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Abstract

The nucleus accumbens, a site within the ventral striatum, plays a prominent role in mediating the

reinforcing effects of drugs of abuse, food, sex, and other addictions. Indeed, it is generally

believed that this structure mandates motivated behaviors such as eating, drinking, and sexual

activity, which are elicited by natural rewards and other strong incentive stimuli. This article

focuses on sex addiction, but we hypothesize that there is a common underlying mechanism of

action for the powerful effects that all addictions have on human motivation. That is, biological

drives may have common molecular genetic antecedents, which if impaired, lead to aberrant
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behaviors. Based on abundant scientific support, we further hypothesize that dopaminergic genes,

and possibly other candidate neurotransmitter-related gene polymorphisms, affect both hedonic

and anhedonic behavioral outcomes. Genotyping studies already have linked gene polymorphic

associations with alcohol and drug addictions and obesity, and we anticipate that future

genotyping studies of sex addicts will provide evidence for polymorphic associations with specific

clustering of sexual typologies based on clinical instrument assessments. We recommend that

scientists and clinicians embark on research coupling the use of neuroimaging tools with

dopaminergic agonistic agents to target specific gene polymorphisms systematically for

normalizing hyper- or hypo-sexual behaviors.
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The role of dopaminergic pathways in the reward circuitry of the brain is well established.

Most drugs of abuse induce a preferential release of neuronal dopamine (DA) in the nucleus

accumbens (NAc). Recent research suggests that many compulsive nondrug-related

behaviors such as hypersexuality, pathological gambling, Internet gaming, overeating, and

listening to music also induce NAc DA release (Blum et al. 2009; Cocores & Gold 2009;

Comings et al. 1996). In this review we analyze current neurochemical and genetic research

on the notion that sex, drugs, and rock ‘n’ roll have related underlying and biological

influences and commonly acting mesolimbic dopaminergic loci. We further propose that

increasing DA D2 receptors through direct or indirect activation seems prudent as one

important therapeutic approach to attenuating sexual abuse and addiction.

Throughout, the common thread is the dopaminergic mesolimbic system of the brain. Its

activation is accomplished by a variety of substances and activities, among which are drugs

of abuse, sex, food (Cocores & Gold 2009), and music (Blum et al. 2010a). All of these

cause the release of DA and fall under the rubric we term reward deficiency syndrome

(RDS; Blum et al. 1996b). This article focuses mainly on sexual addiction. However, most

addictions likely have a number of common features. Food addiction, for example,

especially with salted or highly sweetened foods, acts similarly to drug and sex addictions

and may involve addictive substances that stimulates opiate and DA receptors in brain

reward and pleasure centers (Cocores & Gold 2009). They act in the brain like an opiate

agonist, producing hedonic reward and withdrawal symptoms (i.e., strong preferences,

urges, cravings, or hungers) similar to those in opiate abstinence. Moreover, the concept that

food, drugs, and sex are common addictions, while receiving recent note, has been the

subject of earlier investigation (Joranby, Frost-Pineda & Gold 2005). Of interest is the fact

that individuals caught up in their specific addiction tend to interact with others having

similar addictions including comorbidities of drug and food addictions. In the world of

counseling, the well-known adage “birds of a feather flock together,” is not far from the

truth, even genetically. Blum and colleagues (2009) provided genetic evidence that

individuals presenting high RDS risk behaviors marry other individuals having these

behaviors, and most importantly also carrying dopaminergic risk alleles. In two independent
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RDS families followed for five generations, 100% of individuals in one family married a

partner carrying the DRD2 A1 allele. This and other studies support the concept of

commonality in addictions.

SEXUAL ADDICTION

Sexual addiction has been defined by Patrick Carnes (IITAP 2011) as “any sexually-related,

compulsive behavior which interferes with normal living and causes severe stress on family,

friends, loved ones, and one's work environment.”

Sexual addiction has been called sexual dependency and sexual compulsivity. By any name,

it is a compulsive behavior that completely dominates the addict's life. Sexual addicts make

sex a priority more important than family, friends, and work. Sex becomes the organizing

principle of addict's lives. They are willing to sacrifice what they cherish most in order to

preserve and continue their unhealthy behavior.

No single behavior pattern defines sexual addiction. These behaviors, when they have taken

control of addicts’ lives and become unmanageable, include: compulsive masturbation,

compulsive heterosexual and homosexual relationships, pornography, prostitution,

exhibitionism, voyeurism, indecent phone calls, child molesting, incest, rape, and violence.

Even the healthiest forms of human sexual expression can turn into self-defeating behaviors.

In contrast, Dr. Carnes (IITAP 2011) defines sexual anorexia (a repetitive behavior) as “an

obsessive state in which the physical, mental, and emotional task of avoiding sex dominates

one's life.” Like self-starvation with food or compulsive dieting or hoarding of money,

deprivation of sex can make one feel powerful and defended against all hurts.

As with any other altered states of consciousness such as those brought on by chemical use,

compulsive gambling, eating, or any other addiction process, the preoccupation with the

avoidance of sex can seem to obliterate one's life problems. The obsession can then become

a way to cope with all stress and all life difficulties. Yet, as with other addictions and

compulsions, the costs are great. In this case, sex becomes a furtive enemy to be continually

kept at bay, even at the price of annihilating a part of oneself.

IS SEX LIKE A PSYCHOACTIVE DRUG?

Regarding our hypothesis of a common underlying mechanism for addictions, the question

we raise relates to the simple notion that sex in its purist form is like any psychoactive drug

having reward properties. The main premise is that dopaminergic gene polymorphisms,

among many other neurotransmitter genes involved in the “brain reward cascade” (Blum et

al. 1996a, b; Blum & Kozlowski 1990; Blum & Briggs 1988), and their interactions with

environmental elements influence mesolimbic reward activation of sexual stimulation

response. This notion is predicated on the well-known effect (DiChiara & Imperato 1988) of

addictive drugs preferentially releasing DA at the NAc. Evidence for the role of DA and

related mechanisms continues to support the association of dopaminergic activity and sexual

drive (Krüger, Hartmann & Schedlowski 2005). For example, an increase in DA turnover
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was noted in the external layer of the median eminence up to 30 minutes post-coitus (Bensch

et al. 1975).

It is noteworthy that DA not only is involved in sex drive, it has been shown in rodents to

influence continued copulation, where social odor sensing influences female reproductive

status thereby affecting neuroendocrine cascades. The odor of male mouse urine can induce

ovulation or block pregnancy in mice within three days post coitus. Females avoid the action

of such olfactory stimuli after embryonic implantation. The mechanisms underlying these

changes are unknown. Serguera and colleagues (2008) reported that shortly after mating, a

surge in DA in the mouse main olfactory bulb impaired the perception of social odors

contained in male urine. Treatment of females at 6.5 days post coitus with a DA D2 receptor

antagonist restored social odor sensing and favored disruption of pregnancy by inhibition of

prolactin release, when administered in the presence of alien male urine odors. These results

show that an active sensory barrier blocks social olfactory cues detrimental to pregnancy,

consistent with the main olfactory bulb being a major relay through which social odor

modulates reproductive status. This report further supports the role of DA in sexual activity

and provides clues to sexual dysfunction in both genders.

In terms of molecular studies involving catecholamines and gene expression during coitus, a

number of findings have generated interest. Studies have shown that coitus in female rabbits

induced a gonadotropin-releasing hormone surge that was preceded by an increase in

hypothalamic norepinephrine release (Yang et al. 1996). Additional findings of an enhanced

tyrosine hydroxylase mRNA expression in the female brainstem after coitus, together with

the appropriate topographic distribution of tyrosine hydroxylase and dopamine-beta-

hydroxylase, led scientists to hypothesize that coital signals are relayed to neurons that

secrete hypothalamic gonadotropin-releasing hormone via brainstem norepinephrine-

containing perikarya. Additionally, coitally activated areas in the brainstem induced an

increase in tyrosine hydroxylase mRNA expression, which remained for 60 minutes

postcoitus, further supporting a role of catecholamines in sexual activity (Caba et al. 2000).

