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Abstract

The orbitofrontal cortex (OFC) plays a critical role in the flexible control of behaviors and

has been the focus of increasing research interest. However, there have been a number of
controversies around the exact theoretical role of the OFC. One potential source of these issues

is the comparison of evidence from different studies, particularly across species, which focus on
different specific sub-regions within the OFC. Furthermore, there is emerging evidence that there
may be functional diversity across the OFC which may account for these theoretical differences.
Therefore, in this review we consider evidence supporting functional heterogeneity within the
OFC and how it relates to underlying anatomical heterogeneity. We highlight the importance of
anatomical and functional distinctions within the traditionally defined OFC subregions across the
medial-lateral axis, which are often not differentiated for practical and historical reasons. We
then consider emerging evidence of even finer-grained distinctions within these defined subregions
along the anterior—posterior axis. These fine-grained anatomical considerations reveal a pattern of
dissociable, but often complementary functions within the OFC.
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As interest and the number of publications on the function of the orbitofrontal cortex (OFC)
increase (lzquierdo, 2017, Figure 1; Murray et al., 2007), inconsistences are often found,
especially when comparing data from different species. A number of reviews comparing
crossspecies findings have emphasized that not all areas of the OFC have been equally
studied (Izquierdo, 2017; Wallis, 2012) and the most targeted areas in each species are not
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necessarily homologous (Heilbronner et al., 2016; Rudebeck & Murray, 2011; Wallis, 2012).
For example, rodent studies focus on lateral OFC, which often extends to include adjacent
anterior insular (Al) cortex, both of which are agranular, whereas studies in primates
typically focus on area 13, an anterior and agranular sector of central OFC. Aligning the
findings from different studies is made more complicated as studies often do not explicitly
specify which subregion within the OFC was the focus of the investigation (lzquierdo, 2017;
Wallis, 2012).

Increasingly researchers are considering how the functional diversity within the OFC

aligns with its anatomical subdivisions. This has mostly focused on established anatomical
subdivisions along the medial-lateral axis (Bradfield & Hart, 2020; Izquierdo, 2017;
Kringelbach & Rolls, 2004; Rudebeck & Murray, 2014; Walton et al., 2015). More

recent data suggest that there may also be important functional distinctions along the
anterior—posterior axis (Bradfield et al., 2018; Panayi & Killcross, 2018). Indeed, sensitivity
to these anatomical distinctions will likely be critical to progress in understanding the
functional role of the OFC. These anatomical considerations raise the question of where,
within the OFC, should functional boundaries be drawn? And are there distinct functional
divisions or should we consider these differences functional gradients instead?

One lens through which to view such questions is by focusing on anatomical studies (Devlin
& Poldrack, 2007). The function of a brain region is, to a great extent, determined by

the pattern of neuroanatomical connections it makes with other areas; the more dissimilar
the connectivity pattern of two brain regions, the easier it should be to differentiate their
functions (Passingham et al., 2002). Therefore, here, we review the evidence for functional
heterogeneity first along the medial-lateral and then the anterior—posterior axes of OFC
organization, describing how functional differences relate to the patterns of anatomical
inputs and outputs. We will primarily focus on what has been found in rodent OFC, and
selectively relate this to evidence of similar functional and organizational principles in the
human and non-human primate OFC.

Classical Parcellation of Rat OFC

While the structural organization of the primate OFC has been extensively investigated
(Carmichael & Price, 1994; Ongiir et al., 2003; Price, 2007), the precise boundaries of
rodent OFC are still under debate. The rodent OFC is situated in the dorsal bank of the
rhinal sulcus and, in contrast to both the human and non-human primate OFC, which can be
cytoarchitectonically defined using granular, dysgranular, and agranular areas (Price, 2006),
all its regions are agranular (Van De Werd & Uylings, 2008; Wise, 2008). While borders of
its various portions are indistinct cytoarch-itectonically, several subdivisions of the rodent
OFC are currently recognized (Figure 1). Originally, Krettek & Price (1977b) sub-divided
the rat orbital region into medial (MO), ventral (VO), ventrolateral (VLO) and lateral (LO)
OFC, and the agranular insular cortex, lateral to LO, into dorsal and ventral sectors (Alv,
Ald). In their original description, the delimitation of agranular insula extended rostrally,
lateral to the orbital areas. However, the Ald portion rostral to the claustrum was later
reclassified as dorsolateral orbital area (DLO) due to its distinct thalamocortical projections
and cytoarchitecture (Price, 2006; Ray & Price, 1992). Based on structural and connectional
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similarities, it has been proposed that MO, VLO, LO, and DLO may be comparable to areas
14, 13a, 13 m/L, and 120, respectively in monkeys, while Alv and Ald may correspond to
monkey insula areas lam/lapm and lai (Price, 2006).

In practice, which regions are included under the umbrella of OFC proper have not been
agreed upon in rodents or primates. For example, in rodents, Al is often targeted alongside
adjacent LO (e.g. Ogawa et al., 2013), and has been considered an orbital structure, whereas
MO is not always considered part of rodent OFC (e.g. Schoenbaum et al., 2006). Similarly,
in primates, there is debate over the status of parts of area 12 (Murray & Rudebeck, 2018;
Price, 2007; Sallet et al., 2020). Here we will not attempt to reach any conclusions as to
which regions should be considered part of the OFC, and instead will inclusively consider
the functional and anatomical distinctions of all potential OFC subregions along the orbital
surface in rodents, which for simplicity we will refer to as MO, VO, LO, and Al.

Medial Versus Lateral Distinctions

A series of influential neuroanatomical studies in primates gave rise to the idea that the
anatomical organization of medial and orbital parts of prefrontal cortex can be aggregated
into two functional networks with partially overlapping but distinct connectivity patterns
(revised in Ongur & Price, 2000; Price, 2007). Specifically, there is a “medial visceromotor”
network comprising predominantly of parts of the medial OFC (area 14) and the medial
frontal cortex (as well as some caudolateral parts of OFC), and an “orbital sensory” network
largely comprising the central and lateral OFC in primates (centered on areas 11, 13, and
12). While these divisions are primarily based on studies of non-human primates (NHPs),
based on putative cytoarch-itectonic and connectional similarities between rodent OFC and
caudal parts of primate OFC, a similar division has also been proposed to be present in
rodents (Ongur & Price, 2000; Price, 2007).

