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Abstract
Methamphetamine interferes with dopamine reuptake, and the resulting increased dopamine
oxidation that creates oxidative stress can lead to degeneration of dopaminergic terminals.
Previous studies have shown that the trace element selenium protects against methamphetamine
toxicity. However, the specific selenoproteins responsible for protection have not been elucidated.
Glutathione peroxidases 1 and 4 (GPx1 and GPx4) incorporate selenium into the amino acid
selenocysteine, and their known antioxidant functions make them good candidates for protection
from methamphetamine-induced oxidative damage. We differentiated SH-SY5Y neuronal cells in
serum-free media with defined supplement containing 0, 10 and 100 nM selenium, and then
challenged the cells with a 24-hour exposure to methamphetamine. We found that 100 μM
methamphetamine decreased GPx1 and GPx4 protein levels. However, both proteins were
upregulated with increasing media selenium concentration. GPx enzymatic activity was also
increased by selenium and decreased by methamphetamine and correlated with GPx protein levels.
Total glutathione levels were reduced by methamphetamine at lower selenium conditions, while
the oxidized fraction of GSH was increased at higher selenium levels. Additionally, we observed
an increased generation of reactive oxygen species with methamphetamine exposure in media with
0 nM selenium, which was ameliorated by selenium supplementation. These results show that
methamphetamine increases oxidative stress by reducing GPx levels, and this can be reversed with
addition of selenium. These findings have important implications for treating patients with acute
methamphetamine toxicity.
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1. Introduction
Abuse of methamphetamine (Meth), a highly addictive drug with psychostimulant
properties, is a rapidly growing health problem with millions of users worldwide (Krasnova
and Cadet, 2009). Although initially increasing sense of pleasure and desire for social
interaction, Meth use can increase depression and induce paranoia and aggression (Homer et
al., 2008). Chronic abuse can lead to lasting neuronal damage (Ernst et al., 2000).
Understanding Meth neurotoxicity and finding viable treatments are both important to
ensure both individual recovery as well as decreasing the financial burden that the Meth
epidemic imposes on society.

Meth increases release of dopamine (DA) onto striatal neurons (Seiden et al., 1993). Meth
enters terminals though the dopamine transporter (DAT), and causes release of DA from
synaptic vesicles by disrupting the proton gradient necessary for function of the vesicular
monoamine transporter-2 (VMAT) (Sulzer et al., 1992, Sulzer and Rayport, 1990). Meth can
increase oxidative stress at DA terminals and cause damage through a build-up of oxidized
forms of DA and generation of free radicals though various pathways (Quinton and
Yamamoto, 2006). Selenium (Se) deficiency causes an increase in DA turnover and
expression of tyrosine hydroxylase (TH) (Castano et al., 1995, Castano et al., 1997, Romero-
Ramos et al., 2000). Se supplementation has been shown to exert protective effects against
Meth-induced toxicity in rodent and cell culture models. Animal studies also demonstrate
that Meth-induced dopaminergic toxicity in striatum is potentiated by Se deficiency (Kim et
al., 2000), and attenuated by Se supplementation (Imam et al., 1999a) through ameliorating
oxidative stress (Imam et al., 2001, Kim et al., 1999a). Meth-induced dopaminergic toxicity
and peroxynitrite generation in cultured cells is also alleviated by Se (Imam and Ali, 2000b).

Although studies have demonstrated protective effects of Se against Meth toxicity, little is
known about the mechanism of Se protection. The functions of Se are carried out mainly by
selenoproteins, in which Se is specifically incorporated as selenocysteine (Berry et al.,
1993). However, the selenoproteins involved in protection against Meth have not been
identified. Several selenoproteins are involved in redox reactions and have antioxidant
properties. The glutathione peroxidase (GPx) selenoproteins utilize glutathione as a substrate
to reduce peroxide and other free radicals, and thus are likely candidates for Meth
protection.

In neuron cultures, Se in organic and inorganic forms can be found in fetal bovine serum
(FBS), a typical ingredient of most culture media. The Se transporter selenoprotein P
(Sepp1) was previously isolated from FBS as a factor promoting survival of neurons in
culture (Yan and Barrett, 1998). However, inorganic Se in the form of sodium selenite can
be used in media supplements in place of Sepp1 (Brewer et al., 1993). Manipulating Se
content of culture media is impaired by the presence of Se in FBS and media supplements.
However, a recently published media formulation similar to the popular but proprietary
Gibco B27 supplement allows alteration of Se (Roth, Zhang, 2010).

