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Background—There is need for better treatments of addictive behaviors, both substance and
non-substance related, termed “Reward Deficiency Syndrome” (RDS). While the FDA has
approved pharmaceuticals under the umbrella term Medication Assisted Treatment (MAT), these
drugs are not optimal.

Objectives—It is our contention that these drugs work well in the short-term by blocking
dopamine function leading to psychological extinction. However, use of buprenorphine/Naloxone
over a long period of time results in unwanted addiction liability, reduced emotional affect, and
mood changes including suicidal ideation.

Methods—We are thus proposing a paradigm shift in addiction treatment, with the long-term
goal of achieving “Dopamine Homeostasis.” While this may be a laudable goal, it is very difficult
to achieve. Nevertheless, this commentary briefly reviews past history of developing and
subsequently, utilizing a glutaminergic-dopaminergic optimization complex [Kb220Z] shown to be
beneficial in at least 20 human clinical trials and in a number of published and unpublished
studies.

Results—It is our opinion that, while additional required studies could confirm these findings to
date, the cited studies are indicative of achieving enhanced resting state functional connectivity,
connectivity volume, and possibly, neuroplasticity.

Conclusions/Importance—We are proposing a Reward Deficiency Solution System (RDSS)
that includes: Genetic Addiction Risk Score (GARS); Comprehensive Analysis of Reported Drugs
(CARD); and a glutaminergic-dopaminergic optimization complex (Kb220Z). Continued
investigation of this novel strategy may lead to a better-targeted approach in the long-term, causing
dopamine regulation by balancing the glutaminergic-dopaminergic pathways. This may potentially
change the landscape of treating all addictions leading us to the promised land.

Keywords

Dopamine Homeostasis; Neuropharmacological; Neuroimaging; Reward Deficiency Syndrome
(RDS); KB220Z

Background

The nation and the world are facing an epidemic of opiate/opioid addiction never seen
before (Kanate et al., 2015). When we think of the powerful addiction drug — heroin -
glimpses of pictures of the “Man with the Golden Arm” or the sharing of dirty needles in
smack houses seems to predominate. However, today with 127 people dying every day from
narcotic overdose, as detailed by the CDC of Atlanta, suggests a very different picture
(Dasgupta et al., 2014). Children from even well to do neighborhoods are dying.

According to SAMHSA, 75% of opiate/opioid dependent individuals, both young and old,
are getting the required treatment. Unfortunately, the only treatment available that has been
approved by the FDA are “Medication Assisted Treatment” (MAT), which favors
maintenance with even more powerful addictive drugs like Methadone and Buprenorphine/
Naloxone (Nosyk et al., 2013). In addition, MAT-approved drugs for alcohol, opiates, and
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nicotine tend to reduce the function of brain dopamine, and most agencies do not
recommend long-term use (Blum et al., 2011; Badgaiyan et al., 2015; Mitchell et al., 2016).

This approach is based on the notion that the path to recovery involves blocking dopamine in
the reward circuitry of the brain (Gorelick et al., 2004). This blocking of dopamine leads to
psychological extinction and may be useful in the short-term, but harmful in the long-term.
While many studies show the benefit of the combination of Buprenorphine and naloxone
(Demetrovics et al., 2009), other studies raise the prospect of increased suicidal ideation,
withdrawal symptoms upon termination of use, and fatalities by long-term use of
Buprenorphine/Naloxone due to potential anti-reward properties and reduced affect (Kosten
et al., 1990; Hakkinen et al., 2013; Blum et al., 2014; Hill et al., 2013). Now if we expand
our thinking, all kinds of addictive behaviors, both drug and non-drug, represent an
enormous global problem, comparable in a sense to the dangers posed by terrorism.

The following information, especially the past history, is presented to familiarize the newer
clinician with the rationale for the development of KB220 variants as an adjunct to both
prevention and treatment of Reward Deficiency Syndrome [RDS] (Blum et al., 1996).

