/
o2o Resmits
0.00 Publishing

Journal of Behavioral and Brain Science, 2021, 11, 143-156
https://www.scirp.org/journal/jbbs

ISSN Online: 2160-5874

ISSN Print: 2160-5866

Drug-Seeking Behavior Is Significantly
Attenuated in Nutritionally Supplemented
Cocaine Withdrawn Sprague-Dawley Rats

Lauriann Young®

, Annice Webber-Waugh, Karen Thaxter

Physiology Section, Department of Basic Medical Sciences, The University of the West Indies (UWI), Mona, Jamaica

Email: *lauriann.young@uwimona.edu.jm

How to cite this paper: Young, L., Web-
ber-Waugh, A. and Thaxter, K. (2021) Drug-
Seeking Behavior Is Significantly Attenuated
in Nutritionally Supplemented Cocaine With-
drawn Sprague-Dawley Rats. Journal of Be-
‘havioral and Brain Science, 11, 143-156.

https://doi.org/10.4236/jbbs.2021.117011

Received: May 18, 2021
Accepted: July 5, 2021
Published: July 8, 2021

Copyright © 2021 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

Abstract

Aim: The effect of patented nutritional supplementation on drug-seeking
behavior in cocaine addicted rats during acute drug withdrawal was investi-
gated using a biased Conditioned Place Preference (CPP) paradigm. Method:
Twenty-four (24) male Sprague-Dawley rats with pre-conditioned preference
for the black chamber of the CPP box were randomly divided into Cocaine
(COC) or Saline (SAL) treated groups. Rats (n = 12) treated with cocaine hy-
drochloride 20 mg/kg/ml, 7 p. (COC group) were confined individually to the
white chamber on days 1, 3, 5 and 7. On alternate days, they were given 1 ml
saline vehicle, ip. and confined to the black chamber. Control rats (SAL
group, n = 12) received only vehicle on all 8 days and were confined on alter-
nate days to the white or black chamber. Positive place preference was con-
firmed for COC rats, which subsequently received 6 increasing daily doses of
cocaine. CPP performances of both COC and SAL rats were recorded follow-
ing an acute 3-day withdrawal period. All animals were then randomly as-
signed to rats fed either chow reconstituted with the nutritional supplement
(COC-S and SAL-S) or standard rat chow (COC-N and SAL-N) for 8 weeks,
followed by final CPP performances. Results: Following supplementation,
COC-S rats made significantly less entries and time spent in the white cham-
ber (p < 0.05) compared with COC-N rats. COC-S rats exhibited significant
place aversion to the white chamber similar to drug-naive animals; whereas
COC-N continued to show positive place preference. Conclusion: Drug-seeking
behavior that persisted during cocaine withdrawal was significantly dimi-
nished in the nutritionally supplemented.
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1. Introduction

Thirty-one million persons internationally suffer from substance use disorders
(SUDs) with cocaine related SUDs being prevalent in the Caribbean, Latin
America, North America and Western and Central Europe [1] [2]. Cocaine is a
highly addictive central nervous system stimulant that can cause severe long-term
effects on its users. Cocaine dependence or addiction is a public health problem.
Recovery from the destructive factors inherent to cocaine addiction remains
critically low not only because of limited health services, but also because of the
unrelenting physiological addiction which must be overcome to cease drug-seeking
and prevent recidivism.

Cocaine Use Disorders (CUDs) have been associated with alterations in the
dorsolateral, prefrontal and dorsal anterior cingulate cortices [3]. Specifically,
increased activity of glutamatergic pyramidal neurons in the medial Prefrontal
Cortex (mPFC) that project to the Nucleus Accumbens (NAc) has been asso-
ciated with cocaine-seeking behavior in rodent models of addiction [4]. These
neurons also increase in synaptic plasticity following drug consumption [5]. This
means that over time, drug-seeking behavior becomes a part of an increasingly
complex arousal activity. Compulsive drug-seeking and craving, consumption
and relapse are hallmark features of cocaine addiction, fueled by drug associated
environmental stimuli that initiate cocaine associated memory [6]. The Condi-
tioned Place Preference (CPP) paradigm is a well-established animal model uti-
lized to study the role of context associations in reward-related behaviors, in-
cluding both natural rewards and drugs of abuse [7]. This paradigm facilitates
the creation of long-term reward related memory of the drug experience in its
specific context and associated stimulus [8]. The expression of cocaine-associated
memory using the CPP paradigm has also been linked to the activation of GA-
BAergic neurons in the NAc [6].

