100% of 
the rats died within 15 min of administration. This was unex-
pected, since Nichols et al. (9) had previously used this dose and 
route, and did not report adverse effects or fatalities. While for 
s.c. administration the LD50 was 28.3 mg/kg and i.v. 35 mg/kg,  
for oral administration all rats survived 40  mg/kg (34). The 
autopsy and histologic evaluation of tissues of deceased animals 
confirmed serotonin syndrome as a causal factor in death, with 
disseminated intravascular coagulopathy and brain edema 
implicated. Gatch et al. (40) tested MDAI at 100 mg/kg, with a 
similar outcome to Palenicek et al. (34): this dose was lethal for 
all mice. Experiments on thermoregulation clearly showed that 
MDAI dramatically increased body temperature accompanied 
by profound perspiration, particularly when administered to rats 
housed in groups. This, along with the other findings from this 
study, suggests a potentially higher risk of serotonergic toxicity 
when the drug is used by humans in settings such as clubs or 
rave/dance parties, where ambient temperatures are increased 
due to crowding.

Since recreational users take these ecstasy-like drugs fre-
quently in the environment of rave/dance parties for euphoric 
and entactogenic effects but also to enhance their abilities to 
dance for long periods, many users desire stimulatory effects. 
However, in the case of aminoindanes, where primary activity 
is on the 5-HT system, stimulation is limited. This often leads 
users to consume aminoindanes in larger doses (to increase the 
DA release) or in drug cocktails with stimulants such as AMPH, 
cocaine, or MDMA to potentiate the stimulatory properties of 
the drug. In these combinations, when 5-HT-ergic substances 
potentiate DA-ergic substances, an unexpected neurotoxicity 
and cardiotoxicity may occur (6, 31). Tormey and Moore (46) 
reported a steady increase in deaths in Ireland from 9 in 2004 to 
47 in 2009 from the drug category that includes NPSs (but also 
includes substances such as solvents); by contrast, their data for 
cocaine, stimulants, and hallucinogen deaths suggest a peak in 
2007, followed by a decline (which would be accounted for if 
“classic” drugs were being replaced by NPSs). MDAI has been 
related to renal failure, acute respiratory distress syndrome, 
hepatic failure, and increased risk of primary pulmonary hyper-
tension or valvular heart disease (47). Furthermore, MDAI-
related deaths have been reported: a 17-year-old woman died 
of cardiac arrest with postmortem toxicological tests detecting 
MDAI at a concentration of 26.3 mg/L and an ethanol concentra-
tion of 14 mg/dL. No other drugs or metabolites were detected. 
In the other two deaths (men aged 35 and 28), the postmortem 
toxicology showed MDAI along with AMPHs, MDMA, ligno-
caine, etc., and ethanol (6). A 27-year-old man was successfully 
resuscitated by paramedics but died in hospital the following 
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day, with edema of the brain and lungs, aspiration pneumonia, 
blood-congested internal organs (and MDAI concentrations of 
38 µg/L in peripheral blood and 1800 µg/L in urine 6 h before 
death) (48). Two 5-IAI and 2-AI fatalities were reported between 
2010 and 2012, with one case each (49).

Legal Status
At the time of writing, only a few aminoindanes are controlled 
in some parts of the EU. 2-AI is controlled in Croatia, Denmark, 
Estonia, Finland, Hungary, Lithuania, Poland, and Portugal. 
MDAI is controlled in Cyprus, Czech Republic, Denmark, 
Estonia, Finland, Hungary, Italy, Lithuania, Portugal, and 
Sweden. 5-IAI is controlled in Finland, Hungary, Lithuania, and 
Portugal. For instance, the UK has not specifically restricted 
aminoindanes yet (4).

COnCLUSiOn

Although there are some existing studies focusing on MDAI, 
more research should be performed on the behavioral effects 
and toxicity of this substance. As we have shown in this review, 

fatal intoxications connected with MDAI have been reported 
and animal studies provided evidence of its potentially deadly 
toxicity due to serotonin syndrome. Furthermore, there is lack 
of information about toxicity, pharmacokinetics, and behav-
ioral effects of the other aminoindanes. An important issue is 
also the legal status of these substances, since just a few EU 
countries control aminoindanes. This may increase the prob-
ability of their recreational use and, in turn, the incidence of 
acute toxicity.

