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Summary 
Since 1990, researchers have proposed that genetic variants of dopaminergic genes and other "reward genes" are 

important common determinants of Reward Deficiency Syndrome (RDS). RDS refers to the breakdown of a 

cascade of neurotransmitters in the brain in which one reaction triggers another — the reward cascade — and 

resultant aberrant conduct. Association studies have amassed strong evidence implicating the D (2) dopamine 

receptor (DRD2) gene in harmful conditions such as alcoholism, and the DRD2 gene also has been found to be 

involved in other substance use disorders including cocaine, nicotine, and opioid dependence, as well as obesity. 

Brain dopamine has been implicated as the so-called ―anti-stress molecule.‖ The present study investigated anti-

anxiety effects of Synaptamine Complex [KB220], a dopaminergic activator, in a randomized double-blind placebo 

controlled study in alcoholics and in polydrug abusers attending an in-patient chemical dependency program. In 

this randomized double-blind placebo controlled study of 62 alcoholic and polydrug abusers, we utilized skin 

conductance level (SCL) to evaluate stress responses. Patients receiving Synaptamine Complex [KB220] had a 

significantly reduced stress response as measured by SCL, compared to patients receiving placebo. Two factor 

ANOVA yielded significant differences as a function of Time (p<0.001), and Treatment (p<0.025) as well as a Time–

by-Treatment interaction (p< 0.01). The results of this study suggest that the Synaptamine Complex™ [KB220] 

may improve treatment response in an in-patient treatment setting by reducing stress related behaviors and 

warrants further investigation. 
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I. Introduction 
Since 1990, association studies have amassed strong 

evidence implicating the D (2) dopamine receptor (DRD2) 

gene in the etiology of alcoholism (Blum et al. 1990; Blum 

et al. 2000).
 
The DRD2 gene also has been found to be 

involved in other substance use disorders including cocaine, 

nicotine, and opioid dependence, as well as in obesity. These 

many disorders often are considered to have a common 

characteristic: Reward Deficiency Syndrome (RDS) (Blum 

et al. 1996; Chen et al. 2007). RDS refers to the breakdown 

of a cascade of neurotransmitters in the brain in which one 

reaction triggers another — the reward cascade — and 

resultant aberrant conduct.  

The relation of dopaminergic neurotransmission to 

various stress reactions also has been known for many years. 

The current understanding is that multiple genes interacting 

with dopaminergic pathways are emerging as potential 

therapeutic targets, especially in the treatment of addictions. 

Thus, because brain dopamine has been implicated as the so 

called ―anti-stress molecule,‖ (Bowirrat and Oscar-Berman 

2005) we sought to investigate anti-anxiety effects of 

Synaptamine Complex [KB220], a dopaminergic activator, 

in a randomized double-blind placebo controlled study of 

two groups of patients with RDS. One group consisted of 

alcoholics, and the other group consisted of polydrug 

abusers. We reasoned that since nearly 400 different genes 

may work in concert to impact dopamine and glutamine 

release in addictions, (Li et al. 2008),. oOur findings 

potentially could provide insight regarding the involvement 

of dopamine in the addiction process, which in turn could 

lead to therapies based on influencing dopaminergic 

signaling (Blum et al. 2007).  

 

A. Dopamine D2 receptor neuro-genetics 

and autoreceptor function 
One of the major pitfalls in the approach to dampen the 

dopamiergic system to induce a form of drug extinction, we 

believe is counter-productive and may lead to mood changes 

including suicide ideation. Recently, our laboratory 

suggested that activation of dopamine receptors in the long 

term will induce a potential ―normalization‖ of an aberrant 

genetically induced reduced dopamine D2 receptor density 

(Downs et al. 2009). 

Interestingly, members of our laboratory have 

promoted the long–term utilization of dopaminergic agonist 

therapy to reduce craving behavior of all substances 

including glucose. This was based on the understanding that 

carriers of the DRD2 Taq A1 A1 allele have compromised 

DAD2 receptor density (Downs et al. 2009). In this regard, 

positron emission tomography (PET) studies have revealed 

significant inter-individual variation in dopamine D2 

receptor density in vivo in human striatum. Low D2 receptor 

binding in vivo has been found to associate with 

alcohol/substance dependence. It has been suggested that the 

A1 allele of the human D2 receptor gene might be associated 

to a specific type of alcoholism and possibly to a reduced D2 

receptor density in vitro. (Pohjalainen et al. (1998) have 

determined D2 dopamine receptor-binding density (Bmax), 

affinity (Kd) and availability (Bmax/Kd) in 54 healthy 

Finnish volunteers using PET and [11C] raclopride in order 

to determine whether the A1 allele is associated with a 

baseline difference in D2 receptor characteristics in vivo.  

A statistically significant reduction in D2 receptor 

availability reflecting an alteration in receptor density was 

observed in the A1/A2 genotype group compared to the 

A2/A2 group. There was no difference in apparent Kd 

between the two groups. In conclusion, the association 

between the A1 allele and low D2 receptor availability in 

healthy subjects suggested that the A1 allele of the TaqIA 

polymorphism might be in linkage disequilibrium with a 

mutation in the promoter/regulatory gene element that 

affects dopamine D2 receptor expression. This study 

provides an in vivo neurobiological correlate to the A1 allele 

in healthy volunteers ((Pohjalainen et al. 1998). This 

important work supported the work of Noble et al. (1991), 

and others (Comings 1999) also showing low D2 receptor 

density in A1 allele carriers.  

The understanding of why D2 receptor density was 

lower in A1 allele carriers provided impetus to suggest that 

raising D2 receptor density may reduce aberrant craving 

behavior providing a homeostatic state toward normalization 

(Blum et al. 2008a). This concept was first supported by 

Boundy et al (1995) involving studies with radiolabeled 

agonists. This seminal work has revealed that both agonists 

induce up-regulation of D2 dopamine receptors in cells 

transfected to express D2 receptors. Their results suggest 

that the increase in agonist binding after brief exposure to an 

antagonist is due to interactions of the receptor with one or 

more G proteins that are not coupled to inhibition of 

adenylyl cyclase, whereas the increase in agonist binding at 

later time points is associated with the antagonist-induced 

up-regulation. 