Foods and supplements containing vitamins, minerals, fatty acids, caroteno-
ids, polyphenols, bioactive peptides, probiotics, creatine and/or saponins as ac-
tive ingredients have been observed as having significant therapeutic potential in
treating drug addiction [9]. Anti-stress, anti-oxidant, anti-inflammatory, gut
brain axis and neuro-protective pathways have all been proposed as possible
mechanisms of action. Whilst the mechanism of action is yet to be elucidated,
neuronal and cognitive protective roles have been hypothesized. This is further
supported by research revealing B-vitamins, minerals, omega-3 fatty acids and
amino acids as being exceptionally deficient in mental disorder sufferers [10].
For example, it was reported that 75% of psychiatric patients presenting at a
clinic had less than 4% Eicosapentaenoic Acid (EPA) and Docosahexaenoic Acid
(DHA) of total blood fatty acids and had improvement in psychiatric symptoms
when treated with fish oil [11]. Fish oil supplementation was also reported to
reduce stress increased peripheral ghrelin levels in rat serum with an associated
antidepressant effect [12]. Ghrelin works via the mesolimbic dopaminergic

pathway to potentiate rewarding behaviors in rodents, similar to the action of
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cocaine. Additionally, amino acid supplementation has been found to be critical
for neurotransmitter synthesis, thus treatment with tyrosine was reported to
improve dopamine and noradrenaline deficiencies [13]. Treatment strategies
which therefore modulate these physiological activities may provide good thera-
peutic potential in drug addiction [14] [15] [16].

The unpleasant physical, emotional and mental symptoms associated with the
sudden or acute withdrawal of cocaine result in changes in mood and appetite,
often leading to recidivism and return to drug-seeking behavior. Furthermore,
disordered and dysfunctional eating patterns pervade attempts at abstinence,
potentially worsening the withdrawal experience of the addict [17]. Nutritional
supplementation is therefore recommended early in treatment to supplement
calories, regularize neurotransmitter regulation and restore of gut health [17]
[18]. Therefore, the aim of this study was to investigate the effectiveness of a
formulated nutritional supplement comprised of vitamins, minerals, amino and
fatty acids on drug-seeking behavior of cocaine addicted Sprague-Dawley rats

during drug withdrawal using a biased CPP paradigm.

2. Materials and Method
2.1. Subjects

Twenty-four (24) three (3) month old male Sprague-Dawley rats weighing ap-
proximately 250 - 350 g, were obtained from the Animal House facility at The
University of the West Indies (UWI) following institutional ethical approval of
the protocol by the UHWI/FMS/UWTI Ethics Committee. Animals were housed
in pairs, in a normal 12:12 hour light: dark cycle and fed food and water ad /ibi-

tum.

2.2. The Behavioral Apparatus

A three chambered CPP apparatus, measuring 75 cm x 30 cm X 25 cm, as de-
scribed in [17] was employed. The single black, white and grey chambers could
each be isolated from the other by a sliding door on either side of the central
grey corridor, which represented the starting chamber for exploration. A Pers-
pex lid was used to cover the CPP box to facilitate viewing and video recording
of the animal’s exploratory behavior. The white chamber floor was covered with
shiny transparent Perspex; while a wire mesh and saw-dust were placed on the
floor of the black chamber, thus creating two contrasting chambers with distinct
visual and tactile cues. The apparatus was thoroughly cleaned with a dilute solu-

tion of disinfectant following exploration by each rat.

2.3. The Conditioned Place Preference (CPP) Paradigm

Phase 1: Pre-conditioning, Selection and Group Assignments
Animals were allowed an initial twenty (20) minute exploration of the CPP
apparatus, and the number of chamber entries and time spent in each chamber

were recorded manually and via video recordings. An entry was recorded when
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all four paws of the rat were placed in a chamber. Animals displaying at least
80% preference for the black CPP chamber during pre-conditioning, assessed as
a greater number of entries and time spent in the black chamber, were selected
and randomly assigned to one of two treatment groups, COC (cocaine hydroch-
loride) or SAL (0.9% normal saline), each containing twelve (12) rats.