AUTHOR COnTRibUTiOnS

NP contributed to the writing of the paper, searched for relevant 
literature, and composed the main idea for the study. RH and 
TP discussed the content of manuscript, added comments and 
critical feedback, and contributed to the final version of the paper.

FUnDing

This work was supported by the MEYS CR under the NPU I 
program (grant number LO1611) and 260388/SVV/2017.

ReFeRenCeS

1. EMCDDA. European Drug Report 2017: Trends and Developments (2017). 
Luxembourg: Publications Office of the European Union.

2. Brunt TM, Poortman A, Niesink RJM, van den Brink W. Instability of the 
ecstasy market and a new kid on the block: mephedrone. J Psychopharmacol 
(2011) 25(11):1543–7. doi:10.1177/0269881110378370 

3. Winstock A, Mitcheson L, Ramsey J, Davies S, Puchnarewicz M, Marsden J.  
Mephedrone: use, subjective effects and health risks. Addiction (2011) 
106(11):1991–6. doi:10.1111/j.1360-0443.2011.03502.x 

4. EDND. European Database on New Drugs (2017). Available from: https://
ednd.emcdda.europa.eu

5. Leach B. New Drug to Replace Mephedrone as ‘Legal High’. The Telegraph 
(2010). Available from: http://www.telegraph.co.uk/news/uknews/law-and-
order/7602664/New-drug-to-replace-mephedrone-as-legal-high.html

6. Corkery JM, Elliott S, Schifano F, Corazza O, Ghodse AH. MDAI 
(5,6-methylenedioxy-2-aminoindane; 6,7-dihydro-5H-cyclopenta[f][1,3]
benzodioxol-6-amine; “sparkle”; “mindy”) toxicity: a brief overview and 
update. Hum Psychopharmacol Clin Exp (2013) 28(4):345–55. doi:10.1002/ 
hup.2298 

7. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement. J Clin Epidemiol 
(2009) 62(10):1006–12. doi:10.1016/j.jclinepi.2009.06.005

8. Fuller RW, Baker JC, Molloy BB. Biological disposition of rigid analogs 
of amphetamine. J Pharm Sci (1977) 66(2):271–2. doi:10.1002/jps. 
2600660235 

9. Nichols DE, Brewster WK, Johnson MP, Oberlender R, Riggs RM. 
Nonneurotoxic tetralin and indan analogs of 3,4-(methylenedioxy)
amphetamine (MDA). J Med Chem (1990) 33(2):703–10. doi:10.1021/ 
jm00164a037 

10. Oberlender R, Nichols DE. (+)-N-methyl-1-(1,3-benzodioxol-5-Yl)-2-
butanamine as a discriminative stimulus in studies of 3,4-methylenedioxy- 
methamphetamine-like behavioral activity. J Pharmacol Exp Ther (1990) 
255(3):1098–106. 

11. Johnson MP, Frescas SP, Oberlender R, Nichols DE. Synthesis and pharmaco-
logical examination of 1-(3-methoxy-4-methylphenyl)-2-aminopropane and 
5-methoxy-6-methyl-2-aminoindan—similarities to 3,4-(methylenedioxy)
methamphetamine (MDMA). J Med Chem (1991) 34(5):1662–8. doi:10.1021/
jm00109a020 

12. Nichols DE, Johnson MP, Oberlender R. 5-Iodo-2-aminoindan, a nonneu-
rotoxic analogue of p-iodoamphetamine. Pharmacol Biochem Behav (1991) 
38(1):135–9. doi:10.1016/0091-3057(91)90601-W 

13. Maronalewicka D, Nichols DE. Behavioral-effects of the highly selective  
serotonin releasing agent 5-methoxy-6-methyl-2-aminoindan. Eur J Phar-
macol (1994) 258(1–2):1–13. doi:10.1016/0014-2999(94)90051-5 

14. Smith JP, Sutcliffe OB, Banks CE. An overview of recent developments in  
the analytical detection of new psychoactive substances (NPSs). Analyst 
(2015) 140(15):4932–48. doi:10.1039/c5an00797f 

15. Shelton RS. Secondary Beta Phenyl Propyl Amines and Pharmaceutical 
Compositions Thereof. U.S. Patent No 2,298,630. Washington, DC: U.S. Patent 
and Trademark Office (1942).

