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Abstract
Mitogen-activated protein kinases (MAPKs) play a central role in cell signaling. Extracellular
signal-regulated kinase (ERK) is a prototypic subclass of MAPKs and is densely expressed in
postmitotic neurons of adult mammalian brains. Active ERK translocates into the nucleus to
regulate gene expression. Additionally, ERK is visualized in neuronal peripheries, such as distal
synaptic structures. While nuclear ERK is a known sensitive target of psychostimulants, little is
known about the responsiveness of synaptic ERK to stimulants. In this study, we focused on ERK
at synaptic versus extrasynaptic sites and investigated its responses to the psychostimulant
amphetamine in the adult rat striatum and medial prefrontal cortex (mPFC) in vivo. We used a
pre-validated biochemical fractionation procedure to isolate synapse- and extrasynapse-enriched
membranes. We found that two common ERK isoforms (ERK1 and ERK2) were concentrated
more in extrasynaptic fractions than in synaptic fractions in striatal and cortical neurons under
normal conditions. At synaptic sites, ERK2 was noticeably more abundant than ERK1. Acute
injection of amphetamine induced an increase in ERK2 phosphorylation in the synaptic fraction of
striatal neurons, while the drug did not alter extrasynaptic ERK2 phosphorylation. Similar results
were observed in the mPFC. In both synaptic and extrasynaptic compartments, total ERK1/2
proteins remained stable in response to amphetamine. Our data establish the subsynaptic
distribution pattern of MAPK/ERK in striatal and cortical neurons. Moreover, the synaptic pool of
ERK2 in these neurons can be selectively activated by amphetamine.
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1. Introduction
Mitogen-activated protein kinases (MAPKs) are a family of serine/threonine protein kinases.
These kinases are densely expressed in postmitotic neurons of adult mammalian brains and
play a central role in cell signaling (Nozaki et al., 2001). Extracellular signal-regulated
kinase (ERK) is the first subfamily of MAPKs (Pearson et al., 2001; Volmat and
Pouyssegur, 2001). Like all other MAPKs, ERK is activated through a module cascade
involving initial activation of small GTPases (Ras or Rac) and subsequent three-tiered
protein kinase systems. As a kinase highly sensitive to diverse extracellular stimuli, ERK is
vigorously involved in activity-dependent signaling transduction and synaptic plasticity in
the central nervous system (reviewed in Sweatt, 2004; Thomas and Huganir, 2004; Wang et
al., 2007).

As a prototype of MAPKs, ERK has been extensively investigated in its distribution and
function in neurons. Traditionally, ERK, once activated, translocates into the nucleus, where
it activates a discrete set of transcription factors and thus regulates gene expression
(Treisman, 1996). While this is true for ERK in the cell body, a sub-pool of ERK also
notably resides in neuronal peripheries, including postsynaptic dendritic spines (Boggio et
al., 2007; Casar et al., 2009; Ortiz et al., 1995). In the postsynaptic density (PSD), ERK2
coexisted with all MAPK cascade components (Suzuki et al., 1995; 1999). After activation,
immunostaining of phosphorylated ERK (pERK) was visualized in synaptic structures, in
addition to nuclear envelopes, in hippocampal and visual cortical neurons (Boggio et al.,
2007; Sindreu et al., 2007). Thus, ERK is reasoned to function at both nuclear and synaptic
sites.

ERK has been well documented to be a sensitive target of addictive drugs and plays a
pivotal role in neural adaptations and drug addiction (Wang et al., 2007). Among addictive
drugs that readily activate ERK in the reward circuit in vivo are psychostimulants (cocaine
and amphetamines). Acute injection of cocaine markedly increased phosphorylation of ERK
in the striatum (Jenab et al., 2005; Valjent et al., 2000; 2005; 2006; Zhang et al., 2004).
Similarly, acute amphetamine (AMPH) increased ERK phosphorylation in the striatum
(Choe et al., 2002; Choe and Wang, 2002; Valjent et al., 2004; 2005; 2006). The
psychostimulant-induced ERK phosphorylation requires activation of dopamine D1
receptors and group I metabotropic glutamate receptors (Choe et al., 2002; Choe and Wang,
2002; Valjent et al., 2000). Together, ERK in striatal neurons is activated in response to
stimulants and is believed to participate in neuroadaptations related to the long-lasting
addictive properties of drugs of abuse. However, to date, the response of ERK to stimulants
was primarily detected and analyzed in the nuclear compartment. Little is known about the
distribution and responsivity of nonnuclear ERK, such as the ERK at synaptic sites, to
stimulants.

