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Introduction

Addiction has historically been defined from a behavioral perspective, with specific
diagnoses described based on a constellation of behaviors related to pathological
drug-seeking and -using behavior. Defining addiction based on behavioral consider-
ations alone is no longer a valid or credible option given our growing appreciation for
the biological basis for all disease, including mental illness. As stated by the American
Society of Addiction Medicine (ASAM) in their definition of addiction, an “under-
standing of addiction requires understanding of a broader network of neural connec-
tions involving forebrain as well as midbrain structures” (1). Clinicians who have been
scripted educationally to define addiction based solely on behavioral parameters and
those who are not familiar with complex, emerging neuroanatomical and physiologi-
cal issues related to the brain’s reward systems may be dismissive of this wealth of
new information, which has provided a fresh perspective on neurobiological bases for
addiction and which is changing this paradigm. We review the neurobiological basis
for addiction, including natural or process addiction, and then discuss how this relates
to our current understanding of sexuality as a natural reward that can become func-
tionally “unmanageable” in an individual’s life.

The Idea of Behavioral Addiction

Controversy over the existence and definition of addictive sexuality has been based
largely on historical paradigms related to the definition of addiction. This has been
further compounded by a dependence on the Diagnostic and Statistical Manual of
Mental Disorders (DSM) as an authoritative source for defining all addiction, including
considerations relating to the neurobiological etiology of addiction. The DSM, how-
ever, was never intended to define or even discuss issues related to the neurobiology
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of addiction; rather, it has been specifically atheoretical since its third edition, DSM-
[1. Its utility as a field manual is that it is based on direct observation and interview
and thus can be used to diagnose and treat mental iliness clinically without depending
on extensive testing. Because it is also used as a template for provider reimbursement,
and by the popular press as a definitional source, it has unfortunately been enlisted
to serve in a role for which it was never designed and for which it is receiving growing
criticism (2).

Evolution and the Reward System

To understand the premise of sexual addiction, it is necessary to have a basic
understanding of the brain's reward system and a conceptualization of the neu-
rological basis for all natural or process addictions. Olds and Milner first identi-
fied the reward circuit in 1954, Electrodes were placed in various brain regions of
laboratory rats, and the animals were given the ability to self-administer electrical
currents. When the electrodes were placed in the area now widely referved to as the
reward center, the rats preferred to repeatedly self-administer pleasure-inducing
currents at the expense of choosing food and water (3). Research has indicated that
all drugs of abuse affect this reward center, neuroanatomically known as the meso-
limbic dopamine (DA) pathway (4). Sexual activity activates this brain region (5).
This pathway connects the ventral tegmental area to the nucleus accumbens (NAc).
These areas are specifically tied to impulsivity, pleasure, reinforcement learning,
and reward. The amygdala (positive and negative emotions, emotional memory);
hippocampus (processing and retrieval of long-term memories); and frontal cor-
tex (coordinates and determines behavior) also interact with this region. Taken
together, these interconnecting areas modulate pleasure, reward, memory, atten-
tion, and motivation (6).

The reward center serves an evolutionary purpose, rewarding and thereby encour-
aging activities necessary for survival (food, sex, etc.). Engagement in survival-based
behavior activates the mesolimbic DA pathway (7). Interestingly, as discussed in
Chapter 7, stressful stimuli elicit similar effects, underscoring the role of this system
in adaptation to highly salient stimuli related to survival. The past decade has yielded
multiple theories of addiction, all involving the mesolimbic DA pathway and surround-
ing brain regions and substrates (8). Dr. Nora Volkow, the director of the National
Institute on Drug Abuse (NIDA), described addiction as the process of change from
impulsive to compulsive action, based on a transition from positive reinforcement
to negative reinforcement. Pursuant to associated changes in brain circuitry, Volkow
described this as a three-stage process: (a) binge/intoxication, (b) withdrawal/nega-
tive affect, and (c) preoccupation/anticipation.

