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Abstract
Background:  3,4-Methylenedioxymethamphetamine (MDMA) is a

psychostimulant drug that induces neurotoxicity. Even though several
psychostimulant substances activate microglia, little is known about MDMA's
effects on these cells, and evidence of MDMA-induced microglial activation is
equivocal.

Materials and Methods: This study employed a murine microglial cell line,
BV2, to examine the effects of MDMA on the microglia morphological
changes and the survival of microglia in vitro. MDMA was incorporated into
the media at the time of plating, and cell number and mitochondrial
dehydrogenase activity (MTT) levels were determined in vitro. The level of
pro-inflammatory cytokine TNF-a was also determined.

Results: Treatment of BV2 cells with MDMA resulted in morphological
changes, reduced cell viability after 24h incubation with the inhibitory
concentration (ICso) value of 243.6 pug/mL, and increased TNF-a level in a
dose-dependent manner.

Conclusion: These findings proposed that MDMA could induce BV2
microglial cell activation in vitro and suggested that it has an essential role in
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Introduction

Neurological insult is the most common form of
MDMA neurotoxicity, which causes substantial
damage to the brain by causing both apoptotic and
necrotic cell death in the brain. Histopathological
studies demonstrated neuronal damage inflicted by
MDMA and immunohistochemically, visualized under
microscopes (1, 2). It was indicated by the
morphological changes, a decrease of intact neuronal
cells, or several apoptotic markers. Besides that,
biochemical studies have reported an immediate

release  of  neurotransmitters upon MDMA
administration, leading to excitotoxicity. In the long-
term, MDMA causes the reduction of serotonin
transporter and the depletion of dopamine and
serotonin (3, 4). MDMA also induces a hyperthermic
response that modulates the long-term neuronal
damage caused by the drug. All effects are the
mechanism outputs of MDMA actions starting from its
administration into the body until the pharmacological
changes taking place.

Besides the overproduction of neurotransmitter
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releases, exposure to MDMA also causes the
microglial cells in the brain to be activated in response
to the danger-associated signals from the damaged
neurons (5). As the immune cells, microglial act as
sentinels, detecting the first signs of invasion by
MDMA or tissue damage (6). Although microglia are
not solely responsible for inflammatory and immune-
mediated responses in the brain, they are well-
positioned to respond quickly to environmental
changes (7). The activation of microglia leads to
specific differentiation of microglial phenotypes. Once
activated, the cells will proliferate and migrate to the
injury site, followed by changes in the morphology and
the inflammatory secretion profiles (8). They undergo
classical/pro-inflammatory (M1) or alternative/anti-
inflammatory (M2) activated phenotypes. M1
phenotypes are more likely to be detrimental to the
brain by inducing neuronal toxicity through secretion
of pro-inflammatory cytokine and production of
reactive oxygen species (ROS) (9). However, there is
no direct evidence of the effects of MDMA on BV2
cells in vitro. In fact, in vitro models make it possible
to examine molecular mechanisms in a straightforward
and repeatable manner (10). Here we report MDMA.-
induced microglial activation by examining the
morphological changes, cell viability, and TNF-o level
at the different doses of MDMA exposure.

Methods

Study Design: This study was an in vitro experimental
laboratory conducted at the Cell Culture Laboratory,
Faculty of Medicine, Sultan Zainal Abidin University
(UniSZA). This study aimed to investigate the effects
of different doses of MDMA on BV2 cell viability,
their morphological changes, and TNF-a cytokine
level. BV2 cells were treated with varying
concentrations of MDMA, and the percentage of cell
viability was determined by using a 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay. Morphological changes in the
cells were observed under a microscope. Meanwhile,
the TNF-a level for the selected doses of MDMA was
determined using the Enzyme-Linked Immunosorbent
Assay (ELISA) kit. The statistical analysis was carried
out using Graph Pad Prism 6.