It is therefore not surprising that there has been a focus on examining whether there are
functional correlates of this medial—lateral distinction in primates and, more recently, in
rodents. In rodents, there is now mounting causal evidence that MO and LO play distinct
roles in a range of functions including cost—benefit decision making (St. Onge & Floresco,
2010; Stopper et al., 2014), reversal learning (probabilistic spatial reversal learning, Dalton
et al., 2016; Verharen et al., 2020; delay-discounting with spatial reversal, Mar et al.,

2011; serial visual reversal learning, Hervig et al., 2020), and drug reinstatement (Arinze
& Moorman, 2020; Fuchs et al., 2004). While there are many differences between the
studies, it appears that MO disruption particularly affects choices when values have to be
integrated and compared, whereas LO disruption has a bigger effect on value updating in
similar circumstances. In addition, it is notable that LO disruption only impairs behavioral
flexibility in Pavlovian stimulus-outcome learning (Gallagher et al., 1999; Gardner et al.,
2017; Panayi & Killcross, 2018; Schoenbaum et al., 2003), whereas MO disruption instead
impairs behavioral flexibility in instrumental action-outcome learning (Bradfield et al.,
2015; Gardner et al., 2017, 2018; Gourley et al., 2016; Ostlund & Balleine, 2007; Panayi
& Killcross, 2018). This pattern of dissociablemedial-lateral functions is also supported
by electrophysiological recordings of neuronal activity in LO and MO showing distinct
representations of task parameters (e.g. size of predicted reward in a delay discounting task,
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Burton et al., 2014; Roesch et al., 20086; trial type, epoch within a trial and value state
representation in a Pavlovian unblocking task, Lopatina et al., 2017), with neurons in MO
tracking value representation independent of context and LO tracking contextual features
independent of value.

Functional dissociations between medial and lateral OFC sub-divisions have also been
observed in both NHP and human studies (e.g. Kringelbach & Rolls, 2004). Again, the
most consistent differences have been observed in tasks where subjects make cost—benefit
decisions or need to exhibit behavioral flexibility (Rudebeck & Murray, 2011; Walton et al.,
2011). While the precise functions of these networks are beyond the scope of this review,
there appear encouraging commonalities with rodent studies. For instance, medial OFC

is more commonly associated with value integration and comparison and with internally
guided choices, whereas lateral OFC appears more closely linked with sensory processing
and updating specific stimulus—reward associations (Howard et al., 2015; Noonan et al.,
2010, 2017; Rudebeck & Murray, 2011; Walton et al., 2010).

There is also evidence for an anatomical underpinning to the medial—lateral distinction

in rodents, which follows the connectivity patterns observed in primates. For example,
Heilbronner et al. (2016) point out that rodent MO, like primate medial OFC, is well
placed to form part of a medial motivational/visceromotor network based on projections to
medial and ventral striatum while VO/LO, like NHP central/lateral OFC, projects to the
central striatum and thus could comprise a sensorimotor network. Similarly, just as in NHPs,
there is a gradient of distinct mediodorsal thalamic inputs in rodents that suggest separate
visceromotor and sensory networks from medial to lateral OFC respectively (Krettek &
Price, 1977a; Price, 2006; Ray & Price, 1993; Reep et al., 1996; Shi & Cassell, 1998).
Moreover, VO and LO, but not MO, are reciprocally connected to primary and secondary
somatosensory areas (Reep et al., 1996), and both, along with Al, receive projections from
piriform cortex, suggesting a strong association between these lateral regions and a sensory
network (Datiche & Cattarelli, 1996).

However, there are a number of findings that raise questions about how straightforward this
homology is. For example, while perirhinal cortex connections are primarily restricted to the
more central/lateral orbital network in NHPs, all OFC subregions in the rat share reciprocal
projections with the perirhinal cortex (Agster & Burwell, 2009; Kondo et al., 2005; Price,
2006). Likewise, projections to the periaqueductal gray and lateral hypothalamus in the

rat are not only from MO and VO, corresponding to similar projections from a medial
visceromotor network in NHPs, but also from Al (Floyd et al., 2000, 2001; Hoover &
Vertes, 2011; Ongiir et al., 1998). Furthermore, the exact boundary of a medial and lateral
network in rodents is under debate. For example, while VO is often included in the lateral
network (Heilbronner et al., 2016), Hoover & Vertes (2011) instead suggest that rodent VO
should be linked more closely with MO as part of a medial network given that they share
similar projection patterns and both regions have only weak projections to LO.

Therefore, while rodent MO and LO appear to map neatly onto a medial-lateral
connectional distinction, adjacent VO and Al regions do not. Note, however, that even
in NHPs some medial and lateral OFC regions are classified as belonging to both the
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medial and orbital networks (Carmichael & Price, 1995; Kondo et al., 2005; Price, 2007).
Notably, several of these “intermediate interface” areas in primates are agranular, which
have been proposed to be the most likely homologs with rodent agranular OFC regions
(Wise, 2008). Therefore, while further systematic tracing studies are needed to map out
rodent OFC networks, the extant evidence suggests that broadly similar medial and lateral
orbital networks might exist in rodents and NHPs (Rudebeck & Murray, 2011; Wallis,
2012).

Beyond a Dichotomous Mediolateral Distinction?

Despite the compelling overlap between anatomical and functional evidence for separate
medial and lateral orbital networks, it remains an open question whether this is the most
appropriate level of granularity to consider OFC functions. For example, as described above,
while a lateral orbital network might include VO, LO, and Al, there is increasing evidence
that these VO and Al regions may have distinct and even dissociable functions compared to
LO.

Even though LO and Al are putatively classified as part of the lateral orbital connectivity
network, there is evidence that they have different functions. For example, Ishii and
colleagues showed that LO and Al have bidirectional effects on risky decision-making:

LO inactivation increases risk preference in rats during a gambling task, whereas Al
inactivation decreases it (Ishii et al., 2012). In a subsequent study, they showed that these
effects are mimicked by 5-HT1a receptor antagonists in LO or Al (Ishii et al., 2015).

Given the interconnections between these areas, Ishii and colleagues speculate that the areas
may interact to ensure an appropriate balance of behavioral policies after gains or losses

for Al and LO, respectively. Moreover, chemogenetic-induced inhibition of posterior Al
impaired the expression of goal-directed behavior, whereas VO/LO inhibition only disrupted
goal-directed behavior when there was a change in the identity of the outcome (Parkes et
al., 2018). This suggests that the recruitment of VO/LO in action-outcome learning depends
on specific task structure, whereas Al plays a more general role in supporting goal-directed
behavior.

Unfortunately, to date, few studies have directly compared the functions of VO and LO.
However, lesions of rat VO but not LO were found to impair performance in a spatial
reference memory task (Corwin et al., 1994) and cause attentional deficits (King et al.,
1989), suggesting that there may also be a functional difference distinction between VO and
LO (see Balleine et al., 2011).

Recently in NHPs, in addition to distinguishing between medial and lateral OFC (Rudebeck
& Murray, 2011; Walton et al., 2010, 2011), a finer-grained distinction is emerging within
lateral OFC networks. Several studies have specifically implicated the more central areas
13/11 as necessary for processing of current reward value and identity but not for behavioral
flexibility (e.g. Burke et al., 2014; Rudebeck et al., 2017), whereas parts of more lateral
areas, such as orbital area 12 and adjacent anterior insula are involved in credit assignment
of reward value to cues and actions and implementing flexible behavioral strategies (e.g.
Chau et al., 2015; Rudebeck et al., 2017; Sallet et al., 2020; Wittmann et al., 2020).
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Such functional differences appear underpinned by distinct differences in inputs to these
orbital regions, as well as distinct cortico-striatal projections organized topographically
along the medial-lateral axis. In rodents, for instance, in support of the dissociations
observed by Ishii and colleagues (Ishii et al., 2012, 2015), Al and MO send strong
projections to the nucleus accumbens, whereas LO and VO project more densely to the
central striatum (Berendse et al., 1992; Heilbronner et al., 2016; Schilman et al., 2008).
Additionally, Al and MO but not LO or VO receive strong dopaminergic inputs (Descarries
et al., 1987). Moreover, these distinctions extend beyond a separation of Al from other
lateral OFC sectors. For instance, both inputs from prelimbic and infralimbic cortices
(\Vertes, 2004) and outputs to the basolateral amygdala (BLA) (Gabbott et al., 2005) are
strong for MO, VO, and Al, but only weak for LO. There is also a medial—lateral distinction
in inputs from sensory cortices to the posterior portions of VO and LO, with VO but not
LO receiving projections from somatosensory and visual areas, and both receive distinct,
topographically organized projections from the mediodorsal and submedius thalamic nuclei
(Barreiros et al., in press; Reep et al., 1996; see Figure 2).