Thus, agonistic therapy results in a proliferation of 

Dopamine D2 receptors over time if provided in a slow 

fashion (Boundy et al. 1996). This takes on therapeutic 

importance when one considers the use of the complex 

Synaptamine™ claimed to be a dopaminergic agonist used 

to treat RDS behaviors including addiction to drugs and 

alcohol (Blum et al. 1987). While there is support for a 

higher likelihood of treatment response and compliance 

using dopaminergic agonist therapy in carriers of the DRD2 

A1 allele (utilizing nutrigenomic principles) compared to 

DRD2 A2 allele genotype by several investigators the actual 

mechanism for positive clinical outcomes remained a 

mystery (Chen et al. 2007; Chen et al. 2007; Blum et al. 

2008b; Blum et al. 2008c; Blum et al. 2008d).  

However, for the first time in the history of this work 

involving dopaminergic genetics Laakso et al (2005) has 

provided a clue. Accordingly, the A1 allele of the TaqI 

restriction fragment length polymorphism (RFLP) of the 

human dopamine D2 receptor gene (DRD2) is associated 

with a low density of D2 dopamine receptors in the striatum. 

Because of the important role of D2 autoreceptors in 
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regulating dopamine synthesis, they aimed to examine 

whether subjects with the A1 allele have altered presynaptic 

dopamine function in the brain. They also studied the effects 

of two other DRD2 polymorphisms, C957 T and--141C 

Ins/Del, which have been suggested to affect D2 receptor 

levels in brain. The relation between the Taq IA RFLP, 

C957 T and --141C Ins/Del polymorphisms and striatal 

dopamine synthesis in 33 healthy Finnish volunteers was 

studied using PET scans and [18F] fluorodopa ([18F] 

FDOPA), a radiolabelled analog of the dopamine precursor 

L-DOPA. Heterozygous carriers of the A1 allele (A1/A2; 10 

subjects) had significantly higher (18%) [18F] FDOPA 

uptake in the putamen than subjects without the A1 allele 

(A2/A2; 23 subjects). C957 T and --141C Ins/Del 

polymorphisms did not significantly affect [18F] FDOPA Ki 

values. These results demonstrated that the A1 allele of the 

DRD2 gene is associated with increased striatal activity of 

aromatic L-amino acid decarboxylase, the final enzyme in 

the biosynthesis of dopamine and the rate-limiting enzyme 

for trace amine (e.g., beta-phenylethylamine) synthesis.  

The finding can be explained by lower D2 receptor 

expression leading to decreased autoreceptor function, and 

suggests that dopamine and/or trace amine synthesis rate is 

increased in the brains of A1 allele carriers to compensate. 

We are proposing that with an increased striatal activity of 

aromatic L-amino acid decarboxylase, the final enzyme in 

the biosynthesis of dopamine and the rate-limiting enzyme 

for trace amine (e.g. beta-phenylethylamine), dopamine 

synthesis should occur with a more natural and less powerful 

agonistic compound relative to L-Dopa.  This would support 

the use of Synaptamine complex, a precursor amino acid and 

enkephalinase inhibition  therapy, as a powerful dopamine 

agonist.  It is postulated that a lower dopamine quanta 

release at presynatic neurons in the nucleus accumbens 

(NAc) should result in an up-regulation of D2 receptors in 

A1 carriers, which will ultimately result in a reduction of 

craving behavior.  

 

B. Underlying psychiatric mechanisms of 

stress 
Stress will stimulate dopamine transmission in both the 

medial prefrontal cortex and the NAc (Abercrombie et al. 

1989). It appears, however, that the NAc dopamine response 

to stress is modulated by a dopamine-sensitive mechanism in 

prefrontal cortex such that increased dopamine transmission 

in this cortical region acts to dampen the NAc dopamine 

response to a variety of stimuli including stress 

(Abercrombie et al. 1989; Deutch et al. 1990; Doherty and 

Gratton 1996). There is evidence implicating also prefrontal 

cortex glutamate- (GLUT-) containing neurons some of 

which are known to project to NAc and to the ventral 

tegmental area (VTA) where the mesocorticolimbic 

dopamine system originates (Vezina et al. 1991; Carr and 

Sesack 2000; Carr et al. 1999).  

In addition to stimulating dopamine transmission, 

stress will also increase prefrontal cortex and NAc levels of 

GLUT (Sesack and Pickel 1992) and there is evidence 

indicating that the NAc dopamine response to stress is 

modulated locally by a GLUT-sensitive mechanism 

(Moghaddam 1993; Keefe et al. 1993; Saulskaya and 

Marsden 1995; Wheeler et al. 1995). It has been reported 

that the NAc dopamine stress response is potentiated by 

local NMDA receptor blockade (Doherty and Gratton 1997). 

In that study the researchers reported evidence that the local 

action of GLUT on the NAc dopamine stress response is 

mediated by NMDA receptors located on NAc output 

neurons that project to the VTA. Part of this output system 

comprises GABA neurons that project to the VTA either 

directly or indirectly via the ventral pallidum (Kalivas and 

Churchill 1993; Walaas and Fonnum 1989; Yim and 

Mogenson 1980). In the VTA, GABA is known to 

hyperpolarize dopamine cells, inhibiting their activity by a 

direct GABAB receptor-mediated action (Chen et al. 2005; 

Erhardt et al. 2002). The activity of VTA dopamine cells is 

also regulated by GABA acting at GABAA receptors 

although here the evidence indicates both a direct inhibitory 

action as well as a predominant indirect disinhibitory action 

presumably mediated presynaptically by GABAA receptors 

on non-dopamine interneurons (Churchill et al. 1992; 

Johnson and North 1992; Kalivas et al. 1990; Klitenick et al. 

1992; O’Brien and White 1987; Sugita et al. 1992; 

Westerink et al. 1996). Local VTA GABAA and GABAB 

receptor activation has been shown previously to modulate 

dopamine transmission in NAc and VTA. However, to our 

knowledge, similar information has not been obtained for the 

NAc dopamine response to stress.  

Recent results indicate that the NAc dopamine stress 

response is regulated by GABA afferents to VTA dopamine 

cells and that this action is differentially mediated by 

GABAA and GABAB receptors. The data suggest that the 

relevant GABAB receptors are located on dopamine neurons, 

whereas the GABAA receptors are located on GABA inter-

neurons and perhaps also on dopamine cells. The finding 

related to stress reduction by Synapatamine™ in 

polysubstance abusers as seen in the current study is 

consistent with the idea that the corticofugal GLUT input to 

NAc indirectly regulates stress-induced dopamine release in 

this region through the GABA feedback pathway to VTA. 

Moreover, in the past decade, it has also become clear 

that vulnerability for substance use disorders is influenced 

by complex interactions between genetic and environmental 

determinants (Xi and Stein 1998; Barr et al. 2004; Bau et al. 

