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The caudate nucleus, a key component of the dorsal striatum, has traditionally
been recognized for its roles in motor control and cognitive functions.
However, emerging neuroimaging and neurophysiological findings show its
crucial involvement in gustatory function as well. The papers analyzed in
this comprehensive overview indicate that the caudate nucleus and dorsal
striatum exhibit consistent activation during gustatory stimulation, respond
to different metabolic states, motivation, and hedonic value, and interact
with regions involved in reward and emotional processing across health
and disease. Even if these results are promising, experimental designs are
frequently heterogeneous, so more evidence is needed to elucidate the link
between taste and these subcortical regions. This approach may provide new
perspectives on the neural substrates of chemosensation and potential targets
for taste-related interventions.
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Introduction

The caudate nucleus, a major component of the dorsal striatum, historically
associated with motor and cognitive functions (Haber, 2016; Grahn et al., 2008), has also
been implicated in playing a crucial role in various higher-order sensory processing
(Kinomura et al., 1994; Savic et al., 2000).

Scientific evidence suggests that this subcortical structure contributes to the integration
of multisensory information (Nagy et al., 2006; Mastinu et al., 2025), playing a role in
taste and olfactory perception and reward (Jacobson et al., 2010; Rolls, 2019, 2023). The
involvement of the caudate nucleus in chemosensory processing, particularly in taste
perception, was first demonstrated in the pioneering neuroimaging study by Kinomura
and colleagues (Kinomura et al., 1994).

The processing of gustatory stimuli, given its evolutionary importance, involves
intricate neural circuits spanning from peripheral receptors to higher cortical areas,
allowing key functions that guide food selection, detect environmental hazards, and more
(Olofsson and Freiherr, 2019). In addition, these stimuli can elicit innate emotions of
pleasure (sweet) and disgust (bitter), hard-wired from birth, in complex interplay with the
other senses (Shepherd, 2006).
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However, while significant research has mainly focused on
cortical mechanisms underlying chemosensory function, the role
of subcortical structures, particularly the caudate nucleus, remains
less well understood. This review aims to examine the research
investigating the role of the caudate nucleus in human taste
function, integrating findings from functional and structural
imaging studies. We investigate the role of the caudate in the
processing of gustatory information and its clinical implications. By
elucidating these mechanisms, we aim to provide a comprehensive
understanding of the caudate’s function in shaping taste perception.

Anatomy and function of the caudate
nucleus

The caudate nucleus is a C-shaped subcortical paired structure
that constitutes a major part of the dorsal striatum, along with
the putamen (Driscoll et al., 2023). It is located sidewise to the
lateral ventricles, and each caudate nucleus is divided into three
main regions: the head, the body, and the tail (Figure 1). Some
studies in humans and animals suggest that these regions play
different functional roles, with the caudate head contributing
to goal-directed planning and sub-goal selection by evaluating
action-outcomes (Grahn et al., 2008, 2009), whereas the caudate
tail appears to be more involved in processing sensory inputs
(Saint-Cyr et al., 1990; Yeterian and Pandya, 1995; Griggs et al.,
2017). However, the anatomo-functional correlation among the
caudate regions remains under study, as there is mixed evidence
regarding this topographic organization, with some research
suggesting that these areas may rapidly update the value of
stimuli based on reward, indicating a more flexible function in
terms of information processing, rather than strictly categorical
manner (Kim et al., 2014). In addition, brain lateralization has been
documented across the central nervous system, and the caudate
nucleus is no exception (Walker, 1980; Glick et al., 1982). In the
context of chemosensory processing, lateralization effects have
been observed in the integration of afferent stimuli with higher-
order cognitive functions (Royet and Plailly, 2004). Besides, the
functional specialization of the caudate nucleus is defined by a
complex topographical and biochemical heterogeneity. Detailed
post-mortem investigation of the human striatum has documented
precise gradients of neurotransmitter markers, showing that the
highest dopamine (DA) levels increase from rostral to caudal in the
caudate and putamen, with the highest concentrations centrally and
lowest DA turnover caudally. These results demonstrate a marked
heterogeneity in the anatomical distribution of neurotransmitter
markers in the human dorsal striatum indicating anatomical and
functional diversity within this brain structure (Hortnagl etal,
2020; De Deurwaerdere et al., 2020).
markers related to the protein homeostasis, and synaptic plasticity

Furthermore, molecular
show specific pathological alterations within the caudate nucleus
(Saries-Serrano et al., 2025).

While neurotransmitter gradients are well-documented across
the rostro-caudal and dorso-ventral axes in humans, providing
a basis for functional diversity, animal research remains more
comprehensive in mapping specific genetic markers and circuit-
level connectivity (Calipari et al., 2012).
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Anatomy of taste

The taste system can detect and identify the components of
ingested food, providing information on the quality of tastants as
well as the palatability of food, which allows to distinguish between
edible and non-edible ones. The taste information is then conveyed
by the cranial nerves (i.e., facial, glossopharyngeal, and vagus) to the
central nervous system. Additionally, somatosensory information,
such as touch and temperature, contributes together with olfactory
and visual stimuli to give the complex flavor experience (Shepherd,
2006; Cecchini et al., 2015).

The anatomy of taste starts from a wide mucosal surface,
including the whole oral cavity, pharynx, larynx, and upper
esophagus (Witt, 2019; Doty, 2019). Unlike olfaction, taste is
mediated by several cranial nerves and has receptors widely
distributed throughout the oral cavity, which is why it is considered
a robust sense (Bartoshuk, 1989; Cecchinietal., 2018). From
here, taste message is first transmitted via cranial nerves to the
gustatory nucleus, the rostral division of the nucleus of the
solitary tract (NST) in the medulla oblongata and pons. Then,
NST fibers project to the thalamus (i.e. ventral posteromedial
nucleus parvocellular part, VPMpc). Thereupon, thalamic neurons
project to the primary taste cortex (e.g., frontal operculum, insula)
(Tannilli et al., 2014; Iannilli and Gudziol, 2019). In particular,
the anterior insula is implicated in gustatory identification
processes, and the posterior insula contributes to oral somatic
sensation. (Veldhuizen et al., 2011; Rolls, 2016). Indeed, the insular
cortex poses what the taste is, regardless of the linked reward
valence. Then, gustatory information reaches the multimodal
orbitofrontal cortex, the human key-brain region involved in
the subjective emotional experience of the stimuli (Rolls, 2023;
Shepherd, 2006). Also amygdala receives gustatory information
from the insula, but in humans, comparing to the orbitofrontal
cortex, recent evidence show that amygdala is less involved
in subjective emotional experience and it is proposed that it
is mainly involved in autonomic and conditioned responses
trough brainstem connectivity (Rolls, 2023). In addition, the
hippocampus connections can have a crucial role in integrating
information derived from multiple sensory and cognitive inputs
impacting memory (Strauch and Manahan-Vaughan, 2020). Other
subcortical areas such as hypothalamus and basal nuclei are
involved in taste function, and tractography investigation showed
connections between the caudate nucleus and the insular cortex
in healthy subjects (Ghaziri et al., 2018), but in this regard current
knowledge in humans is not fully elucidated. In particular,
gustatory information can reach the striatum through both
direct (through insula-striatal projections) and indirect pathways
(through connections involving orbitofrontal cortex, amygdala,
thalamus). Orbitofrontal cortex’s outputs directed to striatum
are meaningful enabling the reward value influencing behavior.
The reward value outcome information projected to the anterior
cingulate cortex it is suggested to be useful for action-outcome
learning (Rolls, 2023). On this matter, it is important to
mention that taste together with smell have a meaningful role
in the expression of hedonic value, represented in various
brain areas and this has an important psychological impact
(Bochicchio and Winsler, 2020). Moreover, cortical taste regions
send efferent projections to the NST and other subcortical areas for
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FIGURE 1

Right side view of the skull and encephalon. In red, a side projection of the caudate nucleus (C), surmounting the thalamus, lying beside the lateral
ventricles, with the classical “C" shape, gradually decreasing in volume. Its head extends backwards, with a following body and a tail which curves

downwards and laterally to finally end at the level of the temporal pole, in contiguity with the amygdala (A). It belongs to the dorsal striatum along
with the putamen (P). During its course, the caudate nucleus is connected to the putamen (P) by means of bridges of gray matter.

top-down gustatory afferent modulation. These projections from
the cortex to the NST modulate both the sensory input inside
the NST and its efferent output, in integration with olfactory and
somatosensory signals (Simon etal., 2006; Iannilli and Gudziol,
2019; Vincis and Fontanini, 2019) (Figure 2).

Methods

An extensive search of scientific publications on PubMed and
Scopus was performed to identify studies examining the role of the
caudate nucleus in the different facets of taste function. Given the
multifaceted nature of this topic, the search strategy was divided
into thematic sections to ensure a comprehensive selection of
relevant articles.

Search strategy
Search was conducted using the following term combinations:

1. Taste and caudate nucleus: (“taste’[MeSH Terms] OR
“taste”[All Fields] OR “tastes’[All Fields] OR “tasting”[All
Fields] OR “tasted”[All Fields] OR “tasteful’[All Fields]
OR “tastings”[All Fields]) AND (“caudate”[All Fields] OR
“caudate’s”[All Fields] OR “caudates”[All Fields]).

2. Gustation and caudate nucleus: (“taste’[MeSH Terms]
OR “taste”[All Fields] OR “gustation”[All Fields]) AND
(“caudate nucleus’[MeSH Terms] OR (“caudate”[All Fields]
AND “nucleus”[All Fields]) OR “caudate nucleus”[All Fields]).
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3. Taste and dorsal striatum:

4. Gustation and dorsal striatum:

(“taste”’[MeSH Terms] OR
“taste”[All Fields] OR “tastes’[All Fields] OR “tasting’[All
Fields] OR “tasted”[All Fields] OR “tasteful’[All Fields]
OR “tastings”[All Fields]) AND (“dorsal’[All Fields]
OR “dorsale’[All Fields] OR “dorsally’[All Fields] OR
“dorsals”[All Fields]) AND (’neostriatum”[MeSH Terms]
OR “neostriatum”[All Fields] OR “striatum”[All Fields] OR
“corpus striatum”[MeSH Terms] OR (“corpus’[All Fields]
AND “striatum”[All Fields]) OR “corpus striatum”[All Fields]
OR “striatum’s”[All Fields] OR “striatums”[All Fields]).
(“taste”’[MeSH Terms]
OR “taste’[All Fields] OR “gustation”[All Fields])
AND (dorsal’[All Fields] OR “dorsale’[All Fields] OR
“dorsally’[All Fields] OR “dorsals’[All Fields]) AND
(“neostriatum”[MeSH Terms] OR “neostriatum”[All Fields]
OR “striatum”[All Fields] OR “corpus striatum”[MeSH
Terms] OR (“corpus”[All Fields] AND “striatum”[All Fields])
OR “corpus striatum”[All Fields] OR “striatum’s”[All Fields]
OR “striatums”[All Fields]). A similar search strategy was
applied in Scopus, using the corresponding free-text terms
and Boolean operators.

Inclusion criteria were:

e Peer-reviewed studies published in English.
e Studies investigating the caudate nucleus in relation

to taste function in adult humans (psychophysical,
neurophysiological, and neuroimaging; either clinical
populations or healthy participants).

e Experimental and clinical studies, including neuroimaging

research (fMRI, PET, SPECT).
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FIGURE 2
The anatomy of gustatory perception from the peripheral to the more central regions. At the top, the wide peripheral area from which the gustatory
stimuli arise (tongue, larynx and esophagus), while at the bottom, the various more central regions involved, including the subcortical nuclei (dorsal
striatum/caudatus, red box). The main connections are shown by arrows. The complex network of connections highlights the possible role of the
caudate nucleus as a bridge between sensory perception and motor decision-making plans. It could act as a critical hub of the striatum linking basic
taste information and motivated behavior. NST, nucleus of the solitary tract; VPMpc, ventral postero-medial nucleus of the thalamus, parvicellular part.

Exclusion criteria were:

e Peer-reviewed studies in languages other than English.

e Studies focused solely on motor or general cognitive functions
of the caudate nucleus without reference to taste function.

e Studies on sensory processing without specific mention of the
caudate nucleus, dorsal striatum or the basal ganglia.

e Animal studies (unless findings were directly translatable to
human function).

Results

Given the heterogeneity of methodologies across studies, which
made comparison difficult, a narrative review approach was chosen
and findings across the literature were synthesized. The selected
papers are summarized in Table 1 (healthy participants) and Table 2
(pathological conditions) and are discussed separately for the
healthy and pathological populations and the caudate’s functions.

Research on healthy participants

Perception and discrimination of pure taste
stimuli

The involvement of the caudate nucleus in gustatory perception
and discrimination has been observed consistently across various

Frontiersin Neuroscience

studies in healthy participants. This section examines studies
utilizing relatively pure tastant-based paradigms, where neural
activity is elicited by the chemical properties and intensity of stimuli
rather than their associated reward value or anticipatory cues.

