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ABSTRACT

Article type:
Original article

Objective(s): Methamphetamine (METH) is a powerful stimulant drug that directly affects the brain
and induces neurological deficits. B12 is a water-soluble vitamin (vit) that is reported to attenuate
neuronal degeneration. The goal of the present study is to investigate the effect of vitamin B12 on
METH’s neurodegenerative changes.
Materials and Methods: Two groups of 6 animals received METH (10 mg/kg, interaperitoneally (IP))
four times with a 2 hr interval. Thirty mins before METH administration, vit B12 (1 mg/kg) or normal
saline were injected IP. Animals were sacrificed 3 days after the last administration. Caspase proteins
levels were measured by Western blotting. Also, samples were examined by TUNEL assay to detect
the presence of DNA fragmentation. Reduced glutathione (GSH) was also determined by the Ellman
method.
Results: The pathological findings showed that vit B12 attenuates the gliosis induced by METH. Vit
B12 administration also significantly decreased the apoptotic index in the striatum and the cerebral
cortex (P<0.001). It also reduced caspase markers compared to the control (P<0.01 and P<0.001,
respectively). Interestingly, co-administration of METH and Vit B12 elevates the levels of GSH in both
regions of the brain and returned it to normal levels compared to the METH group.
Conclusion: The current study suggests that parenteral vit B12 at safe doses may be a promising
treatment for METH-induced brain damage via inhibition of neuron apoptosis and increasing the
reduced GSH level. Research focusing on the mechanisms involved in the protective responses of vit
B12 can be helpful in providing a novel therapeutic agent against METH-induced neurotoxicity.
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Introduction

Methamphetamine (METH) (also called meth, speed,
chalk, crystal, and ice among other common slang terms)
is a powerful stimulant drug with chemical structure
similar to amphetamine. Relative ease of access and
low cost of synthesis are among the reasons that METH
abuse is on the rise (1, 2). METH can be snorted, smoked,
injected or taken orally for therapeutic and recreational
purposes. METH use in the treatment of attention deficit
hyperactivity disorder in children and also in short term
use in obesity has been approved by the FDA (3). METH
rapidly crosses the blood brain barrier and penetrates
into the brain and CSF. METH abuse can adversely affect
health and cause long-term complications (4, 5). Even in
small amounts, METH can lead to loss of appetite, increase
in physical activity, confusion and produce wakefulness
and euphoria (6). METH also affects the cardiovascular
system and increases blood pressure, heart rate and
risk for stroke and heart attack (7). Pharmacological
and psychological effects of amphetamine derivatives

are due to enhanced neurotransmitters (serotonin,
dopamine, and norepinephrine) release from nerve
endings (8). Direct effects of METH on the brain can
induce neurological deficits via chemical and molecular
changes that may lead to serious health hazard (9).
It seems that different mechanisms are involved in
METH- induced neurotoxicity like generation of reactive
oxygen/nitrogen species, glutathione depletion and cell
death (10). No standard therapy is currently available to
reverse METH’s neurotoxic effects (11).
Vitamin B12 (Vit B12) is a water-soluble vitamin
that possesses anti-inflammatory and analgesic properties (12). Vit B12 is reported to attenuate neuronal
degeneration. It is the source of a coenzyme that
participates in folate metabolism and thus plays a
vital role in nucleotide synthesis (13). Therefore, vit
B12 deficiency can lead to serious anemia, neuropathy
and impaired brain function. Peripheral neuropathy
in vit B12 deficiency is well established in animal and
human studies (14). Therefore, vit B12 may interfere
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with some important mechanisms that are involved
in METH neurotoxicity. The goal of the present study
is to investigate the effect of vitamin B12 on METH’s
neurodegenerative changes.

Materials and Methods

Chemicals
Vit B12 1000 µg/ml injection vial was obtained from
Raha Pharmaceutical Company, Iran. METH was donated
by the Department of Medicinal Chemistry, School of
Pharmacy, Mashhad University of Medical Sciences
(Mashhad, Iran).

Animal treatment
Male BALB/c mice, weighing 30–35 g were provided
from the Animals Research Center, Mashhad University
of Medical Sciences, Mashhad, Iran. Animals were
maintained on a controlled temperature (22±3 °C),
12:12 hr light cycle and allowed free access to food and
water. All experimental procedures were conducted
according to the ethical standard and protocols
approved by the Animal Experiments Committee of
Mashhad University of Medical Sciences, Iran. Animals
were divided into 4 groups, with 6 mice in each group.
Treated animals received METH at a dose of 10 mg/kg IP
four times with a 2 hr interval (15). Thirty mins before
METH administration, vit B12 (1 mg/kg) or normal
saline in the same volume was injected IP. Control
and sham groups received normal saline and vit B12 (1
mg/kg) respectively in the same route and at the same
time. During the experiments, all groups were observed
for mortality and general appearance. Animals were
sacrificed 3 days after the last administration. In the next
step, the brain tissues were removed and divided into
two hemispheres. In order to measure the expression
level of caspase proteins as well as glutathione content,
the cortex and striatum from one-half of the brain were
punched out and stored at -80 °C and the other half was
fixed in 10% formalin for pathological investigation.
Histological analysis
Formalin fixed tissues were embedded in paraffin
and cut into sections with 5 µm thickness. Two slides
per animal were prepared (twelve slides in each group)
and then stained with hematoxylin and eosin.

