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ABSTRACT

Article type:

Ecstasy (MDMA; 3,4-methylenedioxymethylamphetamine) is an illicit drug that has been increasingly
abused by young people. Its effects include euphoria, enhanced sociability and heightened mental
awareness. These come about via the increase of serotonin in both the central nervous system and the
sympathetic nervous system. Despite the drug’s prevalent abuse, serious or adverse effects are rare.
Due to personal pharmacokinetics, effects from the same dosage vary according to the individual. Fatal
instances may include acute hyponatremia, hyperthermia (>42 °C), disseminated intravascular
coagulation (DIC) resulting from hyperthermia affecting the kidneys, and non-traumatic
rhabdomyolysis. However, it is seldom the case that hyponatremia and hyperthermia co-exist.
Hyponatremia is thought to be caused by HMMA – a metabolite of MDMA. Hyponatremia is caused by
the inappropriate secretion of arginine vasopressin (AVP) and the excessive intake of hypotonic liquid
accompanied by increased hyperthermia. Symptomatic, even deadly hyponatremia is seen more
frequently in females, with the effects of oestrogen on arginine vasopressin believed to be the cause.
Onset in such cases is acute, and treatment should be given to symptomatic patients as quickly as
possible, with 3% saline administered when necessary. Reasons for acute kidney injury may include
rhabdomyolysis, malign hypertension, and necrotizing vasculitis.
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Introduction

Synthetic tablet abuse has seen a dramatic
worldwide increase. The chemical makeup and
contents of these tablets differ, resulting in varying
effects that may even lead to death, depending on the
users’ psychological and physical features. This study
addresses the pharmacokinetics and addictive effects
of these drugs, and the injury and changes that occur
in the kidneys (acute hyponatremia caused by the
inappropriate secretion of arginine vasopressin,
hyperthermia (>42 °C), disseminated intravascular
coagulation (DIC) resulting from hyperthermia, nontraumatic rhabdomyolysis, malign hypertension, and
necrotizing vasculitis). We also suggest treatment
methods for these kidney injuries.
Ecstasy
(MDMA;
3,4-methylenedioxymethylamphetamine) is an illicit drug that has been increasingly abused by young people. Its effects include
euphoria, enhanced sociability and heightened mental
awareness. The most well-known of the illicit synthetic
tablets, it was introduced to Turkey in the early 2000s –
a country which, due to its geographical location and
youthful population, has been subject to the negative
effects of the international drug trafficking. (1-5).

The recent appearance of synthetic cannabinoids,
known locally as ‘bonsai’, has resulted in a pseudoimpression that ecstasy abuse has decreased.
However, it is still third on the list of most-seized
drugs (1.7%), after hashish (cannabis sativa and
derivatives) (77.99%), and heroin (17.88%). The
amounts of ecstasy captured in Turkey between
2007-2013 are shown in the Table 1. Although the
active component of ecstasy is 3,4-methylenedioxymethylamphetamine (MDMA), users of the drug give
the same name to all similar synthetic tables. These
tablets, which are illegally manufactured and sold on
the streets, contain amphetamine-type stimulants.
Most commonly, this is MDMA, although tablets may
also include MDA (3,4-methylenedioxyamphetamine), MDEA (3,4-methylenedioxyethylamphetamine), amphetamine and methamphetamine.
In addition to amphetamine-type stimulants, illegal
tablets commonly contain caffeine and/or paracetamol. They may also contain sugar, inorganic chemicals
and inorganic salts that do not have any stimulant,
sedative or sleeping effects on the human body.
Amphetamine-type stimulant substances are illegally
produced. As a result, they contain additional chemicals
that are created during the production process and
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Table 1. Amounts of ecstasy seized in Turkey between 2007-2013
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which present an added danger to drug users.
Ecstasy tablets are made and sold in various colours,
with different geometric shapes and logos intended
to make them more attractive to young people. The
increased attractiveness of synthetic tablets leads to
greater curiosity, which in turn leads to higher levels
of addiction. Examples of recently captured ecstasy
tablets are shown in Figure 1.