In this study, we carried out a series of experiments in adult rats to examine the subsynaptic
distribution pattern of the two common ERK isoforms (ERK1 and ERK2) in the striatum
and medial prefrontal cortex (mPFC), two prime projection sites in the mesocorticolimbic
dopamine system which is actively involved in mediating AMPH effects. Subsequently, we
assessed the response of synaptic ERK1/2 to AMPH. Using a pre-validated subsynaptic
fractionation method, synaptic and extrasynaptic ERK1/2 were isolated from the striatum
and mPFC. The effect of an acute injection of AMPH on phosphorylation of ERK1/2 in
those defined pools was analyzed.
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2. Results
2.1. Enrichment of synaptic and extrasynatic proteins

We first evaluated the efficiency of our fractionation method in enriching synaptic and
extrasynaptic proteins from the rat striatum. To this end, we separated synaptic and
extrasynaptic membranes. The latter include all membranes except synaptic membranes. We
then assayed the relative abundance of proteins known to be preferentially expressed in
either membrane fraction. The N-methyl-D-aspartate (NMDA) glutamate receptor subunit
NR2B, PSD-95, and Ca2+/calmodulin-dependent protein kinase II α/β (CaMKIIα/β) are
knowingly concentrated at synaptic sites and were detected predominantly in synaptic
fractions (Davies et al., 2007; Ferrario et al., 2011; Goebel-Goody et al., 2009). Consistent
with this, our samples obtained from the Triton X-100-based fractionation (Fig. 1A) showed
that NR2B and CaMKIIα immunoblot signals were visualized mostly in synaptic fractions,
while their signals in extrasynaptic fractions were minimal (Fig. 1B). PSD-95 and CaMKIIβ
were concentrated in synaptic membranes and virtually undetectable in extrasynaptic
membranes (Fig. 1B). In contrast to these synaptic markers, three known extrasynaptic
membrane proteins showed an opposite distribution pattern. As shown in Fig. 1C, calnexin,
a Ca2+-binding protein expressed in extrasynaptic plasma membranes (Davies et al., 2007;
Ferrario et al., 2011), was present in extrasynaptic fractions but was almost absent in
synaptic fractions. So were the two early endosomal proteins, EEA1 (early endosome
antigen 1) and Rab11, that are required for endocytosis and recycling of receptors and are
enriched in extrasynaptic rather than synaptic membranes (Davies et al., 2007; Ferrario et
al., 2011; Park et al., 2004; Racz et al., 2004). These results demonstrated the sufficiency of
the fractionation procedure in enriching proteins from distinct subsynaptic compartments.

2.2. Synaptic and extrasynaptic distributions of ERK1/2 in the striatum
Using synaptic and extrasynaptic samples validated above, we assessed the relative
abundance of pERK1/2 and ERK1/2 proteins in synaptic and extrasynaptic pools of adult rat
striatal neurons. A minimal amount of pERK1 signals was seen in synaptic fractions, while
pERK2 was relatively more abundant in this fraction (Fig. 2A). Both pERK1 and pERK2
were present at a higher level in extrasynaptic fractions than in synaptic fractions (Fig. 2A
and 2B). Like synaptic pERK2, extrasynaptic pERK2 displayed stronger signals than
pERK1, establishing a high ratio of pERK2 to pERK1 at the two sites (Fig. 2C). In
immunoblot analysis of ERK1/2 expression, we found a small amount of ERK1 opposed to
a higher level of ERK2 at synaptic sites (Fig. 2A and Fig. 2C). Both ERK1 and ERK2 were
substantially abundant at extrasynaptic sites (Fig. 2B) and showed no obvious isoform
gradient (Fig. 2C). These data demonstrate that pERK1/2 and ERK1/2 are concentrated at
extrasynaptic sites. Meanwhile, a significant amount of ERK2 exists in synaptic membranes
of striatal neurons.

