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The ameliorating effects of Vitamin E on 
hepatotoxicity of ecstasy
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effects on physiological functions in many cells and 
organs. Some tissues such as brain, heart, testis, kidney, 
and liver also can be damaged with fatal consequences 
which depend on the damage intensity. [4] As a 
consequence of increase in MDMA abuse, there has 
been an increasing incidence of serious adverse effects 
of MDMA.[5] There are several factors which contribute 
neurotoxicity induction caused by MDMA including 
hyperthermia, stimulation of sustained receptor, 
neurotransmitter synthesis inhibition, dopamine and 
serotonin monoamine oxidase‑related metabolism, 
dopamine oxidation and MDMA neurotoxic metabolites 
formation. A general result of these factors is oxidative 
stress which plays a significant role in MDMA 
pathogenesis.[6,7] As a detoxifying organ, liver becomes 
particularly important and liver hepatocytes play a key 

INTRODUCTION

3,4‑methylenedioxymethamphetamine (MDMA), 
i.e., ecstasy, is a chemical compound commonly abused as 
a psychoactive recreational drug.[1] The effects mentioned 
are induced by MDMA through an enhanced release of 
the neurotransmitter serotonin (5‑hydroxytryptamine) 
and also a comparably minor release of another 
monoaminergic neurotransmitter,  known as 
dopamine (2–3,4‑dihydroxyfenyl ethanamine [DA]).[2] 
The MDMA abuse, in general, does not seem to be 
following a strong addictive pattern, but it is mostly 
limited to the weekend or a single night.[3]

The abuse of MDMA can be a serious public health 
problem. An acute exposure to MDMA has negative 

Background:  The production of  stress oxidative condition in body which is  caused by consumption of 
ecstasy (3,4‑methylenedioxymethamphetamine [MDMA]) leads to a liver damage. As an antioxidant, Vitamin E can protect cells 
and tissues against the deleterious effects of free radicals. This study evaluates the protective effects of Vitamin E on MDMA induced 
liver toxicity. Materials and Methods: Twenty‑eight male albino mice were randomly assigned to four equal groups. Group 1 received 
saline (control), Group 2 received MDMA and saline, Group 3 received MDMA, and Vitamin E and Group 4 received Vitamin E. 
MDMA was injected with single daily dose, three sequential days/week for 5 weeks. At the end of the period, blood samples were 
collected for a biochemical analysis and then the mice were sacrificed by cervical dislocation for histopathological and biochemical 
examinations of liver. Results: The administration of Vitamin E attenuated the increased levels of alanine transaminase, aspartate 
transaminase, and alkaline phosphatase enzymes in serum. Vitamin E treatments significantly restored endogenous antioxidant 
enzymes (reduced glutathione and superoxide dismutase enzyme) activities as compared with MDMA‑treated animals. Histological 
examination of liver revealed significant morphological tissue injuries in hepatocytes after MDMA being used, but in coadministration 
of vitamin E and MDMA, these morphological alterations reduced. Conclusion: The study showed that MDMA administration has 
adverse effects on the liver. Vitamin E lessened the deleterious impact considerably.
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role in the metabolism of drugs and alcohol.[8] Numerous 
studies have shown that MDMA is toxic to liver cells[9,10] and 
ecstasy consumption is associated with liver failure.[11] The 
production of reactive oxygen species (ROS) and reduction 
of reduced glutathione (GSH) during the metabolism of 
MDMA may be due to liver damage.[12]

Vitamin E, which is a fat‑soluble nonenzymatic antioxidant, 
contains a group of isomers with two related molecules, 
namely, tocopherols and tocotrienols. It has antioxidant 
activity and intercalates between lipids in biological 
membranes. Vitamin E isomers stop ROS‑based reactions 
that produce lipoperoxides and also Vitamin E protects liver 
in albino mice against lead induced hepatotoxicity.[13] There 
is no information about the effects of Vitamin E on liver 
toxicities produced by MDMA exposure in mice or other 
mammals. Thus, the present study intends to evaluate the 
possibility of a positive effect on liver injuries induced by 
MDMA, and a possible reduction in the toxicity of ecstasy 
on the liver, as a result of the administration of Vitamin E.

