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Abstract:

Ecstasy is a widely abused psychoactive recreational drug that is known to induce neuroplastic effects. The molecular basis of addic-

tion remains poorly understood, but diverse lines of evidence suggest that neurotrophins (BDNF, NT-3 and NT-4) play a role in the

regulation of synaptic plasticity. The present study was designed to evaluate the alteration of NT-4 protein levels and gene expression

in the brain stem, cerebellum and cerebral hemisphere of rat brains in the context of ecstasy dependence. Ecstasy addiction was in-

duced by intraperitoneal injection of ecstasy (10 mg/kg) for 5 days. After chronic ecstasy treatment, the NT-4 levels in the above-

mentioned areas of the brain were determined by ELISA. There was a significant increase in the NT-4 protein concentration in the

brain stem, cerebellum and cerebral hemisphere when compared with control group. Additionally, these regions were assayed for the

transcription of NT-4 using semi-quantitative RT-PCR normalized to �-actin gene transcription. The results show that chronic ad-

ministration of ecstasy significantly increased NT-4 gene expression in the abovementioned areas of brain. The current work demon-

strates that ecstasy induced-maladaptations may be regulated by NT-4.
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Introduction

Drugs can produce widespread effects on the structure

and function of neurons throughout the brain’s reward

circuitry, and these changes are believed to underlie

the long-lasting behavioral phenotypes that character-

ize addiction. It has been reported that drug addiction

is a model of neural plasticity similar to learning and

memory in some respects, suggesting a molecular

connection between these unrelated behaviors [16,

23]. Although the intracellular mechanisms regulating

the structural plasticity of neurons are not fully under-

stood, accumulating evidence suggests an essential

role for neurotrophic factor signaling in the neuronal

remodeling that occurs after chronic drug administra-

tion [1]. In addition to their well-known roles in the

neuronal survival and differentiation, neurotrophic factors

may be involved in activity-dependent processes such as

synaptic plasticity [18]. The mammalian neurotrophins

NGF, brain-derived neurotrophic factor (BDNF),

neurotrophin-3 (NT-3) and neurotrophin-4 (NT-4) bind

to and activate two classes of receptors: the tropomy-

osin-related kinase (Trk) family receptors and p75

which is a member of the tumor necrosis factor (TNF)

receptor super family [25]. Among neurotrophins,

998 �����������	��� 
������ ����� ��� ��������

�����������	��� 
�����

����� ��� ��������

	

� ��������

��������� � ����

�� 	�������� �� �� �! "�#���

��#��� $" %�!� �� 
"���"��



NT-4 is reportedly required for the synaptic plasticity

that mediates both addiction [9, 13, 14] and memory

[34]. NT-4 exerts its influence on the brain chiefly

through the TrkB receptor, which is a member of the

tyrosine kinase (Trk) family of receptors [2]. The re-

ceptor for NT-4 and BDNF is the same: TrkB. Earlier

studies have demonstrated that neurotrophins play

a key role in the survival and differentiation of mid-

brain dopaminergic neurons in vivo and in vitro [15].

BDNF has been shown to influence the release of do-

pamine in the mesolimbic dopamine system [3].

Additionally, the BDNF/TrkB pathway has been im-

plicated in the methamphetamine-induced release of

dopamine and the induction of dopamine-related be-

haviors [21]. Many recreational drugs have been syn-

thesized chemically in recent decades [20]. For exam-

ple, ecstasy or 3,4-methylenedioxymethamphetamine

(MDMA) can be synthesized from amphetamine.

Ecstasy is a commonly used recreational drug, often

ingested at dance clubs [24]. It is thought that psy-

choactive drugs modify the central nervous system.

Methamphetamine is known to accelerate the release

of dopamine, 5-HT and norepinephrine [11, 29].

MDMA can cause the release of dopamine, activating

pleasure centers in a manner consistent with the ac-

tion of drugs with dependence liability [12]. The

mechanisms underlying ecstasy-induced neuroplastic-

ity are not understood. Ecstasy may enhance the re-

ward associated with drugs of abuse by increasing the

level of BNDF [17]. Most previous reports about psy-

chostimulant addiction (especially to ecstasy) and

neurotrophins are related to BDNF. As far as we

know, no reports of psychostimulant-induced NT-4

alteration have been published, and unfortunately past

investigations have not considered or observed the

alteration of NT-4 levels during ecstasy administra-

tion. The main aim of our study was to investigate the

chronic effect of ecstasy on NT-4 (as a neuro-

plasticity-inducing factor) mRNA expression and

NT-4 protein levels in three primary brain subdivi-

sions: the cerebral hemisphere, the brain stem and the

cerebellum. Additionally, chronic exposure to ecstasy

resulted in dependency. Such data are important be-

cause they could reveal the role of NT-4 in the neuro-

plasticity of the brain during ecstasy addiction. In-

creasing evidence has implicated the cerebellum in

addictive behavior. Addictive drugs can act on mo-

lecular and cellular targets in the cerebellum and in-

duce mechanisms of neuroplasticity [19]. The brain

stem was selected for studying the effect of ecstasy on

BDNF [17]. Finally, the abnormality of hemispheric

organization resulting from addiction was researched

[31].