MULTIPLE ADDICTIONS: A COMMON MESOLIMBIC INTERACTION

Individuals caught up with addictive behaviors tend to move from one addiction to another

over their lifetime (see Rastegar & Fingerhood 2005). Many children of alcoholics become

obsessed with food and ultimately become obese. There are a number of studies showing the

role of food as a stimulus of DA in the central nervous system. While compulsive overeating

may not have mechanisms in common with substance-seeking behavior, binge eating

disorder is a phenotype particularly well suited to such a conceptualization, and sound

clinical and scientific evidence supports this viewpoint (Davis & Carter 2009). Related

neurochemical changes commonly observed with drugs of abuse, including changes in DA

and acetylcholine release in the NAc, can also be found with bingeing on sugar (Rada,

Avena & Hoebel 2009). Specifically, sucrose during the first hour of daily access observed

over 21 days increased extracellular DA to 130% of baseline as measured in the NAc shell

by microdialysis (Avena, Rada & Hoebel 2009; Rada, Avena & Hoebel 2005).
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Polydrug abuse is a worldwide problem and the combination of morphine with

methamphetamine is common among addicts. The commonality of these two drugs involves

the preferential release of DA in the ventral tegmental area (VTA)-NAc (Lan et al. 2009).

This is equally true for alcohol, cocaine, marijuana, and nicotine (DiChiara & Imperato

1988). Numerous studies have provided evidence for common association of drug use and

sexual activity. Results of these studies revealed that proximal drug use was associated with

sexual aggression severity. Moreover, increased drug use predicted increased severity of

sexual aggression across time (Swartout & White 2010). In Australia, it was determined that

in street-based female sex workers, cocaine dependence was associated with engaging in sex

and injecting risk behaviors (Roxburgh et al. 2008). It has been conjectured that drugs that

stimulate the activation of hypothalamic DA or that blunt endocannabinoid or serotonin

release and/or postsynaptic binding may be effective in stimulating sexual desire in humans

and nonhuman animals alike.

There is a relationship between increase in sexual activity, risk behaviors, and music, sexual

lyrics, and sounds fostered by hip-hop clubs (Muñoz-Laboy et al. 2008). Artistic creativity

forms the basis of music culture and the music industry. Composing, improvising, and

arranging music are complex creative functions of the human brain, with still unknown

biological value. Ukkola and colleagues (2009) hypothesized that practicing music is social

communication that needs musical aptitude and creativity. In order to understand the

neurobiological basis of music in human evolution and communication, they analyzed

polymorphisms of the arginine vasopressin receptor 1A (AVPR1A), serotonin transporter

(SLC6A4), catecol-O-methyltranferase (COMT), DA receptor D2 (DRD2) and tyrosine

hydroxylase 1 (TPH1) in 19 Finnish families with professional musicians and/or active

amateurs (n = 343 members). All of these genes are associated with social bonding and

cognitive functions. They showed for the first time that creative functions in music had a

strong genetic component (h(2) = .84; composing h(2) = .40; arranging h(2) = .46;

improvising h(2) = .62) in Finnish multigenerational families.

Most importantly, using functional magnetic resonance imaging (fMRI), Menon and Levitin

(2005) reported that listening to music strongly modulates activity in a network of

mesolimbic structures involved in reward processing. These areas include the NAc and the

VTA, as well as the hypothalamus and insula, which are thought to be involved in regulating

autonomic and physiological responses to rewarding and emotional stimuli. Importantly,

responses in the NAc and VTA were strongly correlated, pointing to an association between

DA release and NAc response to music. Listening to pleasant music induced a strong

response and significant activation of the VTA-mediated interaction of the NAc with the

hypothalamus, insula, and orbitofrontal cortex (Blum et al. 2009).

The commonality of the mesolimbic interaction with sex, drugs, and rock ‘n’ roll provides

the basis for therapeutic targets. Malfunctioning of the brain's reward center is increasingly

understood to underlie all addictive behaviors. Composed of mesolimbic incentive salience

circuitry, the reward center governs all behaviors in which motivation has a central role,

including acquiring food, nurturing young, and having sex. To the detriment of normal

functioning, basic survival activities can pale in importance when challenged by the allure of

addictive substances or behaviors. DA is the neurotransmitter driving both normal and
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addictive behavior. Other neurotransmitters modulate the amount of DA released in

response to a stimulus, with the salience determined by the intensity of the DA pulse.

Opiates (either endogenous or exogenous) exemplify such modulators.

It is very interesting that in terms of common therapeutic approaches, the narcotic antagonist

naltrexone has been used to block opiate receptors thereby reducing DA release. This

compound has been successful to some degree in the treatment of alcohol and opiate abuse.

Supporting the commonality hypothesis as proposed herein, it is of interest that because of

the mechanism of action of naltrexone in the reward center, this substance has been shown

to suppress a euphorically compulsive and interpersonally devastating addiction to Internet

pornography (Bostwick & Bucci 2008). Interestingly there is a relationship between narcotic

antagonism, the DRD2 gene, and Internet addiction. The DRD2A1 allele has been

associated with Internet addiction in Korean adolescents (Kim et al. 2006), and naltrexone

was found to have less binding affinity to opiate receptors in the brain in carriers of the

DRD2 A1 allele compared to carriers of the A2 allele (Ritchie & Noble 1996).

Most recently, using the neurochemical specificity of [(11)C]raclopride positron emission

tomography scanning combined with psychophysiological measures of autonomic nervous

system activity, Salimpoor and colleagues (2011) found endogenous DA release in the

striatum at peak emotional arousal during music listening. To examine the time course of

DA release, they used fMRI with the same stimuli and listeners, and found a functional

dissociation: the caudate was more involved during the anticipation and the NAc was more

involved during the experience of peak emotional responses to music. These results

indicated that intense pleasure in response to music could lead to DA release in the striatal

system. Notably, the anticipation of an abstract reward can result in DA release in an

anatomical pathway distinct from that associated with the peak pleasure itself. This result

helps to explain why music is of such high value across all human societies, and is

associated with sexual activity.

NEUROCHEMISTRY OF LOVE: WHY “I GET A KICK OUT OF YOU”

When the flush of love works its magic, a cocaine-like reaction occurs in the brain, which

really is the chemistry of romance (Bartels 2004; Bartels & Zeki 2000). It may take the fun

out of it but that is a fact. Theories about love's purpose range from the biologically practical

to the biologically complex. Anthropologists proclaim that love has sustained our species

through 150,000 years as seen in the tracing of reproduction of our genes (Olson 2002).

However, attachment therapists suggest that it is a byproduct of our relations with our

childhood caregivers. The role of attachment style, self-esteem, and relationship attributions

as possible mediators between abusive childhood experiences and difficulties in establishing

supportive love relationships in adulthood were investigated in a sample of women known to

be at risk of experiencing relationship problems. Participants who had experienced child

abuse were found to be six times more likely to be experiencing difficulties in the domain of

adult love relationships than those who had not. Self-esteem and relationship attributions

were found not to be related to child abuse (McCarthy & Taylor 1999).
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Now neuroscientists are exploring through the use of imaging tools what happens in the

brain as a romantic relationship progresses. Mammals and birds regularly express mate

preferences and make mate choices. Data on mate choice among mammals suggest that this

behavioral attraction system is associated with dopaminergic reward pathways in the brain.

