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Objective To investigate whether 3,4-methylenedioxymethamphetamine (MDMA) abuse
produces another neurotoxicity which may significantly inhibit the acetylcholinesterase activity and
result in severe oxidative damage and liperoxidative damage to MDMA abusers.  Methods 120
MDMA abusers (MA) and 120 healthy volunteers (HV) were enrolled in an independent sample
control design, in which the levels of lipoperoxide (LPO) in plasma and erythrocytes as well as the
activities of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX) and
acetylcholinesterase (AChE) in erythrocytes were determined by spectrophotometric methods.
Results  Compared with the average values of biochemical parameters in the HV group, those of
LPO in plasma and erythrocytes in the MA group were significantly increased (P<0.0001), while
those of SOD, CAT, GPX and AChE in erythrocytes in the MA group were significantly decreased
(P<0.0001). The Pearson product-moment correlation analysis between the values of AChE and
biochemical parameters in 120 MDMA abusers showed that significant linear negative correlation was
present between the activity of AChE and the levels of LPO in plasma and erythrocytes (P<0.0005–
0.0001), while significant linear positive correlation was observed between the activity of AchE and
the activities of SOD, CAT and GPX (P<0.0001). The reliability analysis for the above biochemical
parameters reflecting oxidative and lipoperoxidative damages in MDMA abusers suggested that the
reliability coefficient (alpha) was 0.8124, and that the standardized item alpha was 0.9453.
Conclusion  The findings in the present study suggest that MDMA abuse can induce another
neurotoxicity that significantly inhibits acetylcholinesterase activity and aggravates a series of free
radical chain reactions and oxidative stress in the bodies of MDMA abusers, thereby resulting in
severe neural, oxidative and lipoperoxidative damages in MDMA abusers.
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INTRODUCTION

3,4-Methylenedioxymethamphetamine (MDMA) is a substituted amphetamine with
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stimulating and hallucinogenic properties. Since MDMA induces “ecstasy”, it is extensively
used as a “recreational” drug and is ingested by young people. It has been well established
that MDMA is neurotoxic and can result in long term degeneration of cerebral 5-
hydroxytryptamine (5-HT) nerve terminals in many species, diminution of antioxidant
capacity of the brain, decrease of anti-vitamins such as vitamin C and E, aggravation of
oxidative stress, and occurrence of oxidative and lipoperoxidave damages due to excessive
free radical formation and abnormal free radical reactions in many animal experiments[1-25].
However, up to now, there are neither reports on abnormal metabolism of MDMA-induced
acetylcholinesterase activity and abnormal free radical chain reactions in the bodies of
MDMA abusers, nor reports about relationship between oxidative stress, oxidative damage
and MDMA abuse. To investigate whether MDMA abuse induces another neurotoxicity that
significantly inhibits acetylcholinesterase activity and results in severe oxidative and
liperoxidative damages in the human bodies, 120 MDMA abusers (MA) and 120 healthy
volunteers (HV) were enrolled in an independent sample control design, in which the levels
of lipoperoxides (LPO) in plasma and erythrocytes as well as the activities of superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), and acetylcholinesterase
(AChE) in erythrocytes were determined by spectrophotometric methods. In addition,
differences between the average values of biochemical parameters in the MA group and the
HV group were analyzed, the Pearson product-moment correlation between AChE activity
and the above biochemical parameters for 120 MDMA abusers was determined, and the
reliability analysis for the values of LPO in plasma and erythrocytes as well as for those of
SOD, CAT and GPX in erythrocytes reflecting oxidative and lipoperoxidative damages of
MDMA abusers was conducted.

MATERIALS AND METHODS

Subjects

MDMA abusers (MA).  With “Select Cases-random Sample of Cases” in “SPSS 11.0
for Windows”, 120 MDMA abusers (67 males and 53 females) were randomly selected from
217 MDMA abusers who, as confessed  by themselves, used MDMA for more than 1
month in succession, were diagnosed and confirmed by ChemtrueTM urine-MDMA one-step
test. Their ages ranged from 18 to 35 (23.5 3.4) years, the daily dosage of MDMA ranged
from 40 to 120 (80.75 19.96) mg, and the duration of MDMA use ranged from 1 to 12 (5.8

2.9) months. The diseases associated with brain, heart, lung, liver, kidney and other
organs were excluded, and so were the diseases associated with hypertension,
hyperlipoidemia, chronic bronchitis, autoimmune disease, diabetes, atherosclerosis and
tumors according to their medical history. They were all volunteers in this study.