MATERIALS AND METHODS

Chemicals and reagents
MDMA was obtained from Biotechnology Unit of Iran Medical 
Sciences University, Tehran. In situ cell death detection 
kit (TUNEL assay) was purchased from Roche (Germany); 
superoxide dismutase (SOD) assay kit was purchased from 
ZellBio (Germany). Aspartate aminotransferase (AST) assay 
kit, alanine aminotransferase (ALT) assay kit, and alkaline 
phosphatase (ALP) assay kit were purchased from pars 
azmoon (Iran). All other analytical‑grade chemicals for 
histological and biochemical studies were obtained from 
Sigma (USA) and Merck (Germany) Chemical Companies.

Animals and treatments
Twenty eight sexually matured, 6–8‑week‑old male albino 
mice with weight range of 25–30 g were purchased from 
the animal house of the Urmia Medical University and 
kept under specific conditions with a constant cycle of 
12‑h light/dark and at a controlled temperature of 25°C. 
In order to acclimatize, 1 week was designated before 
experiments. All performed experiments in this study 
were in accordance with the ethical NIH guidelines for 
animal research (Guide for the Care and Use of Laboratory 
Animals, NIH Publication No. 85‑23, revised 1996). 
Moreover, the protocol was approved by the committee 
on ethics in animal experimentation of the Urmia Medical 
University.

The mice were randomly divided into 4 treatment 
groups (7 mice in each group) including: Group 1 (Control) 
received saline (0.9% NaCl) by gastric gavage and i.p.; 
Group 2 (MDMA) received pure MDMA (10 mg/kg) 

dissolved in saline (0.9% NaCl) i.p. and saline (0.9% NaCl) 
by gastric gavage.; Group 3 (MDMA + Vitamin E) received 
pure MDMA (10 mg/kg) dissolved in saline (0.9% NaCl) i.p. 
and Vitamin E (150 mg/kg) having been dissolved in olive 
oil being gavaged and Group 4 (olive oil) received olive 
oil (150 mg/kg) by gastric gavage and saline (0.9% NaCl) 
i.p. based on previous reports, MDMA and Vitamin E doses 
were selected respectively.

At the end of the day 35 and after just 24 h from 
the last  administration, ketamine and xylazine 
mixture (100/10 mg/kg, i.p.) was used for anesthetizing 
the mice. Blood samples were collected through cardiac 
puncture in tubes. The samples were centrifuged for 
5 min at 4°C–6°C and 2500 rpm and stored at −80°C for 
biochemical indices assays. Then, the mice were sacrificed 
and livers were removed for histopathological and 
biochemical examinations.

Histopathological examination
The livers were taken from the mice and fixed in neutral 
buffer formalin solution, dehydrated and embedded in 
paraffin wax, then were sectioned at 5 µm‑thick sections and 
were stained with hematoxylin and eosin. Other sections 
were stained with TUNEL for apoptosis and necrosis 
identification respectively according to the manufacturer’s 
instructions.

Biochemical analysis
Serum biochemical parameters
AST, ALT and ALP were measured using commercial 
enzymatic biochemical diagnostic kits according to 
manufacturer’s instructions.

Tissue biochemical parameters
The livers were removed from the mice and were rinsed 
in ice‑cold isotonic saline solution, then were weighed and 
a 10% w/v tissues homogenate were prepared in 0.1 M 
phosphate buffer (pH 7.4), then were centrifuged (10,000 ×g, 
15 min, 4°C) and the supernatants were removed and used 
in various biochemical assays. Total glutathione (GSH, 
reduced) content was measured by Ellman’s reagent[14] and 
SOD activity was assayed according to the instructions in 
assay kits.

