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Abstract.

Thirty years ago, 3.4-methylendioxymethamphetaime or MDMA was a novel
psychoactive substance (NPS), and since then empirical knowledge of its
psychobiological effects in humans has increased substantially. It is now known that
recreational users can suffer from a wide range of psychobiological deficits, in
neurocognition, memory, information processing, vision, pain, oxidative stress
immunocompetence, neurohormonal integrity, sleep, homeostasis, and psychiatric
well-being. Functional deficits may remain after several years of abstinence. Ten
years ago mephedrone was a novel psychoactive substance, and recent studies have
generated some limited knowledge about its psychobiological effects, although many
areas of uncertainly remain. This review will outline current scientific knowledge on
each drug, and suggest areas for future research. One crucial area is the effects of
mephedrone on human pregnancy, since taking MDMA during pregnancy can impair
subsequent child development.

Introduction.

This paper is an extended version of a keynote paper given at the European
Conference on Novel Psychoactive Substances (NPS), held at the Fielder Centre in
Hertfordshire University, on November 15-16" 2016. The conference was funded by
the European Union, with the aim of disseminating the latest information on the
clinical, pharmacological, psychosocial, legal and other aspects of the many new



psychoactive drugs being used across Europe and the world. My own paper focused
on current extensive knowledge about the psychobiology of recreational MDMA, and
a comparison with the more limited empirical knowledge on mephedrone. One key
aim was to illustrate how our theoretical understanding about MDMA had increased
dramatically over the past 15 years, since research had revealed many novel areas of
psychobiological deficit. The main focus of my talk was the empirical research
conducted by my research group at the University of East London (pre-2004), then at
Swansea University (2004-present), and latterly as a visiting Professor to the Centre
for Human Psychopharmacology in Melbourne (2008-present). However research
findings from many other groups were also covered. Recently we have undertaken
comparative studies with established stimulants such as cocaine (1), and
methamphetamine (2). This paper will conclude with two empirical comparisons
between recreational Ecstasy/ MDMA and mephedrone (3,4). The aim was to
investigate the similarities and differences in their psychobiological profiles, and

propose topics for future research.

MDMA or ‘Ecstasy’: a broad overview

MDMA or 3,4-methylenedioxymethamphetamine, is a methamphetamine derivative
and powerful CNS stimulant. It first became popular as a recreational drug during the
mid-1980s, when it was given the street name of ‘Ecstasy’ (5-8). Around that time
MDMA was a ‘novel psychoactive substance’, although that particular label was not
employed for another twenty years. In one of the first descriptions of its
psychopharmacological effects, Shulgin (9) suggested that MDMA would not become
a psychosocial drug of abuse, since it lost its subjective efficacy when taken
repeatedly. However despite its strong chronic tolerance, many recreational users
followed a pattern of increasing self-dosing, accompanied by stronger and more
damaging side-effects (10,11). The deteriorating cost-benefit ratio with MDMA leads
to voluntary drug cessation — an unusual and possibly unique pattern for any
psychoactive drug (11-14). This pattern helps to explain why MDMA is not often
seen as a drug of dependency. However, while many users quit on their own, other
young Ecstasy/MDMA users still need professional help from drug addiction centres
(15-17).



In acute terms, MDMA is powerful metabolic activator, which causes increased body
temperature in thermally controlled laboratory conditions (18,19). It can lead to
greater thermal stress and hyperthermia in dance clubbers, although there can be
considerable variation in these thermal changes in the real world (20, 21, 90). In cold
conditions recreational users may cool-down excessively, so when returning from
night clubs in Wintery conditions, some users become hypothermic with adverse
medical consequences (23,24). The Hypothalamic Pituitary Adrenal (HPA) axis can
also be acutely overstimulated by MDMA, with cortisol levels increasing by up to
800% in MDMA-using dance clubbers (20). Furthermore the regular use of
Ecstasy/MDMA can lead to chronic disruptions in the HPA axis. In a recent study we
collected hair samples from 101 young volunteers, and measured the amount of
cortisol laid down in their hair over the recent 3 months. The regular users of
Ecstasy/ MDMA displayed a highly significant group mean 400% increase in hair
cortisol, when compared to non-user controls, whereas the light users showed non-
significant increase of around 50% (21). Cortisol is also known as the ‘stress
hormone’, and several groups have shown changes in cortisol patterns and/or
increased stress levels. Scholey et al (25) found that drug free Ecstasy/MDMA users
reported significantly higher levels of stress, than similar aged non-user controls.
Wetherell and Montgomery (26) showed that the cortisol awakening response, and
other indications of cortisol secretion, were altered in drug-free Ecstasy/ MDMA
users, especially under conditions of high environmental stress. The various
indications of change to the HPA axis have been outlined in recent reviews (27,28),
while potential neurohormonal topics for future research have also been suggested
(29). The contributory role of oxytocin also needs to be further studied, since
oxytocin may be involved in the positive psychosocial effects of MDMA (30,31).
Furthermore, nasal oxytocin may potentially comprise a safer compound for drug