2.3. Effects of AMPH on synaptic and extrasynaptic ERK phosphorylation in the striatum
We next wanted to investigate the effect of AMPH on ERK phosphorylation and expression
in the two distinct pools (synaptic versus extrasynaptic pools) of striatal neurons. We
subjected rats to a single intraperitoneal (i.p.) injection of AMPH (5 mg/kg). We then
sacrificed rats 15 min after drug injection. Rat brains were removed and striatal tissue was
dissected for isolating synaptic and extrasynaptic proteins. Changes in phosphorylated and
total ERK1/2 protein levels in the two pools were analyzed using Western blots. We found
that AMPH did not significantly altered pERK1 levels in synaptic fractions, although a trend
of increase was seen following AMPH administration (Fig. 3A). Noticeably, AMPH
produced a greater than one-fold increase in synaptic pERK2 levels (231.6 ± 16.8% of
saline, P < 0.05). The drug had a minimal impact on cellular levels of ERK1 and ERK2. At
extrasynaptic sites, AMPH did not affect ERK1/2 phosphorylation and expression (Fig. 3B).
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Both phosphorylated and total ERK1/2 proteins showed no significant changes in AMPH-
treated rats relative to saline-treated rats. These data indicate that AMPH is a stimulant that
can preferentially stimulate phosphorylation of a selective synaptic pool of ERK2, while the
drug has no effect on ERK1/2 phosphorylation in extrasynaptic fractions.

2.4. Synaptic and extrasynaptic distributions of ERK1/2 in the mPFC
The terminal region of the mesocorticolimbic dopamine system, the mPFC, is another
forebrain structure actively involved in stimulant action (Steketee, 2003; Van den Oever et
al., 2010). We thus tested ERK responses to AMPH in this region. We first analyzed the
normal distribution of the kinase in synaptic and extrasynaptic fractions of mPFC neurons.
The ERK1/2 distribution in the mPFC generally resembled the pattern seen in the striatum.
When the synaptic distribution was compared with the extrasynaptic distribution, all
proteins (pERK1, pERK2, ERK1, and ERK2) were more abundant in extrasynaptic pools
than in synaptic pools (Fig. 4A and 4B). When comparing pERK1 with pERK2, the latter
was expressed at a higher level in the two pools than the former (Fig. 4A and 4C). ERK2
was also enriched at synaptic sites, while ERK1 and ERK2 were equally distributed at
extrasynaptic sites (Fig. 4A and 4C).

2.5. Effects of AMPH on synaptic and extrasynaptic ERK phosphorylation in the mPFC
We next examined possible changes in ERK phosphorylation in the two fractions of mPFC
neurons in response to AMPH (5 mg/kg, 15 min). A single dose of AMPH induced a
moderate but significant increase in ERK2 phosphorylation at synaptic sites. As shown in
Fig. 5A, a significant increase in pERK2 protein levels was seen in AMPH-treated rats
relative to saline-treated rats (152.1 ± 8.8% of saline, P < 0.05). AMPH did not significantly
affect synaptic ERK1 phosphorylation. At extrasynaptic sites, ERK1 and ERK2 remained
unchanged in their phosphorylation levels following AMPH administration (Fig. 5B). At
both synaptic and extrasynaptic sites, total cellular levels of ERK1 and ERK2 remained
stable in response to AMPH. These data indicate that AMPH primarily targets the synaptic
species of ERK2 and stimulates its phosphorylation in mPFC neurons.

3. Discussion
In this study, we targeted a distinct pool of ERK1/2 in synaptic structures. We first defined
their synaptic distribution patterns in striatal and cortical neurons. We then investigated their
responses in phosphorylation to AMPH. We found that two ERK isoforms (ERK1 and
ERK2) are expressed in synaptic structures. At the subsynaptic level, they are more
abundantly distributed at extrasynaptic than synaptic sites. ERK2 seems to be more enriched
in synaptic membranes as compared to ERK1. This synaptic pool of ERK2 was sensitive to
AMPH. Acute AMPH administration increased synaptic ERK2 phosphorylation, while the
drug had no impact on ERK1/2 phosphorylation in extrasynaptic fractions of striatal and
cortical neurons. These results establish the subsynaptic distribution of ERK1/2 in the
striatum and mPFC. More importantly, synapses represent a site where ERK2 is selectively
activated by AMPH.

