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1. Introduction

cstasy or 3, 4-methylenedioxymethamphet-
amine (MDMA), is a synthetic amphetamine 
derivative and  an illicit drug of abuse which 
is primarily consumed by young people in 
dance and music environments. Many stud-

ies  have demonstrated that MDMA is neurotoxic to the 
serotonin neurons (O'Leary et al., 2001). These effects 
seem to be dose- related, leading to memory impairment 
(Vorhees et al., 2009) and apoptosis in the hippocampus 
(Soleimani et al., 2012). It has been shown that MDMA 
induces cell death trough an apoptotic pathway through 
the release od cytochrome C and activation of the cas-
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Discussion: Our findings suggest that ginger consumption may lead to the improvement of 
MDMA-induced neurotoxicity.
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E
pase cascade (Jiménez et al., 2004). The neurotoxicity 
associated with MDMA exposure may be the result of 
oxidative stress leading to the formation of hydroxyl 
radicals (Shankaran et al., 1999), lipid peroxidation 
(Alves et al., 2009) and an increase in the number of 
tunnel positive cells in the hippocampus. The imbalance 
between reactive oxygen species (ROS) and the internal 
antioxidants result in the oxidative stress. Glutathione is 
an important intracellular antioxidant that protects cells 
against oxidative stress (Franco and Cidlowski, 2012).

It has been repeatedly reported that MDMA treatment 
may decrease the glutathione concentration (Miranda et 
al., 2007).
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As glutathione is unable to cross the BBB, possible 
treatment options would include the glutathione analog 
as a suitable candidate for therapeutic applications (Sliv-
ka et al., 1987). 

There is evidence that dietary components could im-
prove brain damage and cognitive function (Bisson et 
al., 2008 and Head, 2009). Ginger, member of the family 
of zingiberaceae, is widely used as a spicy seasoning. 
Moreover, it is used in Asian traditional medicine for 
treatment of stomach ache (Mascolo et al., 1989), nau-
sea, diarrhea, and joint and muscle pain (Ojewole et al., 
2006).

Ginger’s antioxidant activity ( Nanjundaiah et al., 
2009) and neuroprotective effects (Waggas et al., 2009) 
have been identified well. Kyung et al. suggest that gin-
ger can reduce cell death and restore the motor function 
in rats with spinal cord injury (2006). Our aim was to 
investigate the effects of ginger on the caspase expres-
sion following MDMA treatment. Our hypothesis was 
if ginger has any anti apoptotic effect, then MDMA plus 
ginger treated rats should exhibit diminished caspase ex-
pression in their hippocampui. 

2. Methods

2.1. MDMA and Ginger Preparation

3, 4-methylenedioxymethamphetamine was obtained 
from the Drug Control Headquarters. Zingiber officinale 
rhizomes with herbarium code no. 1483 were obtained 
from the Iranian institute of medicinal plant. About 500 
g of dried rhizomes powder of Zingiber officinale were 
extracted with 3 liter 70% aqueous ethanol using per-
colation method at room temperature. The extracts were 
filtered through Whatman filter paper and evaporated to 
dryness under reduced pressure at a maximum of 40ºC 
using a rotary evaporator. Zingiber officinale yielded 
33.28% dried extract. For treatment ginger was solved 
in normal saline. 

2.2. Animals

We included 15 male Sprague Dawley rats, weighing 
200-250 g (Razi Institute, Iran).  Animals were allowed 
to acclimatize to the colony room for one week prior to 
administration of MDMA. Rats were kept in the colony 
room at a temperature of 21 ± 1°C, relative humidity  of 
55± 5%, on a 12-h light/12-h dark cycle with access to wa-
ter and food ad libitum. All experimental procedures were 
performed in accordance with the Guidelines of the Ethical 
Committee of Tehran University of Medical Sciences.

Animals were assigned to the following groups:

1. Sham (saline) group (n=5) received normal saline ,1 
ml/kg, intraperitoneally (i.p.), daily for 1 week

2. MDMA groups (n=5) received 10 mg/kg 
MDMA,i.p., daily for 1 week.  

3. Treatment group (n=7) received 100 mg/kg ginger, 
i.p. at 9:00 plus 10 mg/kg MDMA at 13:00, i.p., daily 
for 1 week (Mehdizadeh et al., 2012). 

