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Cannabinoid Receptors and
Reconsolidation of Cocaine
Memories

Jessica A. Higginbotham, Rong Wang,
Ben D. Richardson, Hiroko Shiina, Shi
Min Tan, et al.

(see pages 613–629)

A major challenge for people fighting sub-
stance abuse disorders is resisting the urge to
seek and use drugs when exposed to drug-
associated objects and contexts. Such urges
might be lessened by weakening learned
associations between cues and drug use.
One way to do this is by interfering with
memory reconsolidation, a process that
occurs when learned stimuli are re-encoun-
tered. Studies in animals have shown that
reactivation of learned associations during
such encounters results in transient destabi-
lization of thememory. Thememory is then
reconsolidated via cellular and molecular
processes that include gene transcription
and protein synthesis. Interfering with these
processes can weaken or even erase the link
between stimulus and response.

Higginbotham et al. report that associa-
tions between specific contexts and cocaine
self-administration can be disrupted by sys-
temic administration of the cannabinoid
type 1 receptor (CB1R) antagonist AM251.
Rats were trained to press a lever to receive
cocaine in a specific context, then were
placed in a second context where lever-
pressing had no effect. Under this regimen,
rats stopped pressing levers in the unpaired
chamber, but resumed lever-pressing when
returned to the original context, demon-
strating that they associated the original con-
text with cocaine delivery. As expected,
reactivation of this learned association dur-
ing a 15 min exposure to the cocaine-paired
context resulted in memory destabilization
and reconsolidation, as indicated by increa-
sed expression of the immediate early gene
zif268, phosphorylation of the NMDA-re-
ceptor subunit GluN2B, and phosphoryla-
tion the AMPA-receptor subunit GluA1 in
the basolateral amygdala. Notably, these
changes were blocked by administering
AM251 immediately after re-exposure to
the cocaine-paired context. Moreover,
AM251 administration immediately after

the brief exposure led to reduced lever-
pressing and reduced expression of zif268,
GluN2B, and GluA1 when rats were retur-
ned to the cocaine-paired context 3 d later.

These results suggest that cannabinoid
signaling contributes to reconsolidation of
learned associations that promote cocaine
seeking and that blocking this signaling
reduces subsequent cocaine seeking in
response to contextual cues. BlockingCB1Rs
was shown to disrupt molecular changes
occurring in thebasolateral amygdaladuring
reconsolidation; future studies will need to
determine the relative contributions of these
disruptions and effects inotherbrain regions
to subsequentbehavioral changes.

Cholinergic Modulation of
Auditory Neurons in MNTB

Chao Zhang, Nichole L. Beebe, Brett R.
Schofield, Michael Pecka, and R.
Michael Burger

(see pages 674–688)

Mammals use minute differences in the
intensity and time of arrival of sounds in
the two ears to localize sound sources.
Interaural differences in intensity and ar-
rival time are computed by neurons in the
lateral and medial nuclei of the superior
olivary complex in the brainstem. These

neurons receive precisely timed excitatory
input from the cochlear nucleus and inhibi-
tory input from the medial nucleus of the
trapezoid body (MNTB), another nucleus
of the superior olivary complex. MNTB
neurons receive strong synaptic input from
the contralateral cochlear nucleus, which
drives them to spike at high frequency. The
presence of nicotinic acetylcholine receptors
(nAChRs) throughout the superior olivary
complex suggests that cholinergic signaling
modulates auditory processing in these
nuclei. How acetylcholine affects MNTB
neuron activity has been unknown, how-
ever. Zhang et al. addressed this question
by applying nAChR antagonists while re-
cording sound-evoked responses in gerbil
MNTB neurons in vivo.

MNTB neurons exhibit spontaneous fir-
ing in the absence of sound. For sounds
above threshold intensity, the spike rate of
MNTB neurons increases linearly with
sound level until reaching a maximum rate,
where the response saturates. Antagonists
of either a7 or a4b 2 nAChRs reduced the
responses of MNTB neurons to above-
threshold sounds without affecting sponta-
neous activity. Furthermore, the antagonists
reduced the slope of the rate–level function,
and thus reduced the ability of MNTB neu-
rons to represent differences in sound in-
tensity. Consequently, blocking nAChRs
reduced the ability of MNTB neurons to
detect pure tone stimuli delivered in the
presence of noise. Notably, applying the
a7-specific antagonist after the a4b 2
antagonist led to a further decrease in tone-
evoked spiking, suggesting individual
neurons expressed both receptors and
the receptors activated distinct signaling
pathways. Consistent with the latter hy-
pothesis, only the a7-specific antagonist
increased spike latency.

These results demonstrate that choliner-
gicsignalinghelpsMNTBneuronsrepresent
small differences in sound level. Therefore,
acetylcholine is likely critical for accurate
computation of interaural level differences
used for sound localization. Future studies
should investigate the molecular mecha-
nisms by which a7 and a4b 2 nAChRs
modulate MNTB neuron responses and
determine whether cholinergic input to the
MNTBvarieswithbehavioralstate.
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When gerbils were exposed to background noise (during time
indicated by black bars under plots), MNTB neurons exhibited
time-varyingresponses (blacktraces).Undernormalconditions
(top), a pure tone (presented during red bars) modulated
MNTB responses, with louder tones (purple) producing greater
modulationthanquieter tones (orange).BlockingnAChRs(bot-
tom) reduced this modulation, and thus reduced the ability of
MNTB neurons to discriminate signal from noise. See Zhang
etal. fordetails.
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