2000; Caspi et al. 2003; Gunzerath and Goldman 2003; 

Madrid et al. 2001). Interestingly, impulsive behaviors often 

increase under conditions of heightened arousal or stress 

(Barr et al. 2004). Associations between stress and substance 

abuse have also been well documented (Morgan et al. 2002; 

Swann 2003; Gilbert et al. 2004; Karlsgodt et al. 2003; 

Laudet et al. 2004; Ota et al. 2004). Recent preclinical 

findings suggest that the dopamine system may be an 

important vulnerability substrate in this relation (Sinha 2001; 

Soderpalm et al. 2003; Cadoni et al. 2003; Matuszewich and 

Yamamoto 2004). Nevertheless, the exact nature of stress-

induced alterations on dopamine neurotransmission, the 
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conditions under which these alterations occur, and the 

ability to generalize the preclinical findings to humans 

remains to be determined. 

Since the findings of Blum et al (1990) associating the 

dopamine D2 receptor gene polymorphisms and severe 

alcoholism, many studies have also associated a number of 

DRD2 gene polymorphisms with various forms of stress 

both acute and chronic (Voisey et al. 2009).  

In the present study, we analyzed in a double-blinded 

placebo controlled randomized fashion, the stress relieving 

effects of Synaptamine Complex™[KB220](LifeGen, Inc. 

San Diego,CA), a novel nutraceutical with putative 

dopaminergic activation properties, in patients attending an 

inpatient treatment facility. This nutraceutical was designed 

to mimic the natural release of VTA dopamine from the 

NAc, resulting in a reduction of substance seeking behavior 

based on dopaminergic genetics (Saal et al. 2003; Tidey and 

Miczek 1997; Noble et al. 1993; Uhl et al. 1993).  

  

II. Methods 
A. Group selection and dosage regimen 
Inclusion/exclusion 
In terms of exclusion of this study all pregnant female 

patients were excluded from the study. Additionally any patient 

suffering from a prediagnosis of liver damage including any patient 

having abnormal liver enzyme levels as measure by the 

CBC/SMAC -24 analysis were also excluded.  

In this IRB-approved (IRB Registration # IRB00002334) 

prospective randomized, double-blinded placebo-controlled study, 

four groups of consenting adult patients signed a consent forms 

approved by the IRB.) were enrolled. Inclusion into this study 

consisted of all patients that were assessed using the Minnesota 

Multiphasic Personality Inventory (MMPI) and blood analyses 

(CBC/SMAC-24) carried out upon admission. These were all 

serious polysubstance abusers with a history of multiple failures 

based on a one-hour structured interview by the attending 

physician.  No further blood or urine tests were conducted. The 

groups were: substance A (alcoholics) with KB220 (AI), substance 

A (alcoholics) with placebo (AP), substance B (polydrug abusers) 

with KB220 (BI), and substance B (polydrug abusers) with placebo 

(BP). Substance B users typically had used or abused at least three 

and up to 13 substances on a regular basis. Exclusion criteria 

included pregnant women, as well as any patients suffering from a 

prediagnosis of liver damage (i.e., anyone having abnormal liver 

enzyme levels as measure by the CBC/SMAC -24 analysis).  Sixty-

two patients were randomly divided into appropriate treatment 

arms and without foreknowledge of diagnosis by the hospital 

pharmacist. 

Four individuals left the program immediately after 

detoxification within the first six days. Eight more individuals left 

the program, one at staff request, before completing treatment. For 

the repeated measure analyses, four patients were dropped because 

of missing data. 

Thus, the base set consisted of 50 individuals, divided into 

two groups: 28 on the intervention KB220 (AI or BI) and 22 on 

placebo at the initiation of the study (AP or BP). The substance A 

subset consisted of 25 individuals, 15 and 10 each in the KB220 

and placebo subgroups, respectively who abused alcohol. 

The substance B subset consisted of 25 individuals who were 

abusing several drugs including alcohol, cocaine, barbiturates, 

tranquilizers, amphetamines, hallucinogens, and marijuana. This 

subset was similarly divided so that 13 used the intervention 

KB220, and 12 were provided with placebo. The patient 

demographics are shown in Table 1. 

 

 
Table 1: Patient Characteristics 

Characteristic Substance A (Alcohol) Substance B (Polydrug) 

 Intervention  Placebo Intervention Placebo 

Mean Age 39.5 + 16.3 36.2 + 16.6 29.6 + 12.8 30.3 + 14.7 

Gender 3F (20%) 12M 

(80%) 

2F (20%) 8M 

(80% 

4F (31%) 9M 

(69% 

4F (33%) 8M 

(67%) 

Race 2B (13%) 13W 

(87% 

2B (20%) 8W 

(80%) 

13W (100%) 1B (8%) 11W 

(92%) 

BAL (mg%) 0.135 0.056 0.016 0.012 

Substance A 15 10 13 12 

Total Substance A 25    

Total Substance B 25    

Total Intervention 28    

Total Placebo 22    

 

 

 

B. Blinded randomized procedure 
Age, weight, sex, race, and entry blood alcohol level (BAL) 

were tested as possible covariates for the dependent measures. BAL 

upon entry is shown for each of the groups, and despite great 

differences in BAL, it proved not to be a significant covariate by 

statistical analysis. None were found to be significantly different, 

substantiating the fact that, in terms of these measures, the groups 

are equivalent. No one in the Chemical Dependent Unit, 

physicians, nurses and subjects, or the data collector, knew which 

individuals were receiving KB220, and which were receiving the 

methylcellulose placebo. Each patient received a research number 

and the data was collected by a research assistant working at the 

clinic. All the information was secured and was not available to any 
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investigator in the unit. At the termination of the study the file was 

immediately submitted to the independent paid statistical person for 

subsequent analysis. KB the director of the study did not see the 

data until the analysis was complete thereby maintaining complete 

blindness.  

The KB220 capsules and the placebo capsules were identical 

in appearance and the patients were randomized to receive either 

placebo or KB220. 

Two KB220 or placebo capsules were given three times daily 

for 21 days to the first 50 patients enrolled. These subjects were 

observed for an additional seven days without KB220 or placebo. 

The purpose of the last seven days (without KB220 or placebo) was 

to verify that use of KB220 did not produce dependency.  