It has been proposed that intense romantic love, a human cross-cultural universal, is a

developed form of this attraction system. To examine neural mechanisms associated with

romantic attraction in humans, Fisher and colleagues (2006) used fMRI to study 17 people

who were intensely in love. Activation specific to the beloved occurred in the brainstem

right VTA and right posterodorsal body of the caudate nucleus. These and other results

suggest that dopaminergic reward and motivation pathways contribute to aspects of romantic

love. Other studies by Aron and colleagues (2005) have suggested that dopaminergic reward

pathways contribute to the general arousal component of romantic love. Romantic love is

distinct from the sex drive, and it shares biobehavioral similarities with mammalian

attraction. Early-stage romantic love can induce euphoria, is a cross-cultural phenomenon,

and is possibly a developed form of a mammalian drive to pursue preferred mates. It has an

important influence on social behaviors that have reproductive and genetic consequences. In

studies from Aron's laboratory, brain scans using fMRI on people newly in love indicated

that after a first date activation in the left VTA was correlated with facial attractiveness

scores. Activation in the right anteromedial caudate was correlated with questionnaire scores

that quantified intensity of romantic passion. In the left insula-putamen-globus pallidus,

activation correlated with trait affect intensity. The results suggest that romantic love uses

subcortical reward and motivation systems to focus on a specific individual, that limbic

cortical regions process individual emotion factors, and that there is localization

heterogeneity for reward functions in the human brain.

Simply, DA is released in the mesolimbic portion of the brain while one is engaged in highly

pleasurable activities like having sex, doing cocaine, or eating chocolate (which contains a

tetrahydroisoquinoline, which acts at opiate receptors; Blum 1988; Blum et al. 1978).

Moreover, it is well known that after the DA surge, both oxytocin and vasopressin are also

released (Young 2009). Oxytocin is released in humans during intimate moments of

prolonged eye contact, hugging, and sex, as well as having a role in maternal bonding (Lee

et al. 2009). Succu and colleagues (2007) found that stimulation of DA receptors (mainly of

the D2 to D4 subtype) in the paraventricular nucleus induces the release of oxytocin in brain

areas that influence the activity of mesolimbic dopaminergic neurons mediating the

appetitive and reinforcing effects of sexual activity. This provides evidence for a role of

oxytocin in neural circuits that integrate the activity of neural pathways controlling the

consummatory aspects of sexual behavior (e.g., penile erection) with those controlling

sexual motivation and sexual arousal.

Vasopressin, a peptide related to oxytocin, is linked to bonding in prairie voles, which may

have similarity to bonding in men (Wang & Aragona 2004). Responding to this clue, others

have attempted to investigate the role of the vasopressin receptor gene (AVPR1A) and

infidelity (Cherkas et al. 2004). While the investigators were unsuccessful in associating

AVPRIA and infidelity and multiple partners, they did demonstrate that infidelity and

number of sexual partners were both under moderate genetic influence (41% and 38%

heritable, respectively) and the genetic correlation between these two traits was strong
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(47%). Conversely, attitudes towards infidelity were driven by shared and unique

environmental, but not genetic, influences. A pharmacological “cure” for Casanova type

behavior has not yet appeared (Kirn 2004).

The consensus of the literature supports the notion that all chemicals released in the brain in

new love ensure that we as Homo sapiens mate and stay together long enough to reproduce

or form partnerships for the long term. What happens when these love inducing messengers

subside over time? It has been assumed that most couples eventually settle down and are

happy in a more intimate and compassionate kind of love with greater commitment but

fewer thrills. Unpublished fMRI work by Blanco Aceveo at the University of California at

Santa Barbara found that brain scans of couples even after 20 years of marriage, who

claimed to be intensely in love with a strong bond, showed the same dopaminergic

activation as they would if they had just fallen in love.

Finally, it has been hypothesized that cerebral neuro-transmitters such as DA and serotonin

could play a role in human romantic bonding. Emanuele and colleagues (2007) looked for

associations between markers in neuro-transmitter genes (the serotonin transporter gene, 5-

HTT; the serotonin receptor 2A, 5HT2A; the DA D2 receptor gene, DRD2; and the DA D4

receptor gene, DRD4) and the six styles of love (eros, ludus, storge, pragma, mania, and

agape). There was a significant association between the DRD2 TaqI A genotypes and eros (a

loving style characterized by a tendency to develop intense emotional experiences based on

the physical attraction to the partner), as well as between the C516T 5HT2A polymorphism

and mania (a possessive and dependent romantic attachment, characterized by self-defeating

emotions). These associations were present in both sexes and remained significant even after

adjustment for potential confounders. These data provide strong evidence of a possible

genetic loading on human loving styles.

PATHWAYS OF SEXUAL DESIRE

It is theorized that the NAc will produce great pleasure when stimulated electrically, and it

has been called the brain's pleasure center. Some references state that the septum

pellucidium is generally considered to be a pleasure center (Walsh 1991), while others

mention the hypothalamus when referring to the pleasure center for intracranial stimulation

(Giuliano & Allard 2001; Auriacombe et al. 1990). Certain chemicals are known to

stimulate pleasure centers of the brain. These include DA and various endorphins. Physical

exertion can release opioid peptides in what is called the “runner's high,” and equally, it has

been found that chocolate and certain spices, such as those from the chili family, can cause

the release of psychoactive chemicals similar to those released during sexual acts.

Interestingly, the vanilloid receptor (VR1) is a nonselective cation channel that is most

abundant in peripheral sensory fibers but also is found in several brain nuclei. VR1 is gated

by protons, heat, and the pungent ingredient of hot chili peppers, capsaicin. A search for an

endogenous compound with potency at this receptor comparable to that of capsaicin has led

Huang and colleagues (2002) to investigate N-arachidonoyl-dopamine as an endogenous

capsaicin-like substance in mammalian nervous tissues. They found the highest

concentrations of N-arachidonoyl-dopamine in the striatum, hippocampus, and cerebellum,

and the lowest concentrations in the dorsal root ganglion. N-arachidonoyldopamine activates
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both human and rat VR1 over expressed in human embryonic kidney (HEK)293 cells, with

potency (EC(50) approximately 50 nM) and efficacy similar to those of capsaicin. This

finding may have value in the future as a potential target to anhedonia or loss of sexual

desire.

In order to understand the pathways of sexual desire, Pfaus (2009) provided insight by

defining the pathways involved in hyposexual desire. Sexual desire is controlled by brain

systems involved in sexual excitation and inhibition. Hyposexual desire may result from

hypofunctional excitation, hyperfunctional inhibition, or some mix of the two. Pfaus pointed

out that brain DA systems (incertohypothalamic and mesolimbic), which link the

hypothalamus and limbic system, appear to form the core of the excitatory system. This

system also includes melanocortins, oxytocin, and norepinephrine. Brain opioid,

endocannabinoid, and serotonin systems are activated during periods of sexual inhibition,

and blunt the ability of excitatory systems to be activated (Pfaus 2009). Pfaus supported our

proposed hypothesis: drugs that stimulate the activation of hypothalamic DA or that blunt

endocannabinoid or serotonin release and/or postsynaptic binding may be effective in

stimulating sexual desire in animals and humans.

Sexually arousing visual stimuli activate the human reward system and trigger sexual

behavior. While the assumption that men respond more than women to visual sexual stimuli

is generally empirically supported, previous reports of gender differences are confounded by

the variable content of the stimuli presented and measurement techniques. Rupp and Wallen

(2008) concluded, based on the literature, that content characteristics might differentially

produce higher levels of sexual arousal in men and women. Specifically, men appear more

influenced by the sex of the actors depicted in the stimuli while women's response may

differ with the context presented.

To dissociate gender of the stimulus from sexual preference, others studied male and female

heterosexual and homosexual volunteers while they viewed sexual and non-sexual control

stimuli. The ventral striatum and the centromedian thalamus showed a stronger neuronal

response to preferred relative to non-preferred stimuli. Likewise, the ventral premotor

cortex, which is a key structure for imitative (mirror neurons also in music activation) and

tool-related actions (canonical neurons), showed a bilateral sexual preference-specific

activation, suggesting that viewing sexually aroused genitals of the preferred sex triggers

action representations of sexual behavior (Ponseti et al. 2006). This finding has been further

documented in a number of related studies showing that men exhibited much higher levels

of genital and subjective arousal to sexual stimuli containing their preferred sex than they do

to stimuli containing only the non-preferred sex (Safron et al. 2007). Both homosexual and

heterosexual men exhibited category-specific arousal in brain activity. Within the amygdala,

greater preference-related activity was observed in homosexual men, but it is unclear

whether this is a cause or a consequence of their sexuality.

