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ABSTRACT
OBJECTIVE AND BACKGROUND: Methamphetamine (Meth) is one of the most important central nervous 
system (CNS) stimulant abuse drugs that cause long-term or permanent damage to different regions of the 
brain, particularly hippocampus, by neuronal apoptosis and infl ammation. In this study, we evaluated Nod-
like Receptor Protein 3(NLRP3) and Nod-like Receptor Protein1 (NLRP1) Infl ammasome Activation in the 
Hippocampal Region of postmortem Meth Chronic User.
METHODS: Molecular and histological analyses were conducted on the brain of 14 non-addicted and 11 
Meth users separately. The expression level of NLRP1, NLRP3 was measured using western blotting and 
immunohistochemistry (IHC) techniques. Histopathological assessment was performed with stereological 
Cell Counting of hippocampal cells stained with hematoxylin and eosin (H&E). Moreover, Tunel staining was 
carried out in order to detect any kind of DNA damage. 
R ESULTS: Based on our fi ndings using western blotting and immunohistochemistry assay, overexpression of 
NLRP1 and NLRP3 proteins in the hippocampal region of Meth addicts was observed. The stereological analysis 
in the hippocampus of the human brain revealed increased neurodegeneration. Furthermore, the increased rate 
of apoptosis and cell death were signifi cant and confi rmed by Tunel assay in the hippocampus of Meth groups. 
CONCLUSION: Chronic Meth abuse could result in increases of NLRP1 and NLRP3 and induction of infl ammation 
and apoptosis in the hippocampus in Meth groups (Tab. 1, Fig. 9, Ref. 40). Text in PDF www.elis.sk.
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Introduction  

The abuse of Methamphetamine (Meth) has becomes wide-
spread. Actually and it is considered as a growing problem. Meth is 
an extremely very addictive stimulant of the central nervous system 
(CNS).  its abusage is associated with many adverse side effects 
from which particularly, the dopaminergic and serotonergic systems 

of the brain are more prominent could be disrupted (1). Meth is a 
new recreational drug that causes severe damage to different parts 
of the brain (2). Meth is also known as sympathomimetic drug that 
can cause several physical and psychological side effects such as 
uncontrollable repetitive movements, sweating, pupil dilation and 
also severe behavioral reactions (3). According to the US Food and 
Drug Administration, about 38 million people reported having an 
addiction to Meth and related derivatives (4). Meth is the most 
commonly abused substance after cannabis. Chronic Meth abuse 
leads to neurodegeneration of cortex, hippocampus and midbrain 
areas which are related by memory defi cits (5). Severe symptoms 
of Meth abuse appear to be due to changes in the hippocampus (6). 
Not only Meth inhibits neurogenesis in the ventral spatial process-
ing region, but it is also apparent that it could prevent cell death in 
the behavior-regulatory region of the hippocampus (7). Microg-
lia are the primary CNS immune cells. They are derived form  of 
the myeloid lineage and they are involved in the pathogenesis of 
many neurological disorders and in neurologic pathologies as well 
(8).  Meth use can abuse could result in neurotoxicity which leads 
leading to microglial activation. This can  which could be either be 
neuroprotective or pro-neurotoxic in the brain. Based on imaging 
studies, microglial activation is seen in areas of dopaminergic and 
serotoninergic innervation in the brain of patients in Meth users 
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addicts (9). Activation of Nod-like Receptor Protein 3 (NLRP3) 
infl ammasome can cause neuroinfl ammation mediated by microg-
lia- and degeneration of dopaminergic neuron(10). Meth is known 
to reason microglial stimulation and activation of NLRP3 which is 
a cytosolic protein complex and secretion of interleukin-1β (IL-1β) 
in an NLRP3 infl ammasome-dependent way can induce secretion 
of several proinfl ammatory cytokines that are mediators of CNS 
infl ammation during chronic stress and they play a key role in the 
induction of infl ammation and the immune response development 
(11). Not only microbial infection but also endogenous signals of 
danger can cause the production of the NLRP3 infl ammasome con-
sisting of cytosolic sensor NLRP3, bridge protein apoptosis-asso-
ciated speck-like protein containing a CARD (ASC), and cysteine 
protease caspase-1(12-15). Meth-induced NLRP3 infl ammasome 
signaling pathway and its contribution to microglial activation is 
still unclear. This pathway is implicated in the neuroinfl ammatory 
process and in mediating neuroinfl ammation in the CNS based 
on recent studies. The NLRPs have many subfamilies and they are 
associated with the development of several neurodegenerative dis-
orders such as multiple sclerosis (MS), Alzheimer’s disease (AD) 
and Parkinson’s disease (PD). Many studies have been conducted 
in order to explain the role of NLRS in their pathogenesis. NLRP3 
is a primary mediator of Meth-induced infl ammasome activation 
and in this review we mainly focus on its role in microglia (14). 
Strong evidence indicates that NLRP3 infl ammasome  participate 
actively  in chronic sterile CNS infl ammation and cause harmful 