Our proposition maintains that treatment of all addictive behaviors must address the root
cause of the risk for these behaviors - a “Reward Deficiency” (Elman & Borsook, 2016).
This notion is underscored by recent work showing that baseline or resting state levels in
certain cohorts, like ADHD patients, show a “hypodopaminergic trait” (low dopamine tone)
(Badgaiyan et al., 2015); while there are other studies showing that, for example, during
alcohol acute abstinence there is an opposite “hyper-dopaminergic state” (Hirth et al., 2016).
As a result, we are proposing that a common treatment modality incorporate the goal of
inducing “dopamine homeostasis” (regulation of dopamine dysfunction across brain
regions).

Have we developed a Glutaminergic-Dopaminergic Optimization Complex

(KB220Z) to Regulate Brain Dopamine Function?

We propose that, based on many clinical and neuroimaging, peer-reviewed publications,
KB220z may indeed induce dopamine homeostasis by an optimizing a balancing of
glutaminergic-dopaminergic activity in the brain’s reward circuitry. While there may be
other nutraceuticals, including N-Acetyl-Cysteine (NAC) which has important benefits in
terms of balancing the glutaminergic system, we will describe some research directed to
understanding KB220z (Blum et al., 2016). To understand this 40-year journey, our story
begins in 1977, when Blum’s group reported that the D-amino-acid of phenylalanine (DPA)
induced a pharmacogenetic shift of changing the genetically prone c57/bl mice to reduce
their alcohol intake and actually mimic a mouse stain that genetically was aversive to
alcohol (Blum, 1987). Specifically, administration of D-Phenylalanine for 18 days in
alcohol-loving c57/blk mice showed that this substance raised endorphin levels in both the
pituitary and the striatum. This is how it changed mice that were genetically prone to seek
alcohol to reduce their alcohol intake so much that the treated DPA alcohol loving mice now
had alcohol intake levels of non-preferring alcohol-hating DBA mice.
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Subsequent to this seminal study, Blum’s laboratory also found that drinking alcohol was
linked to low amounts of the endogenous neuropeptide enkephalins. Specifically, Blum et al.
(1982) found that in Golden Syrian hamsters after 1 year, presented a markedly decreased
concentration of leucine-enkephalin-like immunoreactive substance in the basal ganglia than
did the control hamsters. This result suggested that the function of ethanol implicates
endogenous peptidyl opiates. Simply put, DPA a known inhibitor of the enzyme called
enkephalinase, which breaks down the enkephalins, raised brain levels of these
neuropeptides (e.g., enkephalins, endorphins) with concomitant reduction of alcohol
drinking (Blum, 1983).

Subsequent to this work, many years later following the actual commercialization of a
formula developed to mimic the “Brain Reward Cascade” (Figure 1), whereby the net
release of dopamine released at the Nucleus accumbens (NAc) can determine well- being,
the untangling of a genetic predisposition for reward deficiency had occurred. Many
reiterations have been developed over the years following these discoveries and have been
supported most recently by the important work of the Morales’ group at NIDA (Morales &
Root, 2014).

Utilizing the “Brain Reward Cascade” led to the first genetic association of a polymorphism
and severe alcoholism, where the DRD2 gene Taqg Al allele was found to be highly
prevalent in deceased alcoholics, 80% of whom had cirrhosis. This finding paved the way
for the field of “Psychiatric Genetics.” More importantly, it established a central role for
dopamine as an important neurotransmitter for inducing substance-seeking as well as non-
substance seeking behaviors, especially when a “hypo-dopaminergic trait” is present in the
individual (Tournier et al., 2013).

The scientific framework countered the drug-reinstatement approach by its potential
induction of dopamine regulation (homeostasis) (Gold et al., 2015). This theory has been
supported by the now thousands of studies on DNA polymorphisms (variations) involving
many of the known reward genes, whereby simple molecular shifts of single-nucleotide
polymorphisms (SNPs) work in concert to potentially either up-regulate dopamine (hyper)
or down-regulate dopamine (hypo). While these changes may influence subsequent risk for
all addictive behaviors, carriers of these DNA variants are not doomed to addictive behavior.
This proposition is supported by the fact that, over the last decade, scientists have become
more aware of the importance of “epigenetics” (environmental influences), which can affect
the expression of such DNA shortcomings.

