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Introduction: The neuroprotective impact of curcumin and the role of CREB (Cyclic AMP 
Response Element Binding protein)-BDNF (Brain-Derived Neurotrophic Factor) signaling 
pathway was evaluated in Methamphetamine (METH)-induced neurodegeneration in rats.

Methods: Sixty adult male rats were randomly divided into 6 groups. While normal saline 
and 10 mg/kg METH were administered intraperitoneally in groups 1 and 2, groups 3, 4, 5, 
and 6 received METH (10 mg/kg) and curcumin (10, 20, 40, and 80 mg/kg, respectively) 
simultaneously. Morris water maze test was administered, and oxidative hippocampal, 
antioxidant, inflammatory, apoptotic, and CREB and BDNF were assessed.

Results: We found that METH disturbs learning and memory. Concurrent curcumin therapy 
(40 and 80 mg/kg) decreased cognitive disturbance caused by METH. Multiple parameters, 
such as lipid peroxidation, the oxidized form of glutathione, interleukin 1 beta, tumor necrosis 
factor-alpha, and Bax were increased by METH therapy, while the reduced type of glutathione, 
Bcl-2, P-CREB, and BDNF concentrations in the hippocampus were decreased. 

Conclusion: Different doses of curcumin adversely attenuated METH-induced apoptosis, 
oxidative stress, and inflammation but enhanced the concentrations of P-CREB and BDNF. 
The neuroprotection caused by curcumin against METH-induced neurodegeneration is 
mediated through P-CREB-BDNF signaling pathway activation.
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1. Introduction

s a major neurotrophic factor, the Brain-
Derived Neurotrophic Factor (BDNF) 
facilitates the growth and regenera-
tion of neurons. Brain regions known 
for regulating attention, emotions, and 
rewards express the elevated levels of 
BDNF (Hattiangady, Rao, Shetty & 

Shetty, 2005; Lee et al., 2005). Cyclic AMP Response 
Element Binding protein (CREB), as the main transcrip-
tion factor, regulates the genes involved in synaptic and 
neural survival, neuroprotection, and neural plasticity, 
such as BDNF (Motaghinejad, Motevalian, Abdollahi, 
Heidari & Madjd, 2017; Motaghinejad et al., 2017). 
Neuroprotection is regulated by various drugs, such as 
herbal or natural compounds with therapeutic potential. 
The therapeutic potential of natural flavonoids and their 
derivatives is generally considered against neurodegen-
erative disorders and certain substance abuse-induced 
neurodisorder (Kim, 2005; Phani Kumar & Khanum, 
2012). Other than flavonoids, phenols such as curcum-
in (diferuloylmethane) have antioxidant (Raza, John, 
Brown, Benedict & Kambal, 2008), anti-depressant, 
anti-inflammatory, anti-apoptotic and immunomodu-
latory activity (Kuhad, Pilkhwal, Sharma, Tirkey & 
Chopra, 2007; Zbarsky et al., 2005). As confirmed by 
biochemical research of diseases such as Alzheimer and 
Parkinson, curcumin therapy protects against oxidative 
stress by reducing lipid peroxidation and increasing an-
tioxidant enzyme activity, such as superoxide dismutase 

(SOD) and catalase (Kuhad et al., 2007; Tiwari & Cho-
pra, 2012; Zbarsky et al., 2005). Increased concentra-
tions of alcohol-induced Tumor Necrosis Factor-ш 
(TNF-5-007) and Interleukin (IL)-1β are also decreased 
by curcumin chronic therapy (Darvesh et al., 2012; Ku-
had et al., 2007). These characteristics contribute to the 
potential therapeutic effect of curcumin for neurodegen-
erative diseases, but its exact mechanism is unknown 
(Darvesh et al., 2012; Kuhad et al., 2007).

In this study, we used Methamphetamine (METH), a 
drug that its abuse has risen in recent years (Barr et al., 
2006; Darke, Kaye, McKetin & Duflou, 2008). The im-
pacts of METH's chronic use and its biochemical and 
behavioral consequences remain unclear (Barr et al., 
2006; Darke et al., 2008). METH induces the release 
into synaptic terminals of dopamine, norepinephrine 
and, to a lower degree of serotonin (Thrash, Karuppa-
gounder, Uthayathas, Suppiramaniam & Dhanasekaran, 
2010; Volkow et al., 2001). This causes receptor hyper-
stimulation at acute stages and also decreases its receptor 
regulation at chronic stages (Thrash et al., 2010; Volkow 
et al., 2001). Functionally and pharmacologically, 
METH is similar to cocaine, resulting in increased po-
tential levels of abuse and addiction (Thrash et al., 2010). 
In the experimental rodent model, chronic METH abuse 
can cause behavioral changes such as behavioral anxi-
ety and depression, as well as cognitive (learning and 
memory) diseases (Brecht, O’Brien, von Mayrhauser 
& Douglas Anglin, 2004; Narita, Aoki, Takagi, Yajima 
& Suzuki, 2003). Experimental studies have confirmed 

Highlights 

• Curcumin counteracts methamphetamine-induced neurodegeneration in rat hippocampus.

