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ABSTRACT

Evidence-based practices are becoming ever moreriam for the effective treatment of substanceseakldisorders. Substance abuse places a
substantial burden on society, as it can causerseligealth effects and contribute to destructivdasdehavior. Traditional treatment for
substance abuse relies on pharmacological intéoventand counseling, but new strategies are bexpdpeed. Of interest is the use of
complementary and alternative medicine (CAM) apphes that target neurological functioning. Aminadasupplementation is one modality
that may show promise as an adjunctive therapylistance abuse programs. The purpose of this stadytwofold; to examine the effects of
amino acid supplementation in substance abusenga@ad to identify novel predictive biomarkerstthay aid in detecting ‘responders’ and
‘non-responders’ prior to beginning treatment. &#8 at a residential rehabilitation facility prded urine specimens to monitor
neurotransmitter levels before and three weekevidflg amino acid supplementation. Several amindsademonstrated an increase in serotonin
and taurine and a decrease in phenylethylamine R&lawing three weeks of treatment. This studsttier demonstrated significantly higher
baseline norepinephrine, serotonin, and PEA lewelshe patients that managed to abstain from sobstause following amino acid
supplementation. Overall, results demonstrated #maiho acid supplementation may be a promising tiaddito current substance abuse

programs and that urinary neurotransmitters mayesas biomarkers to predict treatment responssshistance abuse patients.

INTRODUCTION

The abuse of alcohol and illegal substances poses a
substantial economic burden to society. Researggests that
substance abuse leads to extensive economic agst® dncreases
in crime, Vviolence, and
(Conover, Arno, Weaver, Ang, & Ettner, 2006; Milletevy,
Cohen, & Cox, 2006). For example, the abuse ofhalc@ost
between 210-665 billion US dollars in 2002 for batkdical and

legal fees (Baumberg, 2006). Due to this tremendszenomic

institutionalization/hosization

burden, evidence-based practices in traditionalcmiplementary
and alternative medicine (CAM) are being explorechaneans to
improve treatment regimens and outcomes for patiemith
addictions (O'Brien, 2008).

Traditionally, pharmacological and support groupseh
been the primary treatments for substance abuseeven, non-
traditional methods are being explored. For instamcupuncture
has been examined as an adjunct therapy to exisgagments for
cocaine addiction (Kim, Schiff, Waalen, & Hovellp@5). Other
CAM modalities, such as herbal therapy, continuagpear more
frequently in psychiatric settings. In one surve§3% of
respondents, of which 26% had a diagnosed substahose
disorder, used at least one CAM modality in thevimes 12
months (Elkins, Rajab, & Marcus, 2005). The mostrently used
CAM modality was herbal therapy, followed by minddy
imagery, nbsjis,
meditation, and biofeedback (Elkins et al., 2005).

There is strong evidence supporting the use ohami

therapies such as relaxation or mental

acid supplements to alter specific brain regiorsd #re related to
substance abuse, such as the nucleus accumberss (ldanak,

2008). Morphine, heroine, cocaine, alcohol, anceiotimulants

have been shown to cause alterations in neurotiiasisignaling

in the nucleus accumbens, thereby reinforcing pleasesponses
and increasing the likelihood of persistent dru@ (Eloresco,

McLaughlin, & Haluk, 2008).

Research has shown that amino acid supplementation
can alter levels of neurotransmitters implicated addiction,
making this a promising approach in substance alpusgrams
(Kiefer & Mann, 2005). Specifically, intravenousraidistration of
L-tryptophan was found to attenuate the cocaineded increase
in forebrain dopamine, as well as decrease their®daduced
locomotor activity in rats (Molina, Ahmed, Gatleyplkow, &
Abumrad, 2001).
hydroxytryptophan (5-HTP), the direct precursos¢ootonin, with

Similarly, the co-administration ob-
phentermine, a dopamine agonist, reduced alcohakenand
suppressed alcohol withdrawal seizures in rats ifMokt al.,
2001). These therapeutic actions may be relategleteations in
synaptic dopamine and serotonin in critical bragions involved
in addiction such as the nucleus accumbens (Melirzé., 2001).
Another example of the effects of amino acid
supplementation on drug effects is N-acetylcystei@®caine
produces a persistent reduction in cystine/glutanexichange in
the nucleus accumbens, a region of the forebraam pfays an
fear, and didic
(Schwienbacher, Schnitzler, Westbrook, Richards&nfendt,
2006). N-acetylcysteine has been shown to prevemtice-

important role in reward, pleasure,

induced changes in cystine transport (LaRowe ¢2807) (Grant,
Kim, & Odlaug, 2007; Madayag et al., 2007) and educe the
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desire for an abused substance in the presencerugf cles
(LaRowe et al., 2007).