We hypothesized that one or more selenoproteins are increased by Se supplementation and
have protective properties against Meth. In this study, we examined the expression of
glutathione peroxidases 1 and 4 (GPx1 and GPx4) in response to Meth and selenium
supplementation. We report here that both GPx1 and GPx4 are increased by Se
supplementation and reduced by Meth.
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2. Materials and methods
2.1. Cell culture conditions

We prepared serum-free media using a media supplement recently described by Schweizer
and colleagues (Roth, Zhang, 2010). This supplement is similar to the B27 supplement
(Brewer, Torricelli, 1993) available commercially (Gibco), and is composed of the same
reagents. These include: biotin, L-carnitine, ethanolamine, D(+)-galactose, putrescine
dihydrochloride, albumin (bovine), catalase, glutathione, reduced superoxide dismutase,
apo-transferrin, Na2SeO3, ZnSO4, CuSO4, MnCl2, NH4VO3, corticosterone, linoleic acid,
linolenic acid, progesterone, retinyl acetate D, L-α-tocopherol D, L-α-tocopherol acetate,
Lipoic acid, Insulin (human), and 3,3′,5-triiodo-L-thyronine (T3). All supplemental reagents
were purchased from Sigma, and were added directly to Neurobasal media (Invitrogen). The
sodium selenite (Na2SeO3) was added to the media last at 0, 10, or 100 nM concentrations
for Se deplete, Se low, and Se supplemented conditions.

SH-SY5Y cells were plated in DMEM (Gibco) with 10% FBS (Gibco). After 24 hrs, the
media was changed to Neurobasal Medium (Gibco) containing B27 supplement (Gibco),
with the addition of glutamine (2mM), penicillin (1000U/ml), and streptomycin (100 μg/
ml). Cells were grown in this media for two days, and retinoic acid in the B27 supplement
formulation induced neuronal differentiation. For undifferentiated cell cultures, Schweizer
supplement without retinoic acid was used in place of the B27 supplement.

Cells were differentiated in Neurobasal with Schweizer supplement containing varying
concentrations of Se for two days for the dose response curve and two weeks for all other
experiments. Longer differentiation periods for SH-SY5Y cells increase expression of
tyrosine hydroxylase and result in a phenotype more closely resembling DA neurons (Lopes
et al., 2010). Following differentiation, media was changed to that containing Se and
methamphetamine hydrochloride (100 μM) 24 hrs prior to harvesting cells for protein.

2.2. Western blot analysis
Protein was harvested with CelLytic solution (Sigma) per manufacturer’s instructions.
Samples were heated in Laemmli buffer to 95°C, run on 10–20% gradient Criterion Tris-
HCl gels (Bio-Rad), and transferred by electrophoresis to PVDF membranes at 12V
overnight. Membranes were incubated in blocking buffer (Odyssey) for 1 hr. Membranes
were then incubated overnight at 4°C in primary antibody at dilutions below in 5 mL
blocking buffer and 5 mL 0.01% Tween20 (Sigma) 1X PBS (PBST) followed by three 10
min washes with 1X PBST. Next, membranes were incubated with secondary antibody
diluted 1:10,000 in 1X PBST for 30 min followed by three 10-min washes with 1X PBST.
Proteins were identified with 1:2000 goat anti-GPx1 (GenWay), 1:2000 rabbit anti-GPx4
(AbFrontier), and 1:10,000 anti-alpha tubulin (Novus). Protein was imaged and analyzed
using the Odyssey Infrared Imaging System (LI-CORE, Lincoln, NE). Separate western
blots had samples from each condition, and samples on replicate blots were normalized to
the 10 nM Se, 0 μM Meth sample within the same blot.

2.3 Determination of Meth toxicity
SH-SY5Y cells were plated in 96-well plates in Neurobasal with B27 supplement. After
differentiation for >2 weeks, culture media was changed to that containing Meth at 0, 50 or
100 μM. Following 48-hr Meth exposure, cell viability was determined using CellTiter 96
Aqueous Non-Radioactive Cell Proliferation Assay (MTS) (Promega) as per manufacturer’s
instructions. A solution containing phenazine methosulfate (PMS) and 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner
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salt (MTS) was added to the culture media and changes in absorbance at 490 nm were
measured after 1 hr using a plate reader.