Environmentally induced epigenetics appears to be either positive or negative in its effects,
with a positive example being the fact that exercise can offset the FTO gene that increases
the number of fat cells (Caruso et al., 2014); A negative example is the finding that the
environment causes “methylation” (adding methyl groups on to chromatin histones), which
blocks gene expression and has been found to occur on the DRD2 gene in individuals with a
life-time addiction to gambling. In essence, methylation on the DRD2 gene reduces the
number of D2 receptors, especially in the brain and, as such, increases the risk for addictive
behavior like gaming (Hillemacher et al., 2015).
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Recently, Wright et al. (2015) showed that chronic L-methionine (MET) treatment in rats
blocked cocaine-primed reinstatement. Moreover, cocaine-induced c-Fos expression in the
NAc was linked to decreased methylation at CpG dinucleotides in the c-Fos gene promoter,
with outcomes reversed by MET treatment. These data indicate that drug-seeking behaviors
partly contribute to a DNA methylation-dependent procedure, possibly occurring at specific
gene loci (e.g., c-Fos) in the reward pathway. These and many other studies provide evidence
that manipulation of the reward circuitry can have both positive and negative effects
involving all RDS behaviors, which are both substance- and non-substance-related (Blum et
al., 2015) (Table 1).

KB220 Variant Clinical Studies

To date, there are over 30 clinical trials on a number of KB220 variants (Blum et al., 2012;
Blum et al., 2016). In accord with the latest definition of addiction, published by the
American Society of Addiction Medicine (ASAM), it is now accepted that patients who
present to a treatment facility associated with chemical dependency or other recognized
reward dependence behaviors have impaired brain reward circuitry. They may have hypo-
dopaminergic activity due to genetic and/or environmental negative effects upon the reward
neuro-circuitry. This damage causes abnormal craving behavior and other behaviors, such as
Substance Use Disorder (SUD). As discussed above, neuro-genetic research in both animal
and humans indicates that there is a clear cascade in the reward system of the brain that
point to normal dopamine release. Any damage due to either genetics or environmental
effects upon this cascade will cause a decreased quantity of dopamine release in the brain’s
reward site. Influence of the Brain Reward Cascade (BRC) has been productively attained
with neuro-nutrient therapy employing nutrigenomic principles (T. J. Chen et al., 2011).
After over four decades of improvement, neuro-nutrient therapy has produced significant
clinical benefits, when properly applied.

Our basic tenet is that predisposition for opiate abuse has a heredity or possible genetic
component, based on a reward deficiency (a hypo-dopaminergic trait) that may be impacted
by the environment, through what has been termed epigenetics. We believe that in order to
change the “revolving-door” for chronic pain and abusing opiates/opioids in epidemic
numbers, a solution is desperately needed to break this cycle with a adjunctive solution that
tackles the problem at its source: “The Brain.” In addition with, for example, holistic
approaches, KB220z could assist in the defense against opiates and other addictive drugs
like alcohol, psychostimulants, methadone, buprenorphine, and/or other addictive
substances. While this may seem like a bold statement, it is backed by extensive scientific,
peer-reviewed articles published in prestigious journals. We now know that addiction
originating from RDS [row featured in SAGE Encyclopedia of Abnormal Psychology 2016
& APA DSM-5] is a brain disorder, and affects over one-third of the U.S. population
carrying a well-researched dopaminergic genetic variant.

Most treating clinicians seem to embrace the concept that “opiate addiction” and subsequent
substance-seeking and continued abuse is due primarily to a hypo-dopaminergic trait
(genetic) or state (epigenetic) or a combination of both. Any major solution must address the
low dopamine brain function early on in the recovery process, especally when an individual
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seeks help and clinicians should try to promote long-term balancing of dopamine function
with the laudable goal of inducing “Dopamine Homeostasis™ (regulation).

0 published human studies clearly showing major societal benefits, anti-craving effects,
enhanced well-being (stress reduction); reduced AMA rates helping patients continue with
treatment; increased focus; reduced relapse increased energy; and overall redemption of joy
(Blum et al., 2012; Blum et al., 2016).

Examples of the Positive Effects of KB220 Variants in Human Studies

There is continuing excitement concerning the consistent positive effects of
KB220 variants with at least 3 compared to controls, clinical subjects had lower
building up to drink score, required no PRN benzodiazepines, ceased having
tremors 24 hours earlier, and had less depression (Blum, Trachtenberg, &
Ramsay, 1988).