effects (16). The critical character of NLRP3 in promoting neu-
ronal injury was extra demonstrated in traumatic-induced injury 
(17). Damage-associated molecular patterns (DAMPs) may be re-
leased in neurodegenerative disorders and acute neuronal injury, 
and are able to act as endogenous danger signals and initiate a cas-

A B

C D

Fig. 1 shows the brain dissection and isolation of hippocampus in 
control and Meth groups.

Sample 
number

Sampling 
time after 
death (h)

Age (years)BMI
Smoking 
history 
(years)

Duration 
of the 

consumption 
of meth (years)

Suicide 
attempt 
history

Healthy 
dental 
pattern

The ultimate cause of death

N114126.43‒‒29MI
N242621.9‒‒‒30Accident
N323126.32‒‒27MI
N413530.77‒1 28MI
N512819.8‒‒‒29Accident
N623319.76‒‒29Accident
N7133120.8‒‒‒32Accident
N8112723.4‒‒‒28Accident 
N9123224.62‒‒27MI

N10102321.31‒‒30Accident
N11133423.73‒‒29Accident
M12123617.91031 26Meth overdose 
M13113917.3164313Respiratory insuffi ciency after Meth
M14164518.4235‒18Cardiac arrest after taking Meth
M15134217.61171 23Cardiac arrest after taking Meth
M16172717.282‒26Cardiac arrest after taking Meth
M17164318.7123.5119Meth overdose 
M18163916.41243 16Meth overdose
M19152918.373‒24Cardiac arrest after taking Meth
M20163717.7931 22Advanced respiratory infection following 

long-term Meth consumption
M2194318.943‒21Meth overdose 
M22142219.431.5‒27Drowning following high Meth intake
M23134017.8113.5‒25Brain hemorrhage following excessive Meth 

consumption
M2494617.11541 14Falling after taking Meth
M25143417.8113‒22Meth Overdose 

N: control group, M: Meth group

Tab. 1. shows the profi le of the participants in the study. These individuals are divided into two groups.
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cade of danger-associated intracellular signaling pathways subse-
quently, which activate and promote the NLRP3 infl ammasome that 
induces the noninfectious infl ammatory signaling in response to 
neuronal danger signals (18). Generally, the NLRP3 infl ammasome 
signaling pathway is a specifi c infl ammatory pathway implicated 
in the initiation and perpetuation of neurotoxicity. Thus, blockade 
of NLRP3 infl ammasome activation might be a promising thera-
peutic strategy (19). Based on the before mentioned information, 
the purpose of this study was to explore whether lifetime Meth 
abuse can induce NLRP1 and NLRP3 upregulation and neuro-
nal apoptosis in the CA1 region of a postmortem hippocampus.

Material and methods

Postmortem human brains were collected from Iranian Legal 
Medicine Organization. Our ethical consideration in the preser-
vation and sampling of the human brain was based on the Dec-

laration of Helsinki. All procedures were accepted by the Ethics 
Committee of Shahid Beheshti University of Medical Sciences (IR.
SBMU.RETECH.REC.1396.542). The relatives of the deceased 
persons provided oral consent for the brain donation for purpose 
of research. The analysis was performed on 14 chronic male Meth 
users (aged 39 ± 1.9 years) with a drug overdose death. The control 
group consisted of 11 male adults without any exposure to Meth 
(aged 38 ± 2 years). In order to prevent post mortem delay, all Con-
trol and Meth groups were analyzed within a minimum period of 
time after death. None of the Meth users had a history of mental 
illness or neurodegenerative disorders. In addition, none of them 
was HIV-positive. Methamphetamine drug testing kits were used 
to detect Meth in the urine samples of both groups.

