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Abstract

Despite progress that has been made in the treatment of obesépjdémmic continues to rise
worldwide. While pharmacological treatment of obesity may be effective, medicatignsave
significant side effects and can be potentially fakhis review will provide significant evidence

to substantiate the existence Beward Deficiency Syndromea Obesity and the role of
catecholaminergic pathways in aberrant substance seekingidreha particular cravings for
carbohydrates. The genetic basis for generalized craving behavior will be established. Evidence
to support the augmentation of precursor amino acid therapy and enkephalinase, MOA and
COMT inhibition leading to enhanced kg of neurotransmitters: serotonin, enkephalins,
GABA and dopamine/norepinephrine as well increasing insulin sensitivity (affecting dopamine
neuronal synthesis regulation) through the use of certain neurometabolic optimizers will also be
provided. This reiew article cites many published studies to support a conceptual paradigm shift
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towards the use of this proposed nutrigenomic formula. The analysis and research preceding this
formulation is outlined. This formulation has a generalized-@atting effe¢ and can inhibit
carbohydrate bingeing, inducing significant healthy fat loss and prevention of relapse. This is the
first time that components of this formula have been combined, at the dosage levels indicated
with the goal of promoting successful andtsinable body recomposition. We are encouraging
other laboratories to further evaluate  Neuroadtagen ARAmAd  Therapy
(NAAT)/Nurometabolic optimizers as a putative amltiesity complex in larger controlled
blinded studies and await interpretation of nthsse needed studies.

Keywords: NAAT, Dopamine, Gees, Polymorphisms, Obesity, Craving Behavior, Overeating,
Reward Deficiency Syndome, Nutrigenomics

Background

It is well-known that there is indeed an obesity epidemic worldwladealter this trendnew

strategies and programs for weight maintenance as well as weight reduction must become a high
public health priority. Our take on this, I s
will be doomed to fail. We must first begin to understaod the brain controls eating behavior

and what are the genetic antecedents to abnor
have attempted to provide a coherent detailed account accompeitiiechany data driven
referenceso carefully framehese new but important concepts.

fWeight loss 06 Awei ght gai no aard hefmes cogimdn tesmasadatg e me n t
express changes body composition, particularisegardingfat massHowever,this reviewwill

present evidence showing ththe foc.so N A w esthg Imaircriteria for measumentis in
contradiction to the@aturalsequence gbrocessefn recompositionaimetabolism Given that fat

is the lightest of pertinent macro molecules and more importantly, fat is usually the last to go in
thebody recomposition pr oc erasingpprogtiatenegpectationsu t A w
and does not provide a accurate perspective forevaluaing heathy changes in body
composition Fat metabolism is influenced byany factors from genetics to lifgkt and the

efficiency of energy metabolisniExisting fiweight los® tactics for the most part have failed to

provide successful means to achieve sustainable healthy body compositiorpemee healthy

fat loss.Commercializedfiweight los® programs, evemedically supervised versions, do not
consi dermphbb[glcndbure of genetically regul at ed
mechanisms that mandate preservation of body fat stores against famine and survival threats
simulated by aggressive weight losstics during phase Eurther, existing tactics place an
erroneous emphasis on caloric intake to the exclusion of considering nutrient quality and density

of those calories, a factor far more important to metabolic competence than calorieJ lai®ne.

review provides support for a novel body recomposition aedlthy body masmanagement
technology. A unique formula and method to safely and naturally induce effective body
recomposition and achieve healtbgdy massnanagement objectives is presented. Tiagel
technologycontrasts with existing tactics to manipulate body composition in that it is based on

the fact that sufficient nutrition (as opposed to just calories) is required tafumnde range of
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factors involved in achievingealthy and efficienietabolicfunction. This technology combines
synergisticnutraceuticaingredients necessaty simultaneoushaddress symbiotimechanisms

that promote healthy metabolism in the energy management system, stress and inflammation
management system, the gdaire/food craving management sysfeontrolled by the braix the

immune management system and the neuroendocrine systpartantly, these five systenase
homeostatic and intimatelynteractive and interdependent in ensuring optimal metabolic
function This novel nutraceutical technologgptimizes genetically programmed energy
expenditure and storage functions, without
consequences. n contrast to conventional short term
expected since the need to improve the health of the cellular energy producing apparatus might
first result in increased muscle density and weiglgt a that i3 needed to promote healthy and
permissible fat oxidation and lost fact, a more normal and expable sequence of events

might includeinitial water weight lossincreasednuscle density and weight (muscle is heavier

than fat and waterpllowed by permissible fat loss, which could take many months to achieve.

