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In this report we show the results obtained from the original proposal. This study was sent to
the Journal of Neurochemistry (Changes in trafficking of NMDARs to lipid raft and synaptic
membrane

in

nucleus

accumbens

after

acute

administration

of

cocaine

and

methylphenidate). However the rotor was used for the development of three additional
studies, one article was accepted and two more articles were submitted.
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A. Genetic obesity alters recruitment of TANK-binding kinase 1 and AKT into hypothalamic
lipid rafts domains. International Neurochemistry, Neurochemistry International 11/2014;
80.
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on NMDA and GABAA receptors. Biochemistry and Biophysics Acta
-Alejandra Cabello Arreola, Lourdes Garza Ocañas, Ilse Delint Ramírez. Acute high dose of
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with lipid raft in accumbens nucleus. Journal of Neurochemistry
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Decreased levels of NMDA but not AMPA receptors in the lipid raft fraction of 3xTg-AD

model of Alzheimer’s disease: Relation to Arc/Arg3.1 Protein Expression. Neurochemistry
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Summary

Lipid

rafts

are

dynamic

membrane

domains

involved

in

signalling

compartmentalization. NMDARs are recruited to lipid rafts following learning. This
phosphorylation is necessary to generate silent synapses involved in sensitization. It
is unknown whether stimulation with drug of abuse induces changes in the
interaction of the NMDAR with rafts. We decided to compare the effect of acute
administration of cocaine or methylphenidate on the amount of NMDAR in lipid
rafts and synaptic membrane from nucleus accumbens. We found that, 15 minutes
after administration, cocaine induced association of NMDAR to lipid rafts and
postsynaptic density fractions, due to recruitment of these receptors to synapse.
However, 40 minutes after cocaine administration, NMDARs in synapses returned to
basal levels, but the association of the NR2B with rafts decreased. In contrast,
methylphenidate did not induce the early recruitment of the NMDAR to synapses,
contrarily 40 minutes later, NR2B-containing NMDARs decreased in synapses.

Introduction:
The NMDA receptor (NMDAR) plays an essential role in synaptic plasticity and
learning and memory. Not surprising, it has been involved in drug addictions too.
Evidence from behavioural studies suggests that NMDARs play a role in the
development of locomotor sensitization to cocaine (Pulvirenti et al. 1991), acquisition
of cocaine self-administration

(Schenk et al. 1993)

as well as extinction and

reinstatement of cocaine seeking (Cornish et al. 1999, Famous et al. 2007, Thanos et al.
2011). Cocaine exposure alters NMDAR at different levels. It has been reported
cocaine induces D1 and NMDAR -dependant phosphorylation of NR2B subunit on
Y1472 (Dunah & Standaert 2001, Hallett et al. 2006, Yamamoto & Zahniser 2012). This
phosphorylation, mediated by SRC family proteins (Xu et al. 2006, Schumann et al.
2009, Pascoli et al. 2011) is necessary and sufficient to trigger cocaine-induced ERK
activation (Pascoli et al. 2011). This is an early requirement in the cascade of cellular
changes leading to phosphorylation of the transcription factor CRE binding protein

(CREB), which,

later increases the number of NR2B-containing NMDARs at

synapses, generating silent synapses after cocaine exposition, which has been
involved in sensitization (Brown et al. 2011). We have showed in previous studies
that NMDAR interacts with SRC exclusively in lipid rafts (Delint-Ramirez et al. 2010).
Accordingly, it has been reported that NR2 subunits are higher phosphorylated when
they are associated to these microdomines (Delint-Ramirez et al. 2010, Besshoh et al.
2005). Lipid rafts are small, highly dynamic and heterogeneous domains. They are
enriched in cholesterol, saturated lipids such as sphingolipid and proteins
myristoylated and palmitoylated (due to the saturated fatty acyl chain) (Pike 2006).
Several studies have shown that lipid rafts are present in dendrites and postsynaptic
membrane (Renner et al. 2009, Suzuki et al. 2011) , where they interact with synaptic
proteins such as dopamine and glutamate receptors and the scaffolding protein
PSD95, the most abundant protein in the postsynaptic density (Suzuki et al. 2001,
Besshoh et al. 2005, Guirland et al. 2004, Becher et al. 2001, Ma et al. 2003). We
reported previously that association of NMDARs with lipid rafts is highly dynamic
and changes during synaptic plasticity, such as spatial learning (Delint-Ramirez et al.
2008); redistribution of NMDARs have also been reported after ischemic treatment
and during development (Besshoh et al. 2007, Besshoh et al. 2005). Additionally,
several studies have demonstrated that statins, methyl-cyclodextrins, or any other
compound that deplete membrane cholesterol disrupting lipid rafts, reduce NMDAR
currents and protect neurons from NMDAR-mediated excitotoxicity (Ponce et al.
2008) (Frank et al. 2008, Frank et al. 2004, Rufini et al. 2009). In the present study we
studied the effect of cocaine and methylphenidate stimulation on the association of
NMDAR with lipid rafts and on the recruitment of these receptors to the synapsis.
We show that cocaine administration induced early increase (15 minutes after
injection) of NMDARs in lipid rafts and the PSD not associated to lipid rafts, this was
due to the recruitment of this receptors to synaptic membrane. However, 40 minutes
after administration, NMDARs levels in synapses returns to basal, but the association
of NR2B subunits with lipid rafts decreased. On the other hand, methylphenidate did
not induce the early recruitment of the NMDAR to synapses, instead, 40 minutes
after injection, it decreased the amount of NMDARs in synapses including lipid rafts.