Similarly, in primates, there are also a number of anatomical distinctions between central
(area 11/13) and more lateral (area 12) regions that might support functional differences.
For example, in primates polymodal inputs from the superior temporal gyrus more strongly
target lateral than central OFC regions (Carmichael & Price, 1995; Price, 2007), whereas
perirhinal cortex projects predominantly to central OFC (Ongur & Price, 2000). Moreover,
there are gradations of strength of inputs from amygdala across the mediolateral axis, with
the strongest projections targeting medial and lateral regions but not central OFC.

Taken together, these studies suggest that rather than a simple lateral versus medial
functional distinction, it matters where exactly in the mediolateral axis OFC function is
investigated (lzquierdo, 2017; Murphy & Deutch, 2018).

Anterior Versus Posterior Distinctions

Another important functional distinction, although so far less recognized in the field, lies
along the anterior—posterior axis (see also Murray & Rudebeck, 2018). For instance, Panayi
and Killcross (2018) found that, while both anterior (ALO) and posterior LO (PLO) lesions,
defined anterior and posterior to the genu of the corpus collosum, impaired Pavlovian
outcome devaluation, only PLO but not ALO lesions disrupted Pavlovian reversal learning.
This suggests that within the anterior—posterior axis of the LO there is a dissociation of
rapid flexible behavioral control and long-term updating of outcome value. Bradfield et

al. (2018) have also revealed a similar anterior—posterior functional dissociation within
rodent MO. They found that only lesions of the anterior but not posterior portion of MO
disrupt instrumental devaluation, selectively implicating this anterior region in the control
of instrumental actions based on inferring information about future unobservable outcomes
(Bradfield et al., 2018).

While an anterior—posterior functional organization has also been reported in primates,
this has tended to highlight a gradation in the complexity of reinforcers, moving from
more primary representations in evolutionarily older posterior regions to more abstract
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secondary reinforcers in more anterior regions in both medial and lateral OFC (Klein-Fliigge
et al., 2013; Kringelbach & Rolls, 2004; McNamee et al., 2013; Sescousse et al., 2010,
2013; Smith et al., 2010). Of more relevance, and paralleling the observations by Panayi

& Killcross (2018), Murray et al. (2015) found a double dissociation after selectively
inactivating either anterior (area 11) or posterior (area 13) OFC in NHPs at different

points of an outcome devaluation task (Murray et al., 2015). They concluded that posterior
OFC appears to be required for updating outcome valuations during the selective satiety
devaluation procedure, whereas anterior OFC is necessary for translating this knowledge
into action for flexible behavioral control.

Given the relative lack of cytoarchitectonic distinctions in the rodent (see Van De Werd

& Uylings, 2008), there is increasing interest in whether there are anatomical differences
that underpin these functional distinctions. We have recently explored the possibility of
anatomical distinctions between anterior and posterior LO that might underlie the functional
differences observed by Panayi & Killcross (2018) by characterizing the projections to
ALO and PLO and comparing them to an adjacent posterior VO (PVO) region (Figure 2,
Barreiros et al., in press). This revealed a number of distinct connectivity patterns between
the regions, with the differences between ALO and PLO being as great as the distinction

on the mediolateral axis between PLO and PVO. For example, the BLA, which is also
implicated in processes that support outcome-guided behavior through associative learning
of sensory-specific representations and predictive-cues (for reviews see Balleine & Killcross,
2006; Sharpe & Schoenbaum, 2016), sends stronger projections to PLO than to ALO
(Barreiros et al., in press). Interestingly, a similar distinction appears present in primates,
with the BLA sending stronger projections to posterior than to anterior OFC (Freese &
Amaral, 2009; Price & Drevets, 2010). PLO also receives stronger projections from medial
prefrontal structures, including MO, prelimbic, and infralimbic cortices, than ALO (Figure
2). By contrast, ALO receives denser afferents from somatosensory and motor cortices. We
also observed distinct and topographically organized patterns of thalamic inputs from the
mediodorsal and submedius nuclei of the thalamus to ALO and PLO (Barreiros et al., in
press).

Similarly, Bradfield et al. (2018) showed that their observed pattern of impairments was
supported by anatomical differences, with anterior MO being more strongly connected to
the nucleus accumbens (NAc) core while posterior MO has a higher density of projections
to the BLA (Bradfield et al., 2018). Taken together with previous studies on the effects of
lesions to these target regions on flexible behavior in instrumental devaluation (Corbit et al.,
2001; Shiflett & Balleine, 2010), this also suggests the existence of dissociable functional
circuits from anterior and posterior MO. Anterior—posterior distinctions such as the ones
we have highlighted here are likely to be present within other subdivisions of the OFC. For
instance, the anterior and posterior portions of VO receive different patterns of thalamic
inputs from the submedius nucleus (Barreiros et al., in press; Kuramoto et al., 2017; Reep
et al., 1996) as well as noradrenergic inputs from the locus coeruleus (Cerpa et al., 2019).
Taken together, this suggests that separate anterior—posterior functional distinctions might be
present throughout rodent OFC. Such functional differences might also exist between DLO
and Al, which are anatomically separate along the anterior—posterior axis. Future studies
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selectively targeting DLO, for which there is currently a paucity of both functional and
connectivity data, might help test this hypothesis.

Conclusion

In this review, we highlight the importance of functional and anatomical differences

within OFC subregions. Recent theoretical reviews have attempted to unify the significant
functional differences between medial and lateral OFC regions (e.g. Bradfield &

Hart, 2020; Wilson et al., 2014). However, it is increasingly clear that within this
medial-lateral dichotomy there are complementary but distinct functional roles for all the
classically defined orbital subregions. It is therefore also important to understand how the
complementary functions of these subregions contribute to the overall function of the OFC.
Indeed, here we also highlight emerging evidence which points to further distinctions along
the anterior—posterior axis within these classically defined OFC subregions.

While sensitivity to these anatomical distinctions is increasing in the field, currently

there are few studies available that explicitly target multiple subregions to enable direct
comparisons of anatomical connectivity, neuronal activity, or dissociable function. This issue
is not unique to OFC: for example, there is also evidence for anterior—posterior distinctions
within prelimbic and infralimbic cortex (e.g. Reynolds & Zahm, 2005), which may also
underlie functional differences. A recent review by Laubach and colleagues (Laubach et

al., 2018) examining similar issues when comparing studies of medial frontal structures
called for increased use of precise anatomical terms (once they are agreed upon) along with
reporting of estimated distances from agreed landmarks such as Bregma; we would suggest
that a similar rigor could also benefit OFC research to facilitate clarity and reproducibility.

