CLINICAL ELECTROENCEPHALDGRAPHY

1987 VOL. 28 NG 2

Enhancement of Attention Processing by
Kantroll™ in Healthy Humans: A Pilot Study

Jon F. DeFrance, Chris Hymel, Michae! C. Trachtenberg, Lawrence D. Ginsberg,
Forrest C. Schweltzer, Steven Estes, Thomas J. H. Chen, Eric R. Braverman,

John G, Cull and Kenneth Blum

Key Words

Amino Acids

Attention

Enkephalinase Inhibition
Event-Reiated Potentials
Kantrol™

P300

INTRODUCTION

One of the most intriguing discoveries in neu-
robiglogy was that certain neurotransmitters, e.g.
dopamine, narepinephring, epinephrine, sero-
tonin. melatonin and glycine, which play vital reles
in mood reguiation, can be dramatically influ-
enced by the circulating levels of their precursor
amino acid nutrients.'? Not surprigsingly, then,
measuraments of brain chemical turnover in ani-
mals have demonstrated changes in neurctrans-
mitier levels folliowing precursor amino acid load-
ing.? Complementary behavioral changes also
have been demonstrated in animals following
systemic and direct central nervous system deliv-
ery of precursor aming acids.* While certain L-
amino acids are neurotransmitter and neuromod-
ulator precursors, their racemates the D-amino
acids also have biological activity. For axample.,
BD-pnenyialanine and D-leucine decrease the
degradation of opioid peptides, which are also
centrai to regulation of moog.®

Neurotransmitter actions forrm the neurochems-
ical basis of behaviar, and their perturbation may
underiay a variety of psychiatric and behavioral
disorders ** Specitically, anomalous reguiation of
dopamine, serotonin, norepinephrine, gamma-
aminobutyric acid (GABA), glutamine, and the
opicid peptides are thought to play crucial roles in
the addictive disorders, particularly those involy-
ing alcohol and cocaine abuse ® Conseguently,
these observations have provided mormertum 1o
the idea that ingestion of selected nutrients could
aftect mocd and therefore behavior in humans.,
While nutritional strategies have been employed
in the past,' demonstrations of effectiveness
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have been decidedly iimited. Recent ciinical data,
however, suggest a substantive effect of a combi-
nation of amino acid precursors and enkephali-
nase inhibitors on recovery from alcchol and
cocaine addictions.'! in particular, one pertinent
study suggested the usefuiness of an amino acid
supplement, Tropamine™ (forerunner of
Kantrel™). in a pepulation of cocaine abusers.?

The focus in this report concerned the effects
of Kantrol™ an atientional processing because,
in part, gllernations in attention/or concentration
both precede and accompany sustained sub-
stance abuse,'”' and because many of the
ransmitter substrates thought to be important in
attention are targeted for manipulation through
the admimstration of Kantroll. ™ Specifically, the
focus was upon select componenis of the cogni-
tive event-related potential (ERP) evoked by two
visual attention tasks. Both attention prokes
generated a tamily of components comprising
the ERPs, each representing a specific stage of
information processing. in general, however, the
various components can be divided up into two
groups: those of a more automatic nature {(inde-
pendent of the meaningfulness of the stenuli) and
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Table 1
Composition of Kantral™ in mg per capsuie.”
Ingredient MG/Capsule

DL-Phenylalaning 250
L-Tyrogine 150
L-Giutamine 50
Zing 5
Magnesium 25
Calcium 25
Vitamin B8-1 167
Vitamin B-2 25
Vitarmin B-12 0005
Niacin 16.7
Pantothenic acid 15
Pyridoxal-5-phosphate 20
Vitamin C BO0
Chromium 0086
lron g
Folic acid 0067

*An improved formulation is available.

those of a more controlled nature, contingent
upen the meaningfulness of the stimull. The NZ
componant was selectad asthe representative of
automatic processing and the P300 component
as the representative of controlled gperalions,
dependent upon the context in which the stirmu-
lus is smbedded. Of interest. prefrontal and tem-
poral zones have been posited to ne important
for the mediation of more controlied aspects of
atlention. s Employing specifically designed
behavioral probes has an advantage over a
more conventional EEG analysis in that the spe-
cific systems important to attentional processing
are chalienged. Another advantage relates tothe
‘'state-dependency’ of the P300 component,’®
which makes it a potentially sensitive measure-
ment operation for monitering the improvemert of
cognitive functioning associated with various
interventions. This study, then, addressed the
issue of the electrophysiolagical and perfor-
mance correlates of chronic Kantrol™ adminis-
tration on normal subjects, especially as indexed
by changes in the representatives of automatic
and controlied components of the cognitive ERP