Figure1. Examples of ecstasy tablets produced with various
colours, geometric shapes and logos
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In 2012, the number of the deaths directly related to
illicit drugs in Turkey was 162, rising to 232 in 2013 – a
43.2% increase. In terms of sex, 97% of deaths in 2013
were male (225) and 3% were female (7). The average
age of death was 31 in males (min/max: 14/68), 33.3 in
females (min/max: 16/48) and 31.1 overall (6).
Amphetamine-type stimulants (MDMA/ MDA/ MDEA/
amphetamine/ methamphetamine) were involved in
33.6% of deaths (78) in 2013. Of these, 13 involved the
use of only amphetamine-type stimulants (MDMA/
MDA / MDEA / amphetamine), while the other cases all
involved at least one other addictive substance (THC,
heroin, synthetic cannabinoids, amphetamine/methamphetamine, benzodiazepines, cocaine, etc.) (6).
Effects and pharmacokinetics of ecstasy
MDMA causes feelings of vibrancy and well-being,
loss of anxiety, emotional fluctuations and indecisiveness (1, 5, 8, 9). Initially, the body experiences
hyperthermia and hyperactivity (1, 5, 10). There may
also be adverse effects such as exhaustion, sleeping
disorders, nausea, vomiting, shudders, sweats, chinlock, gnashing of teeth, blurry sight, dilating pupils,
discomfort caused by light, and arrhythmia (1, 5, 11).
MDMA has a stimulant, hallucinogenic effect, and
is also known to enhance mental factors such as
energy, empathy and euphoria (12). Generally
considered a recreational drug, MDMA produces
these effects by preventing the re-uptake of
neuroactive hormones such as serotonin, dopamine
and noradrenalin in both the central nervous system
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and the sympathetic nervous system (12). Known as
‘serotonin syndrome’, this affects thermoregulation and
automatic dysfunction. Serotonin syndrome may also
cause changes in a person’s mental condition, leading
to autonomic hyperactivity and neuromuscular
abnormalities (12). Taking MDMA increases arginine
vasopressin (AVP), cortical, adrenocorticotropic
hormone, prolactin (12) and oxytocin levels (13).
Tablets that include amphetamine-type stimulants have a mass of between 150 mg and 350 mg
(1). On average, they contain 100 mg of MDMA. The
doses for typical recreational MDMA range from 1-2
mg/kg. The drug begins to take effect after 30-60
min, peaking at 90 min (14, 15). In general, its effect
may last between 3-5 hr, occasionally longer. The
effects of illicit tablets on humans may depend on the
contents and amounts of the tablet consumed. Effects
may also differ from case to case depending on the
varieties and amounts of the active ingredients in
different synthetic tablets (5).
MDMA metabolizes in two pathways. In the first,
it conjugates with N-dealkylation, deamination,
oxidation and glycine, becoming HMA (4-hydroxy-3methoxyamphetamine). In the second, MDMA
becomes HMMA (4-hydroxy-3-methoxymethamphetamine), its major metabolite, by means of Odemethylation, followed by catechol-O-methyltransferase (COMT), which occurs by means of
cytochrome P 450 system CYP2D6 isoenzyme© (12).
Medicines that are inhibitors of cytochrome P 450
2D6 isoenzyme (ritonavir and antifungal) can
prevent ecstasy from being metabolized (16-18). It
has been established that the effect of cytochrome P
450 2D6 isoenzyme, in addition to inhibiting other
medicines, varies from person to person. As the drug
stays longer in the body of people who metabolize it
slowly, there is a higher risk of acute toxicity (12).
Due to the lower enzyme activity in people of
Korean, Chinese and Japanese origin, there is an
inclination towards hyperthermia, rhabdomyolysis,
serotonin syndrome and multi-organ failure (19, 20).
Also, it has been shown that MDMA metabolites
might create an inhibitor complex with the
cytochrome P 450 2D6 enzyme, leading to toxicity in
repetitive doses. The metabolism of MDMA is
nonlinear – a slight increase in dose causes a large
increase in the amount of MDMA in the blood (12).
MDMA and metabolites (21) are removed by the
kidneys, and variations in the removal process might
explain why people taking the same dose of MDMA
do not experience the same adverse effects.
Although ecstasy usage is relatively common,
instances of fatal adverse effects are rare. The death
rate at first usage is 1/2,000-1/50,000 (22).
Effects of ecstasy on the immune system
MDMA has a negative effect on the immune
system. The drug’s suppression of innate immunity is
caused by the destruction of neutrophil phagocytosis
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and the decreased production of proinflammatory
cytokines–the dendritic cell/ macrophage-originated
tumour necrosis factor alpha, interleukin (IL) -1 beta,
IL-12 and IL-15 (23). MDMA suppresses innate IFNgamma production and reduces MHC class II
expression from the dendritic cells and macrophages, as well as inhibiting the expression of
co-stimulatory molecules. Regarding adaptive
immunity, MDMA reduces the number of circulating
lymphocytes, especially CD4 + T cells and naturel
killer (NK). It also suppresses T cell proliferation,
shifts cytokine production to Th2 (IFN-gamma and
IL-2 production decreases), and increases IL-10
production (23). IL -10 is an anti-inflammatory or
immunosuppressive cytokine that inhibits the
production of pro-inflammatory cytokine TNF-alpha,
IL-12, and IFN-gamma, as well as decreasing many
macrophage functions.
MDMA also has a suppressive effect on catechol
aminergic beta-adrenoceptor and nicotinic acetylcholine receptor-mediated immune function (23, 24).
The drug increases levels of glucocorticoid cortisol,
plasma corticosterone, and also the inactive steroid 11dehydrocorticosterone. MDMA’s repetitive use at either
long or short intervals increases the strength and
duration of suppression. MDMA use may negatively
affect cancer progression by inhibiting immune
regulatory systems and reducing the resistance of host
cells to viral infections (25).
Effects of ecstasy on the kidneys
The effects of ecstasy on the kidneys can be
placed into the following sub-groups: effects on fluid
