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Abstract

 Ecstasy, or 3, 4 (±) methylenedioxymethamphetamine (MDMA), is a potent 
neurotoxic drug. One of the mechanisms for its toxicity is the secondary release of glu-
tamate. Mouse embryonic stem cells (mESCs) express only one glutamate receptor, the 
metabotropic glutamate receptor 5 (mGlu5), which is involved in the maintenance and 

self-renewal via the mGlu5 receptor in mESCs. 

 In this expremental study, we used immunocytochemistry 
and reverse transcription-polymerase chain reaction (RT-PCR) to determine the pres-
ence of the mGlu5 receptor in mESCs. The expression of mGlu5 was evaluated after  
MDMA was added to mESCs throughout neural precursor cell formation as group 1 
and during neural precursor cell differentiation as group 2. The stemness characteris-
tic in treated mESCs by immunofluorescence and flow cytometry was studied. Finally, 
caspase activity was evaluated by fluorescence staining in the treated group. One-
way ANOVA or repeated measure of ANOVA according to the experimental design 
was used for statistical analyses. 

 In this study mGlu5 expression was shown in mESCs. In terms of neuronal 
differentiation, MDMA affected mGlu5 expression during neural precursor cell forma-
tion (group 1) and not during neural precursor differentiation (group 2). MDMA (450 
µM) induced a significant increment in self-renewal properties in mESCs but did not 
reverse 2-methyl-6(phenylethynyl) pyridine (MPEP, 1 µM), a non-competitive selec-
tive mGlu5 antagonist. Fluorescence staining with anti-caspase 3 showed a signifi-
cant increase in the number of apoptotic cells in the MDMA group. 

We observed a dual role for MDMA on mESCs: reduced proliferation and 
maintenance of self-renewal.  The lack of decreasing stemness characteristic in pres-
ence of MPEP suggests that MDMA mediates its role through a different mechanism 
that requires further investigation. In conclusion, despite being toxic, MDMA maintains 
stemness characteristics. 
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Introduction

-

caused a worldwide dilemma due to its psychotic 
effects of euphoria, empathy, and increased self-

-

last for months in rats and years in primates and 

release of glutamate, an excitatory amino acid 
that binds to the metabotropic glutamate recep-

receptor to induce neurotoxicity by the release of 

-

using embryonic stem cells (ESCs) in vitro to ex-
amine pharmacologic and toxicological effects of 

The only glutamate receptor expressed by ESCs 

and self-renewal of mouse ESCs (mESCs). The 
differentiation of ESCs via formation of aggre-

-
-

ing a toxic drug, enhances the differentiation and 
in vivo and in vitro

(20, 21);  however no report regarding the effects 
of this compound in the early embryonic stage has 

and self-renewal of mESCs, this study aims to 

Materials and Methods

Culture of ESCs

-

-

-

-
mia inhibitory factor (LIF, Chemicon, ESGRO, 

al. (22). In order to obtain neural differentiation, 
-

allowed to grow for four days after plating, ac-

Experimental design

2 were cul-

-

either throughout the process of neural differentia-
tion (group 1), or only during post-plating (group 

-

both groups.

-

treated with 10 mg/ml bovine serum albumin 
-

-

-

-
utes at room temperature, respectively. Nuclei 
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-
-

pression of SSEA1 was determined with a FACS 

For each sample, 10000 cells were calculated 
and single cells were selected by forward and 
side scatter gate from debris and aggregates.  An 
isotype antibody was used as a negative control. 

Reverse transcription-polymerase chain reaction 
(RT-PCR) analysis

Total RNA was extracted using the RNeasy 

-
tion. Reverse transcription (RT) was carried out 

-
vertAid

-

-

-

-

-
titative expression of different mRNAs.  Gels of 

-
-

 Analysis of apoptosis induced by MDMA

cells were assessed for caspase activity accord-

Statistical analyses

-
peated measure of ANOVA according to the ex-

-

Results

treated with RA for neural differentiation and af-

-

Fig 1: Expression of metabotropic glutamate receptor 5 
(mGlu5) on embryonic stem cells (ESCs) using immunocy-
tochemistry (A) and RT-PCR analysis (B). The nuclei were 
counterstained with DAPI. 

