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From head to tail (of the VTA): role of projections from
prelimbic cortex to rostromedial tegmental nucleus in cocaine
reinstatement
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Research into the neurobiological mechanisms of drug seeking
has expanded recently, in part because of the development of
neuroscience techniques that target and manipulate neuronal
activity. Studies using these techniques, together with studies
using more classical pharmacological approaches, have demon-
strated similarities and differences of brain mechanisms of
reinstatement of drug seeking induced by drug priming, cues,
or context [1]. However, understanding how these brain regions
communicate with each other to control drug seeking provides
further mechanistic insight into reinstatement of drug seeking and
may result in the development of improved treatment strategies.
Previous studies have shown a critical role of the prelimbic

cortex (PL) in cue-, cocaine priming-, and stress-induced
reinstatement of cocaine seeking after extinction in rats [2]. These
studies suggest that PL neuronal activity promotes cocaine-
seeking behavior. However, other studies show that PL activity
inhibits cocaine seeking-behavior in the presence of discriminative
stimuli that signal cocaine unavailability or cocaine-taking
behavior under conditions of high frequency cocaine intake
[3, 4]. Together, these studies suggest a more complex and
nuanced role of PL in cocaine seeking that may depend on the
downstream brain regions and circuits engaged by PL.
In this issue of Neuropsychopharmacology, Cruz et al. [5]

hypothesized that inhibition of PL projections to the rostromedial
tegmental nucleus (RMTg), a predominately GABAergic region
that also plays a role in extinction learning of cocaine seeking [6],
would enhance cocaine seeking during reinstatement. The
authors first injected the retrograde tracer Cholera Toxin B (CTb)
into RMTg and observed retrogradely-labeled cell bodies in PL,
~75% of which were ipsilateral and 25% were contralateral
projections. They then used an asymmetrical anatomical discon-
nection procedure to examine the role of projections between PL
and RMTg in cue- and cocaine priming-induced reinstatement. In
a classical disconnection procedure [7], the role of a neuronal
pathway in a behavioral procedure can be inferred when behavior
is disrupted by contralateral but not ipsilateral inactivation of two
anatomically connected brain regions. If projections between two
regions are both ipsilateral and contralateral, data interpretation is
less straightforward. In the present study, Cruz et al. addressed this
interpretation issue by including groups that received unilateral
inactivation of either PL or RMTg.
The authors performed the anatomical disconnection by

injecting GABA receptor agonists (muscimol+ baclofen) into PL

and the AMPA receptor antagonist NBQX into either the
contralateral or ipsilateral RMTg before the reinstatement sessions.
Importantly, the authors included two separate groups of rats that
received a unilateral injection of muscimol + baclofen in PL or
NBQX in RMTg as controls. The authors reported that both the
contralateral and ipsilateral disconnection increase cue-induced
reinstatement of cocaine seeking. In contrast, the unilateral
manipulations have no effect on cue-induced reinstatement.
Additionally, the authors showed that contralateral disconnection
of PL and RMTg has no effect on extinction responding or cocaine
priming-induced reinstatement. These data indicate that both
ipsilateral and contralateral projections from PL to RMTg are
involved in cue-induced reinstatement of cocaine seeking.
However, one limitation of this study is that the authors only
used male rats and therefore the generality of the findings to
females is unknown.
The authors investigated how a given brain region (e.g., PL) can

both increase or decrease cocaine seeking during reinstatement,
and if this dual function could be influenced by the downstream
projections engaged. The authors’ data suggest that PL neurons
projecting to RMTg are involved in cue- but not cocaine priming-
induced reinstatement of cocaine seeking. This may be due to
different mechanisms of cue-induced vs. cocaine-priming induced
reinstatement, in terms of either how distinct PL neuronal
subtypes or their downstream projections are recruited. Further
understanding of how PL neuronal subtypes are engaged during
exposure to different reinstating stimuli will allow for a more
precise ability to probe how PL downstream projections are
recruited to promote or inhibit cocaine seeking. Combining
retrograde tracing with immunohistochemistry for the neuronal
activity marker Fos is one approach to understand how these
circuits may be differentially recruited by cue- or cocaine priming-
induced reinstatement.
Although technological advancements have led to develop-

ment of modern neuroscience techniques such as designer
receptors exclusively activated by designer drugs (DREADDs)
and optogenetics to study neurocircuitry of behavior, the use of
the anatomical disconnection procedure can still provide
important and interpretable data, as demonstrated in Cruz
et al. Indeed, though it may be possible to perform this study
with DREADDs and optogenetics, the use of these modern
technologies runs into the possible issue of viral spread that
may also affect other circuits given the PL’s extensive
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connectivity [8]. Thus, the use of the anatomical disconnection
procedure, in combination with appropriate controls, allowed
for the identification the role of PL projections to RMTg in
cocaine seeking during reinstatement.
Altogether, Cruz et al. used a classical anatomical disconnec-

tion procedure to show that the projections from PL to RMTg
are critical for cue-induced cocaine seeking and provided an
elegant example of how certain downstream projections can
influence behavior during reinstatement. These data demon-
strate that use of classical neuroscience techniques with proper
experimental controls still have a place in modern neuroscience
and can provide meaningful insight into circuit mechanisms of
behavior.
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