and electrolyte metabolism; hyperthermia; and acute
kidney injury. These categories are discussed in
further detail below.
Effects on fluid and electrolytes metabolism
a) Hyponatremia
Acute symptomatic hyponatremia heads the list
of serious ecstasy-related complications. It takes
effect between 101-130 mEq/l, and generally occurs
after the first intake (26).
In terms of physiopathology, inappropriate
secretion of AVP is believed to be the cause of
hyponatremia. Psychogenic polydipsia resulting from
the belief that large amounts of generally hypotonic
liquid should be taken to avoid hyperthermia during
parties could be of benefit to the physiopathology.
Other possible reasons for hyponatremia include the
loss of liquid and solutes (sweat Na concentration 45
mEq/l) (27) caused by hyperthermia and sweating due
to extreme physical activity, as well as feelings of thirst.
b) AVP secretion
In one study, there was a statistically significant
increase (from 1.14-1.88 pmol/l to 2.46-9.16
pmol/l) in the AVP levels of eight volunteers who
were administered 40 mg MDMA (average dose is
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accepted as being 100 mg) within 1-2 hr (28). Case
studies in which AVP levels were not measured have
also shown that urine osmolality increases
incompatibility in the case of serum hypoosmolality,
which is compatible with the inappropriate secretion
of AVP (29). MDMA and metabolites have been shown
to increase serotonin levels in the central nervous
system, and this high level of serotonin causes AVP
release due to neurohypophysis (30). It is believed
that AVP release could increase with stress, physical
activity and the use of nicotine–additional factors that
are generally present in situations where ecstasy is
used (31).
Some studies have found a negative correlation
between MDMA levels and AVP release, which is
explained by the fact that HMMA–a main metabolite
of MDMA–might affect AVP release (32-34).
As seen in the case of fluoxetin–a serotoninspecific reuptake inhibitor (SSRI)–another factor
might be increased water absorption in the internal
medullar collector channel linked to an increase in
the expression of aquaporin 2 channels (35).
Hyperthermia, which could be caused by a
reduction in MDMA levels and an increase in
HMMA, is not frequently seen in cases that are
accompanied by hyponatremia (36). HMMA
causing hyponatremia appears in people for whom
MDMA’s demethylation via cytochrome P450 2D6
isoenzyme converts to HMMA (MDMA’s main
metabolite) rather quickly.
Hyponatremia symptoms generally commence
between two to twelve hours after ecstasy intake.
When the Na value is <125 meq/l, symptoms may
include headache, nausea and vomiting. When the
Na value reaches <115 meq/l there can be serious
complications such as change in consciousness,
coma, seizures, cardiorespiratory arrest, peduncle
herniation and death (26, 37). In patients with
Ayus–Arieff syndrome, there may be neurogenic
pulmonary oedema. Hyponatremia in patients with
this syndrome will cause the development of
pulmonary oedema after cytotoxic cerebral
oedema. Pulmonary oedema would result in
hypoxia, which inhibits the volume regulation of
the brain cells, which in turn causes further
deterioration to the cerebral and pulmonary
oedema (38).
The same Na values are more symptomatic in
women than in men (39). Some studies affirm that
there is a higher risk of symptomatic hyponatremia
in women and that the condition may even be fatal
(38, 40). It is more likely for women to experience
hyponatremia for the following reasons:
a) Oestrogen lessens Na-K-ATPase pump activity
and inhibits the brain cells’ volume regulation (39);
b) Women’s brains have more dominant AVP vasoconstructive effects, which result in less oxygen
being transferred to the brain (41);
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c) Oestrogen’s stimulation of AVP secretion (42);
d) Women’s kidneys are more sensitive to AVP
(43);
e) Women have less muscular mass and less body
weight (27);
f) Oestrogen causes changes in AVP osmotic
regulation and thirst levels, lowering serum
osmolality and leading to the development of
hyponatremia (44).
A study involving eight men and eight women
found that the levels of copeptin, which is easier to
quantify than MDMA, is higher in men. This may be an
indication of AVP secretion after MDMA intake (45).
c) Hyperthermia
Hyperthermia is a fatal complication of MDMA.
The serious mortality and morbidity threshold
of extreme hyperthermia is >42 ˚C (46). At
around <40 ˚C, recovery is generally expected (47).
However, the condition might lead to non-traumatic
rhabdomyolysis, hypotension, disseminated intravascular coagulation (DIC), acute kidney failure, hepatic
failure, cardiovascular collapse, intracranial bleeding
and death (48, 49).
The mechanism of MDMA-induced thermogenesis
involves serotonin as well as noradrenalin, α1- and
β3- adrenoceptors, and mitochondrial uncoupling
proteins (50-53). Some studies state that
hyperthermia originates from sustained heat
resulting from the activation of 5-OH tryptamine and
dopamine receptor systems (54-55).
It has been observed that hyperthermia does
not originate from a change in heat adjustment in
the hypothalamus, and antipyretics are hence not
included in the treatment options. It has also been
observed that increased muscular activity could
contribute to hyperthermia (48).
Long-lasting hyperthermia may result in DIC
and multi-organ failure (11, 56).
d) Acute kidney injury
The most significant reason for acute kidney
injury is acute tubular necrosis caused by pigment
due to non-traumatic rhabdomyolysis (necrosis of
myocytes caused by a rapid rise in cellular
calcium). Levels of creatinine phosphokinase can
reach over 100,000 U/l (16). Acute kidney injury
might be caused by hyperthermia, extreme activity,
seizures, or by the direct toxic effects of MDMA on
muscle cells (57). Volume depletion increases the
nephrotoxic effect of rhabdomyolysis. There may
also be myoglobinuria, hyperuricemia, hyperkalaemia and hyperphosphatemia. Obvious and longlasting hyperuricemia in particular may cause renal