Several important characteristics are noted regarding the subsynaptic distribution of ERK1/2
and responsivity of these kinases to AMPH. First, the distribution of ERK1/2 in striatal and
cortical neurons exhibited a preference for the extrasynaptic microdomain. Under normal
conditions, ERK1/2 were concentrated at extrasynaptic sites much more than synaptic sites.
Second, synaptic expression of ERK1 and ERK2 seems to show an isoform gradient. ERK2
is visualized as a major isoform positioning in synaptic fractions. Consistent with this,
ERK2 rather than ERK1 was detected in the PSD of the rat brain (Suzuki et al., 1995; 1999).
Moreover, AMPH induced a positive response of ERK2 but not ERK1 in phosphorylation at
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synaptic sites, indicating an isoform- and synapse-selective regulation of ERK2 in response
to AMPH. Finally, both regions surveyed in the mesocorticolimbic dopamine system
(striatum and mPFC) showed similar distributions of ERK1/2 in synaptic and extrasynaptic
pools. AMPH produced no region-specific stimulation of ERK2 phosphorylation in the two
areas.

Stimulants have been well documented to regulate ERK1/2 phosphorylation in the striatum.
A single dose of cocaine markedly increased pERK1/2 in the striatum (Jenab et al., 2005;
Sun et al., 2007; Valjent et al., 2000; 2005; 2006; Zhang et al., 2004). Similarly, AMPH
increased striatal ERK1/2 phosphorylation following an acute injection (Choe et al., 2002;
Choe and Wang, 2002; Valjent et al., 2004; 2005; 2006). The stimulant-induced ERK1/2
phosphorylation may be mediated through a signaling mechanism involving combined
stimulation or cross-talking of multiple systems, including dopamine D1 receptors (Valjent
et al., 2000; Bertran-Gonzalez et al., 2008; Shi and McGinty, 2011), glutamate NMDA
receptors (Valjent et al., 2005), Src family kinases (pascoli et al., 2011), group I
metabotropic glutamate receptors (Choe et al., 2002; Choe and Wang, 2002), cannabinoid
type 1 receptors (Corbille et al., 2007), and Ras-guanine nucleotide-releasing factor 1
(Fasano et al., 2009). Of note, most early studies focused on detecting the nuclear ERK1/2
through immunohistochemistry or immunoblots with whole cell homogenates. One report
described an increase in ERK1/2 phosphorylation in the crude synaptosomal membrane (P2)
of the rat prefrontal cortex following a single injection of cocaine (Fumagalli et al., 2009). In
sum, these studies provide little knowledge about synaptic versus extrasynaptic ERK1/2. In
this study, we found that ERK2 is in fact expressed at synaptic sites and synaptic ERK2 is
sensitive to AMPH. This information adds a new site to analyze ERK function in drug
action, in addition to the nucleus where ERK1/2 are known to regulate gene expression and
thereby transcriptionally contribute to enduring neuroadaptations to stimulants (Chao and
Nestler, 2004; McClung and Nestler, 2008).

A large set of ERK1/2 substrates have been discovered in the nucleus (Kosako et al., 2009;
Treisman, 1996). Through modifying function of these nuclear substrates in the nucleus,
ERK1/2 link extracellular signals to gene expression. Like nuclear ERK1/2, synaptic
ERK1/2 are believed to interact with specific local substrates to regulate synaptic
transmission. At present, several synaptic proteins have been identified as efficient
biochemical substrates of ERK. These substrates include protein kinase C alpha (Debata et
al., 2010), Kv4.2 potassium channels (Adams et al., 2000; Schrader et al., 2006), presynaptic
synapsin I (Jovanovic et al., 1996), postsynaptic PSD-93 (Guo et al., 2012), and PSD-95
(Sabio et al., 2004). However, it is unclear how ERK1/2 phosphorylation-dependently
regulate their function and thereby synaptic transmission. Future studies may identify
additional new ERK2 substrates at synaptic sites and elucidate how ERK2 regulates these
substrates to incubate long-lasting neuroadaptations essential for enduring synaptic plasticity
and stimulant seeking behavior (Chen and Xu, 2010; Gerdjikov et al., 2004; Kim and Kim,
2008).

4. Experimental procedures
4.1. Animals

Adult male Wistar rats weighing 275–335 g (Charles River, New York, NY) were
individually housed in a controlled environment at a constant temperature of 23°C and
humidity of 50 ± 10% with food and water available ad libitum. The animal room was on a
12-h/12-h light/dark cycle. Rats were allowed 6–7 days of habituation to the animal colony.
All animal use and procedures were in strict accordance with the US National Institutes of
Health Guide for the Care and Use of Laboratory Animals and were approved by the
Institutional Animal Care and Use Committee.
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4.2. Systemic drug injection
Rats were treated with an i.p. injection of saline or d-amphetamine sulfate (Sigma-Aldrich,
St. Louis, MO). AMPH was injected at a dose of 5 mg/kg. The dose of the drug was
calculated as the salt and was chosen based on the fact that AMPH at this dose caused
typical motor stimulation and a marked increase in immediate early gene and opioid peptide
gene expression in the rat striatum (Wang and McGinty, 1995). Age-matched rats received
an acute injection of saline (1 ml/kg, i.p.) and served as controls. Rats were sacrificed 15
min after AMPH injection for the subsequent neurochemical analysis.