While not the main focus of this review, it is also apparent that these anatomical
considerations are relevant across species, and may aid in clarifying a number of outstanding
questions in the literature regarding homology between rodent and primate OFC (Ongur

& Price, 2000; Preuss, 1995; Rudebeck & Murray, 2011; Wise, 2008). A fine-grained
anatomical consideration of functional differences between OFC subregions has also
recently helped refine questions of whether the OFC is indeed necessary for reversal
learning, normally considered a hallmark deficit following OFC lesions, in NHPs (Burke et
al., 2014; Rudebeck et al., 2013; Sallet et al., 2020). For example, Rudebeck and colleagues
(Rudebeck et al., 2013; Rudebeck & Murray, 2014) have shown that, unlike aspiration
lesions, fiber-sparing excitotoxic OFC lesions in macaques do not cause reversal deficits.

In contrast, excitotoxic lesions of OFC in rodents and marmosets impair reversal learning.
Recently, Wittmann et al. (2020) have implicated macaque agranular insular regions in
reversal learning. They propose that the discrepancies between reversal deficits in macaque,
marmoset, and rodent studies may be resolved by considering the macaque agranular insular,
posterior to OFC, as homologous to marmoset and rodent OFC. Indeed in rodents, deficits in
adaptive responding, including reversal learning, have often been caused by targeting more
posterior regions of LO and adjacent Al regions (Groman et al., 2019; Lichtenberg et al.,
2017; Panayi & Killcross, 2018). An approach sensitive to these anatomical considerations
could also help resolve questions about whether the rodent OFC encodes neuroeconomic
value (Gardner et al., 2018, 2019; Levy & Glimcher, 2012; Padoa-Schioppa & Assad, 2008).
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Taken together, the evidence we review here indicates that as OFC subregions are targeted
with increasing specificity both across the medial-lateral and anterior—posterior axis, many
surprising functional dissociations are likely to emerge within the OFC.

Acknowledgments

This work was supported by a Biotechnology and Biological Sciences Research Council Doctoral Training
Partnership studentship awarded to VB, by a Japan Society for the Promotion of Science Overseas Research
Fellowship awarded to HI, and by a Wellcome Senior Research Fellowship awarded to MEW (202831/2/16/2).

We thank Sebastian Vasquez-Lopez for helpful discussions and comments on this manuscript.

MEW is an associate editor of the journal.

References

Agster KL, Burwell RD. Cortical efferents of the perirhinal, postrhinal, and entorhinal cortices of the
rat. Hippocampus. 2009; 19 (12) 1159-1186. DOI: 10.1002/hip0.20578 [PubMed: 19360714]

Arinze I, Moorman DE. Selective impact of lateral orbitofrontal cortex inactivation on reinstatement
of alcohol seeking in male Long-Evans rats. Neuropharmacology. 2020; April. 168 doi: 10.1016/
j.neuropharm.2020.108007

Balleine BW, Killcross S. Parallel incentive processing: An integrated view of amygdala function.
Trends in Neurosciences. 2006; 29 (5) 272-279. DOI: 10.1016/j.tins.2006.03.002 [PubMed:
16545468]

Balleine BW, Leung BK, Ostlund SB. The orbitofrontal cortex, predicted value, and choice.
Annals of the New York Academy of Sciences. 2011; 1239 (1) 43-50. DOI: 10.1111/
j.1749-6632.2011.06270.x [PubMed: 22145874]

Barreiros IV, Panayi MC, Walton ME. Organization of afferents along the anterior—posterior and
medial-lateral axes of the rat orbitofrontal cortex. Neuroscience.

Berendse HW, Graaf YG, Groenewegen HJ. Topographical organization and relationship with ventral
striatal compartments of pre-frontal corticostriatal projections in the rat. The Journal of Comparative
Neurology. 1992; 316 (3) 314-347. DOI: 10.1002/cne.903160305 [PubMed: 1577988]

Bradfield LA, Dezfouli A, Van Holstein M, Chieng B, Balleine BW. Medial orbitofrontal cortex
mediates outcome retrieval in partially observable task situations. Neuron. 2015; 88 (6) 1268—1280.
DOI: 10.1016/j.neuron.2015.10.044 [PubMed: 26627312]

Bradfield LA, Hart G. Rodent medial and lateral orbitofrontal cortices represent unique components
of cognitive maps of task space. Neuroscience and Biobehavioral Reviews. 2020; November. 108:
287-294. doi: 10.1016/j.neubiorev.2019.11.009 [PubMed: 31743727]

Bradfield LA, Hart G, Balleine BW. Inferring action-dependent outcome representations depends on
anterior but not posterior medial orbitofrontal cortex. Neurobiology of Learning and Memory. 2018;
August. 155: 463-473. DOI: 10.1016/j.nlm.2018.09.008 [PubMed: 30243849]

Burke SN, Thome A, Plange K, Engle JR, Trouard TP, Gothard KM, Barnes CA. Orbitofrontal
cortex volume in area 11/13 predicts reward devaluation, but not reversal learning performance, in
young and aged monkeys. The Journal of Neuroscience: The Official Journal of the Society for
Neuro-science. 2014; 34 (30) 9905-9916. DOI: 10.1523/JNEUROSCI.3918-13.2014

Burton AC, Kashtelyan V, Bryden DW, Roesch MR. Increased firing to cues that predict low-value
reward in the medial orbitofrontal cortex. Cerebral Cortex. 2014; 24 (12) 3310-3321. DOI:
10.1093/cercor/bht189 [PubMed: 23901075]

Carmichael ST, Price JL. Architectonic subdivision of the orbital and medial prefrontal cortex in the
macaque monkey. The Journal of Comparative Neurology. 1994; 346 (3) 366-402. DOI: 10.1002/
€ne.903460305 [PubMed: 7527805]

Carmichael ST, Price JL. Limbic connections of the orbital and medial prefrontal cortex in
macaque monkeys. The Journal of Comparative Neurology. 1995; 363 (4) 615-641. DOI: 10.1002/
cne.903630408 [PubMed: 8847421]

Behav Neurosci. Author manuscript; available in PMC 2022 October 03.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Barreiros et al.