Healthy volunteers (HV).  By means of “Select Cases-Random Sample of Cases” in
“SPSS 11.0 for Windows”, 120 healthy volunteers (60 males and 60 females) were
randomly selected from 250 healthy volunteers. Their ages ranged from 20 to 35 (23.6 3.0)
years. They were found to be normal in their routine blood, urine and feces examinations
and radiographs, and the disorders associated with brain, heart, lung, liver, kidney and other
organs as well as hypertension, hyperlipoidemia, chronic bronchitis, autoimmune disease,
diabetes, atherosclerosis and tumors were excluded. They were all volunteers in this study.

No significant difference was found between the average values for age in the MA
group and the HV group by t test ( t = 0.179, P = 0.858 ), and between the sex proportions in
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the MA group and the HV group by χ 2  test ( χ 2  = 0.819, P = 0.365 ).
Within the previous month, all the subjects had not taken any antioxidant supplements

such as vitamin C, vitamin E, β-carotene, ginkgo biloba, theo-polyphenols or other similar
substances before they were enrolled as volunteers in this study. They, in general, had not
taken fruits or greenstuff containing rich anti-oxidative vitamins because they had a poor
appetite due to continuous abuse of MDMA.

Methods

Collection and pretreatment of blood samples.  Fasting venous blood samples were
collected in the morning with heparin sodium added as anticoagulant, and the separated
plasma and erythrocytes were stored at –50 .

Determination of biochemical substances and enzymes. The spectrophotometry of
thiobarbituric acid reactive substances (TBARS) was used to determine plasma LPO
concentration and erythrocytic LPO concentration expressed as µmol/L and nmol/g Hb
respectively, while the spectrophotometry of inhibiting pyrogallol auto-oxidation was used
to determine erythrocytic SOD activity expressed as U/g Hb, and the spectrophotometry of
coloration of hydrogen peroxide and acetic acid-potassium dichromate was used to determine
erythrocytic CAT activity expressed as K/g Hb, and the improved Hafeman’s spectrophotometry
was used to determine erythrocytic GPX activity expressed as U/mg Hb[28,29], and the
spectrophotometry of coloration of acetylcholine chloride-alkalescent hydroxylamine-ferric
chloride was used to determine erythrocytic AChE activity expressed as U/g Hb [30].

ChemtrueTM urine-MDMA one-step test kit was used in vitro  for the diagnosis and
confirmation of MDMA abusers with sensitivity of 500 ng/mL, which was made in Medyl
Biotechnology, inc., San Diego, California, USA.

In determining the above biochemical substances and enzymes, the main analytical
reagents, such as acetylcholinesterase, 1,1,3,3-tetraethoxypropane, 2-thiobarbituric acid,
1,2,3-trihydroxybenzene (pyrogallol), Cu/Zn-superoxide dismutase, catalase, were all
purchased from SIGMA CHEMICAL COMPANY®, USA; and the other analytical reagents
were all produced in China, and the fresh quadruply distilled water was prepared with a quartz
glass distilling apparatus. The main analytical instruments included HEWLETT PACKARD
8453- Spectrophotometer, USA, and UV-754-Spectrophotometer and 721-Spectrophotometer.

To avoid possible errors and bias, all experiments were standardized by using identical
lot of all reagents and performed by the same laboratory assistants on the identical analytical
apparatus[26-29].