Materials and Methods

Animals

In this study, male Wistar rats weighing 180–220 g (n = 7)

were used. They were housed at a controlled tempera-

ture (22 ± 2°C) and under a 12-h light-dark cycle.

Animals had free access to water and food. All ex-

perimental and animal care procedures were per-

formed with the approval of the Tabriz University In-

stitutional Animal Care and Use Committee and in ac-

cordance with the NIH Guidelines for the Care and

Use of Animals in Research.

Ecstasy addiction and withdrawal

Ecstasy addiction was induced by intraperitoneal in-

jection of MDMA (10 mg/kg) for 5 days. A dose of

5 mg/kg dose typical for recreational human use, but

a higher dose (e.g., 10 mg/kg) exerts greater behav-

ioral and neurochemical effect on the brain [30].

MDMA was dissolved in physiological saline and in-

jected in a volume of 1 ml/kg. The animals were sac-

rificed 48 h after the last injection of MDMA. In a pi-

lot study assessing the behavioral signs of ecstasy

withdrawal (spontaneous withdrawal), animals were

studied while housed in clear plastic cages. The fol-

lowing withdrawal signs were measured: teeth chat-

tering, repetitive head movement and weight loss.

Teeth chattering and repetitive head movement were

scored based on multiples of five incidents (0 = no inci-

dents; 1 = 1–5 incidents; 2 = 6–10 incidents; 3 = 11–15

incidents, etc.). Scoring for the amount of weight loss

was calculated based on multiples of 5 g (0 = no loss;

1 = 1–5 g; 2 = 6–10 g; 3 = 11–15 g, etc.). The animals

were sacrificed 48 h after the last injection of MDMA.

Tissue preparation

Brain extracts (brain stem, cerebellum and cerebral

hemisphere) were prepared by homogenization in

20 volumes (w/v) of cold 100 mM Tris-HCl buffer
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(pH 7.0) containing 400 mM NaCl, 0.05% sodium

azide, 4 mM EDTA, 2% BSA, 2% gelatine, 1 mM

PMSF, and 80 µl aprotinin. Cellular debris was re-

moved by centrifugation at room temperature (15 min,

13,000 rpm), and supernatants were used for assessing

NT-4 concentrations [10].

NT-4 ELISA

For the measurement of the NT-4 levels in the brain

stem, cerebellum, and cerebral hemisphere, a sand-

wich-type enzyme-linked immunoassay was devel-

oped. Brain homogenates were incubated in duplicate

in a 96-well microplate that had previously been

coated with an anti-NT-4 monoclonal antibody (R&D

Systems, England). This assay employed the quantitative

sandwich enzyme immunoassay technique. A mono-

clonal antibody specific for NT-4 was used to precoat

a microplate. Standards and samples were pipetted

into the wells, and any NT-4 present was bound by the

immobilized antibody. The color development was

stopped, and the intensity of the color was measured.

Gene expression study

In the ecstasy and control groups after brain extrac-

tion, the brain stem, cerebellum and cerebral hemi-

sphere were immediately separated and preserved in

the liquid nitrogen until use.

RNA isolation and RT-PCR amplification

A gene expression assay was done using semiquanti-

tative reverse transcriptase polymerase chain reaction

(RT-PCR). Briefly, total cellular RNA was isolated us-

ing a modification of the guanidine isothiocyanate-

phenol-chloroform method, using RNX� reagent (Cin-

naGen, Iran). The reverse transcription was performed

using an oligo-dT primer and M-MuLV reverse tran-

scriptase (Fermentas, Lithuania) based on the manu-

facturer’s protocol. PCR reactions were carried out us-

ing selective forward and reverse primers for �-actin

(internal standard) and NT-4. The sequences of the

primers are presented in Table 1. Tag DNA po-

lymerase (CinnaGen, Iran) was used for DNA ampli-

fication. The reactions were set up based on the

manufacturer’s protocol. To amplify the cDNA, PCR

reactions included incubation at 95°C for 5 min, fol-

lowed by 28 cycles of thermal cycling (60 s 94°C,

60 s at 65°C and 60 s at 72°C). The final cycle was

followed by a 5 min extension step at 72°C The reac-

tion parameters were adjusted to obtain conditions un-

der which there was a linear relationship between the

number of PCR cycles and the amount of PCR prod-

uct and a linear relationship between the initial

amount of cDNA template and the amount of PCR

product. PCR products were subsequently analyzed

on 1.5% agarose gels (Roche, Germany), and bands

were quantified by densitometry using LabWorks

analysis software (UVP).