Scientists have pondered the potential differences between men and women's responses to

audio-visual sexual stimuli and what brain regions are responsible for these differences. In

one fMRI experiment from Wallen's group (Hamann et al. 2004), it was found that men and

women showed similar activation patterns across multiple brain regions, including ventral
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striatal regions involved in reward. Their findings indicate that the amygdala mediates sex

differences in responsiveness to appetitive and biologically salient stimuli. The human

amygdala may also mediate the reportedly greater role of visual stimuli in male sexual

behavior, paralleling prior animal findings (Hamann et al. 2004). Specifically, in rodents,

reproductively relevant pheromonal cues are detected by receptors in the vomeronasal

organ, which in turn transmit this information centrally via the accessory olfactory bulb, the

medial nucleus of the amygdala, the posterior medial bed nucleus of the stria terminalis and

the medial preoptic area. In the rat, more neurons are present in males than in females at

virtually every relay in this vomeronasal projection circuit. Using Fos immunoreactivity as a

marker of neuronal activation, chemosensory stimulation augmented Fos immunoreactivity

in the NAc shell and core, two regions receiving dopaminergic afferents, which further

supports our hypothesis implicating DA in sexual reward (Bressler & Baum 1996). It should

be pointed out that NAc physiology is very complex and it is not prudent simply to target

DA without considering other linked receptors such as the N-methyl-D-aspartate receptor

(Kelley, Smith-Roe & Holahan 1997).

Moreover, there is a plethora of evidence for the role of activation of the VTA in association

with sexual stimuli. However, neurobiological mechanisms of deviant sexual preferences

such as pedophilia are largely unknown. While this review does not focus specifically on

deviant sexual activity like pedophilia, we believe that neurophysiologic information on this

topic may shed light on normal sexual function and potential therapeutic targets.

According to the Diagnostic and Statistical Manual of Mental Disorders-IV (APA 1994),

pedophilia is a form of paraphilia in which a person has at least six months of recurrent,

sexually arousing fantasies and urges or behaviors involving prepubescent children

(Geoghegan 2009; Laws & O'Donohue 2008; Emmers-Sommer et al. 2004; Fagan et al.

2002). Researchers studying brain structure and function detected several differences in

structural magnetic resonance imaging (MRI) of the brains of pedophilic (and hebephilic)

men, including a lower volume of white matter than a control group. Additionally, they were

found to have a greater probability of having suffered childhood head injuries resulting in

unconsciousness, lower IQs, poorer memory tests scores, greater rates of left-handedness,

school grade failure, and less physical height (Cantor et al. 2008; Schiltz et al. 2007). They

also report that one or more neurological characteristics present at birth increased the

likelihood of being pedophilic. That, together with evidence of familial transmission

signifies that genetic factors might be important in the development of pedophilia (Gaffney,

Lurie & Berlin 1984).

Research using fMRI has shown that compared with nonpedophilic controls, pedophiles

viewing sexually arousing pictures of adults demonstrated reduced activation of the

hypothalamus (Walter et al. 2007). Cognitive dysfunction in sexual arousal processing,

possibly associated with stimulus controlled sexual compulsive behaviors, may result from a

disturbance noted (using fMRI) in the prefrontal networks of heterosexual pedophile

inpatients (Schiffer et al. 2008). Homosexual pedophiles on the other hand, showed similar

central processing of visual sexual stimuli compared to that in nonpedophile control

subjects. However, when compared with homosexual control subjects, pedophile activation

patterns referred more strongly to the subcortical regions involved in processing reward
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signals, the brain region that plays an important role in addictive and stimulus-controlled

behaviors (Blanchard, Cantor & Robichaud 2006; Blanchard et al. 2002).

There are numerous neuroimaging studies involving sexual learning behavior, cerebral

blood flow during sexual stimuli, compulsive sexual activity and clitoral stimulation

providing additional evidence for central process and reward activation (Michels et al. 2010;

Zhu et al. 2010; Georgiadis et al. 2009; Klucken et al. 2009). Figure 1 provides a schematic

summarization of the various interactions of the pathways of sexual desire.

Comorbid psychiatric illnesses like substance use disorder and personality disorders are risk

factors for acting on pedophilic urges (Blanchard, Cantor & Robichaud 2006). Additionally

Blanchard and colleagues (2002) found that the mothers of pedophiles are more likely to

have undergone psychiatric treatment. This suggests that their off-spring are therefore likely

to carry a genetic risk for psychiatric illnesses. It is quite possible that dopaminergic

activation over a long period of time may have important treatment relevance and positive

outcome value.

With this background, we present a proposed gene map specific for sexual problems,

showing the basic relationship of gene polymorphisms as risk alleles for both hedonia

(hyper-sexuality) and anhedonia (hypo-sexuality). (See Table 1.)

THE NEUROGENTICS OF SEXUAL PROCLIVITY: SEXY GENES

It is our hypothesis that both hedonic and anhedonic behaviors are outcomes in-part of an

individual's risk alleles for these behaviors and that treatment resides in appropriately

targeting these identified polymorphisms. Moreover, treatment response also depends on

these risk alleles and provides important rationale for pharmacogenetic testing and

pharmacogenetic/nutrigenomic solutions.

Following the controversial initial finding by our group (Blum et al. 1990), whereby we

provided the first evidence for an association of the DRD2 A1 allele and severe alcoholism,

there have been 3,101 articles in PUBMED (7/23/11) on this most widely studied

psychiatric gene polymorphism and associated behaviors and physiology. However, there is

a paucity of data linking sexual activity (Miner et al. 2009) to this and other related genes in

spite of the overwhelming evidence of mesolimbic activation, especially in dopaminergic

pathways and neuronal loci related to sexual stimuli and activity. It is noteworthy that Blum

and Noble (1994) correctly classified the DRD2 gene as a generalized reward gene

independent of any particular drug of abuse or reward deficiency syndrome (RDS) behavior.

In fact, Bayesian theorem analysis indicates that carriers of the Taq A1 allele will have a

74% chance that over their lifetime they will have a rendezvous with one or more RDS

behaviors including sexual addiction (Blum et al. 1996a, b).

MEN ARE FROM MARS AND WOMEN ARE FROM VENUS

The first association of any gene polymorphism and sexual activity did not occur until

Miller and colleagues (1999) evaluated a number of dopaminergic genes. The basic finding

is that the dopaminergic system in the brain seems to play an important role in the regulation

Blum et al. Page 11

J Psychoactive Drugs. Author manuscript; available in PMC 2014 June 02.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



of sexual behavior. The relationship between genes for the D1, D2, and D4 DA receptors

and age at first sexual intercourse was examined in a sample consisting of 414 men and

women (non-Hispanic, European-American). A significant association was observed

between a DRD2 allele and age at first sexual intercourse, and an even stronger association

was found when both the DRD1 and DRD2 alleles were incorporated into the statistical

model. A constrained regression model was constructed predicting age at first sexual

intercourse, using sex and a group of nine psychosocial variables as predictors. Adding the

DRD2 and the DRD2-by-DRD1 predictors to this model increased the explained variance by

23% and 55%, respectively. The fact that these findings suggest a stronger association

among males than among females is in agreement with the recent work of others showing

higher sexual stimuli response in males than in females (Hamann et al. 2004). So maybe

“men are from Mars and women are from Venus,” and this even may be true for cocaine

abuse (Quiñones-Jenab 2006). Specifically, both preclinical and clinical studies have shown

sexually dimorphic patterns in behavioral responses to cocaine in all phases of the cocaine

addiction process (induction, maintenance, and relapse). Thus, a clear picture is emerging

that suggests that the biological basis of sex-specific differences in cocaine addiction resides

in the disparate regulation of the central nervous system by male and female gonadal

hormones, and may be predictive on the basis of DRD2 gene polymorphisms (Noble et al.