2.3. RT-PCR Experiment

The day after the last treatment, animals were eutha-
nized by cervical dislocation. The brains were removed; 
hippocampi were immediately dissected out on ice, and 
then frozen in liquid nitrogen and kept at -80 °C until use. 

Total mRNA was extracted from the frozen hippocam-
pi by using phenol-chloroform method.  Tissue samples 
were homogenized in 1000 µl RNATM (Cinnagen, Teh-
ran, Iran) then 200 µl ice-cold chloroform was added.  
The homogenates were centrifuged (Eppendrof, Ham-
burg, Germany) at 12000 g for 20 min in 4ºC.  The RNA 
of the supernatant was precipitated with isopropanol, 
and washed with ethanol 75%.  The air-dried RNA pellet 
was dissolved in RNase free water.  cDNA first-strand 
synthesis was performed using a cDNA synthesis Kit 
(Quiagen, Hilden, Germany).  First strand cDNA was 
used as template for subsequent PCR with a PCR mas-
ter kit (Cinnagen, Tehran, Iran), and primers (Cinnagen, 
Tehran-Iran) as follow:

β-actin: forward 5TGGAGAAGAGCTATGAGCT-
GCCTG3

reverse 5GTGCCACCAGACAGCACTGTGTTG3

caspase3: forward 5TTTGGAACGAACGGACCT-
GT3

reverse 5CACGGGATCTGTTTCTTTGC3

caspase 8: forward GCAGGACATGTGGGACTC-
GCC 3

reverse 5 TCAGGCACAGGCACCGCTTTC 3

caspase 9 forward 5GAAGAACGACCTGACTGC-
TAAG 3

reverse 5 AGGAGACAAAACCTGGGAAG 3

The PCR reactions included initial denaturation at 95 
ºC for 3 min, followed by 35 cycles with 95 ºC for 50 s, 
58 ºC for 45 s  and 72 ºC for 50 s  for caspase3, and 9 and 
35 cycles with 95 ºC for 50 s, 59 ºC for 45   and 72 ºC for 
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50 s  for caspase 8. The reactions were terminated by 72 
ºC for 7 min of elongation period.  The same annealing 
temperature was used for β-actin.  PCR products were 
separated by electrophoresis in 1% agarose gel at 100V. 
Our semi-quantitative analysis were made using a digital 
imaging system (UVIdoc,Houston,Texas,USA).

 2.4. Statistical Analysis

Statistical analyses were performed using the SPSS 
16 software. Data were presented as the mean ± S.E.M 
and the results were analyzed by one -way ANOVA with 
Tukey post-hoc comparison test. The p ≤ 0.05 was con-
sidered statistically significant.

3. Results

3.1. Protective Effect of ginger on Caspase-3 
Expression

As shown in Figure 1, there was a significant increase 
in caspase 3 expression in the MDMA group as com-
pared to the sham group (P<0.001). Ginger pretreatment 
significantly decreased caspase 3 expression compared 
to the MDMA group (p<0.001).

Figure 1. RT-PCR analysis of the caspase-3 expression in 
sham and treatment groups. A significant difference in the 
caspase-3 expression between sham and other groups was 
noted ( ap<0.001 vs. sham). Administration of ginger down- 
regulated the caspase-3 expression (b p<0.001 vs. MDMA 
group). 

Figure 2. RT-PCR analysis of the caspase-8 expression in 
sham and treatment groups. MDMA treatment led to a sig-
nificant increase in the caspae-9 expression ( ap<0.001 vs. 
sham). Administration of ginger down-regulated the cas-
pase-9 expression (b p<0.001 vs. MDMA group). 

