
The Prefrontal Cortex as a Critical Gate of Negative Affect and 
Motivation in Alcohol Use Disorder

Amanda R. Pahng, M. Adrienne McGinn, Rod I. Paulsen, and Scott Edwards
Department of Physiology, Alcohol and Drug Abuse Center of Excellence, Louisiana State 
University Health Sciences Center, New Orleans, LA

Abstract

The prefrontal cortex (PFC) represents and executes the highest forms of goal-directed behavior, 

and has thereby attained a central neuroanatomical position in most pathophysiological 

conceptualizations of motivational disorders, including alcohol use disorder (AUD). Excessive, 

intermittent exposure to alcohol produces an allostatic dysregulation of the hypothalamic-

pituitary-adrenal (HPA) axis along with heightened forebrain glucocorticoid signaling that can 

damage PFC architecture and function. Negative affective states intimately associated with the 

transition to alcohol dependence result not only from a dysregulated HPA axis, but also from the 

inability of a damaged PFC to regulate subcortical stress and reinforcement centers, including the 

ventral striatum and amygdala. Several cognitive symptoms commonly associated with severe 

AUD, ranging from poor risk management to the cognitive/affective dimension of pain, are likely 

mediated by altered function of key anatomical elements that modulate PFC executive function, 

including contributions from the cingulate cortex and insula. Future therapeutic strategies for 

severe AUD should focus on attenuating the deleterious effects of excessive stress hormone 

activity on cognitive/affective and motivational behaviors gated by the PFC.
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Prefrontal Cortex Vulnerability in the Manifestation of Alcohol Use Disorder

Recent epidemiological data incorporating DSM-V criteria indicated that 13.9% of the U.S. 

population met the criteria for alcohol use disorder (AUD) over the past year [1]. Alcohol 

dependence (or severe alcohol use disorder) can be conceptualized as a chronic, relapsing 

disease characterized by the emergence of negative emotional states (e.g., dysphoria, 

anxiety, pain) and a profound narrowing of motivation toward the escalation of alcohol 
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intake [2]. Consequently, the progression from recreational, limited consumption to 

uncontrolled, escalated drinking is proposed to involve a transition from positive to negative 

reinforcement mechanisms. In some cases, powerful negative subjective experiences can 

precede (e.g., post-traumatic stress disorder) or accompany (e.g., chronic pain) excessive 

alcohol drinking, and can themselves have a powerful influence on reward and 

reinforcement mechanisms, possibly facilitating the transition to dependence in vulnerable 

individuals [3–4]. This review focuses on a conceptualization of our understanding of 

prefrontal cortex (PFC) neuroadaptation as cause and consequence of alcohol dependence 

based on its central role in regulating a multitude of limbic and executive functions [5]. 

Many of these functions are mediated via complex information processing within several 

key frontocortical areas, often in association with an executive regulation of subcortical 

circuitry and broader somatic physiological states. In healthy individuals, these interactive 

mechanisms between brain and body are facilitated via adaptive and homeostatic stress 

hormone function. Based on its principle regulation of and particular vulnerability to 

systemic stress signaling, the PFC has been hypothesized to drive the emerging allostatic 

dysregulation of brain stress and reinforcement systems that promote the alcohol-dependent 

state [6].

Influence of Excessive Alcohol Exposure and Stress Hormones on 

Prefrontal Function

A role for central stress hormone and neuropeptide signaling has emerged as a conceptual 

bridge between chronic alcohol exposure, affective and cognitive disruption, and propensity 

to relapse to excessive drinking patterns. As the key integrative link between central brain 

and systemic stress adaptation, the hypothalamic-pituitary-adrenal (HPA) axis is responsible 

for initiating the physiological stress response in mammals. This response is regulated by 

negative and positive feedback mechanisms, where glucocorticoids (GCs) released from the 

adrenal gland can inhibit or stimulate (respectively) their own genomic and non-genomic 

actions by binding to glucocorticoid receptors (GRs) in the brain [7–8]. Moderate to high 

levels of GRs are located throughout PFC areas, and these regulate the HPA axis in a 

subregion-dependent manner. Lesions of the dorsomedial PFC in rats increase corticotropin-

releasing factor (CRF) release from the hypothalamic paraventricular nucleus in response to 

acute restraint stress, while lesions of the ventromedial PFC decrease stress-induced CRF 

release from the hypothalamus [9]. These findings suggest that global PFC impairment can 

contribute to dysregulation of the HPA axis, particularly as repeated or prolonged (chronic) 

stressors produce HPA axis dysfunction and target end organ pathology over time. Both 

chronic stress and chronic glucocorticoid administration promote dendritic reorganization 

and morphological changes including reduced spine volume, surface area, and length in the 

PFC of rats [10–11]. As a specific type of stressor, alcohol intoxication and withdrawal 

activate the HPA axis to elevate circulating glucocorticoids in both rodents and humans [12–

13]. This effect often has disparate effects both between and within target end organs, 

including the brain. In one study, circulating glucocorticoids were markedly increased 

during acute alcohol withdrawal in rodents, but this peripheral elevation returned to normal 

within a 24-hour period [14]. In contrast, glucocorticoids remained elevated in specific brain 

regions including the PFC after two months of alcohol withdrawal [14]. This long-lasting 
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increase in central brain glucocorticoids may promote a blunted HPA axis response [13,15], 

sensitization of negative reinforcement circuitry [8], and neurotoxicity in vulnerable brain 

regions including the PFC [16]; all considered hallmarks of severe AUD.