1993). Moreover, it is known that genetic associations between COMT and various

psychiatric phenotypes frequently show differences between men and women. The

functional Val(158)Met polymorphism in COMT is associated with obsessive-compulsive

disorder in men, with anxiety phenotypes in women, and has a greater impact on cognitive

function in boys than girls (Harrison & Tunbridge 2008; Delorme et al. 2009).

While Miller and colleagues (1999) did not find an association of the polymorphisms and

the DRDD4 gene and age at first sexual intercourse, others found signifi-cant associations in

certain ethnic groups. Specifically, their analysis of the polymorphisms in DRD4 indicated

that those with any-3R genotype experienced a significantly higher risk of early onset of

first sexual intercourse than those with other (or any-4R) genotype in a large sample

consisting of Asian, White, and Hispanic ethnicities. Interestingly, the risk of first sex did

not differ between the two genotypes in the African-American sample, raising the question

of cultural upbringing (Guo & Tong 2006).

It is noteworthy that sexual experience, like repeated drug use, produces long-term changes

including sensitization in the NAc and dorsal striatum. Bradley and colleagues (2005) while

studying hamsters using microarray analysis found that the sexual experience in either male

or female animals differentially up- or down-regulated mRNA expression of a series of

genes in the NAc. They found that in comparison with sexually naive animals, sexually

experienced hamsters receiving a stimulus male on week seven exhibited an increase in a

large number of genes. Conversely, sexually experienced female hamsters not receiving a

stimulus male on week seven exhibited a reduction in the expression of many genes.

According to the authors, this first ever gene profiling in female hamsters may provide

insight into the mechanisms by which both motivated behaviors (sex) and drugs of abuse

induce long-term changes in the mesolimbic and nigrostriatal DA pathways.
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It is of further interest that chronic self-stimulating reward experiences in self-stimulation-

experienced rats (measured through bipolar electrodes, stereotaxically implanted bilaterally

in the lateral hypothalamus and substantia nigra-VTA), have been found to induce a

significant increase in the number of synapses in the CA3 region of hippocampus and the

molecular layer of the motor cortex. In essence, chronic brain stimulation induced long-term

potentiation, which is known to increase new synaptic connections (Rao, Raju & Meti

1999). Similarly, a single exposure to cocaine in naive animals was sufficient to trigger

sustained changes on VTA glutamatergic synapses that resemble activity-dependent long-

term potentiation in other brain regions. This cocaine-induced long-term potentiation

appears to be mediated via DA D(5) receptor activation of N-methyl-D-aspartate receptors

and requires protein synthesis (Heshmati 2009). This again supports the premise proposed

herein that drugs and sex might have common neurochemical substrates.

Empirical research has revealed a positive relationship between the number of sex partners

and involvement in antisocial behaviors. Most attempts to explain this association have

taken an evolutionary perspective and argued that the same traits (e.g., impulsiveness,

shortsightedness, and aggressiveness) that are related to a large number of sex partners are

also related to criminal involvement. However, there is also reason to believe that the

covariation between sex partners and crime behaviors can be partially explained by a

common genetic pathway, where genes that are related to sex partners are also related to

antisocial conduct. Using the above described rationale, Beaver and colleagues (2008) found

that a strong positive association between numbers of sex partners and antisocial behavior

and polymorphisms of the DA transporter gene (DAT1) explained variation in both number

of sexual partners and in criminal conduct for males. The polymorphic effect of the DAT1

gene and the number of sexual partners may be due to an association found between certain

polymorphisms and male premature penile ejaculation. Carriers of the 10R10R genotype

had scores indicating a lower threshold to ejaculate on each of the indicators compared to

the combined 9R9R/9R10R carrier group (Santtila et al. 2010). Polymorphisms of the DAT1

gene, specifically the 10R10R genotype, have been found in juvenile delinquents attending a

school for pathological aggressive behaviors including antisocial behavior (Chen et al. 2007,

2005). A positive correlation of the DRD2 and of the DAT1 polymorphisms was observed

with pathological violence in adolescents in a blinded clinical trial. Moreover, though

initially conceptualized as resulting from peer imitation of child-onset or life-course-

persistent youth, there is mounting evidence from twin studies that adolescent-onset or

adolescent-limited antisocial behavior may also be genetically influenced. Burt and

Mikolajewski (2008) not only confirmed these findings with the DAT1 gene but extended

the findings to include the His452Tyr variant of the gene encoding the 5-HT2A receptor as

well.

GENETIC AND MEME EVOLUTION: HUMAN PROCREATION-GENE BOMB

CONCEPT

In his writings about sexuality and personality, Eysenck (2006, 1997) proposed a positive

correlation between extraversion and intensified sexual behavior and between neuroticism

and problems in sexual behavior (antisocial behavior). An earlier study with married persons
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did not show any of these correlations. It was hypothesized that this connection exists only

for unmarried persons who are not engaged in long-lasting relationships, because in the

latter the quality of the relationship determines the sexual interaction. Within a sample of

young unmarried men there was a positive correlation between extraversion and items in

which the person described earlier sexual activity with more persons and in higher

frequency. No correlation was found with neuroticism. There were also slight correlations

with other personality and social attitude scales. Because of the correlation with an acting

out personality scale, the findings were interpreted from a social-psychological perspective.

In our culture, young men are expected to take the initiative in sexual interactions, and

extraverted young men can accomplish this better than introverted men (Addad & Lesiau

1989). This is in direct agreement with Richard Brodie's (1996) idea on selfish genes of the

mind. When considering DNA, anthropologists would agree that humans must “go forth and

multiply.” However, biological evolutionary advances are slow compared with meme

evolution in which an idea can mutate in the time it takes to read a sentence. If there are

genes that give people the tendency to take on memes that limit their number of off-spring,

they will die out in a few generations in favor of genes that give people a tendency to

acquire children. Unfortunately a number of studies suggest that Homo sapiens having lower

IQs have been increasing in the twentieth century. The rate of decline is at least 0.8 IQ

points per generation (Herrnstein & Murray 1994).

Extraordinarily, it turns out that since extraversion is linked to increased sexual activity,

especially in males, and quantitative geneticists estimate the heritability of extraverted

personality to be around 40% to 60%, it was intuitive that Smillie and associates (2010)

studied and found that one copy of the DRD2 gene A1 allele was associated with

significantly higher extraversion. This raises an interesting question in terms of human

procreation first suggested by Comings (1996). Because of their marked effect on

reproductive behavior, the learning disorders as well as impulsive, compulsive, aggressive,

and addictive disorders (DRD2 A1 associated) have the ability to result in progressive and

permanent changes in the frequency of the associated genes; a potential consequence could

be a genetic meltdown of the species.

In his book, The Gene Bomb, Comings (1996) provided evidence that people with addictive-

disruptive behaviors have children early in their lives, which can impact the selection of

addiction genes like the DRD2 A1 allele. For example, if individuals carrying this disruptive

risk allele have children at 20 years of age, and individuals without this allele have children

at age 25, the mutant gene will reproduce faster, namely every 20 years, while the normal

form of the gene will reproduce every 25 years. The ratio of 25/20 is 1.25; thus, the rate at

which a gene that has a 1.25-fold selective advantage will increase in frequency from

generation to generation. A difference of five years in the age of mothers or fathers when

they have their first children is sufficient to result in a significant and relatively rapid

selection for genes carried by group initiating childbearing at an earlier age. Increases in a

number of RDS behaviors have been documented from 1955 to the present. These increases

include adolescent behavior syndrome (drugs, sex, teen pregnancies and delinquent

behaviors, smoking), conduct disorder, crime, drug abuse, alcoholism, unprotected sexual

behavior, school drop outs and expulsions, as well as concomitant decreases in IQ. These
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results are based on the Berkeley study utilizing longitudinal data from the Child Health and

Developmental studies and the National Longitudinal Surveys of Youth. Utilizing this

information, Comings suggested that from 1955 to 2015, there will be a doubling of the

frequency of, for example, the DRD2 A1 allele, therefore increasing the prevalence of RDS

behaviors including precocious sexual intercourse (Guo & Tong 2006; Miller et al. 1999).