Early evidence from Kinomuraetal. (1994) demonstrated
caudate activation in response to gustatory stimuli, marking one
of the first functional neuroimaging reports implicating subcortical
structures beyond the brainstem and thalamus in the human taste
network. In this study, the head of the caudate nucleus of the right
hemisphere was activated, suggesting a potential integrative role in
early taste perception.

More recent studies have consistently identified the caudate
nucleus as a key region involved in gustatory perception. In 2019,
Hwang et al. further expanded knowledge on these observations by
showing that the volume of the bilateral caudate was associated with
sensitivity to both sweet and bitter taste stimuli. Authors suggest
that the caudate nucleus is involved structurally in processing both
taste qualities.

Moreover, in a multivoxel pattern analysis study, Avery et al.
(2020) demonstrated that the left dorsal striatum and the right
caudate could reliably discriminate between sweet, salty, and sour
tastants, suggesting a role in encoding taste quality. Later, using a
meta-analytic approach, Ponticorvo et al. (2022) showed that sweet
taste selectively activated the caudate nucleus, meaning that the
meta-analytic findings pointed to a significant functional response
to sweet taste stimuli, but not to bitter.

In line with this, Pak et al. (2022) showed that glucose loading
increased DA transporter availability in the dorsal striatum,
including the caudate nucleus.
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TABLE 1 Research on healt

Reference

hy participants.

Neuroimaging

method

Sample size gender
M (male)
F (female)

Stimuli

Stimulation

10.3389/fnins.2026.1783785

Main result

Perception and discrimination of pure taste stimuli

Kinomura et al. PET 10M Salty solution tasting Ingestion through | Activation of the head of the caudate
(1994) plastic tubes nucleus of the right hemisphere
Hwang et al. fMRI 351F Sweet and bitter Sipping Bilateral caudate volume was associated
(2019) 208 M solutions with responses to both sweet and bitter
tastes
Avery etal. (2020) | fMRI 11F Sweet, salty, sour, Ingestion through | The left dorsal striatum and the right
7M and tasteless gustometer caudate discriminate between sweet, salty,
solutions and sour tastants
Ponticorvo et al. fMRI 25M Sweet and bitter Ingestion through | Sweet taste selectively activated the
(2022) 19F solutions gustometer caudate nucleus
Pak et al. (2022) fMRI 20M Sweet solutions Sipping and Sweet taste selectively activated the
Intravenous caudate nucleus
Reward, anticipation and/or motivational component
Small et al. (2001) PET 5F Chocolate tasting Ingestion Cerebral blood flow was correlated with
4M pleasantness in the left and right dorsal
caudate nucleus
Small et al. (2003) PET 15F Favorite meal tasting Ingestion Dorsal caudate blood flow was correlated
2M with dopamine release and experienced
pleasure
Stice et al. (2013) fMRI 59F Chocolate Ingestion through | Fat caused greater activation of the
47M milkshakes and gustometer caudate and oral somatosensory regions
tasteless solution than sugar
Frankort et al. fMRI 34F Chocolate tasting Ingestion The activation of the right caudate
(2015) correlated positively with neural
predictors of chocolate intake
Blechert et al. fMRI 16 F Visual stimulation Food images The left caudate nucleus showed stronger
(2016) 16 M activation in response to available foods,
particularly high-calorie ones
Stice and Yokum fMRI 29F High-sugar Ingestion High-sugar food increases reward
(2018) 11M milkshake response in the right caudate to
stimulation anticipated intake of more of the
high-sugar food
Davidenko et al. fMRI 43M Sweet-flavored Ingestion through | Greater right caudate activation was
(2018) spring water gustometer observed in individuals whose taste
judgments were not influenced by
conflicting sensory cues
Thanarajah et al. fMRI/PET 2M Flavored milkshake Ingestion through | Delayed dopamine release in the right
(2019) gustometer caudate head was observed post-ingestion
Frank-Podlech et al.| fMRI 11M High- vs. a low-fat Ingestion Post-ingestion connectivity between the
(2019) yogurt caudate nucleus and the nucleus tractus
solitarii was reduced regardless of fat
content
Lender et al. fMRI 11F Marzipan tasting Ingestion The left caudate showed increased
(2020) 12M activation in response to images associated
with edible stimuli

Frontiersin Neuroscience

05

(Continued)

frontiersin.org



https://doi.org/10.3389/fnins.2026.1783785
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Ricatti et al.

TABLE 1 (Continued)

Reference

Neuroimaging

method

Sample size gender

M (male)
F (female)

Stimulation

10.3389/fnins.2026.1783785

Main result

Skatbania et al. fMRI 49 subjects final gender not Visual stimulation Food images The pre-choice activity in the caudate
(2025) specified nucleus may potentially exert an influence
on linking reward anticipation
Food availability and homeostatic modulation
Gautier et al. PET/MRI 1M Sweet flavored liquid Ingestion through | Caudate nucleus is involved in the
(1999) meal plastic tubes perception of taste after 36 h of fasting
Pelchat et al. fMRI 5F Visual stimulation Food images In craving-induced conditions, the right
(2004) 5M caudate nucleus exhibited increased fMRI
activation
Jacobson et al. fMRI 30 young adults Salty, sour, bitter, Ingestion through | Caudate activation in response to
(2010) 22 older adults gender not sweet solutions syringe pumps gustatory stimuli during hunger
specified
Haase et al. fMRI 12F Salty, sour, bitter, Ingestion through | Bilateral caudate activation was strongly
(2011) IM sweet solutions syringe pumps modulated by hunger and satiety when
processing reward-related aspects
Skatbania et al. fMRI 49 subjects gender not Visual stimulation Food images Greater pre-choice caudate activity was
(2025) specified linked to higher likelihood of self-control
failure in a later food-choice task
Individual features and risk factors
Jacobson et al. fMRI 30 young adults Salty, sour, bitter, Ingestion through | Older adults exhibited caudate activation
(2010) 22 older adults gender not sweet solutions syringe pumps in response to gustatory stimuli under
specified motivationally relevant conditions
Haase et al. fMRI 12F Salty, sour, bitter, Ingestion through | Reward processing of some tastants was
(2011) IM sweet solutions syringe pumps more strongly modulated by hunger and
satiety in males with bilateral caudate
activation
Green and Murphy | fMRI 24 young adults Sweet solutions Ingestion through | Individuals who consumed a greater
(2012) Gender not specified tasting syringe pumps number of diet sodas had reduced right
caudate head activation
Green et al. fMRI 6F Sweet and bitter Ingestion through | Caudate showed greater activation in
(2013) 6M solutions tasting syringe pumps young relative to middle-aged
Bohon (2014) fMRI 82F Chocolate milkshake Ingestion through | Emotional eating scores were negatively
80M syringe pumps related to activation in the bilateral
caudate
Sun et al. (2015) fMRI 17 F Milkshake Ingestion through | In individuals carrying the at-risk allele,
15M consumption gustometer caudate activation was associated with
long-term weight gain
Horndasch et al. fMRI 15 AN family history Chocolate drink Ingestion through | Individuals with a family history of eating
(2016) 21 controls gender not consumption syringe pumps disorders showed increased caudate
specified activation during anticipation of food
stimuli
Gao etal. (2018) fMRI 75F Visual stimulation Food images Greater impulsivity in food-related
decisions was linked to reduced right
dorsal caudate activity and connectivity
Shearrer et al. fMRI 55F Milkshake Ingestion through | Familial obesity risk was linked to
(2018) 53M consumption gustometer heightened caudate response to palatable
tastes
(Continued)
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TABLE 1 (Continued)

10.3389/fnins.2026.1783785

Reference Neuroimaging Sample size gender  Stimuli Stimulation Main result
method M (male)
F (female)
Sadler et al. fMRI 78 F Milkshake Ingestion through | In healthy-weight adolescents, repeated
(2023) 76 M consumption syringe pumps exposure to palatable food cues led to
increased caudate activation over time
Pharmacological modulation of taste processing
Horder et al. fMRI 16 F Strawberry and Ingestion through | Rimonabant decreased neural responses
(2010) IM chocolate tastants manual syringe to aversive stimulus in the right caudate
delivery nucleus
Murray et al. fMRI 10F Milkshake Ingestion through | Relative to placebo, naltrexone decreased
(2014) 10M consumption manual syringe reward activation to chocolate in the
delivery caudate
Tudge et al. fMRI 10F Strawberry and Ingestion through | Tetrahydrocannabivarin increased
(2014) 10M chocolate tastants manual syringe responses to aversive and rewarding
delivery stimuli in the caudate
Dean et al. (2016) fMRI 9F Belgian chocolate Ingestion through | Bupropion increased activity during the
8M drink tasting manual syringe anticipation phase of pleasant and
delivery unpleasant cues in the caudate

Taken together, these findings support the notion that the
caudate nucleus is consistently recruited during direct taste
perception tasks in physiological conditions.

Reward, anticipation and/or motivational
component

Complementing the sensory data, we further analyzed
paradigms dominated by reward, anticipation, and motivational
components, where caudate activity shows the integration of
taste signals with top-down factors such as hedonic valuation
(pleasantness/unpleasantness) and anticipation. Numerous
neuroimaging studies showed that the caudate nucleus plays
a central role in the hedonic evaluation of gustatory stimuli
and in food-related reward processing. The hedonic system
comprises a network of regions that encode the pleasure and
motivational value of stimuli. Within this circuitry, the dorsal
striatum, and particularly the caudate nucleus, couples these
affective signals to goal-directed and habitual behavior. The
caudate integrates information about the value of rewards and their
emotional relevance, supporting the consolidation of experiences
into stimulus-response associations, guiding the shift from
deliberate choices to more automatic habits. In this way, hedonic
processing emerges as the result of an interplay between emotional,
motivational, and procedural mechanisms that converge to direct
behavior toward pleasurable outcomes (Balleineetal.,, 2007;
Campos et al., 2022).

In a Positron Emission Tomography (PET) study, Small et al.
(2001) showed that cerebral blood flow in the left and right
dorsal caudate nucleus during chocolate consumption was
positively correlated with pleasantness ratings, suggesting a
direct association between caudate activation and subjective
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hedonic experience. Another following study from the same
authors (Small etal., 2003) reported that consumption of a
favorite meal elicited DA release in the dorsal caudate, which
was associated with experienced pleasure when compared to a
fasting state.

Further supporting the role of the caudate in processing
palatable foods, Sticeetal. (2013) used functional Magnetic
Resonance Imaging (fMRI) to compare responses to various
high-fat/high-sugar equicaloric chocolate milkshakes and tasteless
solutions. The authors found that high-fat content elicited stronger
activation in the caudate than high-sugar, suggesting brain
activation differences due to a variation in fat and sugar content,
regardless of flavor. In female participants, Frankort et al. (2015)
observed that visual and oral chocolate stimulation activated the
right caudate, and this activation positively correlated with neural
predictors of chocolate intake. This activation is not restricted to the
hedonic experience during ingestion, as its anticipatory reactivity
serves as a critical neural predictor of subsequent short-term
eating behavior.

Availability and anticipatory reward also appear to modulate
caudate activity. Indeed, Stice and Yokum (2018) demonstrated
that an initial intake dose of a high-sugar milkshake increased right
caudate activity during the anticipation of additional intake, further
implicating this region in expectation-driven reward response.

In addition, other studies have reported individual variability in
caudate engagement. Davidenko et al. (2018) showed greater right
caudate activation in participants whose taste judgments remained
unaffected by conflicting symbolic cues, suggesting a role for the
caudate in processing prediction error and in resisting external
influences on hedonic evaluation. While this study fits into reward-
driven paradigms, it also shows evidence of the caudate’s role in
sensory fidelity, specifically in individuals who prioritize actual taste
perception over external cues.
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Reference

TABLE 2 Research on pathological conditions.