A limitation to substance abuse treatment has ltleen
inability to target therapy due to the lack of daile biomarkers
(Elkashef & Vocci, 2003). Determining the neurobiital effects
of addiction, combined with the known mechanisms of
medications and supplements may prove useful fecodiering
biomarkers. This will help target specific pharmagial agents
to responder patient segments, predict responsedication(s),
and identify patient types more prone to relaps&a@hef &
Vocci, 2003). In this way, biomarkers may allow ipats to
overcome substance abuse more quickly and withtegréang-
term success.

The purpose of this study was two-fold. First, we
wished to determine whether amino acid treatmentigviead to a
decrease in relapse rates for subjects at a resilerhabilitation
facility. Second, the study evaluated the applidsbof urinary
neurotransmitters as biomarkers to identify indil$ at-risk for
relapse, and to monitor treatment responses. Wethggpized that
amino acid supplementation would decrease relegies and that
urinary neurotransmitter analysis may be used @alipt relapse
susceptibility and assist in monitoring treatmessponses.

METHODS

Subjects were enrolled in a residential rehahiditat
facility at the Courage to Change Ranch Addictioac&®ery
Program in Simla, Colorado. Upon arrival to theilfgg subjects
were asked to sign a consent form and provide aileétpatient
history. Various surveys were filled out by eachbjeat to
determine their degree of drug dependency and lpreeeal the
potential chance of relapse. A urine specimen wakeated by
each subject following enrollment into the facility establish
baseline levels of the neurotransmitters epinephrin
norepinephrine, dopamine, serotonin, glycine, tejrigamma-
aminobutyric acid (GABA), glutamate, phenylethylami(PEA),
and histamine. Urine specimens were analyzed byrnfsan
Labs, Inc. (Osceola, WI) by enzyme-linked immunbsait assay
(ELISA).

After collecting baseline urine specimens, subjeetse
placed on an amino acid supplement protocol, wimcfuded a
proprietary blend of 5-HTP, taurine, L-theanineabétyltyrosine,
L-histidine,

acetylcysteine, alpha-lipoic acid, and coenzyme .Q4@otal of

L-methioning Rhodiola rosea extract, N-
173 subjects were initially enrolled in the stuay, which 64
subjects submitted urine specimens after 3 weekeafment. Of
these, 43 subjects provided information as to wdrethey stayed

sober or relapsed back into substance abuse.

Three types of drug dependencies were characterized

across subjects: “alcohol dependence”, “methampfiata
dependence”, and “other”, which included heroincaione, and
polysubstance abuse and for which there were anffizisnt
number of subjects to warrant individual categditra
Paired t-tests were used to determine statistical

significance between baseline neurotransmitteremtompared to
follow-up values after 3 weeks of treatment withimonacid
supplementation. Chi-squared analysis was useceterrdine if
sobriety was related to the type of drug dependdfinally, a two-
way ANOVA was conducted to determine whether défferes
existed in baseline and follow-up neurotransmittevels to

evaluate sobriety following treatment.

RESULTS

Among the 64 subjects who completed a
neurotransmitter assessment following 3 weeks oihanacid
supplementation, levels of serotonin (p<0.01) andihe (p<0.05)
were significantly greater compared to baselinegyfé 1).
Conversely, levels of PEA (p<0.05) were statishcadbwer
following 3 weeks of supplementation (Figure 1).

Amino acid supplementation included taurine as agll
5-HTP, which acts as a precursor to serotonin (LBnhock,
Welshhans, Pallas, & Katz, 2004). Accordingly, wbserved
increased urinary taurine and serotonin in substaftise patients
after three weeks of supplementation. PEA was fdarizk highest
at baseline, and levels decreased following 3 weélksnino acid
supplementation.

We next assessed whether there were any differenesgeen
individuals who achieved sobriety (n= 27) afterethrweeks of
supplementation, and those who had relapsed (n€l8)squared
analysis did not show any relationship betweentype of drug
dependency and sobriety following 3 weeks of suppletation.
two-way ANOVA revealed significantly diffant

baseline norepinephrine, serotonin, and PEA lemedsibjects who

However,

remained sober versus those who relapsed. The gavera
norepinephrine values for those who remained solere
significantly higher than for those who relapsedQ®5) (Figure
2). Bonferroni post-tests revealed a significantiigher mean
baseline norepinephrine value for subjects who meeckasober
compared to those who relapsed (p<0.05) (FigureA2wo-way
ANOVA determined that the average serotonin vaafahose that
remained sober were significantly higher than theke relapsed
(p<0.01) (Figure 2). Finally, average PEA valuestludse that
remained sober were significantly higher than itigoéis who had

relapsed (p<0.01; Figure 2).
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Di1scuUssION

This study examined the effects of amino acid

supplementation in subjects enrolled in a residérgubstance-
abuse rehabilitation program.
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Figure 1. Following 3 weeks of amino acid supplementatig
substance abuse patients had significant increasesotonin and
taurine with decreases in PEA. N=63; ** = p<0.0F p<0.05.