PRACTICE MAKES PERFECT

Precocious sexual intercourse often leads to multiple partners and increased frequency of

sexual activity. The old adage “practice make perfect” makes sense when it comes to the

sexual experience of females. In what we consider to be a nonhuman animal model of RDS,

Kohlert and Meisel (1999) examined the effects of prior sexual experience on extracellular

concentrations of DA in the NAc of female Syrian hamsters, known to drink abnormal

amounts of alcohol when given a choice between alcohol and water solutions. The NAc DA

was measured by in vivo microdialysis during mating in female hamsters that had previously

been given either three or six prior sexual encounters with a male, or were sexually naive.

They found females that received six prior sexual encounters had significantly elevated and

prolonged increases in dialysate DA compared with those of the sexually naive females or

females with only three prior sexual encounters with a male. The data indicated that the

mesolimbic system could be sensitized by repeated experiences associated with a motivated

behavior. This study seems to support the well documented notion held by sexologists that

there is a powerful rise of NAc DA in males following sexual intercourse coupled with a

rapid fall below baseline, whereas DA in the NAc in females increases more slowly but can

be prolonged during increased sexual arousal leading to the potential of female multiple

organisms (Chia & Chia 1991; Dunn & Trost 1989).

The importance of DA release in the NAc in both males and females in terms of sexual

behavior has been further characterized by mouse studies initiated by Szczypka and

colleagues (1998). In their studies, mice unable to synthesize DA in dopaminergic neurons

were generated by gene targeting. These dopamine-deficient mice required daily

administration of 3,4-dihydroxyphenylalanine (L-dopa) for survival beyond two to three

weeks of age. This treatment stimulated mounting and aggressive behavior of adult

dopamine-deficient males toward both male and female mice. They also found a number of

interesting outcomes:

• Non-specific DA agonist (apomorphine) stimulated aggression and mounting

behavior.

• Specific D1 agonist (SKF 81297) stimulated aggression and mounting behavior.

• Specific D2 agonist stimulated aggression and mounting behavior.

• DA-stimulated sexual behavior was testosterone dependent in mice.

DA is implicated in penile erection in rats through activation of D2-like receptors. However,

the exact role of each subtype (D2, D3, and D4) of this receptor family in penile erection

still is not clearly elucidated. There have been a few reports indicating that D4 agonists

induce penile erection through a central mechanism, and polymorphisms of this specific

gene are involved in human sexuality, desire, and arousal (Ben-Zion et al. 2006). Most
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recently Depoortère and colleagues (2009) reported data that did not support a major

implication of either DA D3 or D4 receptors in the control of penile erection in rats, but

indicated a preponderant role of DA D2 receptors.

Along these lines, specific dopaminergic genes seem to play a role in human sexual desire,

arousal, and sexual function, and a number of genes have been associated with male and/or

female sexual dysfunction. Complete sequencing of the human genome has made possible a

new age of molecular medicine. The utilization of sophisticated genomic technologies has

important implications for the understanding, diagnosis, and treatment of erectile

dysfunction.

Briefly, preclinical evidence emerging from several laboratories indicating that gene therapy

for erectile dysfunction may well provide the first safe and effective application of gene

therapy to the treatment of human smooth muscle disease (Melman & Davies 2010). The

molecular targets explored thus far have concentrated largely on manipulating various

aspects of the nitric oxide/guanylate cyclase/cGMP system, although genetic modulation of

growth factors, calcium sensitization mechanisms, and potassium channel expression also

have been explored.

Additionally, cell-based gene therapy techniques are being explored. The apparent

preclinical success of virtually all of these gene-based strategies reflects the multi-factorial

nature of erectile disease, as well as the numerous regulatory mechanisms available for

restoring erectile capacity. While technical hurdles remain with respect to the choice of

delivery vectors, molecular target validation, and duration of efficacy, proof-of-concept has

clearly been documented. An ultimate goal of gene therapy is to provide a safe, effective,

and specific means for altering intracavernous pressure on demand, while simultaneously

eliminating the necessity for other forms of therapy, and moreover, without altering resting

penile function, or the physiology of other organ systems.

GENETICS OF SEXUAL DYSFUNCTION: BIRDS OF A FEATHER FLOCK

TOGETHER

In the 1980s, Cocores and colleagues (1988) studied the relationship between sexual

dysfunction and drugs of abuse. Because alcohol abuse and cocaine dependence often

occurred together, and sexual dysfunction was not uncommon in either condition, they

examined the sexual history of this dually addicted population. Sexual dysfunction was

found in 62% of male cocaine and alcohol abusers consecutively admitted to a substance

disorder treatment unit. Interestingly, the sexual dysfunction observed in cocaine and

alcohol abusers was overcome by a specific D2 receptor DA agonist. Certainly, anhedonia

and loss of interest in sex is common in end stage addictions (Gold 1988; Cocores, Dackis &

Gold 1986). These studies confirmed the earlier work of Vijayasenan (1981), who found that

71% of alcoholic patients suffered from sexual dysfunction for a period more than 12

months prior to admission to a hospital. The disturbances noted were diminished sexual

desire, impotence, premature ejaculation, and ejaculatory incompetence. A high proportion

of the alcoholics showed signs of sexual deviations, such as performance of sexual crimes or

having repeated thoughts of sexual crimes. It is important to acknowledge that sexual
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assaults are proven to be motivated by hostility, power, and control. They are not motivated

by sexual desire. Alcohol does not cause sexual deviation. It is demonstrated to decrease

inhibitions, thereby allowing people to act on prior thoughts, including sexual crimes or

deviations.

Interestingly, Delmonico and Carnes (1999) reported on an overlap of cybersex and sexual

addiction. This is not surprising when we consider the known relationship between the DA

D2 A1 allele and hypersexuality (Miller et al. 1999) and addiction to Internet gaming, with

special emphasis on mesolimbic DA release (Koepp et al. 1998). Specifically, excessive

Internet video game play has emerged as a leading cause of behavioral and developmental

problems in adolescents. Recent research has implicated the role of the striatal dopaminergic

system in the behavioral maladaptations associated with such excessive Internet video game

play. In a study by Han and colleagues (2007), 79 male excessive Internet video game

playing (EIGP) adolescents and 75 age- and gender-matched comparison adolescents were

recruited. Associations were tested with respect to the Reward Dependence scale in

Cloninger's Temperament and Character Inventory and the frequencies of two DA

polymorphisms: Taq1A1 allele of the DA D2 receptor (DRD2 Taq1A1) and Val158Met in

the Catecholamine-O-Methyltransferase (COMT) genes. The Taq1A1 and low activity

(COMTL) alleles were significantly more prevalent in the excessive gaming group relative

to the comparison group. The present excessive gaming group had significantly higher

Reward Dependence scores than controls. Within the EIGP group, the presence of the

Taq1A1 allele correlated with higher RD scores. These findings suggested that excessive

gaming subjects have higher reward dependency and an increased prevalence of the DRD2

Taq1A1 and COMTL alleles. In particular, the DRD2 Taq1A1 allele seems to be associated

with reward dependence in adolescents who excessively play video games on the Internet.

Since cybersex seems to constitute a distinct typological category in terms of sexual

addiction, we wonder if individuals having this behavior may not have a conscious choice,

and may be biologically tied to cyberspace and Internet addiction as a function of specific

dopaminergic gene polymorphisms.

Exploring multiple genotypes and polymorphisms of neurotransmitter pathways, Gelernter's

group at Yale University (Yang et al. 2008) found that of all genes involved in substance use

disorders, the most robust association occurred with the DRD2/ANKKI gene loci.