TUNEL assay
In situ cell death was detected in brain tissue using
the terminal deoxynucleotidyl transferase-mediated
duTP nick end labeling (TUNEL) commercial kit (Roche/
Germany). According to the kit instruction, tissue
sections were deparaffinized, rehydrated and covered
with proteinase K solution for protein digestion. H2O2
solution used to quench the endogenous peroxidase
activity. Sections were then exposed to TUNEL reaction
mixture for 1 hr at 37 °C. After blocking the slide with
a 3% BSA, one drop of peroxidase-labeled digoxigenin
sheep Fab antibody was placed onto the slide in the
presence of DAB (diaminobenzidine) substrate and
counterstained with hematoxylin. Apoptotic index was
calculated by counting the number of TUNEL-positive
cell nuclei/total number of cell nuclei per field. Ten
randomly microscopic fields per slide and two slides per
animal were studied.
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Western blot analysis
Western blot was carried out to detect caspase 3 and 9 activities. The tissue samples were added
to homogenization buffer in ice and mechanically
homogenized. After centrifugation, the total protein
content was estimated using the Bradford method. The
specific volume of proteins extraction was loaded on
10% SDS-PAGE and separated by electrophoresis. At the
next step, proteins were transferred to PVDF membrane
and blocked with 5% skim milk. The blots were
then incubated with primary antibodies (caspase-3,
abcam, ab4051; caspase-9, abcam, ab47537). HRP
secondary antibody (Cell Signaling, #7074) was used
for chemiluminescent detection. The band size was
analyzed using UVtec software (UK) and normalized
against beta actin intensity (16).
Estimation of reduced glutathione level
In order to measure glutathione (GSH) content,
tissue homogenates were mixed with equal amount
of 10% trichloroacetic acid. After centrifugation, the
Ellman’s regent in PBS (phosphate buffer) was added to
supernatant. Within 10 min, the change of absorbance
was measured at 412 nm in a spectrophotometer. The
amount of GSH is determined using standard curve.
Statistical analysis
All data were expressed as mean±SE and analyzed
using ANOVA, followed by Tukey’s test. The alpha level
was set at 0.05. Data analysis was performed using SPSS
Version 21.

Results

All animals were alive until the end of the experiments.

Histological analysis
The pathological findings showed that METH
exposure causes marked gliosis in striatum and cortex
regions. Vit B12 at a dose of 1 mg/kg attenuates the
gliotic response. No pathological finding was observed
in the control and sham groups (Figure 1).

Figure 1. Histolpathogical analysis of brain tissue in mice. METH
exposure at a dose of 10 mg/kg IP injection induced gliosis in cortex
and striatum (A and C, respectively). Arrows indicate Rosenthal
fibers. Vit B12, control or sham groups did not show any pathological
effects in both regions (B and D). (H&E × 100)
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Tunel assay
The TUNEL technique revealed the potential of METHinduced DNA fragmentation in brain tissues (Figure
2). The percentage of TUNEL positive cells in striatum
and cerebral cortex were significantly increased in
groups that received METH in comparison with control
(P<0.001). Treatment with vit B12 reduced the damage
in cerebral cortex and striatum significantly compared
to the group that received METH (P<0.05).

Figure 2. Apoptotic profile of METH in the striatum and cerebral
cortex of rat (A and C, respectively). Treatment with vit B12 reduced
the METH-induced cell death in both regions (B and D)

Figure 4. Effect of normal saline, vit B12, METH or METH+vit B12
on the protein level of caspase 3 and 9 in the rat brain cortex. (A)
Representative photograph of the Western blot analysis. Densitometric
analysis of caspase-3 (B) and caspase-9 level (C). Data are expressed as
mean±SEM. **P<0.01 and ***P<0.001compared to the control group.
#P<0.05 and ###P<0.001compared to the METH group

Figure 5. Effect of normal saline, vit B12, METH or METH +
vit B12 on the protein level of caspase-3 in rat brain striatum.
(A) Representative photograph of the Western blot analysis.
Densitometric analysis of caspase-3 (B) and caspase-9 level (C). Data
are expressed as mean±SEM. **P<0.01 and ***P<0.001compared to
the control group. #P<0.05 and ###P<0.001compared to the METH
group