Three Biological Stages of Addiction

In the first stage, “binge/intoxication," the release of DA in the NAc results in acute
positive reinforcement of the behavior that initiated it. According to reinforcement
models, this positive reinforcement results in learning associations attached to the
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behavior that began the process. The continued release of DA leads to an increase
in dynorphin levels, which results in a decrease of the dopaminergic function of the
reward center, eventually resulting in decreased reward thresholds (6,9). This is key to
increased rolerance, which is discussed further in this chapter.

The second stage, “withdrawal/negative affect," begins after the DA flood has
passed. The extended amygdala, an area associated with fear conditioning and pain
processing, becomes activated. A negative emotional state ensuss, leading to activa-
tion of biain stress systems and dysregulation of antistress systems. ‘The inverse of
the autcome of the first stage, the second stage leads to a decrease in sensitivity to
rewards and an increase in the reward threshold, resulting in a negative reinforcement
state that encourages the reinstatement of the addictive behavior, Initially, impulsive
behavior becomes compulsive, leading to chronic taking/seeking behaviors (6,9).

Ds. George Koob, director of the National Institute on Alcohol Abuse and Alcoholism
(10), expanded these first two stages by superimposing a biclogical model onto a psy-
cholagically based opponent-process model of motivation (11). The Opponent-process
mode] of motivation posits emotional experiences as opposing pairs, operating simi-
latly to the positive-to-negative reinforcement transition, wherein "a-processes”
reflect positive hedonic effects and “b-processes” reflect negative hedonic effects. Here,
a-processes occur first and reflect tolerance, and the b-processes appear after the a-
process have completed, reflecting withdrawal. Koob furthered the scope of withdrawal
in addiction with his “antireward” theory, which holds that when the brain reward cen-
ter is activated, there is a corresponding engagement of the brain stress systems to
limit the reward response and maintain the homeostatic balance of the reward center.
Both body stress systems (in particular the hypothalamic-pituitary-adrenal axis) and
brain-based stress systems (in particular the corticotrophin-releasing factor [CRF] sys-
lemn) are activated (see Chapter 7). The aforementioned increased levels of dynorphin
futrther increase CRF, and the activation of these systems is responsible for many of the
negative effects associated with the withdrawal stage. Dysregulation also occursin the
brain’s antistress system, as marked by decreases in neuropeptide Y (a natural anxio-
lytic in the brain). When the reward center can no longer be returned to its homeostatic
state, the addicted brain enters an “allostatic” state, wherein the raward center has an
altered set pomt, leaving the individual susceptible to relapse and dependence. Kook
referred to this process as the “dark side” of addiction (10, p. 559).

A key point to note here is that withdrawal is not exclusively about the physio-
logical effects from any specific substance. Rather, withdrawal is expressed through
a negative affect resulting from the process just discussed. Negative emotions such
us anxiety, depression, dysphoria, and imitability are indicators of withdrawal in this
neurebiological model of addiction (9). This is a major challenge to the claim made
by many opponents of the idea of natural or processes addictions, who erroneously
state physiclogical tolerance and withdrawal are hallmarks and requirements of the
existence of an addiction,

The third stage, “preéaccupation/anticipation,” is commonly referred to as (rav
ing, 'The neuroplastic nopairments extend beyond the mesocortical DA pathway into
other regions of the brain, such as the dorsolateral prefrontal cortex, responsible for
key components of cognition and executive function, and the ventrome dial prefron~

tal cortex is responsible for tomponents of inhibition and emotional response. Here,
the aforementioned associations and increased salience of learned drug-related cues
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intersect with increasing deficiencies in top-down inhibitory control. This creates
cravings, leaving the individual vulnerable to reinstatement of the addictive behavior.
Cue-induced cravings and stress-induced cravings have been identified as the primary
reasons for reinstatement of the addictive behavior (6,9), Multiple neuroimaging
studies supported this model for both natural and chemical addictions (12,13), and
these impairments are the force behind the “chronic relapsing disorder” component
of the medical definition of the term addiction.