Medical Statistic Analysis

All data in this study were statistically analyzed with SPSS11.0 for Windows software
using a Compaq Pentium /1.6 G computer. The biochemical parameters in this study
presented all normal distributions by Kolmogorov-Smirnov test, and were expressed as
mean plus or minus standard deviation ( x s) and 95 % confidence interval (95% CI).
Hypothesis testing methods included independent-samples t test, χ 2  test, reliability analysis
and so on. In statistical analysis, the level of hypothesis testing (α) was  0.05 so as to
avoid false positives (�-error), and the power of hypothesis testing (power) was 0.80 to
avoid false negatives (�-error) [26-29].
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RESULTS

Comparison of the Average Values ( ±s) of the Biochemical Parameters Between the MA
Group and the HV Group

Compared with the HV group, the average values of LPO in plasma and erythrocytes in
the MA group were significantly increased, while those of SOD, CAT, GPX and AChE in
erythrocytes were significantly decreased (Table 1).

TABLE 1

Comparison of the Average Values ( x s) of the Biochemical Parameters
Between the MA Group and the HV Group

Oxidative Constituents Antioxidative Enzymes Enzyme

Plasma Erythrocyte Erythrocyte Erythrocyte
Group n

LPO
(�mol/L)

LPO
(nmol/g Hb)

SOD
(U/g Hb)

CAT
(K/g Hb)

GPX
(U/mg Hb)

AChE
(U/g Hb)

MA 120 13.73 1.59
(13.45-14.02)

39.31 4.54
(38.48-40.13)

1838 146
(1812-1865)

248.6 65.2
(236.8-260.4)

20.30 5.74
(19.26-21.34)

204.3 53.3
(194.6-213.9)

HV 120 11.19 2.04
(10.82-11.56)

27.96 3.90
(27.25-28.66)

2126 165
(2096-2156)

309.2 81.4
(294.5-323.9)

29.10 7.89
(27.68-30.53)

314.6 68.7
(302.1-327.0)

t* 10.771 20.771 14.319 6.363 9.884 13.891

P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Note. *Independent samples t test. Figures in parenthesis are 95 % confidence interval.

95% Confidence Interval of the Average Values ( ±s) of the Biochemical Parameters in the
MA Group and the HV Group

The lower limits of 95% confidence interval (95% CI) of the average values of LPO in
plasma and erythrocytes in the MA group were greater than the upper limits of 95% CI of
the same average values in the HV group. The upper limits of 95% CI of the average values
of SOD, CAT, GPX and AChE in erythrocytes in the MA group were less than the lower
limits of 95% CI of the same average values in the HV group. And there was no
superposition in 95% CI of the above biochemical parameters between the MA group and
the HV group (Table 1).

Pearson Product-Moment Correlation Analysis Between the Value of AChE in Erythrocytes
and the Values of the Biochemical Parameters for 120 MDMA Abusers

The findings of Pearson product-moment correlation analysis between the value of
AChE in erythrocytes and the biochemical parameters for 120 MDMA abusers suggested
that the values of LPO in plasma and erythrocytes were gradually increased with the
decrease of the value of AChE in erythrocytes, and that those of SOD, CAT and GPX in
erythrocytes were gradually decreased with the decrease of that of AChE in erythrocytes
(Table 2).
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TABLE 2

The Linear Regression and Correlation Between the Erythrocytic AChE
Value and the Biochemical Parameters for 120 MDMA Abusers

Item n Regression r Pa

Erythrocytic AChE with plasma LPO 120 Y = 15.8110 – 0.0102 X – 0.3414 <0.0005

Erythrocytic AChE with erythrocytic LPO 120 Y = 48.1182 – 0.0431 X – 0.5063 <0.0001

Erythrocytic AChE with erythrocytic SOD 120 Y = 1537.89 + 1.4696 X 0.5351 <0.0001

Erythrocytic AChE with erythrocytic CAT 120 Y = 102.477 + 0.7156 X 0.5848 <0.0001

Erythrocytic AChE with erythrocytic GPX 120 Y = 7.6234 + 0.0621 X 0.5764 <0.0001

Note. a Linear regression and Pearson product-moment correlation analysis.