METHODS
Subjects

This study involved 20 nenreferred, right-hand-
ed. male subjects {average age = 256 years)
recruited from a freshman medical school class
The siudents were inferviewed by a Clinical Neu-
ropsychologist (JOF) and judged to have histories
negative for psychoiogical, neurclogical, or psy-
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chiatric conditions. All subjects were free of pre-
scription medications, and each signed an
informed consent and an agreemant to take the
capsules according to protocol. The subjects
were compensated for participation in the study
The subjects performed the entire test batlery
twice, forming a test-retest moded, so that the indi-
vidual subject acted as his own control. Initial
testing was done on day zero {pre-test) and then
again after 28-30 days {post-test). In between, the
subjects consumed six Kantroll™ capsules daily
{or 28-30 days. The composition cf Kantroli™ is
shown in Table 1. The data from two subjects were
ot included because of poor quality of either the
pre-test or the post-test recordings.
Partormance Tasks

Two performance paradigms were used to
elicit electrophysiological responses: a) Spatial
Orientation - This is a reaction time task (SOT).
champiored by Posner et al'®® where ‘priming
cues' were presanted in the left and right visual
fields, and reaction times were compared for
when the 'priming cues' ware and were not avail-
able. Through a comparison of reaction times, it
allowed for an assessment of the individual's
abllity 1o switch attention smoothly between the
visual fields. As structured, this task evaluated a
mare elemental stage of attentional processing
that pertains to the more covert operations of
attention, and tends to load more heavily on the
more automatic stages of attention.®#!

The instructions were to focus on a cross in
the canter of the monitor screen and push the
right mouse button when the ‘*' appeared in the
right box, and the left button when the "%/
appeared in the left box. The boxes alternated
with respect to which one was the brighter.
Response times were recorded, and ERPs were
constructed, with respect 1o four categories: (1)
facilitated for the right visual field, (2} nonfacili-

" tated for the right visual field, (3) facilitated for the
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lefl visual field, and (4) nonfacilitated for the left
visual tield The presentation was randomized,
but with an eéqua! probability for the four condi-
tions. The facilitated box was brightened 500
msec prior 1o the presentation of the target to
serve as the ‘priming cue.’

b) Contingent Continuous Performance -The
Contingent Continuous Perfermance Task
(CCPTYwas a variant of a ¢lassic theme,? incor-
porating efements of both selective and sus-
tained attention. This task was analyzed primari-
ly in regards to quahty of performance 1o index
the more controlled stages of attentional pro-
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cessing. Letters of the alphabet were presented
one at a time in the center of the scraen. Basi-
cally, the individual was asked 1o respond with
his dominant hand, by pressing the left mouse
button, 1o a specific letter order: e.g.,'T' if imme-
diately preceded by ancther T The initial ‘7" in a
pair of ‘Te’ served as a Warning cue, with the
second 'T" being the Target. All other letters were
considered Distractors, which were to be ignored
by the subject.

The probability of a non-'T' was set at 50%. the
probability of the Warning ‘T" was set at 30%, and
the probability of the Target T' was set at 20%.
Consequently, within each block 50% of the
Warning 'Ts' were not followed Dy a Target ‘T, but
rather by a Distractor letter. These were consid-
ered 'foils' or tures. The 'foils’ were added 1o
invite a greater demand for selective attention,
The etectrophysiciogical responses to the 'foils’
were not included in the analysis. This ‘Fixed Rate’
version had a constant interstimulus interval (1S1)
of 0.8 sec, and a stimulus duration {on-screen
time} of 0.2 sac. Together, there were 500 tnals,
and averaged ERPs were constructed according
to one of three canditions: Distractor {any letter
other than a'T"or a 'foil’), Warning {the first ' T ina
pair), and Target {the second 'T'in a pair)

The principa! performance measures were
errors f omission and errors of commission,
both of which were used for the calculation of
block performance and the Grand Deviation
Index {(GD1).22 The GDI provided an estimate of
the degree and duration of inattentiveness,
dasigned as a measure of consistency of perfor-
mance The perfcrmance was amalyzed across
the 10 blocks of stimuli, with an equai number of
Targets Warnings, anc Distractors across all
blocks. By subdividing the task into blocks, it
allowed for viewing of performance over time in
order to assess consislency of performance and
possible vigilance decrements. it is noteworthy
that the prefrontal cortex appears to be most
heavily involved in sustaining attention and
effort, which are important factors with regard lo
overall performance on this task, and are very
sensitive to stimulant medication.®
Recording Scheme