Specifically, the association with substance use disorder was between 10−7 to 10.−9 They

concluded that variants in the chromosomal q11-23 cluster including TTC12 exon 3,

NCAM1 exon 12, and the two 3’-ends of ANKK1 and DRD2 co-regulate risk for alcohol

and drug dependence. Based on this and other work, Chen and colleagues (2011) proposed a

candidate-gene panel map to follow drug addiction reward genes (see Table 2).

It has been found that deltaFosB gene in the NAc is critical for reinforcing effects of sexual

reward. Pitchers and colleagues (2010) reported that sexual experience was shown to cause

DeltaFosB accumulation in several limbic brain regions including the NAc, medial pre-

frontal cortex, VTA, caudate, and putamen, but not the medial preoptic nucleus. Next, the

induction of c-Fos, a downstream (repressed) target of DeltaFosB, was measured in sexually

experienced and naive animals. The number of mating-induced c-Fos-IR cells was

significantly decreased in sexually experienced animals compared to sexually naive controls.
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Finally, DeltaFosB levels and its activity in the NAc were manipulated using viral-mediated

gene transfer to study its potential role in mediating sexual experience and experience-

induced facilitation of sexual performance. Animals with DeltaFosB overexpression

displayed enhanced facilitation of sexual performance with sexual experience relative to

controls. In contrast, the expression of DeltaJunD, a dominant-negative binding partner of

DeltaFosB, attenuated sexual experience-induced facilitation of sexual performance, and

stunted long-term maintenance of facilitation compared to DeltaFosB overexpressing group.

Together, these findings support a critical role for DeltaFosB expression in the NAc in the

reinforcing effects of sexual behavior and sexual experience-induced facilitation of sexual

performance.

Furthermore, both drug addiction and sexual addiction represent pathological forms of

neuroplasticity along with the emergence of aberrant behaviors involving a cascade of

neurochemical changes mainly in the brain's rewarding circuitry. The aberrant behavioral

phenotypes can be assessed by an animal model of drug-induced behavioral sensitization,

which is characterized by an initiation stage formed in the VTA, and a behavioral expression

stage determined mainly in the NAc. Numerous studies during past decades have

demonstrated that the mesocorticolimbic DA pathway plays an essential role in the

development of behavioral sensitization. Moreover, a series of cellular signaling pathways

and gene expression determine the severity of addictive behaviors. In addition to the well-

characterized DA D1 receptor-mediated cAMP/protein kinase A up-regulation in the NAc,

recent reports indicated the cellular mediator DA- and cAMP-regulated phospho-protein of

32 kDa (DARPP-32) and transcription regulator DeltaFosB are associated with the accumbal

protein kinase A pathway to modulate the development of behavioral sensitization. The

finding of cAMP-independent and DA D2 receptor-mediated Akt/GSK3 in activation in the

NAc of behaviorally sensitized animals implies that a signal cascade down-stream of both

DA D1 and D2 receptors comprises the mainstay of the addiction network. This review

outlines the cellular pathways that have been demonstrated to participate in psychostimulant

addiction, focused particularly in the NAc (Chen, Chen & Chiang 2009).

CASE REPORTS AND COMMENTARY

Individuals often develop sexual disorders or deviations based on their life experiences,

which may influence specific gene expression(s). Utilizing case studies, we demonstrate

some of the ramifications of individuals’ life experiences on the development of these

deviations.

Roger

Roger is the owner of a restaurant/strip club. Roger initially contacted a mental health

treatment center for treatment of his cocaine and alcohol abuse and depression. During

group discussions of family relationships, he discussed how he started drinking in his early

teens to deal with the stress of his mother's many abusive relationships with men. His

mother had a string of live-in boyfriends, and many were physically violent toward her and

Roger. Roger remembers many incidences where he would attempt to intervene during the

abuse of his mother. This intervention often involved physical altercations, one of which

sent Roger to an emergency ward for a broken arm. After this occurred, child protective
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services became involved. Faced with the possibility of losing custody of Roger, his mother

broke up with that boyfriend and promised to find a father/husband who would treat them

well. Eventually his mother met a man she married who, while not abusive, was extremely

controlling of every aspect of their family life.

As an adult, Roger continued to drink and started using cocaine to help with alertness at

work. He has never been married but has had a series of relationships with strippers who

work in his club. As each of these relationships developed he would want them to stop

stripping and move in with him, where he provided for all of their financial needs. Once a

woman moved in, his interest would diminish, and he would begin flirtations with strippers

currently working in the club. Eventually his frequent indiscretions would be discovered by

his current girlfriend, causing arguments and culminating in a breakup.

Roger felt that he had “something missing.” He was always hopeful at the beginning of a

relationship, and his drinking and substance abuse would briefly subside. During the cycle

of rapid diminishment in his sexual interest, he would feel guilty and ashamed of his lack of

ability to connect. He would start cheating and escalating his drinking and substance abuse.

In this case, we asked the question as to parental rearing which can be related to genetic hard

wiring. In a study by Keltikangas-Järvinen and others (2009), the DRD2 gene polymorphism

was not directly associated with novelty seeking, but there was a statistically significant

interaction between DRD2 and strict maternal disciplinary style in predicting novelty-

seeking. The interaction showed that when the child-rearing environment was punitive,

participants carrying any A1 allele of the DRD2 gene had higher scores on novelty seeking

than carriers of the A2/A2 genotype. The genotype had no effect on novelty seeking when

the childhood environment was more favorable. The findings suggest that the DRD2 may

have an environmentally moderated impact on novelty-seeking and that the origins of such

an association may result from abuse in childhood.

Amy

Amy was court ordered for inpatient treatment of her alcohol abuse after her second DUI

offense. After Amy was in the hospital for a couple of days, her roommate went to one of

the counselors and expressed concern because Amy was vomiting after every meal. The

counselor encouraged the roommate to bring up her concerns in the next group session.

Later that day in the group, Amy admitted that she was worried about how much more she

was eating since being in treatment and she was trying to control her weight by vomiting.

This was something she had done in the past whenever she felt that her weight was out of

control.

The treatment team decided to expand Amy's individual therapy sessions to further explore

the possibility that she may have an eating disorder. Several days later, while in a therapy

session, Amy demanded to be discharged because she had been the victim of sexual

misconduct by one of the male staff members. The facility medical director began

interviewing Amy and all of the staff to investigate Amy's claim.

During her interview Amy was tearful and expressed a great deal of hostility towards the

staff member who she claimed made sexual advances towards her. She said that he had
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made several sexually suggestive comments and tried to come into her room when he knew

she was disrobed. Amy expressed her feelings that this was just another event in a long

chain of victimization by men in her life including extreme verbal abuse by her father and

date rape while in college. When the medical director tried to elicit specific details of what

occurred with the staff member, Amy became completely overwrought and refused to

answer any further questions.

During his interview, the staff member had a very different account of events. He claimed

that Amy began flirting with him from first contact. She would make a point to touch his

arm or shoulder whenever she was speaking with him and also made several personal

remarks about his appearance including how fit he was. The staff member said that he

ignored these incidents, hoping Amy would discontinue her actions.

On the day of the incident, the staff member said that he went into Amy's room to get her up

for her therapy session, because her roommate said that she refused to get out of bed. When

the staff member went into her room to try to wake her, Amy tried to kiss him. He

immediately pushed her away and left the room. The staff member informed his supervisor

what had occurred during the time that Amy was in her therapy session.

Subsequently, after an extended interview, Amy admitted that the staff member had not

approached her and that she approached him. She said that she felt embarrassed and hurt by

his rejection and she blamed him in order to retaliate.

Later during group sessions when the incident was discussed, Amy admitted that she did not

know how to relate to men other than sexually and that she felt that there was something

missing in her if she was not in a sexual relationship. She worried that she is incapable of

ever being truly satisfied, since even when she had a long-term boyfriend she was always

flirting and occasionally cheating to feel attractive and desirable.