Neuroimaging

method

Sample size gender
M (male)
F (female)

Stimuli

Stimulation

10.3389/fnins.2026.1783785

Main result

Obesity and metabolic dysfunction

Rothemund et al. fMRI 13 obese F Visual stimulation Food images The left caudate body showed increased
(2007) 13 controls F activation in individuals with obesity,
independently of hunger or satiation states
Stice et al. fMRI 33F Flavored milkshake Ingestion through | Female obese adolescents showed reduced
(2008b) syringe pumps activation of the caudate nucleus during
milkshake consumption
Stice et al. (2008a) fMRI 43 F (Study 1) 33 F (Study 2) Flavored milkshake Ingestion through Caudate nucleus activation predicted less
syringe pumps future weight gain in A1 allele carriers but
greater weight gain in non-carriers
Green et al. fMRI 20 older adults 20 young Tastants solutions Ingestion through | In older adults, higher abdominal fat and
(2011) adults syringe pumps BMI were associated with reduced caudate
Gender not specified activation in response to sucrose
Nummenmaa etal. | fMRI 19 morbidly obese Visual stimulation Food images Enhanced sensitivity to external food cues
(2012) 16 controls in obesity may involve abnormal
Gender not specified stimulus-response mediated by the dorsal
caudate nucleus
Babbs et al. fMRI 13 overweight Sweet flavored Ingestion through | There is an inverse correlation between
(2013) 12 controls milkshake syringe pumps BMI and caudate response to milkshakes
Gender not specified consumption
Cornier et al. fMRI 12M Sucrose solution Sipping Neuronal responses to sucrose in the
(2015) 12F tasting caudate were attenuated in women
Obesity resistant compared to men
13M
12F
Obesity prone
Geha et al. (2017) fMRI Tasting Milkshake Ingestion through Obese individuals showed reduced global
15 controls consumption oral bolus brain connectivity in the caudate nucleus
15 obese both at rest and during milkshake
Not-tasting consumption
33 controls
28 obese
Jacobson et al. fMRI 30 young adults 22 older Sweet tastants Ingestion through | Reduced caudate activation during
(2017) adults syringe pumps sucrose hedonic evaluation under hunger
Gender not specified in older adults and metabolic syndrome
participants
Dunn etal. (2023) | fMRI 44 F Milkshake Ingestion through | Caudate changes during weight loss and
34M consumption syringe pumps improved insulin sensitivity were less
Gender not specified robust than other taste-related striatal
responses
Eating disorders
Wagner et al. fMRI 16 F AN recovered Sweet tastants Ingestion through | AN recovered participants showed
(2008) 16 F controls syringe pumps reduced activation in the middle and

dorsal caudate in response to nutrient

taste

Frontiersin Neuroscience

08

(Continued)

frontiersin.org



https://doi.org/10.3389/fnins.2026.1783785
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Ricatti et al.

TABLE 2 (Continued)

Reference

Neuroimaging
method

Sample size gender
M (male)
F (female)

Stimuli

Stimulation

10.3389/fnins.2026.1783785

Main result

Cowdrey et al. fMRI 15F AN recovered Flavored solutions Ingestion through | Individuals recovered from anorexia
(2011) 16 F controls syringe nervosa showed increased caudate
activation in response to aversive taste
stimuli
Bohon and Stice fMRI 13F BN Flavored milkshake Ingestion In females with BN, higher negative affect
(2012) 13 F controls was associated with increased caudate
activation during anticipation of a
palatable taste
Frank et al. (2013) | MRI 19F BN Sucrose solution Sipping Both BN and AN recovered were
19F AN associated with reduced dorsal caudate
24 F AN all recovered gray matter volume
24 F controls
Frank et al. (2018) | fMRI 56 F AN Sucrose solution Ingestion through | Individuals with AN showed
syringe pumps hyperactivation in the caudate head
compared to controls during a
dopamine-related conditioning task
Kaye et al. (2020) fMRI 26 F AN Sucrose solution and Sipping Lower caudate activation to tastants
22 F controls water during hunger was associated with higher
harm avoidance in individuals recovered
from AN
Frank et al. (2022) fMRI 28 AN female Sucrose solution Ingestion through At baseline, individuals with AN showed
syringe pumps elevated prediction error responses in the
bilateral caudate head
Frank et al. (2023) | fMRI 91 AN, 34 other eating Sucrose solution Ingestion In eating disorders, greater caudate head
disorders, 56 BN, 16 binge response to sucrose receipt was associated
eating disorders, 120 controls, with higher reward responsiveness
all female
Stice et al. (2025) fMRI 88F Chocolate milkshake Ingestion The right caudate, a reward valuation
stimulation region, showed lower responsivity to
anticipated milkshake tastes
Alcoholism
Wilcox et al. fMRI 225M Alcoholic and Ingestion through | Genetic variation near the a-synuclein
(2013) 101 F non-alcoholic gustometer gene was significantly associated with
All heavy drinkers beverages caudate activation in heavy drinkers
Ray et al. (2014) fMRI 11M Alcohol and water Ingestion through | In the dorsal caudate, heavy drinkers with
6F taste stimuli gustometer the G allele showed stronger negative
All with alcohol dependence functional connectivity with other key
regions
Monnig et al. fMRI 229 M Alcohol taste cue Ingestion In heavy drinkers, reduced white matter
(2014) 103 F integrity was associated with increased
All heavy drinkers caudate activation during alcohol cue
exposure
Bidwell et al. fMRI 238 M Alcoholic and Ingestion In heavy drinkers, higher dopamine
(2019) 145 F non-alcoholic receptor D2 methylation was associated
All hazardous drinkers beverages with increased caudate activation to
alcohol cues
(Continued)
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Reference Neuroimaging Sample size gender Stimulation Main result
method M (male)
F (female)
Depression
McCabe et al. fMRI 13 recovered depressed (3 M) Flavored tastants Ingestion through Recovered depressed individuals showed
(2009) 14 controls (5 M) tubes increased bilateral caudate activation in
response to aversive food-related stimuli
COVID-19
Schénegger et al. MRI 5F Tastants stimulation Taste strips One COVID-19 patient showed a
(2020) symmetric, slightly hyperintense signal in
the head of the caudate nucleus
Cecchini et al. fMRI 20 with referred No gustatory A volumetric difference in the right
(2024) post-Covid-19 smell/taste stimulation caudate emerged between groups,
impairment (6 M) 19 without although it did not remain significant after
(11 M) correction

Thanarajah et al. (2019) provided evidence that post-ingestive
signals influence caudate activity. Delayed DA release was observed
in the right caudate head after milkshake ingestion, indicating
that this region processes gut-derived nutritional feedback and
supporting its role in post-ingestive reward evaluation. In addition,
subregional changes were associated with the varying individual
hedonic responses to sucrose ingestion.

The same year, Frank-Podlechetal. (2019) reported oral
stimulation with high- and low- fat yogurt reduced functional
connectivity between the caudate nucleus and NST, regardless of
fat content. Authors indicate that the caudate nucleus participates
in a complex network with homeostatic and reward-related areas,
rather than a simple tastants detection.

Moreover, Lender et al. (2020) reported increased left caudate
activation in response to images associated with edible stimuli,
suggesting a contribution to encoding rewarding gustatory
experiences. Finally, complementary evidence from visual
stimulation only also supports its hedonic role. Blechert et al.
(2016) found greater activation of the left caudate nucleus
in response to presentation of high-calorie foods, suggesting
its involvement in motivational salience and sensitivity to
Skatbania etal. (2025)
found, through visual stimulation, that pre-choice activity in
the caudate may influence the subsequent stimulus-related
reward evaluation, potentially linking reward anticipation to

reward availability. More recently,

behavioral regulation.

Altogether, these findings underscore the caudate nucleus
as a critical subcortical relay station for the integration of
taste-related reward signals (also negative ones, such as bitter)
encompassing anticipatory, consummatory, and post-ingestive
phases of hedonic processing.

Food availability and homeostatic modulation

Beyond its role in hedonic evaluation, the caudate nucleus has
also been linked to taste perception in relation to physiological
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states such as hunger and satiety, as well as contextual factors like
food availability.

Gautier etal. (1999) reported that the caudate nucleus is
involved in the perception of taste after 36h of fasting, as
shown through PET and Magnetic Resonance Imaging (MRI). In
another fMRI study, Pelchat et al. (2004) found that under craving-
induced conditions, the caudate nucleus exhibited increased
activation, particularly on the right side, in participants following
a monotonous diet who were imagining liked foods. This supports
the role played by the caudate in the neural circuitry of food craving.
Jacobson et al. (2010) observed caudate activation in response to
oral stimulation during hunger, suggesting striatal involvement
in the affective evaluation of taste under motivationally relevant
conditions. According to Haaseetal. (2011), bilateral caudate
activation was more strongly modulated by hunger and satiety
in healthy participants when processing reward-related aspects of
basic tastants. Lastly, Skalbania et al. (2025) reported that greater
pre-choice activity in the caudate nucleus was linked to a higher
probability of self-control failure in a subsequent food-choice task.

Taken together, these results highlight the caudate’s response
to internal states and its role in integrating motivational and
contextual cues during gustatory processing.

Individual and disease risk factors

Wide variability in caudate nucleus responses to taste-related
stimuli has been observed across individuals based on various
characteristics, including age, gender, genetic background, and
familial disease risk factors.

Regarding both age and gender, evidence suggests their
influence on how taste is processed within this nucleus,
with variations observed in the modulation of its activation.
Jacobson et al. (2010) reported that older adults exhibited more
robust and consistent caudate activation in response to gustatory
stimuli during hunger, suggesting age-related enhancement of
striatal involvement in the affective evaluation of taste under
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motivationally relevant conditions. On the other hand, Green et al.
(2013) found greater caudate activation in young participants
compared to middle-aged individuals during the hedonic
evaluation of sweet and bitter tastes, revealing a main effect of age.
Additionally, Haase et al. (2011) observed that reward processing
of some tastants was more strongly modulated by hunger and
satiety in males than in females, with bilateral caudate activation.

Dietary habits and disease risk factors also appear to modulate
caudate activity. In a study on habitual diet soda consumption,
Green and Murphy (2012) found that individuals who consumed
greater quantities of diet sodas showed reduced activation in
the right caudate head when tasting sweet solutions. Regarding
emotional eating, Bohon (Bohon, 2014) showed that in response
to milkshake taste receipt, emotional eating scores were negatively
related to activation in the bilateral caudate, suggesting a reduced
reward in adolescents. Moreover, in a 6-month follow-up study,
Gao etal. (2018) found that greater impulsivity in food-related
decision-making was associated with reduced spontaneous activity
and functional connectivity in the right dorsal caudate, suggesting
a diminished reward sensitivity linked to future weight gain.
In the same year, Shearrer etal. (2018) reported that repeated
exposure to high-fat milkshakes dampened caudate activation,
potentially reflecting sensory-specific satiety. In contrast, the same
study found that individuals with a familial risk of obesity
showed heightened caudate response to palatable taste stimuli.
Sadler et al. (2023) further demonstrated that repeated exposure to
palatable food cues led to increased caudate activation over time
in healthy-weight adolescents, particularly those with a familial
risk of obesity, reflecting sustained caudate responsivity as a
possible neurobiological marker of vulnerability to future weight
gain. Sunetal. (2015) found that individuals carrying a weight
gain risk allele exhibited caudate activation during milkshake
intake, which was linked to long-term weight gain, suggesting a
genotype-dependent role of striatal responsiveness in externally
driven eating behavior. Lastly, Horndasch et al. (2016) reported
that healthy women with a family history of anorexia nervosa
exhibited increased caudate activation during anticipation of both
rewarding and aversive chocolate stimuli, indicating heightened
striatal responsivity to food-related cues.

Opverall, these studies position the caudate nucleus as a dynamic
hub for gustatory processing, responsive to individual variability
and capable of integrating sensory input with motivational and
physiological context.

Pharmacological modulation of taste

Pharmacological interventions targeting neurotransmitter
systems have been used to investigate the modulation of caudate
responses to gustatory stimuli in healthy participants.

Horder et al. (2010) reported that rimonabant, a cannabinoid
(CB1) that blocks
endocannabinoid signaling in striatum and limbic areas, decreased

receptor 1 inverse agonist/antagonist
neural responses to aversive stimuli in the right caudate nucleus
during visual and oral stimulation with sweet tastants. In another
fMRI study combining milkshake tasting and visual stimulation,

Murray et al. (2014) found that naltrexone, an antagonist of the
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opioid receptor p, decreased reward activation to food in the
caudate relative to placebo. In the same year, Tudge et al. (2014)
observed that tetrahydrocannabivarin, a CB1 receptor antagonist,
increased responses to both aversive and rewarding stimuli in the
caudate during visual and oral sweet tastant stimulation. Finally,
Dean et al. (2016) showed that bupropion, an antidepressant drug
that inhibits the norepinephrine and DA reuptake, elevating its
extracellular concentration, increased caudate activity during the
anticipation phase of both pleasant and unpleasant cues elicited by
visual and oral stimulation with a Belgian chocolate drink. These
findings suggest that pharmacological agents can modulate caudate
activity, homolaterally and/or bilaterally, during the processing
of both rewarding and aversive taste-related stimuli. This is
particularly interesting considering that these drugs revealed
anti-obesity potential (Makowskietal,, 2011; Pi-Sunyer etal,
2006).

Research on pathological conditions
Obesity and metabolic dysfunction

Functional alterations in the dorsal striatum and caudate
nucleus have been observed during gustatory information
processing through neuroimaging studies on metabolic and
eating disorders.