The EEG was recorded from 28 active record-
ing sites referenced to linked earlobes (A1-A2)
as descriped elsewhere ## The onset of each
stimulus presentation triggered an 800 msec
sampiing of EEG from which the ERPs wera con-
structed: included in each gepoch was a 100
msec prestimulus sampling that was used for
baseline corection.
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Data Analysis

Data was analyzed according to the following
protocol. First, baseline correction procedures
were applied using the average of the 100 msec
prestimutus periods. Then the model EOG wave-
torm was developed and subtracted from the
waveforms associated with scalp locations,
according to the regression algorithm described
above, and a correction for slow blink artifacts.
All trials containing VEOG/HEOG artifacts.
exceeding 100 £ VvV were automatically rejected.
In addition, individua! trials were manually
inspected for any remaining eye-movement,
EMG, or movement-related artifacts, but all visu-
al editing was conducted blind to the actual
grouping of the subjects. When an electrode
gave repeated spurious recordings for an indi-
vidual, it was "turned off’ for the analysis, ehbmi-
nating it from inclusion in the statistical analysis
or canstruction of the maps. In cases where
adjacent electrode sites wers bad or where more
than two electrodes gave artifactual records, that
subject was eliminated from the sample.

There were three parameters examined, each
of which may vary according to the efficiency of
an individual's attentional processing. These para-
meters were: (1) latancy, (2} amplitude, and (3}
symmetry (spatial distribution) of components of
the ERPs. The ERP components were identifisd
with respect to the grand averaged ERP respons-
es, where the |atency was the time between the
stimulus onset and the peak of the certain com-
ponent, and peak amplitudes defined as the
potential change between the 100 mse¢ prestim-
ulus baseline and the point of greatest amplitude,
Trough-t0-peak measurements were also per-
formed in the preliminary analyses, but essential-
ty no differences were noticed with respect 1o the
components studied.

The statistical analysis proceeded in several
stages. First, T-test statistical maps for the group
averaged data were generated for all 28 elec-
trode sites, at each point in time. This was a vari-
ation on the Statistical Probability Mapping of
Duffy et ai*® resulting in easily visualized mags,
pointing to electrode sites for which further
analysis was indicated. For both the SOT and
CCPT the electrode sites selected for additional
snalysis were TS and Pz to evaluate the N2 and
P300 components, respectively, The statistical
analyses were performed for components of
the waveforms recorded in the Target condition,
employing a paired T-test model where the
Baseline and Treatment conditions were com-
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pared. Pertormance data were alsa analyzed
with the same modet.

RESULTS

Before discussing the results, a brief preview
of the relevant compaonents elicited by these per-
formance probes will be ofiered. After the pri-
mary visual response, the N2 component
appeared, presenting with a bilateral posterior
temporoparietooccipital distribution. This is a
modality-specific component that seemingly
reflacts classification or categorization opera-
tions.?* which is an early stage of the orienting
response. This component develops in the hemi-
sphere opposite to the visual field of stimula-
tion ¥ Importantly, the N2 component is robust
in appearance regardless of the salience of the
eliciting stimulus. In contrast, the classic P300
component only emerged in the presence of a
meaningtul stimutus. This contextually-depen-
dent component assumed a centroparietal dis-
tribution that was typically maximal in amplitude
at Pz This component is equivalant to the P3b
component sgen in other paradigms. ¥ The
changes in the N2 and P300 components asso-
ciated with Kantroll™ treatment are the focus of
the following discussion. llustrative examples of
the results fram the two attention tasks are pre-
sented in Figures 1and 2.