The BWV2 cell line was purchased from
Elabscience Biotechnology Co., Ltd (Elabscience),
USA. Dulbecco’'s Modified Eagle Medium/F12
(DMEM/F12), fetal bovine serum (FBS), phosphate-
buffered saline (PBS), trypsin EDTA, and
penicillin/streptomycin were obtained from Gibco
(Invitrogen, USA). Dimethyl sulfoxides (DMSQO) were
purchased from Merck (Germany). D,1-MDMA HCI
were purchased from Labchem Sdn. Bhd., Malaysia.
MDMA was dissolved in deionized water to produce a
10mg/mL stock solution. Trypan blue and MTT
powder were purchased from Sigma-Aldrich (USA).

Cell Culture and Treatment with Different
Concentrations of MDMA: BV2 microglial cells
were cultured in tissue culture flasks with Dulbecco's
Modified  Eagle  Medium/F12 (DMEM/F12)
supplemented with 10% fetal bovine serum and 1%
penicillin/streptomycin. Cells were maintained in a
humidified atmosphere of 5% CO2 at 37°C and
cultured at an initial density of cells/flask. Then, the
cells were plated into 96-well plates and treated with
MDMA at concentrations ranging from 0 - 800 pg/mL.

Cell Viability Study by Using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) Assay: Cell viability was determined
by using the MTT assay. BV2 cells were seeded in a
96-well plate at a density of 1x10° cells/100 pl and
treated with varying concentrations of MDMA (800,
600, 400, 200, 100, and O pg/ml) for 24 h. Then, 20 ul
of the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT, 5 mg/ml) was
added to the cells in the dark and incubated for four h,
covered with aluminum foil. After incubation, 100 pl
DMSO was added to each well to dissolve the
formazan crystals formed, and absorbance was read at
a wavelength of 490 nm as measurement wavelength
and 570 nm as reference wavelength using the Tecan
ELISA microplate reader. The potency of cell growth
inhibition for the test agents will be expressed as the
half-maximal (50%) inhibitory concentration, ICsp.
The amount of color produced is directly proportional
to the number of viable cells. Cell viability rate was
calculated as the percentage of MTT absorption as
follows: % survival = (mean experimental
absorbance/mean control absorbance) x 100.
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Visualization of the Morphology of BV2 Microglial
Cells: After 24 h treatment with different doses of
MDMA, the cell morphology was examined under a
phase-contrast microscope. The images were captured
at 20X magnification.

Quantitative Measurement of TNF-a: The
concentrations of TNF-a in culture supernatants were
measured by a Mouse TNF-a ELISA Kit (ab208348)
according to the manufacturer's instructions. All
reagents were provided in the kit by the manufacturer.
Briefly, 50 pL of all samples and standards were added
into a 96-well plate in duplicate. Then, 50 pL of
Antibody Cocktail that was prepared early according
to the manufacturer's instruction was added to each
well. The plate was sealed and incubated for 1 hour at
room temperature on a plate shaker set to 400 rpm.
After that, all wells were washed with 350 pL 1X Wash
Buffer three times. The plate was tapped gently against
a clean paper towel until the liquid was removed
entirely. 100 pL of TMB Development Solution was
added to each well and incubated in the dark for 10
minutes on a plate shaker. Also, 100 puL of Stop
Solution was added to each well and shaken for 1
minute to mix. The absorbance at 450 nm was
determined using a microplate reader. The
concentrations of TNF-a in culture supernatants were
then calculated using their respective standards.

Statistical Analysis:  Statistical analysis was
undertaken in the GraphPad Prism computer program
(GraphPad Software Inc., San Diego, CA, USA). Cell
viability data and the half-maximal (50%) inhibitory
concentration were analyzed using non-linear
regression analysis. Comparison of the percentage of
cell viability and TNF-a level between different dose
groups was determined using a one-way analysis of
variance (ANOVA) followed by Tukey's posthoc test.
The results are the mean of at least three independent
experiments. Data are expressed as mean = SEM, and
differences were statistically significant at p<0.05.