 

C. Skin Conductance Level (SCL)  
The electrical properties of the skin have been widely utilized 

in the assessment of emotional response. This technique has proven 

quite reliable as a measure of stress levels in the patient (for 

example, extent of anxiety or anger). As such, this is an indirect 

measure of stress levels in the patient. The SCL, the inverse of the 

galvanic skin resistance (GSR), monitors absolute skin conductance 

level as measured in micromhos (Edelberg 1972). A correlation 

exists between orienting and anxiety responses, which by 

sympathetic activation results in increase in skin conductance. 

Thus, a decrease in conductance is associated with a decrease in 

autonomic arousal (Luthe 1969; Martin and Venables 1967).  

To make these measurements, an Autogen 3000 (Autogenic 

Systems) was attached to the middle three fingers of the dominant 

hand of each patient, and a reading obtained. Measurements were 

carried out approximately 16 times for each patient who completed 

treatment. Readings were taken on a non-scheduled basis, including 

weekends, between 5:00 and 6:00 p.m. 

 

D. Ingredients in Synaptamine™ Complex 

[KB220] 
The following list outlines the selected ingredients per 

capsule and their expected effects: 

D-phenylalanine--230 mg: This amino acid inhibits 

enkephalinase A and increases the availability of enkephalin in the 

brain, thereby decreasing craving and depression (Ehrenpreis 1983; 

Fischer et al. 1975). The LD50 of D-phenylalanine in rodents is 

5,452 mg/kg. 
L-phenylalanine--230 mg: This isomer of phenylalanine 

tends to increase levels of dopamine, which is closely associated 

with the brain reward system. A second effect is to increase 

norepinephrine levels, which leads to a decrease in depression 

(Yamanaka and Kono 1974). The LD50 of L-phenylalanine in 

rodents is 5,287 mg/kg. 

L-Tyrosine –83.3 mg: The substrate for the rate limiting 

enzyme Tyrosine hudroxylase to synthesize dopamine in the 

neuron (Yamanaka and Kono 1974). A daily dosage for a clinical 

test supported in the literature is about 100 mg/kg for an adult 

which amounts to about 6.8 Grams at 150 lbs. (Gelenberg et al 

2008). The usual dosage amounts to 500-1500 mg per day (dose 

suggested by most manufacturers; usually an equivalent to 1-3 

capsules of pure tyrosine). It is not recommended to exceed 

12000 mg (12 g) per day. In fact, too high doses result in reduced 

levels of dopamine (Chinevere et al 2002). Tyrosine may decrease 

the absorption of other amino acids in high or chronic doses. It 

decreases absorption of l-dopa.  

L-tryptophan--25 mg: This precursor to the neurotransmitter 

serotonin plays a role in reducing craving and improving the 

quality of sleep (Yamanaka and Kono 1974). The LD50 of L-

tryptophan in rodents is 1,600 mg/kg. 

L-glutamine--25 mg: Its effect is to increase brain GABA 

levels, thereby reducing both craving and anxiety (Rogers and 

Pelton 1957). The LD50 of L-glutamine in the mouse is 7,000 

mg/kg.The amount of L-Glutamine is small to allow for adequate 

dopamine neuronal release. 

Pyridoxal 5'-phosphate--5 mg: This activated form of 

vitamin B-6 is a cofactor in the production of aminergic 

neurotransmitters, and enhances the gastrointestinal absorption of 

amino acids (Virk et al. 1999). 

Each participant utilized 6 capsules per day in equal divided 

doses per day. The capsules were manufactured by Marlyn Natural 

Products Corporation (Phoenix,Arizona)  

 

DE. Statistical analyses 
Effects of the Synaptamine Complex intervention (KB220) 

treatment were analyzed for substance A and B groups alone and in 

combination. In addition to highlighting differences in response of 

these populations, this approach addressed the question of 

commonality of the neurobiological mechanisms (George 1991; 

Blum et al. 1978). In addition, combining the samples increased the 

statistical power of the analyses. 

Student t-tests were used to compare the mean scores of the 

KB220 vs. placebo data. The cumulative effects of treatment 

regimen were seen by analyzing the sum of all prior recordings as 

windowed on days three [1-3], 10 [1-10], 21 [1-21], and 28 [1-28]. 

The consequence of this approach is that the discrete trend 

differences were emphasized. By this method, each recorded 

measure was treated as a separate entity or "case." This method is 

statistically more liberal in its analysis than the repeated measure 

analysis described below. When many t-tests are used, the alpha 

criterion for any test is no longer 0.05 and a smaller value should 

be employed to avoid Type 1 errors, i.e., imputing significance 

inappropriately. To compensate for this potential error, the t-test 

significance values were adjusted using the Bonferroni protocol, 

which yields an alpha protection level for SCL of 0.0042. 

Repeated measures analyses of variance (ANOVA) were 

carried out for the first 21 days, the period in which all patients 

received KB220. We utilized a statistical analysis involving 

repeated measures to allow for statistical dependency of the subject 

response over time and to test for differences between groups. The 

ANOVA compensates for successive case measures by 

incrementing the value needed for significance. Two-factor 

analysis of variance was used to examine the skin conductance 

level (SCL), BESS Score as well as the blood pressure. By this 

approach the group status at each of the analysis days is viewed as 

if frozen in time. Time factors were analyzed starting on day 5 

when the dropout rate achieved a plateau (8 patients left during the 

first 5 days) and the sample variance was more stable. As the 

analysis program used is very sensitive to missing observations 

within subjects, values for post day five missing data were 

substituted by the group average for that day. Analyses were 

limited to days 5, 7, 9, 11, 13, and 17, since the sample size did not 

support extensive within group degree of freedom contrasts. 

All ANOVAs were calculated on a VAX 8650 computer 

using the BMDP Bio-Medical Statistical Analysis Programs. For 

this statistical analysis a total of 50 patients were evaluated. The 

data are reported in Figure 1, 2.  
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III. Results 
In analyzing skin conductance levels (SCL) measures 

analyses were performed for between-group comparisons, 

and repeated measures analyses were applied to evaluate 

within-group effects. Table 2 illustrates the differences 

observed between KB220 and placebo groups on the SCL 

stress measurement test at 3, 10, 21, and 28 days of the 

program. For the substance A subjects, there was a clear 

trend to progressively higher scores for both the KB220 and 

placebo groups with a peak at day 21. Then, with KB220 

discontinued, the values declined. SCL was consistently 

lower in the KB220 group, with the greatest difference 

between the groups at day 10. Using the stringent alpha 

acceptance value of 0.0042, significance was not reached. 