4.3. Fractionation of synaptic and extrasynaptic membranes
Subsynaptic fractionation of proteins enriched in synaptic and extrasynaptic membranes was
performed according to a method developed based on the insolubility of PSD and synaptic
junctions in Triton X-100 (Davies et al., 2007; 2008; Ferrario et al., 2011; Goebel-Goody et
al., 2009). Briefly, rats were anesthetized with equithesin (5 ml/kg, i.p.) and decapitated.
Brains were quickly removed and cut into coronal sections. The striatum was dissected and
homogenized on ice in isotonic sucrose homogenization buffer containing 0.32 M sucrose,
10 mM HEPES, pH 7.4, 2 mM EDTA, and a protease inhibitor cocktail (Thermo Scientific,
Rochester, NY) in a glass grinding vessel with a motor driven Teflon pestle (clearance =
0.125 mm) at 700 rpm (8 strokes). The homogenate was centrifuged at 760 g for 10 min at
4°C to generate the supernatant 1 (S1) and the pellet 1 (P1). P1 was resuspended with 1
volume of the sucrose homogenization buffer, re-homogenized, and centrifuged at 760 g for
10 min at 4°C to generate the S1' and P1' fractions. The P1' fraction containing unbroken
cells (including blood cells), nuclei, and large debris was discarded. The S1' fraction was
added to the S1 fraction to generate the final S1 supernatant. S1 was then centrifuged at
10,000 g for 15 min at 4°C to generate the supernatant 2 (S2) containing cytosol proteins
and the pellet 2 (P2) containing crude synaptosomal plasma membranes. P2 was washed
once with 1 volume of the sucrose homogenization buffer and centrifuged at 10,000 g for 15
min at 4°C to produce the final P2 pellet. Washed P2 was resuspended in the sucrose
homogenization buffer containing Triton X-100 (0.5%, v/v) using a motorized pestle. The
suspension was incubated with gentle rotation for 20 min at 4°C, and centrifuged for 20 min
(32,000 g) to yield the pellet enriched with Triton X-100-insoluable synaptic membranes
and the supernatant enriched with Triton X-100-soluable extrasynaptic membranes. The
extrasynaptic fraction was concentrated if needed by acetone precipitation (−20° overnight
and then centrifugation at 3,000 g). The concentrated extrasynaptic pellet and the synaptic
fraction were solubilized in sucrose-Triton buffer containing 1% SDS, a protease inhibitor
cocktail (Thermo Scientific), and a phosphatase inhibitor cocktail (Thermo Scientific).
Protein concentrations were determined and samples were stored at −80°C until use for
Western blot.

4.4. Western blot analysis
Western blot was performed as described previously (Yang et al., 2006; Zhang et al., 2007).
Briefly, the equal amount of protein was separated on SDS NuPAGE Novex 4–12% gels
(Invitrogen, Carsbad, CA). Proteins were transferred to the polyvinylidene fluoride
membrane (Millipore, Bedford, MA) and blocked in a blocking buffer (5% nonfat dry milk
in phosphate-buffered saline and 0.1% Tween 20) for 1 h. The blots were washed and
incubated in the blocking buffer containing a primary antibody usually at 1:1000 overnight
at 4°C. This was followed by 1 h incubation in a horseradish peroxidase-linked secondary
antibody against rabbit (Jackson Immunoresearch Laboratory, West Grove, PA) at 1:5000.
Immunoblots were developed with the enhanced chemiluminescence reagents (ECL;
Amersham Pharmacia Biotech, Piscataway, NJ). Kaleidoscope-prestained standards (Bio-
Rad, Hercules, CA) and MagicMark XP Western protein standards (Invitrogen) were used
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for protein size determination. Immunoblots were measured using NIH gel analysis
software.