16. Woodruff EH. Amino Compound. U.S. Patent No 2,293,874. Washington, DC: 
U.S. Patent and Trademark Office (1942).

17. Levin N, Graham BE, Kolloff HG. Physiologically active indanamines1. J Org 
Chem (1944) 09(4):380–91. doi:10.1021/jo01186a010 

18. Witkin LB, Heubner CF, Galdi F, O’Keefe E, Spitaletta P, Plummer AJ.  
Pharmacology of 2-amino-indane hydrochloride (Su-8629): a potent non- 
narcotic analgesic. J Pharmacol Exp Ther (1961) 133(3):400–8. 

19. Solomons E, Sam J. 2-Aminoindans of pharmacological interest. J Med  
Chem (1973) 16(12):1330–3. doi:10.1021/jm00270a004 

20. Kier LB. The prediction of molecular conformation as a biologically significant 
property. Pure Appl Chem (1973) 35(4):509. doi:10.1351/pac197335040509 

21. Martin YC, Jarboe CH, Krause RA, Lynn KR, Dunnigan D, Holland JB. 
Potential anti-Parkinson drugs designed by receptor mapping. J Med Chem 
(1973) 16(2):147–50. doi:10.1021/jm00260a014 

22. Martin YC, Holland JB, Jarboe CH, Plotnikoff N. Discriminant analysis of the 
relation between physical properties and the inhibition of monoamine oxi-
dase by aminotetralins and aminoindans. J Med Chem (1974) 17(4):409–13. 
doi:10.1021/jm00250a008 

23. Kalir A, Sabbagh A, Youdim MBH. Selective acetylenic suicide and reversible 
inhibitors of monoamine-oxidase type-A and type-B. Br J Pharmacol (1981) 
73(1):55–64. doi:10.1111/j.1476-5381.1981.tb16771.x 

24. Youdim MBH, Gross A, Finberg JPM. Rasagiline [N-propargyl-1R(+)-
aminoindan], a selective and potent inhibitor of mitochondrial monoamine 
oxidase B. Br J Pharmacol (2001) 132(2):500–6. doi:10.1038/sj.bjp.0703826 

25. Knudsen Gerber DS. Selegiline and rasagiline: twins or distant cousins? 
Consult Pharm (2011) 26(1):48–51. doi:10.4140/TCP.n.2011.48 

26. Nichols DE, Oberlender R, Burris K, Hoffman AJ, Johnson MP. Studies of 
dioxole ring substituted 3,4-methylenedioxyamphetamine (MDA) analogs. 
Pharmacol Biochem Behav (1989) 34(3):571–6. doi:10.1016/0091-3057(89) 
90560-1 

27. Nichols DE, Oberlender R. Structure-activity-relationships of mdma and 
related-compounds—a new class of psychoactive-drugs. Ann N Y Acad Sci 
(1990) 600:613–25. doi:10.1111/j.1749-6632.1990.tb16914.x 

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1177/0269881110378370
https://doi.org/10.1111/j.1360-0443.2011.03502.x
https://ednd.emcdda.europa.eu
https://ednd.emcdda.europa.eu
http://www.telegraph.co.uk/news/uknews/law-and-order/7602664/New-drug-to-replace-mephedrone-as-legal-high.html
http://www.telegraph.co.uk/news/uknews/law-and-order/7602664/New-drug-to-replace-mephedrone-as-legal-high.html
https://doi.org/10.1002/
hup.2298
https://doi.org/10.1002/
hup.2298
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1002/jps.2600660235
https://doi.org/10.1002/jps.2600660235
https://doi.org/10.1021/jm00164a037
https://doi.org/10.1021/jm00164a037
https://doi.org/10.1021/jm00109a020
https://doi.org/10.1021/jm00109a020
https://doi.org/10.1016/0091-3057(91)90601-W
https://doi.org/10.1016/0014-2999(94)90051-5
https://doi.org/10.1039/c5an00797f
https://doi.org/10.1021/jo01186a010
https://doi.org/10.1021/jm00270a004
https://doi.org/10.1351/pac197335040509
https://doi.org/10.1021/jm00260a014
https://doi.org/10.1021/jm00250a008
https://doi.org/10.1111/j.1476-5381.1981.tb16771.x
https://doi.org/10.1038/sj.bjp.0703826
https://doi.org/10.4140/TCP.n.2011.48
https://doi.org/10.1016/0091-3057(89)
90560-1
https://doi.org/10.1016/0091-3057(89)
90560-1
https://doi.org/10.1111/j.1749-6632.1990.tb16914.x


