FIGURE LEGENDS
FIGURE 41.1 Theory of incentive-motivation, as applied to feeding. Note that drive (internal stimuli) and food (external stimuli) separately affect central motivation to feed. Also, incentive (i.e., food) and discriminative (i.e., sensorimotor) influences exert their effects separately to control consummatory behavior (when food is contacted) and appetitive behavior (when food remains remote). Modified with permission from Robbins (1986).

FIGURE 41.2 Intravenous self-administration by rats. (Top) Drawing illustrating the setup for intravenous self-administration of cocaine by rats. (Bottom) Event records for different unit doses of cocaine show a dose-response relationship relating dose of cocaine to number of infusions. Rats implanted with intravenous catheters and trained to self-administer cocaine with limited access (3 h per day) show stable and regular drug intake over each daily session. No obvious tolerance or dependence develops. Rats generally aremaintained on a fixed-ratio (FR) schedule of drug infusion, such as FR-1 or FR-5. In an FR-1 schedule, one lever press is required to deliver an intravenous infusion of cocaine; in an FR-5 schedule, five lever presses are required to deliver an infusion of cocaine, and so on. With an FR schedule, rats appear to regulate the amount of drug self-administered. Lowering the dose from the training level of 0.75 mg/kg per injection increases the number of self-administered infusions. Raising the unit dose decreases the number of infusions. Pretreatment with the dopamine receptor antagonist SCH 23390 also increases the number of self-administered infusions. Reprinted with permission from Caine et al. (1993).

FIGURE 41.3 Ascending monoamine neurotransmitter systems. The figure shows schematic sagittal (A–D) and coronal (E) sections through the lateral hypothalamus of a rat brain. (A) Origin and distribution of central noradrenergic pathways. Note noradrenergic cell groups A1–A7, including the locus coeruleus (A6). DNAB, dorsal noradrenergic ascending bundle; VNAB, ventral noradrenergic ascending bundle. (B) Origin and distribution of central dopamine pathways. Note dopaminergic cell groups A8–A10. (C) Origin and distribution of central cholinergic pathways. Note rostral cell groups. NBM, nucleus basalis magnocellularis (Meynert in primates); MS, medial septum; VDBB, vertical limb nucleus of the diagonal band of Broca; HDBB, horizontal limb nucleus of the diagonal band of Broca. (D) Origin and distribution of central serotonergic pathways. Note cell groups in the raphe nucleus, B4–B9. MFB, medial forebrain bundle; PFC, prefrontal cortex; VS, ventral striatum; DS, dorsal striatum. Based on Robbins and Everitt (1995). (E) Schematic coronal section through the rat brain at the level of the ventromedial hypothalamus. LH lesions could disrupt various ascending monoaminergic fibers. CC, corpus callosum; CP, caudate-putamen; DMH, dorsomedial hypothalamus; IC, internal capsule; GP, globus pallidus; PVH, paraventricular hypothalamus; LH, lateral hypothalamus; FX, fornix; VMH, ventromedial hypothalamus. Modified from Robbins (1986), with permission.

FIGURE 41.4 Responses of a dopamine neuron to unpredicted primary reward (top) and the transfer of this response to progressively earlier reward predicting conditioned stimuli with training (middle). The bottom record shows a control baseline task when the reward is predicted by an earlier stimulus and not the light. From Schultz et al. (1995), with permission.

FIGURE 41.5 Intracranial self-stimulation threshold procedure. Panels I, II, and III illustrate the timing of events during three hypothetical discrete trials. Panel I shows a trial during which the rat responded within the 7.5 s following the delivery of the noncontingent stimulus (positive response). Panel II shows a trial during which the animal did not respond (negative response). Panel III shows a trial during which the animal responded during the intertrial interval (negative response). For demonstration purposes, the intertrial interval was set at 10 s. In reality, the interresponse interval had an average duration of 10 s and ranged from 7.5 to 12.5 s. The table depicts a hypothetical session and demonstrates how thresholds were defined for the four individual series. The threshold of the session is the mean of the four series’ thresholds. Taken with permission from Markou and Koob (1992).

FIGURE 41.6 Neurocircuitry schematic illustrating the combination of neuroadaptations in the brain circuitry for the three stages of the addiction cycle that drive drug-seeking behavior in the addicted state. Note the activation of the ventral striatum/dorsal striatum/extended amygdala driven by cues via hippocampal and basolateral amygdala and stress via the insula. The frontal cortex system is compromised, producing deficits in executive function and contributing to the incentive salience of drugs compared to natural reinforcers. Dopamine systems are compromised, and brain stress systems such as corticotropin-releasing factor (CRF) are activated to reset further the salience of drugs and drug-related stimuli in the context of an aversive dysphoric state. Modified with permission from Koob and Volkow (2010) and based on Everitt and Robbins (1995).