Figure 3. Effect of normal saline, vit B12, METH or METH + vit B12 on
cerebral cortex (A) and striatum (B) apoptosis as revealed by TUNEL
assay. Values are presented as mean±SEM. ***P<0.001 compared to
control group
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Western blot analysis
The effect of METH on caspase-3 and 9 expression
was investigated using Western blot analysis. Figure 4
and 5 show that METH exposure at dose of at dose of 10
mg/kg IP for four times upregulates the expression of
caspase-3 and 9 in both regions compared to the control
group (P<0.001). Co-administration of vit B12 and METH
significantly decreased the level of caspase-3 and 9
proteins in the cerebral cortex and striatum compared
to the group that received METH alone (P<0.001 and
P<0.05, respectively).
Iran J Basic Med Sci, Vol. 21, No. 4, Apr 2018
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Figure 6. Effect of normal saline, vit B12, METH or METH + vit B12
on reduced glutathione (GSH) level in rat brain cortex (left Chart)
and striatum (right chart). Data analyzed by ANOVA followed by
Tukey-kramerpost test and are presented as mean±SEM. **P˂0.01,
*** P˂0.001 and *** P˂0.001 as compared to control group

Glutathione levels in striatum and cortex
METH treatment resulted in a significant decrease
in the GSH level in the rat brain cortex and striatum as
compared with a control group (P<0.01 and P<0.001,
respectively). Co-administration of METH and vit B12
increased GSH levels in both regions of the brain and
returned it to normal levels. Vit B12 alone did not change
the GSH level in comparison with the control group
(Figure 6).

Discussion

The main ﬁnding of this study is that vit B12 can
decrease the METH-induced nerve damage. METH is a
neurotoxic drug and induces degeneration on different
parts of the brain (17, 18). The pathological findings
revealed that METH exposure causes marked gliosis
in striatum and cortex regions. Gliosis refers to the
proliferation of glia cells in response to CNS insult and
is characterized by increased expression of glial-specific
markers and morphological changes (19). According to
our results, vit B12 at a dose of 1 mg/kg was able to abolish
the gliotic response. In an experimental autoimmune
encephalomyelitis model in rat, treatment with vit B12
and honey bee venom decreased the inflammation
and gliosis level (20). B-group vitamins including
B1, B6 and B12 are considered for the treatment of
neurodegenerative disorders. Vit B12 plays an important
role in nervous system structure and function (21-23).
The acute and chronic IP injection of METH is
also associated with oxidative DNA damage and
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programmed cell death in the brain, especially in the
nucleus accumben, a part of ventral striatum (24).
It was demonstrated that METH even at single IP
injection (30 mg/kg) can induce striatal apoptosis
(15). Studies have shown that METH causes damage to
striatal dopaminergic and non-monoaminergic cortical
neurons (25, 26). Current study results from the TUNEL
assay showed that the METH administration increases
the apoptosis index in cortical and specially striatal
neurons. In elucidating the molecular events related
to METH-induced apoptotic changes observed in the
TUNEL assay, two caspase levels were measured by
Western blotting technique. Activation of caspase-3 and
9 especially in the striatum indicated a role for intrinsic
pathway in METH neurotoxicity. Other investigations
also confirmed the mitochondrial pathway activation
by METH toxicity. The injections of a single dose of 40
mg/kg METH resulted in an increase of pro-apoptotic/
anti- apoptotic (BAX (BAD)/Bcl-2) ratio in neocortex of
mouse (27). METH exposure to immortalized rat striatal
cell line also increased the caspase-9, cytochrome c
level and BAX/Bcl-2 gene expression (17). The result
of one study showed that the administration of vit B12
in separate or combined with diclofenac and celecoxib
can exert neuroprotective effect in tibial nerve-crushed
model in rats. Vit B12 recovered the motor function
and reduced the axonal degeneration and glial cell
proliferation (Wallerian degeneration response)(28).
It is reported that vit B12 increases the number of
regenerating neurons and attenuates neuronal damage
after sciatic nerve injury (29).
METH can damage neurons by causing dopaminedependent oxidative stress. Recent studies indicated
that METH decreases striatal ATP, induces oxidative
damage and produces free radicals. Additionally,
antioxidants and spin trapping agents can protect
against METH-induced toxicity (30-32). The reduced
GSH content in the current study was decreased by
METH administration in the striatum and cortex and was
restored to normal levels by vit B12 pretreatment. Vit B12
exerts its antioxidant activity in different ways. It is able
to inhibit nitric oxide production, intracellular oxidative
stress and cellular apoptosis (33). Interestingly, it has
been reported that vit B12 can preserve GSH status and
the thiol groups of enzymes in the reduced state (34).
Our findings confirmed that oxidative stress plays an
important role in METH neurotoxicity and antioxidant
agent like vit B12 can prevent the neurotoxic effect of
METH and increase the GSH level.

Conclusion

The current study suggests that parenteral vit B12 at
safe doses may be a promising treatment for METHinduced brain damage via inhibition neuron apoptosis
and increasing the reduced GSH level. Research focusing
on the mechanisms involved in protective responses of
vit B12 can be helpful in providing a novel therapeutic
agent against the METH-induced neurotoxicity.
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