• Curcumin neutralizes methamphetamine-induced behavioral changes in adult rats.

• Curcumin nullifies methamphetamine-induced CREB/BDNF changes in protein levels in rat hippocampus.

• Neuroprotective effects of curcumin against methamphetamine might be mediated by CREB/BDNF signaling pathway. 

Plain Language Summary 

Methamphetamine chronic abuse may induce changes in behavior such as anxiety and depression, as well as cogni-
tive (learning and memory) dysfunction in the experimental rodent model. Abuse of this psychostimulant induces oxi-
dative stress, inflammation, apoptosis, and brain cell damage. Curcumin is an active compound and herbal containing 
flavonoids with antioxidant, neuroprotection, anti-depressant, anti-inflammatory, anti-apoptotic and immunomodula-
tory effects. Curcumin can recover the hippocampus from neuronal damage caused by methamphetamine. Current re-
sults have shown that curcumin can prevent oxidative stress, inflammation, apoptosis, and behavioral changes induced 
by methamphetamine. Curcumin induces neuroprotection against neurodegeneration caused by methamphetamine.
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the prospective impact of METH on neurodegeneration in 
certain brain regions, such as the hippocampus responsible 
for memory and anxiety (Narita et al., 2003). METH abuse 
may contribute apoptotic protein production such as Bax, 
caspase 3, 8, and 9 with fragmentation of DNA occurring 
in brain regions including hippocampus and amygdala, as 
confirmed in previous studies (Cadet, Jayanthi & Deng, 
2005; Wu et al., 2007). METH and other compounds of 
neuro-stimulants in brain cells may cause inflammation, 
oxidative stress and mitochondrial dysfunction (Jumnong-
prakhon, Govitrapong, Tocharus & Tocharus, 2016; Zhang, 
Banerjee, Banks & Ercal, 2009). In certain brain regions 
such as the hippocampus (CA1, CA2, CA3, and DG) and 
the amygdala, the neurotoxicity caused by METH is more 
noticeable (Gonçalves et al., 2010; Jumnongprakhon et 
al., 2016; Yamamoto & Raudensky, 2008). Our research 
aimed to evaluate Curcumin's neuroprotective proper-
ties against METH induced hippocampal damage and to 
conclude the role of P-CREB-BDNF signaling pathway 
in this defense. It is proposed that curcumin play a role in 
protecting hippocampal and frontal neurons from stress-
induced damage via CREB and BDNF up-regulation; a 
hypothesis that has yet to be confirmed.

2. Methods

2.1. Study animals

Sixty adult Wistar male rats, weighing between 250-300 
g, were bought from the laboratory house at the Iran Uni-
versity of Medical Sciences. The room temperature was 
controlled (22±0.5°C) under the 12 h light/dark cycle. The 
free access to food and water was also totally provided 
for them.

2.2. Study drugs

Curcumin and METH, obtained from Sigma Aldrich 
(USA), were dissolved just before administration in a nor-
mal saline.

2.3. Experimental design

• Group 1 (control group) received normal saline (0.2 
ml/rat, i.p) for a period of 21 days, and group 2 (METH) 
received METH (10 mg/kg, i.p) for 21 days.

• Groups 3, 4, 5, and 6 received combined doses of 
METH (10 mg/kg, i.p.) and curcumin (10, 20, 40, and 80 
mg/kg, i.p., respectively). It should be mentioned that Cur-
cumin’s administration was preliminary in these groups, 
and then METH was administered after one hour. The dose 
of methamphetamine used for the initiation of neurodegen-

eration and neuroprotective curcumin doses were chosen 
based on previous similar experimental studies (Belviranlı, 
Okudan, Atalık & Öz, 2013; Carmena et al., 2015; Levi et 
al., 2012; Yadav et al., 2010; Zhao et al., 2010). 