Phase 2: White Chamber Conditioning for Cocaine

Rats assigned to the cocaine treatment group (COC) received intra-peritoneal
injections (Zp.) of 20 mg/kg/ml of cocaine hydrochloride (Sigma, USA) dis-
solved in normal saline (0.9%); while rats assigned to the SAL group received
only vehicle (1 ml 0.9% saline, ip.). During the 8-day conditioning period,
group-assigned daily 7p. injections was followed immediately by individual con-
finement in the white, “non-preferred” or black “preferred” chamber of the CPP
box for thirty (30) minutes. On days 1, 3, 5 and 7, COC rats received cocaine
hydrochloride (Sigma, USA) while vehicle treated SAL rats received saline. Each
rat in groups COC and SAL was then confined individually to the white
“non-preferred” chamber. On the four alternate days (Ze, Days 2, 4, 6, 8), all
animals received an injection of saline (1 ml, 7p.) and were confined individually
for 30 minutes in the black “preferred” chamber. Thus, COC rats were condi-
tioned to pair cocaine with the white chamber and saline with the black chamber
[9] [10]. On Day 9, rats were placed individually in the grey chamber, sliding
doors then removed and rats allowed to explore the CPP box. The number of
entries and time spent in the white chamber were recorded for 20 minutes and
the percentage entries and time spent calculated from the total. Data obtained
revealed that all animals assigned to the COC group exhibited a significant posi-
tive place preference drug-seeking behavior for the white chamber.

Phase 3: Cocaine Addiction and Drug Withdrawal

The addiction phase then ensued, with daily doses of cocaine hydrochloride
(20, 20, 25, 25, 30, 30 mg/kg/ml, ip.), increasing in concentration over a 6-day
period. Group SAL rats received only vehicle (ip.) over the same period and
represented the non-drug controls for the addiction phase of the study. Rats
were subsequently taken through a period of 3 days without drug treatment, ve-
hicle or CPP exposure, and were fed standard rat chow with water ad Libitum.
On day 4 of drug withdrawal, each animal was individually placed in the grey
start chamber and allowed a 20-minute period of exploration of the CPP box af-
ter the sliding doors were removed (Figure 1). The number of entries made into,
and the time spent in each chamber, were recorded manually for all rats and the
data compared with scores obtained from video recordings of rat’s performance
in the CPP paradigm.

Phase 4: Eight Weeks of Oral Nutritional Supplementation (S)

The orally administered, nutritional supplementation regimen used in this
study consisted of three separate pharmaceutical grade components: 1) a mega-
vitamin with higher levels of calcium and magnesium; 2) omega 3 and 6 fish oils;

and 3) a supplement capsule consisting of basic amino acids with higher levels of
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Phase 1: CPP Pre-conditioning = Initial 20-minute

Rats (n = 24) exhibiting = 80% black chamber preference

Phase 2: CPP Conditioning = 8-day i.p. drug treatment, CPP performance

1 l

COC group, n =12 SAL group, n =12
Cocaine (20 mg/kg) normal saline (1 ml i.p.)

l

Phase 3: CPP Cocaine Addiction & Withdrawal
COC rats received increasing dosages (i.p.) of cocaine for 6 days;
SAL rats received daily normal saline (i.p.)
CPP behavior repeated during drug withdrawal

l

Phase 4: Nutritional Supplementation/Standard chow
8 weeks, either supplemented (S) or unsupplemented (N) feed;
followed by final CPP exploration and testing

! l | !

COC-S SAL-S COC-N SAL-N
n=6 n==6 n==6 n==6

Figure 1. Flow diagram showing all phases of the experiment. Twenty-four (24) rats
showing black-chamber preference were divided into two groups of 12 for treatment with
cocaine 20 mg/kg/ml (COC) or 0.9% normal saline (SAL). Six (6) rats from each treat-
ment group were then given nutritional supplementation during withdrawal from co-
caine. Performance in the CPP paradigm was assessed pre- and post-conditioning, during
withdrawal and again following the supplementation or normal feeding period.

tyrosine (Manufacturer: All The Whey, Inc. Paoli PA, USA).

Nutritionally supplemented animals were proportionally fed a combination of
the named component, at 0.123 g/day, 0.123 g/day and 0.0408 g/day, respective-
ly, over a period of 8 weeks. These doses were calculated based on a 350 g body
weight rat, after proportions previously used in other studies for administration
to a 75 kg man were scaled down [11]. Preparation of the nutritional supplement
for oral treatment involved crushing and weighing the megavitamins; whereas,
the fish oil tablets were opened and drained into a calibrated beaker and the re-
levant volumes removed. Supplement capsules were also opened, and the powd-

er weighed for correct dosing. All animals were individually caged for the dura-
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tion of the supplementation period. The initial COC and SAL rat groups were
further equally divided, assigned a numerical code and randomly assigned to ei-
ther the supplemented diet or standard rat chow group, as indicated the four
named groups below:

1) COC-S: Cocaine treated rats, fed with the nutritional supplement after the
addiction phase.

2) COC-N: Cocaine treated rats, fed with standard rat chow throughout the
experiment.

3) SAL-S: Saline treated rats, fed with the nutritional supplement after the ad-
diction phase.

4) SAL-N: Saline treated rats, fed with standard rat chow throughout the ex-
periment.