Results reduced stress as measured by skin conductance, improved Physical and
BESS (behavioral, emotional, social and spiritual) Scores, and had a six-fold
decrease in leaving Against Medical Advice (AMA) rates (Blum, Trachtenberg,
Elliott, et al., 1988).

KB220 variants decreased the AMA rate by significant reduction of drug hunger
(Blum, Allison, et al., 1988).

Reduced relapse rates and enhanced recovery in 10-week outpatient setting
(Brown et al., 1990).

The KB220 variants average weight loss was 26.96 Ibs. vs. 10.2 Ibs. in the
control group. Relapse 18.2% in the KB220 variants group vs. 81.8% in the
control group (Blum, Trachtenberg, & Cook, 1990).

Cocaine craving decreased significantly (Cold, 1996).

Cognitive processing speeds were enhanced by a statistically significant
amplitude of the P300 component of the Event Related Potentials (ERPs). Focus
improved as well (DeFrance et al., 1997).

The subject group, when compared to the control, lost twice as much weight,
regained 14.7% of the weight while the control group regained 41.7%, decrease
in food cravings for females 70% and males 63%, and decrease in binge eating
for females 66% and males 41% (Blum et al., 1997).

98% of 100 patients similarly treated and evaluated reported significant
improvement in both mood and reduced substance craving (Ross, 2001).

Results were dramatic in terms of significantly enhancing compliance to
continue taking KB220 variants. KB220 variants alone for rapid detoxification
the average number of days of compliance calculated on 1000 patients is 37 days
(T.J. Chen et al., 2004).
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. Statistical analysis of the survey results demonstrated that stress reduction lead to
improved sleep, enhanced energy, and improved focus and performance, reduced
appetite, loss of unwanted weight, decreased body inches, and enhanced well-
being (Blum et al., 2006).

. Results after 1 year include building up to relapse scores and ability to refrain
from drug-seeking behavior both significantly improved. The dropout rate for
alcohol users 7% and psychostimulant users 73% (T. J. Chen, Blum, Waite, et al.,
2007).

. Emotional and behavioral recovery scores significantly improved after
administration of oral and intravenous KB220 variants. Mean reductions for
craving, depression, anxiety, anger, fatigue, lack of energy and crisis were all
significantly greater than 50% (p<0.001) (Blum et al., 2007).

. In carriers of the DRD2 A2 genotype, weight loss and other changes in body
composition were significant (T. J. Chen, Blum, Kaats, et al., 2007).

. Significant results were observed for weight loss, sugar craving reduction,
appetite suppression, snack reduction, reduction of late night eating, increased
energy, etc (Blum, Chen, Chen, Rhoades, Prihoda, Downs, Waite, et al., 2008).

. In the 41-day period, we found a trend in weight loss whereby 71.4% of subjects
lost weight (Blum, Chen, Chen, Rhoades, Prihoda, Downs, Bagchi, et al., 2008).

. Patients receiving KB220 variants had a significantly reduced stress response as
measured by SCL, compared to patients receiving placebo (Blum et al., 2009).

. After one year, the 58-year-old patient's BMT decreased from 32 to 25.4kg/m2
representing a 6.9kg/m2 reduction. His body fat composition decreased from
36.91% to 17.8% as measured by the Hologic DEXA scanner. (Braverman,
Braverman, Arcuri, ... Blum, 2010).

. We report that the gEEGs of an alcoholic and a heroin abuser with existing
abnormalities during protracted abstinence are significantly normalized by the
administration of 1 intravenous dose of KB220 variants (Miller, Bowirrat,
Manka, ... Blum, 2010).

. Oral KB220 variants showed an increase of Alpha activity and an increase low
Beta activity similar to 10-20 sessions with Neurofeedback (Blum, Stice, et al.,
2011).

. The results showed that the insomnia and withdrawal scores were significantly

improved over time in participants in the intervention group as compared with
those in the control group. (D. Chen, Liu, He, Wang, & Wang, 2012).