Importantly, each of these symptoms of alcohol dependence can be reliably modeled in 

rodents using chronic, intermittent ethanol vapor (CIEV) exposure, which produces a wide 

range of both somatic and motivational symptoms of dependence [17] in both rats and mice. 

During alcohol withdrawal, a functional increase in central brain GR signaling is associated 

with escalated alcohol drinking in dependent rats [18], even following periods of protracted 

abstinence [19]. Greater nuclear localization of the GR in the PFC has been reported 

following withdrawal from chronic alcohol drinking [14]. This potentiation of central brain 

GR signaling is thought to contribute to negative reinforcement mechanisms associated with 

the transition to alcohol dependence [8]. In support of this theory, systemic administration of 

the GR antagonist mifepristone reduces alcohol drinking in rats given voluntary access to 

ethanol without influencing water consumption [20]. This effect was specific to the GR, 

because systemic administration of the mineralocorticoid receptor (MR) antagonist, 

spironolactone, did not reduce voluntary ethanol intake. Additionally, systemic delivery of 

mifepristone reduces escalated drinking associated with dependence in both rat models and 

early clinical trials [21]. These investigations suggest that increased GR signaling from 

excessive alcohol exposure underlies the transition from initial alcohol use to the 

uncontrolled and excessive alcohol intake associated with AUD.

The PFC mediates a number of cognitive functions involved in decision-making, memory 

formation and retention, emotion, and attention, all functions impaired in individuals 

suffering from AUD [22]. In preclinical models, CIEV exposure in mice alters trauma-

related synaptic plasticity in the PFC [23] and impairs cognitive flexibility on attentional set 

shifting [24]. In addition to the evidence that increased GR signaling contributes to escalated 

alcohol drinking in dependence, there is evidence that dysregulation of GCs exacerbates 

neurocognitive deficits associated with AUD [25–26]. Central stress signaling may also play 

a critical role in cognitive dysfunction associated with binge alcohol consumption. In a 

rodent model of binge drinking, increased recruitment of Fos- and CRF-positive neurons in 

the PFC of rats was associated with impaired working memory on a Y-maze task during 

withdrawal [27]. In another model of chronic alcohol exposure, pronounced memory deficits 

were found in mice during alcohol withdrawal [28]. In the same study, object recognition 

and odor discrimination memory impairments were attenuated following systemic 

administration of mifepristone. In summary, these findings indicate that PFC dysregulation 

and potentiation of GR-mediated stress signaling from excessive alcohol exposure 

contributes to the emergence of cognitive deficits and promotes escalation of alcohol 

drinking associated with dependence.

As one key motivational consequence of cognitive deficits, compromised PFC function leads 

to a failure of self-regulation processes that can facilitate relapse in individuals suffering 

from AUD [29]. This failure to self-regulate is associated with a pathological imbalance 

between corticolimbic circuits, most notably between the PFC, ventral striatum, and 

amygdala [30], and may be summarized as a narrowing of behavioral repertoire toward 

compulsive alcohol-seeking behavior, even in the face of adverse consequences. As one 
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recent example of this complex phenomenon, stimulation of glutamatergic afferents from the 

PFC to the ventral striatum was shown to mediate aversion-resistant alcohol consumption 

[31]. In comparison, connectivity between the PFC and amygdala may contribute to the 

escalation of drinking following traumatic experiences [3]. Individuals transitioning to 

severe AUD may progress from dysregulated stress signaling, through neurodegeneration 

and loss of cognitive control over negative affect, to increased vulnerability to relapse during 

attempted abstinence (Figure 1). Cognitive deficits in certain patients may thus be 

inextricably linked to negative reinforcement processes that escalate the severity of AUD.

Alcohol Dependence and Affective Pain: Role of the Insula and Cingulate 

Cortex

Chronic pain is estimated to affect approximately 20% of adults worldwide [32], a number 

that will likely increase over the next several decades given the aging global population. 

Thus, the neurobiological interaction of pain and substance misuse represents a critical area 

of research and public interest [4]. While the analgesic efficacy of alcohol has long been 

described [33], withdrawal from chronic use often results in increased pain sensitivity (or 

hyperalgesia) as part of a constellate alcohol withdrawal syndrome [34]. Such data suggest 

that excessive drinking in alcoholics may in part be motivated by a desire to self-medicate 

hyperalgesia. Self-reports of alcohol use specifically for pain management are common. 