assisted psychotherapy (30-32,91).

The acute mood effects of MDMA can be extremely euphoric, although as with all
CNS stimulants, negative moods may also be intensified (34,35). Several years ago,
we found that initial MDMA experimenters who stopped taking it reported less
positive moods, than those who progressed to regular usage (36). An almost identical
pattern has been found with young cannabis experimenters, since those who reported

more positive initial responses to cannabis, displayed a far greater tendency to



become regular cannabis users (37). Indeed there are a number of interesting
functional and psychobiological similarities between the sedative drug herbal/spice
cannabis, and the stimulant drugs MDMA and mephedrone; these were outlined in
Parrott et al (38). Hence an interesting topic for future research, not just for MDMA,
but with other recreational drugs such as mephedrone, cocaine or cannabis, is to
further investigate this individual variation in initial reactions to the psychoactive
drug. In many studies this variation will be embedded with the overall group values,
and hence often ignored, yet it may provide a fruitful topic for future research.
Another related issue is negative mood reactions. Many studies into CNS stimulant
drugs have focused on positive mood gains, yet negative mood abreactions occur with
all stimulants - including MDMA (39). It is important for future studies to include
adverse mood state scales within their assessment batteries, since some past studies
have only included positive mood scales — and hence found only positive outcomes

(see review in: 40).

MDMA is a powerful metabolic activator; indeed being a methamphetamine
derivative, it comes from one of most powerful classes of all recreational stimulant
drugs. The acute effects of MDMA have been outlined in several reviews (41-44).
The strong CNS activation it generates is the basis for the Bioenergetic Stress model
of MDMA, which is described in the following articles (12,14,45-49). The
Bioenergetic Stress model for humans was based on laboratory animal research
(50,51). This explanatory model notes that the heightened activation in recreational
users, will often represent the combined sympathomimetic overstimulation caused
directly by MDMA, along with the stimulatory environmental conditions at dance
clubs (47,52). This model generates a number of interesting questions for future
research. How do the co-factors of environmental activation: prolonged dancing, loud
music, social crowding, sweating/dehydration, and body/brain overheating, heighten
the basic metabolic overactivation caused by MDMA (14,47,49,53,54). What are the
key individual difference factors, such as personality characteristics or genetic
profiles, of those who seem most susceptible to this overactivation? Why are females
more susceptible to the development of acute hyponatraemia (55)? It is also known
that MDMA causes programmed cell death or apoptosis in laboratory animals, and
increases oxidative stress in recreational users (56). MDMA has also been tested as

drug for cancer therapy - due to its ability to damage human cells (see the relevant



medical papers listed in Parrott (14,49,54). All these factors lead to a number of
interesting questions for future investigation; more specifically, how are these factors

related to the acute and chronic psychobiological deficits caused by MDMA.