. A two-year follow-up in a subset of 23 patients showed: 21(91%) were sober at 6
months with 19(82%) having no relapse; 19 (82% were sober at one year with 18
(78%) having no relapse; 21(91%) were sober at two-years post-treatment with
16(70%) having no relapse. (Miller et al., 2012).
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After over four decades of development, KB220 variants can provide clinical
benefits for impairments due to either genetics or environmental influences on
the Brain Reward Cascade will result in a reduced amount of dopamine release in
the brain reward site (Blum et al., 2012).

We presented a case study of a 35-year-old female with a history of chronic pain
from reflex sympathetic dystrophy and fibromyalgia and observed that she was
opioid free with KB220 variants maintenance at 432 days post Suboxone®
withdrawal (Blum et al., 2013).

We present two cases of dramatic alleviation of terrifying lucid dreams in
patients with PTSD revealing changes in the frequency, intensity and nature of
these dreams after KB220 variants were added to the first patient's regimen
(McLaughlin et al., 2015).

In eight clinical cases, the administration of KB220 variants was associated with
the elimination of unpleasant and/or terrifying, lucid dreams in 87.5% of the
cases presented, whereas one very heavy cocaine abuser showed a minimal
response (McLaughlin et al., 2015).

KB220 variants induced an increase in BOLD activation in caudate-accumbens-
dopaminergic pathways compared to placebo following 1-hour acute
administration in abstinent heroin addicts. Increased functional connectivity was
observed in a putative network (Blum, Liu, et al., 2015).

We found following seeding of the dorsal hippocampus, enhanced connectivity
volume across several regions of Interest (ROI), with the exception of the pre-
frontal cortex (McLaughlin et al., 2016).

The resultant z-scores, averaged across Eyes Closed, Eyes Open and Working
Memory conditions, increased for each frequency band, in the anterior, dorsal
and posterior cingulate regions, as well as the right dorsolateral prefrontal cortex
during Working Memory, with KB220 variants. These scores are consistent with
other human and animal neuroimaging studies that demonstrated increased
connectivity volumes in reward circuitry and may offer a new approach to
ADHD treatment (Steinberg, Blum, McLaughlin, ... Badgaiyan, 2016).

Prior to 2010, no real evidence existed to explain these clinical benefits, except to suggest
that by mirroring the BRC, the glutaminergic-dopaminergic complex balances the reward
circuitry of the brain, leading to a regulated neuronal release of dopamine at the VTA.

In summary, through the use of neuroimaging tools, KB220z acts on neurobiological
mechanistic targets to restore “Dopamine Homeostasis” and is best described as
“Glutaminergic-Dopaminergic Optimization Complex” [GDOC]. This is based on
important, revealing studies that have unraveled the long-standing mystery of
Neuroadaptogen Amino-Acid Therapy (NAT).
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Neuroimaging Studies

Braverman and Blum (1996) systematically revealed that among the substance and non-
substance use disorders as well as among the psychiatrically ill (P1), the psychiatrically ill
Substance Dependence (P1/SUD) groups had considerably more and diverse brain mapping
irregularities that were seen comparative to an evaluated control population. Furthermore,
with regard to EEG spectral analysis, ANOVA was statistically significant at a P<0.038, and
a weighted linear trend of augmented irregular total spectral analysis (P<0.0113), was found
in the substance use group compared to controls. In fact, among the psychiatrically ill (PI)
and psychiatrically ill with co-morbid Substance Use Disorder (PI/SUD) groups,
considerably more total evoked potential (EP) brain trap irregularities were witnessed
relative to a characterized standard population (P<0.0023) with growing irregularities as
caused by substance use disorder measured by a weighted linear trend (P<0.0022). In order
to establish the location of the EPS irregularities, the authors evaluated these abnormalities
by location. In this regard, they found all temporal and frontal lobe abnormalities among the
Pl and P1/SD groups to be considerably greater relative to an evaluated standard population.
Importantly, the P1/SD group had significantly more abnormalities compared to the Pl
group. These results underscore the exacerbation of drug-related abnormalities of the reward
circuitry and therefore, argue that treatment must address such abnormalities especially in
recovery.