The Morris Water Maze (MWM) task, a common thera-
peutic approach to learning and memory testing, was 
conducted on the animals on the 17th and 21st days. After 
the 22nd day, all animals were sacrificed, and their hippo-
campal tissue was tested for oxidative stress, inflamma-
tion, and apoptosis. Considering the importance of CREB 
signaling and its product BDNF, we studied the impact of 
curcumin on METH-mediated disturbances through the 
CREB signaling pathway in hippocampal tissues.

2.4. Behavioral method

2.4.1. Morris Water Maze (MWM)

MWM was conducted as a standard cognitive method for 
assessing cognition and spatial memory based on previous 
research. In this experiment, the time of escape latency, 
defined by the time spent to find the hidden platform and 
the distance traveled, determined by the distance of each 
animal spent to reach the hidden platform and the percent-
age of animal presence in the target quarter was evaluated 
(Motaghinejad, Motevalian, Fatima, Hashemi & Gholami, 
2017; Vorhees & Williams, 2006).

2.5. Molecular atudy

2.5.1. Mitochondrial preparations 

As mentioned above, all animals were anesthetized with 50 
mg/kg sodium thiopental IP, and the total hippocampus tissue 
was isolated. Subsequently, the mitochondria of the hippo-
campal cells were isolated and prepared by standard protocol 
according to previous studies (Motaghinejad et al., 2017; Mo-
taghinejad et al., 2017; Vorhees & Williams, 2006).

2.5.2. Determination of oxidative stress parameters

Level of lipid peroxidation, Malondialdehyde (MDA) 
production, SOD, Glutathione Peroxidase (GPx) and Glu-
tathione Reductase (GR) activities, the amount of reduced 
form, protective from, the oxidized form, and toxic form 
(GSSG) of Glutathione (GSH) were measured as men-
tioned above in the standard protocols (Motaghinejad 
2017; Motaghinejad, Motevalian, Fatima, Beiranvand & 
Mozaffari, 2017; Motaghinejad et al., 2017; Motaghine-
jad, Seyedjavadein, Motevalian & Asadi, 2016).
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2.5.3. Measurement of protein expression 

We studied the expression or level of protein CREB 
(both activated [phosphorylated] and inactivated [total 
from]) BDNF, Akt-1 (both activated [phosphorylated] 
and inactivated [total from]), GSK3 (both activated 
[phosphorylated] and inactivated [total from]), Tumor 
Necrosis Factor (TNF)-α, Interleukin (IL)-1β, Bax, and 
Bcl-2 in isolated hippocampus by ELISA commercial 
kits (MyBioSource, San Diego, USA) according to pre-
vious studies (Chen et al., 2004; Motaghinejad, Moteval-
ian, Fatima, Faraji & Mozaffari, 2017). IL-1β, TNF-α, 
Bax and Bcl-2 levels were identified as ng/mL; also 
BDNF and both types of CREB, Akt-1, GSK3 levels 
were reported as pg/mL in hippocampus tissue suspen-
sions (Arican, Aral, Sasmaz & Ciragil, 2005; Demircan, 
Safran, Soylu, Ozcan & Sizmaz, 2006; Lee, Kim, Park 
& Kim, 2007; Shi et al., 2010).

2.5.4. Statistical analysis

The data analysis was carried out in GraphPad PRISM 
v. 6, and the test group was evaluated by ANOVA. The 
group averages are compared with the Tukey test at sub-
stantial level of less than 0.001 to assess the severity of 
the behavior.

3. Results

3.1. Escape latency, traveled distance and swim-
ming speed assessment in Morris Water Maze 
(MWM) training period 

Comparing to the control groups, METH (10 mg/kg) 
induces a noticeable increase in escape latency and trav-
eled distance during the 4-day MWM training period 
(P<0.001) (Figure 1A & B). In contrast to METH (10 
mg/kg) received group, all different curcumin doses in-
hibited METH, leading to a significant reduction in es-
cape latency and distance travel (P<0.001) (Figure 1A & 
B). No changes in swimming speed were noticed during 
animal group training (Figure 1C).

3.2. Evaluation of target quarter percentage in 
probe trial of Morris Water Maze (MWM)

Compared to the control groups, 10 mg/kg of METH 
caused a noticeable reduction in the percentage of ani-
mal presence in the target quarter (P<0.001) (Figure 1D). 
Also, curcumin can significantly reduce the METH-me-
diated decrease in the presence of animals in the target 
quarter at all doses (Figure 1D).