Rothemund et al. (2007) reported that the left caudate body
showed increased activation in individuals with obesity, with
visual stimulation and independently of hunger or satiation states,
suggesting its dopamine-mediated involvement in pathological
food-related behaviors. Nummenmaa et al. (2012) observed that
obese subjects exhibited diminished responses to appetizing vs.
bland food images compared to normal-weight individuals, and
this finding was correlated with high glucose metabolism in the
dorsal caudate nucleus. Stice et al. (2008a,b) found that female
obese adolescents exhibited a reduced caudate activation during
milkshake consumption, possibly reflecting lower DA receptor
availability and a disrupted striatal response to palatable food
intake. Building upon this evidence, Green et al. (2011) observed
that in older adults, higher abdominal fat and body mass
index (BMI) were associated with reduced caudate activation in
response to sucrose, supporting the hypothesis that diminished
dopaminergic responsivity in reward circuits may contribute
to obesity-related mechanisms. Cornier etal. (2015) reported
attenuated neuronal caudate responses to sucrose in women prone
to weight gain and obesity compared to men, suggesting a gender-
related difference in the striatal processing of sweet taste. Geha et al.
(2017) showed that obese individuals exhibited reduced global
brain connectivity in the caudate nucleus both at rest and during
milkshake consumption, indicating a persistent alteration in striatal
network integration associated with obesity. In line with this,
Babbs et al. (2013) reported an inverse correlation between BMI
and the caudate response to milkshakes, associated with impulsivity
but not food reward.

On the other hand, results on metabolic syndrome showed that
reduced caudate activation during hedonic evaluation of sucrose
under hunger was present in both older adults and individuals
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with metabolic syndrome, consistent with age-related declines in
dopaminergic responsivity within reward circuitry (Jacobson et al.,
2017). Moreover, a study from Dunn etal. (2023) reported that
weight loss and improved insulin sensitivity in obese individuals
presumed to have central insulin resistance, were associated with
normalization of taste-related Blood Oxygen Level Dependent
(BOLD) fMRI responses, and with less robust changes in the
caudate. These results suggest a region-specific modulation of
striatal taste perception by metabolic state.

Eating disorders

In anorexia nervosa (AN), Wagneretal. (2008) found
that compared to healthy controls, individuals recovered from
restricting-type AN (involving severe calorie restriction without
binging or purging), showed reduced activation in the middle and
dorsal caudate in response to nutrient taste, indicating a persistent
alteration in striatal processing despite weight restoration. In line
with this, Kaye et al. (2020) found that lower caudate activation to
tastants during hunger was associated with higher harm avoidance
in individuals recovered from AN.

In addition, Cowdrey et al. (2011) reported increased caudate
activation in response to aversive taste stimuli among those
previously affected by AN, suggesting heightened sensitivity to
negative gustatory cues potentially linked to disgust processing.
Frank etal. (2018) observed that during a dopamine-related
conditioning task, adolescents and young adults with AN showed
hyperactivation in the caudate head compared to controls. Then, in
the same study, the authors analyzed the prediction error model,
the brain’s process of comparing expected rewards with actual
outcomes, with discrepancies generating signals that help update
future expectations and influence reward perception. In this study,
they reported elevated prediction error responses in the bilateral
caudate head at baseline in individuals with AN. Conversely, in
subjects with eating disorders, a greater caudate head response
to sucrose receipt was significantly associated with higher reward
responsiveness drive scores (Frank et al., 2022, 2023).
(BN), Bohon
(Bohon and Stice, 2012) found that higher negative affect was

Regarding bulimia nervosa and  Stice
associated with increased caudate activation during anticipation
of a palatable taste. Again, Frank et al. (2013) reported that both
BN and recovered AN were associated with reduced dorsal caudate
gray matter volume, potentially reflecting structural alterations in
dopaminergic reward circuits.

Finally, Stice et al. (2025) reported that lower responsivity of
the right caudate to anticipated milkshake tastes, which correlated
with feeling fat, predicted the future onset of binge eating or
compensatory weight control behaviors over a 4-year follow-up.

Alcoholism and depression

Alcohol-related  disorders’ research  reveals

mechanisms by which the caudate nucleus participates in the

multiple
processing of gustatory reward cues, as has been shown in

the following fMRI studies. Wilcox etal. (2013) reported that
polymorphisms in the a-synuclein gene in heavy alcohol drinkers
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were significantly associated with caudate activation during
exposure to alcoholic beverages, suggesting a link between striatal
responsiveness and genetic susceptibility to alcohol-related
reward processing.

Rayetal. (2014) studied the G allele, a specific variant of
the A118G single-nucleotide polymorphism (SNP) in the OPRM1
gene, which encodes the mu opioid receptor. In this SNP, a
nucleotide change from adenine (A) to guanine (G) occurs at
a particular location. Authors found that during alcohol cue
processing, individuals carrying the G-allele showed stronger
negative functional connectivity between the dorsal caudate
and key frontal and limbic regions, including the insula and
orbitofrontal cortex.

This
potentially linked to habitual reward-related behaviors. In the same

result suggests altered fronto-striatal integration
year, Monnig et al. (2014) observed that in heavy drinkers, reduced
white matter integrity was associated with increased caudate
activation during alcohol taste cue exposure, indicating that
structural disruption in fronto-striatal networks may contribute
to altered reward responsivity and impaired control over alcohol
consumption. Bidwell et al. (2019) reported that greater dopamine
D2 receptor methylation levels were associated with increased
caudate activation in response to alcohol cues relative to a non-
alcoholic appetitive stimulus, indicating a potential epigenetic
modulation of striatal responsivity in alcohol use disorder.

These findings highlight how genetic, structural, and epigenetic
factors converge on caudate activation patterns during alcohol
taste perception, underscoring its role also in the neurobiology
of alcoholism.

Considering depression, fMRI evidence indicates alterations
in caudate responsivity to food-related cues. McCabe et al.
(2009) reported that unmedicated patients recovered from major
depression showed increased bilateral caudate activation in
response to aversive food-related stimuli. Furthermore, these
patients have a diminished neural response to the potentiation
effect produced by the simultaneous presentation of the sight and
flavor of the stimuli, both aversive and pleasant conditions. These
findings suggest abnormal neural responses to reward that may
also involve impairments in the cross-modal integration of sensory
stimuli in subjects recovered from depression.

Moreover, it is important to mention that many depressed
patients often report perceiving an awful oral taste without eating.
A clinical trial conducted by Miller and Naylor (1989) reported
an unpleasant taste in a group of 1-week drug-free subjects, and
another study showed that some antidepressant drugs can distort
gustatory perception (Heath et al., 2006). Indeed, these latter could
have an influence on the type of caudate responsivity to food-
related cues.

Covid-19

Alterations in functional connectivity between the caudate
nucleus and cortical areas, as well as gray matter loss in various
brain areas, including the caudate nucleus, were found in post-
Covid-10 patients, in relation to the cognitive deficit and/or
olfactory disorder (Rudroff, 2024; Capelli et al., 2024; Troll et al.,
2025). Furthermore, previous histological investigation on the

frontiersin.org


https://doi.org/10.3389/fnins.2026.1783785
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Ricatti et al.

caudate nucleus revealed the angiotensin-converting enzyme 2
(ACE2) expression, implying its possible vulnerability to neuronal
SARS-CoV-2 viral damage (Chen et al., 2020). Changes in caudate
structure and function have also been observed in a couple of
studies on post-Covid-19, assessing both smell and taste function.
Schonegger et al. (2020), using MRI, in a few case studies reported
that one early post-Covid-19 patient (between 11 and 30 days
after onset of disease) presented a symmetric, slightly hyperintense
signal in the head of the caudate nucleus, predominantly on the
left side. This patient was reported to be hyposmic (ie., with
quantitatively reduced olfactory function) but normogeusic (i.e.,
with normal gustatory function). No mention of dysgeusia (i.e.,
qualitative gustatory dysfunction, a distorted perception especially
during food ingestion) phenomena was made in this regard.
Recently, Cecchini and co-workers, in two groups of post-Covid-19
patients, reported having had or not a chemosensory impairment,
including dysgeusia, found a volumetric difference for the right
caudate nucleus only, although this difference was not retained
after statistical correction, probably due to the small sample size
(Cecchini et al., 2024).

Discussion

The evidence from the literature, encompassing both healthy
subjects and pathological conditions, extends the functional
repertoire of the caudate beyond its classical role, suggesting
a broad tuning of this structure also for taste perception.
However, drawing a straightforward or definitive interpretation
remains challenging, as the findings emerge from studies with
heterogeneous methodologies, different participant demographics
or clinical backgrounds and various experimental paradigms.
In this regard, methodological differences can yield different
results, as in the case of Hwang et al. (2019), where the authors
emphasize static volumetric associations, while Ponticorvo et al.
(2022) show dynamic functional connectivity within a taste-
responsive network identified via meta-analysis. Nevertheless,
together, these findings complement each other by indicating that
the caudate nucleus is structurally involved in processing both
sweet and bitter tastes but functionally shows stronger or more
consistent activation to sweet tastes. In line with this, while several
studies consistently show caudate recruitment during gustatory
stimulation and hedonic evaluation, activation patterns vary widely
among healthy participants and across pathological conditions. For
instance, responses range from caudate activation to palatable foods
in healthy participants (Small et al., 2001; Blechert et al., 2016)
and hyperactivation in adolescents and young adults with AN
(Frank et al., 2018) to blunted activation in obesity and elevated
BMI (Stice et al., 2008a,b; Green et al., 2011; Babbs et al., 2013).

Similar difficulties also emerge considering metabolic state and
gender. On one hand, a craving-induced condition (Pelchat et al.,
2004), hunger (Jacobson et al., 2010), and fasting (Gautier et al.,
1999) increase caudate responses in healthy volunteers. On the
other hand, caudate activation is modulated by hunger and
satiety, and this modulation is also sex-dependent in both healthy
(Haase et al., 2011) and obese participants (Cornier et al., 2015).
In the latter study, the striatal processing of sweet stimuli brings
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attention to the role of sweet taste in Parkinson’s disease. This
is a systemic neurodegenerative disease, with striatal dopamine
neuronal progressive depletion, clinically characterized by motor
(i.e., tremor, rigidity, bradykinesia, postural instability) as well
as various non motor symptoms, among which olfactory deficit
is now well documented (Haehneretal., 2011; Postuma et al.,
2015; Poewe etal., 2017; Stefanietal., 2021). Regarding taste,
previous research found a slight subclinical taste impairment
but with sweet taste preservation in time, in patients with
advanced stages of disease (Cecchinietal., 2014; Ricattietal,
2017). More recently taste deficit was suggested to be a prodromal
symptom as olfactory deficit and REM sleep behavior disorder
are, even if the precise mechanisms are not fully clarified
(Alia et al., 2025). Moreover, some studies showed a preference
for sweet food, even if the reason for that is not clear yet
(Cecchini et al., 2014; Ricatti et al., 2017; Sienkiewicz-Jarosz et al.,
2013; Cecchini etal.,, 2019; Sakamoto et al., 2025). This could
be linked to the critical role of the striatum in the complex
network of reward, cognition, sensory and motor function (Haber,
2016). Indeed, previous studies reported a heterogeneous striatal
distribution of dopamine neuronal depletion in PD (Kish etal,,
1988; Wang et al., 2006; Hong et al., 2014) and very recent post-
mortem research including PD patients’ brain samples, found
abnormal changes in endoplasmic reticulum (ER) with impaired
unfolded protein response in the caudate nucleus of PD compared
to controls, impacting on neurotransmission and synaptic vesicle
dynamics (Saries-Serrano et al., 2025).

This can support the hypothesis that diminished dopaminergic
responsivity in reward circuits may contribute to food-related
behaviors and preferences also in this kind of patients (Haase et al.,
2011; Sakamoto et al., 2025), even if specific research on the role
of the caudate nucleus in this field is needed. Awareness of these
findings could be useful in planning patients’ diets to reduce the
risk of developing metabolic disorders (e.g., diabetes) and the use
of artificial sweeteners could be meaningful to improve the pleasure
of the meal, bettering the quality of life of these patients (Alia et al.,
2025; Jagota et al., 2022). Nevertheless, research on the link between
the striatal system and gustation in PD needs to be expanded and
the literature’s data highlight a promising research direction for this
neurodegenerative disorder.

In addition, individual background further shapes caudate
function. For instance, genotype-dependent prediction may also
modulate caudate responses, as was observed for weight gain
(Sun et al., 2015) and AN (Horndasch et al., 2016).