vasoconstriction, endothelial dysfunction, inflammatory response, oxidative stress and failures in
autoregulation (58). One published case study has
shown uric acid levels to be over 20 mg/dl (59).
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Reasons for acute kidney injury may include
urinary bladder neck obstruction (60) and malign
hypertension (61). In a patient who has isole
proximal tubule dysfunction, temporary glycosuria,
phosphaturia and solute diuresis have all been
observed (62).
In the literature, there are histopathologic
diagnoses of necrotising vasculitis (63) and vascular
thrombosis (64). The presence of vascular
thrombosis and fibrinoid necrosis (65) have also
been seen in the results of renal biopsy performed
due to the loss of graft function in two renal kidney
transplant patients. A greater number of biopsy
results would leave us better placed to establish the
relationship between acute kidney injury and MDMA.
The underlying cause of tissue damage due to
MDMA may be increased oxidative stress or
mitochondrial dysfunction (66). Increased reactive
oxygen species (ROS) with MDMA metabolism
and/or toxic oxidation and glutathione depletion
may be responsible for tissue damage to the brain,
liver, heart, and kidneys (67, 68). Increased
production of ROS and reactive nitrogen species
(RNS) result in the production of more potent
peroxynitrite (ONOO-), which interacts with cellular
macromolecules (69).
The over-expression of antioxidant enzymes such
as N-acetylcysteine, ascorbic acid or superoxide
dismutase may neutralize the potential toxic effects
of MDMA (70, 71).
Treatment approaches
a) Hyponatremia
In cases of acute serious symptomatic hyponatremia, 100-200 ml 3% saline infusion must be given
immediately. As there is increased urine osmolality
due to the inappropriate secretion of AVP, hypotonic
fluids and 0.9 % NaCl must be avoided in order not to
deepen the hyponatremia. The Na value should be
increased to 3-5 mEq/l to reduce intracranial
pressure and lessen symptoms (72). As soon as the
diagnosis is made, 3% saline infusion should be
given immediately, even for patients with pulmonary
oedema (39).
In cases of acute medium symptomatic hyponatremia, the transition from hyponatremia to normonatremia may be achieved by restricting the intake of
liquids. This should result in a quick drop in the AVP
level, and the kidneys’ water-removal function
returning to normal. The patient should be clinically
monitored for urine output, serum Na, urine
osmolality and urine Na. Also, the possibility of a
patient requiring 3% saline without diuresis or
clinical response should not be overlooked.
The evaluation of a patient’s volume status would
be of use when treating hyponatremia. If findings
indicate hypovolemia, the patient’s Na level should
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be closely monitored under careful hydration (0.9%
NaCl) and diuresis.
AVP antagonists have recently been introduced
for clinical use in cases where AVP secretion is
inappropriate (e.g. heart failure). Although AVP
antagonists are not used in treating hyponatremia
caused by MDMA, it might be reasonable to do so in
the future.
b) Hyperthermia
Body temperature should be decreased aggressively
as it may result in serious adverse effects including
rhabdomyolysis, DIC and acute kidney/ hepatic failure.
In cases of multi-organ failure, intra-vascular (IV) fluid
should be administered and external cooling performed
(placing ice packages on the groin and/or axilla, using
surface cooling blankets, immersion in 1-3 ˚C water,
cold water lavage through the nasogastric (NG)
administration of chilled IV liquids) (73). Paralysis and
intubation could be performed to reduce muscular
thermogenesis, while benzodiazepines can be used for
reducing agitation and seizures. Although there are
conflicting data on the use of Dantrolene (a muscle
relaxant) in the treatment of hyperthermia caused by
MDMA, there are cases in which Dantrolene has been
employed successfully (74, 75).
In a study by Hysek et al involving 16 healthy
volunteers, Carvedilol helped reduce the low-level
hyperthermia and cardiostimulant effects that occurred
after a single dose of MDMA. Hyperthermia resulting
from MDMA is caused by alpha 1 and beta
adrenoceptor, and Carvedilol inhibits alpha 1 and beta
1.2.3 adrenoceptors. The authors therefore support the
use of Carvedilol in treating hyperthermia (76).
Carvedilol’s role will be better understood following its
introduction for the treatment of patients with highlevel hyperthermia caused by MDMA.
c) Rhabdomyolysis – acute kidney injury
Non-traumatic rhabdomyolysis is caused by long
periods of dancing, seizures or hyperthermia.
Hyperkalaemia originating from rhabdomyolysis can
cause arrhythmias.
Treatment requires hydration-force diuresis,
monitoring of the fluid and electrolyte situation,
including intake and removal, and kidney function tests.
For hyperkalaemia, hemodialysis can be used. For
hyperuricemia, rasburicase might be used (77).
Urine alkalization is not recommended, as it would
lessen the kidneys’ ability to remove MDMA (78). A
study by Karami et al has shown that an extract made
from the leaves of plant called Feijoa sellowiana (acca
sellowiana) histopathologically showed a protective
effect in mice from MDMA-related injury by increasing
kidney glutathione (79).
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d) Risk of Chronic Kidney Disease (CKD)
In a survey by Akkina et al involving 5,861
people, where the definition of CKD was accepted
as GFR< 60 ml/dk/1.73 m2 (or for micro-albumin:
male >17 mg/g creatinine, and female >25 mg/g
creatinine) 1,202 people were found to have used
illicit drugs. CKD presence, kidney function and
albuminuria were not found to be related to the use
of cocaine, methamphetamine and heroin (80),
despite a study by Vupputturi et al claiming this to
be the case (81). However, these studies are not
sufficiently large to state with confidence that the
use of illicit drugs is not linked to the development
of CKD.