2.4. Determination of GPX activity by GPx-340 assay
SH-SY5Y cells were incubated with 0, 10, or 100 nM Se for one week followed by a 24-hr
Meth treatment. Protein concentration was determined by Bradford assay. GPx activity was
determined using BIOXYTECH GPx-340 assay kit (Oxis) per manufacturer’s instructions.
Protein was harvested with CelLytic solution and mixed with 25 μL assay buffer, 25 μL
NADPH, and 25 μL 1:10,000 tert-Butyl Hydroperoxide. The decrease in absorption at 340
nm was monitored every 2 sec for 5 min. The rate of decrease is directly proportional to
GPx activity. Results are displayed as GPx activity/protein concentration.

2.5. Determination of GSH and GSSG by GSH/GSSG-412 assay
Glutathione (GSH) and oxidized glutathione (GSSG) concentration were determined using
Oxis GSH/GSSG-412. SH-SY5Y cells were treated with 0, 10, or 100 nM Se for one week
followed by a 24-hr Meth treatment. Protein was harvested with proteinase inhibitor cocktail
set III (Calbiochem) diluted in 1X PBS and dissociated by sonication. An aliquot of protein
extract was mixed with 1-methyl-vinul-pyridium trifluoromethane sulfonate (M2VP) in HCl
(Oxis) to be used in determining GSSG concentration. Protein extract and protein aliquot
containing M2VP were mixed with 20 μL of 1X Glutathione reductase (Sigma), 20 μL
Chromagen (Oxis), 17 μL assay buffer and 20 μL of 0.25 mM NADPH (Oxis). The increase
in absorbance at 412 nm wavelength was monitored every 12 sec for 5 min. Results were
transformed to total GSH (tGSH) and GSSG concentrations, calculated by comparing to the
standard curve provided by the kit. Results are displayed as GSH concentration/protein
concentration. Protein concentration was determined by ND-1000 Nanodrop
spectrophotometer (Thermo Scientific).

2.6 Determination of oxidative stress
Oxidative stress was measured using a 2′,7′dichlorofluorescein diacetate (DCFH-DA)
fluorescent assay. SH-SY5Y cells were treated with 0, 10, or 100 nM Se for one week
followed by a 24-hr Meth treatment. Protein extract was added to 100 μL of 5μM DCFH-
DA dissolved in serum-free media supplement. The increase in fluorescence was monitored
every 2 min for 1 hr at 485 nm excitation and 535 nm emission. Results were transformed to
amount (nmol) of product/min/mg protein using a standard curve generated with the
following concentrations of DCF dissolved in Neurobasal with Schweizer supplement: 10
nM, 50 nM, 100 nM, 500 nM, 1μM, 5 μM, 10 μM.

2.7. Statistical analysis
Experimental groups are expressed as means ± SEM. Differences between samples with one
variable were analyzed using 1-way ANOVA with Bonferoni’s posthoc test, and differences
between group means in experiments with more than one variable were compared using 2-
way ANOVA with Bonferoni’s posthoc test. P values < 0.05 are considered statistically
significant. Relationships between variables were determined using linear regression
analysis.

3. Results
3.1 GPx Protein

We investigated the levels of two antioxidant selenoproteins, GPx1 and GPx4, in
differentiated SH-SY5Y cells in response to Meth treatment for 24 hrs. As shown in Fig.
1A, GPx1 protein was unchanged in undifferentiated cells. However, the concentration of
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GPx1 protein decreased with increasing concentrations of Meth (right). There was a
significant reduction in protein concentration at 100 μM Meth. We found a similar protein
expression pattern with GPx4. While GPx4 levels did not change in undifferentiated cells,
GPx4 was decreased in differentiated cells (Fig. 1B). We also measured the Meth toxicity in
differentiated cells using an MTS cell proliferation assay. Cell viability decreased with 50
and 100 μM Meth concentrations (Fig. 1C), corresponding to the decrease in GPx levels.

We next considered if Se levels in media affected the response of GPx protein levels to
Meth. As the GPx enzymes are selenoproteins that incorporate Se into the amino acid
selenocysteine (Sec), we hypothesized that selenoprotein synthesis may be limited by the
availability of Se. In Fig. 2, we observed a modest increase in GPx1 protein from 0 nM to 10
nM, and a further large increase from 10 nM to 100 nM media. There was an overall
significant effect of Se on GPx1 protein level. In 0 nM Se conditions, Meth (100 μM)
decreased GPx1 protein levels compared to untreated cells. Although there appeared to be
no interaction between Se and Meth, 10 nM Se and 100 nM Se levels increased GPx1 levels
to the point where Meth-induced reduction was inconsequential.