The pattern for the substance B groups showed progressive 

decline in SCL for both the KB220 and placebo sets, but a 

substantial and significant difference between them was 

evident at day 10 and proceeded to increase with time. These 

data indicated that the use of KB220 results in clear 

improvement for the substance B group early in the 

program. 

When the data from all the patients were combined, 

significant differences were evident beginning at day 10 and 

continuing through day 28, despite discontinuance of KB220 

at day 21. The KB220 effect was evident by a decreasing 

difference between the groups at day 28 as compared with 

day 21. 

A two-factor ANOVA (Time and Group) yielded 

significant main effects of Time (p < 0.001), and Group (p < 

0.025) as well as a Group-by-Time interaction (p < 0.0I). 

Over the 21-day test period there were significant 

differences among the four groups. Further, for each group 

there was a significant change over the treatment period. 

Single factor ANOVAs within each group over time showed 

significant time-dependent effects for all but the AP group. 

The progressive time-dependent effects for the other three 

groups were examined using multiple paired t-tests with the 

alpha acceptance level adjusted to 0.0042. 

Figure 1 illustrates a significant difference (p < 0.025) 

between the AI and AP/BP groups on day 7. While the 

AP/BP groups demonstrated higher SCL measures, the 

AI/BI group had markedly lower levels. Further, as early as 

day 7 there was a significant decrease in SCL within the 

AI/BI group alone. This day is significantly different from 

all other days. In contrast with the AI/BI group, the AP/BP 

group had no time-dependent within-group significant 

differences. Thus, early in the program, in what appears to 

be a detoxification related event, the AI/BI patients showed 

reduced stress responses. The profile of time-dependent 

changes in the substance B subset SCL is mirrored in the 

two groups. Thus, all patients appear to respond similarly to 

environmental, program-dependent stimuli. With this 

stringent form of analysis, no differences emerged between 

groups. Examining the total AI/BI vs. total AP/BP 

population (Fig. 2), we found that the intervention group 

(AI/BI) had consistently lower SCL scores. Between-group 

differences approach significance overall (p < 0.08), 

especially for the first 11 days (p < 0.06). 

 Finally, no evidence of dependency in these subjects 

was observed. This was assessed by evaluating craving 

behavior (self-reported analog scale) through the Physical 

and Behavioral Emotional Stress Scores (BESS Score) filled 

out by the attending staff following the 21-day period 

whereby each patient no longer received the experimental 

product.  

 

 

 
Table 2: illustrates the differences observed between KB220 and placebo groups on the SCL stress measurement test.  

Treatment Group Day 

3 10 21 28 

Substance A NS NS NS NS 

AI 5923 + 478 6798 + 396 7500 + 312 7340 +262 

AP 7551 + 150 9013 + 948  9152+ 722 8434 +595 

Substance B NS P<0.001 P<0.001 P<0.001 

BI 9470 + 911 9048 + 386 8727 +285  8693 + 257 

BP 14280 + 162 12738 + 870 11686 + 519 11295 + 447 

Total NS P<0.001 P<0.001 P<0.001 

AI/BI 8051 + 645  7954 + 291 8007 +217 7902 + 186 

AP/BP 10661 + 118 10827 + 640 10506 + 429 9987 + 365 

 

NS = not significant 

Alpha acceptance value – p < 0.0042 
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AP n = 12, AI n=15 

Day 7, between groups at p < 0.025, within groups at p < 0.025 

 

Figure 1: The SCL value for the total (substance A and substance B groups together) KB220 and placebo groups. After the effect of the first 

seven days, the striking finding is that the curves for the two groups mirror one another, though the KB220 groups are lower. This may 

indicate a commonality in response to the dynamics of the treatment program, or it may indicate characteristic changes in the population with 

recovery groups. In contrast, distinctive changes occur within groups. By day nine, the polydrug-KB220 group shows a marked time-

dependent significant improvement. At day 13 a second significant change occurs with respect to days 11, 17 and 21. In contrast to the AP 

group, the BP group showed a significant change, which occurred later at day 13, and continued through day 21. 

 

 
Intervention (I) n = 28, Placebo (P) n = 22 

 
Figure 2: The SCL value for the total (substance A and substance A and B groups together) KB220 and placebo groups. After the effect of 

the first seven days, the striking finding is that the curves for the two groups mirror one another, though the KB220 groups are lower. This 

may indicate a commonality in response to the dynamics of the treatment program or it may indicate characteristic changes in the population 

with recovery groups. In contrast, distinctive changes occur within groups. By day nine the BI group shows a marked time-dependent 

significant improvement. At day 13 a second significant change occurs with respect to days 11, 17, and 21. In contrast to the AP group, the 

BP group showed a significant change, which occurred later, at day 13, and continued through day 21. 
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IV. Discussion 
Data were presented for two groups of substance 

abusers in a 28-day inpatient treatment setting. The SCL, a 

measure of autonomic function and a known correlate of 

anxiety level, revealed significant improvement for the 

substance B group at day 10 and for the combined groups 

(Total). The 10-day period is known for peak post-

detoxification problems associated with inpatient 

hospitalization (i.e., higher rates of premature patient 

departure). For both substance A and B groups, the KB220 

groups had lower (improved) scores. These values were 

statistically significant using the repeated measures but just 

missed significance for the substance A group when the 

strict alpha acceptance value was imposed. The significant 

improvement for the substance B and total drug groups 

continues throughout the remainder of treatment. 

Thus, these data suggest that KB220 is a particularly 

useful adjunct to reduce stress (e.g., as associated with 

anxiety and craving). It is noteworthy that in each individual 

situation tested the score was consistently lower for the 

KB220 patients than for those receiving placebo. Seven days 

after KB220 and placebo were eliminated from the program 

(measurements through day 28) the SCL response for all 

groups declined with the greatest decline coming in the 

substance A group.  

Autogen 3000 SCL effects were measured using a 

single factor ANOVA with a Student-Newman-Keuls test 

for post hoc analysis of any significant ANOVA. 

Statistically significant differences were obtained for the 

different groups on day 7 (for substance A) and day 11 (for 

substance B). In addition, the substance B groups showed 

parallel curves with the KB220 patients exhibiting less 

stress. These findings suggest that KB220 reduces response 

to the situational-induced stresses evident throughout the 

program and particularly prevalent with the detoxification-

transfer-group assimilation events occurring from days 7 to 

10. Two clinical observations lend support to this 

conclusion. First, the patients' disciplinary problems are 

diminished and, second, the number of calls for the 

physicians is decreased. 

We believe that the results of this experiment provide 

significant evidence that KB220 is a strong anti-anxiety 

agent and can provide clinical benefits as a stress reducing 

agent. 