Results

Effects of Different Doses of MDMA on the Cells'

Viability: BV2 microglial cells were incubated with
MDMA for 24 hours (0-800 pg/mL). The
corresponding cell viability graphs are shown for
MDMA (Figure 1).

The cytotoxicity of MDMA in BV2 microglial
cells was evaluated based on its effect on cell
proliferation by using the MTT assay. The cytotoxicity
of MDMA was dose-dependent; the maximum cell
death showed at a concentration of 600 = 0.02 pug/mL.
The inhibitory concentration (ICsq) of MDMA on BV2
microglial cells was 243.6 pg/mL. Figure 2 shows the
multiple comparison test of different doses of MDMA
on the percentage (%) of cell viability. The MDMA
exposure at the doses of 200, 300, 400, 500, 600, and
800 pg/mL significantly reduced the % of viable cells
as compared to the untreated cells (Control group) after
24H incubation (p<0.05).

The effects of MDMA on the Morphology of BV2
Microglial Cells: As shown in Figure 3, untreated
BV2 cells maintained the resting state in a traditional
medium. Most of them exhibited round cytoplasm with
some bipolar projections. However, in the MDMA
treated groups, the cells were more significant, and the
extent of amoeboid morphology seemed to be
increased with the cytoplasmic area appearing
minimal, which was seen in the 300 ug/mL MDMA
group. BV2 cells treated with increasing
concentrations of MDMA for 24h underwent dramatic
morphological changes characterized by vacuolization
and hypertrophy. At the higher concentrations of
MDMA exposure, the cells undergo degeneration and
apoptosis.

The effects of MDMA on the TNF-a Level: Based on
the cytotoxicity assay and morphological observations,
we assumed that the doses of MDMA above the 1Csp
(243.6 pg/mL) would activate the BV2 cells. As
indicated by the cells' morphology, 300 pg/mL of
MDMA caused some changes in the morphology
without producing a substantial cell deficit. Hence, we
conducted the subsequent experiment by incubating
the cells with 300, 500, and 700 pg/mL MDMA at
different time frames, i.e., OH, 3H, 6H, 12H, and 24H,
to see whether there were any effects on TNF-a protein
released. Our results demonstrated a treatment effect of
700 pg/mL MDMA at 12H incubation and 500 pg/mL
MDMA at 24H incubation on the TNF-a level (Figure
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Figure 1. The ICso value of MDMA in BV2 cells that were exposed to MDMA at the range of concentration 0-800
pg/mL and incubated for 24 hours. The 1Csq value of MDMA was 243.6 pg/mL.
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Figure 2. The effects of different doses of MDMA on the percentage (%) of cell viability (% of control) at 24 hours of
incubation. Statistical analysis was carried out using one-way ANOVA followed by Tukey's Multiple Comparisons Test.
* P<0.05 vs Control Group. Data represent the mean + SEM of three independent experiments.

Discussion

MDMA is administered systemically and may exert
pharmacological effects on the function of the organs,
mainly the brain. Many investigations consider how
these effects originate within neurons, making it
essential to explore the neuronal effects of MDMA due
to the potential to contribute to neurotoxicity
significantly. Moreover, elucidating these neuronal
mediators of toxicity could reveal novel targets for
treating the complex neurotoxicity produced by
MDMA. There is far less known about the effects of

known about its impact on the functions of the
microglial cells. The purpose of this investigation was
to assess the effects of MDMA on the viability of BV2
microglial cells and its activation through the changes
in the cell's morphology and TNF-a production.