These findings show that the trafficking of NMDARs between lipid rafts, PSD and
the synaptic membrane is differentially regulated by stimulation with different
intensity and kinetics.

Materials and Methods

Animals and drug administration: Wistar rats from 200 to 250 g were handled
according to the NIH guide for the care and use of laboratory animals (NIH
Publications No. 80-23, revised in 1996), with approval of the local Animal Care
Committee of the University of Nuevo Leon. All efforts were made in order to
minimize the number of animals used and their suffering. Animals were housed in a
temperature-controlled room with a 12-h light/dark cycle. Food and water were
available ad libitum. The animals received intraperitoneal injections of saline, cocaine
(10 mg/kg), or methylphenidate (10 mg/kg). They were killed 15 minutes or 40
minutes after injection.

Lipid raft isolation: Lipid rafts were isolated as previously reported (Marta et al.
2004) with some modifications (Delint-Ramirez et al. 2008). Nucleus accumbens were
homogenized in 300 µl of lysis buffer (150mM NaCl, 25mM Tris-HCl pH 7.5,
containing 20 mM NaF, 1 mM Sodium orthovanadate, complete protease inhibitors
cocktail (Roche, Mannheim, Germany) and 0.5% Triton X-100) with a teflon-glass
homogenizer. Samples were centrifuged for 10 min at 1000 x g. Total proteins in the
supernatants were measured by Bradford assay. 0.8mg of protein in 400 µl of buffer
per sample was incubated for 30 min at 4°C and centrifuged for 15 min at 16,000 x g
to separate a Triton-soluble extract and the insoluble pellet. The pellet was
resuspended in 0.4 ml of lysis buffer and mixed with 2 M sucrose, overlaid with 1 M
and 0.2 M sucrose and centrifuged for 15 hrs at 200,000 x g at 4°C. After
centrifugation, fractions were collected from the top to the bottom of the gradient.
Lipid rafts are enriched in the fraction 2, as previously reported. The pellet, enriched
in PSD (Postsynaptic density) proteins was resuspended in 100 µl of lysis buffer.
Lipid rafts were pelleted by centrifugation at 20,000 x g for 30 min following dilution

with 25 mM Tris-HCL, 150 mM NaCl. The pellets were resuspendend in 100 µl of
lysis buffer and protein concentration determined by Bradford assay.

Synaptosomes isolation. Synaptosomal fractions were isolated from nucleus
accumbens as described earlier (Besshoh et al. 2005) with some modifications (DelintRamirez et al. 2008). Nucleus accumbens was homogenized in 1 mL of solution A
containing 0.32 M sucrose, 0.5 mM CaCl2, 1 mM each of NaHCO3, MgCl2 and
complete protease inhibitors. Homogenization was performed with a Teflon glass
homogenizer. The sample was centrifuged at 1000 g for 5 min. The supernatants were
mixed and centrifuged at 15 000 g for 15 min. The resulting pellet was suspended in
solution B (solution A without CaCl2 and MgCl2), loaded on the top of a
discontinuous sucrose gradient (equal volumes of 0.85, 1.0 and 1.2 M sucrose, each
prepared in solution B) and centrifuged at 82 500 g for 2 h. The band sedimenting
between 1.0 and 1.2 M sucrose is the synaptosomal fraction. Proteins from
synaptosomal fraction were analysed by western blot.