Moreover, age-related differences in caudate activation may
explain the discrepancies found among some studies. For instance,
Jacobson et al. (2010) found robust caudate activation in older
adults, and Greenetal. (2013) reported greater activation in
younger individuals. First, stimulus type and concentration
differed, with Jacobson using broad basic tastes and Green focusing
on specific sweet/bitter solutions. Second, task design demands and
cognitive load varied from hunger-driven motivational processing
in Jacobson to pure hedonic evaluation in Green. Finally, sample
size and demographic variability likely contributed, as Green’s
small, sex-balanced cohort contrasts with Jacobson’s larger, age-
focused group, potentially affecting the statistical power to detect
striatal sensitivity across ages. Furthermore, these discrepancies
must be interpreted in the context of neurobiological aging, leading
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to decreased dopamine function (Dreher et al., 2008), which could
alter striatal responses in taste function and reward processing.
These changes might explain why older adults in Jacobson et al.
(2010) showed robust caudate activation but under specific hunger-
driven tasks conditions, while exhibited greater activation during
hedonic evaluation tasks in younger adults relative to middle-aged
in Green et al. (2013).

In obesity, studies point to both heightened responsivities,
independently of the metabolic state (Rothemund etal., 2007),
and reduced connectivity in the caudate (Gehaetal, 2017).
These findings could support the idea of an alteration in the
striatal network integration mechanism, which may be causing
dysregulation or variable responses. Eating disorders present
a similarly complex picture that is difficult to address, with
reduced activation in recovered AN patients (Wagner et al., 2008),
heightened responses to aversive stimuli (Cowdrey etal., 2011),
and structural alterations in caudate volume (Frank et al., 2013),
pointing to alterations in dopaminergic reward circuits. Alcoholism
studies extend this variability, linking caudate responsivity to
genetic (Wilcox et al., 2013), epigenetic (Bidwell et al., 2019), and
structural factors (Monnigetal., 2014), while depression is a
condition less commonly studied in relation to taste processing, and
it has been associated with alteration in the reward system, showing
hypersensitivity to negative gustatory cues (McCabe et al., 2009).

Regarding chemosensory research in post-Covid-19 patients,
various papers documented the prevalence of persistent symptoms,
among which there are olfactory and also gustatory deficit. The
latter really is a rarer symptom during the acute infection,
while in post-COVID-19 condition was shown as a frequent
symptom and suggested to be linked to a decrease central
nervous amplification (Cecchinietal,, 2022; Hintschich etal,
2024). Indeed, few studies adopted validated psychophysical tests
to assess both olfaction and taste, while many of them were
based on subjective patients’ rating only and sometimes what
is reported as taste loss is due to a qualitative disorder (i.e.,
dysgeusia) and not a quantitative reduction of the gustatory
function (i.e., hypogeusia) (Hintschich et al., 2024; Gentilotti et al.,
2024; Hintschich et al., 2022). The few interesting results emerged
by this literature search on taste, involving the caudate nucleus
in this pathological condition, need to be investigated in depth,
considering that they are very preliminary and gustatory disorders,
particularly dysgeusia, were reported to have a huge impact on
the daily life of post-Covid-19 patients (Schonegger et al., 2020;
Cecchini et al., 2024). In addition, most studies on chemosensory
processing in the context of Covid-19 have predominantly focused
on olfactory rather than gustatory dysfunction as well as on
cognitive impairment, recently linked to subcortical connectivity
alterations (Rudroff, 2024; Troll et al., 2025), leaving the specific
contribution of the caudate to taste-related changes less well
explored (Gentilotti et al., 2024). Furthermore, it is important to
underline that different brain regions are “key regions” both for
gustatory and cognitive processing (Mantovani et al., 2024), hence
future studies on chemosensation in post-Covid-19 patients, should
be include cognitive investigation.

Another intriguing point that emerged from the literature is
the occasional involvement of the caudate nucleus from only one
hemisphere. Some studies show hemispheric specialization of the
gustatory information in humans depending on various factors
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such as experience, taste quality processing, and handedness,
even if the clear ascending pathway is not well established yet
(Tannilli and Gudziol, 2019; Faurion et al., 1999; Barry et al., 2001;
Stevenson et al., 2013). Insights can also be drawn from olfaction.
Brancucci etal. (2009) highlighted that olfactory processing
shows significant hemispheric asymmetry, with multiple studies
pointing to right-hemisphere dominance in odor perception
and discrimination. Specifically, the right nostril often shows
an advantage for odor detection and differentiation, reflecting
lateralized neural pathways. These findings have been linked to
the broader role of the right hemisphere in social and emotional
processing, suggesting that sensory asymmetry may extend to
chemosensory domains more generally.

Several key aspects emerge from this revision. First, the
caudate nucleus consistently appears engaged in taste and reward
circuits, regardless of whether activation is observed bilaterally or
unilaterally, pointing to possible lateralization effects that warrant
further investigation. Second, the involvement of the caudate in
both health and disease underscores its role as a hub that integrates
gustatory information with motivation, affect, and possible
clinical outcomes. Third, another line of evidence highlights the
pharmacological modulation of caudate function. Some drugs
have been shown to alter caudate responsiveness to rewarding
and aversive gustatory cues, underscoring the importance of
neurotransmitter systems in shaping striatal involvement in
pleasant and unpleasant cues processing. In conclusion, based
on information available in current literature, we propose the
following functional framework. The caudate nucleus seems to be
a critical integrative hub of the striatum, acting as a “interpreter”
between basic sensory taste information and motivated behavior.
Based on anatomical and neuroimaging literature, caudate behaves
as a dynamic and flexible mediator involved both in sensory
perception and discrimination but also in reward valuation to
gustatory stimuli, influencing action selection within cortico-
striatal connections. Hence, it complements taste input with
environmental signals and motivational individual state both in
health or disease to lead to the appropriate behavior. In that way,
it can act as a bridge between sensory perception and motor
decision-making plans.

Future research based on big data analysis and functional
connectivity approach should clarify the role of the caudate in
both normal and pathological gustatory function. For the present
literature, what remains undeniable is that the caudate nucleus,
the major component of the dorsal striatum, long recognized
for its motor and cognitive functions, is also involved in the
different facets of the gustatory sensory processing. Its functional
involvement in various conditions, modulated by individual traits
and drugs, highlights both its flexibility and its possible clinical
relevance, providing a foundation for future studies aimed at
clarifying its role in the complex network of chemosensation,
reward, and disease.

Author contributions

MR: Data curation, Investigation, Writing - original draft,
Writing - review s editing. FB: Conceptualization, Visualization,

frontiersin.org


https://doi.org/10.3389/fnins.2026.1783785
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Ricatti et al.

Writing - review & editing. SS: Writing - review & editing. GZ:
Writing - review & editing. MC: Conceptualization, Writing -
original draft, Writing - review & editing, Supervision.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was used in the
creation of this manuscript. Generative artificial intelligence was

References

Alia, S., Andrenelli, E., Di Paolo, A., Membrino, V., Mazzanti, L., Capecci, M., et al.
(2025). Chemosensory impairments and their impact on nutrition in Parkinson’s
disease: a narrative literature review. Nutrients 17:671. doi: 10.3390/nu17040671

Avery, J. A, Liu, A. G, Ingeholm, J. E., Riddell, C. D., Gotts, S. J., and Martin, A.
(2020). Taste quality representation in the human brain. J. Neurosci. 40, 1042-1052.
doi: 10.1523/JNEUROSCI.1751-19.2019

Babbs, R. K., Sun, X., Felsted, J., Chouinard-Decorte, F., Veldhuizen, M. G., and
Small, D. M. (2013). Decreased caudate response to milkshake is associated with
higher body mass index and greater impulsivity. Physiol. Behav. 121, 103-111.
doi: 10.1016/j.physbeh.2013403.025

Balleine, B. W., Delgado, M. R., and Hikosaka, O. (2007). The role of the
dorsal striatum in reward and decision-making. J. Neurosci. 27, 8161-8165.
doi: 10.1523/JNEUROSCI.1554-07.2007

Barry, M. A., Gatenby, J. C., Zeiger, J. D., and Gore, J. C. (2001). Hemispheric
dominance of cortical activity evoked by focal electrogustatory stimuli. Chem. Senses
26, 471-482. doi: 10.1093/chemse/26.5.471

Bartoshuk, L. M. (1989). Taste. Robust across the age span? Ann. N. Y. Acad. Sci. 561,
65-75. doi: 10.1111/§.1749-6632.1989.tb20970.x

Bidwell, L. C., Karoly, H. C., Thayer, R. E., Claus, E. D., Bryan, A. D., Weiland,
B. J., et al. (2019). DRD2 promoter methylation and measures of alcohol reward:
functional activation of reward circuits and clinical severity. Addict. Biol. 24, 539-548.
doi: 10.1111/adb.12614

Blechert, J., Klackl, J., Miedl, S. F., and Wilhelm, F. H. (2016). To eat or not to eat: effects
of food availability on reward system activity during food picture viewing. Appetite 99,
254-261. doi: 10.1016/j.appet.2016.01.006

Bochicchio, V., and Winsler, A. (2020). The psychology of olfaction: a theoretical
framework with research and clinical implications. Psychol. Rev. 127, 442-454.
doi: 10.1037/rev0000183

Bohon, C. (2014). Greater emotional eating scores associated with reduced
frontolimbic activation to palatable taste in adolescents. Obesity 22, 1814-1820.
doi: 10.1002/0by.20759

Bohon, C., and Stice, E. (2012). Negative affect and neural response to palatable food
intake in bulimia nervosa. Appetite 58, 964-970. doi: 10.1016/j.appet.2012.02.051

Brancucci, A., Lucci, G., Mazzatenta, A., and Tommasi, L. (2009). Asymmetries of the
human social brain in the visual, auditory and chemical modalities. Philos. Trans. R.
Soc. Lond. B. Biol. Sci. 364, 895-914. doi: 10.1098/rstb.2008.0279

Frontiersin Neuroscience

15

10.3389/fnins.2026.1783785

used exclusively to improve the language and editorial clarity
of the manuscript. Specifically, ChatGPT (OpenAI), model GPT-
5.2, was used for linguistic editing only. All scientific content,
interpretation, and conclusions were produced and verified by
the author(s).

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or

evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Calipari, E. S., Huggins, K. N., Mathews, T. A., and Jones, S. R. (2012). Conserved
dorsal-ventral gradient of dopamine release and uptake rate in mice, rats and rhesus
macaques. Neurochem. Int. 61, 986-991. doi: 10.1016/j.neuint.2012.07.008

Campos, A., Port, J. D., and Acosta, A. (2022). Integrative hedonic and homeostatic
food intake regulation by the central nervous system: insights from neuroimaging.
Brain Sci. 12:431. doi: 10.3390/brainscil2040431

Capelli, S., Arrigoni, A., Napolitano, A., Pezzetti, G., Remuzzi, A., Zangari, R,, et al.
(2024). MRI evidence of gray matter loss in COVID-19 patients with cognitive and
olfactory disorders. Ann. Clin. Transl. Neurol. 11, 2457-2472. doi: 10.1002/acn3.52164

Cecchini, M. P., Brozzetti, L., Cardobi, N., Sacchetto, L., Gibellini, D., Montemezzi,
S., et al. (2022). Persistent chemosensory dysfunction in a young patient with mild
COVID-19 with partial recovery 15 months after the onset. Neurol. Sci. 43, 99-104.
doi: 10.1007/510072-021-05635-y

Cecchini, M. P., Cardobi, N., Sbarbati, A., Monaco, S., Tinazzi, M., and Tamburin,
S. (2018). Post-traumatic taste disorders: a case series. J. Neurol. 265, 836-844.
doi: 10.1007/s00415-018-8776-0

Cecchini, M. P., Fasano, A., Boschi, F., Osculati, F., and Tinazzi, M. (2015). Taste in
Parkinson’s disease. J. Neurol. 262, 806-813. doi: 10.1007/s00415-014-7518-1

Cecchini, M. P., Federico, A., Zanini, A., Mantovani, E., Masala, C., Tinazzi, M., et al.
(2019). Olfaction and taste in Parkinson’s disease: the association with mild cognitive
impairment and the single cognitive domain dysfunction. J. Neural. Trasnm. 126,
585-595. doi: 10.1007/s00702-019-01996-z

Cecchini, M. P., Osculati, F., Ottaviani, S., Boschi, F., Fasano, A., and Tinazzi, M.
(2014). Taste performance in Parkinson’s disease. J. Neural Transm. 121, 119-22.
doi: 10.1007/s00702-013-1089-7

Cecchini, M. P, Pizzini, F. B., Boschi, F., Marcon, A., Moro, L., Gordon, E., et al. (2024).
Long-term effects of SARS-CoV-2 infection in patients with and without chemosensory
disorders at disease onset: a psychophysical and magnetic resonance imaging
exploratory study. Neurol. Sci. 45, 2409-2418. doi: 10.1007/s10072-024-07429-4

Chen, R, Wang, K,, Yu, J., Howard, D., French, L., Chen, Z., et al. (2020). The spatial
and cell-type distribution of SARS-CoV-2 receptor ACE2 in the human and mouse
brains. Front. Neurol. 11:573095. doi: 10.3389/fneur.2020.573095

Cornier, M. A., Shott, M. E., Thomas, E. A., Bechtell, J. L., Bessesen, D. H.,
Tregellas, J. R., et al. (2015). The effects of energy balance, obesity-proneness and

sex on the neuronal response to sweet taste. Behav. Brain Res. 278, 446-452.
doi: 10.1016/j.bbr.2014.10.024

frontiersin.org


https://doi.org/10.3389/fnins.2026.1783785
https://doi.org/10.3390/nu17040671
https://doi.org/10.1523/JNEUROSCI.1751-19.2019
https://doi.org/10.1016/j.physbeh.2013.03.025
https://doi.org/10.1523/JNEUROSCI.1554-07.2007
https://doi.org/10.1093/chemse/26.5.471
https://doi.org/10.1111/j.1749-6632.1989.tb20970.x
https://doi.org/10.1111/adb.12614
https://doi.org/10.1016/j.appet.2016.01.006
https://doi.org/10.1037/rev0000183
https://doi.org/10.1002/oby.20759
https://doi.org/10.1016/j.appet.2012.02.051
https://doi.org/10.1098/rstb.2008.0279
https://doi.org/10.1016/j.neuint.2012.07.008
https://doi.org/10.3390/brainsci12040431
https://doi.org/10.1002/acn3.52164
https://doi.org/10.1007/s10072-021-05635-y
https://doi.org/10.1007/s00415-018-8776-0
https://doi.org/10.1007/s00415-014-7518-1
https://doi.org/10.1007/s00702-019-01996-z
https://doi.org/10.1007/s00702-013-1089-7
https://doi.org/10.1007/s10072-024-07429-4
https://doi.org/10.3389/fneur.2020.573095
https://doi.org/10.1016/j.bbr.2014.10.024
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Ricatti et al.