The present study found that the % of cell
viability reduced with increased MDMA doses. It
shows that MDMA is toxic to the BV2 microglial cells
in a dose-dependent manner. MDMA seems toxic to
the microglial cells at a dose of more than 300 pg/mL,
in which 400 pg/mL to 800 pg/mL cause cell
degeneration and apoptosis (Figure 2). However, it was
demonstrated that 300 pg/mL of MDMA could
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Figure 3. MDMA triggers the changes in BV2 cell morphology. Phase-contrast images showing the morphology of BV2
cells treated with different concentrations of MDMA for 24 h. Red arrows indicate the activated cell and white arrows
indicate the degenerating cells.
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Figure 4. The effects of 300, 500, and 700 pg/mL MDMA on the TNF-a level at 3H-24H incubation. Statistical analysis
was carried out using one-way ANOVA followed by Tukey's Multiple Comparisons Test. Data represent the mean +
SEM of three independent experiments.

activate the BV2 microglial cells, observed by its projections, and exhibited a large, rounded cytoplasm
morphological changes via the less in the bipolar or amoeboid shape. According to Hoogland et al.
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(2015), microglial cells are activated based on the
changes in their morphology, a significant increase in
the number and size of microglia compared to the
control group, and a substantial increase in expression
of a microglial marker. When all three criteria are
negative, microglia are inactive. If one or more criteria
are positive, microglia are activated. If results are
contradictory (e.g., increased expression of the
microglial marker but the morphology is negative),
microglia are judged as moderately activated (11). In
the early phase of acute neuroinflammatory response,
the microglia also increase immediately due to the
microglial activation program (12).

In this study, a dose of 300 pg/mL of MDMA
incubated for 24h could activate microglial cells in
vitro, as seen by the changes in their morphological
features and cell viability. Evidence on the effects of
MDMA on BV2 cells in-vitro is scarce and limited.
The previous study has reported the results of Meth on
microglial activation, a psychostimulant drug
categorized under a similar group as MDMA. METH
exposure has exerted immunomodulatory effects in the
brain through the involvement of microglial cells by
increasing the release of pro-inflammatory phenotypes
and reducing anti-inflammatory phenotypes. In
addition, previous studies have shown that microglial
cell activation can be induced by LPS exposure at a
dose of 1 pg/mL (13-15). Despite in-vitro, in vivo
studies on the effects of MDMA on microglial
activation were documented in several articles. For
instance, MDMA produced a neuroinflammatory
reaction in the rat brain by increasing the number of
activated microglial cells and causing an increase in the
specific parameters such as interleukin-1 beta (IL-1p),
IL-1 receptor antagonist (IL-1ra), and the rise of
CD11b and GFAP immunoreactivity (5,16-18). The
doses of MDMA used to induce neurotoxicity in male
rats are either a single dose of 12.5 mg/kg, through
intraperitoneal injection (i.p), or 18-20 mg/kg
subcutaneously (5,18,19). Therefore, the effects of
MDMA on the microglial cell in vitro should be
investigated to understand its mechanism, as it could
be a preliminary finding for future studies on the
potential of a therapeutic compound to treat MDMA
neurotoxicity.

In terms of TNF-a, a critical activator of
microglial activation (20), we found that BV2 cells

could regulate toxicity and cell death at a dosage of 300
g/mL MDMA with no significant changes in TNF-
levels as compared to untreated cells. Exposure to 700
pg/mL MDMA at 12h and 500 pg/mL at 24h
significantly increased the TNF-a level. According to
a study using primary rat and human neuronal cultures,
interleukin-1b (IL-1b) and tumor necrosis factor-a
(TNF-0) are the two pro-inflammatory cytokines that
are commonly raised in neurodegenerative diseases
that cause neuronal death and apoptosis in vitro (21).
In a study on dopamine neuron degeneration and glial
activation, MDMA increased TNF-o in caudate-
putamen (CPU) of adult mice (22). Besides that, many
studies conducted in vivo demonstrated the increase of
cytokine production and other neurotoxic parameters
after MDMA exposure, such as IL-1ra, IL-1RI, 5-HT,
Cannabinoid CB2 Receptor, HRP-conjugated Isolectin
B4 (ILB4), and glial fibrillary acidic protein (GFAP)
response (17,18,23,24). Therefore, further studies
should be conducted to evaluate genes or protein
expression to understand the mechanism of MDMA
neurotoxicity. The findings of this study can be the
basis for future studies involving the mechanism of
MDMA on neurotoxicity through microglial cells.