Western blotting. Samples were mixed with Laemmli buffer and then heated at 90°C
for 5 min and subjected to SDS–PAGE. Proteins were electrophoretically transferred
to nitrocellulose membranes. The membrane was then blocked for 2 h at RT in TBS-T
buffer containing 5% BSA. Membranes were incubated overnight with primary
antibodies at 4°C. Mouse anti-NR1 (catalog #320500 Millipore), mouse anti-NR2B
(catalog #610416/7, BD Biosciences), mouse anti-actin (catalog #ab3280, Abcam. The
membranes were washed (4 times/5 min) in TBS-T, and incubated for 1 h with HRPconjugated secondary antibody. Proteins were detected by ECL, light was captured
by the Chemidoc (BIORAD) imaging system and quantified densitometrically with
the 1.31V ImageJ software (Wayne Rasband, National Institutes of Health, Bethesda,
MD, USA).

Statistical analysis.

Statistical differences between two groups were evaluated using the unpaired
Student’s t test. Data are presented as mean ± SD. The significance levels displayed
on figures are as follows: * indicates p< 0.05, ** p< 0.01.

Results
1. Cocaine induced synaptic recruitment of NR2B-containing NMDARs, increasing
the amount of these receptors in the lipid rafts and the PSD enriched fraction.
To determinate whether cocaine induces changes in the association of NR2Bcontaining NMDAR with lipid rafts we isolated raft and the PSD enriched fraction
by density gradient centrifugation after Triton X100 solubilisation from nucleus
accumbens, 15 minutes after IP cocaine injection (10mg/kg). Then, we analysed equal
protein amounts of lipid rafts and PSDs by Western blot for NR1 and NR2B subunits.
We found that the amount of NR2B and NR1 subunits increase in lipid raft (Fig 1A)
as well as in the PSD enriched fraction (Fig 1B). This would suggest that there is an
increase of NMDAR at the synapse. To address this question we isolated
synaptosomes from nucleus accumbens after IP cocaine injection and determinate by
western blot changes in the amount of NMDAR at the synapses.

We found an

increase in the amount of NR1 and NR2B in the synaptic membrane (synaptosomal
fraction) (Fig 1C).

Fig. 1. Nucleus accumbens were dissected from rats injected (15 minutes before) with
cocaine (intraperitoneal, 10mg/ml). Lipid rafts (A), PSD (B) and synaptosomes (C)
were isolated by sucrose density gradient. Equal amount of protein from saline and
cocaine treated animals were analysed by western blot to detect NMDA receptor
subunits (NR2B and NR1) and loading control protein (actin). 6 independent
experiments were performed for lipid rafts , PSD and synaptosomes. Graphics show
densitometry analysis of blots corrected against loading control (actin) (mean ± SD)
**p < 0.01, *p < 0.05

2. 40 minutes after administration, cocaine induced decrease of NR2B subunit of
the NMDAR in lipid rafts.

It has been reported that cocaine elimination half-life is 25 min approximately after IP
injection; we decided to study the NMDAR distribution when the dopamine
receptors are no longer overstimulated, and most of the rats were sleeping in their
home cage at this time. We isolated lipid rafts and the PSD enriched fraction 40
minutes after IP injection. We found that NR2B-containing NMDARs in synaptic
membrane (synaptosomal fraction) are no longer increased (Fig 2C). However,
interestingly, we observed a decrease of the NRB subunit associated with the lipid
rafts fraction but NR1 remained constant (Fig 2A). We did not find significant
changes in the PSD or synaptosomal fraction (Fig 2B and 2C).

Fig.2. Nucleus accumbens were dissected from rats injected (40 minutes before) with
cocaine (intraperitoneal, 10mg/ml). Lipid rafts (A), PSD (B) and synaptosomes (C)
were isolated by sucrose density gradient. Equal amount of protein from saline and
cocaine treated rats were analysed by western blot to detect NMDAR subunits (NR2B
and NR1) and loading control protein (actin). Graphics show densitometry analysis
of blots corrected against loading control. 4 independent experiments were
performed for lipid rafts, PSD and synaptosomes (mean ± SD) **p < 0.01, *p < 0.05
3. 15 minutes after drug administration, methylphenidate did not induce
recruitment

of

NMDARs

to

synapses,

but

40

minutes

after

injection,

methylphenidate decreased NR2B-containing NMDARs in raft, PSD and
synaptosomes.
We decided to study whether the fast NR2B-containing NMDAR recruitment to
synapses after injection of cocaine and their exclusion from lipid rafts 40 minutes
later, are induced by other drug that increases dopamine levels with a slower
kinetics, such as methylphenidate. We isolated lipid rafts, PSD and synaptosomes
enriched

fractions,

from

accumbens

15

minutes

and

40

minutes

before

methylphenidate IP injection (10mg/kg). We showed that methylphenidate did not
change the association of NR2B-containing NMDAR with lipid rafts or induce
recruitment to synapses, 15 minutes after injection (Fig 3). However, 40 minutes after
injection, methylphenidate decreased NR2B-containing NMDARs in raft, PSD and
synaptosomes (Fig 4).