Sampling and tissue preparation
After obtaining informed consent from the family of the de-

ceased, freshly isolated brain tissues of 14 documented Meth 

Fig. 2. Western blot analysis of protein expression level of NLRP3 (upper row) and NLRP1 (lower row) in the hippocampal CA1 region in Meth 
and control group. NLRP3 and NLRP1 expressions were increased in the Meth group Compared to the control group (*p < 0.05).
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Fig. 3. Immunofl uorescence staining in the hippocampal CA1 regions of Control (upper row) and Meth (lower row) group. NLRP1 protein 
levels increased in the CA1 region of hippocampus of Meth group compared to control group (*p < 0.05). A&D: nuclei stained by DAPI (blue). 
B&E: primary antibody to NLRP1 (green). C&F: Merge.
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Fig. 5. Examination of apoptosis and DNA damage by Tunel assay in Control (upper row) and Meth (lower 
row) group. Apoptosis increased in the CA1 region of hippocampus of Meth group compared to control. 
A& D: nuclei stained by DAPI (blue). B&E: apoptotic cells (green). C&F: Merge.
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Fig. 4. Immunofl uorescence staining in the hippocampal CA1 regions of Control (upper row) and Meth (lower row) group. NLRP3 protein 
levels increased in the CA1 hippocampus in Meth group compared to control group (p<0.05). A&D: nuclei stained by DAPI (blue).B&E: pri-
mary antibody to NLRP3 (green). C&F: merge.

users and 11 non-addicted from the control group were trans-
ported to the lab in lactated Ringer’s solution. After removing 
blood clots and necrotic tissue, all samples were weighed. For 
Hematoxylin and Eosin (H&E), Nissl and Golgi staining, im-
munohistochemistry and tunel assay after dissociation of hip-
pocampus from the brain, it was fi xed in 10 % formalin for 1 

week. Hippocampus was em-
bedded into paraffi n blocks and 
a microtome was used to cut 
the hippocampus in its longi-
tudinal axis into 5 and 25 μm 
thick sections (Fig. 1).

Western blotting
Proteins expressions of 

NLRP1, NLRP3 were analyzed 
in the CA1 region of the hip-
pocampus using Western blot-
ting assay. First, tissues were 
washed by PBS two times and 
disrupted and homogenized 
with a sonicator,combined 
with buffer and transferred to 
micro-centrifuge tubes and the 
mixture was centrifuged for 15 
minutes. Then it was applied to 
gel electrophoresis in Sodium 
dodecyl sulfate-polyacrylamide 
gel (SDS-PAGE) to sort the pro-
teins. Afterwards, the separated 
protein bands were transferred 

to polyvinylidene difl uoride (PVDF) and fi nally they were ex-
amined by primary antibody including rabbit polyclonal anti-
NLRP1 (1:200), and human polyclonal anti-NLRP3 (1:200) for 
detection. The secondary antibodies were conjugated with horse-
radish peroxidase (HRP) (Cell Signaling Technology, USA). For 
confi rming effective protein transfer during the test, the loading 
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control antibody GAPDH generation signal 
21 was used.

Immunohistochemistry 
The brains were Post-fi xed (1 week) in 

4 % paraformaldehyde and then transferred 
to 30 % sucrose (Sigma-Aldrich, Germany) 
solution and were allowed to equilibrate. 
Afterwards the hippocampuses were sec-
tioned (8 μm in thickness) and stored at 
‒20 °C in a cryoprotectant buffer containing 
25 % ethylene, 25 % glycerine and 0.05 M 
phosphate buffer (all from Sigma-Aldrich, 
Germany). All slices were incubated with 
human monoclonal anti-NLRP1 and anti-
NLRP3 (Abcam, USA) antibody and di-
luted to 1:100 overnight in the primary reac-
tion. This process was followed by a similar 
washing using PBS, and one-hour incuba-
tion with goat anti-mouse FITC-conjugated 
secondary antibody (ab6785, Abcam, USA) 
at a 1:100 dilution in the second reaction. 
Finally, the tissue sections were washed 
with PBS, and the nuclei counterstained 
using DAPI.