Conclusion

In summary, we discovered that MDMA promotes
changes in the viability, morphology, and production
of TNF-o in BV2 microglial cells in vitro. The changes
in these parameters indicated the activation of the
microglial cells after MDMA exposure. The BV2
microglial cell activation was noticed in their
morphological changes after MDMA administration to
the cells at >300 pg/mL. Meanwhile, the level of TNF-
a protein released increased compared to the control
group depending on the dose of MDMA exposure and
incubation time. Further study should be done on the
evaluation of other chemokines produced by BV2
microglial cells following MDMA exposure to
understand the mechanism underlying the neurotoxic
effects of MDMA.

Acknowledgment

This study was supported by the UniSZA Fundamental

The "Journal of Cellular and Molecular Anesthesia™ is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License

144

Journal of Cellular & Molecular Anesthesia (JCMA)




MDMA-Induced BV2 Microglial Cell Activation in Vitro

Mohamad et al.

Research Grant Scheme FRGS/1/2018/SKK10/
UNISZA/01/1 grant from the Malaysia Ministry of
Higher Education.

Conflicts of Interest

The authors declare that they have no conflict of
interest.

References

1. Soleimani Asl S, Mousavizadeh K, Pourheydar B, Soleimani M,
Rahbar E, Mehdizadeh M. Protective effects of N-acetylcysteine on
3, 4-methylenedioxymethamphetamine-induced neurotoxicity in
male Sprague-Dawley rats. Metab Brain Dis. 2013;28(4):677-86.
2. Schmued LC, Stowers CC, Scallet AC, Xu L. Fluoro-Jade C
results in ultra high resolution and contrast labeling of degenerating
neurons. Brain Res. 2005;1035(1):24-31.

3.da Silva DD SJ, Carmo H, Carvalho F. Neurotoxicity of
psychoactive substances: A mechanistic overview. Curr Opin
Toxicol 2021;28:76-83.

4. Mustafa NS, Bakar NHA, Mohamad N, Adnan LHM, Fauzi N,
Thoarlim A, et al. MDMA and the Brain: A Short Review on the
Role of Neurotransmitters in Neurotoxicity. Basic Clin Neurosci.
2020;11(4):381-8.

5. Herndon JM, Cholanians AB, Lau SS, Monks TJ. Glial cell
response to 3,4-(+/-)-methylenedioxymethamphetamine and its
metabolites. Toxicol Sci. 2014;138(1):130-8.

6. Ginhoux F, Lim S, Hoeffel G, Low D, Huber T. Origin and
differentiation of microglia. Front Cell Neurosci. 2013;7:45.

7. Harry GJ, Kraft AD. Neuroinflammation and microglia:
considerations and approaches for neurotoxicity assessment. Expert
Opin Drug Metab Toxicol. 2008;4(10):1265-77.

8. Kettenmann H, Hanisch UK, Noda M, Verkhratsky A.
Physiology of microglia. Physiol Rev. 2011;91(2):461-553.

9. Peng H, Geil Nickell CR, Chen KY, McClain JA, Nixon K.
Increased expression of M1 and M2 phenotypic markers in isolated
microglia after four-day binge alcohol exposure in male rats.
Alcohol. 2017;62:29-40.

10. Peng Y, Chu S, Yang Y, Zhang Z, Pang Z, Chen N.
Neuroinflammatory In Vitro Cell Culture Models and the Potential
Applications for Neurological Disorders. Front Pharmacol.
2021;12:671734.

11. Hoogland IC, Houbolt C, van Westerloo DJ, van Gool WA,
van de Beek D. Systemic inflammation and microglial activation:
systematic review of animal experiments. J Neuroinflammation.
2015;12:114.