Our first glimpse of such SUD electrophysiological abnormalities came from our gEEG
studies in 2010 (Blum et al., 2010) involving a cohort of abstinent psychostimulant addicts.
In this study, we found that one hour following a dose of KB220z, there was actually
reduced widespread theta activity, especially in the PFC (pre-frontal cortex) as well as in the
cingulate gyrus (a region involved in executive function and decision making), as well as
increased alpha bands as well as and low beta bands which induced a calming effect,
comparable to that which requires between 10-20 neurofeedback sessions. These results
were also supported by similar findings using qEEG in both alcoholics and heroin dependent
patients (Miller et al., 2010) (Figure 2).

It is quite notable that we recently published a paper with our Chinese associates on the
effects of KB220z on abstinent Chinese heroin addicts in a randomized placebo-controlled
crossover study. The robust findings, using fMRI, revealed a widespread distribution of
dopamine BOLD activity in the brain. Simply, it has been found that KB220z has been
shown to gently activate (light up) dopamine across the reward circuitry of the brain in
abstinent heroin addicts, including regulating brain abnormalities in the cingulate gyrus (the
decision-making part of the brain responsible for relapse or drug reinstatement) in
psychostimulant and alcohol abstinent addicts (Blum et al., 2015).

The reason why we could state that BOLD activation is indeed linked to a dopaminergic
effect has been underscored by the work of others (Tye et al., 2013; Ferenczi & Deisseroth,
2016). To understand the importance of these findings, a group from Seattle spearheaded by
Willuhn et al. (2014) reported that another drug of abuse, namely, cocaine, as well as non-
substance related addictive behaviors increased, suggesting that dopaminergic function is
reduced (meaning Hypodopaminergic). Long-term cocaine exposure has been linked to
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reductions in D2/D3 receptors as well as poorer activation to drug cues in occipital cortex
and cerebellum, in a recent PET study by Tomasi et al. (2015). Therefore, treatment
strategies like pro-dopamine regulation therapy that could preserve dopamine activity at a
normal level and serve as a method for relapse prevention, involving psychoactive drug and
behavioral addictions. With this aim in mind, the authors assessed the outcome of KB220Z
(Blum et al., 2015) on reward circuitry in 10 heroin addicts who had undergone prolonged
abstinence (median = 16.9 months). In a KB220Z randomized placebo-controlled cross-over
study, five participants finished a triple-blinded experiment, in which the participant, the
individual overseeing the treatment, and the individual assessing the reaction to treatment
were blinded to the treatment that any specific participant was receiving. In preliminary
reports, KB220Z stimulated a rise in BOLD activation involving the caudate-accumbens-
dopaminergic pathways relative to placebo, following a 1-hour acute administration.
Additionally, KB220Z also decreased resting-state activity in the putamen of abstinent
heroin addicts. In the second stage of this pilot study, in all 10 abstinent heroin-dependent
participants, the authors detected three brain areas of interest that were considerably
activated compared to the g-EEG resting state by KB220Z when compared to the placebo (p
< 0.05). Improved functional connectivity was also seen in a putative neuronal network
involving the dorsal anterior cingulate, medial frontal gyrus, nucleus accumbens, posterior
cingulate, occipital cortical regions, and cerebellum.

These findings provide important evidence that KB220Z activates important dopamine
pathways in the reward circuit of the brain and seems to cause a balancing of glutaminergic-
dopaminergic systems, which can be seen in Figure 3. These findings have led our
laboratory to repeat fMRI studies on naive rodents at the University of Florida. In essence, in
unpublished research, we found that not only does KB220Z induce an increase of resting
state functional connectivity across important reward brain regions similar to what we have
seen in our human studies, but we also observed an increase in connectivity volume. Figure
4 represents activation of the NAc by KB220Z compared to placebo in naive rats in a
crossover study. The increase in connectivity volume suggests that 5-15 minutes after
rodents receive a KB220Z dose, an unexplained increase of neuronal firing (more neurons
are recruited) in selected parts of the brain involved in memory, recall, executive function,
decision-making, craving, and even somatosensory processing (an area Volkow from NIDA
(W. Chen, Liu, Volkow, Pan, & Du, 2015) considers important to drug seeking) occurs. The
latter effect may suggest an important brain mechanism called “neuroplasticity.” While the
authors have, to date, published two papers showing that KB220z eliminates life-long,
frequently terrifying lucid dreams, our most recent findings show a prolonged effect of
KB220Z in the elimination of these nightmares, and potential conversion to happy lucid
dreams up until 12 months. These clinical findings suggest the possibility of KB220Z-
induced for neuroplasticity (McLaughlin, Blum, Oscar-Berman, Febo, Agan, et al., 2015;
McLaughlin, Blum, Oscar-Berman, Febo, Demetrovics, et al., 2015).