Fig 3. Nucleus accumbens were dissected from rats injected (15 minutes before) with
methylphenidate (intraperitoneal, 10mg/ml). Lipid rafts (A), PSD (B) and
synaptosomes (C) were isolated by sucrose density gradient and analysed by western
blot to detect the NR1 and NR2B subunit and loading control protein (actin).
Graphics shows densitometry analysis of blots corrected against loading control for 6
independent experiments for lipid rafts and PSD and 4 independent experiments for
synaptosomes (mean ± SD).

Fig.4. Nucleus accumbens were dissected 40 minutes after metylphenidate injection
(intraperitoneal, 10mg/ml). Lipid rafts (A), PSD (B) and synaptosomes (C) were
isolated by sucrose density gradient and analysed by western blot to detect the NR1
and NR2B subunit and loading control protein (actin). Graphics shows densitometry
analysis of blots corrected against loading control for at least 4 independent
experiments for lipid rafts, PSD and synaptosomes (mean ± SD). **p < 0.01, *p < 0.05.

Discussion

This study shows that acute, non-contingent, in vivo cocaine administration induce a
fast recruitment (15 minutes after administration) of NR2B containing NMDAR to the
synaptic membrane in the nucleus accumbens (synaptosomal fraction), increasing
the amount of this receptor in lipid rafts and PSD fraction. Previously, it has been
reported a recruitment of NMDAR to synapse (dopamine and src-dependent) in
VTA, after cocaine stimulation (10 minutes) in brain slices (Schumann et al. 2009,
Schilstrom et al. 2006). Similarly, it was reported that D1 stimulation in dorsal
striatum slices induces phosphorylation-dependent NMDAR recruitment to synapses
(10 min after stimulation) (Dunah & Standaert 2001). These finding together suggest
that the recruitment of NMDAR to synapses is a generalized event, taking place in
diverse brain regions few minutes after cocaine stimulation. Since, initial NMDAR
activity is indispensable for the long term plasticity occurring few hours later,
involved in sensitization (Brown et al. 2011, Schenk et al. 1993) , the early recruitment
of the NMDAR to synapses could be involved in the initial triggering of this
plasticity. On the other hand, methylphenidate did not induce changes in NMDARs
levels in the synapses, 15 or 40 minutes after administration. This suggests that
dopamine stimulation not necessarily increases the amount of NMDARs, the kinetics
or intensity of this stimulation is determinant to induce the NMDAR recruitment.
It is important to mention that unlike what happened during spatial memory
formation (Delint-Ramirez et al. 2008), we did not observe a specific increase of the
NMDAR in lipid rafts after cocaine stimulation, the recruitment of the NMDAR to
synapses increased the amount of this receptor in lipid rafts as well as the PSD
fraction. However, in vitro, it was reported that the recruitment of NMDAR to
synapses, 10 minutes after cocaine stimulation in the VTA is SRC phosphorylation
dependent (Schilstrom et al. 2006), so it is possible that an increase of NMDARs in
lipid rafts occurs in a narrower window before their recruitment to synapses.
On the other hand, 40 minutes after cocaine injection we detected a decrease of the
NR2B subunit in the lipid rafts fraction. This could be a negative regulatory
mechanism of NMDA receptor function after the overstimulation induced by
cocaine, since it has been reported that lipid rafts disruption protects from NMDAinduced neuronal damage (Rufini et al. 2009, Ponce et al. 2008, Frank et al. 2008,

Frank et al. 2004), this could be because the interaction of the NMDAR with SRC
proteins and its phosphorylation take place mainly in lipid rafts (Besshoh et al. 2005)
(Delint-Ramirez et al. 2010). The specific reduction in the amount of NR2B associated
to lipid rafts, was not observed 40 minutes after methylphenidate injection, instead
we detected a decrease of the NR2B subunit in the synapses, including the lipid rafts
and the PSD fraction. These results show that the trafficking of the NMDAR between
synaptic membrane, lipid rafts and the PSD is an activity regulated process reliant on
the nature of the stimulus, as well as its intensity and kinetics.
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