Page 10

Cerpa JC, Marchand AR, Coutureau E. Distinct regional patterns in noradrenergic innervation of the
rat prefrontal cortex. Journal of Chemical Neuroanatomy. 2019; November. 96: 102-109. doi:
10.1016/j.jchemneu.2019.01.002 [PubMed: 30630012]

Chau BKH, Sallet J, Papageorgiou GK, Noonan MP, Bell AH, Walton ME, Rushworth MFS.
Contrasting roles for orbitofrontal cortex and amygdala in credit assignment and learning in
macaques. Neuron. 2015; 87 (5) 1106-1118. DOI: 10.1016/j.neuron.2015.08.018 [PubMed:
26335649]

Corbit LH, Muir JL, Balleine BW. The role of the nucleus accumbens in instrumental conditioning:
Evidence of a functional dissociation between accumbens core and shell. The Journal of
Neuroscience: The Official Journal of the Society for Neuroscience. 2001; 21: 3251-3260. doi:
10.1523/JNEUROSCI.21-09-03251.2001 [PubMed: 11312310]

Corwin JV, Fussinger M, Meyer RC, King VR, Reep RL. Bilateral destruction of the ventrolateral
orbital cortex produces allocentric but not egocentric spatial deficits in rats. Behavioural Brain
Research. 1994; 61 (1) 79-86. DOI: 10.1016/0166-4328(94)90010-8 [PubMed: 8031498]

Dalton GL, Wang NY, Phillips AG, Floresco SB. Multifaceted contributions by different regions of
the orbitofrontal and medial prefrontal cortex to probabilistic reversal learning. The Journal of
Neuroscience: The Official Journal of the Society for Neuroscience. 2016; 36 (6) 1996—2006.
DOI: 10.1523/JNEUROSCI.3366-15.2016 [PubMed: 26865622]

Datiche F, Cattarelli M. Reciprocal and topographic connections between the piriform and prefrontal
cortices in the rat; A tracing study using the B subunit of the cholera toxin. Brain Research
Bulletin. 1996; 41 (6) 391-398. DOI: 10.1016/S0361-9230(96)00082-2 [PubMed: 8973845]

Descarries L, Lemay B, Doucet G, Berger B. Regional and laminar density of the dopamine
innervation in adult rat cerebral cortex. Neuroscience. 1987; 21 (3) 807-824. DOI:
10.1016/0306-4522(87)90038-8 [PubMed: 3627435]

Devlin JT, Poldrack RA. In praise of tedious anatomy. Neurolmage. 2007; 37 (4) 1033-1041. DOI:
10.1016/j.neuroimage.2006.09.055 [PubMed: 17870621]

Floyd NS, Price JL, Ferry AT, Keay KA, Bandler R. Orbitomedial prefrontal cortical projections to
distinct longitudinal columns of the periaqueductal gray in the rat. The Journal of Comparative
Neurology. 2000; 422 (4) 556-578. DOI: 10.1002/1096-9861(20000710)422:4<556::AID-
CNE6>3.0.CO;2-U [PubMed: 10861526]

Floyd NS, Price JL, Ferry AT, Keay KA, Bandler R. Orbitomedial prefrontal cortical projections to
hypothalamus in the rat. The Journal of Comparative Neurology. 2001; 432 (3) 307-328. DOI:
10.1002/cne.1105 [PubMed: 11246210]

Freese, JL, Amaral, DG, Whalen, P, Phelps, EA. The human amygdala. Guilford Press; 2009. 3-42.

Fuchs RA, Evans KA, Parker MP, See RE. Differential involvement of orbitofrontal cortex subregions
in conditioned cue-induced and cocaine-primed reinstatement of cocaine seeking in rats. The
Journal of Neuroscience. 2004; 24 (29) 6600-6610. DOI: 10.1523/JNEUROSCI.1924-04.2004
[PubMed: 15269272]

Gabbott PLA, Warner TA, Jays PRL, Salway P, Busby SJ. Prefrontal cortex in the rat: Projections to
subcortical autonomic, motor, and limbic centers. The Journal of Comparative Neurology. 2005;
492 (2) 145-177. DOI: 10.1002/cne.20738 [PubMed: 16196030]

Gallagher M, McMahan RW, Schoenbaum G. Orbitofrontal cortex and representation of incentive
value in associative learning. The Journal of Neuroscience. 1999; 19 (15) 6610-6614. DOI:
10.1523/JNEUROSCI.19-15-06610.1999 [PubMed: 10414988]

Gardner MPH, Conroy JC, Sanchez DC, Zhou J, Schoenbaum G. Real-time value integration during
economic choice is regulated by orbitofrontal cortex. Current Biology. 2019; 29 (24) 4315-4322.
DOI: 10.1016/j.cub.2019.10.058 [PubMed: 31813612]

Gardner MPH, Conroy JC, Styer CV, Huynh T, Whitaker LR, Schoenbaum G. Medial orbitofrontal
inactivation does not affect economic choice. eLife. 2018; 7 38963 doi: 10.7554/eLife.38963
[PubMed: 30281020]

Gardner MPH, Conroy JS, Shaham MH, Styer CV, Schoenbaum G. Lateral orbitofrontal inactivation
dissociates devaluation-sensitive behavior and economic choice. Neuron. 2017; 96 (5) 1192-1203.
DOI: 10.1016/j.neuron.2017.10.026 [PubMed: 29154127]

Behav Neurosci. Author manuscript; available in PMC 2022 October 03.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Barreiros et al.

Page 11

Gourley SL, Zimmermann KS, Allen AG, Taylor JR. The medial orbitofrontal cortex regulates
sensitivity to outcome value. The Journal of Neuroscience. 2016; 36 (16) 4600-4613. DOI:
10.1523/JNEUROSCI.4253-15.2016 [PubMed: 27098701]

Groman SM, Keistler C, Keip AJ, Hammarlund E, DiLeone RJ, Pittenger C, Lee D, Taylor JR.
Orbitofrontal circuits control multiple reinforcement-learning processes. Neuron. 2019; 103 (4)
734-746. DOI: 10.1016/j.neuron.2019.05.042 [PubMed: 31253468]

Heilbronner SR, Rodriguez-Romaguera J, Quirk GJ, Groenewegen HJ, Haber SN. Circuit-based
corticostriatal homologies between rat and primate. Biological Psychiatry. 2016; 80 (7) 509-521.
DOI: 10.1016/j.biopsych.2016.05.012 [PubMed: 27450032]

Hervig ME, Fiddian L, Piilgaard L, Bozi¢ T, Blanco-Pozo M, Knudsen C, Olesenm SG, Alsi6 J,
Robbins TW. Dissociable and paradoxical roles of rat medial and lateral orbitofrontal cortex in
visual serial reversal learning. Cerebral Cortex. 2020; 30 (3) 1016-1029. DOI: 10.1093/cercor/
bhz144 [PubMed: 31343680]

Hoover WB, Vertes RP. Projections of the medial orbital and ventral orbital cortex in the rat.
The Journal of Comparative Neurology. 2011; 519 (18) 3766—3801. DOI: 10.1002/cne.22733
[PubMed: 21800317]

Howard JD, Gottfried JA, Tobler PN, Kahnt T. Identity-Specific coding of future rewards in the human
orbitofrontal cortex. Proceedings of the National Academy of Sciences of the United States of
America. 2015; doi: 10.1073/pnas.1503550112

Ishii H, Ohara S, Tobler PN, Tsutsui KI, lijima T. Inactivating anterior insular cortex reduces
risk taking. The Journal of Neuroscience. 2012; 32 (45) 16031-16039. DOI: 10.1523/
JNEUROSCI.2278-12.2012 [PubMed: 23136439]

Ishii H, Ohara S, Tobler PN, Tsutsui KI, lijima T. Dopaminergic and serotonergic modulation
of anterior insular and orbito-frontal cortex function in risky decision making. Neuroscience
Research. 2015; 92: 53-61. DOI: 10.1016/j.neures.2014.11.009 [PubMed: 25481848]