3.3. Curcumin diverse doses effect on METH-
caused oxidative stress 

METH therapy (10 mg/kg) significantly reduced mi-
tochondrial GSH content and reduced SOD, GPx, and 
GR while increasing the MDA and GSSG levels com-
pared to the control group. On the contrary, high doses of 
curcumin (40 and 80 mg/kg) increased the GSH content 
and SOD, GPx, and GR activity, reducing the MDA and 
GSSG levels in METH-received animals relative to the 
controls (P<0.001) (Figure 2). 

3.4. Effects of curcumin different doses on METH-
caused elevation of inflammatory biomarkers

METH (10 mg/kg) increases the levels of IL-1β and 
TNF-α substantially compared to the control group 
(P<0.001) (Figure 3). On the contrary, high doses of cur-
cumin (40 and 80 mg/kg) stopped the METH-mediated 
increase in the IL-1β and TNF-α levels compared to just 
the METH obtained group (P<0.001) (Figure 3).

3.5. Effects of curcumin different doses on METH-
caused modifications in Bax, Bcl-2, CREB, and 
BDNF proteins level 

METH (10 mg/kg) treatment increased Bax protein ex-
pression and decreased Bcl-2, BDNF, and CREB protein 
expression (total and phosphorylate forms) compared to 
the control group (P<0.001) (Figure 4). On the contrary, 
high doses of curcumin (40 and 80 mg/kg) increased 
Bcl-2, BDNF, and CREB (total and phosphorylate form) 
but decreased Bax protein expression compared to posi-
tive controls (P<0.001) (Figure 4). 

4. Discussion

This research was conducted to evaluate curcumin neu-
roprotection against hippocampal impairment induced 
by METH. Chronic METH administration at a dosage 
of 10 mg/kg may increase escape latency and distance 
travel in MWM according to our study, indicating that 
METH administration may reduce learning perfor-
mance. Also, METH administration in the probe trial re-
duced the percentage of presence in the aimed quarter of 
MWM, chronic use of the METH may reduce memory. 
The same result approved in the former study indicat-
ing prolonged administration of METH reduced learn-
ing and memory in rats (Cadet et al., 2005; Gonçalves 
et al., 2010). METH-induced dopamine, serotonin, and 
adrenaline to release into the brain, leading to downregu-
lation of mentioned amine receptors, resulting in cogni-
tion impairment (Gonçalves et al., 2010; Johnson et al., 
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Figure 1. Escape latency, traveled distance and swimming speed assessment in Morris Water Maze (MWM) training period

A: Escape latency mean; B: Traveled distance mean; C: Swimming speed mean; and D: Spent time percentage in target quarter 
of probe trial in the control group and treatment groups receiving 10 mg/kg of METH and 10 mg/kg of METH in combination 
with curcumin 10, 20, 40, and 80 mg/kg doses across all training days using Morris Water Maze (MWM) in rats. 

All data are expressed as Mean±SEM (n=8); ***P<0.05 vs control; ###P< 0.05 vs 10 mg/kg of Methamphetamine (METH).
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Figure 2. Curcumin diverse doses effects (10, 20, 40, and 80 mg/kg) 

A: METH-induced lipid peroxidation; B: SOD activity; C: GPx activity; D: GR activity; E: GSH; F: GSSG; and G: GSH/GSSG 
ratio in rats isolated hippocampus.

All data are expressed as Mean±SEM (n=8); ***P<0.05 vs control; ###P<0.05 vs 10 mg/kg of Methamphetamine (METH). 

SOD: Superoxide Dismutase; GPx: Glutathione Peroxidase; GR: Glutathione Reductase; GSH: Glutathione; GSSG: toxic Glutathione.
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2005). Our results indicate that high doses of curcumin 
(40 and 80 mg/kg) may have an effect on METH disor-
der associated with cognition. Several previous studies 
have shown that curcumin and other herbal compounds 
can improve learning and memory (Wang et al., 2010). 
Our findings show that various doses of curcumin can 
enhance METH caused neuroapoptosis, oxidative stress, 
and inflammation seen in rat hippocampus. 

Here you will find a review on curcumin’s effects on 
the biochemical factors of the hippocampus such as 
MDA, GSH, GSSG, GPx, GR, SOD, IL-β, TNF-α, Bax, 
Bcl-2, CREB (total and phosphorylate), and BDNF. We 
found that administration of METH increases the rate of 
hippocampal MDA, but treatment with curcumin (10, 
20, 40, and 80 mg/kg) decreases the risk of brain lipid 
peroxidation caused by METH. Higher doses of cur-

cumin (40 and 80 mg/kg) inhibited the MDA level more 
significantly than the low doses (10 and 20 mg/kg). Our 
results on METH-caused lipid peroxidation in neurode-
generative disorders like Alzheimer's disease (Jiang et 
al., 2007; Kuhad et al., 2007). 