One of the key concepts behind MDMA research is the notion of ‘serotonergic
neurotoxicity, which was originally based on extensive animal research (50,57,58;
many others). The human findings on this influential concept were the focus for a
recent review (49). In the latter paper, it was noted that many neuroimaging studies
had found reduced levels of the serotonin transporter (SERT), with significant deficits
found across the whole of the cerebral cortex (e.g. 59-62). In terms of functional
deficits, lower levels of SERT were correlated with greater neurocognitive
impairments (60). Many other areas of psychobiological deficit have also been
empirically revealed; they include - changes in sleep architecture, sleep apnoea due to
reduced serotonergic control of breathing, subjective complains of impaired sleep,
impaired problem solving, reduced social intelligence, reduced everyday task
performance, physical tremor, deficits in the visual processing, altered patterns of
brain activity, increased pain perception, reduced immunocompetence, heightened
psychiatric distress, and many other problems. There are numerous empirical studies
describing these deficits (e.g.63-74; many others). For more detailed coverage of the
many relevant empirical studies, see the following reviews (12,14,43-45,49). Another
key question is whether these psychobiological deficits recover following drug
cessation; the limited data from some early studies was outlined in Parrott (12). More
recently, Taurah et al (75) assessed over 100 former users, and compared them to
current users, and several non-user control groups. They found that following
cessation for an average of four years, functional recovery on the test battery was
minimal, with former MDMA users remaining just as impaired as current MDMA
users. This suggests that the psychobiological damage caused by MDMA may be
relatively permanent. This comprises another key area for future research.

The recreational use of Ecstasy/MDMA by pregnant mothers, has also been shown to
lead to significant psychomotor impairments in the emergent children. This has been
described in a series of reports, covering the developmental abilities of the children at
different ages: 4 months, 12 months and 24 months (76-78). This prospective study

followed an earlier medical report, where congenital defects and cardiac abnormalities



were found in mothers who had used MDMA recreationally during their pregnancy
(79). Indeed in the DAISY study, one of the 12 children born to the heavier MDMA-
using mothers had a rare congenital defect, while there was also significant gender
bias in birth outcomes, which was not apparent in the polydrug control group. Further
studies of mothers are obviously required. Drug usage by fathers is another important

research issue, and it may be a factor of potential interest for sperm donation clinics.

Mephedrone (m-cat) compared to MDMA (Ecstasy)

Mephedrone or meth-cathinone (m-cat) is a member of the cathinone class, with
psychobiological effects which are more intense than those generated by cathinone
derived from chewing leaves of the Khat plant (80-83). The stronger effects of
mephedrone can make its effects similar to those of MDMA in some ways, although
different in others. Hence mephedrone and MDMA can lead to positive feelings of
euphoria and emotional closeness, while they are typically followed by more negative
feelings of tiredness or depression in the post-drug recovery period. This pattern is
similar to that found with Khat derived cathinone, and indeed with all other
recreational stimulant drugs (39,80-83). The recent history of mephedrone, and how it
how it has become an illicit recreational drug during the past 10 years, has been
outlined in the following articles (84-86). However empirical research on mephedrone
compares with MDMA is currently very limited (87,88). So that while there has been
some debate over their similarities and dissimilarities, there is an urgent need for more

empirical data, especially on functional effects.

In order to address this issue, we recently undertook one comparison study of
recreational mephedrone and MDMA, and another focused solely on mephedrone. In
Jones et al (3) 152 Ecstasy/MDMA polydrug users, and 83 mephedrone/m-cat
polydrug users, were recruited through the Internet. They were asked about the
average amount of drug taken per session, maximum usage per session, and subjective
effects across a range of questions. The incidence of many of the subjective effects
was similar for both drugs, with similar levels of positive moods following acute self-
administration. However mephedrone users reported more severe recovery issues in
the days following usage, along with more problems with sleep, anger and anxiety. It

should be noted that these problems were also noted by the Ecstasy/MDMA users,



confirming previous reports of adverse acute effects and mid-week recovery problems
(1,2,20,41,42,89). One of the more noticeable differences between these drugs, was
the lower acute pharmacodynamic tolerance to mephedrone. With MDMA, repeated
self-dosing over a single time period led to weaker subjective effects — due to ‘acute
tolerance’. In contrast, mephedrone users reported that repeated self-dosing over a
single time period led to continued subjective efficacy — hence they tended to take the
drug for longer periods. This more intensive usage may also help to explain why
many of the adverse drug effects were comparatively stronger with mephedrone. Our
second study (4), assessed psychiatric profiles using the Brief Symptom Inventory,
and the personal drug experiences of mephedrone polydrug users. The psychiatric
symptom profiles of the mephedrone polydrug users and other polydrug user controls
were significantly raised, in comparison with the non-user control group. Many
regular mephedrone users also reported that the come-down effects became
progressively worse over time, and that they acted as ‘wake-up call’ - for the

increasing damage to daily living the drug was causing.