Stereological study
The mean volume of neuron 

The neurons volume was measured by 
using the nucleator method and calculated 
with the following equation:
VN = 4π/3 × Ln

3

In this formula Ln is two horizontal di-
rections and was considered from the cen-
tral point within the nucleolus to the cell or 
nucleus borders.

TUNEL assay
In situ Cell Death Detection kit was 

used to perform Tunel assay (fl uorescence, 
Roche, CH). After fi xing the CA1 region of the hippocampus, it 
was embedded in paraffi n, and mounted on glass slides. Then, 
the paraffi n was removed using xylene and it was rehydrated in 
a piecemeal series of ethanol. After washing with water, Tunel 
staining was performed and the TUNEL protocols were applied. 
The results of Meth and control groups were evaluated by Image 
J software 24.

Statistical analysis 
Statistical analysis was conducted using IBM SPSS software, 

version 20.0. The signifi cance level was analyzed using the analysis 
of variances (ANOVA). Also, for the other statistical comparisons 
of multiple means in the groups, one-way ANOVA and Tukey’s 
post hoc test were used. Data in the histograms are presented as 
mean±SEM. p values < 0.05 were considered statistically signifi cant.

Result
Western blot analysis

NLRP1 and NLRP3 protein expression was determined by 
Western blot assay. Figure 2 shows the expression of NLRP3 and 
NLRP1 in the CA1 region of the hippocampus in Control and Meth 
groups. Western blot analysis showed that NLRP1 and NLRP3 
protein expression was signifi cantly increased in the Meth group 
compared to the control group (p < 0.05). These results confi rmed 
that protein expression level of NLRP3 and NLRP1 increased 
0.5-fold in the area CA1 of the hippocampus in the Meth group 
compared to control group. 

 
Immunostaining analysis

The immunohistochemical analyses showed infl ammation in 
the CA1. Level of anti- NLRP1 and anti-NLRP3 antibodies were 

A

C

B

D

Fig. 6. Photomicrograph of the hippocampus stained with Nissl staining. The neurons in CA1 
in Meth group are shrinked and piknotic. (A and C) Control group; (B and D) Meth group 
(magnifi cation: 40X).

A B

Fig. 7. Photomicrographs of the hippocampus stained with Golgi (magnifi cation: 10X). (A) 
Control group and (B) Meth group; the total length of dendrites was also decreased in Meth 
groups in comparison with the control group.
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analyzed in the CA1 region of hippocampus in Meth and control 
groups in order to detect the presence of these markers (Figs 3 and 
4). As shown in these fi gures, expression of these protein markers 
was elevated in the CA1 of the Meth group in comparison with 
the control group. 

Tunel assay 
After staining the nuclei with DAPI fl uorescent dye, the apop-

totic cells became Tunel positive and nuclei were merged with 
positive reaction cells (Fig. 5). Based on the results of Tunel assay 
(Fig. 5) the average of Tunel positive cells (count)/103 mm2) was 
50 % in the Meth and 15 % in the control group.

Hematoxylin and Eosin (H&E), Nissl and Golgi staining analysis
The result of H&E and Nissl staining showed that the densities of 

cells are signifi cantly different based on staining results in the Meth 
and the control groups. The number of cells in control group was sig-
nifi cantly higher than in the Meth group. The result of Golgi staining 
showed that the total length of dendrites was also decreased in Meth 
groups in comparison with the control groups (Figs 6, 7 and 8).

The volume of neurons 
The result of H&E staining showed that the volume of the neu-

ron was signifi cantly reduced in the Meth groups in comparison 
with the control groups (p < 0.001) (Fig. 9).