The destructive METH effect is partly due to mitochon-
drial dysfunction in which curcumin has a partial mod-
ulating role (Darvesh et al., 2012; Wang et al., 2010). 
Previous findings have suggested that neuroprotective 
curcumin effects are caused by the inhibition of free 
radical development in neurodegenerative diseases such 
as Alzheimer’s (Jiang et al., 2007; Rajeswari, 2006). 
Curcumin’s key role as a free radical scavenger is fully 
demonstrated in this type of illness (Rajeswari, 2006). 
METH (10 mg/kg) has been shown to reduce mitochon-
drial GSH content and increase GSSG levels in hippo-

Figure 3. Curcumin diverse doses (10, 20, 40, and 80 mg/kg) effect METH-induced changes 

A: TNF-α; and B: IL-1β levels of rat isolated hippocampus.

All data are expressed as Mean±SEM (n=8); ***P<0.05 vs control; ###P<0.05 vs 10 mg/kg of Methamphetamine (METH). 

TNF-α: Tumor Necrosis Factor-alpha; IL-1β: Interleukin-1beta.
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campal tissues. METH mediates glutathione reduced 
form (GSH) to toxic oxidized form (GSSG) and plays an 
important role in starting and activating neurodegenera-
tive brain signals (Griffith & Meister, 1985; Harold, Wal-
lace, Friedman, Gudelsky & Yamamoto, 2000; Moszc-
zynska, Turenne & Kish, 1998; Zitka et al., 2012). Such 
a harmful mechanism has a destructive effect on the glu-
tathione cycle and results in neural cell death (Griffith & 
Meister, 1985; Moszczynska et al., 1998). 

Although animals receiving METH (10 mg/kg) showed 
reduced GSSG levels, we found that different doses of 
curcumin, particularly 40 and 80 mg/kg, increased GSH 
levels. Previous studies have already indicated that cur-
cumin can modulate the glutathione circle and facilitate 
the production of GSH, which is therapeutically ben-
eficial in neurodegenerative diseases (Rajeswari, 2006; 
Shin et al., 2007). As confirmed by our research, the 
METH prescribing reduced GPx, GR and SOD activity 
of hippocampal differentiated tissues, verifying the find-
ings of preceding studies that the use of METH decreas-
es antioxidant defenses resulting in neurodegeneration 
(Gonçalves et al., 2010; Imam & Ali, 2000). GR is the 
main enzyme in the conversion of the oxidized form of 
glutathione (GSSG) to reduced form (GSH) (Zhao et al., 
2008). Consequently, METH-mediated reduction in GR 
activity induces GSSG elevation along with GSH reduc-
tion, as indicated by our findings. 

Many novel studies indicate that METH abuse triggers 
mitochondrial dysfunction resulting in inhibition of en-
zymatic antioxidant activity in multiple cells leading to 
degenerative effects on brain cells such as hippocampus 
(Cadet et al., 2005; Gonçalves et al., 2010; Motaghinejad 

et al., 2017). We have shown that the therapeutic doses 
of curcumin improve enzymatic antioxidant function in 
a dose-dependent manner. Curcumin stimulates GR to 
increase the conversion rate of GSSG to GSH and even-
tually protects the brain against oxidative stress induced 
by METH. Previous experimental studies have also estab-
lished the antioxidant properties of curcumin in neurode-
generative disorders and diseases mediated by increasing 
GR and GPx activity (Shin et al., 2007; Wang et al., 2010). 

Our results are also consistent with previous findings on 
reduced SOD activity following METH abuse (Zhao et 
al., 2008). In comparison to previous studies, curcumin 
was shown to reverse alcohol-induced reduction of SOD 
production in hippocampal tissue (Rajeswari, 2006). 