In summary, all the recreational CNS stimulants are psychobiologically damaging.
Indeed the damaging effects of Ecstasy/MDMA are broadly similar to those found
with established recreational stimulants, such as cocaine, amphetamine and
methamphetamine (39). As far as we are currently aware, they are also broadly
similar to those found with the NPS drug mephedrone. However more research needs
to be conducted into the long-term effects of this novel substance, while similar
studies are also needed for Khat-chewing and cathinone (82,83). Hence we need
more studies into their neurocognitive, psychomotor, visual, neurohormonal, cardiac,
and psychiatric consequences, to see how they compare with the adverse effects of
MDMA. Finally, we also need to study the effects of mephedrone and cathinone on

foetal development - when taken recreationally during pregnancy.



References

1. Parrott AC, Evans LJ, Howells J, Robart R (2011). Cocaine versus
Ecstasy/ MDMA: comparative effects on mood and cognition in recreational users.
Open Addiction Jour 4: 36-37.

2. Parrott AC, Gibbs A, Scholey AB, King R, Owens K, Swann P, Ogden E, Stough
C (2011). MDMA and methamphetamine: some paradoxical negative and positive
mood changes in an acute dose laboratory study. Psychopharmacology 215: 527-536.

3. Jones L, Reed P, Parrott AC (2016). Mephedrone and MDMA: a comparison of
their acute and chronic effects, as described by young recreational polydrug users.
Jour Psychopharmacol 30: 1313-1320.

4. Howard J, Parrott AC (unpublished). Psychiatric symptom profiles and subjective

experiences of mephedrone polydrug users.

5. Peroutka SJ (1989) 'Ecstasy': a human neurotoxin? Arch Gen Psychiat 46: 191.

6. Solowij N, Hall W, Lee N (1992) Recreational MDMA use in Sydney: a profile of
ecstasy users and their experiences with the drug. Brit Jour Addict 87: 1161-1172

7. McCann UD, Ricaurte GA (1991). Lasting neuropsychiatric sequelae of (+-)
Methylenedioxymethamphetamine (‘Ecstasy’) in recreational users. Jour Clin
Psychopharmacol 11: 302-305.

8. Parrott AC (2004). Is Ecstasy MDMA ? A review of the proportion of ecstasy
tablets containing MDMA, dosage levels, and the changing perceptions of purity.

Psychopharmacology 173: 234-241.

9. Shulgin AT (1986). The background and chemistry of MDMA. Jour Psychoact
Drugs 18: 291-304.

10. Jansen KLR (1999). Ecstasy (MDMA) dependence. Drug Alc Dep 53: 121-124.



11. Parrott AC (2005). Chronic tolerance to recreational MDMA (3,4-
methylenedioxymethamphetamine) or Ecstasy. Jour Psychopharm 19: 71-83.

12. Parrott AC (2006). MDMA in humans: factors which affect the
neuropsychobiological profiles of recreational Ecstasy users, the integrative role of bio-
energetic stress. Jour Psychopharmacol 20: 147-163.

13. Parrott AC (2008). Drug taking — for better or for worse? Psychologist
21: 924-927

14. Parrott AC (2013). Human psychobiology of MDMA or “‘Ecstasy’: an overview of
25 years of empirical research. Hum Psychopharmacol 28: 289-307.

15. Schifano F, Di Furia L, Forza G, Minicuci N, Bricolo R (1998). MDMA
(“‘ecstasy’) consumption in the context of polydrug abuse: a report on 150 patients.
Drug Alc Depend 52: 85-90.

16. Schifano F (2000) Potential human neurotoxicity of MDMA (‘ecstasy'): subjective
self-reports, evidence form an Italian drug addiction centre and clinical case studies.

Neuropsychobiology 42: 25-33

17. Gerra G, Bassignana S, Zaimovic A, Moi G, Bussandri M, Caccavari T,
Brambilla F, Molina E (2003). Hypothalamic-pituitary-adrenal axis responses to
stress in subjects with 3,4-methylenedioxymethamphetamine (‘ecstasy’) use high

correlation with dopamine receptor sensitivity. Psychiat Res 30: 115-124.