Discussion

In this study, we have clarifi ed the role of Meth in activating 
NLRP1, NLRP3 in the hippocampal region. Our results showed 

that the expression of these markers in 
Meth group will in long term cause neuro-
degenerative changes in the hippocampal 
region. The activation of NLRP3 infl am-
masome is implicated in microglia-medi-
ated neuroinfl ammation and dopaminer-
gic neurodegeneration (22). Since in the 
rodent model exposed to Meth, activated 
NLRP3 infl ammasome was observed, tar-
geting or inhibiting the NLRP3 infl am-
masome could be a promising strategy 
for the treatment of drug abuse (23). Abus-
ing Meth which is a strong CNS stimu-
lant may induce neuroinfl ammation and 
microglial activation and leads to behav-
ioral and cognitive changes. The precise 
mechanisms underlying Meth-mediated 
microglial activation continue to await clar-
ifi cation (24). In this study, after expos-
ing cells to Meth an increase in the level of 
NLRP1, NLRP3 expression and activa-
tion of microglia were reported based on 
evidence demonstrating morphological 
changes in cells. Based on our immuno-
staining analyses, two possible mechanisms 

for Meth-induced changes to the hippocampus have been pro-
posed. Within the hippocampus, we found increasees of NLRP1, 
NLRP3 expression in Meth group. By interruption of intracellular 
calcium signaling, Meth could change neural hemostasis leading 
to tissue damage. Growing evidence has suggested that activating 
NLRP3 infl ammasome may induce neuroinfl ammation mediated 
by activated microglia in neurodegenerative disorders such as 
Parkinson’s disease (25) and Alzheimer’s disease (26). Surpris-
ingly, there is an association between NLRP3 and depression-like 
behavior according to recent fi ndings (27). After knowing that 
Meth could activate the NLRP3 infl ammasome, the next step was 
clarifying the upstream mechanisms of regulating NLRP3 activa-
tion. Infl ammasomes are cytosolic protein complexes that mediate 
the activation of caspase-1 and IL-1β maturation. The complex 
regulatory mechanisms remain unclarifi ed. Potassium infl ux (28), 

A

C
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D

Fig. 8. Photomicrograph of the hippocampus stained with H&E. The total number of neurons 
and glial cells in Meth groups decreased in comparison with the control groups. (A&C) Control 
groups and (B&D) Meth groups. (Magnifi cation 40X).

Fig. 9. Volume of the neuron in control and Meth group. Result showed 
that the volume of the neuron was signifi cantly decreased in the Meth 
groups in comparison with the control groups.
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endoplasmic reticulum stress (29, 30), reactive oxygen species 
(ROS) and nitric oxide (31, 32) have been considered contributors 
to activation of the NLRP3 infl ammasome. Consistently, Meth 
increased ROS production in microglia based on our fi ndings 
(33). Meth abuse can cause cognitive defi cits by its neurotoxic 
effects that are able to induce long-lasting structural and func-
tional changes to the brain (34). Most of the studies of Meth on 
the human brain come from applying magnetic resonance imaging 
(MRI) techniques in cross-sectional studies of adult Meth users. 
In the brain of adult Meth users, several structural abnormalities 
were evident in the frontal lobe, including decreased gray matter 
density or volumes (35), increased white matter volumes (36), 
and increased white matter hyperintensities (37). On the other 
hand, in the temporal lobe, smaller volumes are evident (38), 
including the hippocampus (39); but in the parietal cortex and 
striatal regions, larger volumes have been observed (40). Histo-
logic and stereological results showed that the neurons quantity 
was decreased in the brain tissue, but glial cells increased. The 
neurons were shrinked and some of the cells suffered cell death 
and apoptosis. This study focuses on the effects of Meth in both 
white and the grey matter of the brain; In fact, Meth may have 
several effects on the brain using different signaling pathways. 
Thus, combined immunohistological studies on meth exposed 
mices are required to elucidate the molecular and cellular mecha-
nisms underlying hippocampus changes.Our results recommend 
that investigation of histological changes and microglial NLRP3 
activation in the hippocamp which that useful in human studies 
and could be targeted in the treatment of Meth abusers.

Conclusion

Chronic Meth abuse could result in up regulation of NLRP1 
and NLRP3 and induction of neuronal apoptosis in the CA1 of 
the hippocampus in postmortem human brain.

Study limitations

Inadequate access to Meth user‘s corpuses, lack of information 
on accurate amount of consumption, and late access to the corpuses 
after death are among the limitation of the study. 
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