Conclusion

An increase in the number of young people, coupled
with the ease of cross-border transportation, mean that
the use and accompanying health effects of MDMA will
become more frequent in the future. The adverse
effects of ecstasy use include mortality, particularly
in young patients with hyperthermia or serious
hyponatremia. Fatal hyperthermia is caused by
increases in serotonin affecting muscular activity, the
treatment for which requires peripheral cooling. Severe
hyponatremia is caused by the inappropriate secretion
of the antidiuretic hormone psychogenic polydipsia. In
order to prevent hyperthermia, a high fluid intake is
required. Besides fatal hyperthermia and hyponatremia, rhabdomyolysis (generally non-traumatic) causes
acute renal failure. Rhabdomyolysis treatment in this
instance is unconventional. Urine alkalization is not
recommended, as it would reduce the ability of the
kidneys to remove the MDMA (78).
We clinicians have an obligation to recognize
these deadly side effects of MDMA. Immediate and
appropriate treatment following correct diagnosis is
essential for patients’ survival.
Most importantly, young people should be kept
away from drugs in order to avoid complications that
may result in their deaths.

References

1. Bora T. Development of the analytical methods
used for the qualitative, quantitative analysis and
source determination in the seized ecstasy tablets.
PhD Thesis (Turkish), Gazi University, Ankara, 2007.
2. UNODC, World Drug Report. 2005; 99-103.
3. Ministry of Internal Affairs, Turkish National
Police, Department Of Anti-Smuggling and Organized
Crime, 2005 Report, Ankara, 2006.p. 117-165.
4. Jansen KLR. Ecstasy (MDMA) Dependence. Drug
Alcohol Depend 1999; 53:121-124.
5. Bora T, Nuralın F, Şenocak N, Aydın H.
Determination of the organic compounds in synthetic
tablets containing MDMA (Ecstasy) (Turkish). J For Med
2014; 28:164-177.
6. TUBİM, Turkish Drug Report, Ankara, 2014.
7. Bora T, Aydın H, Ataç Y, Şen N, Aksoy Ç.
Determination of metals contamination in illicit