Figure 3. RT-PCR analysis of the caspase-9 expression in 
sham and treatment groups. Exposure to MDMA caused 
an increase in the caspae-8 expression ( ap<0.001 vs. sham). 
Administration of ginger down- regulated the caspase-8 ex-
pression (b p<0.001 vs. MDMA group). 
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3.2. Protective Effect of Ginger On Caspase-8 
Expression

With regards to the caspase 3 mRNA expression, there 
was significant difference between the MDMA and con-
trol group for caspase8 expression (p < 0.001, Figure 2).  
Moreover, subsequent analysis revealed that exposure 
to ginger resulted in significant reduction in caspase 8 
expression compared to MDMA- treated rats (p<0.001). 

3.3. Protective Effect of Ginger on Caspase-9 
Expression

Densitometry from the electrophoresis gel showed sig-
nificantly more expression of the caspase-9 gene in the 
MDMA group than the other groups (P<0.001, Figure 
3). Ginger pretreatment caused a significant reduction in 
caspase-9 expression as compared to the MDMA group 
(p<0.001).

4. Discussion

The major finding of this study was the attenuation of 
caspase expression by ginger following MDMA treat-
ment. Pretreatment with ginger was protective against 
MDMA- induced neurotoxicity in the hippocampus.

The brain is sensitive to oxidative stress due to low an-
tioxidant and cell membrane lipids (Café et al., 1995). 
Therefore, the use of an external antioxidant is one of the 
most common therapeutic strategies for the treatment of 
neurotoxicity. Ginger is a spice that contains thiol group, 
which has antioxidant activity (Nanjundaiah et al., 2009) 
and neuroprotective effect (Waggas et al., 2009).

The hippocampus is an important brain structure sub-
stantially involved in learning and memory (Deng et al., 
2012).  Several studies have suggested that many neuro-
toxic factors can induce neuronal damage in the hippo-
campus (Che et al., 2010 and Singh et al., 2010), thus the 
use of external antioxidant may improve these insults 
(Alipanahzadeh et al., 2012, Soleimani et al., 2011).

Consistent to other study, our results demonstrated a 
well noted MDMA-induced neuronal death in the hip-
pocampus (Wang et al., 2009 and Escubedo et al., 2011). 
MDMA causes rapid intracellular Ca2+ influx, mito-
chondrial membrane depolarization, ROS production 
and Caspase-9 activation (Montgomery et al., 2010). 
Injection of methamphetamine as another amphetamine 
derivates triggers the activation of the programmed cell 
death pathway and causes up-regulation of Bax and 
down regulation of Bcl-2 (Jayanthi et al., 2001).

Programmed cell death or apoptosis depends on activa-
tion of caspases such as caspases 3, 8, and 9  that cleave 
a number of substrates resulting in the biochemical and 
morphological changes typical for this form of death 
(For review see Favaloro et al., 2012). 

In this study, we showed down- regulation of caspase 
3, 8, and 9 genes in ginger plus MDMA treated group 
in comparison with MDMA group. Our results are con-
sistent with the other studies. For instance, Mehdizadeh 
et al. reported that ginger could alter MDMA- induced 
apoptosis (Mehdizadeh et al., 2012). They showed that 
ginger pretreatment up- regulated anti apoptotic Bcl-
2 and down- regulated proapoptotic Bax proteins in 
MDMA- treated rats. Furthermore, 6-shagoal purified 
from ginger could lead to prominent decrease in PARP 
apoptosis protein and increase in the expression of Bcl-2 
antiapoptotic protein in spinal cord injury (Kyung et al., 
2006). It has been reported that ginger can decrease the 
oxidative stress by increasing the activity of SOD in ce-
rebral cortex, hippocampus, and striatum and increases 
the activity of CAT and GSH in cerebral cortex and hip-
pocampus resulting in the decrease of lipid peroxidation 
level in all areas mentioned earlier (Kyung et al., 2006).
Therefore the neuroprotective effect of Z.afficinale ex-
tract might be related to its antioxidant effects.

In conclusion, our findings suggested that ginger could 
decrease MDMA-induced apoptosis in the hippocampus 
of male rats. Therefore, ginger appears to be a useful 
medicinal herb as a potential treatment for the MDMA-
associated adverse effects.
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