Statistical analysis

Data are shown as the means ± SEM. The NT-4 con-

centrations (ELISA study) in the mentioned brain tis-

sues from the ecstasy group were compared with

those of the control group. In gene expression studies,

the band densities were normalized to �-actin for each

sample. The averages for different groups were compared

using ANOVA followed by the Student-Newman-Keuls

test for multiple comparisons at the 0.05 level of sig-

nificance.

Results

Test of dependence on MDMA

Figure 1 shows the results of withdrawal syndrome

test. In our pilot study, MDMA-treated rats showed at

least three withdrawal signs including teeth chatter-

ing, repetitive head movement and weight loss. Con-

trol rats did not show any defined withdrawal signs.
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Tab. 1. Sequences of the primers used for PCR amplification

Gene Primer Sequence

NT-4 F 5’-CCCTGCGTCAGTACTTCTTCGAGAC-3’

R 5’-CTGGACGTCAGGCACGGCCTGTTC-3’

�-Actin F 5’ CCC AGA GCA AGA GAG GCA TC- 3’

R 5’ CTC AGG AGG AGC AAT GAT CT-3’



Influence of ecstasy on the NT-4 protein levels

in the three parts of the brain

As shown in Figure 2, chronic treatment with ecstasy

(10 mg/kg) changed the NT-4 protein level. Chronic

injection of ecstasy induced significant increases (p <

0.01) in the NT-4 concentration in the brain stem and

the cerebellum of the rats. Additionally, chronic injec-

tion of ecstasy induced a significant increase (p <

0.05) in the NT-4 concentration in the cerebral hemi-

sphere of the rats.

Regulation of NT-4 gene expression in three

parts of the brain as the result of chronic

ecstasy treatment

As shown in Figure 3, chronic treatment with ecstasy

(10 mg/kg) changed NT-4 gene expression. Chronic

treatment with ecstasy induced a significant increase

(p < 0.01) in the NT-4 mRNA level in the brain stem.

Additionally, the levels of NT-4 mRNA in the cerebel-

lum and cerebral hemisphere were significantly

higher (p < 0.05). The ecstasy-induced increases in

NT-4 expression were represented by the increase of

the mean optical density in the brain stem.

Enzymatic restriction digests

Ethidium bromide staining of PCR products showed

single bands of the expected size: 408 bp for NT-4

and 830 bp for �-actin (Fig. 4). To confirm the iden-

tity of the amplified DNA, the PCR products for NT-4

and �-actin were digested with the restriction endonu-

cleases Eco47III and Taq I, respectively. The size of

the expected and obtained fragments for NT-4 and

�-actin were identical (145 and 263 bp, and 497 and

333 bp, respectively) (Fig. 4). The possibility of the
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Fig. 3. Effect of the chronic administration of ecstasy on NT-4 gene
expression in the brain stem, cerebellum and cerebral hemisphere.
In the chronic ecstasy group, ecstasy dependence was induced by
intraperitoneal injection of ecstasy (10 mg/kg for 5 days). NT-4 gene
expression was assayed by semi-quantitative PCR and band densi-
tometry, and the results were normalized to �-actin expression: n = 7,
** p < 0.01 and * p < 0.05 comparing the chronic ecstasy group with
the control group

Fig. 1. Test of the dependence of rats on MDMA. Animals received
intraperitoneal injections of MDMA (10 mg/kg) for 5 days. The follow-
ing spontaneous withdrawal signs were measured: teeth chattering,
repetitive head movement and weight loss. Data are expressed as
the mean values of the MDMA withdrawal behaviors ± SEM. Control
rats did not show any defined withdrawal signs

-

Fig. 2. Changes in the protein levels of NT-4 in the brain stem, cere-
bellum and cerebral hemisphere during ecstasy addiction. Ecstasy
dependence was induced by intraperitoneal injection of ecstasy
(10 mg/kg) for 5 days. Brain samples were collected 48 h after the
last injection of ecstasy. Control groups were given saline treatment
(1 ml/kg) following the same procedure. Each column represents the
means ± SEM, n = 7, ** p < 0.01 and * p < 0.05 compared with the
control group



presence of contaminating genomic DNA was ruled

out using the products of a reverse transcriptase-

minus (RT�) reaction instead of cDNA template for

the PCR amplification: no DNA amplification was

observed in this reaction (data not shown).