FIGURE 41.7 (Top) Diagram showing the stages of impulse control disorder and compulsive disorder cycles related to the sources of reinforcement. In impulse control disorders, an increasing tension and arousal occurs before the impulsive act, with pleasure, gratification, or relief during the act. Following the act, there may or may not be regret or guilt. In compulsive disorders, there are recurrent and persistent thoughts (obsessions) that cause marked anxiety and stress, followed by repetitive behaviors (compulsions) that are aimed at preventing or reducing distress (American Psychiatric Association, 1994). Positive reinforcement (pleasure/gratification) is more closely associated with impulse control disorders. Negative reinforcement (relief of anxiety or relief of stress) is more closely associated with compulsive disorders. (Bottom) Change in the relative contribution of positive and negative reinforcement constructs during the development of substance dependence on alcohol. Taken with permission from Koob, (2011). (Top right) Collapsing the cycles of impulsivity and compulsivity results in the addiction cycle, conceptualized as three major components: preoccupation/anticipation, binge/intoxication, and withdrawal/negative affect. Taken with permission from Koob (2008).

FIGURE 41.8 Sagittal section through a representative rodent brain illustrating the pathways and receptor systems implicated in the acute reinforcing actions of drugs of abuse. Cocaine and amphetamines activate the release of dopamine in the nucleus accumbens and amygdala via direct actions on dopamine terminals. Opioids activate opioid receptors in the ventral tegmental area, nucleus accumbens, and amygdala via direct actions on interneurons. Opioids facilitate the release of dopamine in the nucleus accumbens via an action either in the ventral tegmental area or the nucleus accumbens (but also are hypothesized to activate elements independent of the dopamine system). Alcohol activates γ-aminobutyric acid-A (GABAA) receptors in the ventral tegmental area, nucleus accumbens, and amygdala via either direct actions at the GABAA receptor or through indirect release of GABA. Alcohol is hypothesized to facilitate the release of opioid peptides in the ventral tegmental area, nucleus accumbens, and central nucleus of the amygdala. Alcohol facilitates the release of dopamine in the nucleus accumbens via an action either in the ventral tegmental area or the nucleus accumbens. Nicotine activates nicotinic acetylcholine receptors in the ventral tegmental area, nucleus accumbens, and amygdala, either directly or indirectly, via actions on interneurons. Nicotine also may activate opioid peptide release in the nucleus accumbens or amygdala independent of the dopamine system. Cannabinoids activate CB1 receptors in the ventral tegmental area, nucleus accumbens, and amygdala via direct actions on interneurons. Cannabinoids facilitate the release of dopamine in the nucleus accumbens via an action either in the ventral tegmental area or the nucleus accumbens, but also are hypothesized to activate elements independent of the dopamine system. Endogenous cannabinoids may interact with postsynaptic elements in the nucleus accumbens involving dopamine and/or opioid peptide systems. The blue arrows represent the interactions within the extended amygdala system hypothesized to have a key role in drug reinforcement. AC, anterior commissure; AMG, amygdala; ARC, arcuate nucleus; BNST, bed nucleus of the stria terminalis; Cer, cerebellum; C-P, caudate-putamen; DMT, dorsomedial thalamus; FC, frontal cortex; Hippo, hippocampus; IF, inferior colliculus; LC, locus coeruleus; LH, lateral hypothalamus; N Acc., nucleus accumbens; OT, olfactory tract; PAG, periaqueductal gray; RPn, reticular pontine nucleus; SC, superior colliculus; SNr, substantia nigra pars reticulata; VP, ventral pallidum; VTA, ventral tegmental area. Taken with permission from Koob (2005).

FIGURE 41.9 (A) The standard pattern of affective dynamics produced by a relatively novel unconditioned stimulus (nondependent drug intake). (B) The standard pattern of affective dynamics produced by a familiar, frequently repeated unconditioned stimulus (dependent drug intake). First, an unconditional arousing stimulus triggers a primary affective process, termed the a-process. An unconditional reaction that translates the intensity, quality, and duration of the stimulus (for example, the first injection of a drug). Second, as a consequence of the a-process, the b-process is evoked after a short delay, an opponent process. The two responses are consequently and temporarily linked (a triggers b) but are hypothesized to depend on different neurobiological mechanisms. The b-process has a longer latency but more inertia, slower recruitment, and more sluggish decay. At a given moment, the pattern of affect will be the algebraic sum of these opposite influences and the dynamics reveal, with the passage of time, the net product of the opponent process. Taken with permission from Solomon (1980).