Genetics and Learning

Researchers found that carriers of the DRD2-A1 gene have fewer D, receptors, leav-
ing them with a propensity to develop alcoholism (14). Researchers later found such
individuals to be more likely to have interruptions in the mesalimbic reward system,
resulting in a hypodopaminergic state that yields a predisposition to addictive, comnr
pulsive, and impulsive behaviors (15). They coined the term reward deficiency syndrome
to represent a congenital chemical imbalance that leaves people vulnerable to behav
ioral disorders (15). They found that carriers of the DRD2-A1 gene have approximately
30%-40% fewer D, receptors, and these individuals are overrepresented in cases of
aleoholism, drug addiction, obesity, compulsive sexual behavior, compulsive Internet
gaming, cbsessive texting, pathological gambling, workaholism, and shopaholism (15).

Robinson and Berridge took the learning model one step further via their “incentive
salience” or incentive sensitization theory of addiction (16,17). This neural model of
pathology theory follows the model of a hypersensitized mesocorticolimbic DA path-
way, focused not on pleasure or reward, but rather on the motivational attributions
attached ro the behavior (18). This model arguably most closely follows the evolutionary
purpose of the reward system, wherein “drugs induce a false signal of a fitness benefit,
which bypasses higher-order information processing” (19, p. 12). In light of subse-
guent knowledge regarding the role of dopaminergic systems in reward incentives, they
recently revisited their theory. They concluded that "bolstered by the evidence that has
accumulated over recent years, we remain confident in concluding ‘that at its heart,
addiction is a disorder of aberrant incentive motivation due to drug-induced sensitiza-
tion of neural systems that attribute salience to particular stimuli’ (17). While focus-
ing on drug addiction, they acknowledged that because natural rewards also involve
dopaminergic reward systems, ‘incentive sensitization can also sometimes spill aver in
animals or humans to other targets, such as food, sex, gambling, etc.” (1 7). An example
they cited is ‘dopamine dysregulation syndrome, which not only involves compulsive
drug use but also can include pathological gambling, hypersexuality, and food binge-
ing’ (20). Neurobiology of behavioral sensitization is discussed in detail in Chapter G;
Chapters 1 and 13 address the manner in which cross-sensitization links ditferent types
of survival-related and potentially addictive stimuli, with serious clinical consequences.

In the last decade, a growing realization occurred that naturally evolved salience
drives in biological systems are inherently motivationally advantageous to the sur-
vival of both individual organisms and species. We can now look at salience/desire/
craving through a more biclogically nuanced lens and see motivational systems sub-
serving pleasure rewards not only as supporting behavioral patterns, but also as a
product of genetic transcriptional templates that are programmed to run in response
1o specific stimuli.
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While the incentive sensitization model of addiction had been described as more
than just aberrant learning, a more inclusive definition views “neuronal learning”
more in terms of dendritic and synaptic plasticity and thus incorporates addiction. In
this context, that of reward-motivated plasticity, Kauer and Malenka defined addic-
Lion as a "powerful, yet pathological form of learning and memory" (21, p. 844), This
perspective of pathological expression of reward transcripts supports the concept of
addiction as a disease. It is remarkable that an early, and perhaps the first, reference
to the term addiction predicted a disease model a century before synaptic science was
considered in the context of addiction (22).