Reliability Analysis for the Biochemical Parameters Used to Estimate Oxidative Damage of
the MDMA Abusers

The results of reliability analysis for the values of LPO in plasma and erythrocytes as
well as those of SOD, CAT and GPX in erythrocytes reflecting the oxidative and
lipoperoxidative damage of the MDMA abusers were as follows: the reliability coefficient
(alpha) = 0.8124, the standardized item alpha = 0.9453. Single measure intraclass correlation
was equal to 0.3022, with its 95% CI from 0.2386 to 0.3780, while average measure
intraclass correlation amounted to 0.8124, with its 95% CI from 0.7581 to 0.8587 (F =
5.3304, P < 0.0001).

DISCUSSION

Lipoperoxide (LPO) is a product of peroxidation (auto-oxidation) of lipids that are
exposed to oxygen, and lipoperoxidation is a source of free radicals and may be a cause of
cancer, inflammatory diseases, atherosclerosis, aging, etc[6-8,11,16,28-44]. LPO and its metabolites,
such as malondialdehyde (MDA), conjugated diene (CD) and others, are important
poisonous residual products, significantly increased LPO, MDA and CD in human bodies
may strongly attack DNA, proteins, enzymes, biological membranes, polyunsaturated fatty
acids (PUFAs) and others, leading to lipoperoxidative damage of the membranes, and
cytoclasis[6-8,11,16,28-44]. Superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GSH) are the most important antioxidases in the human bodies, and they play important
roles in scavenging oxygen free radicals, such as superoxide anion radical, hydroxyl radical,
hydroperoxyl radical and other free radicals as well as singlet oxygen, hydrogen peroxide
and other reactive oxygen species which are excessive in the human bodies, preventing
physiological and pathological aggravation of a series of free radical chain reactions induced
by excessive superoxide anion radical, protecting the biological membranes against
oxidative and lipoperoxidative damages[28-35,37-40,43,44]. The metabolic state and functional
status of LPO and antioxidases in the human bodies are closely related with human health[14-

26]. If abnormality occurs in their metabolism, the dynamic balance between the oxidative
and antioxidative systems in the human bodies would be affected or destroyed[1, 6-8, 11, 16, 28-44].
As a consequence, a series of free radical chain reactions may be pathologically aggravated,
thus inducing various diseases associated with the abnormal free radical reactions[1, 6-8, 11,16, 28-

44]. Acetylcholinesterase (AChE) is one of the main biochemical indexes reflecting
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neurotoxicity in the human bodies[30, 45, 46]. Marked decrease of AChE activity, especially
erythrocytic AChE activity, can sufficiently suggest neurotoxicity in human brain and
central nervous system[30, 45, 46].

The findings in the present study showed that in MDMA abusers the dynamic balance
between oxidation and antioxidation was badly destroyed, and the oxidative stress resulted
in pathological aggravation, thereby leading to severe oxidative and lipoperoxidative
damages to MDMA abusers. There might be several interpretations.

The hyperthermia elicited by MDMA-abuse is a potentially deleterious condition that
aggravates its direct toxic effects[6,7, 11-13, 15,16]. The hyperthermia per se is an important reason
why a large number of excessive free radicals, such as superoxide anion radical, hydroxyl
radical and others, are generated. MDMA-induced depletion of glutathione is potentiated,
and the oxidative stress is aggravated, thus producing lipoperoxidation of PUFAs in cell
membranes, increasing the contents of LPO, malondialdehyde, conjugated diene and others,
decreasing the content of glutathione, and causing oxidative and lipoperoxidative damages
of cells as well as loss of cell viability in human liver and hippocampus, striatum and cortex
of the brain[6,7,11-13,15,16]. Metabolization of MDMA and auto-oxidation of MDMA metabolites
form a large number of free radicals[11,16]. The reactions of xanthine/xanthine oxidase system,
and Haber-Weiss reaction conducted and/or catalyzed by xanthine/xanthine oxidase with
iron ion generate excessive hydroxyl radical and others[5]. Therefore, these physiological,
pathological and biochemical reactions induced by MDMA and its metabolites are the main
reasons why a large number of free radicals are generated in the bodies of MDMA abusers[5-