Statistical analysis
All data were analyzed using the SPSS software (version 
16, SPSS Inc., Chicago, IL, USA). The results of measured 
enzymes were presented as means ± standard deviation. 
Kolmogorov–Smirnov test was used to determine whether 
or not they were normally distributed and the analyses of 
abnormally distributed variables were conducted with the 
Mann–Whitney U‑test. Comparisons with P < 0.001 were 
considered to be statistically significant.
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RESULTS

Biochemical observations
Ecstasy increased the activity of ALT, AST, and ALP 
enzymes in the serum of the mice as compared to the control 
group; however, coadministration of ecstasy and Vitamin 
E (MDMA + Vitamin E) attenuated the increased level of 
these enzymes in serum. Thus, the decrease in the activity 
of ALP was statistically significant (P < 0.001) [Table 1].

The administration of ecstasy significantly reduced 
GSH and SOD enzyme activity in the liver as compared 
with the control group. Ecstasy and Vitamin E 
treatments (MDMA + Vitamin E) significantly restored 
endogenous antioxidant enzymes (reduced GSH and SOD) 
activities compared with MDMA‑treated animals [Figure 1].

Histopathological observations
Hepatic cords around the central vein were seen in liver 
section of the control group; otherwise, in MDMA group, 
hepatocytes were crowded with centrally basophilic 
nuclei, dark acidophilic cytoplasm, and dilation of central 
vein. There were also vacuolated cells and these variables 
decreased in hepatocytes of group 3 (MDMA + Vitamin E), 
so Vitamin E attenuated the adverse effect of MDMA in 
liver [Figure 2].

In TUNEL assay, a significant increase in apoptosis 
was observed in MDMA group comparing to the other 
groups (P < 0.001). But, Vitamin E reduced apoptosis in 
group 3 cells relative to cells of Group 2 [Figure 2 and 
Table 1].

DISCUSSION

MDMA proved to have a toxic effect on the liver and the 
use of Vitamin E attenuated the toxicity of MDMA in the 
liver. The continuous consumption of ecstasy increases its 
concentration in plasma and consequently causes harmful 
effects on some organs of the body.[15] One of these organs 
is the liver. Ecstasy is metabolized in the liver and produces 
toxic metabolites. MDA (N‑demethylated analogue) is 
a liver metabolite of MDMA or ecstasy. It also produces 
α‑Methyldopamine. These are catechols that undergo 
oxidation and produce orthoquinones. Quinines are highly 
redox active molecules that can enter redox cycle and 
generate ROS through their semiquinone radicals.[16,17] There 
are various free radical scavenging systems (anti‑oxidants) 
such as SOD enzyme and GSH in the body, and the 
measurement of the amount of antioxidants is necessary 
to identify the harmful effects of ROS.[10] Therefore, to 
evaluate the toxicity of ecstasy on liver, measurement 
of antioxidants such as SOD enzyme and glutathione 
reduction can provide useful information. Similarly, 
multiple MDMA administration reduces glutathione in rat 
liver.[10] On account of its cystein, GSH modulates critical 
cellular process such as DNA synthesis.[18] Free radicals 
usually combine with nonprotein thiols of the GSH and get 
cleared as a final result.[19] A reduction in GSH content in 
the liver cells causes irreversible damage to the cells which 
results in the death of the cells.[10] In the current study, 
the amount of SOD enzyme and the content of GSH were 
shown to be decreased in the mice treated with ecstasy. 
The findings were consistent with those of Ninković et al. 
in 2004.[20] As a nonenzymatic and exogenous antioxidant, 
vitamin E can reduce overproduction of ROS and has shown 
protective effects in cells and increased content of GSH in 
cytoplasm.[21] Vitamin E also has anti‑inflammatory effects 
and a regulating role in expressing the genes involved in 
cell growth, apoptosis, regulation of immune response and 

Table 1: The levels of aspartate transaminase, alanine transaminase, and alkaline phosphatase levels in plasma and 
apoptosis index of hepatocyte cells
Parameters Mice groups