Cowdrey, F. A, Park, R. J., Harmer, C. J., and McCabe, C. (2011). Increased neural
processing of rewarding and aversive food stimuli in recovered anorexia nervosa. Biol.
Psychiatry 70, 736-743. doi: 10.1016/j.biopsych.2011.05.028

Davidenko, O., Bonny, J. M., Morrot, G., Jean, B., Claise, B., Benmoussa, A., et al.
(2018). Differences in BOLD responses in brain reward network reflect the tendency to
assimilate a surprising flavor stimulus to an expected stimulus. Neuroimage 183, 37-46.
doi: 10.1016/j.neuroimage.2018.07.058

De Deurwaerdere, P., Gaetani, S., and Vaughan, R. A. (2020). OIld
neurochemical markers, new functional directions? J. Neurochem. 152, 623-626.
doi: 10.1111/jnc.14929

Dean, Z., Horndasch, S., Giannopoulos, P., and McCabe, C. (2016). Enhanced neural
response to anticipation, effort and consummation of reward and aversion during
bupropion treatment. Psychol. Med. 46, 2263-2274. doi: 10.1017/5003329171600088X

Doty, R. L. (2019). “Smell and taste,” in Handbook of Clinical Neurology, Vol. 164, ed.
R. L. Doty (Amsterdam: Elsevier), 2-490.

Dreher, J.-C., Meyer-Lindenberg, A., Kohn, P., and Berman, K. F. (2008). Age-related
changes in midbrain dopaminergic regulation of the human 1049 reward system. Proc.
Natl. Acad. Sci. U.S.A. 105, 15106-15111. doi: 10.1073/pnas.0802127105

Driscoll, M. E., Bollu, P. C,, and Tadi, P. (2023). “Neuroanatomy, nucleus caudate,”
in StatPearls (Treasure Island, FL: StatPearls Publishing). Available online at: https://
www.ncbi.nlm.nih.gov/books/NBK557407/ (Accessed July 24, 2023).

Dunn, J. P., Lamichhane, B., Smith, G. L., Garner, A., Wallendorf, M., Hershey, T., et al.
(2023). Dorsal striatal response to taste is modified by obesity and insulin resistance.
Obesity 31, 2065-2075. doi: 10.1002/0by.23799

Faurion, A., Cerf, B., Van De Moortele, P. F., Lobel, E., Mac Leod, P., and Le Bihan,
D. (1999). Human taste cortical areas studied with functional magnetic resonance
imaging: evidence of functional lateralization related to handedness. Neurosci. Lett. 277,
189-192. doi: 10.1016/S0304-3940(99)00881-2

Frank, G. K., Shott, M. E., Hagman, J. O., and Mittal, V. A. (2013). Alterations
in brain structures related to taste reward circuitry in ill and recovered
anorexia nervosa and in bulimia nervosa. Am. J. Psychiatry 170, 1152-1160.
doi: 10.1176/appi.ajp.2013.12101294

Frank, G. K. W., DeGuzman, M. C,, Shott, M. E., Laudenslager, M. L., Rossi, B., and
Pryor, T. (2018). Association of brain reward learning response with harm avoidance,
weight gain, and hypothalamic effective connectivity in adolescent anorexia nervosa.
JAMA Psychiatry 75, 1071-1080. doi: 10.1001/jamapsychiatry.2018.2151

Frank, G. K. W, Shott, M. E,, Pryor, T., Swindle, S., Nguyen, T., and Stoddard,
J. (2023). Trait anxiety is associated with amygdala expectation and caloric taste
receipt response across eating disorders. Neuropsychopharmacology 48, 380-390.
doi: 10.1038/541386-022-01440-z

Frank, G. K. W, Shott, M. E,, Pryor, T., Swindle, S., and Stoddard, J. (2022). Brain
reward response in adolescents and young adults with anorexia nervosa is moderated
by changes in body weight and sweetness perception. Int. J. Eat. Disord. 55, 1799-1810.
doi: 10.1002/eat.23814

Frankort, A., Roefs, A., Siep, N., Roebroeck, A., Havermans, R., and Jansen, A.
(2015). Neural predictors of chocolate intake following chocolate exposure. Appetite
87, 98-107. doi: 10.1016/j.appet.2014.12.204

Frank-Podlech, S., Heinze, J. M., Machann, J., Scheffler, K., Camps, G., Fritsche,
A.et al. (2019). Functional connectivity within the gustatory network is altered
by fat content and oral fat sensitivity - a pilot study. Front. Neurosci. 13:725.
doi: 10.3389/fnins.2019.00725

Gao, X,, Liang, Q., Wu, G., She, Y., Sui, N.,, and Chen, H. (2018). Decreased
resting-state BOLD regional homogeneity and the intrinsic functional connectivity
within dorsal striatum is associated with greater impulsivity in food-related
decision-making and BMI change at 6-month follow up. Appetite 127, 69-78.
doi: 10.1016/j.appet.2018.04.024

Gautier, J. F., Chen, K., Uecker, A., Bandy, D., Frost, J., Salbe, A. D., et al. (1999).
Regions of the human brain affected during a liquid-meal taste perception in the
fasting state: a positron emission tomography study. Am. J. Clin. Nutr. 70, 806-810.
doi: 10.1093/ajcn/70.5.806

Geha, P., Cecchi, G., Todd Constable, R., Abdallah, C., and Small, D. M. (2017).
Reorganization of brain connectivity in obesity. Hum. Brain Mapp. 38, 1403-1420.
doi: 10.1002/hbm.23462

Gentilotti, E., Gorska, A., Cecchini, M. P., Mirandola, M., Meroi, M., De Nardo,
P, et al. (2024). Chemosensory assessment and impact on quality of life in
neurosensorial cluster of the post COVID 19 syndrome. Sci. Rep. 14:20951.
doi: 10.1038/s41598-024-71475-3

Ghaziri, J., Tucholka, A., Girard, G., Boucher, O., Houde, J. C., Descoteaux, M.,
et al. (2018). Subcortical structural connectivity of insular subregions. Sci. Rep. 8:8596.
doi: 10.1038/s41598-018-26995-0

Glick, S. D., Ross, D. A, and Hough, L. B. (1982). Lateral asymmetry
of  neurotransmitters in  human  brain. Brain  Res. 234, 53-63.
doi: 10.1016/0006-8993(82)90472-3

Grahn, J. A, Parkinson, J. A., and Owen, A. M. (2008). The cognitive functions of the
caudate nucleus. Prog. Neurobiol. 86, 141-155. doi: 10.1016/j.pneurobio.2008.09.004

Frontiersin Neuroscience

10.3389/fnins.2026.1783785

Grahn, J. A, Parkinson, J. A., and Owen, A. M. (2009). The role of the basal ganglia
in learning and memory: neuropsychological studies. Behav. Brain Res. 199, 53-60.
doi: 10.1016/j.bbr.2008.11.020

Green, E., Jacobson, A., Haase, L., and Murphy, C. (2011). Reduced nucleus accumbens
and caudate nucleus activation to a pleasant taste is associated with obesity in older
adults. Brain Res. 1386, 109-117. doi: 10.1016/j.brainres.2011.02.071

Green, E., Jacobson, A., Haase, L., and Murphy, C. (2013). Can age-related CNS taste
differences be detected as early as middle age? Evidence from fMRI. Neuroscience 232,
194-203. doi: 10.1016/j.neuroscience.2012.11.027

Green, E., and Murphy, C. (2012). Altered processing of sweet taste in the brain of diet
soda drinkers. Physiol. Behav. 107, 560-567. doi: 10.1016/j.physbeh.2012.05.006

Griggs, W. S., Kim, H. F., Ghazizadeh, A., Costello, M. G., Wall, K. M., and
Hikosaka, O. (2017). Flexible and stable value coding areas in caudate head and tail
receive anatomically distinct cortical and subcortical inputs. Front. Neuroanat. 11:106.
doi: 10.3389/fnana.2017.00106

Haase, L., Green, E., and Murphy, C. (2011). Males and females show differential brain
activation to taste when hungry and sated in gustatory and reward areas. Appetite 57,
421-434. doi: 10.1016/j.appet.2011.06.009

Haber, S. N. (2016). Corticostriatal circuitry. Dialogues Clin. Neurosci. 18, 7-21.
doi: 10.31887/DCNS.2016.18.1/shaber

Haehner, A., Hummel, T., and Reichmann, H. (2011). Olfactory loss in Parkinson’s
disease. Parkinsons Dis. 2011:450939. doi: 10.4061/2011/450939

Heath, T. P., Melichar, J. K., Nutt, D. J., and Donaldson, L. F. (2006). Human
taste thresholds are modulated by serotonin and noradrenaline. J. Neurosci. 26,
12664-12671. doi: 10.1523/]NEUROSCI.3459-06.2006

Hintschich, C. A., Fischer, R., Hummel, T., Wenzel, J. J., Bohr, C., and Vielsmeier, V.
(2022). Persisting olfactory dysfunction in post-COVID-19 is associated with gustatory
impairment: results from chemosensitive testing eight months after the acute infection.
PLoS ONE 17:€0265686. doi: 10.1371/journal.pone.0265686

Hintschich, C. A., Le Bon, S., Trecca, E., Saussez, S., and Hummel, T. (2024). Taste
loss in COVID-19 psychophysical evidence supporting a low prevalence. Rhinology 62,
511-512. doi: 10.4193/Rhin24.040

Hong, J. Y., Oh, J. S, Lee, I, Sunwoo, M. K., Ham, J. H,, Lee, J. E,, et al. (2014).
Presynaptic dopamine depletion predicts levodopa-induced dyskinesia in de novo
Parkinson’s disease. Neurology 82, 1597-1604. doi: 10.1212/WNL.0000000000000385

Horder, J., Harmer, C. J., Cowen, P. J., and McCabe, C. (2010). Reduced neural
response to reward following 7 days treatment with the cannabinoid CB1 antagonist
rimonabant in healthy volunteers. Int. J. Neuropsychopharmacol. 13, 1103-1113.
doi: 10.1017/51461145710000453

Horndasch, S., O’Keefe, S., Lamond, A., Brown, K., and McCabe, C. (2016). Increased
anticipatory but decreased consummatory brain responses to food in sisters of anorexia
nervosa patients. BJPsych Open 2, 255-261. doi: 10.1192/bjpo.bp.115.002550

Hortnagl, H., Pifl, C., Hortnagl, E., Reiner, A., and Sperk, G. (2020). Distinct gradients
of various neurotransmitter markers in caudate nucleus and putamen of the human
brain. J. Neurochem. 152, 650-662. doi: 10.1111/jnc.14897

Hwang, L. D., Strike, L. T., Couvy-Duchesne, B., de Zubicaray, G. 1., McMahon,
K., Breslin, P. A. S, et al. (2019). Associations between brain structure and
perceived intensity of sweet and bitter tastes. Behav. Brain Res. 363, 103-108.
doi: 10.1016/j.bbr.2019.01.046

Tannilli, E., and Gudziol, V. (2019). Gustatory pathway in humans: a review of models
of taste perception and their potential lateralization. J. Neurosci. Res. 97, 230-240.
doi: 10.1002/jnr.24318

Tannilli, E., Noenning, E., Hummel, T., and Schoenfeld, A. N. (2014). Spatio-temporal
correlates of taste processing in the human primary gustatory cortex. Neuroscience 273,
92-99. doi: 10.1016/j.neuroscience.2014.05.017

Jacobson, A., Green, E., Haase, L., Szajer, J., and Murphy, C. (2017). Age-
related changes in gustatory, homeostatic, reward, and memory processing of
sweet taste in the metabolic syndrome: an fMRI study. Perception 46, 283-306.
doi: 10.1177/0301006616686097

Jacobson, A., Green, E., and Murphy, C. (2010). Age-related functional changes in
gustatory and reward processing regions: an fMRI study. Neuroimage 53, 602-610.
doi: 10.1016/j.neuroimage.2010.05.012

Jagota, P., Chotechuang, N., Anan, C., Kitjawijit, T., Boonla, C., and Bhidayasiri, R.