Such a sequence could and has contrébuiite disappointment with shotermfi we i g h t | 0s s
results and abandonment of more intelligent programs that would lead to sustainable fat loss
useingthe healthy body recomposition dynamic.

Various minerals have been shown to be important in funding elsstting up to and
promoting healthy carbohydrate metabolism, insulin function, energy production, fat oxidation,
serotonin release and availability in the brain, blood lipid metabolism and improving the success
of fat loss and body composition managemnedfarts

Figure 1 Nutrigenomics of Neuradaptogemd Amino-Acid-Therapy (NAAT)E as a putative
antrobesity complex.
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Based on the premise dhis review, the novel nutraceutical technology presenteatein

provides ample evidendbatt he t er m fAwei ghtThisterswe ii ghta |mi ssnod
any ter ms u s langgme tefarencejs detibergtélymidusedherein toemphasizéhe

point of how conventional tactics (and languagentribute to erroneousut unquestionably
accepteddogma.Currentiiweight los® tactics, for the most pardre based on inducing calorie

intake deprivation andar t i fi ci al |y stimul at e, deprive o]
programmed energy expenditure, storage, regulatory and managenoeisspgsee table 1).

TablelCur rent @Aweight | osso tactics
Central Nervous System Stimulants (CNSS) that artificially stimulate the rate of ¢
burning (Basal Metabolic Rate [BMRY]).

Appetite Suppressants

Fat Blockers

Starch Blockers

Diuretics Water Pills)

Low Calorie Diets

Low Food Diets

Meal Replacement Programs (Diet Shakes, bars, etc.)
High Protein Diets

High Carbohydrate Diets

Low/No Carbohydrate Diets

Low Fat Diets

PreMe a | Fi berYoap e rPriideg rl d ms

Fruit and Fruit juicdi Rapi d fAwei ght | o0ss00 Progr ams
Over Night #dAweight | osso Progr ams
Vegetable Soup Diet Programs

Liposuction

Radical Digestive Tract Surgeries

Acupuncture

Laxatives

Many of these tactics are used individually or in combination to achieve fiapi@ i |gohsts 0
results. As stated, the primary goal of these tactifisvise i g h dnd/dr image énhancement.
These objectives are usually pursued without regard for or knowledge of the impact on health,
the body$ natural genetically mandateilomeostatic regmse to such tactics, dhne fact that
depriving the body of resources essential to maintain healtbunterproductive Essentially,

these types of tactics simulate the circumstances of a famine and induce genetically programmed
energy conservation respses. In addition, at some point in the energy conservation sequela,
increased appetite can result. Alarmingly, many of these tactics are approved, administered
and/or supervised by medical or health professionals. While initially appearing to promote
Awi ght(phbse §)ssoch tactics are destined to fail as-geheed recalibration of energy
management and storage instructions homeostatically adjusts to the artificially imposed influence
of such tactics, generally by lowering the basal metabolie, nacreasing energy storage
requirements and promoting increased fat retention (phasé, 2)J.[Chronic and repeated
attempts to lose weight with such tactics are referred to as thie weight gain rebound effect.
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This phenomenon is responsible foveeincreasing frustration, anxiety and a sense of
helplessness caused by the-ofitontroli w e i g hdain jugyermaud.