18. Freedman RR, Johanson CE, Tancer ME (2005). Thermoregulatory effects of 3,4-
methylenedioxymethamphetamine (MDMA) in humans. Psychopharmacology 183:
248-256.

19. Parrott AC (2012). MDMA and temperature: a review of the thermal effects of
‘Ecstasy' in humans. Drug Alcohol Depend. 121: 1-9.



20. Parrott AC, Lock J, Conner, AC, Kissling C, Thome J. (2008). Dance clubbing on-
MDMA and during abstinence from MDMA: prospective neuroendocrine and

psychobiological changes. Neuropsychobiology 57: 165-180.

21. Parrott AC, Sands HR, Jones L, Clow A, Evans P, Downey L, Stalder T (2014).
Increased cortisol levels in hair of recent Ecstasyy MDMA users. Eur

Neuropsychopharmacol 24: 369-374.

22. Parrott AC, Young L (2015). Saturday night fever in ecstasy/MDMA dance
clubbers: heightened body temperature and associated psychobiological changes.

Temperature 1: (vol. 3) 1-6.

23. Greene, S.L., Wood, D.M., Dargan, P.l., 2009. Epidemiological and clinical
characteristics of acute MDMA related presentations to an inner city London

Emergency Department. Neuropsychobiology 60, 214.

24. Halpern P, Moskovich J, Avrahami B, Bentur Y, Soffer D, Peleg K (2011).
Morbidity associated with MDMA (ecstasy) abuse - a survey of emergency

department admissions. Hum Exp Toxicol 30: 259-266.

25. Scholey AB, Owen L, Gates J, Rodgers J, Buchanan T, Ling J, Heffernan T, Swan
P, Stough C, Parrott AC (2011). Hair MDMA samples are consistent with reported
Ecstasy use: findings from a study investigating effects of Ecstasy on mood and
memory. Neuropsychobiology 63: 15-21.

26. Wetherell MA, Montgomery C (2014). Basal functioning of the hypothalamic-
pituitary-adrenal (HPA) axis and psychological distress in recreational ecstasy polydrug
users. Psychopharmacology 231: 1365-1375.

27. Parrott AC, Montgomery CA, Wetherell MA, Downey LA, Stough C, Scholey
AB (2014). MDMA, cortisol and heightened stress in recreational Ecstasy/ MDMA
users. Behav Pharmacol 25: 458-472.



28. Parrott AC, Downey LA (2017). Psychoactive drug influences on hair cortisol.
Psychoneuroendocrinology 81: 159.

29. Parrott AC, Downey LA, Roberts CA, Montgomery C, Bruno R, Fox HC (2017).
Recreational MDMA (3,4-methylenedioxymethamphetamine;  “‘Ecstasy’): current

perspective and future research prospects. Jour Psychopharmacol (in press)

30. McGregor IS, Callaghan PD, Hunt GE (2008). From ultrasocial to antisocial: a
role for oxytocin in the acute reinforcing effects and long-term adverse consequences
of drug use? Brit Jour Pharmacol 154: 358-368.

31. Dumont GJ, Sweep FC, van der Steen R, Hermsen R, Donders AR, Touw DJ, van
Gerven JM, Buitelaar JK, Verkes RJ (2009). Increased oxytocin concentrations and
prosocial feelings in humans after ecstasy (3,4-methylenedioxymethamphetamine)

administration. Soc Neurosci 4: 359-366.

32. Parrott AC  (2016). Oxytocin, cortisol and MDMA  (3,4-
methylenedioxymethamphetamine): neurohormonal aspects of recreational ‘Ecstasy’.
Behav Pharmacol 27: 649-658.

33. Parrott AC (2017). MDMA assisted psychotherapy - a psychobiological analysis
and critique. In: International Handbook of Psychobiology. Murphy P (ed.).

34. Cohen RS: The Love Drug: Marching to the Beat of Ecstasy. 1998. Haworth
Medical Press, New York State.

35. Liechti ME, Gamma A, Vollenweider FX (2001). Gender differences in the
subjective effects of MDMA. Psychopharmacology, 154, 161-168.

36. Parrott AC (2010). Conscious awareness versus optimistic beliefs in recreational
Ecstasy/MDMA users. In Perry E, Collerton D, LeBeau F, Ashton HE (eds). New
Horizons in the Neuroscience of Consciousness. John Benjamin’s Publishers,
Amsterdam.