Sexual Addiction as a Natural Process Addiction
The Biology of Desire

Neurobiological evidence for natural addiction has grown substantially over the last
decade (23). It is based in a growing understanding of how the brain “learns” at the
synaptic level, We now better understand how signaling cascades affect synaptic plas-
ticity and are beginning to appreciate how these cascades affect subsequent reward
motivation. Whereas we formerly conceptualized “desire” more subjectively, we now
understand how DNA transcripts important in craving for natural rewards are related
to craving with drug addiction as well (24), The neuroscience of addiction has thus
taken a decidedly objective turn with regard to this increased understanding of the
biology of desire. It is also intuitive and consistent with an understanding of the evo-
lutionary journey of the neocortex in that, as neuronal aggregates became ever more
complex, the mesencephalic impetus to survive powered these increasingly sophisti-
cated telencephalic neural systems with dopaminergic desire. Sexual addiction can only
be conceptualized in the context of a phylogenetic understanding of these systems; it is
on a platform of both behavior and biclogy that such an understanding must be built.
Amore sophisticated understanding of these signaling cascades important in learn-
ing as applied to salience systems has been an important key to understanding how cel-
lular and subcellular mechanisms are altered in both drug and natural addictions. For
instance, DeltaFosB, a protein important as an intermediate transcriptional product in
a complex signaling cascade important in reward processing, was first found in labora-
tory models of drug addiction (25). While other members of the cFos famnily are rap-
idly mobilized and degraded, DeltaFosB persists for weeks as an intermediary in this
cascade in medium spiny neurons in the NAc and may facilitate epigenetic and other
changes in gene expression that characterize addiction (26). In addition, DeltaFosB
can be selectively overexpressed in viral-mediated transfer models, and these models
exhibit phenotypic behaviors consistent with addiction. When DeltaFosB expression
is genetically amplified in this manner, for instance, overconsumption of food (27),
wheel running (28), and sex (29) ensues. The sexual effect is a supranormal expression
of sexual performance (30), while repression of DeltaFosB decreases performance (31),
thus confirming a role in physiologic homeostasis as well as the adéictive association,
Postmortem studies have confirmed that this DeltaFosB-mediated signaling cascade is
operative in human drug addiction as well (32). Other changes consistent with neuro-
modulation that are facilitated by the DeltaFosB-mediated signaling cascade such as
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reward-mediated dendritic arborization (33) and synaptic plasticity (34) are invoked
by sexual rewards as well. This signal transduction also occurs during more “modern”
addictive behaviors, such as pornography abuse and Internet addiction. This process of
synaptic plasticity can be noted in the studies conducted by both Voon (35) and Kuhn
(36). Both of these studies are consistent with a neuroadaptive role for pornography,
when considered in the context of other studies demonstrating gray matter plasticity
with learning, This epigenetic process eventually will have a phylogenetic impact. To
give the species an evolutionary advantage, the phylogenetic tree strongly conserves
these reward transcripts that cause these brain changes.

In addition to these microscopic and metabolic changes, there is a growing under-
standing of how these processes alter the brain macroscopically. From the early vielin
studies, other learning mediums have been shown to produce physical alterations in
gyral size. The result of learning is seen not only with microcellular changes, such as
with arborization, but also with gyral sculpting macroscopically (37). Numerous stud-
ies over the last two decades have established the fact that learning physically changes
the brain. Such diverse learning templates as music (38,39), juggling (40), taxi driving
(41), and intense studying (42) have all been shown to affect morphologic alterations
in gyri, and negative neuroplasticity has been seen with disuse (43). This is consistent
with Kauer and Malenka's statement, in their paper on synaptic plasticity and addiction,
that “addiction represents a pathologic but powerful form of learning and memory”
(44, p. 844), It is therefore not surprising to learn that addiction studies correlate with
cortical atresia macroscopically. Virtually every study on addiction has demonstrated
atrophy of multiple areas of the brain, particularly those associated with frontal voli-
tional control and the reward salience centers. This is true for drug addictions such as to
cocaine (45), methamphetamine (46), or opioids (47) and also fer behavioral conditions
associated with pathologic overconsumption of natural rewards and behaviors such as
food (48), sex (49), and Internet addiction and pornography (50-51). Correspondingly,
recovery from addiction has been correlated with positive neuroplastic changes as well,
such as the return to more normal gyral volumes with recovery from methamphetamine
addiction (52) and enlargement of gray matter after mindfulness therapy (53).