We also measured GPx4 levels in response to Se and Meth (Fig. 3). As with GPx1, GPx4
protein levels increased with increasing Se and decreased following exposure to 100 μM
Meth. At 0 nM Se, GPx4 in Meth treated-cultures was significantly reduced compared to
non-Meth controls. Although Meth reduced GPx4 at 100 nM Se, GPx4 at the highest Se
concentration co-treated with Meth was much greater then that at lower Se concentrations
without Meth.

3.2 Glutathione levels
Changes in GPx activity in response to Se and Meth (Fig. 4A) were very similar to changes
in protein levels. Increased Se concentration in the media resulted in increased GPx activity.
However, the presence of 100 μM Meth decreased GPx activity. GPx activity was lowest in
0 nM Se media with 100 μM Meth. The similarity of GPx activity with GPx protein
suggests that reduced activity is likely due to lowered protein concentrations. To test this,
we examined the correlation of GPx1 and GPx4 protein with GPx activity using linear
regression. There was a strong positive correlation between GPx activity GPx1 (Fig. 4B) and
GPx4 (Fig. 4C) protein levels in cells from media with and without Meth.

To further characterize GPx function, we measured the intracellular content of GSH, which
is a co-factor for GPx enzymes. As shown in Figure 5A, Meth treatment decreased the tGSH
concentration in cells in 0 nM and 10 nM Se conditions, but not at supplemented Se levels.
Without Meth treatment, the tGSH concentration was higher in 0 nM and 10 nM Se media,
and decreased with Se supplementation. As shown in Fig. 5B, the oxidized GSH fraction
([GSSG]/[tGSH] ratio) was reduced in 10 nM Se media compared to 0 nM Se. In 10 nM and
100 nM Se media, the addition of Meth significantly increased the [GSSG]/[tGSH] ratio.
Meth exposure increased GSSG when Se was present in the media, but did not change the
redox status of GSH in Se-deficient cells (0 nM Se). Overall, the addition of Meth either
decreased total GSH in the absence of Se or increased the GSSG fraction in the presence of
Se.

Because glutathione is a component of the extracellular media (Roth, Zhang, 2010), we also
measured GSH and GSSG in the media taken from cells when harvested. We found that
tGSH was significantly increased in 0 nM Se media relative to 10 nM Se media,
independent of Meth treatment (Fig 5C). In media with 10 nM and 100 nM Se, the measured
tGSH was close to the concentration of glutathione added to the media (3.6 μM –
represented by horizontal dashed line in Fig. 5C). This indicates that GSH is actually
released from cells grown in Se-deplete media. The tGSH in 10 nM Se media was
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significantly lower when Meth was added, apparently due to a slight increase in extracellular
tGSH in the absence of Meth. Thus a smaller amount of GSH released into the media in 10
nM Se compared to 0 nM Se is further reduced by Meth, possibly due to greater utilization
of intracellular tGSH. The ratio of extracellular GSSG to tGSH was not altered by Se or
Meth (Fig. 5D).

3.3 ROS generation
We measured ROS levels in response to Se and Meth (Fig. 6). At 0 nM Se there was a
significant increase in ROS in the presence of 100 μM Meth. However, there was no
increase in ROS in cells treated with Meth co-treated with 10 nM and 100 nM Se. This is in
agreement with the GPx protein and activity levels, as increased GPx due to the presence of
high Se would prevent ROS increases from Meth.

4. Discussion
In this study, we show that exposure of SH-SY5Y cells to 100 μM Meth for 24 hrs can
decrease GPx1 and GPx4 protein, as well as GPx enzymatic activity. Meth did not decrease
GPx levels in undifferentiated cells, suggesting that synthesis of DA may be necessary for
the decrease. The addition of Se to the media increases the GPx1 and GPx4 proteins levels,
thus increasing cellular GPx activity. As shown in previous studies, expression of the GPx
selenoenzymes increased with increasing Se (Lei et al., 1995, Weiss Sachdev and Sunde,
2001). Meth decreased tGSH and increased the ratio of GSSG to tGSH. We also found that
Meth can increase ROS production at 0 nM Se, but not in the presence of 10 nM or 100 nM
Se. These findings suggest that Se supplementation limits Meth-induced ROS production
and prevents oxidative stress from Meth by transferring the oxidation to glutathione.
Although previous studies have demonstrated that Se is protective against Meth toxicity
(Imam and Ali, 2000a, Imam et al., 1999b, Kim et al., 1999b), the interaction of Se with
Meth has been unclear. Our study shows the importance of Se to maintain levels of GPx
enzymes as well as proper regulation of glutathione in order to reduce Meth-induced
oxidative stress and improve protect against Meth toxicity.