There are a number of limitations to this study: 

1. One important caveat of this study especially in an 

in-patient setting, is that modest amounts of certain amino-

acids might be in doses that are sufficient to permit subjects 

to discriminate between an inert placebo and a compound 

with subtle but still discernable properties.  Expectations, 

attitudes of staff, prior information about the study, rumors 

in the treatment center, and so forth may have operated to 

sensitize placebo control and KB220 subjects to try to guess 

the condition (KB220 or control) to which they had been 

assigned. Thus once subjects categorized themselves as 

KB220 or placebo, and then it is possible that they behaved 

accordingly.  

2. Another important caveat is that since these patients 

were not evaluated for generalized anxiety disorder using 

such standardized scales such as GAD (DSM-IV), and a 

Hamilton Anxiety Rating Scale (HAM-A), Clinical Global 

Impression of Severity of Illness (CGI-S) Scale; and the 

Montgomery-Asberg Depression Rating Scale (MADRS) 

one cannot generalize these findings to GAD per se and may 

be the subject of additional investigation. 

3. Since the actual work of this study was done some 

years ago, newer and more powerful statistical preferred 

methods have emerged to handle missing data and dropout 

such as full information likelihood imputation.  

4. Another caveat of this current study involves the 

lack of some type of growth curve models that first test 

whether change over time in the outcomes differs across 

experimental conditions taken the form of time-by-condition 

interaction.  

5. We must caution any interpretation of this study, 

albeit double blind randomized –placebo controlled because 

of the small sample size.  

We focused on specific days because it is well known 

that in most 30-day in-patient treatment facilities, day 7 is 

stressful because that is the one-week anniversary of group 

entry following drug and alcohol detoxification.  

Figures 3, 4, 5, and 6 illustrate the brain’s reward 

circuitry and associated neurotransmitters. We are confident 

that delivery of Synaptamine Complex™ due to precursor 

amines and enkephalinase inhibition should result in both 

the enhanced synthesis and release of dopamine. In this 

regard we are cognizant that the brain is designed to provide 

homeostatic mechanisms in dopamine synthesis and release. 

In fact, it is known that the cystosolic concentration of 

dopamine is quite low, and the concentration of l-dopa is 

extremely low (Feldman et al. 1997). It has been calculated 

by others at steady state, cytosolic dopamine = 2.65µM, and 

the concentration of l-dopa is 0.36 µM. Interestingly, it has 

been calculated that 27.3 µM. of cytosolic dopamine are 

manufactured from tyrosine per hour .81 µM /hr of 

dopamine are put into the vesicles by the monoamine 

transporter and 80.1 µM are put back into the cytosol from 

extracellular space by DATs. Moreover, 26.5 µM/hr of 

dopamine is catabolized in the cytosol (Reed et al. 2009). It 

is important to realize that only about 10% of the cellular 

tyrosine input goes to dopamine synthesis, with the 

remainder going to the tyrosine pool (80%) or being 

catabolized (10%) as seen experimentally (Bongiovanni et 

al. 2006). Importantly cellular tyrosine itself has a steady 

state concentration of 126 µM (Reed et al. 2009; 

Bongiovanni et al. 2005). It is known that even when taken 

with meals, brain tyrosine levels can double (Fernstrom and 

Fernstrom 1994). Therefore, by administering to a subject 

between 350 mg-750mg per day of tyrosine (dependent on 

DRD2 gene polymorphisms), especially in carriers of the 

DRD2 A1 whereby L-aromatic decarboxylase activity is 

significantly above normal, the resultant synthesis of 

cytosolic dopamine is likely (Laakso et al. 2005).
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Figure 3. Brain circuitry involved in reward. This is a mid-sagittal view of the brain. The major structures of the reward pathway are the 

ventral tegmental area (VTA), the nucleus accumbens (NAc), and the prefrontal cortex. When one is engaged in something pleasurable, this 

circuitry of the brain is activated; causing the experience of pleasure and thus making it more likely that one will repeat a pleasurable activity. 

The NAc plays a central role in the reward circuit. It functions mainly through the action of two essential neurotransmitters: dopamine, which 

promotes desire, and serotonin, whose effects include satiety and inhibition. Nonhuman animal studies have shown that drugs can increase 

the production of dopamine in the NAc, but reduce serotonin. The NAc maintains close relations with the VTA, a primitive part of the brain 

that synthesizes dopamine. VTA axons send dopamine to the NAc. The VTA is also influenced by endorphins whose receptors are targeted 

by opiate drugs such as heroin and morphine. The substantia nigra also synthesizes dopamine and projects dopamine to the basal ganglia. 

Dopamine release is inhibited by the neurotransmitter GABA. Another structure involved in pleasure mechanisms is the prefrontal cortex, 

which plays a role in planning and motivating action. The prefrontal cortex is a relay in the reward circuit and also is modulated by 

dopamine.  

 

 
Figure 4. Different areas involved in reward circuits. This Figure illustrates how neurons from different regions of the brain communicate 

with each other to influence the effects of positive and negative reinforcements. The main areas involved in positive reinforcement (reward) 

are colored with Green: NAc - nucleus accumbens, VTA – ventral tegmental area, OFC – orbitofrontal cortex. The lateral amygdala nucleus 

(yellow) is involved in pleasure and receives signals from the OFC and also sends inhibitory signals to the medial amygdala. The amygdala 

(yellow) is a center of many activities; it receives negative signals (blockade) and it functions as a fear and panic center to enhance the action 

of reinforcements. Negative signals can arrive from the dorsolateral prefrontal cortex, the hippocampus, and the lateral amygdala to stabilize 

the medial amygdala. Positive signals are transmitted from the medial amygdala to the hypothalamus (orange). The hypothalamus triggers the 

adrenal gland (blue) to release adrenaline and cortisol. Adrenaline triggers the hippocampus (pink), and cortisol inhibits the hippocampus by 

its negative signal. The dorsolateral prefrontal cortex (DLPFC) (blue) oversees information about rewards and punishment. It inhibits 

emotional fear actions including those from the medial amygdala, and it receives positive stimulation from the NAc. 
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Figure 5. Brain reward pathway: Regions and neurotransmitters involved. Figure 5 illustrates different neurotransmitters and brain 

regions involved in reward circuitry. On the top, the hypothalamus (gray) is involved; serotonin is released triggering the enkephalin and 

opiate receptors that inhibit the action of GABA B receptors. This action triggers the release of dopamine from the ventral tegmental area 

(yellow-right). Dopamine triggers the amygdala (gray), thereby affecting the hippocampus (pink). The end result of dopamine release is a 

pleasurable sensation (Reward-green). On the left side of the figure the interventions of neuropeptidases and enkephalins cause inhibition to 

the GABA receptor, and the result is production of dopamine in the nucleus accumbens (NAc-blue). Who occupy the D2 –Receptor that leads 

to the manifestation of Reward also within the Nucleus Accumbens (Blue). However, at least two other neurotransmitters are also influenced 

by drug abuse and addiction: GABA and glutamate. The figure illustrate two of the brain-signaling pathways targeted by drugs of abuse 

transmit dopamine and serotonin. The mean regions involved are NAc – nucleus accumbens and Ventral Tegmental area in addition to the 

substantia nigra.  
 