7

Pinterova et al. Synthetic Aminoindanes: A Summary of Existing Knowledge

Frontiers in Psychiatry | www.frontiersin.org November 2017 | Volume 8 | Article 236

28. Johnson MP, Conarty PF, Nichols DE. [H-3] monoamine releasing and 
uptake inhibition properties of 3,4-methylenedioxymethamphetamine and 
para-chloroamphetamine analogs. Eur J Pharmacol (1991) 200(1):9–16. 
doi:10.1016/0014-2999(91)90659-E 

29. Johnson MP, Huang X, Nichols DE. Serotonin neurotoxicity in rats after 
combined treatment with a dopaminergic agent followed by a nonneurotoxic 
3,4-methylenedioxymethamphetamine (MDMA) analog. Pharmacol Biochem 
Behav (1991) 40(4):915–22. doi:10.1016/0091-3057(91)90106-C 

30. Oberlender R, Nichols DE. Structural variation and (+)-amphetamine-like 
discriminative stimulus properties. Pharmacol Biochem Behav (1991) 
38(3):581–6. doi:10.1016/0091-3057(91)90017-V 

31. Monte AP, Maronalewicka D, Cozzi NV, Nichols DE. Synthesis and phar-
macological examination of benzofuran, indan, and tetralin analogs of  
3,4-(methylenedioxy)amphetamine. J Med Chem (1993) 36(23):3700–6. 
doi:10.1021/jm00075a027 

32. Nichols DE, Hoffman AJ, Oberlender RA, Jacob P, Shulgin AT. Derivatives 
of 1-(1,3-benzodioxol-5-yl)-2-butanamine: representatives of a novel thera-
peutic class. J Med Chem (1986) 29(10):2009–15. doi:10.1021/jm00160a035 

33. Simmler LD, Rickli A, Schramm Y, Hoener MC, Liechti ME. Pharmacological 
profiles of aminoindanes, piperazines, and pipradrol derivatives. Biochem 
Pharmacol (2014) 88(2):237–44. doi:10.1016/j.bcp.2014.01.024 

34. Palenicek T, Lhotkova E, Zidkova M, Balikova M, Kuchar M, Himl M, 
et  al. Emerging toxicity of 5,6-methylenedioxy-2-aminoindane (MDAI): 
pharmacokinetics, behaviour, thermoregulation and LD50 in rats. Prog 
Neuropsychopharmacol Biol Psychiatry (2016) 69:49–59. doi:10.1016/j.
pnpbp.2016.04.004 

35. Fitzgerald RL, Blanke RV, Poklis A. Stereoselective pharmacokinetics of 
3,4-methylenedioxymethamphetamine in the rat. Chirality (1990) 2(4):241–8. 
doi:10.1002/chir.530020409 

36. Palenicek T, Balikova M, Rohanova M, Novak T, Horacek J, Fujakova M,  
et  al. Behavioral, hyperthermic and pharmacokinetic profile of para-me-
thoxymethamphetamine (PMMA) in rats. Pharmacol Biochem Behav (2011) 
98(1):130–9. doi:10.1016/j.pbb.2010.12.011 

37. Palenicek T, Fujakova M, Brunovsky M, Horacek J, Gorman I, Balikova M,  
et al. Behavioral, neurochemical and pharmaco-EEG profiles of the psyche-
delic drug 4-bromo-2,5-dimethoxyphenethylamine (2C-B) in rats. Psycho-
pharmacology (2013) 225(1):75–93. doi:10.1007/s00213-012-2797-7 

38. Palenicek T, Hlinak Z, Bubenikova-Valesova V, Novak T, Horacek J.  
Sex differences in the effects of N,N-diethyllysergamide (LSD) on behavioural 
activity and prepulse inhibition. Prog Neuropsychopharmacol Biol Psychiatry 
(2010) 34(4):588–96. doi:10.1016/j.pnpbp.2010.02.008 

39. Geyer MA, Krebs-Thomson K, Braff DL, Swerdlow NR. Pharmacological 
studies of prepulse inhibition models of sensorimotor gating deficits in 
schizophrenia: a decade in review. Psychopharmacology (2001) 156(2–3): 
117–54. doi:10.1007/s002130100811 

40. Gatch MB, Dolan SB, Forster MJ. Locomotor, discriminative stimulus, and 
place conditioning effects of MDAI in rodents. Behav Pharmacol (2016) 
27(6):497–505. doi:10.1097/Fbp.0000000000000237 