1156

Effects of Ecstasy on Kidney

ecstasy drug samples using ICP-OES and XRF. Atomic
Spectroscopy 2014; 35:139-146.
8. Morgan MJ. Ecstasy (MDMA): a review of its possible
persistent psychological effects. J Psychopharmacol
2000; 152:230-248.
9. Parrott AC. Human psychopharmacology of Ecstasy
(MDMA): a review of 15 years of empirical
research. Hum Psychopharmacol Clin Exp 2001; 16:557577.
10. Gimeno P, Besacier F, Chaudron-Thozet, H, Girard
J, Lamotte A. A contribution to the chemical profiling
of 3,4 methylenedioxymethamphetamin (MDMA)
tablets. Forensic Sci Int 2002; 127: 1–44.
11. Fahal IH, Sallomi DF, Yaqoob M, Bell GM. Acute
renal failure after ecstasy. BMJ 1992; 305:29.
12. De la Torre R, Farre M, Roset PM, Pizarro N,
Abanades S, Segura M, et al. Human pharmacology of
MDMA:
pharmacokinetics,
metabolism,
and
disposition. Ther Drug Monit 2004; 26:137-144.
13. Wolff K, Tsapakis EM, Winstock AR, Hartley D,
Holt D, Forsling ML, et al. Vasopressin and oxytocin
secretion in response to the consumption of ecstasy
in a clubbing population. J Psychopharmacol 2006;
20:400-410.
14. Green AR, Mechan AO, Elliott JM, O'Shea E, Colado
MI. The pharmacology and clinical pharmacology
of 3,4-methylenedioxymethamphetamine (MDMA,
"ecstasy"). Pharmacol Rev 2003; 55:463-508.
15. Schwartz RH, Miller NS. MDMA (ecstasy) and the
rave: a review. Pediatrics 1997; 100:705-708.
16. Hall AP, Henry JA. Acute toxic effects of 'Ecstasy'
(MDMA) and related compounds: overview of
pathophysiology and clinical management. Br J
Anaesth 2006; 96:678-685.
17. Antoniou T, Tseng AL. Interactions between
antiretrovirals and antineoplastic drug therapy. Clin
Pharmacokinet 2005; 44:111-145.
18. Henry JA, Hill IR. Fatal interaction between
ritonavir and MDMA. Lancet 1998; 352:1751-1752.
19. Nadkarni GN, Hoskote SS, Piotrkowski J,
Annapureddy N. Serotonin syndrome, disseminated
intravascular coagulation and hepatitis after a single
ingestion of MDMA in an Asian woman. Am J Ther
2014; 21:117-119.
20. Dvir Y, Smallwood P. Serotonin syndrome: a
complex but easily avoidable condition. Gen Hosp
Psychiatry 2008; 30:284-287.
21. Ninković M, Selaković V, Dukić M, Milosavljević P,
Vasiljević I, Jovanović M, et al. Oxidative stress in rat
kidneys due to 3,4-methylenedioxymetamphetamine
(ecstasy) toxicity. Nephrology (Carlton) 2008; 13:3337.
22. Gore SM. Fatal uncertainty: death-rate from use
of ecstasy or heroin. Lancet 1999; 354:1265-1266
23. Boyle NT, Connor TF. Methylenedioxymethamphetamine
(‘Ecstasy’)
induced
immunosuppression: a cause for concern? Review. Br
J Pharmacol 2010; 161:17-32
24. Camarasa J, Ros C, Pubill D, Escubedo E.
Tumour necrosis factor alpha suppression by MDMA
is mediated by peripheral heteromeric nicotinic
receptors. Immunopharmacol Immunotoxicol 2010;
244:344-353.
25. Seibert J, Hysek CM, Penno CA, Schmid Y,
Kratschmar DV, Liechti ME, et al. Acute effects of 3,4-

Iran J Basic Med Sci, Vol. 19, No. 11, Nov 2016

Effects of Ecstasy on Kidney

methylenedioxymethamphetamine and methylphenidate on circulating steroid levels in healthy subjects.
Neuroendocrinology 2014; 100:17-25.
26. Campbell GA, Rosner MH. The agony of ecstasy:
MDMA (3,4-methylenedioxymethamphe-tamine) and
the kidney. Clin J Am Soc Nephrol 2008; 3:1852-1860.
27. Cherney DZ, Davids MR, Halperin ML. Acute
hyponatraemia and 'ecstasy': insights from a
quantitative and integrative analysis. QJM 2002;
95:475-483.
28. Henry JA, Fallon JK, Kicman AT, Hutt AJ, Cowan
DA, Forsling M. Low-dose MDMA ("ecstasy") induces
vasopressin secretion. Lancet 1998; 351:1784.
29. Budisavljevic MN, Stewart L, Sahn SA, Ploth DW.
Hyponatremia
associated
with
3,4methylenedioxymethylamphetamine
("Ecstasy")
abuse. Am J Med Sci 2003; 326:89-93.
30. Iovino M, Steardo L. Effect of substances
influencing brain serotonergic transmission on
plasma vasopressin levels in the rat. Eur J Pharmacol
1985; 113:99-103.
31. Schuster VL, Seldin DW. Water clearance. In:
Seldin DW, Geibisch G. editors. Clinical disturbances
of water metabolism. New York: Raven Press; 1996.p.
51-64.
32. Fallon JK, Shah D, Kicman AT, Hutt AJ, Henry JA,
Cowan DA, et al. Action of MDMA (ecstasy) and its
metabolites on arginine vasopressin release. Ann N Y
Acad Sci 2002; 965:399-409.
33. Forsling M, Fallon JK, Kicman AT, Hutt AJ, Cowan
DA, Henry JA. Arginine vasopressin release in
response
to
the
administration
of
3,4methylenedioxymethamphetamine ("ecstasy"): is
metabolism
a
contributory
factor?.
J Pharm Pharmacol 2001; 53:1357-1363.
34. Forsling
ML, Fallon
JK, Shah
D, Tilbrook
GS, Cowan DA, Kicman AT, et al. The effect of 3,4methylenedioxymethamphetamine (MDMA, 'ecstasy')
and its metabolites on neurohypophysial hormone
release from the isolated rat hypothalamus. Br J
Pharmacol 2002; 135:649-656.
35. Arieff AI, Kozniewska E, Roberts TP, Vexler ZS,
Ayus JC, Kucharczyk J. Age, gender, and vasopressin
affect survival and brain adaptation in rats with
metabolic encephalopathy. Am J Physiol 1995;
268:1143-1152.
36. Walubo A, Seger D. Fatal multi-organ failure after
suicidal overdose with MDMA, 'ecstasy': case report
and review of the literature. Hum Exp Toxicol 1999;
18:119-125.
37. Rose BD, Post TW. Hypoosmolal stateshyponatremia. Clinical Physicology of acid base and
electrolyte disorders. 5th ed. New York: McGraw-Hill;
2001.p. 716-720.
38. Ayus JC, Varon J, Arieff AI. Hyponatremia,
cerebral edema, and noncardiogenic pulmonary
edema in marathon runners. Ann Intem Med 2000;
132:711-714.
39. Ayus JC, Wheeler JM, Arieff AI. Postoperative
hyponatremic encephalopathy in menstruant women.
Ann Intem Med 1992; 117:891-897.
40. Ayus JC, Arieff AI. Chronic hyponatremic
encephalopathy
in
postmenopausal
women:
association of therapies with morbidity and
mortality. JAMA 1999; 281:2299-2304.