Problem drinkers of both sexes report more severe pain symptoms compared to non-

drinkers, and also a higher incidence of using alcohol to manage their pain [35]. This 

evidence of bidirectional causation between these two pathologies has lead to the 

conceptualization of alcohol dependence as a chronic pain disorder [36], as addiction and 

pain share a common neurocircuitry that may be compromised in either or both conditions.

The insula and the anterior cingulate cortex (ACC) are key components of a distinct neural 

network within the expansive, complex executive control system of the PFC. 

Communication between these regions is suggested to facilitate recognition of a stimulus 

and attribution of emotional salience to it. Of particular interest is the role of these regions in 

pain processing, as well as their more recently discovered association with alcohol 

dependence. Pain is a multidimensional experience, possessing both sensory and affective-

motivational components [37]. The insula and ACC have been identified as key regions for 

supraspinal processing of the affective dimension through studies of these regions both in 

isolation and as a network. Imaging studies have identified increased activity in the insula 

and ACC with the anticipation of pain, and have correlated perceived pain intensity with 

degree of concurrent activity in the insula and ACC in human subjects [38–39]. In rodents, 

selective lesions as well as electrical stimulation of the ACC have been shown to reduce pain 

aversion, without altering the sensory element of painful stimuli [40].

The insula and ACC exhibit bidirectional neural projections and functional studies have 

reported a high level of co-activation during both cognitive task-based and resting-state 

imaging. Cognitive-task based imaging measures regional co-activity in the brain during 

completion of cognitively demanding tasks. Additionally, resting-state imaging can be used 

to study the network connectivity and co-activity of different brain regions. Resting-state 
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fMRI analyses have led to the identification of a precise network based in the insula and 

ACC that extends to several sub-cortical regions now referred to as the salience network 

(SN). The SN model was developed from the integration of multiple fMRI studies that 

ultimately lead to the hypothesis that this particular circuitry recognizes and assimilates 

interoceptive and external information, recruits and de-recruits additional executive networks 

to engage the appropriate cognitive processes (focusing attention to stimuli, utilizing 

working memory), and finally regulates a behavioral response [41]. New research has 

provided evidence that alcohol dependence dysregulates activity of the insula-ACC salience 

network in humans, as indicated by fMRI data acquired during risk-taking trials. This is 

hypothesized to cause impairments in executive network switching, compromising the 

ability to make appropriate cognitively demanding decisions [42]. Salience network 

dysfunction may specifically contribute to the maintenance of alcohol dependence by 

making an individual unable to clearly discern risk in their behavior, such as the decision to 

seek out and consume excessive amounts of alcohol despite adverse consequences. 

Moreover, this network may be particularly vulnerable in AUD patients during stressful 

conditions due to ACC dysfunction [43].

Future Therapeutic Directions Targeting Alcohol-Driven PFC Dysfunction

In addition to the promise of mifepristone in treating excessive drinking [21] and cognitive 

deficits [44] in those suffering from AUD, downstream products of GR-mediated 

transcriptional regulation in the PFC may offer valuable treatment targets for consideration 

[45]. For example, while repeated cycles of excessive drinking and withdrawal produce an 

accumulation of damage in the PFC, trophic support mechanisms are also likely 

compromised due to decreased levels of brain-derived neurotrophic factor and nerve growth 

factor [46]. The emerging role of alcohol-induced neuroimmune dysregulation [47] and 

epigenetic modification [48] within the PFC also represents a fertile area for future research 

and medication development. Finally, the influence of sex on the interaction of stress, 

excessive drinking, and PFC function should be explored further [49], particularly given the 

unique relationship between PFC glucocorticoid signaling and alcohol-induced 

neurotoxicity in females [50]. Given the potential link between cognitive deficits and 

negative affect dysregulation, targeting these two conditions together in AUD patients may 

represent a superior conceptual strategy for medication development.
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Highlights

• The prefrontal cortex (PFC) is a key gate for alcohol use 

disorder (AUD) symptoms.

• AUD symptoms regulated by the PFC include 

compulsive drinking and pain.

• PFC glucocorticoid receptor (GR) signaling facilitates 

negative affect and relapse.

• Reducing GR signaling restores PFC functionality and 

may reduce heavy drinking.
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Figure 1. 
Hypothesized neurobiological progression of alcohol use disorder (AUD) severity. Excessive 

drinking disrupts homeostatic stress signaling, and resulting excessive glucocorticoid 

receptor (GR) activity at the level of the prefrontal cortex (PFC) and downstream regions 

may produce a loss of cognitive control over negative affect, leading to increased 

vulnerability to relapse to heavy drinking patterns during attempted abstinence.p
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