37. Le Strat Y, Ramoz N, Horwood J, Falissard B, Hassler C, Romo L, Gorwood P
(2009). First positive reactions to cannabis constitute a priority risk factor for
cannabis dependence. Addiction 104: 1710-1717.

38. Parrott AC, Hayley A, Downey LA (2017). Recreational stimulants, herbal and
spice cannabis: the core psychobiological processes which underlie their damaging

effects. Hum Psychopharmacol (in press).

39. Parrott AC (2015). Why all stimulant drugs are damaging to recreational users: an
empirical overview and psychobiological explanation. Hum Psychopharmacol 30:
213-224.

40. Parrott AC (2007). The psychotherapeutic potential of MDMA (3,4-
methylenedioxymethamphetamine): an evidence-based review. Psychopharmacology
191: 181-193.

41. Baylen CA, Rosenberg H. (2006). A review of the acute subjective effects of
MDMA/ecstasy. Addiction 101: 933-947.

42. Dumont GJ, Verkes RJ (2006). A review of acute effects of 3,4-
methylenedioxymethamphetamine in healthy volunteers. Jour Psychopharmacol 20:
176-187.

43. McCann UD, Ricaurte GA (2014). Effects of MDMA on human nervous system.
In: The Effects of Drug Abuse on the Human Nervous System. Elsevier. Chapter 15,
pp.475-497.

44. White CM (2014). How MDMA'’s pharmacology and pharmacokinetics drive
desired effects and harms. Jour Clin Pharmacol 54: 245-252.

45. Parrott AC (2001). Human psychopharmacology of Ecstasy (MDMA): a review
of fifteen years of empirical research. Hum Psychopharmacol 16: 557-577.



46. Parrott AC (2002). Recreational Ecstasy/MDMA, the serotonin syndrome, and

serotonergic neurotoxicity. Pharmacol Biochem Behav 71: 837-844.

47. Parrott AC (2004). MDMA (3,4-methylenedioxymethamphetamine) or Ecstasy: the
neuropsychobiological implications of taking it at dances and raves.
Neuropsychobiology 50: 329-335

48. Parrott AC (2009). Cortisol and MDMA (3,4-methylenedioxymethamphetamine):
neurohormonal aspects of bioenergetic-stress in Ecstasy users. Neuropsychobiology
60: 148-158.

49. Parrott AC (2013). MDMA, serotonergic neurotoxicity, and the diverse functional

deficits of recreational ‘Ecstasy’ users. Neurosci Biobehav Revs 37: 1466-1484.

50. Huether G, Zhou D, Ryuther E (1997). Causes and consequences of the loss of
serotonergic ~ presynapses  elicited by the  consumption of @ 34-
methylenedioxymethamphetamine (MDMA, “ecstasy™) and its congeners. J Neural
Transmiss 104: 771-794

51. Darvesh AS, Gudelsky GA (2005). Evidence for a role of energy dysregulation in
the MDMA-induced depletion of brain 5-HT. Brain Res 21:168-75.

52. Parrott AC, Rodgers J, Buchanan T, Ling J, Heffernan T, Scholey AB (2006).
Dancing hot on ecstasy: physical activity and thermal comfort ratings are associated
with the memory and other psychobiological problems of recreational MDMA users.
Hum Psychopharmacol 21: 285-298.

53. Doblin R, Greer G, Holland J, Jerome L, Mithoefer M, Sessa B (2014). A
reconsideration and response to Parrott AC (2013) “Human psychobiology of
MDMA or ‘Ecstasy’: an overview of 25 years of empirical research”. Hum
Psychopharmacol 29: 205-108.



54. Parrott AC (2014). MDMA is certainly damaging after 25 years of empirical
research: a reply and refutation of Doblin et al (2013). Hum Psychopharmacol 29:
109-1109.

55. Van Dijken GD, Blom RE, Hene RJ, Boer WH (2013). High incidence of mild
hyponatraemia in females using ecstasy at a rave party. Nephrol Dial Transplant 28:
2277-2283.

56. Zhou JF, Chen P, Zhou YH, Zhang L, Chen HH (2003). 34-
methylenedioxymethamphetamine abuse may cause oxidative stress and potential free
radical damage. Free Radical Res 37: 491-497.