(2022). Umami and other taste perceptions in patients with Parkinson’s disease. . Mov.
Disord. 15, 115-123. doi: 10.14802/jmd.21058

Kaye, W. H., Wierenga, C. E., Bischoff-Grethe, A., Berner, L. A,, Ely, A. V., Bailer, U.
F., et al. (2020). Neural insensitivity to the effects of hunger in women remitted from
anorexia nervosa. Am. J. Psychiatry 177, 601-610. doi: 10.1176/appi.ajp.2019.19030261

Kim, H. F., Ghazizadeh, A., and Hikosaka, O. (2014). Separate groups of dopamine
neurons innervate caudate head and tail encoding flexible and stable value memories.
Front. Neuroanat. 8:120. doi: 10.3389/fnana.2014.00120

Kinomura, S., Kawashima, R., Yamada, K., Ono, S., Itoh, M., Yoshioka, S., et al. (1994).
Functional anatomy of taste perception in the human brain studied with positron
emission tomography. Brain Res. 659, 263-266. doi: 10.1016/0006-8993(94)90890-7

frontiersin.org


https://doi.org/10.3389/fnins.2026.1783785
https://doi.org/10.1016/j.biopsych.2011.05.028
https://doi.org/10.1016/j.neuroimage.2018.07.058
https://doi.org/10.1111/jnc.14929
https://doi.org/10.1017/S003329171600088X
https://doi.org/10.1073/pnas.0802127105
https://www.ncbi.nlm.nih.gov/books/NBK557407/
https://www.ncbi.nlm.nih.gov/books/NBK557407/
https://doi.org/10.1002/oby.23799
https://doi.org/10.1016/S0304-3940(99)00881-2
https://doi.org/10.1176/appi.ajp.2013.12101294
https://doi.org/10.1001/jamapsychiatry.2018.2151
https://doi.org/10.1038/s41386-022-01440-z
https://doi.org/10.1002/eat.23814
https://doi.org/10.1016/j.appet.2014.12.204
https://doi.org/10.3389/fnins.2019.00725
https://doi.org/10.1016/j.appet.2018.04.024
https://doi.org/10.1093/ajcn/70.5.806
https://doi.org/10.1002/hbm.23462
https://doi.org/10.1038/s41598-024-71475-3
https://doi.org/10.1038/s41598-018-26995-0
https://doi.org/10.1016/0006-8993(82)90472-3
https://doi.org/10.1016/j.pneurobio.2008.09.004
https://doi.org/10.1016/j.bbr.2008.11.020
https://doi.org/10.1016/j.brainres.2011.02.071
https://doi.org/10.1016/j.neuroscience.2012.11.027
https://doi.org/10.1016/j.physbeh.2012.05.006
https://doi.org/10.3389/fnana.2017.00106
https://doi.org/10.1016/j.appet.2011.06.009
https://doi.org/10.31887/DCNS.2016.18.1/shaber
https://doi.org/10.4061/2011/450939
https://doi.org/10.1523/JNEUROSCI.3459-06.2006
https://doi.org/10.1371/journal.pone.0265686
https://doi.org/10.4193/Rhin24.040
https://doi.org/10.1212/WNL.0000000000000385
https://doi.org/10.1017/S1461145710000453
https://doi.org/10.1192/bjpo.bp.115.002550
https://doi.org/10.1111/jnc.14897
https://doi.org/10.1016/j.bbr.2019.01.046
https://doi.org/10.1002/jnr.24318
https://doi.org/10.1016/j.neuroscience.2014.05.017
https://doi.org/10.1177/0301006616686097
https://doi.org/10.1016/j.neuroimage.2010.05.012
https://doi.org/10.14802/jmd.21058
https://doi.org/10.1176/appi.ajp.2019.19030261
https://doi.org/10.3389/fnana.2014.00120
https://doi.org/10.1016/0006-8993(94)90890-7
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Ricatti et al.

Kish, S. J., Shannak, K., and Hornykiewicz, O. (1988). Uneven pattern of dopamine
loss in the striatum of patients with idiopathic Parkinson’s disease. N. Engl. J. Med. 318,
876-880. doi: 10.1056/NEJM198804073181402

Lender, A., Miedl, S. F., Wilhelm, F. H., Miller, J., and Blechert, J. (2020).
Love at first taste: activation in reward-related brain regions during single-
trial naturalistic appetitive conditioning in humans. Physiol. Behav. 224:113014.
doi: 10.1016/j.physbeh.2020.113014

Makowski, C. T., Gwinn, K. M., and Hurren, K. M. (2011). Naltrexone/bupropion: an
investigational combination for weight loss and maintenance. Obes. Facts 4, 489-494.
doi: 10.1159/000335352

Mantovani, E., Zanini, A., Cecchini, M. P., and Tamburin, S. (2024). The association
between neurocognitive disorders and gustatory dysfunction: a systematic review and
meta-analysis. Neuropsychol. Rev. 34, 192-213. doi: 10.1007/511065-023-09578-3

Mastinu, M., Thaploo, D., Warr, J., and Hummel, T. (2025). Cortical representation
of food-related odors in gustatory areas differs according to their taste association: an
fMRI study. Brain Sci. 15:418. doi: 10.3390/brainsci15040418

McCabe, C., Cowen, P. J, and Harmer, C. J. (2009). Neural representation
of reward in recovered depressed patients. Psychopharmacology 205, 667-677.
doi: 10.1007/s00213-009-1573-9

Miller, S. M., and Naylor, G. J. (1989). Unpleasant taste—a neglected symptom in
depression. J. Affect. Disord. 17,291-293. doi: 10.1016/0165-0327(89)90013-X

Monnig, M. A,, Thayer, R. E., Caprihan, A,, Claus, E. D., Yeo, R. A., Calhoun, V. D.,
et al. (2014). White matter integrity is associated with alcohol cue reactivity in heavy
drinkers. Brain Behav. 4, 158-170. doi: 10.1002/brb3.204

Murray, E., Brouwer, S., McCutcheon, R., Harmer, C. J., Cowen, P. J., and McCabe,
C. (2014). Opposing neural effects of naltrexone on food reward and aversion:
implications for the treatment of obesity. Psychopharmacology 231, 4323-4335.
doi: 10.1007/500213-014-3573-7

Nagy, A., Eoérdegh, G., Par6éczy, Z., Mirkus, Z., and Benedek, G. (2006).
Multisensory integration in the basal ganglia. Eur. J. Neurosci. 24, 917-924.
doi: 10.1111/§.1460-9568.2006.04942.x

Nummenmaa, L., Hirvonen, J., Hannukainen, ]J. C., Immonen, H., Lindroos,
M. M., Salminen, P., et al. (2012). Dorsal striatum and its limbic connectivity
mediate abnormal anticipatory reward processing in obesity. PLoS ONE 7:¢31089.
doi: 10.1371/journal.pone.0031089

Olofsson, J. K., and Freiherr, J. (2019). “Neuroimaging of smell and taste,” in Handbook
of Clinical Neurology, Vol. 164, ed. R. L. Doty (Amsterdam: Elsevier), 263-282.
doi: 10.1016/B978-0-444-63855-7.00017-4

Pak, K., Seo, S., Lee, M. J., Kim, K., Suh, S., Lee, J., et al. (2022). Hedonic rating of
sucrose is sub-regionally associated with striatal dopamine transporter in humans.
Neuroendocrinology 112, 338-344. doi: 10.1159/000517319

Pelchat, M. L., Johnson, A. Chan, R, Valdez, J., and Ragland, J. D. (2004).
Images of desire: food-craving activation during fMRI. Neuroimage 23, 1486-1493.
doi: 10.1016/j.neuroimage.2004.08.023

Pi-Sunyer, F. X., Aronne, L. J., Heshmati, H. M., Devin, J., Rosenstock, J., and
RIO-North America Study Group FT (2006). Effect of rimonabant, a cannabinoid-1
receptor blocker, on weight and cardiometabolic risk factors in overweight or obese
patients: RIO-North America: a randomized controlled trial. JAMA 295, 761-775.
doi: 10.1001/jama.295.7.761

Poewe, W., Seppi, K., Tanner, C. M., Halliday, G. M., Brundin, P., Volkmann, J., et al.
(2017). Parkinson disease. Nat. Rev. Dis. Prim. 3, 1-21. doi: 10.1038/nrdp.2017.13

Ponticorvo, S., Prinster, A., Cantone, E., Di Salle, F., Esposito, F., and Canna, A. (2022).
Sex differences in the taste-evoked functional connectivity network. Chem. Senses
47:bjac015. doi: 10.1093/chemse/bjac015

Postuma, R. B., Berg, D, Stern, M., Poewe, W., Olanow, C. W., Oertel, W, et al. (2015).
MDS clinical diagnostic criteria for Parkinson’s disease. Mov. Disord. 30, 1591-1601.
doi: 10.1002/mds.26424

Ray, L. A, Courtney, K. E., Hutchison, K. E., Mackillop, J., Galvan, A., and Ghahremani,
D. G. (2014). Initial evidence that OPRM1 genotype moderates ventral and dorsal
striatum functional connectivity during alcohol cues. Alcohol. Clin. Exp. Res. 38, 78-89.
doi: 10.1111/acer.12136

Ricatti, M. J., Ottaviani, S., Boschi, F., Fasano, A., Tinazzi, M., Cecchini, M. P. (2017). A
prospective evaluation of taste in Parkinson’s disease. J. Neural Transm. 124, 347-352.
doi: 10.1007/500702-016-1638-y

Rolls, E. T. (2016). Reward systems in the brain and nutrition. Annu. Rev. Nutr. 36,
435-470. doi: 10.1146/annurev-nutr-071715-050725

Rolls, E. T. (2019). “Taste and smell processing in the brain” in Handbook
of Clinical Neurology, Vol. 164, ed. R. L. Doty (Amsterdam: Elsevier), 97-118.
doi: 10.1016/B978-0-444-63855-7.00007-1

Rolls, E. T. (2023). Emotion, motivation, decision-making, the orbitofrontal cortex,
anterior cingulate cortex, and the amygdala. Brain Struct. Funct. 228, 1201-1257.
doi: 10.1007/s00429-023-02644-9

Rothemund, Y., Preuschhof, C., Bohner, G., Bauknecht, H. C. Klingebiel,
R, Flor, H, et al. (2007). Differential activation of the dorsal striatum by

Frontiersin Neuroscience

10.3389/fnins.2026.1783785

high-calorie visual food stimuli in obese individuals. Neuroimage 37, 410-421.
doi: 10.1016/j.neuroimage.2007.05.008

Royet, J. P., and Plailly, J. (2004). Lateralization of olfactory processes. Chem. Senses 29,
731-745. doi: 10.1093/chemse/bjh067

Rudroff, T. (2024). Decoding post-viral fatigue: the basal ganglia’s complex in long-
COVID. Neurol. Intern. 16, 380-393. doi: 10.3390/neurolint16020028

Sadler, J. R., Shearrer, G. E., Papantoni, A., Yokum, S. T., Stice, E., and Burger, K. S.
(2023). Correlates of neural adaptation to food cues and taste: the role of obesity risk
factors. Soc. Cogn. Affect. Neurosci. 18:nsab018. doi: 10.1093/scan/nsab018

Saint-Cyr, J. A., Ungerleider, L. G., and Desimone, R. (1990). Organization of visual
cortical inputs to the striatum and subsequent outputs to the pallido-nigral complex in
the monkey. J. Comp. Neurol. 298, 129-156. doi: 10.1002/cne.902980202

Sakamoto, M., Suzuki, K. Nagayama, H. and Kimura, K. (2025). Food
preference in Parkinson’s disease. J. Nippon Med. Sch. 92, 248-252.
doi: 10.1272/jnms.JNMS.2025_92-304