Control (n=7) MDMA (n=7) MDMA + Vitamin E (n=7) Vitamin E (n=7)
AST (IU/ml) 31.2±4.8 92.7±26.4a 59.0±13.7a 38.7±7.7
ALT (IU/ml) 9.5±1.2 31.5±12.3a 18.2±1.7a 10.5±2.0
ALP (IU/ml) 64.0±9.6 180.7±36.4a 92.7±22.6b 67.5±12.0
Apoptosis index 1.402±0.353 20.53±3.428a 13.407±2.557a,b 1.010±.0161
Effect of MDMA and vitamin E on the levels of AST, ALT and ALP activities in plasma and apoptotic index measured in liver. Data are expressed as (mean±SD). aA statistically 
significant difference relative to the control (P<0.001). bA statistically significant difference relative to the MDMA (P<0.001). AST=Aspartate transaminase; ALT=Alanine 
transaminase; ALP=Alkaline phosphatase; SD=Standard deviation; MDMA=3,4-methylenedioxymethamphetamine
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Figure 1: The levels of total reduced glutathione and superoxide dismutase 
enzyme activity in mice liver. Effect of 3,4-methylenedioxymethamphetamine 
and Vitamin E on the levels total reduced glutathione and superoxide dismutase 
activity measured in liver (each group were 7 mice). C (control), E (ecstasy), and 
V (Vitamin E). Measurements were done as described in the method section. 
Data are expressed as mean ± standard deviation. *A statistically significant 
difference compared to the control (P < 0.001)



Javanmard, et al.: Effects of Vitamin E on hepatotoxicity of ecstasy

Journal of Research in Medical Sciences| 2020 | 4

detoxification of xenobiotics in cells.[22] Vitamin E stops 
the phosphorylation and translocation of the neutrophil 
cytosol factor 1 (P47 phox) by preventing the activation of 
protein kinase C, and not allowing the assembly of NADPH 
oxidase which reduces the production of superoxide.[23] The 
amount of SOD enzyme and GSH content were also shown 
to increase in the mice taking ecstasy with vitamin E.

The activities of ALT and AST are indicators of 
hepatotoxicity[11] with ALT being more specific to liver. The 
high level of ALT activity is a sign of chronic liver diseases 
and the ALP which exists in the biliary ducts of the liver 
increases the hepatic biliary canalicul damage.[24,25] The 
serum levels of AST, ALT and ALP enzymes were shown 
to be increased in the mice that were treated with MDMA 
and the results were consistent with those of Shahraki’s 
and Irani in 2014.[26] The coadministration of Vitamin E and 
ecstasy reduced the amount of these enzymes in the serum 
and thus reduced the liver damage. Vitamin E also reduced 
the amount of these enzymes and accordingly the toxicity 
caused by the heavy metals in the liver of the mice.[13]

In studies conducted so far, it has been shown that one of 
the major mechanisms that causes histopathologic changes 
in tissues like liver, after ecstasy use, is the production of 
free oxygen radicals (ROS) and the resulting oxidative stress 
injuries.[12,27,28]  Based on the present study, injuries such 
as dilatation of the centrilobular sinusoids and necrotic 
hepatocytes caused by ecstasy in liver are remarkably 
reduced as a result of the treatment of Vitamin E along 
with ecstasy. Vitamin E as an important antioxidant, has 
protective effects on the toxicity of poisons in cells, so that 
Vitamin E reduces the cytotoxicity of heavy metals like lead 
in testis and liver of rats.[13,29] It also attenuates cytotoxicity 
of MDMA in testis of mice.[30] Vitamin E eliminates free 

radicals inside the cell (where free radicals are produced).[31] 
It has been reported that it can react with OH* radical 
and consequently eliminate the cytotoxicity of OH* in 
cells.[21] The anti‑inflammatory effects of Vitamin E are due 
to inhibition of ROS production in cells. In addition, Vitamin 
E reduces the release of pro‑inflammatory cytokines like 
interleukin (IL)‑1 β, IL‑6, and tumor necrosis factor‑alpha 
and IL‑8 chemokine.[23] Vitamin E has anti‑apoptotic effects 
on cells due to the modulation of Bcl2 and Bax proteins as 
well as inhibition of caspase‑3 activity.[23]

CONCLUSIONS

The study showed that ecstasy induces the oxidative stress 
and hepatic toxicity, and a simultaneous consumption of 
vitamin E and ecstasy minimizes the damage to liver cells.
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