7,11-13,15,16]. Especially while MDMA is abused, continually and chronically, formation of free
radicals, lipoperoxide, malondialdehyde, conjugated diene and others can be maximized in
the bodies of MDMA abusers[8]. In general, MDMA induced the following sequence of
events resulting in serotonergic neurotoxicity and excessive free radicals formation: MDMA
induced an acute release of 5-hydroxytryptamine (5-HT) and dopamine (DA), which was
followed by depletion of intraneuronal 5-HT stores, the initially released 5-HT activated
post-synaptic 5-HT2A/2C receptors located on gamma-aminobutyric acid (GABA)
interneurons resulting in a decrease in GABAegic transmission and increased DA release
and synthesis, the excessive DA release then might be transported into the depleted 5-HT
terminal, and the excessive DA was then deaminated by monoamine oxidase B (MAO-B)
located within the 5-HT terminal, thereby resulting in the generation of a large number of
free radicals and reactive oxygen species, leading to lipoperoxidation and other oxidative
stress in cellular membranes as well as oxidative and lipoperoxidative damages[8,9,12-14,23,25]. As
a result, oxidative and lipoperoxidative damages occurred when endogenous free radical
scavenging mechanisms became overwhelmed or exhausted[13, 28-46].

Long and high dose abuse of MDMA can lead to a series of digestive-systemic toxic
reactions, such as anorexia or loss of appetite, nausea, vomit and diarrhea, etc., which result
in the significant decrease of anti-vitamins (vitamin C, vitamin E and �-carotene that are
good scavengers of excessive free radicals) taken by MDMA abusers, thereby accelerating
the aggravation of a series of free radicals chain reactions in the bodies of MDMA abusers
[28-33,35,37,38,43,44]. Long and high dose abuse of MDMA may also produce circulatory- systemic
toxic symptoms, such as cardio palmus, arrhythmia, and elevation or fall of blood pressure,
as well as neurotoxic symptoms, such as dysphoria, anxiety, tension, depression, tremor and
vertigo, so much as swoon, collapse, vague mind, mania, and so on. These toxic reactions
and symptoms might promote the generation and release of excessive free radicals by means
of reaction or catalysis of xanthine/xanthine oxidase system, and by the effects of cytokines,
especially interleukin-1, and by abnormal metabolism of cytochromes P-450, particularly
cytochrome P-450 2E1, thereby leading to a significant increase of LPO levels in plasma
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and erythrocytes as well as a significant decrease of activities of SOD, CAT and GPX in
erythrocytes in MDMA abusers[28, 30, 35, 37, 43].

The consequence of the significant decrease of average values of erythrocytic AChE
activities in MDMA abusers was found for the first time in the present study, and its main
causes might be as follows. After it was digested in the alimentary tract and stomach,
MDMA was rapidly combined with hydrochloric acid and other organic acid in the stomach
to produce chemical and biochemical reactions, thus producing and releasing a large number
of FRs and ROS, promoting violent aggravation of a series of FRs chain reactions, and then
attacking strongly erythrocytic membranes with blood circulation, which formed biochemical
poisoning reactions induced by excessive FRs and ROS, and resulted in oxidative and
lipoperoxidative damages of erythrocytes and their membranes[30,35,37]. Subsequently, the
functions of erythrocytes and their membranes were destroyed, and erythrocytic AChE
activities in MDMA abusers were significantly decreased[30, 35, 37]. This fact showed that
MDMA abuse also induced another neurotoxicity which inactivated acetylcholinesterase.

 The findings in Pearson product-moment correlation analysis between the erythrocytic
AChE activity reflecting sensitive and accurate toxicity induced by MDMA and the
biochemical parameters suggested that the active groups in molecular structures of AChE
were attacked and destroyed not only by MDMA and its metabolites, but also by a large
number of FRs and ROS, and that the marked decrease and/or loss of the erythrocytic AChE
activity occurred in the bodies of MDMA abusers[30].

In conclusion, the findings in the present study suggest that MDMA-abuse can induce
another neurotoxicity that acetylcholinesterase activity is significantly inhibited, and that
MDMA-abuse can aggravate a series of free radical chain reactions and oxidative stress in
the bodies of MDMA abusers, thereby resulting in severe neural, oxidative and
lipoperoxidative damages to them.
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