Ultimately, obesity is an energyalanceand nutrient deficieneinduced faminelisorder
characterized by a survival gene inducett@ase in fat storage, lowering of the Basal Metabolic
Rate (to conserve energy) and increase in appé&miowing circumstances when a simulated
famine is induced, certain genes, programmed to resist loss of body fat, pB¢vaihis
programmed genetipredisposition is responsible for dowegulating the resting metabolic rate
(RMR) in response to dietary and caloric restriction, which is significantly disrupted following
rapid i we i g h treginheonss l&ked those tactics indicated above. @eersumpidn of food,
especially nutritionally deficient high calorie food (excess energy intailkke)a normal
consequence contributing to weight gain and obesityesistance to the hormone leptin also
characterizes common obesitysulin has been shown to incsealeptin secretion by 25%.
Ample evidence demonstrates that insulin resistance is also a primary contributor to obesity,
suggesting that insulin resistance induced hyperinsulinemia can provoke leptin resistant
hyperleptinemia with a consequential increasefat synthesis and storage in adipocytes,
characteristic sequela of Syndrome X or Metabolic Syndrdfagher, adipocytes from fatter
animals secrete more leptin and a correlation between intracélliRirconcentration and the
rate of leptin secretionppears to exisAs such, leptin concentration correlates positively with
percent body fat. A low resting metabolic rate for a given body size and composition, a low rate
of fat oxidation, and low levels of physical activaye risk factors for weight gaand common
traits of obese individual$t has been shown that a decrease in body weight as fat mass and fat
free mass is accompanied by a greater decrease in resting energy expenditure and fat oxidation
[4,5, 6].

Effective fat loss and body recompadsit strategies addressing the energy management
pathways should simultaneously improve insulin, serotonin and fat oxidation metabolism;
potentiate a healthy increase in resting metabolic @td energy expenditure; and blunt
excessive appetite cravingsyen proper adequate nutrient and energy intake. The technology of
the present invention replenishes the nutritional needs of affil@asimportantsystems, which
are essential to healthy weight management as follows: 1. The biochemical mechanisred invol
in nutrition andenergy managememegulatingintake, expenditure and storagentrols and
feedback 2. Attenuation othe effects of chronistress and inflammatiofvhich overburden the
endocrine system and can cause things like excessitisol poduction reducing fat storage;
3.The pleasure seeking needs and reward circuitry of the brain, influencing psychological and
emotional neednduced food cravings4. Promotion and support of healthy immune system
function (involved in catalyzing survivaksponse to metabolic threats; andSGpporting and
maintaining optimal health of the neuroendrocrine system through which the majority of
metabolic signaling is processedNutritional and gene expression deficienciestime Reward
neurochemicapathwayl i mi t the braindéds reward resources
responsi bl e for a condition call edh calBeswar d
excessive cravinds].

The Reward Deficiency Syndron(@DS) results from a dysfunction in the Br&teward
Cascade, which directly links abnormal craving behavior with a defect in the DBjzamine
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Receptor Gene as well as other dopaminergic genes (D1, D3, D4, D5). Dopamine is a very
powerful neurotransmitter in the brain, which controls feelings of-lehg. This sense of well

being is produced through the interaction of dopamine and neurniteens such as serotonin,

the opioids, and other powerful brain chemicals. Low serotonin levels are associated with
depression. High levels of the opioided brain's opium) are associated with a sense of well
being. The complex interactions of these powerful neurotratess)itultimately regulating the
Dopaminergic Activity in the Reward Center of the Brain, have been termed byeBlaimThe

Brain Rewad Cascade" (See Figurdd anatomy[8].

In individuals possessing an abnormality in the DRD2 Dopamine Receptor Gene, the
brain lacks enough Dopamine receptor sites to use the normal amount of Dopamine in the
Reward Center of the brain and thus redubesfunction of Dopamine in this area of the brain.
Individuals possessing the variant in the Dopamine Receptor Gene tend to be serious cocaine
abusers, may have unhealthy appetites that can lead to obesity or overeating.

The overall effect is inadequat®@opaminergic Activity in the Reward Center of the
Brain. This defect drives individuals to engage in activities, which will increase brain Dopamine
function. Consuming large quantities of alcohol or carbohydrates (carbohydrate bingeing)
stimulate the braid6s production of and wutilization of
crack/caaine and the abuse of nicotine. Also, it has been found that the genetic abnormality is
associated with aggressive behaviore which al

Figure 2 Anatomy of theMesalimbic system of the brairewardsite.
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The Reward Deficiency Syndrome involves a form of sensory deprivation of the brain's
reward or pleasure mechanisms. The Reward Deficiency Syndrome can be manifested in
relatively mld or severe forms that follow as a consequence of an individual's biochemical
inability to derive reward from ordinary, everyday activities. We believe that we have discovered
at least one genetic aberration that leads to an alteration in the rewavdysadi the brain. It is
a variant form of the gene for the dopamingr&eptor, called the Al allele. This genetic variant
also is associated with a spectrum of impulsive, compulsive, and addictive behaviors. The
concept of the Reward Deficiency Syndrourates those disorders and may explain how simple
genetic anomalies give rise to complex aberrant behaviorHi§aee 3 The Reward Deficiency
Syndrome).