FIGURE 41.10 (A) Effects of ethanol withdrawal on CRF-like immunoreactivity (CRF-L-IR) in the rat amygdala determined by microdialysis. Dialysate was collected over four 2 h periods regularly alternated with nonsampling 2 h periods. The four sampling periods corresponded to the basal collection (before removal of ethanol), and 2–4 h, 6–8 h, and 10–12 h after withdrawal. Fractions were collected every 20 min. Data are expressed as mean ± SEM (n = 5 per group). Analysis of variance confirmed significant differences between the two groups over time (p < 0.05). Taken with permission from Merlo-Pich et al. (1995). (B) Mean (± SEM) dialysate CRF concentrations collected from the central nucleus of the amygdala of rats during baseline, 12 h cocaine self-administration, and a subsequent 12 h withdrawal period (cocaine group, n = 5). The control group consisted of rats with the same history of cocaine self-administration training and drug exposure but not given access to cocaine on the test day (n = 6). Data are expressed as percentages of basal CRF concentrations. Dialysates were collected over 2 h periods alternating with 1 h nonsampling periods shown by the timeline at the top. During cocaine self-administration, dialysate CRF concentrations in the cocaine group were decreased by about 25% compared with control animals. In contrast, termination of access to cocaine significantly increased CRF efflux that began approximately 5 h post-cocaine and reached about 400% of presession baseline levels at the end of the withdrawal session. *p < 0.05, **p < 0.01, ***p < 0.001, simple main effects after overall mixed-factorial analysis of variance. Taken with permission from Richter and Weiss (1999). (C) Effects of cannabinoid CB1 receptor antagonist SR 141716A (3 mg/kg) on CRF release from the central nucleus of the amygdala in rats pretreated for 14 days with the CB1 receptor agonistHU-210 (100 mg/kg). Cannabinoid withdrawal induced by SR 141716Awas associated with increased CRF release (*p < 0.005, n = 5–8). Vehicle injections did not alter CRF efflux (n = 5–7). Data were standardized by transforming dialysate CRF concentrations into percentages of baseline values based on averages of the first four fractions. Taken with permission from Rodriguez de Fonseca, Carrera, Navarao, Koob, & Weiss, (1997). (D) Effects of morphine withdrawal on extracellular CRF in the central nucleus of the amygdala. Withdrawal was precipitated by administration of naltrexone (0.1 mg/kg) in rats prepared with chronic morphine pellet implants. Taken with permission from Weiss et al. (2001). (E) Effect of mecamylamine-precipitated (1.5 mg/kg, i.p.) nicotine withdrawal on extracellular levels of CRF-like immunoreactivity in the central nucleus of the amygdale measured by in vivo microdialysis in chronic nicotine pump-treated (nicotine-dependent, n = 7) and chronic saline pump-treated (nondependent, n = 6) rats. *p < 0.05, compared with nondependent. Taken with permission from George et al. (2007).

FIGURE 41.11 (A) [18F] N-methylspiroperidol images in a normal control and in a cocaine abuser tested 1 month and 4 months after the last cocaine use. The images correspond to the four sequential planes where the basal ganglia are located. The color scale has been normalized to the injected dose. Notice the lower uptake of the tracer in the cocaine abuser compared to the normal control. Notice also the persistence of the decreased uptake even after 4 months of cocaine discontinuation. BNL, Brookhaven National Laboratory; SUNY, State University of New York. Taken with permission from Volkow et al. (1993). (B) Transaxial images illustrating the differential increase in relative regional cerebral blood flow (CBF) in the amygdala and anterior cingulate of a detoxified cocaine patient during a nondrug-related (nature) video and a cocaine-related video. Anatomical regions of interest first were localized on the patient’s magnetic resonance image (the first image in each row). Region templates were subsequently superimposed on [15O] positron emission tomography (PET) images, yielding radioactive count files for conversion to normalized (relative) regional CBF. The middle and final images in each row show relative regional CBF as measured by PET. The range on the arbitrary color scale is from 0.0 to 2.5 times background activity. Whole brain average regional CBF is 1.0 on the scale. Areas with greatest relative regional CBF are shown in red. Activity in the amygdala and in the anterior cingulate differentially increased during the cocaine video. Taken with permission from Childress et al. (1999).