This may be a case where “no satisfaction” could be lack of sufficient DA D2 receptor

density. Interestingly it has been addressed by Vaske and colleagues (2010), using data from

the National Longitudinal Study of Adolescent Health (also called Add Health) to

investigate whether variants of a polymorphism in the DA D2 receptor gene (DRD2)

distinguish between offenders who are violently victimized and offenders who are not

violently victimized. The results showed that offenders who are violently victimized are

more likely to carry the DRD2 (A1) risk allele than offenders who have not been violently

victimized. This may have relevance to Amy's case and may be related potentially to her

being a rape victim.

It is imperative for clinicians to understand that individuals with sexual disorders (a

subclassification of RDS) often have other presenting complaints on their initial presentation

for treatment. It is not uncommon for these individuals to present for treatment of mood

disorders or substance abuse. An intake assessment necessitates inclusion of a thorough

psychosocial history, including direct inquiries with regards to the patient's sexual history

and behaviors. Even with this type of direct questioning, many patients will not fully

disclose their activities and concerns during the first few appointments. Therefore, it remains

important for clinicians to re-address the psychosexual history multiple times throughout
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treatment. Disclosure is the first step to being able to integrate past history and interpersonal

interactions with the development of sexual disorder symptoms. Being able to integrate the

two and helping the patient to identify the underlying connections is one of the first and

most important tasks of treatment.

NEW ROMANTIC LOVE

Under normal conditions, it is not surprising that sexual activity is physiologically regulated

by the reward circuitry of the brain, specifically by dopaminergic pathways (see Figure 1).

Moreover, the early stages of a new, romantic relationship can be a powerful and absorbing

experience. Individuals in new romantic relationships report feeling euphoric and energetic.

They also become emotionally dependent on, desire closeness with, and have highly focused

attention on their partner (Reynaud et al. 2010; Young 2009). Human neuroimaging studies

have shown that feelings experienced during the early stages of a romantic relationship are

associated with neural activations in several reward-system and affect-processing regions of

the brain (Young 2009; Aron et al. 2005; Bartels & Zeki 2000; Mashek, Aron & Fisher

2000). Those studies displayed pictures of participants’ own romantic partners to evoke

acute positive affects and self-reported feelings of love.

In one such fMRI study, Aron and colleagues (2005) instructed participants in new romantic

relationships to view pictures of their partner and pictures of a familiar acquaintance who

were the same age and sex as the participant's partner. Neural activations specific to viewing

pictures of the romantic partner were observed in several reward-processing regions, such as

the bilateral caudate nucleus and the right VTA. An earlier fMRI study using a similar

protocol reported neural activations specific to the romantic partner pictures in reward

regions such as the bilateral caudate nucleus and bilateral hippocampus (Bartels & Zeki

2000).

The activation of reward structures caused by viewing pictures of a romantic partner has

also been confirmed in a Chinese sample, suggesting the phenomenon may be culturally

universal (Xu et al. 2011). Collectively, these neuroimaging studies demonstrate that

reward-system activation is a central component of self-reported feelings of love in new

romantic relationships. While this may be true for normal romantic kind of love

relationships, as detailed in this review, impairments of the mesolimbic system promote

unhealthy sexual activity and potentially sexual abuse.

CONCLUSIONS

Drug addiction as well as sexual addiction are pathological forms of neuroplasticity that

along with the emergence of aberrant behaviors involve a cascade of neurochemical changes

mainly in the brain's reward circuitry. Aberrant behavioral phenotypes can be assessed by

nonhuman animal models of drug-induced behavioral sensitization, which is characterized

by an initiation stage formed in the VTA, and a behavioral expression stage determined

mainly in the NAc. Numerous studies during past decades have demonstrated that the

mesocorticolimbic DA pathway plays an essential role in the development of behavioral

sensitization.
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Being cognizant of this well-established mechanism, we believe that future research will

continue to use research techniques such as neuroimaging and genotyping to unravel the

biogenetic basis of human sexuality. We propose herein, that a challenge for sex therapists is

to promote healing in those individuals caught up in sexual abuse, as either the victim or the

victimizer, by finding therapeutic modalities that will enhance dopaminergic activity,

overcoming hypodopaminergic function due in part to polymorphisms of known genes

involved in the regulation of reward mechanisms and resultant dopaminergic function (Blum

et al. 2010a, b).
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FIGURE 1. Summary of a Model of Common Mesolimbic Activation as a Function of Reward
Gene Polymorphisms (color figure available online)
The nucleus accumbens, a site within the ventral striatum, mediates motivated behaviors

such as feeding, drinking, and sexual behavior, which are elicited by natural rewards or

incentive stimuli. A basic rule of positive reinforcement is that motor responses will increase

in magnitude and vigor if followed by a rewarding event. Here we hypothesize a common

mechanism of action that all addictions have on human motivation, with common molecular

genetic antecedents, which if impaired, lead to aberrant behaviors.
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TABLE 1 Proposed Gene Map for Hyper-Sexual and Hypo-Sexual Function

Gene Name Hypersexual Hyposexual Gender Polymorphism

Dopamine D2 Receptor Applicable N/A M/F Taq A1 allele

Vasopressin Receptor Applicable N/A M/F AVPR1A repeat polymorphisms (RS3)

5hydroxytrypta-mine Receptor 2A (HTR2A) Applicable N/A M/F C516T

Oxytocin Receptor (OXTR) Applicable N/A F rs1042778

Estrogen Receptor (ER) N/A Applicable F XbaI and PvuII

MTHFR Applicable N/A F 1298C allele or 677TT

Dopamine D4 Receptor Applicable N/A M/F Any 3 R Not 4 R

5hydroxytrypta-mine Receptor 2A (HTR2A) N/A Applicable M/F T102C

Nitric Oxide Synthase (eNOS) N/A Applicable M G894T

GRIK4 (Glutamate Receptor) N/A Applicable M/F rs1954787

Serotonin Transporter Gene N/A Applicable M LL variant
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TABLE 2 Proposed Drug Addiction Reward Gene Panel

Gene Significant Comment

ALDH2
** P = 5 × 10–37 With alcoholism and alcohol-induced medical diseases.

ADH1B
** P = 2 × 10–21 With alcoholism and alcohol-induced medical diseases.

ADH1C
** P = 4 × 10–33 With alcoholism and alcohol-induce medical diseases.

DRD2
* P = 1 × 10–8 With alcohol and drug abuse.

DRD4
* P = 1 × 10–2 With alcohol and drug abuse.

SLC6A4
** P = 2 × 10–3 With alcohol, heroin, cocaine, methamphetamine dependence

HTRIB
* P = 5 × 10–1 With alcohol and drug abuse.

HTRI2A
* P = 5 × 10–1 With alcohol and drug abuse.

TPH
* P = 2 × 10–3 With alcohol and drug abuse.

MAOA
* P = 9 × 10–5 With alcohol and drug abuse.

OPRD1
** P = 5 × 10–1 With alcohol and drug abuse.

GABRG2
** P = 5 × 10–4 With alcohol and drug abuse.

GABRA2
* P = 7 × 10–4 With alcohol and drug abuse.

GABRA6
** P = 6 × 10–4 With alcohol and drug abuse.

COMT
* P = 5 × 10–1 With alcohol and drug abuse in Asians.

DAT1
* P = 5 × 10–1 With alcohol and drug abuse in Asians.

CNR1
* P = 5 × 10–1 With alcohol and drug abuse.

CYP2E1
** P = 7 × 10–2 With alcohol liver disease.

ANKKI
** P = 5 × 10–6 With alcohol and drug abuse.

Reproduced from Chen et al. 2011. Independent analysis by Li, Zhao, and Galanter presented at XVII World Congress of Psychiatric Genetics
Abstract (#ECI16) Nov 4–8, San Diego, CA 2009.

*
US and European patents issued

**
US & PTC pending
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