Evidence for the existence of RDS in Substance Use Disorder:

In 1990, Blum and colleagues, using faglpolymorphism of the dopamine D2 receptor gene
locus (DRD?2), for the first time reported a strong association between a virulent form of
alcoholism and the minor allele (Al) of the Drd2 gene in this population [8,9]. Other more recent
studies furthesupport an association of the Al allelic form of the DRD2 gene with substance
abuse vulnerability and other compulsive behaviors [10, 11, 12, 13, 14,15]. This association
serves as the cornerstone of the biogenetic disease model and could ultimatesy tiedetter
diagnosis and targeted treatment [16]. A complete review of this work can be found in the
Journal of Psychoactive Drugs [17].

Figure 3: The Reward Defiency Syndrome.
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This treatieswill highlight the importance of a new concept, which pdeg a clearer
understanding of impulsive, addictive, and compulsive behaviors. It is our notion that the real
genesis of all behavior, whether-salled normal (socially acceptable) don@rmal (socially
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nonacceptab)e behavior, derives from an individdak genetic makeup at
predisposition due to multiple gene combinations and polymorphisms is expressed differently
based on numerous environmental elements including family, friends, educational status,
economical position, environmental pollutgnand availability of psychoactive drugs including

food. We believe the core of predisposition to these behaviors is a set of genes, which promote a
feelingofwellbei ng via neurotransmitter interaction
the mesolimbic system), leading to normal dopamine release. We also subscribe to the notion
that at least one major gene, the dopamine D2 receptor gene, is responsible for the synthesis of
dopamine D2 receptors. And further depending on the genotype (Bil@licAl versus A2), the

dopamine D2 receptor gene dictates the number of these receptorsjahgiishal sites.

A low number of dopamine D2 receptors suggest a hypodopaminergic function, as
described by Eliot Gardner in a series of publishecks/fit8, 19]. When there is a paucity of
dopamine receptors the person will be more prone to seek any substance (including glucose) or
behavior that stimulates the dopaminergic system as a form dfesdihg. In this regard we
know that substances suchaisohol, cocaine, heroin, nicotine and glucose, as well as a number
of behaviors like gambling and sex, preferentially release dopamine at the n. accumbens (the
reward site). Understanding this preamble allows us to introduce the concept of reward
deficiency syndrome into the field of addictive behavior, which will serve as a model to explain
the commonality of a number of seemingly diverse addictions based on shared genetics and
neurochemistry. In this regard, most recenyngi Shan Yanreported that étanol, at a peak
concentration within five to 10 minutes after interparenteral administration, significantly
increased both extracellular dopamine and serotonin in the n. accumbens, supporting the role of
these two neurotransmitters in the reinforcing praps of ethano]20]. Moreover Honkanen
and associateslso found low basal dopamine release in alcohol accepting (AA) compared to
alcohol noraccepting (ANA) rats, showing that dopamine plays a role in high alcohol
preference of AA ratR21].

One impatants t udy f r om No r fartha&s provkles wuport forrthe tole of
the dopamine D2 receptor gene in alcohol intake in rats. Utilizing a cDNA construct of the
dopamine D2 receptor gene implanted into the n. accumbens of rats, they founddhandgcdl
four-day treatment, the dopamine D2 receptors increased to 150% above pretreatment level and
alcohol drinking was reduced by 50%. After a period of eight (8) days, the D2 receptor density
returned to pretreatment level and so did alcohol drinKingentyl four days later, second
injections of the same construct caused a similar increase in density withfalthwaecrease in
drinking[22]. The same group ha®w confirmed this work in mice.