The results from the SOT will be discussed
first. Again, this particular paradigm generates a
nurmber of components.?' inciuding the N2 nag-
ativity that developed within the 100-200 msec
intervat. The N2 component was found 1o be
somewhat enhanced subseguent to treatment,
but the ampiitude change did not pass our
established threshold for significance [F(117) =
230, p = 0.0259]. Nevertheless, late veriex posi-
tivity (i.e.. P300 component) in the post-test
condition was found markedly {arger in ampii-
tude for both the left [F{117) = 8.531, g = 0.0095]
and nght [F{1.17) = 16.31, p = 0.009] facilitated
‘conditions. To better appreciate the treatment
effects. topographical maps are shown in Figure
Hor the Baseline (Figure 1A) and Treatment (Fig-
ure 18} conditions with respect to the faciiitated
{i.e., ‘primed’) condition for the left visual fieid. in
the 100-200 msec intervals of Figure 1A and B,
the N2 negativity is indicated over the right tem-
poroparietat region. Again, the effects of
Kantroli™ on this component approached statis-
tical significance, but greater changeas were
associaled with the P300 component and can
be readily appreciated by comparing the P300
components from the 300-400 msec epochs in
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Figure 1A and B. Essentially, the topographical
features of the P300 component remained the
same, but the peak ampiitudes were enhanced
by the Kantroll™ treatment (Figure 1B). However,
there were again no peak latency differences
associated with treatment. The patterns for the
facilitated condition with respect to the right visu-
al field, as well as for the nonfacilitated condi-
tions for both visual figlds, were similar to those
presented so they will not be described further.

With respect to the performance data, the
combined reaction times from the facititated
conditions for tha left and right visual field stim-
Uil were faster after treatment (232 + 0.03 msec
versus 238 x 003 msec {F{117) =862, p =
0.001]). Hence, Kantroll™ treatment was found to
promote better performance on this attention
task, along with enhancing an important elec-
trophysiolegical correfate of contrelled atten-
tion. In addition, a markead effect was seen on
the P300 component associated with a vigitance
task {i.e., CCPT), where there was a greater
demand for selective and sustained attention.

The various components of the cognitive
ERPs associated with the Contingent Continuous
Performance Task (CCPT) have many similarities
to those generated by other continuous perfor-
mance tasks, featuring a prominent P300 com-
ponent. Three sets of waveforms were construct-
ed for analysis - Distractor, Warning, and Target -
but only the Target waveforms need to be dis-
cussed. In a manner simitar to the anaiytic
approach for the SOT, comparison of the Target
waveforms between the pre-test and ths post-
test conditions found a significant [F{1,16) = 7422,
p = .015] enhancement of the P300 amplitude.
On the other hand, there were again no appre-
ciabfe differences in terms of peak latencies.

To illustrate the treatment effect, the grand
averaged Target waveforms from Pz are shown in
Figure.2A for the Baseline (red} and Treatment
(black) conditions. The large paositive-going
potential, peaking around 300 msec, is the clas-
sic P300 component. Again, the Target wave-
forms were those taken when the subject
responded to the second 'T' in a pair, as per the
instructions. Figure 28 shows the topoegraphical
maps for the 300-400 msec interval for the Target
conditions before (Baseline) and after (Treat-
ment} Kantroll. ™ Notice that the topographical
features of the P300 component remained the
same in both the Baseling and Treatment condi-
tions, where the P300 component occupied a
central posterior locus. As was the case for the
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A

Baseline

P300

N2

100-200 msec 300-400 msec

B

T'reatment

100-200 msec 300-400 msec
Figure 1.
Topographical maps from the Spatial Orientation Task (SOT) for the left facilitated condition. A. Maps generated
from grouped data taken prior to treatment (i.e., Baseline) for the time domains of the N2 component (100-200
msec), and P300 component (300-400 msec). B. Maps generated from grouped data taken after Treatment (i.e.,
Kantroll™}) for the time domains of the N2 component (100-200 msec), and P300 component (300-400 msec).
The distributional patterns of the N2 and P300 components were similar in both instances, although the signal
intensity was significantly enhanced following Kantroll™ administration.

A

+15.0 - Bascline
Y Treatment

10.0 —

5.0 —

Baseline Treatment

Figure 2.
A. Averaged ERPs resulting from the responses to target stimuli for the Contingent Continuous Performance Task

(CCPT). The retest waveform (black line) was significantly greater for the P300 waveform than was the pre-test
wave (red line). B. Topographic potential distribution maps for responses to a target stimulus at 300 msec post-
stimulus. In the Treatment condition, the central zone (Pz) shows greater positivity than in the Baseline condition.
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SOT, this component was essentially symmetric.
Siill, the amplitude of the P300 component was
enhanced in the Treatment condition, as can be
appreciated by comparing the components from
the pre-test and post-lest conditions. Again,
there was a trend for an enhanced N2 compo-
nent, but still the greatest changes were associ-
ated with the P300.