FIGURE 41.12 Molecular mechanisms of neuroadaptation. Cocaine and amphetamines, as indirect sympathomimetics, stimulate the release of dopamine which acts at G protein-coupled receptors, specifically D1, D2, D3, D4, and D5. These receptorsmodulate the levels of second-messengers like cyclic adenosine monophosphate (cAMP) and Ca2+, which in turn regulate the activity of protein kinase transducers. Such protein kinases affect the functions of proteins located in the cytoplasm, plasma membrane, and nucleus. Among membrane proteins affected are ligand-gated and voltagegated ion channels (VGCC). Gi and Go proteins also can regulate K+ and Ca2+ channels directly through their βγ subunits. Protein kinase transduction pathways also affect the activities of transcription factors. Some of these factors, like cyclic adenosine monophosphate (cAMP) response element binding protein (CREB), are regulated posttranslationally by phosphorylation; others, like Fos, are regulated transcriptionally; still others, like Jun, are regulated both posttranslationally and/or transcriptionally. While membrane and cytoplasmic changes may be only local (e.g., dendritic domains or synaptic boutons), changes in the activity of transcription factors may result in long-term functional changes. These may include changes in gene expression of proteins involved in signal transduction and/or neurotransmission, resulting in altered neuronal responses. For example, chronic exposure to psychostimulants has been reported to increase levels of protein kinase A (PKA) and adenylyl cyclase in the nucleus accumbens and to decrease levels of Gαi. Chronic exposure to psychostimulants also alters the expression of transcription factors themselves. CREB expression, for instance, is depressed in the nucleus accumbens by chronic cocaine treatment. Chronic cocaine induces a transition from Fos induction to the induction of the much longer-lasting Fos-related antigens such as ΔFosB. Opioids, by acting on neurotransmitter systems, affect the phenotypic and functional properties of neurons through the general mechanisms outlined in the diagram. Shown are examples of ligand-gated ion channels such as the γ-aminobutyric acid-A (GABAA) and glutamate N-methyl-D-aspartate (NMDA) receptor (NMR) and G protein-coupled receptors such as opioid, dopamine (DA), or cannabinoid CB1 receptors, among others. These receptors modulate the levels of second messengers like cAMP and Ca2+, which in turn regulate the activity of protein kinase transducers. Chronic exposure to opioids has been reported to increase levels of PKA and adenylyl cyclase in the nucleus accumbens and to decrease levels of Gαi. Chronic exposure to opioids also alters the expression of transcription factors themselves. CREB expression, for instance, is depressed in the nucleus accumbens and increased in the locus coeruleus by chronicmorphine treatment, while chronic opioid exposure activates Fos-related antigens such as ΔFosB. Alcohol, by acting on neurotransmitter systems, affects the phenotypic and functional properties of neurons through the general mechanisms outlined in the diagram. Shown are examples of ligand-gated ion channels such as the GABAA and the NMDA receptor and G protein-coupled receptors such as opioid, dopamine, or cannabinoid CB1 receptors, among others. The latter also are activated by endogenous cannabinoids such as anandamide. These receptors modulate the levels of second messengers such as cAMP and Ca2+, which in turn regulate the activity of protein kinase transducers. Such protein kinases affect the functions of proteins located in the cytoplasm, plasma membrane, and nucleus. Among membrane proteins affected are ligand-gated and VGCCs. Alcohol, for instance, has been proposed to affect the GABAA response via protein kinase C (PKC) phosphorylation. Gi and Go proteins also can regulate K+ and Ca2+ channels directly through their βγ subunits. Chronic exposure to alcohol has been reported to increase levels of PKA and adenylyl cyclase in the nucleus accumbens and to decrease levels of Giα. Moreover, chronic ethanol induces differential changes in subunit composition in the GABAA and glutamate inotropic receptors and increases expression of VGCCs. Chronic exposure to alcohol also alters the expression of transcription factors themselves. CREB expression, for instance, is increased in the nucleus accumbens and decreased in the amygdala by chronic alcohol treatment. Chronic alcohol induces a transition from Fos induction to the induction of the longer-lasting Fos-related antigens. Nicotine acts directly on ligand-gated ion channels. These receptors modulate the levels of Ca2+, which in turn regulate the activity of protein kinase transducers. Chronic exposure to nicotine has been reported to increase levels of PKA in the nucleus accumbens. Chronic exposure to nicotine also alters the expression of transcription factors themselves. CREB expression, for instance, is depressed in the amygdala and prefrontal cortex and increased in the nucleus accumbens and ventral tegmental area. Δ9-Tetrahydrocannabinol (THC), by acting on neurotransmitter systems, affects the phenotypic and functional properties of neurons through the general mechanisms outlined in the diagram. Cannabinoids act on the cannabinoid CB1 G protein-coupled receptor. The CB1 receptor also is activated by endogenous cannabinoids such as anandamide. This receptor modulates (inhibits) the levels of second messengers like cAMP and Ca2+, which in turn regulate the activity of protein kinase transducers. Chronic exposure to THC also alters the expression of transcription factors themselves. CaMK, Ca2+/calmodulin-dependent protein kinase; ELK-1, E-26-like protein 1; PLCβ, phosphlipase C β; IP3, inositol triphosphate; MAPK, mitogen-activated protein kinase; PI3K, phosphoinositide 3-kinase; R, receptor. Modified with permission from Koob, Sanna, and Bloom, (1998).