Iran J Basic Med Sci, Vol. 19, No. 11, Nov 2016

Bora et al

41. Ayus JC, Achinger SG, Arieff A. Brain cell volume
regulation in hyponatremia: role of sex, age,
vasopressin, and hypoxia. Am J Physiol Renal Physiol
2008; 295:619-624.
42. Forsling ML, Strömberg P, Akerlund M. Effect of
ovarian steroids on vasopressin secretion. J
Endocrinol 1982; 95:147-151.
43. Stachenfeld NS, Splenser AE, Calzone WL, Taylor
MP, Keefe DL. Sex differences in osmotic regulation of
AVP and renal sodium handling. J Appl Physiol 2001;
91:1893-1901.
44. Stachenfeld NS, Silva C, Keefe DL, Kokoszka CA,
Nadel ER. Effects of oral contraceptives on body fluid
regulation. J Appl Physiol 1999; 87:1016-1025.
45. Simmler LD, Hysek CM, Liechti ME. Sex
differences in the effects of MDMA (ecstasy) on
plasma copeptin in healthy subjects. J Clin Endocrinol
Metab 2011; 96:2844-2850.
46. Grunau BE, Wiens MO, Brubacher JR. Dantrolene
in the treatment of MDMA-related hyperpyrexia: a
systematic review. CJEM 2010; 12:435-442.
47. Hoo GW. The agony with ecstasy: lessons from a
recent rave. J Intensive Care Med 2013; 28:259-261.
48. Boyer EW, Shannon M. The serotonin syndrome.
N Engl J Med 2005; 352:1112-1120.
49. Mason PJ, Morris VA, Balcezak TJ. Serotonin
syndrome. Presentation of 2 cases and review of the
literature. Medicine (Baltimore) 2000; 79:201-209.
50. Docherty JR, Green AR. The role of monoamines
in the changes in body temperature induced by 3,4methylenedioxymethamphetamine (MDMA, ecstasy)
and its derivatives. Br J Pharmacol 2010; 160:1029–
1044.
51. Mills EM, Banks ML, Sprague JE, Finkel T.
Pharmacology: uncoupling the agony from ecstasy.
Nature 2003; 426:403-404.
52. Sprague JE, Moze P, Caden D, Rusyniak DE,
Holmes C, Goldstein DS, et al. Carvedilol reverses
hyperthermia and attenuates rhabdomyolysis
induced by 3,4-methylenedioxymethamphetamine
(MDMA, Ecstasy) in an animal model. Crit Care Med
2005; 33:1311-1316.
53. Sprague JE, Yang X, Sommers J, Gilman TL, Mills
EM. Roles of norepinephrine, free fatty acids, thyroid
status, and skeletal muscle uncoupling protein 3
expression
in
sympathomimeticinduced
thermogenesis. J Pharmacol Exp Ther 2007; 320:274280.
54. Shankaran M, Gudelsky GA. Effect of 3,4methylenedioxymethamphetamine
(MDMA)
on
hippocampal
dopamine
and
serotonin.
Pharmacol Biochem Behav 1998; 61:361-366.
55. Bronstein DM, Hong JS. Effects of sulpiride and
SCH 23390 on methamphetamine-induced changes in
body temperature and lethality. J Pharmacol Exp
Ther 1995; 274:943-950.
56. Hall AP, Lyburn ID,f Spears FD, Riley B. An
unusual case of ecstasy poisoning. Intensive Care
Med 1996; 22:670-671.
57. Rusyniak DE, Tandy SL, Hekmatyar SK, Mills E,
Smith DJ, Bansal N, et al. The role of mitochondrial
uncoupling
in
3,4methylenedioxymethamphetamine-mediated skeletal
muscle hyperthermia and rhabdomyolysis. J
Pharmacol Exp Ther 2005; 313:629-639.