41. Coppola M. Is the 5-iodo-2-aminoindan (5-IAI) the new MDMA? J Addict 
Res Ther (2012) 03(04)1–3. doi:10.4172/2155-6105.1000134 

42. Coppola M, Mondola R. 5-Iodo-2-aminoindan (5-IAI): chemistry, pharma-
cology, and toxicology of a research chemical producing MDMA-like effects. 
Toxicol Lett (2013) 218(1):24–9. doi:10.1016/j.toxlet.2013.01.008 

43. PsychonautWiki. MDAI/Summary (2016). Available from: https://psy-
chonautwiki.org/wiki/MDAI/Summary

44. PsychonautWiki. 2-Aminoindane (2016). Available from: https://psychonaut-
wiki.org/wiki/2-Aminoindane

45. Drugs-Forum. 5-IAI (5-Iodo-2-Aminoindane) Trip Reports (2016). Available 
from: https://drugs-forum.com/forum/showthread.php?t=126985

46. Tormey WP, Moore T. Poisonings and clinical toxicology: a template for 
Ireland. Ir J Med Sci (2013) 182(1):17–23. doi:10.1007/s11845-012-0828-3 

47. Gallagher CT, Assi S, Stair JL, Fergus S, Corazza O, Corkery JM, et  al. 
5,6-methylenedioxy-2-aminoindane: from laboratory curiosity to ‘legal 
high’. Hum Psychopharmacol Clin Exp (2012) 27(2):106–12. doi:10.1002/ 
hup.1255 

48. Staeheli SN, Boxler MI, Oestreich A, Marti M, Gascho D, Bolliger SA, et al. 
Postmortem distribution and redistribution of MDAI and 2-MAPB in blood 
and alternative matrices. Forensic Sci Int (2017) 279:83–7. doi:10.1016/j.
forsciint.2017.08.007 

49. Elliott S, Evans J. A 3-year review of new psychoactive substances in casework. 
Forensic Sci Int (2014) 243:55–60. doi:10.1016/j.forsciint.2014.04.017 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Pinterova, Horsley and Palenicek. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CC BY). 
The use, distribution or reproduction in other forums is permitted, provided the 
original author(s) or licensor are credited and that the original publication in this 
journal is cited, in accordance with accepted academic practice. No use, distribution 
or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1016/0014-2999(91)90659-E
https://doi.org/10.1016/0091-3057(91)90106-C
https://doi.org/10.1016/0091-3057(91)90017-V
https://doi.org/10.1021/jm00075a027
https://doi.org/10.1021/jm00160a035
https://doi.org/10.1016/j.bcp.2014.01.024
https://doi.org/10.1016/j.pnpbp.2016.04.004
https://doi.org/10.1016/j.pnpbp.2016.04.004
https://doi.org/10.1002/chir.530020409
https://doi.org/10.1016/j.pbb.2010.12.011
https://doi.org/10.1007/s00213-012-2797-7
https://doi.org/10.1016/j.pnpbp.2010.02.008
https://doi.org/10.1007/s002130100811
https://doi.org/10.1097/Fbp.0000000000000237
https://doi.org/10.4172/2155-6105.1000134
https://doi.org/10.1016/j.toxlet.2013.01.008
https://psychonautwiki.org/wiki/MDAI/Summary
https://psychonautwiki.org/wiki/MDAI/Summary
https://psychonautwiki.org/wiki/2-Aminoindane
https://psychonautwiki.org/wiki/2-Aminoindane
https://drugs-forum.com/forum/showthread.php?t=126985
https://doi.org/10.1007/s11845-012-0828-3
https://doi.org/10.1002/hup.1255
https://doi.org/10.1002/hup.1255
https://doi.org/10.1016/j.forsciint.2017.08.007
https://doi.org/10.1016/j.forsciint.2017.08.007
https://doi.org/10.1016/j.forsciint.2014.04.017
http://creativecommons.org/licenses/by/4.0/

	Synthetic Aminoindanes: A Summary of Existing Knowledge
	Introduction
	Method
	Results
	Chemistry
	Origins of Aminoindanes in Pharmacological Research
	Aminoindanes–A Unique Drug Class with Entactogenic Properties
	Subjective Effects and Acute Behavioral Studies
	Toxicity and Health Risks
	Legal Status

	Conclusion
	Author Contributions
	Funding
	References