 

Dopamine and the D2 receptor gene has been 

correlated with susceptibility to depressive symptoms during 

stressful life events (Hill et al. 1999), more severe stress or 

stress disorders (Comings et al. 1996; Comings et al. 2000).
 

Moreover, our research and that of others throughout the 

years have provided evidence that pharmacogenetic and/or 

nutrigenetic testing prior to administration of any agent to 

treat psychiatric based disorders should significantly 

improve treatment outcomes (Lawford et al. 1995; Blum et 

al. 2006). 

In fact, Kirsch et al (2006)
 
in a double-blind crossover 

study with 24 participants found an increase of reward 

system activation from placebo to bromocriptine only in 

subjects carrying the A1 allele. This work supports the work 

of Noble’s group (Lawford et al. 1995). Furthermore, only 

A1 carrier showed an increase of performance under 

bromocriptine. The results are interpreted as reflecting a 

specific sensitivity for dopamine agonists in persons 

carrying an A1 allele and may complement actual data and 

theories of the development of addiction disorders 

postulating a higher genetic risk for substance abuse and 

proneness to stress in carrier of the A1 allele. This work is in 

agreement with the work cited earlier concerning treatment 

compliance (Chen et al. 2007; Blum et al. 2008b). 
 

Finally, stress is a well-known risk factor in the 

development of addiction and in addiction relapse 

vulnerability. A series of population-based and 

epidemiological studies have identified specific stressors and 

individual-level variables that are predictive of substance use 

and abuse. Preclinical research also shows that stress 

exposure enhances drug self-administration and reinstates 

drug seeking in drug-experienced animals.  

The deleterious effects of early life stress, child 

maltreatment, and accumulated adversity on alterations in 

the corticotropin releasing factor and hypothalamic-

pituitary-adrenal axis (CRF/HPA), the extrahypothalamic 

CRF, the autonomic arousal, and the central noradrenergic 

systems are considered important.  Noradrenergic activation 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=PubMed&Cmd=Search&Term=%22Kirsch%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
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is tantamount to ones extent of the severity of stressful 

events (Comings et al. 1996). The effects of these alterations 

on the corticostriatal-limbic motivational, learning, and 

adaptation systems that include mesolimbic dopamine, 

glutamate, and gamma-amino-butyric acid (GABA) 

pathways are all associated with the underlying 

pathophysiology linked with stress-related risk of addiction 

(Suemaru et al. 1985).  

Furthermore, the corticotropin-releasing factor (CRF)-

like peptides, which include the mammalian peptides CRF, 

urocortin 1, urocortin 2, and urocortin 3, play an important 

role in orchestrating behavioral and physiological responses 

that may increase an organism's chance of survival when 

confronted with internal or external stressors. There is, 

however, evidence that a chronic overactivity of brain CRF 

systems under basal conditions may play a role in the 

etiology and maintenance of psychiatric disorders such as 

depression and anxiety disorders. Bruijnzeel and Gold 

(2005) suggest evidence of a role for CRF-like peptides in 

acute and protracted drug abstinence syndromes and relapse 

to drug-taking behavior. They suggest that there is a high 

comorbidity between stress-associated psychiatric disorders 

and drug dependence.  

Interestingly, in one study, stress was assessed in 36 

inpatient treatment-engaged cocaine dependent individuals 

and 36 demographically matched healthy control 

participants using the Perceived Stress Scale and repeated 

morning salivary cortisol levels over three consecutive days. 

The Rey Auditory Verbal Learning Test was conducted to 

measure verbal learning, memory, and executive function. 

Prospective assessment of cocaine use outcomes during 90 

days following discharge from inpatient treatment was also 

conducted. Fox et al. (2009) found that cocaine dependent 

patients showed higher levels of distress compared to 

controls in Perceived Stress Scale scores and cortisol levels. 

They also demonstrated a significantly reduced learning 

curve, and fewer correct responses and more errors on 

recognition. Elevated cortisol was significantly associated 

with worse Rey Auditory Verbal Learning test performance 

in cocaine dependent patients. Poor memory scores, but not 

distress measures, were significantly associated with greater 

cocaine use after inpatient treatment. The authors suggest 

that their findings are the first to demonstrate that learning 

and memory deficits in cocaine dependent individuals are 

associated with enhanced cortisol and with cocaine use 

outcomes after inpatient treatment. The findings are 

consistent with recent addiction models suggesting that 

chronic cocaine-related neuroadaptations affect learning and 

memory function, which in turn, influence drug use 

outcomes. 

Moreover, relapse to drug taking induced by exposure 

to cues associated with drugs of abuse is a major challenge 

to the treatment of drug addiction. Previous studies indicate 

that drug seeking can be inhibited by disrupting the 

reconsolidation of a drug-related memory. Stress plays an 

important role in modulating different stages of memory 

including reconsolidation. Wang et al. (2008). Determined 

the role of glucocorticoid receptors in the basolateral 

amygdala (BLA) in modulating the effects of stress on 

reconsolidation of this memory. The disruptive effect of 

stress on reconsolidation of morphine related memory was 

prevented by inhibition of corticosterone synthesis with 

metyrapone or basolateral amygdala, but not central 

amygdala, injections of the glucocorticoid antagonist 

RU38486 [(11,17)-11-[4-(dimethylamino) phenyl]-17-

hydroxy-17-(1-propynyl)estra-4,9-dien-3-one]. Finally, the 

effect of stress on drug related memory reconsolidation was 

mimicked by systemic injections of corticosterone or 

injections of RU28362 [11,17-dihydroxy-6-methyl-17-(1-

propynyl)androsta-1,4,6-triene-3-one] (a glucocorticoid 

receptor agonist) into basolateral amygdala, but not the 

central amygdala. These results show that stress blocks 

reconsolidation of a drug-related memory, and this effect is 

mediated by activation of glucocorticoid receptors in the 

basolateral amygdala. These findings may have important 

clinical implications especially in inpatients undergoing 

treatment. In fact, it may have profound influence on the 

well-known treatment phenomena called AMA rate 

(Withdrawal Against Medical Advice). It is of note that 

stress may induce AMA rates by virtue of disrupting 

reconciliation of drug-related memory.  In other studies our 

laboratory has shown the significant decrease in AMA rate 

in ―in-patient‖ cocaine dependent patients administered a 

Synaptamine™ variant (KB220) (Blum et al. 1998; Blum et 

al. 1988). Thus, one proposed mechanism is that KB220 

prevented AMA rate because of its putative anti-stress 

property, thereby allowing for normalized reconciliation 

drug-related memory to occur.  