More relevant to the discussion of addictive sexuality, however, is the concept that
natural or process addictions are manifestations of the same neuroplastic reward sys-
tem alterations seen with substance addictions. The definition presented by ASAM
recognized this continuum by including natural addictions such as to food, sex, and
gambling in its definition. This change was informed by shifting paradigms of under-
standing regarding how the brain processes and assigns salience.

In the last decade, a growing realization that “common molecular pathways” sub-
serve both drug and natural rewards has grown (54). Dopamine receptor alterations
previously seen with drug addiction have been with food addiction (55), and reward
supersalience seen with drug cues has been seen with food (56,57) and gambling (58).
Cross-sensitization with drugs of abuse and natural rewards has been seen with food
(59) and sex (60). These understandings have engendered a shift in understanding
regarding not only the definition of addiction but also the scope of behaviors that fall
under what is now a broader umbrella inclusive of both natural and substance rewards.

The ASAM redefined addiction in 2011 to incorporate this emerging perspective, with
addiction meriting the term disease (2) in that it represents a pathological alteration of
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reward transcripts that have been “usurped” by substances that compere, all too well,
with natural rewards to which the individual is evolutionarily acclinated (61). It is the
alteration of expression of these transcripts that produces the defect in reward process-
ing, motivational relevance, and memory that characterizes ASAM's new definition.

For example, in their “short definition,” ASAM defines addiction as “a primary,
chronic disease of brain reward, motivation, memory and related circuitry ... This is
reflected in an individual pathologically pursuing reward and/or relief by substance
use and other behaviors” (2). They elaborated on the scope of “other behaviors” in
their "long definition,” specifically including sex as a reward-based addictive behav-
ior: "Addiction also affects neurotransmission and interactions between cortical and
hippocampal circuits and brain reward structures, such that the memory of previous
exposures to rewards (such as food, sex, alcohol and other drugs) leads to a biological
and behavioral response to external cues, in tum triggering craving and/or engage-
ment in addictive behaviors” (2).

Sex and Pornography

Given this more neurologically informed perspective on addiction and learning,
including sexual learning, it is important to understand that the unique physical and
emotional experience that human orgasm affords, in the context of a dopaminergic
reward on par with morphine (61,62), can become a “powerful yet pathological form
of learning and memory™ (44, p.844) and thus qualify as an addictive behavior. ‘The
addictive effect of Internet pornography, for instance, may be in the heighted arousal
state provided by the potent triad of novelty, aggression, and role of pomography
as a "supranormal stimulus” (a term coined by Nicholas Tinbergen) (63). The end-
less novelty provided by Internet pornography is driven by demand and enhanced by
high-quality digital streaming. Whereas companies like Vivid and Playboy have gar-
nered most of the attention of the popular press, technologically driven enterprises
such as Mindgeek (formerly Manwin) are supporting this demand with state-of-the-
art Internet technology. This technology provides an endless stream of human sexual
acts and body parts, most of it initially free. The user will quickly find, however, that
to access the next, and presumably more desirable, content, they will need to pay.
This novelty, with an endless variety and combination of body parts and sexual acts,
becomes a powerful cornucopia for the sexual salience of the consumer.

Pornography is a perfect laboratory for this kind of novel learning fused with a
powerful pleasure incentive drive. The focused searching and clicking, looking for
the perfect masturbatory subject, is an exercise in neuroplastic learning. Indeed, it
i1s illustrative of Tinbergen's concept of the supranormal stimulus (63), with plastic
surgery-enhanced breasts presented in limitless novelty in humans serving the same
purpose as Tinbergen’s and Magnus's artificially enhanced female butterfly models;
the males of each species prefer the artificial to the naturally evolved (63,64). In this
sense, the enhanced novelty provides, metaphorically speaking, a pheromone-like
=ffect in human males, like moths, which is “inhibiting orientation” and “disrupting
pre-mating communication between the sexes by permeating the atmosphere” (65).

Doyle and Pazhoohi found that, from an ethological perspective, augmented
Jreasts are consistent with the concept of Tinbergen's supranormal stimulus (66).