Urinary serotonin and taurine levels increased
subjects after 3 weeks of supplementation, whileA R&vels
decreased. Each of these changes may have climpakts. For
example, oral administration of 5-HTP may play derovia
increasing serotonin levels, in reducing drug-segkbehaviors.
Taurine supplementation has been shown to be neategtive and
may improve cardiovascular health (Nittynen, NureninKorpela,
& Vapaatalo, 1999), possibly by mitigating the effeof alcohol
consumption on sulfur-containing amino acid (SCAw#gtabolism
that can lead to elevated homocysteine (Yang et2809), an
independent risk factor for cardiovascular diseasegbrovascular
disease, dementia-type disorders, and osteopassaziated
fractures (Maron & Loscalzo, 2008). Oral administna of taurine
may therefore reduce the risk of cardiovasculareaie by

decreasing homocysteine levels (Yang et al., 2009).

The decrease in PEA from baseline that we observed

after 3 weeks of amino acid supplementation maye h@sulted
from subjects discontinuing the use of stimulanigdr such as
methamphetamine, based on findings by Kusaga alelagoes

n

(2002) that PEA levels increase following the adstiation of
methylphenidate and amphetamines.

We observed interesting correlations between baseli
neurotransmitter levels and whether patients refgs remained
sober after three weeks of amino acid supplementaBaseline
serotonin was significantly higher in sober indivads compared to
those who relapsed. In addition, relapsing indigidudid not have
the same magnitude of serotonin increase. Our rfggdisuggest
that lower baseline serotonin values may serve gsedictive
marker for relapse, possibly warranting a more esgjve 5-HTP
regimen. The benefits of 5-HTP observed in thisddgtare in
agreement with earlier reports showing that 5-HTithamces
serotonin concentrations in the nucleus accumbensotaine-
dependent rats, reducing the desire for cocainewolg drug
withdrawal (Harris, Altomare, & ston-Jones, 2001).

Subjects who remained sober also had higher baseli
norepinephrine and PEA levels compared to those melapsed.
The lower baseline neurotransmitter values obseirvéttividuals
who relapsed may suggest the need to “self-medicitarkou
and colleagues (1998) proposed a hypothesis sumggestat
individuals with depression share biochemical sinties to those
with drug dependence. The authors proposed thatidingls with
depression may experiment with several types ofgsirand
depressed individuals were able to determine they dr drug
combinations that best normalized their neurochahiiobalances
based on their symptomatology (Markou, Kosten, 8K01998).
Thus,
norepinephrine, and PEA may be useful as a Typba8e{ine)

baseline urinary neurotransmitters such a®tesen,

biomarkers that can help predict treatment respsnded guide
the therapeutic regimen.
medications have  enhanced

Stimulant may

monoaminergic neurotransmission by reversing dsficin
serotonin, dopamine, and norepinephrine in depdesrbviduals
(Jayanthi & Ramamoorthy, 2005; Paterson & MarkoQQ7).
Substances such as alcohol, morphine, and nicotinyealso have
enhanced monoaminergic mechanisms, which can leadnt
antidepressant-like effect (Heinz, Schafer, Higlé§rystal, &
Goldman, 2003; Nowakowska, Kus, Florek, Czubak,oflyhis-
Liebert, 2006; Rowlett, Platt, & Spealman, 2004)idénce
indicates that antidepressant medication appeardetomore
effective in the reduction of drug use in depresdrdy abusers
versus non-depressed drug abusers, suggestingniidepressants
may have replaced the need for drugs of abuse (®foet al.,
2007; Shoptaw et al., 2008). Therefore, biochemicddalances
may contribute to drug-seeking behavior in an éffornormalize
an individual's biochemistry, and the severity bé tbiochemical
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abnormality may be correlated with the severityeliit drug use control population, the efficacy of amino acid sleppentation was
(Belknap, Metten, Beckley, & Crabbe, 2008). difficult to interpret as a means to assist in theatment of

substance abuse. However, the study revealed how
neurotransmitter analysis may predict treatmentpaeses to

Norepinephrine

pharmacological agents, as observed in a residleatabilitation
E& Sober facility for drug and alcohol abuse. Future studibsuld examine
EE3 Relapse . . . .
neurotransmitter fluctuations to treatments ott@ntamino acid
supplementation for substance abuse. In additiamillibe critical
to determine whether relapse rates are dependettieodose of
amino acid supplementation in subjects with sigaiffit

neurotransmitter deficiencies.

The potential for using neurotransmitters as bideesr
to predict treatment responses could substantialécrease

economic costs associated with substance abusenaryri
neurotransmitter assessment may help identify iddals at

Serotonin ) .
greater risk of relapse and thus warrant a moreeagiye or
2501
E= Sober extended therapy to increase the chance of aclgieabriety and
200 E=3 Relapse . N
P ultimately maintaining a drug-free status.
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