12. Streit WJ, Xue QS. Life and death of microglia. J
Neuroimmune Pharmacol. 2009;4(4):371-9.

13. Puzi NN, Vidyadaran S. Microglia-induced Neurotoxicity: A
Review of in Vitro Co-culture Models. Malaysian J Med Health Sci
2020;16 (SUPP9):97-113.

14. Watters JJ, Sommer JA, Pfeiffer ZA, Prabhu U, Guerra AN,
Bertics PJ. A differential role for the mitogen-activated protein
kinases in lipopolysaccharide signaling: the MEK/ERK pathway is
not essential for nitric oxide and interleukin 1beta production. J Biol
Chem. 2002;277(11):9077-87.

15. Pan XD, Chen XC, Zhu YG, Zhang J, Huang TW, Chen LM,
et al. Neuroprotective role of tripchlorolide on inflammatory
neurotoxicity induced by lipopolysaccharide-activated microglia.
Biochem Pharmacol. 2008;76(3):362-72.

16. Frau L, Simola N, Plumitallo A, Morelli M. Microglial and
astroglial activation by 3,4-methylenedioxymethamphetamine
(MDMA) in mice depends on S(+) enantiomer and is associated
with an increase in body temperature and motility. J Neurochem.
2013;124(1):69-78.

17. Torres E, Gutierrez-Lopez MD, Borcel E, Peraile |, Mayado
A, O'Shea E, et al. Evidence that MDMA (‘ecstasy') increases
cannabinoid CB2 receptor expression in microglial cells: role in the
neuroinflammatory response in rat brain. J Neurochem.
2010;113(1):67-78.

18. Torres E, Gutierrez-Lopez MD, Mayado A, Rubio A, O'Shea
E, Colado MI. Changes in interleukin-1 signal modulators induced
by 3,4-methylenedioxymethamphetamine (MDMA): regulation by
CB2 receptors and implications for neurotoxicity. J
Neuroinflammation. 2011;8:53.

19. Chipana C, Camarasa J, Pubill D, Escubedo E. Memantine
prevents MDMA-induced neurotoxicity.  Neurotoxicology.
2008;29(1):179-83.

20. Pollock TB, Mack JM, Day RJ, Isho NF, Brown RJ, Oxford
AE, et al. A Fragment of Apolipoprotein E4 Leads to the
Downregulation of a CXorf56 Homologue, a Novel ER-Associated
Protein, and Activation of BV2 Microglial Cells. Oxid Med Cell
Longev. 2019;2019:5123565.

21. Yel,HuangV, ZhaolL, LiY,SunL, Zhou,etal. IL-1p and
TNF-a induce neurotoxicity through glutamate production: a
potential role for neuronal glutaminase. J Neurochem.
2013;125(6):897-908.

22. Fraul, Costa G, Porceddu PF, Khairnar A, Castelli MP, Ennas
MG, et al. Influence of caffeine on 3,4-
methylenedioxymethamphetamine-induced dopaminergic neuron
degeneration and neuroinflammation is age-dependent. J
Neurochem. 2016;136(1):148-62.

23. Orio L, O'Shea E, Sanchez V, Pradillo JM, Escobedo I,
Camarero J, et al. 3,4-Methylenedioxymethamphetamine increases
interleukin-1beta levels and activates microglia in rat brain: studies
on the relationship with acute hyperthermia and 5-HT depletion. J
Neurochem. 2004;89(6):1445-53.

24. Thomas DM, Dowgiert J, Geddes TJ, Francescutti-Verbeem
D, Liu X, Kuhn DM. Microglial activation is a pharmacologically
specific marker for the neurotoxic amphetamines. Neurosci Lett.
2004;367(3):349-54.

The "Journal of Cellular and Molecular Anesthesia™ is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License

Vol 7, No 3, Summer 2022

145