Our research has shown that METH chronic adminis-
tration significantly increases the levels of pro-inflam-
matory cytokines such as IL-β and TNF-α in hippocam-
pal tissue, whereas high doses of curcumin have a strong 
dose-dependent suppression effect on METH mediated 
neuroinflammation. As previously reported, we confirm 
that the use of METH and other psychostimulant agents 
would increase pro-inflammatory cytokines. METH-
induced upraises in pro-inflammatory biomarkers have 
been suggested to be in charge of METH neurodegenera-
tive effects (Cadet, Ordonez & Ordonez, 1997; Deng et 
al., 2002). Because of the therapeutic effect of curcumin 
on the neuro-inflammation signaling cascade, it may pro-
tect the brain from inflammatory damage (Jiang et al., 
2007; Motaghinejad et al., 2015). In addition to oxidative 
stress and inflammation, we also report apoptosis caused 
by METH in the hippocampus. Based on our results, the 

Figure 4. Curcumin diverse doses (10, 20, 40, and 80 mg/kg) effect on METH induced changes 

A: Protein expression of Bax; B: Bcl-2; C: BDNF; D: Total CREB; and E: Phosphorylated CREB in rat isolated hippocampus. 

All data are expressed as Mean±SEM (n=8); ***P<0.05 vs control; ###P<0.05 vs 10 mg/kg of methamphetamine (METH). 

BDNF: Brain-Derived Neurotrophic Factor; CREB: Cyclic AMP Response Element Binding protein. 
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administration of METH increased Bax apoptotic protein 
but decreased Bcl-2 anti-apoptotic protein.

In contrast to our results, previous work indicated that 
METH abuse causes brain damage through multiple 
apoptotic cascade activation (Cadet et al., 1997; Deng 
et al., 2002). Anti-apoptotic effects of curcumin, indi-
cated by Bax reduction and increased levels of Bcl-2 
expression have also been reported against METH ad-
ministration. Previous studies have stated that curcumin 
has attenuated the effects on cleaved caspase-3, Bax 
development, and nuclear condensation seen in some 
neurodegenerative disorders (Motaghinejad et al., 2015; 
Rajeswari, 2006; Raza et al., 2008). 

The results have also demonstrated, as previous stud-
ies have shown, the anti-inflammatory , anti-apoptotic 
and anti-oxidant effects of Curcumin (Raza et al., 2008), 
whose signaling mechanisms are not yet understood. 
That is also why we evaluated the signaling pathway 
P-CREB-BDNF. We find that the protective role of 
Curcumin is possibly mediated by the signaling path-
way P-CREB-BDNF. CREB (total and phosphorylate) 
and BDNF protein expression in the hippocampus were 
also reported to increase with METH administration. In 
contrast, high doses of curcumin increased the expres-
sion of CREB (total and phosphorylate) and the protein 
BDNF. Therefore, we hypothesized that treatment with 
Curcumin will restore the P-CREB-BDNF signaling 
cascade to protect the brain against METH-induced neu-
rotoxicity. P-CREB, the transcription factor involved in 
neuronal regeneration, growth , survival, excitability, ad-
diction, depression and cognition, regulates more than 
one hundred target genes e.g., BDNF (Carlezon Jr, Du-
man & Nestler, 2005). It has also been shown that CREB 
transcriptional cascade dysregulation induces oxidative 
stress, apoptosis and neurodegeneration (Carlezon Jr et 
al., 2005; Mayr & Montminy, 2001). 

Many previous molecular studies have confirmed 
CREB phosphorylate's leading role in many herbal and 
chemical Neuroprotective properties (Mayr & Mont-
miny, 2001). As a number of studies have shown, P-
CREB (activated form of CREB) plays a positive role 
in the production of BDNF, the TrkB receptor. They 
also suggested that BDNF may inhibit neuron-inducing 
brain cell degeneration by means of receptor-mediated 
stimulation (TrkB) (Martinowich et al., 2003). We also 
confirm that METH mediated P-CREB protein reduc-
tion affects the signaling pathway for BDNF-TrkB and 
causes neurodegeneration, apoptosis, inflammation and 
oxidative stress; while Curcumin administration pre-
vents METH-induced properties from triggering the 

P-CREB-BDNF-TrkB cascade. In addition to previous 
research, we also note that P-CREB-BDNF signaling 
pathways involved numerous changes in brain functions 
such as learning, memory, mood fluctuations and reward 
mechanism (Cao et al., 2013; Martinowich et al., 2003; 
Yoshii & Constantine‐Paton, 2010).

5. Conclusion

We have shown for the first time that curcumin thera-
py, via P-CREB-BDNF signaling pathway stimulation, 
could reduce METH-induced apoptosis, oxidative stress, 
and inflammation by acting as a neuroprotective agent 
against METH-induced neurodegeneration as a whole. 
Nevertheless, more research on human dosage and tox-
icity is required.
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