Meth can increase oxidative stress within dopaminergic terminals (Yamamoto and
Raudensky, 2008). DA is subject to auto-oxidation and enzymatic degradation, which results
in the formation of hydrogen peroxide (H2O2) and superoxide (O2

−) (LaVoie and Hastings,
1999). Meth also increases the extracellular concentration of glutamate (Nash and
Yamamoto, 1992), which activates nitric oxide synthase and increases the production of
nitric oxide (NO) (Dawson et al., 1992) and subsequently peroxynitrite (ONOO−). This
leads to the inhibition of the mitochondrial electron transport chain (Bolaños et al., 1997,
Moncada and Bolaños, 2006) at the site of complex II (Brown et al., 2005), which in turn
increases the production of O2

−. Rodent models have demonstrated that Meth administration
increased lipid peroxidation, 3-Nitrotyrosine formation, and the production of hydroxyl
radicals in the striatum (Imam, el-Yazal, 2001, Yamamoto and Zhu, 1998). The
effectiveness of N-acetylcysteine amide in decreasing methamphetamine toxicity indicates
that antioxidants may be a viable strategy (Zhang et al., 2012).

The GPx proteins are important for neuronal survival and function. The GPx family has long
been known for reducing H2O2 and phospholipid hydroperoxides at the expense of
glutathione (GSH) (Brigelius-Flohé, 2006). Interestingly, this enzyme family can also
scavenge peroxynitrite, and the presence of GSH accelerates the reaction rate and sustains
the enzyme activity (Briviba et al., 1998, Sies et al., 1997). Increased expression of GPx1 in
PC-12 cells has previously been shown to protect against methamphetamine toxicity (Hom
et al., 1997). In our study we found that both GPx1 and GPx4 proteins may contribute to the
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overall GPx activity during Meth exposure to reduce oxidative stress and potentially protect
against Meth toxicity.

Further studies are needed to determine if the decreases in GPx proteins with Meth are due
to decreased expression or increased protein degradation. It seems unlikely that cells would
decrease the expression of a major antioxidant protein as a reaction to oxidative stress,
although Meth may indirectly affect cell-signaling pathways to produce this outcome. The
changes in GSH indicate increased activity of GPx proteins, which may increase the rate of
enzyme degradation from entropy and eventual loss of protein through degradation
pathways. The oxidized fraction of GSH increases with addition of Meth only in the
presence of Se. This probably indicates that ROS increased by Meth is being reduced by
GSH, which is partially mediated by GPx. Thus in 0 nM Se media, the decrease in GPx
protein disrupts reduction of ROS by GSH. While an increased ratio of GSSG to tGSH is
often used as an indicator of oxidative stress (Asensi et al., 1999), in our study the ratio
increase reflects dependence upon GPx activity and indicates functional antioxidant activity.
Total intracellular GSH was also lower in Se-supplemented conditions, suggesting
competing mechanisms in GSH regulation. For example, supplementation with Se may
reduce overall oxidation levels and also reduce GSH production by a negative feedback
mechanism. Regardless, the addition of Meth decreased intracellular tGSH and increased the
ratio of GSSG to tGSH, agreeing with reports of reduced tGSH from Meth exposure in
animal models (Acikgoz et al., 2001, Mirecki et al., 2004).

We recently demonstrated that GPx4 is associated with dystrophic axons in Parkinson’s
disease (PD), and may have a role in synthesis of neuromelanin (Bellinger et al., 2011).
GPx4 prevents the buildup of oxidized lipids, which are metabolized by 12/15-lipoxygenase
to produce products that activate apoptosis-inducing factor (AIF) to promote apoptotic cell
death (Seiler et al., 2008). In the present study, we found that Meth exposure results in
reduced GPx4 protein levels, which could result in an increase in oxidized lipids. However,
the presence of Se in the media increases GPx4 protein to prevent the oxidation of lipids.
Thus we were only able to detect an increase in ROS generation from addition of Meth in 0
nM Se media, as shown in Fig. 6.

5. Conclusion
These studies demonstrate the importance of dietary Se in prevention of Meth – induced
oxidative stress. The reported poor nutrition among Meth users could thus exacerbate
potential neurological damage (Morio et al., 2008). These findings suggest that treatment of
acute Meth toxicity could be more effective if Se levels are tested and restored to adequate
levels by Se supplementation. A better understanding of how Meth can alter the function of
antioxidant proteins is warranted considering the growing worldwide increase in Meth use.
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Highlights

• Methamphetamine decreased GPx1 and GPx4 enzymes in SH-SY5Y neuronal
cells.