57. Ricaurte GA, Bryan G, Strauss L, Seiden LS, Schuster CR (1985) Hallucinogenic
amphetamine selectively destroys brain serotonin nerve terminals. Science 229: 986-
988

58. Ricaurte GA, Yuan J, McCann UD (2000) (+) 3/4-
methylenedioxymethamphetamine (MDMA, “ecstasy") - induced serotonin

neurotoxicity: studies in animals. Neuropsychobiology 42: 5-10

59. Mc Cann UD, Szabo Z, Vranesic M, Palermo M, Mathews WB, Ravert HT,
Dannals RF, Ricaurte GA (2008), Positron emission tomographic studies of brain
dopamine and serotonin transporters in abstinent (+/-)3,4-
methylenedioxymethamphetamine (“ecstasy™) users: relationship to cognitive

performance. Psychopharmacology 200: 439-450.

60. Kish SJ, Lerch J, Furukawa Y, Tong J, McCluskey T, Wilkins D, Houle S, Meyer
J, Mundo E, Wilson AA, Rusjan PM, Saint-Cyr JA, Guttman M, Collins DL, Shapiro
C, Warsh JJ, Boileau | (2010). Decreased cerebral cortical serotonin transporter
binding in ecstasy users: a positron emission tomography/[(11)C]DASB and
structural brain imaging study. Brain 133: 1779-97.

61. Di lorio CR, Watkins TJ, Dietrich MS, Cao A, Blackford JU, Rogers B, Ansari
MS, Baldwin RM, Li R, Kessler RM, Salomon RM, Benningfield M, Cowan RL



(2012). Evidence for chronically altered serotonin function in the cerebral cortex of
female 3,4-methylenedioxymethamphetamine polydrug users. Arch Gen Psychiat 69:
399-409.

62. Benningfield MM, Cowan RL (2013). Brian serotonin function in MDMA
(Ecstasy) users: evidence for persisting neurotoxicity. Neuropsychopharmacology 38:
253-255

63. Fox HC, Parrott AC, Turner JJD (2001) Ecstasy/MDMA related cognitive
deficits: a function of dosage rather than awareness of problems. Jour
Psychopharmacol 15: 273-281

64. Fox HC, McLean A, Turner JJD, Parrott AC, Rogers R, Sahakian BJ (2002)
Neuropsychological evidence of a relatively selective profile of temporal dysfunction

in drug-free MDMA ("ecstasy") polydrug users. Psychopharmacology 162: 203-214

65. O'Regan MC, Clow A (2004). Decreased pain tolerance and mood in recreational
users of MDMA. Psychopharmacology 173: 446-451.

66. Fisk JE, Montgomery C, Wareing M, Murphy PN. (2005). Reasoning deficits in
ecstasy (MDMA) polydrug users. Psychopharmacology 181: 550-559.

67. Reay JL, Hamilton C, Kennedy DO, Scholey AB (2006). MDMA polydrug users
show process-specific central executive impairments coupled with impaired social

and emotional judgement processes. Jour Psychopharmacol 20: 385-388.

68. Reid LW, Elifson KW, Sterk CE (2007). Hug drug or thug drug ? Ecstasy use
and aggressive behavior. Violence Vict 22: 104-1109.

69. Montgomery C, Hatton NP, Fisk JE, Ogden RS, Jansari A (2010). Assessing the
functional significance of ecstasy-related memory deficits using a virtual paradigm.
Hum Psychopharmacol 25: 318-325.



70. Briere FN, Fallu JS, Janosz M, Pagani LS (2012). Prospective associations
between meth/amphetamine (speed) and MDMA (ecstasy) use and depressive
symptoms in secondary school students. Jour Epidemiol Community Health. 66: 990-
994.

71. Flavel SC, Koch JD, White JM, Todd G (2012). Illicit stimulant use in humans is
associated with long-term increases in tremor. PLoS One 7: €52025.

72. Rugani F, Bacciardi S, Rovai L, Pacini M, Maremmani AGI. Deltito J, Dell’Osso
L, Maremmani | (2012). Symptomatological features of patients with and without
ecstasy use during their first psychotic episode. Int Jour Environ Res Pub Health 9:
2283-2292.