DISCUSSION

Kantroll™ {formerly Tropamine™) was de-
signed as a potential treatment for cocaine
abuse, with the recognition that one manifestation
of cocaine abuse is altered attentional process-
ing.* As one index of attentional competency.®
the P300 was evaluated as a moaality-indepen-
dent byproduc! of the selective attention
process.2 The deep portions of the temporal lobe
have clear modulator responsibiliies over the
salience-dependent P300,26% and it is precisaly
these regions that are implicated in the brain's
response to cocaine. Hence, i is notable that this
investigation found that treatment with Kantroll™
ied to an enhancement of the P300 component of
the cognitive ERP and also to an improvement in
cognitive processing speeds. This latter obsenva-
tion is consistent with the notion that Kantroll™
has a mitd stimulant effect, which. in turn. may
improve the efficacy of information processing.
On the other hand, no significant difference
emarged with respect to the main performance
variabie for the CCPT-GDI. The likely reason for
this is that these normal subjects were glready
near their optimum performance with respect to
accuracy it mignt be expected, however. that per-
formance differences would emerge in clinical
populations. 1 should also be added that this
investigation was part of a larger project where
narmal subjects were evaluated in a test-retest
fashion with approximately a 1 month delay. with
no intervening treatments, 1o establish rehabihty
of these protocols. In the absance of any sort of
pharmacolcgical manipulation. the N2 and P300
components, as well as the other components.
were found to pe stable and did not show
enhancements in the second recording Sesson.

Pertinent 1o this study, attentional processing
has been shown 1o be dependent on biogeric
amine regulation.® Since the precursors for syn-
thesizing the amines are dependent upon
digtary intake, it is possible that dietary suppie-
ments can alter available biogenic amine stores
in the brain. This has led to various clinical
strategies that target nutritional improvement of
the brain's chemistry for the treatment of specif-
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ic disorders.™ It is noteworthy that the ingred:-
ents for relevant neurotransmitters (including vit-
amins and minerals) have been found deficient
not only in active aicoho! and drug abusars bul
often remain in deficit well inta recovery.® it is
intuitive, then, that making use of normal cellular
control mechanisms can result in decided
improvement in psychological outlook, Dehav-
ioral performance, and relapse prevention.
These observations suggest that nutritional
supplementation ¢can, indeed, enhance neuro-
physiologic function in normal controls, and this
seemingly has importantimplications for the use
of amino acid supplementation in Reward Defi-
ciency Syndrome {(RDS), (cocaine, attention
deficit disorder). 2%

These findings are also consistent with the
implications nf the Reward Cascade model®
that neurotransmitters systems. altered as a
consequence of drug use and/or genetic anom-
alies, can be manipulated to enhance brain
functioning and thus potentially improve fesl-
ings. mood. and reward-deficient behavior 34
Our results suggest that this could be agcom-
plished. at least in part, by amino acid toading
technigues.”’

Most importantly. the interpretation of these
resulls are necessarily guarded due to lack of
placebo conrols. A study in progress 1s investi-
gating how various stages of attention process-
ing are affected in both healthy volunteers and
recovering cocaing abusers with proper placebo
controis. But. alsc additional studies are needed
to detarmine if critical naurctransmitier lavels
are, in fact, altered by precursor loading in pop-
utations of addicted individuals as well as atten-
tfion deficit disorder {ADRHD).

SUMMARY

This is the first report in humans of the effects
of daily ingestion of a specific amire acid mixture.
Kanirol,™ ar cognitive event-raiated potentiais
(ERPs) asscciated with pertormance Cognitive
ERPs were generated by two computerized visu-
al attention tasks. the Spatial Orientation Task
(50T} and Contngent Continuous Performance
Task {CCPT} in normal young adult volunteers,
where sach subject acted as his own control for
testing before and after 28-30 days of amino
acid ingestion A statistically significant amplitude
enhancement af the P300 component of the
ERPs was sesn after Kantrol™ for both tasks, as
well as improvement with respect to cognitive
processing speeds. The enhancement of neuro-
physiologic function observed in this study on
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normal controls is consistent with the facilitation
of recovery of individuals with RDS {i.e.. sub-
stance use disorder, ADHD, carbohydrate binge-
ing) followng the ingestian of the amino acid sup-
plament, Kantroll™ and warrants additional
placebo-controlled, double-blind. studies to con-
firm and extend these results.
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