We will now turn our attention to the pharmacologic andegjenaspects of the inter
relationship between Obesity, carbohydrate bingeing, glucose receptor sensitivity and
dopamine.The intent of this work is to share with the scientifically informed, interested reader
the basic scientific evidence which explainsyweople overeat and become overweight in a
society where Athin is ino. I n order to accom
between eating behavior arfib r ai n c hrel the gnteragtiaon of both genetic and
environmental elements.
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Weight gain: A prehistoric dok
In consideration of the ability of our bodies to gain weight, we must review a few simple facts.
Without our ability to gain weight, we as humans would have never survived. Ironically, whereas
todaythe quantity offood is pentiful (although quality of nutrition is questionahle®ur goal is
to turn awayfrom food. In contrast, in the time of our prehistoric ancestors, the hgatberers
did not have a plentiful food supply. For example, whastine sources of nutriemich berries
and roots were in season and when wild animals were not hibernating, our ancestors ate well and
Athey fattened upo. However, when these foods
to see them through the lean times.

To help us undstand the importance of weight gain, two biological functions assisted
our prehistoric ancestors as they struggled t
Afami nedo. When t her egrisiine qualityfood, lour Inodies efficidiy stgpep | v o f
fat, and during times of a lack of food, our metabolism slows down. Scientists believe that
abundant food induced efficient fat storage in our ancestors and when there wastless fat
metabolism slowed to adjust to the smaller quantities progred to adapt their metabolic rates
to food intake. Those who-ssaorageedgwaees, Aiwhel
|l acked these genes perished. This suggests tF
future generationt you andme. Within the realm of modern times these ancient genes evolved
over thousands of yeaandultimately forcedour bodies to storenergy from nutrientleficient
concentrated suggrprocessed carbohydrates, and adulteratedtdasurvive the famine #t
chronicintakeoftes e t ypes of I|swlatgdl.al ity Af oodso

Today we are faced with an obesity epidemic, which contributes to an estimated 300,000
deaths in people who die prematurely from this disease. In fact, obesity is a contributing risk
factar for four of the seven leading causes of death. The Center for Disease Control has stated
that Obesity is the number one health risk, greater than a lifetime of smoking, drinking and
poverty [23]. Obesity in the United States is doubling every five yeard the Institute of
Medi cine has declared war on the nationbés fAob

To make sense out of all of this, we must
longer do we struggle through periods with very little food. Instead, we live in atpalgalorie
rich nutrient deficient foodfeast with a fastood chain virtually around the corner for all
Americans. This means that our bodies a-ll ways
fat dietso, our brain whoeslensi ncge actdbidlin abafdsi t her e
there is a rebound effect, which reacts by quickly regaining the lost weight in preparation for the
next food shortage, just as it did for our prehistoric ancestors.

An articlein Obesity Research996sums up th problem

Al The] moder n western |l i festyl e rmgntplear s 1
conditions that favor maximum expression of underlying individual genetic differences in
susceptibility tfB becoming overweight. o

This is an important view becaeis we now know that in today?o
processed foods, chemicals and pollution, wit

to prepare for and defend against famine, but there is er@raimportant facet to the genetic
propensity to gain excess weight and it does not reside in genes which control fat storage, and/or
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resting metabolic rates. | nst ead@oBinge oiNOtta n t he
Bi ngedlo0 These genresswarrce ¢geemrersedd. i

The biology of reward:

The pleasure and reward system in the brain was discovered by accident in 1954. The American
psychologist James Olds was studying the rat brain's alerting process, when he mistakenly placed
the electrodes in a part of the limbic system, a grotistructures deep within the brain that
generally are believed to play a role in emotifzZf§. When the brain was wired so the animal
could stimulate this area by pressing a lever, Olds found that the rats would press the lever
almost nonstop, as muets 5,000 times an hour. The animals would stimulate themselves to the
exclusion of everything else except sleep. They would even endure tremendous pain and
hardship for an opportunity to press the lever. Olds clearly had found an area in the limbic
systemthat provided a powerful reward for these animals.

Research on human subjects revealed the electrical stimulation of some areas of the brain
(medial hypothalamyswhich is in the limbic system) produced a feeling of qlagasmic
sexual arousdPR5]. If certain other areas of the brain were stimulated, an individual experienced
a type of lightheadedess that banished negative thoughts. These discoveries demonstrated
pleasure is a distinct neurological function that is linked to a complex reward aratcemdgnt
system[26].