1157

Bora et al

58. Ejaz AA, Mu W, Kang DH, Roncal C, Sautin YY,
Henderson G, et al. Could uric acid have a role in
acute renal failure?. Clin J Am Soc Nephrol 2007;
2:16-21.
59. Lin PY, Lin CC, Liu HC, Lee MD, Lee HC, Ho CS,
et al. Rasburicase improves hyperuricemia in
patients with acute kidney injury secondary to
rhabdomyolysis caused by ecstasy intoxication and
exertional heat stroke. Pediatr Crit Care Med 2011;
12:424-427.
60. Bryden AA, Rothwell PJ, O'Reilly PH. Urinary
retention with misuse of "ecstasy". BMJ 1995;
310:504.
61. Woodrow G, Harnden P, Turney JH. Acute renal
failure due to accelerated hypertension following
ingestion of 3,4-methylenedioxymethamphetamine
('ecstasy'). Nephrol Dial Transplant 1995; 10:399400.
62. Kwon C, Zaritsky A, Dharnidharka VR. Transient
proximal tubular renal injury following Ecstasy
ingestion. Pediatr Nephrol 2003; 18:820-822.
63. Bingham C, Beaman M, Nicholls AJ, Anthony PP.
Necrotizing renal vasculopathy resulting in chronic
renal failure after ingestion of methamphetamine and
3,4-methylenedioxymethamphetamine
('ecstasy').
Nephrol Dial Transplant 1998; 13:2654-2655.
64. Eldehni MT, Ian SDR, Naik R, Vaux E. Case report
of ecstasy-induced renal venous thrombosis. NDT
Plus 2010; 3:459-460.
65. Hurault de Ligny B, El Haggan W, Comoz F,
Lobbedez T, Pujo M, Griveau AM, et al. Early loss of
two
renal
grafts
obtained
from
the
same donor: role of ecstasy?.
Transplant
2005;
80:153-156.
66. Song BJ, Moon KH, Upreti VV, Eddington ND, Lee
IJ. Mechanisms of MDMA (ecstasy)-induced oxidative
stress, mitochondrial dysfunction, and organ damage.
Curr Pharm Biotechnol 2010; 11:434-443.
67. Paris JM, Cunningham KA. Lack of serotonin
neurotoxicity after intraraphe microinjection of
(+)-3,4-methylenedioxymethamphetamine (MDMA).
Brain Res Bull 1992; 28:115-119.
68. Carvalho M1, Remião F, Milhazes N, Borges F,
Fernandes E, Monteiro Mdo C, et al. Metabolism is
required for the expression of ecstasy-induced
cardiotoxicity in vitro. Chem Res Toxicol 2004; 17:623632.
69. Pacher P, Beckman JS, Liaudet L. Nitric oxide and

1158

Effects of Ecstasy on Kidney

peroxynitrite in health and disease. Physiol Rev
2007; 87:315-424.
70. Carvalho M, Remião F, Milhazes N, Borges F,
Fernandes E, Carvalho F, et al.The toxicity of Nmethyl-alpha-methyldopamine to freshly isolated rat
hepatocytes is prevented by ascorbic acid and Nacetylcysteine. Toxicology 2004; 200:193-203.
71. Jayanthi S, Ladenheim B, Andrews AM, Cadet JL.
Overexpression of human copper/zinc superoxide
dismutase in transgenic mice attenuates oxidative
stress caused by methylenedioxymethamphetamine
(Ecstasy). Neuroscience 1999; 91:1379-1387.
72. Peate WF. Hyponatremia in marathon runners. N
Engl J Med 2005; 353:427-428.
73. Bouchama A, Knochel JP. Heat stroke. N Engl J
Med 2002; 346:1978-1988.
74. Grunau BE, Wiens MO, Greidanus M. Dantrolene
for the treatment of MDMA toxicity. CJEM 2010;
12:457-459.
75. Grunau BE, Wiens MO, Brubacher JR. Dantrolene
in the treatment of MDMA-related hyperpyrexia: a
systematic review. CJEM 2010; 12:435-442.
76. Hysek CM, Schmid Y, Rickli A, Simmler LD, Donzelli
M, Grouzmann E, et al. Carvedilol inhibits the
cardiostimulant and thermogenic effects of MDMA in
humans. Br J Pharmacol 2012; 166: 2277-2288.
77. Tatay
VS, Castilla JD, Ponce
JM, Hurtado
JM, Cantero E, Abril ML. Rasburicase versus
allopurinol in the treatment of hyperuricaemia in
tumour lysis syndrome. An Pediatr (Barc) 2010;
72:103-110.
78. Ricaurte GA, McCann UD. Recognition and
management of complications of new recreational
drug use. Lancet 2005; 365:2137-2145.
79. Karami M, Nokabadi FK, Ebrahimzadeh MA,
Naghshvar F. Nephroprotective effects of Feijoa
sellowiana leaves extract on renal injury induced by
acute dose of ecstasy (MDMA) in mice. Iran J Basic Med
Sci 2014; 17:69-72.
80. Akkina SK, Ricardo AC, Patel A, Das A, Bazzano
LA, Brecklin C, et al. Illicit drug use, hypertension, and
chronic kidney disease in the US adult population.
Translational Res 2012; 160:391-398
81. Vupputuri S, Batuman V, Muntner P, Bazzano LA,
Lefante JJ, Whelton PK, et al. The risk for mild kidney
function decline associated with illicit drug use
among hypertensive men. Am J Kidney Dis 2004;
43:629-635.

Iran J Basic Med Sci, Vol. 19, No. 11, Nov 2016