A
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Fig 2: Experimental design for MDMA treatment (A). Em-
bryonic stem cells (ESCs) were treated either with MDMA 
throughout the process of neural differentiation (group 
1), or only during post-plating (group 2). B and C show 
semi-quantitative RT-PCR analyses of MDMA on the rela-
tive gene expression of metabotropic glutamate receptor 5 
(mGlu5) in groups 1 (B) and 2 (C). 
a; P<0.002 for controls and 10 µM vs. 100 µM.

stemness characteristics, we treated stem cells 

-
ence of LIF and no feeder layer for four days. 

-

The results showed no significant difference 

-

results, we assessed the expression of another 
-

reduced number of colonies, the self-renewal 
of mESCs was maintained as shown by expres-

were presented with colonies, which were very 
prominent with a high nuclear-cytoplasmic ra-
tio. SSEA1 expression declined when ESCs 

-

-
-

ther confirmed by flow cytometry.  The addition 
-

-
fect on this expression. 

effect of  
-
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Fig 3: RT-PCR and semi-quantitative analyses of MDMA 
-

rescence staining of SSEA1 expression  in control (C), and 
treated culture with MDMA (D), MPEP (E), MDMA/MPEP 
(F) and Glutamate (G). 

E
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a

Fig 4: Percentage of cells expressing SSEA1 in control and 
after treatment with MDMA, MPEP, and MDMA/MPEP as 

a; p<0.039 for MDMA vs. control.

Fig 5: Fluorescence staining with anti-caspase 3 (FLICA) 
in control (A) and MDMA (B) groups for apoptosis. The nu-
clei were counterstained with Hoechst. 

Discussion

mGlu receptors are neurotransmitter receptors in 
the nervous system because they respond to synap-
tic glutamate and are involved in the regulation of 

of this receptor in mESCs and its down-regulation 
during differentiation and up-regulation during 
neurogenesis suggests an additional role for mGlu 
receptors (27). For example, the endogenous acti-
vation of this receptor is necessary for maintenance 

-

its presence in mESCs. These observations are in 
agreement with previous reports that have con-

-

-
sistent with these reports. In this study we have 

-

during neural differentiation (post-plating) did not 

-
sion during neural precursor cell formation but 
not during differentiation. It is important to note 
that in our previous study we have also shown that 

neural precursor cell formation (group 1) and not 

of neural precursor formation via down-regulation 

-
-

cell culture in the presence of LIF and absence of a 
feeder layer. The results revealed a higher expres-
sion of SSEA1. In a preliminary study we showed 

decreased the numbers of colonies despite the in-
creased expression of SSEA1. These observations 

-

proliferation while maintaining or supporting self-
renewal characteristics. In concordance with our 

-

despite being a toxic drug, enhances the differen-
in vivo and 

A

B
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in vitro (20, 21). In other studies, such results have 

on stemness characteristic were mediated by 

-
sion, which thereby suggested that this effect of 

receptor in addition to other possible pathways. 
It has been reported that methamphetamines and 

-
ducers and activators of transcription (JAK/
STAT) pathways; this effect is independent of 

inhibited stemness characteristics (17). In our ex-

the absence of a feeder layer and presence of LIF.  
The difference observed between the two studies 
could be attributed to different types of stem cells as 

The reduced cell proliferation, despite the main-
tenance of stemness characteristics may be related 

induced by the activation of the caspase pathway, 
as observed by increased caspase activity in the 

can modulate an apoptotic pathway and induce ox-
idative stress both in vivo and in vitro

study of the literature suggests that the activation 

-
-
-

phorylation. It may be expected that the addition 

proposed mechanism needs further investigation. 

can increase stemness characteristic in mESCs, 

induced self-renewal and may allow us to better 

loss that occurs during development.

Conclusion

In this study we reported the binary role for 

-

-
ther investigation. In conclusion, despite its toxic-
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