Discussion

The results of this study show that chronic administra-

tion of ecstasy increased the expression level of NT-4

mRNA. Changes in mRNA levels often reflect

changes in gene expression. The latter may result in

changes in NT-4 protein levels, which can cause func-

tional changes. Our results show that chronic ecstasy

treatment induced a significant increase in NT-4 pro-

tein level and in the level of NT-4 gene expression.

Thus, the results of this study suggest that chronic ec-

stasy administration can positively regulate the NT-4

signaling pathway. The development of drug addic-

tion is still not understood. Previous research has sug-

gested that abnormal gene expression in the brain, im-

pairment of neuronal cells and changes in the plastic-

ity of neurons may play important roles in the

development of addiction [22]. The associative

mechanisms of synaptic plasticity provide a powerful

means of modifying the strength of synapses [32]. It

has been documented that methamphetamine pro-

duces a dose-dependent increase in the release of do-

pamine (DA) at the terminals of DAergic neurons [8].

Recent behavioral studies have demonstrated that lo-

cal administration of BDNF or other neurotrophic fac-

tors augments nigrostriatal DAergic functioning and

locomotor behavior [26]. As mentioned in the intro-

duction, most of previous reports about psychostimu-

lant addiction (especially to ecstasy) and neurotro-

phins are related to BDNF, and we did not find any

suitable article to describe the correlation between of

NT-4 and ecstasy. Because BDNF and NT-4 bind to

the same receptor, we emphasized on the TrkB in-

volvement in ecstasy addiction. Recently, it was re-

ported that BNDF and NT-4 employ different intracel-

lular pathways to modulate norepinephrine uptake

and release in the rat hypothalamus [28]. According

to the reference number 28, after binding TrkB, NT-4

and BDNF activate the PI3K and PLC pathways, re-

spectively. Rodriguez Fermepin et al. [28] especially

emphasized the roles of the different intracellular

pathways of NT-4 and BDNF in norepinephrine up-

take and release in the rat hypothalamus. In the field

of neurotrophic mechanisms of drug addition, it has

been generally reported that neurotrophins trigger

three main signaling pathways via activation of the

Trk receptor: 1) the PLC pathway, 2) the PI3K path-

way and 3) the ERK-MAPK pathway [6]. In other re-

ports, the binding of BDNF to TrkB during cocaine

addiction, was shown to increase PI3K levels [7], and

findings of the reference number 7, is in contrast to

Rodriguez Fermepin et al.’s findings. It seems that the

NT-4 or BDNF-mediated mechanisms of drug addic-

tion activate both the PI3K pathway and the PLC

1002 �����������	��� 
������ ����� ��� ��������

A

B

Fig. 4. DNA fragments amplified for �-actin (A), and NT-4 (B) and the
results of their enzymatic digestion are presented. (A): Lane 1 (L) =
100 bp DNA ladder, Lane 2 = amplified 830-bp segment for �-actin,
Lane 3 = two DNA segments resulting from the Taq 1 enzymatic di-
gestion of the amplified �-actin fragment (B): Lane 1(L) = 100-bp
DNA ladder, Lane 2 = amplified 408-bp segment for NT-4, Lane 3 =
two DNA segments resulting from the Eco47III enzymatic digestion of
the amplified NT-4 fragment



pathway and promote drug-induced biochemical and

behavioral changes. Methamphetamine significantly

releases the concentration of DA in the nucleus ac-

cumbens [35], which results in the activation of their

DA-related actions, including drug dependence [5]. It

was found that microinjection of either BDNF or

TrkB antibodies into the nucleus accumbens dimin-

ished methamphetamine-induced DA release in the

nucleus accumbens. Furthermore, pretreatment with

the microinjection of either BDNF or TrkB antibody

into the nucleus accumbens suppressed the haloperi-

dol-reversible rearing and sniffing behaviors elicited

by methamphetamine [21]. Because the midbrain DA

system is important in mediating drug addiction, re-

cent studies have suggested that neurotrophins may

play pivotal roles in drug addiction [4]. It has been re-

ported that increased central BDNF activity is a risk

factor for drug addiction [30]. At a genetic level,

Uhl et al. [33], using 1004 subjects and 1494 single-

nucleotide polymorphisms to scan for vulnerability

genes for poly-substance abuse, found positive mark-

ers flanking the BDNF gene. It is clear that most pre-

vious scientific studies involved the investigation of

the role of BDNF in ecstasy addiction, but our study,

for the first time demonstrates that increased central

NT-4 activity may be involved in the pathogenesis of

drug addiction. The current study introduce the altera-

tion of NT-4 levels during ecstasy exposure, and fu-

ture investigations into intracellular pathways acti-

vated by NT-4 during psychostimulant addiction, es-

pecially in ventral tegmental area, the nucleus

accumbens and the amygdala, are clearly needed.
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