In addition, the newest version of KB220z, a liquid nano, was evaluated in an ADHD
patient. To reiterate, Attention Deficit-Hyperactivity Disorder (ADHD) frequently continues
into adulthood (Biederman, 1998). Recent neuroimaging studies found lowered baseline
dopamine tone in the brains of affected individuals (Badgaiyan et al., 2015). Both genders,
with or without comorbidities in ADHD, are at risk for Substance Use Disorder (SUD) and
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children treated with psychostimulants are not protected from long-term SUD (Biederman et
al., 2007). In an observational case study using a non-addictive glutaminergic-dopaminergic
optimization complex KB200Z using low-resolution electromagnetic tomography
(LORETA), the authors evaluated the effects of KB220Z in a 72-year-old male with ADHD,
at baseline and one hour following administration of the nutraceutical. The results indicated
that z-scores, averaged across Eyes Closed, Eyes Open, and Working Memory conditions,
increased for each frequency band in the anterior, dorsal, and posterior cingulate regions, as
well as right dorsolateral prefrontal cortex during Working Memory with KB220Z. These
scores are consistent with other human and animal neuroimaging studies that demonstrated
increased connectivity volumes in reward circuitry and may offer a new approach to ADHD
treatment.

In the United States, 8-10% of individuals ages =12 years (approximately 20-22 million
persons nationwide) are addicted to alcohol or other drugs of abuse. The abuse of tobacco,
alcohol, and illicit drugs in the United States causes greater than $700 billion per year in
costs associated with crime, lost work throughput, and health care. With almost one trillion
dollars in annual productivity costs as well as thousands of individuals dying every day in
America (25,000 deaths in 2015), it behooves us to understand that all addictive behaviors
result from a real brain disorder (Rowe et al., 2015).

Most recently, Volkow from NIDA, Koob from NIAAA, and others, have provided clear
evidence linking addiction to neurobiology (Molkow & Koob, 2015). These authorities have
adequately assessed evidence about the desensitization of reward circuits, which reduces the
capability to feel pleasure and the subsequent drive to chase addictio-alleviating
undertakings. These authors assessed the rising power of habituated reactions and stress
reactivity, which increases cravings for alcohol and other drugs as well as inducing adverse
emotions when these cravings are not satiated. These same authors also noted that the
atrophy of brain areas involved in executive actions such as decision-making, inhibitory
control, and self-regulation, which eventually led to relapse. The take home message, based
on Volkow, Koob, and McLellan’s (2016) review, suggests the need to balance the variability
of brain region activity seen before and after substance addiction in an attempt to help
regulate the “normalization” of brain function. This approach re-enforces the need for a
better understanding of high genetic risk in addiction as well as the need to modulate these
susceptibilities even at birth in individuals suffering from either DNA gene polymorphisms
or chromatin epigenetic alterations (environmental), which are passed from one generation
to another. See our model below (Figure 5).

The steep increase in prescription opioids in the United Sates, and across the world has led
to a significantly paralleled increase in opioid and heroin misuse and fatal overdoses.
Unfortunately, there has also been a dramatic increase in the number of infants born with
neonatal abstinence syndrome (NAS). Moreover, here at home, where approximately 14—
22% of pregnant women receive these opioids legally, the rise in NAS may be the direct
result of prescription opioids.
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We encourage the scientific community to, as suggested in the DSM-5, treat acute opiate/
opioid abstinence in the short-term by focusing on withdrawal symptoms. Additionally, the
model we are proposing concentrates at the same time on treating the etiology of RDS: the
long-term “hypo-dopaminergic” trait/state as demonstrated by the reduced phasic dopamine
tone. Through required additional research, we hope to find new ways to optimize of the
glutaminergic/dopaminergic systems and thereby induce “dopamine homeostasis” in spite of
either a “hypo” or “hyper” trait/state. Our goal is to convert the unhappy brain to a happy
one as a result of more in-depth research (see Figure 6).