Saries-Serrano, U., Miquel-Rio, L., Santana, N., Paz, V., Sancho-Alonso, M., Callado, L.
F., et al. (2025). Impaired unfolded protein response, BDNF and synuclein markers
in post-mortem dorsolateral prefrontal cortex and caudate nucleus of patients with
depression and Parkinson’s disease. Prog. Neuropsychopharmacol. Biol. Psychiatry
138:111299. doi: 10.1016/j.pnpbp.2025.111299

Savic, I, Gulyas, B., Larsson, M., and Roland, P. (2000). Olfactory functions
are mediated by parallel and hierarchical processing. Neuron 26, 735-745.
doi: 10.1016/50896-6273(00)81209-X

Schénegger, C. M., Gietl, S., Heinzle, B., Freudenschuss, K., and Walder, G.
(2020). Smell and taste disorders in COVID-19 patients: objective testing and
magnetic resonance imaging in five cases. SN Compr. Clin. Med. 2, 2535-2539.
doi: 10.1007/s42399-020-00606-4

Shearrer, G. E., Stice, E., and Burger, K. S. (2018). Adolescents at high risk of obesity
show greater striatal response to increased sugar content in milkshakes. Am. J. Clin.
Nutr. 107, 859-866. doi: 10.1093/ajcn/nqy050

Shepherd, G. M. (2006). Smell images and the flavour system in the human brain.
Nature 444, 316-321. doi: 10.1038/nature05405

Sienkiewicz-Jarosz, H., Scinska, A., Swiecicki, L., Lipczynska-Lojkowska, W., Kuran,
W., Ryglewicz, D., et al. (2013). Sweet liking in patients with Parkinson’s disease. J.
Neurol. Sci. 329, 17-22. doi: 10.1016/j.jns.2013.03.005

Simon, S. A., de Araujo, L. E., Gutierrez, R., and Nicolelis, M. A. (2006). The neural
mechanisms of gustation: a distributed processing code. Nat. Rev. Neurosci. 7, 890-901.
doi: 10.1038/nrn2006

Skalbania, J., Tanajewski, L., Furtak, M., Hare, T. A.,, and Wypych, M. (2025).
Pre-choice midbrain fluctuations affect self-control in food choice: a functional
magnetic resonance imaging (fMRI) study. Cogn. Affect. Behav. Neurosci. 25, 387-401.
doi: 10.3758/s13415-024-01231-7

Small, D. M., Jones-Gotman, M., and Dagher, A. (2003). Feeding-induced dopamine
release in dorsal striatum correlates with meal pleasantness ratings in healthy human
volunteers. Neuroimage 19, 1709-1715. doi: 10.1016/S1053-8119(03)00253-2

Small, D. M., Zatorre, R. J., Dagher, A., Evans, A. C.,, and Jones-Gotman, M. (2001).
Changes in brain activity related to eating chocolate: from pleasure to aversion. Brain
124(Pt9), 1720-1733. doi: 10.1093/brain/124.9.1720

Stefani, A., Iranzo, A., Holzknecht, N., Perra, D., Bongianni, M., Gaig, C., et al.
(2021). Alpha-synuclein seeds in olfactory mucosa of patients with isolated REM sleep
behaviour disorder. Brain 144, 1118-1126. doi: 10.1093/brain/awab005

Stevenson, R. J., Miller, L. A., and McGrillen, K. (2013). The lateralization of gustatory
function and the flow of information from tongue to cortex. Neuropsychologia 51,
1408-1416. doi: 10.1016/j.neuropsychologia.2013.04.010

Stice, E., Burger, K. S., and Yokum, S. (2013). Relative ability of fat and sugar tastes
to activate reward, gustatory, and somatosensory regions. Am. J. Clin. Nutr. 98,
1377-1384. doi: 10.3945/ajcn.113.069443

Stice, E., Spoor, S., Bohon, C., and Small, D. M. (2008a). Relation between obesity and
blunted striatal response to food is moderated by TaqIA A1 allele. Science 322, 449-452.
doi: 10.1126/science.1161550

Stice, E., Spoor, S., Bohon, C., Veldhuizen, M. G., and Small, D. M. (2008b). Relation of
reward from food intake and anticipated food intake to obesity: a functional magnetic
resonance imaging study. J. Abnorm. Psychol. 117, 924-935. doi: 10.1037/a0013600

Stice, E., and Yokum, S. (2018). Effects of gymnemic acids lozenge on reward region
response to receipt and anticipated receipt of high-sugar food. Physiol. Behav. 194,
568-576. doi: 10.1016/j.physbeh.2018.07.012

Stice, E., Yokum, S., Gau, J., and Shaw, H. (2025). Neural risk factors that predict the
future onset of binge eating or compensatory weight control behaviors: a prospective
4-year fMRI study. Psychol. Med. 55:¢48. doi: 10.1017/50033291724003337

Strauch, C., and Manahan-Vaughan, D.
information encoding by the piriform cortex. Cereb. Cortex 30,
doi: 10.1093/cercor/bhz077

Sun, X., Kroemer, N. B, Veldhuizen, M. G., Babbs, A. E., de Araujo, L. E., Gitelman,
D. R, et al. (2015). Basolateral amygdala response to food cues in the absence

(2020). Orchestration of hippocampal
135-147.

frontiersin.org


https://doi.org/10.3389/fnins.2026.1783785
https://doi.org/10.1056/NEJM198804073181402
https://doi.org/10.1016/j.physbeh.2020.113014
https://doi.org/10.1159/000335352
https://doi.org/10.1007/s11065-023-09578-3
https://doi.org/10.3390/brainsci15040418
https://doi.org/10.1007/s00213-009-1573-9
https://doi.org/10.1016/0165-0327(89)90013-X
https://doi.org/10.1002/brb3.204
https://doi.org/10.1007/s00213-014-3573-7
https://doi.org/10.1111/j.1460-9568.2006.04942.x
https://doi.org/10.1371/journal.pone.0031089
https://doi.org/10.1016/B978-0-444-63855-7.00017-4
https://doi.org/10.1159/000517319
https://doi.org/10.1016/j.neuroimage.2004.08.023
https://doi.org/10.1001/jama.295.7.761
https://doi.org/10.1038/nrdp.2017.13
https://doi.org/10.1093/chemse/bjac015
https://doi.org/10.1002/mds.26424
https://doi.org/10.1111/acer.12136
https://doi.org/10.1007/s00702-016-1638-y
https://doi.org/10.1146/annurev-nutr-071715-050725
https://doi.org/10.1016/B978-0-444-63855-7.00007-1
https://doi.org/10.1007/s00429-023-02644-9
https://doi.org/10.1016/j.neuroimage.2007.05.008
https://doi.org/10.1093/chemse/bjh067
https://doi.org/10.3390/neurolint16020028
https://doi.org/10.1093/scan/nsab018
https://doi.org/10.1002/cne.902980202
https://doi.org/10.1272/jnms.JNMS.2025_92-304
https://doi.org/10.1016/j.pnpbp.2025.111299
https://doi.org/10.1016/S0896-6273(00)81209-X
https://doi.org/10.1007/s42399-020-00606-4
https://doi.org/10.1093/ajcn/nqy050
https://doi.org/10.1038/nature05405
https://doi.org/10.1016/j.jns.2013.03.005
https://doi.org/10.1038/nrn2006
https://doi.org/10.3758/s13415-024-01231-7
https://doi.org/10.1016/S1053-8119(03)00253-2
https://doi.org/10.1093/brain/124.9.1720
https://doi.org/10.1093/brain/awab005
https://doi.org/10.1016/j.neuropsychologia.2013.04.010
https://doi.org/10.3945/ajcn.113.069443
https://doi.org/10.1126/science.1161550
https://doi.org/10.1037/a0013600
https://doi.org/10.1016/j.physbeh.2018.07.012
https://doi.org/10.1017/S0033291724003337
https://doi.org/10.1093/cercor/bhz077
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Ricatti et al.

of hunger is associated with weight gain susceptibility. J. Neurosci. 35, 7964-7976.
doi: 10.1523/J]NEUROSCI.3884-14.2015

Thanarajah, S. E., Backes, H., DiFeliceantonio, A. G., Albus, K., Cremer, A. L.,
Hanssen, R., et al. (2019). Food intake recruits orosensory and post-ingestive
dopaminergic circuits to affect eating desire in humans. Cell Metab. 29, 695-706.e4.
doi: 10.1016/j.cmet.2018.12.006

Troll, M., Li, M., Chand, T. Machnik, M., Rocktischel, T., Toepffer, A.,
et al. (2025). Altered corticostriatal connectivity in long-COVID patients is
associated with cognitive impairment. Psychol. Med. 55:¢49. doi: 10.1017/S0033291725
000054

Tudge, L., Williams, C., Cowen, P. J., and McCabe, C. (2014). Neural effects
of cannabinoid CBI neutral antagonist tetrahydrocannabivarin on food reward
and aversion in healthy volunteers. Int. J. Neuropsychopharmacol. 18:pyu094.
doi: 10.1093/ijnp/pyu094

Veldhuizen, M. G., Douglas, D., Aschenbrenner, K., Gitelman, D. R., and Small, D. M.
(2011). The anterior insular cortex represents breaches of taste identity expectation. J.
Neurosci. 31, 14735-14744. doi: 10.1523/J]NEUROSCI.1502-11.2011

Vincis, R., and Fontanini, A. (2019). “Central taste anatomy and physiology,” in
Handbook of Clinical Neurology, Vol. 164, ed. R. L. Doty (Amsterdam: Elsevier),
187-204. doi: 10.1016/B978-0-444-63855-7.00012-5

Frontiersin Neuroscience

18

10.3389/fnins.2026.1783785

Wagner, A., Aizenstein, H., Mazurkewicz, L., Fudge, J., Frank, G. K., Putnam,
K., et al. (2008). Altered insula response to taste stimuli in individuals recovered
from restricting-type anorexia nervosa. Neuropsychopharmacology 33, 513-523.
doi: 10.1038/sj.npp.1301443

Walker, S. F. (1980). Lateralization of functions in the vertebrate brain: a review. Br. J.
Psychol. 71, 329-367. doi: 10.1111/§.2044-8295.1980.tb01750.x

Wang, J., Zuo, C. T, Jiang, Y. P., Guan, Y. H., Chen, Z. P, Xiang, J. D., et al.
(2006). 18F-FP-CIT PET imaging and SPM analysis of dopamine transporters in
Parkinson’s disease in various Hoehn and Yahr stages. J. Neurol. 254, 185-190.
doi: 10.1007/s00415-006-0322-9

Wilcox, C. E., Claus, E. D., Blaine, S. K, Morgan, M. and Hutchison, K.
E. (2013). Genetic variation in the alpha synuclein gene (SNCA) is associated
with BOLD response to alcohol cues. J. Stud. Alcohol Drugs 74, 233-244.
doi: 10.15288/jsad.2013.74.233

Witt, M. (2019). “Anatomy and development of the human taste system,” in Handbook
of Clinical Neurology, Vol. 164, ed. R. L. Doty (Amsterdam: Elsevier), 147-171.
doi: 10.1016/B978-0-444-63855-7.00010-1

Yeterian, E. H., and Pandya, D. N. (1995). Corticostriatal connections of
extrastriate visual areas in rhesus monkeys. J. Comp. Neurol. 352, 436-457.
doi: 10.1002/cne.903520309

frontiersin.org


https://doi.org/10.3389/fnins.2026.1783785
https://doi.org/10.1523/JNEUROSCI.3884-14.2015
https://doi.org/10.1016/j.cmet.2018.12.006
https://doi.org/10.1017/S0033291725000054
https://doi.org/10.1093/ijnp/pyu094
https://doi.org/10.1523/JNEUROSCI.1502-11.2011
https://doi.org/10.1016/B978-0-444-63855-7.00012-5
https://doi.org/10.1038/sj.npp.1301443
https://doi.org/10.1111/j.2044-8295.1980.tb01750.x
https://doi.org/10.1007/s00415-006-0322-9
https://doi.org/10.15288/jsad.2013.74.233
https://doi.org/10.1016/B978-0-444-63855-7.00010-1
https://doi.org/10.1002/cne.903520309
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

	The role of the caudate nucleus in taste function: a comprehensive narrative review
	Introduction
	Anatomy and function of the caudate nucleus
	Anatomy of taste

	Methods
	Search strategy

	Results
	Research on healthy participants
	Perception and discrimination of pure taste stimuli
	Reward, anticipation and/or motivational component
	Food availability and homeostatic modulation
	Individual and disease risk factors
	Pharmacological modulation of taste

	Research on pathological conditions
	Obesity and metabolic dysfunction
	Eating disorders
	Alcoholism and depression
	Covid-19


	Discussion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