4.5. Antibodies
Primary antibodies used in this study include rabbit antibodies against pERK1/2 at Thr202
and Tyr204 (Cell Signaling Technology, Beverly, MA) or ERK1/2 (Cell Signaling). Other
primary antibodies include rabbit antibodies against NR2B (Millipore), PSD-95 (UC Davis/
NIH NeuroMab Facility, Davis, CA), CaMKIIα/β (Santa Cruz Biotechnology, Santa Cruz,
CA), calnexin (Santa Cruz), Rab11 (Invitrogen), EEA1 (Santa Cruz), or actin (Santa Cruz).

4.6. Statistics
The results are presented as means ± S.E.M., and were evaluated using a one-way analysis
of variance followed by a Bonferroni (Dunn) comparison of groups using least squares-
adjusted means or two-tailed unpaired Student's t-test. Probability levels of < 0.05 were
considered statistically significant.
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Highlights

1. ERK2 is present at synaptic sites in the rat striatum and prefrontal cortex.

2. Acute amphetamine increased ERK2 phosphorylation in the striatum.

3. Amphetamine also increased ERK2 phosphorylation in the medial prefrontal
cortex.
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Figure 1. Distribution of synaptic and extrasynaptic markers in synaptic and extrasynaptic
membranes
(A) Schematic illustration of Triton X-100-based fractionation procedures for enriching
synaptic and extrasynaptic proteins from the rat striatum. (B) Representative immunoblots
showing expression of synaptic markers (NR2B, PSD-95, and CaMKIIα/β) in synaptic and
extrasynaptic membranes. (C) Representative immunoblots showing expression of
extrasynaptic markers (calnexin, EEA1, and Rab11) in synaptic and extrasynaptic
membranes. Note that synaptic and extrasynaptic markers are present predominantly in their
respective fractions. Total proteins from homogenates (H) and enriched proteins from
synaptic membranes (S) and extrasynaptic membranes (ES) were loaded at the same amount
(10 μg per lane).
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Figure 2. Distribution of pERK1/2 and ERK1/2 in synaptic and extrasynaptic fractions of the rat
striatum
(A) Representative immunoblots showing expression of pERK1/2 and ERK1/2 proteins in
homogenates (H), synaptic (S) and extrasynaptic (ES) fractions (12 μg per lane). Note that a
significant amount of ERK2 was present in synaptic fractions. (B) Quantification of pERK1,
pERK2, ERK1, and ERK2 expression in synaptic versus extrasynaptic fractions. (C) Ratios
of pERK2 to pERK1 and ERK2 to ERK1 in the two fractions. Data are presented as means
± SEM (n = 4 per group). *P < 0.05 versus synaptic fractions.
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Figure 3. Effects of AMPH on ERK1/2 phosphorylation in the rat striatum
(A) Effects of AMPH on ERK1/2 phosphorylation and total ERK1/2 expression in synaptic
membranes. Note that AMPH markedly increased pERK2 levels in synaptic fractions. (B)
Effects of AMPH on ERK1/2 phosphorylation and total ERK1/2 expression in extrasynaptic
membranes. Representative immunoblots are shown left to the quantified data. Rats received
a single dose of AMPH (5 mg/kg, i.p.) or saline and were sacrificed 15 min after drug
injection for immunoblot analysis. Data are presented as means ± SEM (n = 6 per group). *P
< 0.05 versus saline.
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Figure 4. Distribution of pERK1/2 and ERK1/2 in synaptic and extrasynaptic fractions of the rat
mPFC
(A) Representative immunoblots showing pERK1/2 and ERK1/2 protein levels in
homogenates (H), synaptic (S) and extrasynaptic (ES) fractions (12 μg per lane). (B)
Quantification of pERK1/2 and ERK1/2 expression in synaptic and extrasynaptic fractions.
(C) Ratios of pERK2 to pERK1 and ERK2 to ERK1 in the two fractions. Data are presented
as means ± SEM (n = 4 per group). *P < 0.05 versus synaptic fractions.
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Figure 5. Effects of AMPH on ERK1/2 phosphorylation in the rat mPFC
(A) Effects of AMPH on ERK1/2 phosphorylation and total ERK1/2 expression in synaptic
membranes. (B) Effects of AMPH on ERK1/2 phosphorylation and total ERK1/2 expression
in extrasynaptic membranes. Representative immunoblots are shown left to the quantified
data. Rats received a single dose of AMPH (5 mg/kg, i.p.) or saline and were sacrificed 15
min after drug injection for immunoblot analysis. Data are presented as means ± SEM (n = 6
per group). *P < 0.05 versus saline.
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