• GPx1 and GPx4 increased with increasing culture media selenium
concentrations.

• Methamphetamine induced changes in glutathione levels and oxidized
glutathione.

• Glutathione changes were dependent upon selenium concentrations.

• Methamphetamine increased reactive oxygen species in low but not high
selenium.
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Figure 1.
Meth decreases GPx protein in a concentration-dependent manner. A. In undifferentiated
cells (left), GPx1 levels did not change with Meth. However, in differentiated cells (right),
increasing Meth results in decreased GPx1 protein expression whereas in undifferentiated
cells, GPx1 protein expression remained unchanged. Above blot shows representatives of
three samples for each Meth concentration. B. Meth also decreases GPx4 in differentiated
cells (right) but unchanged in undifferentiated cells (left). C. Meth (50 and 100 μM)
decreased cell viability after 48 hrs measured with an MTS cell proliferation assay. Bars
show mean ± SEM for three replicate cultures per condition. *indicates p<0.05, ** indicates
p<0.01(One-Way ANOVA with Bonferoni’s posthoc test).
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Figure 2.
Methamphetamine and selenium alter GPx1 protein levels. Above: Representative western
blot of GPx1 from SH-SY5Y cells grown in media containing 0, 10, or 100 nM Se, with or
without 100 μM Meth. Four replicate cultures for each condition were measured. Below:
Graph of GPx1 protein mean ± SEM measured by optical density of western blot bands.
Bars show mean ± SEM for four replicate cultures per condition. ** indicates p<0.01, ***
indicates p<0.001, and **** indicates p<0.0001 (Two-Way ANOVA with Bonferoni’s
posthoc test).
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Figure 3.
Methamphetamine and selenium alter GPx4 protein levels. Above: Representative western
blot of GPx4 from SH-SY5Y cells grown in 0, 10, or 100 nM Se, with or without 100 μM
Meth. Bars show mean ± SEM for four replicate cultures per condition. Below: Graph of
GPx4 protein mean ± SEM measured by optical density of western blot bands. * indicates
p<0.05, *** indicates p<0.001, and **** indicates p<0.0001 (Two-Way ANOVA with
Bonferoni’s posthoc test).
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Figure 4.
Meth decreases GPx enzymatic activity. A. GPx enzyme activity was measured from SH-
SY5Y cell lysates from cells grown in 0, 10 or 100 nM Se, with or without 100 μM Meth.
Bars show mean ± SEM for four replicate cultures per condition. * indicates p<0.05, ***
indicates p<0.001, and **** indicates p<0.0001 (Two-Way ANOVA with Bonferoni’s
posthoc test). B. Linear correlation between GPx activity and GPx1 protein levels. C. Linear
correlation between GPx activity and GPx4 levels.
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Figure 5.
Meth- and Se-induced changes in total GSH (tGSH) content and oxidized GSH (GSSG)
fraction. tGSH and GSSG were measured in lysates and media from SH-SY5Y cells
differentiated in media containing 10 nM Se for 2 weeks followed by either a 0, 10, or 100
nM Se for 1 week, and then treated with or without 100 μM Meth for 24 hrs. A. Intracellular
tGSH is decreased at 100 nM relative to 0 and 10 nM Se without Meth. Addition of 100 μM
Meth decreases tGSH at 0 and 10 nM Se. B. The ratio of intracellular GSSG to tGSH is
increased by addition of 100 μM Meth at 10 nM and 100 nm Se. Two-way ANOVA and
Bonferroni post hoc test were used. Samples from three replicate cultures were used, with
four assays averaged for each sample. C. Extracellular tGSH is increased in media
containing 0 nM Se. Horizontal line indicates the amount of GSH originally added to the
media (3.6 μM). D. The ratio of extracellular GSSG to tGSH in unchanged by Se content of
media or addition of Meth. Bars show mean ± SEM for four replicate cultures per condition.
Total **** indicates p<0.0001, *** indicates p<0.001, ** indicates p<0.01, * indicates
p<0.05.
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Figure 6.
Meth-induced generation of ROS in SH-SY5Y cells in 0 nM Se. ROS was measured by
DCFH assay. Bars show mean ± SEM for four replicate cultures per condition. ** indicates
p<0.01, (Two-Way ANOVA with Bonferoni’s posthoc test, n = 4 cultures per condition)
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