Izquierdo A. Functional heterogeneity within rat orbitofrontal cortex in reward learning and
decision making. The Journal of Neuroscience. 2017; 37 (44) 10529-10540. DOI: 10.1523/
JNEUROSCI.1678-17.2017 [PubMed: 29093055]

King V, Corwin JV, Reep RL. Production and characterization of neglect in rats with unilateral
lesions of ventrolateral orbital cortex. Experimental Neurology. 1989; 105 (3) 287-299. DOI:
10.1016/0014-4886(89)90132-5 [PubMed: 2767200]

Klein-Fliigge MC, Barron HC, Brodersen KH, Dolan RJ, Behrens TEJ. Segregated encoding of
reward-identity and stimulus-reward associations in human orbitofrontal cortex. The Journal
of Neuroscience. 2013; 33 (7) 3202-3211. DOI: 10.1523/JNEUROSCI.2532-12.2013 [PubMed:
23407973]

Kondo H, Saleem KS, Price JL. Differential connections of the perirhinal and parahippocampal cortex
with the orbital and medial prefrontal networks in macaque monkeys. The Journal of Comparative
Neurology. 2005; 493 (4) 479-509. DOI: 10.1002/cne.20796 [PubMed: 16304624]

Krettek JE, Price JL. Projections from the amygdaloid complex to the cerebral cortex and thalamus
in the rat and cat. The Journal of Comparative Neurology. 1977a; 172 (4) 687-722. DOI: 10.1002/
cne.901720408 [PubMed: 838895]

Krettek JE, Price JL. The cortical projections of the mediodorsal nucleus and adjacent thalamic
nuclei in the rat. The Journal of Comparative Neurology. 1977b; 171 (2) 157-191. DOI: 10.1002/
cne.901710204 [PubMed: 64477]

Kringelbach ML, Rolls ET. The functional neuroanatomy of the human orbitofrontal cortex: Evidence
from neuroimaging and neuropsychology. Progress in Neurobiology. 2004; 72 (5) 341-372. DOI:
10.1016/j.pneurobio.2004.03.006 [PubMed: 15157726]

Kuramoto E, Iwai H, Yamanaka A, Ohno S, Seki H, Tanaka YR, Furuta T, Hioki H, Goto T. Dorsal
and ventral parts of thalamic nucleus submedius project to different areas of rat orbitofrontal
cortex: A single neuron-tracing study using virus vectors. The Journal of Comparative Neurology.
2017; 525 (18) 3821-3839. DOI: 10.1002/cne.24306 [PubMed: 28863230]

Laubach M, Amarante LM, Swanson K, White SR. What, if anything, is rodent prefrontal cortex?
eNeuro. 2018; 5 (5) doi: 10.1523/ENEURO.0315-18.2018

Behav Neurosci. Author manuscript; available in PMC 2022 October 03.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Barreiros et al.

Page 12

Levy DJ, Glimcher PW. The root of all value: A neural common currency for choice. Current Opinion
in Neurobiology. 2012; 22 (6) 1027-1038. DOI: 10.1016/j.conb.2012.06.001 [PubMed: 22766486]

Lichtenberg NT, Pennington ZT, Holley SM, Greenfield VY, Cepeda C, Levine MS, Wassum KM.
Basolateral amygdala to orbitofrontal cortex projections enable cue-triggered reward expectations.
The Journal of Neuroscience. 2017; 37 (35) 8374-8384. doi: 10.1523/JNEUROSCI.0486-17.2017
[PubMed: 28743727]

Lopatina N, Sadacca BF, McDannald MA, Styer CV, Peterson JF, Cheer JF, Schoenbaum G.
Ensembles in medial and lateral orbitofrontal cortex construct cognitive maps emphasizing
different features of the behavioral landscape. Behavioral Neuroscience. 2017; 131 (3) 201-212.
DOI: 10.1037/bne0000195 [PubMed: 28541078]

Mar AC, Walker ALJ, Theobald DE, Eagle DM, Robbins TW. Dissociable effects of lesions to
orbitofrontal cortex subregions on impulsive choice in the rat. The Journal of Neuroscience. 2011,
31 (17) 6398-6404. DOI: 10.1523/JNEUROSCI.6620-10.2011 [PubMed: 21525280]

McNamee D, Rangel A, O’Doherty JP. Category-dependent and category-independent goal-value
codes in human ventromedial prefrontal cortex. Nature Neuroscience. 2013; 16 (4) 479-485. DOI:
10.1038/nn.3337 [PubMed: 23416449]

Murphy MJM, Deutch AY. Organization of afferents to the orbitofrontal cortex in the rat. The
Journal of Comparative Neurology. 2018; 526 (9) 1498-1526. DOI: 10.1002/cne.24424 [PubMed:
29524205]

Murray EA, Moylan EJ, Saleem KS, Basile BM, Turchi J. Specialized areas for value updating
and goal selection in the primate orbitofrontal cortex. eLife. 2015; 4 (5) 11695 doi: 10.7554/
eLife.11695 [PubMed: 26673891]

Murray EA, O’Doherty JP, Schoenbaum G. What we know and do not know about the functions of the
orbitofrontal cortex after 20 years of cross-species studies. The Journal of Neuroscience. 2007; 27
(31) 8166-8169. DOI: 10.1523/JINEUROSCI.1556-07.2007 [PubMed: 17670960]

Murray EA, Rudebeck PH. Specializations for reward-guided decision-making in the primate
ventral prefrontal cortex. Nature Reviews Neuroscience. 2018; 19 (7) 404-417. DOI: 10.1038/
s41583-018-0013-4 [PubMed: 29795133]

Noonan MP, Chau BKH, Rushworth MFS, Fellows LK. Contrasting effects of medial and lateral
orbitofrontal cortex lesions on credit assignment and decision-making in humans. The Journal
of Neuroscience. 2017; 37 (29) 7023-7035. DOI: 10.1523/JNEUROSCI.0692-17.2017 [PubMed:
28630257]

Noonan MP, Walton ME, Behrens TEJ, Sallet J, Buckley MJ, Rushworth MFS. Separate value
comparison and learning mechanisms in macaque medial and lateral orbitofrontal cortex.
Proceedings of the National Academy of Sciences of the United States of America. 2010; 107
(47) 20547-20552. DOI: 10.1073/pnas.1012246107 [PubMed: 21059901]

Ogawa M, van der Meer MAA, Esber GR, Cerri DH, Stalnaker TA, Schoenbaum G. Risk-responsive
orbitofrontal neurons track acquired salience. Neuron. 2013; 77 (2) 251-258. DOI: 10.1016/
j.neuron.2012.11.006 [PubMed: 23352162]

Ongiir D, An X, Price JL. Prefrontal cortical projections to the hypothalamus in macaque
monkeys. The Journal of Comparative Neurology. 1998; 401 (4) 480-505. DOI: 10.1002/
(SICI1)1096-9861(19981130)401:4<480::AID-CNE4>3.0.CO;2-F [PubMed: 9826274]

Ongur D, Price JL. The organization of networks within the orbital and medial prefrontal cortex of
rats, monkeys and humans. Cerebral Cortex. 2000; 10 (3) 206-219. DOI: 10.1093/cercor/10.3.206
[PubMed: 10731217]

Ongiir D, Ferry AT, Price JL. Architectonic subdivision of the human orbital and medial prefrontal
cortex. The Journal of Comparative Neurology. 2003; 460 (3) 425-449. DOI: 10.1002/cne.10609
[PubMed: 12692859]

Ostlund SB, Balleine BW. Orbitofrontal cortex mediates outcome encoding in pavlovian but not
instrumental conditioning. The Journal of Neuroscience. 2007; 27 (18) 4819-4825. DOI: 10.1523/
JNEUROSCI.5443-06.2007 [PubMed: 17475789]

Padoa-Schioppa C, Assad JA. The representation of economic value in the orbitofrontal cortex is
invariant for changes of menu. Nature Neuroscience. 2008; 11 (1) 95-102. DOI: 10.1038/nn2020
[PubMed: 18066060]

Behav Neurosci. Author manuscript; available in PMC 2022 October 03.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Barreiros et al.