Our final hope is the attainment of one important goal for treatment of all RDS behaviors,
which is to develop a standard of care plan termed, Reward Deficiency Solution System
(RDSS). This solution will include the use of Genetic Addiction Risk Score (GARS);
Comprehensive Analysis of Reported Drugs (CARD); and a Glutaminergic-Dopaminergic
Optimization Complex (KB220Z) based on both pre-clinical studies in animals and
important human clinical trials mentioned above.
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Figure 1. Brain Reward Cascade showing the inclusion of Dorsal Raphe Nuclei (GlutM3)
interaction regulating VTA dopamine

Figure 1 is an illustration of the Brain Reward Cascade, which involves the release of
serotonin at the hypothalamus, which stimulates enkephalin. The enkephalin then inhibits
GABA at the substantia nigra, which in turn, regulates the amount of dopamine released at
the nucleus accumbens (or “reward site). The dopamine originates in the VTA. Various
receptors (including 5HT?2a receptors, p-opiate receptors, GABAA receptors, GABAB
receptors, and dopamine receptors) are utilized in the reward cascade. Recent evidence
demonstrates the role of the dorsal raphe nuclei in this cascade [Morales & Root 2014]. It is
accepted that, under normal conditions, dopamine in the nucleus accumbens through a
number of cascading events and neurotransmitter interaction works to maintain a person’s
normal drives [Blum et al. 2015] (with permission).
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KB220Z vs Placebo in Psychostimulant Addicts

™ Placebo

W KB220Z

Alpha(12-15Hz) Betal(15-18Hz)
qEEG Bands

Figure 2.
Ilustrates the effect of KB220Z taken one-hour prior to gEEG in ten psycho-stimulant

abstinent abusers compared to the placebo group in a cross-over study. The FFT Absolute
Power shown in microvolts, revealed that compared to placebo, the KB220z complex
increased alpha (12-15 Hz) as well as low beta at 15-18 Hz [Blum et al., 2012 — with
permission].
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Resting-State fMRI 1 hour after one dose
Placebo (n=5) Synaptose (n=5)

Blum et al. published 2015.

Figure 3.
Represents a fMRI cross-over study in five abstinent heroin addicts receiving either placebo

or KB220z (Synaptose) one—hour prior to testing. What is noteworthy is that following the
KB220Z, there was BOLD activation in the NAc and an attenuation of high BOLD
activation in the putamen. This illustration suggests a balancing of dopamine function in the
brain at the reward site [Blum et al. 2012 — with permission].
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Subject 4

i
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Figure 4. Representative cross-correlation maps show 4 subjects: placebo compared to KB220Z

treated rats

Maps correspond to resting state connectivity for the left nucleus accumbens (highlighted in
green in the atlas map above the figure). Note the distributed, but significant connectivity

between various brain regions and the nucleus accumbens in the placebo subjects. KB220Z
improved connectivity, especially between left-right accumbens, dorsal striatum, and limbic

cortical areas, including the anterior cingulate, prelimbic, and infralimbic regions.

Correlation maps for characteristic participants presented at a threshold between 0.35< r
>0.9 (Fisher’s z transformed). With Permission [Febo & Blum, 2016].
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Figure 5.

The figure portrays “Dopamine homeostasis.” It involves balancing the brain to reduce a
hypodopaminergic trait/state by targeting both genetic polymorphisms and epigenetics
(methylation). [With permission Blum & Gold, 2016]

Subst Use Misuse. Author manuscript; available in PMC 2018 March 21.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Blum et al.

Page 22

= Unhappy Brain = Happy Brain

Figure 6.
Schematic of Brain Reward Cascade: Normal and Abnormal Representation [With

permission Blum et al. 2014].
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Table 1

Reward Deficiency Syndrome (RDS)
Addictive Impulsive Behaviors Compulsive Behaviors  Personality Disorders
Behaviors
severe alcoholism attention-deficit disorder hyperactivity — aberrant sexual behavior ~ conduct disorder
polysubstance abuse  Tourette syndrome Internet gaming antisocial personality
smoking autism pathological gambling aggressive behavior
obesity
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