73. Roberts CA, Fairclough S, Fisk JE, Tames FT, Montgomery C (2013). ERP
evidence suggests executive dysfunction in ecstasy polydrug users.
Psychopharmacology 228: 375-388.

74. Downey LA, Tysse B, Ford TC, Samuels AC, Wilson RP, Parrott AC (2017).
Psychomotor tremor and proprioceptive control problems in current and former
stimulant drug users: an accelerometer study of heavy users of amphetamine, MDMA,

and other recreational stimulants. Jour Clin Pharmacol (in press).

75. Taurah L, Chandler C, Sanders G (2013). Depression, impulsiveness, sleep and
memory in past and present polydrug users of 3,4-methylenedioxymethamphetamine
(MDMA, ecstasy). Psychopharmacology 231: 737-751.

76. Singer LT, Moore DG, Min MO, Goodwin J, Turner JJD, Fulton S, Parrott AC
(2012). One-year outcomes of prenatal exposure to MDMA and other recreational
drugs. Pediatrics 130: 407-413.

77. Singer LT, Moore DG, Fulton S, Goodwin J, Turner JJ, Min MO, Parrott AC
(2012). Neurobehavioral outcomes of infants exposed to MDMA (Ecstasy) and other

recreational drugs during pregnancy. Neurotoxicol Teratol 34: 303-10.



78. Singer LT, Moore DG, Min MO, Goodwin J, Turner JJD, Fulton S, Parrott AC
(2015). Motor delays in MDMA (ecstasy) exposed infants persist to 2 years.
Neurotoxicol Teratol 54: 22-28.

79. McElhatton PR, Bateman DN, Evans C, Pughe KR, Thomas SH (1999).

Congenital abnormalities after prenatal ecstasy exposure. Lancet 354: 1441-1442.

80. Ayana AM, Mekonen Z (2004). Khat (Catha edulis) chewing, sociodemographic
description and its effect on academic performance in Jimma University students
2002. Ethiop Med J. 42: 125-136.

81. Al-Habori M (2005). The potential adverse effects of habitual use of Catha edulis
(khat). Expert Opin Drug Saf. 4: 1145-1154.

82. Aden A, Dimba EA, Ndolo UM, Chindia ML. (2006). Socio-economic effects of
khat chewing in north eastern Kenya. East Africa Med J. 83: 69-73.

83. Parrott AC (2007). Drug related harm: a complex and difficult concept to scale.
Hum Psychopharmacol 22: 423-425.

84. Schifano F, Albanese A, Fergus S, Stair JL, Deluca P, Corazza O, et al (2011).
Mephedrone (4-methylmethcathinone; ‘meow meow’): chemical, pharmacological
and clinical issues. Psychopharmacology 214: 593-602.

85. Winstock AR, Mitcheson L, Ramsey L, Marsden J (2011). Mephedrone; use,
subjective effects and health risks. Addiction 106: 1991-1996.

86. Wood DM, Dargan Pl (2012). Mephedrone (4-methylmethcathinone): what is
new in our understanding of its wuse and toxicity. Progress in

Neuropsychopharmacology and Biological Psychiat 39: 227-233.

87. Carhart-Harris RL, King LA, Nutt DJ (2011). A web-based survey on
mephedrone. Drug Alc Depend 118: 19-22.



88. Kapitany-Fovény M, Kertész M, Winstock A, Deluca P, Corazza O, Farkas J,
Zacher G, Urban R, Demetrovics Z (2013). Substitutional potential of mephedrone: an
analysis of the subjective effects. Hum Psychopharmacol. 28: 308-316.

89. Parrott AC, Lasky J (1998). Ecstasy (MDMA) effects upon mood and cognition;
before, during, and after a Saturday night dance. Psychopharmacology 139: 261-268.

90. Morefield KM, Keane M, Felgate P, White JM, Irvine RJ (2009). The acute
psychobiological impacts of illicit 3,4-methylenedioxymethamphetamine (MDMA,
‘Ecstasy’) consumption in recreational environments. Neuropsychobiology 60: 216-
217.

91. Parrott AC (2014a). The potential dangers of using MDMA for psychotherapy.
Jour Psychoactive Drugs 46: 37-43.