Page 13

Panayi MC, Killcross S. Functional heterogeneity within the rodent lateral orbitofrontal cortex
dissociates outcome devaluation and reversal learning deficits. eLife. 2018; 7 e37357 doi: 10.7554/
eLife.37357 [PubMed: 30044220]

Parkes SL, Ravassard PM, Cerpa JC, Wolff M, Ferreira G, Coutureau E. Insular and ventrolateral
orbitofrontal cortices differentially contribute to goal-directed behavior in rodents. Cerebral
Cortex. 2018; 28 (7) 2313-2325. DOI: 10.1093/cercor/bhx132 [PubMed: 28541407]

Passingham RE, Stephan KE, Kétter R. The anatomical basis of functional localization in the cortex.
Nature Reviews Neuroscience. 2002; 3 (8) 606-616. DOI: 10.1038/nrn893 [PubMed: 12154362]

Paxinos, G, Watson, C. The rat brain in stereotaxic coordinates. 4th. Elsevier Academic Press; 1998.

Preuss TM. Do rats have prefrontal cortex? The Rose-Woolsey-Akert program reconsidered. Journal of
Cognitive Neuroscience. 1995; 7 (1) 1-24. DOI: 10.1162/jocn.1995.7.1.1 [PubMed: 23961750]

Price, JL, Zald, DH, Rauch, SL. The orbitofrontal cortex. Oxford University Press; 2006. 3—-17.

Price JL. Definition of the orbital cortex in relation to specific connections with limbic and visceral
structures and other cortical regions. Annals of the New York Academy of Sciences. 2007; 1121
(1) 54-71. DOI: 10.1196/annals.1401.008 [PubMed: 17698999]

Price JL, Drevets WC. Neurocircuitry of mood disorders. Neuropsychopharmacology. 2010; doi:
10.1038/npp.2009.104

Ray JP, Price JL. The organization of the thalamocortical connections of the mediodorsal thalamic
nucleus in the rat, related to the ventral forebrain—prefrontal cortex topography. The Journal
of Comparative Neurology. 1992; 323 (2) 167-197. DOI: 10.1002/cne.903230204 [PubMed:
1401255]

Ray JP, Price JL. The organization of projections from the mediodorsal nucleus of the thalamus to
orbital and medial prefrontal cortex in macaque monkeys. The Journal of Comparative Neurology.
1993; 337 (1) 1-31. DOI: 10.1002/cne.903370102 [PubMed: 7506270]

Reep RL, Corwin JV, King V. Neuronal connections of orbital cortex in rats: Topography of cortical
and thalamic afferents. Experimental Brain Research. 1996; 111 doi: 10.1007/BF00227299

Reynolds SM, Zahm DS. Specificity in the projections of prefrontal and insular cortex to ventral
striatopallidum and the extended amygdala. The Journal of Neuroscience. 2005; 25 (50) 11757—
11767. DOI: 10.1523/JINEUROSCI.3432-05.2005 [PubMed: 16354934]

Roesch MR, Taylor AR, Schoenbaum G. Encoding of time-discounted rewards in orbitofrontal
cortex is independent of value representation. Neuron. 2006; 51 (4) 509-520. DOI: 10.1016/
j.neuron.2006.06.027 [PubMed: 16908415]

Rudebeck PH, Murray EA. Balkanizing the primate orbito-frontal cortex: Distinct subregions for
comparing and contrasting values. Annals of the New York Academy of Sciences. 2011; 1239 (1)
1-13. DOI: 10.1111/j.1749-6632.2011.06267.x [PubMed: 22145870]

Rudebeck PH, Murray EA. The orbitofrontal oracle: Cortical mechanisms for the prediction and
evaluation of specific behavioral outcomes. Neuron. 2014; 84 (6) 1143-1156. DOI: 10.1016/
j.neuron.2014.10.049 [PubMed: 25521376]

Rudebeck PH, Ripple JA, Mitz AR, Averbeck BB, Murray EA. Amygdala contributions to
stimulus-reward encoding in the macaque medial and orbital frontal cortex during learning.

The Journal of Neuroscience. 2017; 37 (8) 2186-2202. DOI: 10.1523/JNEUROSCI.0933-16.2017
[PubMed: 28123082]

Rudebeck PH, Saunders RC, Prescott AT, Chau LS, Murray EA. Prefrontal mechanisms of behavioral
flexibility, emotion regulation and value updating. Nature Neuroscience. 2013; 16 (8) 1140-1145.
DOI: 10.1038/nn.3440 [PubMed: 23792944]

Sallet J, Noonan MP, Thomas A, O’Reilly JX, Anderson J, Papageorgiou GK, Neubert FX, Ahmed B,
Smith J, Bell AB, Buckley MJ, et al. Behavioral flexibility is associated with changes in structure
and function distributed across a frontal cortical network in macaques. PLOS Biology. 2020; 18
(5) e3000605 doi: 10.1371/journal.pbio.3000605 [PubMed: 32453728]

Schilman EA, Uylings HBM, Graaf YG, Joel D, Groenewegen HJ. The orbital cortex in rats
topographically projects to central parts of the caudate-putamen complex. Neuroscience Letters.
2008; 432 (1) 40-45. DOI: 10.1016/j.neulet.2007.12.024 [PubMed: 18248891]

Behav Neurosci. Author manuscript; available in PMC 2022 October 03.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Barreiros et al.