It is useful to think of the brain's reward system as a cascade in which one reaction
triggers another. At the level of individual neurons, the reward cascade is catalyzed by a number
of neurotransmitterf27]. Each neurotransmittdéxinds to certain types of receptors and serves a
specific function. The binding of the neurotrangerito a receptor on a neuron, like a key in a
lock, triggers a reaction that is part of the cascade. Disruption of these intercellular cascades
results inone form or another of the Reward Deficiency Syndrome.

The Cascade Theory of Reward: A blueprint for mapping obesity gnes
During the past four decades, considerable attention has been devoted to the investigation of
neurochemical and neuroanatomicasteyns underlying chemical dependency. The research on
the neuropharmacological basis of depend€anealcohol, opiates, cocaine and gluggs&nts
to the involvement ofcommon biochemical mechanisi28, 29]. It appears as if dmbic-
accumbengpallidal circuit is the critical substrate for the expression of drug revjagil.
However, while each substance of abuse appears to act on this circuit at a different step, the end
result is the same, the release of dopamine the primary chemical messenger afatesuah
reinforcement sites as tineicleus accumberad thehippocampu$31].

In a normal person, neurotransmitters (the messengers of the brain) work together in a
pattern of stimulation or inhibition, the effects spreading downward from complexXigtmu
complex patterns of response like a cascade, leading to feelings -dseivgll the ultimate
reward (Cascade Theory of Rewafd} 28,33]. Although the neurotransmitter system is too
complex and still not completely understood, the main central deavaas in the human brain's
meselimbic system are summarized figure 4a and 4b
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Figure 4a. Neurotransmitter Relations in the Reward Cascade

K.Blum (with J. Payneplcohol and the Addictive Braimhe Free Press, with permission p199
[276]

In the revard areas the following interactions take plé2®32]:

Serotonin (1) in thehypothalamugl) indirectly activates opiate receptors (2) and catlses

release of enkephalingh the ventral tegmentategion A10 (ll). The enkephalins inhibit the
firing of GABA (3) which originates in theubstantia nigraA9 region (l11);

GABA's normal role, acting through GABA B receptors (4), is to inhibit and control the amount
of dopamine (5) released at thventral tegmentalregions (Il) for action at thenucleus
accunbens(lV). When the dopamine is released in theleus accumbensactivates dopamine

D, receptors (6), a key reward site [there are at least five dopamine receptors, incijdirigsD
release also is regulated by enkephalins (7) acting through GABAR8 supply of enkephalins

is controlled by the amount of the neuropeptidases (9) which destroy them.

Dopamine also may be released into thenygdala(V). From theamygdah, dopamine (10)
reaches thaippocampuglV) and the CA, cluster cells (VII) stivdates dopamine Dreceptors
(11), another reward site.

Norepinephrine involves a alternate pathway (12) in thecus of ceruleu®\6 (VIII) whose
fibers project into thédippocampusat a reward area centering around cluster cells which have
not been presely identified, but which have been designed a CAx (IX). When GABA A
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receptors (13) in thhippocamps are stimulated, they cause the release of nwphprine (14)
at the CAXx site (Figure 4b).
Figure 4b Neurotransmitter Relations in the Reward Cascade
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It is to be noted that the glucose receptor (GR) inhyy@othalamuss intrically involved and
"links" the serotonergic system with opioid peptides leading to the ultimate release of dopamine
at then. accumbens.

In the 'cascade theory of rewardthese interactions may be viewed as activities of
subsystems of a larger system, taking place simultaneously or in sequence, merging in cascade
fashion toward anxiety, anger, low selteem, or other "bad feelings" or towardvarg for a
substance that will make these bad feelings go away, for example sugar (Cascade Theory for
Carbohydrate Bingeing). Certainly, many overweight individuals also cross abuse other
psychoactive substancesd.alcohol, cocaine, and nicoting7].

Alcohol activates the norepinephrine fibers of thesolimbe circuitry through a cascade
of events, including the interaction of serotonin, opioid peptides, and dopamine. In a more direct
fashion, through the subsequent formation of the neuroamine ainten products TIQs,
alcohol may either interact with opioid receptors or directly with dopaminergic syR38n#y].

In fact we sowed the important relationship between dopaminergic activation through our novel
natural agonist SYN (a KB220 variarindthe narcotic antagonist Naltrexoné[3