Stress associated effects with dopamine D2 receptor 

polymorphisms have been intensely studied. Gilbert et al. 

(2009), found that Nicotine Replacement Therapy (NRT) 

reduced personality traits related to a negative affect (NA). 

The NA was found to a greater extent in DRD2 A1 carriers 

than in A2A2 individuals during the first two weeks of 

treatment (when on the 21-mg patch); however, A1 carriers 

experienced a renewal of NA symptoms when switched to 

the 7-mg patch and when off the patch, while A2A2 

individuals continued to benefit from NRT. Other work by 

Coming’s group (Madrid et al. 2001) found a significant 

interaction between DRD2 genotype and stress score as a 

predictor of MAST score in alcoholics. Additionally, this 

difference was found to be largely accounted by the HSI 

occupational/economic stress score, which interacted 

significantly with DRD2 genotype as a predictor of MAST 

score. This stress score was the only one of four that showed 

levels of stress as high as HSI scores in a US population. 

The MAST scores of A2A2 genotype participants were 

found to be nearly identical in low stress and high stress 

participants, whereas the MAST scores of A1A2 participants 

increased modestly with stress, and that of A1A1 

participants increased markedly with stress.  

There have been controversies as to the actual DRD2 

gene polymorphim being located in the 3’ untranslated 

region of the gene. However, in a recent article in 
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Scientific American entitled "The Price of Silent Mutations" 

by Chamary and Hurst (2009) the authors suggested that 

small changes to DNA that were once considered innocuous 

enough to be ignored are proving to be important in human 

diseases, evolution, and biotechnology. Interestingly, this 

article discusses the role of silence in the DNA code. It turns 

out that mutations sitting outside of the gene regulatory 

intron may be very important for how a gene can code for 

translation to a protein. Over the years, there have 

been studies, which tied the 3' untranslated region to mRNA 

activity. Chamary and Hurst pointed out that in the 

dopamine D2 gene, which encodes a cell-surface receptor 

that detects the presence of the neurotransmitter dopamine, 

one silent mutation causes the mRNA to be degraded more 

rapid than normal. As a result, less of the encoded protein is 

made, and this may affect certain disease states. This 

suggests, in turn, that the DRD2 Taq A1 allele association in 

the 3' region by Grandy and our subsequent association 

studies are due to synonymous mutations (silent), which 

affect mRNA stability and thus synthesis of the receptor. 

Mutations such as -957T have now been shown to be linked 

to Taq A1 allele (Duan et al 2003). These results call into 

question some assumptions made about synonymous 

variation in molecular population genetics and gene-

mapping studies of diseases with complex inheritance, like 

stress and RDS, and indicate that synonymous variation can 

have effects of potential pathophysiological and 

pharmacogenetic importance. 

Accordingly, these findings support the hypothesis that 

DRD2 genotype-phenotype associations depend on the 

magnitude of stress exposure, and they lend support to the 

view that variability in DRD2 study outcomes may in part be 

explained by this gene-environment interaction. 

 

 

 
 

 

Figure 6. Summary of neurocircuitry involved in addictions. This figure shows three potential circuits active during addiction and drug 

abuse. These are: (1) Reward Circuit, consisting of the nucleus accumbens and extended amygdala (bed nucleus of the stria terminalis and 

central nucleus of the amygdala); (2) ―Craving‖ Circuit, consisting of the dorsal prefrontal cortex, and basolateral amygdala; and (3) 

―Compulsivity‖ Circuit, consisting of a loop connections involving the ventral striatum, ventral pallidum, medial thalamic, and orbitofrontal 

cortex. The circuitry is interconnected and interactive.  
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V. Conclusions 
The results of the present study support the view that 

the Synaptamine Complex™ [KB220] may improve 

treatment response in an inpatient treatment setting by 

reducing stress related behaviors. We believe that such 

treatment warrants further investigation, especially as it 

relates to work of Stice et al (2004,2008) (with respect to 

food addiction), Gold’s group (relating to dysfunctional 

connectivity patterns in chronic heroin users and regulation 

of stress), (Liu et al, 2009) and Wang et al. (2004). (For 

Substance Use Disorder). Nutrigenetic and pharmacogentic 

testing (Meshkin and Blum 2007) are tantamount to 

improved outcomes (stress related) particularly in 

individuals having compromised dopaminergic (Duan et al. 

2003) and/or serotonergic genetics (Geller and Blum 1970; 

Bruening et al. 2006). Interestingly the heritabilities of 

symptoms of posttraumatic stress disorder (PTSD), anxiety, 

depression, and the shared genetic component of these 

symptoms among family members exposed to the 1988 

Spitak earthquake in Armenia were evaluated by Goenjian et 

al. (2008). Two hundred members of 12 multigenerational 

families exposed to the Spitak earthquake were studied using 

a battery that assessed earthquake exposure and symptoms 

of PTSD, anxiety, and depression. The heritabilities found in 

this multigenerational family study indicate that the genetic 

make-up of some individuals renders them substantially 

more vulnerable than others to develop symptoms of PTSD, 

anxiety, and depression.   

While there are many research gaps in furthering our 

understanding of the association between stress and 

addiction (Koob 2008), the present preliminary findings 

provide a novel non-pharmacological alternative 

(nutritional) that in our opinion following confirmation in 

larger perspective studies could significantly influence new 

prevention and treatment strategies to address vulnerability 

to addiction especially when coupled with genetic testing. 

. 

 Future studies from our laboratory will address stress-

reliving effects of Synaptamine™ in chemical dependence 

rehabilitation treatment in relation to dopaminergic and 

serotonergic genetics.  
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