Page 14

Schoenbaum G, Roesch MR, Stalnaker TA. Orbitofrontal cortex, decision-making and drug addiction.
Trends in Neurosciences. 2006; 29 (2) 116-124. DOI: 10.1016/j.tins.2005.12.006 [PubMed:
16406092]

Schoenbaum G, Setlow B, Nugent SL, Saddoris MP, Gallagher M. Lesions of orbitofrontal cortex and
basolateral amygdala complex disrupt acquisition of odor-guided discriminations and reversals.
Learning & Memory. 2003; 10 (2) 129-140. DOI: 10.1101/Lm.55203 [PubMed: 12663751]

Sescousse G, Caldu X, Segura B, Dreher JC. Processing of primary and secondary rewards: A
quantitative meta-analysis and review of human functional neuroimaging studies. Neuroscience
and Biobehavioral Reviews. 2013; 37 (4) 681-696. DOI: 10.1016/j.neubiorev.2013.02.002
[PubMed: 23415703]

Sescousse G, Redouté J, Dreher JC. The architecture of reward value coding in the human
orbitofrontal cortex. The Journal of Neuroscience. 2010; 30 (39) 13095-13104. DOI: 10.1523/
JNEUROSCI.3501-10.2010 [PubMed: 20881127]

Sharpe MJ, Schoenbaum G. Back to basics: Making predictions in the orbitofrontal-amygdala circuit.
Neurobiology of Learning and Memory. 2016; 131 doi: 10.1016/j.nIm.2016.04.009

Shi C, Cassell MD. Cortical, thalamic, and amygdaloid, connections of the anterior and posterior
insular cortices. The Journal of Comparative Neurology. 1998; 399 (4) 440-468. DOI: 10.1002/
(SICI1)1096-9861(19981005)399:4<440::AID-CNE2>3.0.CO;2-1 [PubMed: 9741477]

Shiflett MW, Balleine BW. At the limbic-motor interface: Disconnection of basolateral amygdala
from nucleus accumbens core and shell reveals dissociable components of incentive
motivation. European Journal of Neuroscience. 2010; 32 (10) 1735-1743. DOI: 10.1111/
j.1460-9568.2010.07439.x [PubMed: 21044174]

Smith DV, Hayden BY, Truong TK, Song AW, Platt ML, Huettel SA. Distinct value signals in anterior
and posterior ventromedial prefrontal cortex. The Journal of Neuroscience. 2010; 30 (7) 2490-
2495, DOI: 10.1523/JNEUROSCI.3319-09.2010 [PubMed: 20164333]

St. Onge JR, Floresco SB. Prefrontal cortical contribution to risk-based decision making. Cerebral
Cortex. 2010; 20 (8) 1816-1828. DOI: 10.1093/cercor/bhp250 [PubMed: 19892787]

Stopper CM, Green EB, Floresco SB. Selective involvement by the medial orbitofrontal cortex in
biasing risky, but not impulsive, choice. Cerebral Cortex. 2014; 24 (1) 154-162. DOI: 10.1093/
cercor/bhs297 [PubMed: 23042736]

Van De Werd HJJM, Uylings HBM. The rat orbital and agranular insular prefrontal cortical areas:

A cytoarchitectonic and chemoarchitectonic study. Brain Structure & Function. 2008; 212 (5)
387-401. DOI: 10.1007/s00429-007-0164-y [PubMed: 18183420]

Verharen JPH, den Ouden HEM, Adan RAH, Vanderschuren LIMJ. Modulation of value-based
decision making behavior by subregions of the rat prefrontal cortex. Psychopharmacology. 2020;
237: 1267-1280. doi: 10.1007/s00213-020-05454-7 [PubMed: 32025777]

Vertes RP. Differential projections of the infralimbic and prelimbic cortex in the rat. 2004; Synapse
(New York, NY). 51 (1) 32-58. DOI: 10.1002/syn.10279

Wallis JD. Cross-species studies of orbitofrontal cortex and valuebased decision-making. Nature
Neuroscience. 2012; 15 (1) 13-19. DOI: 10.1038/nn.2956

Walton ME, Behrens TEJ, Buckley MJ, Rudebeck PH, Rushworth MFS. Separable learning systems in
the macaque brain and the role of orbitofrontal cortex in contingent learning. Neuron. 2010; 65 (6)
927-939. DOI: 10.1016/j.neuron.2010.02.027 [PubMed: 20346766]

Walton ME, Behrens TEJ, Noonan MP, Rushworth MFS. Giving credit where credit is due:
Orbitofrontal cortex and valuation in an uncertain world. Annals of the New York Academy of
Sciences. 2011; 1239 (1) 14-24. DOI: 10.1111/j.1749-6632.2011.06257.x [PubMed: 22145871]

Walton ME, Chau BKH, Kennerley SW. Prioritising the relevant information for learning and

decision making within orbital and ventromedial prefrontal cortex. Current Opinion in Behavioral
Sciences. 2015; 1: 78-85. DOI: 10.1016/j.cobeha.2014.10.005 [PubMed: 26937446]
Wilson RC, Takahashi YK, Schoenbaum G, Niv Y. Orbitofrontal cortex as a cognitive map of task
space. Neuron. 2014; 81 (2) 267-279. DOI: 10.1016/j.neuron.2013.11.005 [PubMed: 24462094]
Wise SP. Forward frontal fields: Phylogeny and fundamental function. Trends in Neurosciences. 2008;
31 (12) 599-608. DOI: 10.1016/j.tins.2008.08.008 [PubMed: 18835649]

Behav Neurosci. Author manuscript; available in PMC 2022 October 03.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Barreiros et al.

Page 15
Wittmann MK, Fouragnan E, Folloni D, Klein-Fligge MC, Chau BKH, Khamassi M, Rushworth

MFS. Global reward state affects learning and activity in raphe nucleus and anterior insula in
monkeys. Nature Communications. 2020; 11: 3771. doi: 10.1038/s41467-020-17343-w

Behav Neurosci. Author manuscript; available in PMC 2022 October 03.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Barreiros et al.

Page 16

Figure 1. Classical Parcellation of Rat OFC
Note. Currently recognized OFC subdivisions include MO, VO, LO, DLO, and Al.

Represented is the right hemisphere of Nissl stained coronal rat brain slices at two different
anterior—posterior levels of the OFC. Numbers on the right-hand side of the slices indicate
the distance in millimeters from bregma, consistent with Paxinos and Watson (1998). An
intermediate region, VLO (not shown) has also been identified, located halfway between
VO and LO. In this focused review VLO will not be considered, and DLO will not be
differentiated from Al. Photomicrographs are adapted from Panayi & Killcross (2018).
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Ald: agranular insular cortex, dorsal part; Alv: agranular insular cortex, ventral part; DLO:
dorsolateral OFC; LO: lateral OFC; MO: medial OFC; VO: ventral OFC; VLO: ventrolateral
OFC. See the online article for the color version of this figure.
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Figure 2. Density of Inputsinto ALO, PLO, and PVO
Note. The different number of circles represent the average density of retrogradely labeled

cells following CTB injection (i.e., absent, weak, moderate, or strong) into ALO, PLO, and
PVO. Panels depicting labeling in amygdala and in MD thalamus represent the average
density labeling in all slices quantified and not at that particular coronal section. Numbers on
the right-hand side of the slices indicate the distance in millimeters from bregma, consistent
with Paxinos and Watson (1998). Figure adapted from Barreiros et al. (in press). a24b:
anterior cingulate cortex, area 24b; ACC: anterior cingulate cortex; Ald: agranular insular
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cortex, dorsal part; Alv: agranular insular cortex, ventral part; ALO: anterior lateral OFC;
DLO: dorsolateral OFC; LaDL.: lateral amygdala, dorsolateral part; LO: lateral OFC; MO:
medial OFC; PL: prelimbic cortex; PLO: posterior lateral OFC; PVVO: posterior ventral
OFC; VO: ventral OFC; BL: basolateral; C: central; M: medial; L: lateral; D: dorsal; V:
ventral. See the online article for the color version of this figure.
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