COC-S and SAL-S rats were individually housed in cages and received the nu-
tritionally supplemented chow as first feed daily for the 8-week treatment pe-
riod. Non-supplemented, standard rat chow was administered for the rest of
the day, only after chow with supplement was fully consumed. The non-sup-
plemented groups (iZe. COC-N and SAL-N) were administered food and water
ad Iibitum throughout the day. Following this 8-week period, animals were ran-
domly selected and individually placed in the CPP box and their performance in
a final 20-minute exploration of the paradigm was assessed from video-recordings.
Figure 1 is a graphical summary flow chart which explains the phases of the ex-
periment. Data on time spent and entries in the drug-paired, white chamber
were collated for the different groups after aligning scores obtained to the nu-

merical code assigned to rats.

3. Data Analysis

Data on the mean percent time spent in (from a total time of 20 minutes) and
entries (from the total arm entries of the CPP box during 20 minutes) into the
white CPP chamber by each animal were analyzed using the SPSS-19 software.
Mean scores for white and black chamber percent entries and time spent during
the pre-conditioning phase, the withdrawal period and after the 8 weeks of sup-
plemented feeding versus standard diet, were analyzed within groups using Stu-
dent’s T-test. Comparisons of the mean percent time and entries into both CPP
chambers were also measured between groups, and analyzed using one-way
ANOVA. Post-hoc analysis was performed using the Tukey test due to the dis-

tribution of the group means.

4. Results

1) Pre-conditioning exploratory behavior in the CPP paradigm

A significantly higher baseline mean percent entries into and time spent in the
black chamber (p < 0.05) were observed for all rat groups during the pre-condi-
tioning phase.

2) Comparison of mean percent time spent in and percent entries into the
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white, drug-paired CPP chamber for groups COC-N and COC-S during pre-
conditioning, cocaine withdrawal, and following 8 weeks of either nutritional
supplementation or standard rat chow feeding

A summary of the CPP performance for all treatment groups in the white,
non-preferred chamber that had been paired with cocaine is illustrated in Table
1.

Cocaine withdrawn animals spent significantly more time in (COC-N, p =
0.015; COC-S, p = 0.008) and made more entries into (COC-N, p = 0.009;
COC-S, p = 0.003) the drug-paired, white chamber during withdrawal when
compared to their initial pre-conditioned performance. The non-supplemented
group, COC-N, continued to spend more time in the drug-paired, white cham-
ber after 8 weeks of standard rat chow consumption, and showed no significant
place aversion to the white chamber throughout the cocaine withdrawal period.
Following 8 weeks of nutritional supplementation, COC-S rats spent signifi-
cantly less time in (p = 0.020) and made significantly fewer entries (p = 0.001)
into the drug-paired, white chamber than they did during the acute drug with-
drawal period (Figure 2 and Figure 3). There was no significant difference
found between the initial pre-conditioned entries into the white chamber for
supplemented cocaine-withdrawn rats (COC-S).

3) Comparison of percent entries into the white, drug-paired arm by COC and
SAL groups during drug withdrawal, and after 8 weeks of nutritionally supple-
mented or standard rat chow consumption

ANOVA revealed that the cocaine treated groups, COC-N and COC-S, both
made significantly higher percent entries into the white, drug-paired chamber
(p = 0.007) and (p = 0.003) respectively, than did the vehicle treated SAL rats
during the acute withdrawal phase of the experiment (F = 32.64) (Figure 4).
Group COC-N made significantly more entries into the white chamber compared
with COC-S rats (p < 0.001), as well as supplemented and non-supplemented
drug-naive rats, SAL-N and SAL-S (p < 0.001). There was no significant differ-
ence found in white chamber entries among supplemented COC-S rats and their

supplemented and un-supplemented vehicle controls, SAL-N and SAL-S.

Table 1. Summary of the Means + SEM for Time Spent in, and Entries into the Drug-paired, White CPP Chamber for the Treat-
ment Groups [cocaine treated rats that did not receive supplementation (COC-N), cocaine treated rats that received nutritional

supplementation (COC-S), saline treated rats that did not receive supplementation (SAL-N) and saline treated rats that received
supplementation (SAL-S)] in the Three Phases of the Study Design.

Mean Percent Time Spent + SEM Mean Percent Entries + SEM into
in the CPP White Chamber the CPP White Chamber
Treatment Groups COC-N COC-§ SAL-N SAL-S COC-N COC-§ SAL-N SAL-S
Pre-Conditioning Phase 1.35+0.57 1.03+0.49 1.13+0.53 1.22+046 13.6+3.27 10.52+£1.85 13.5+0.77 14.67 £ 1.54

Cocaine Withdrawal Phase  20.89 +5.21 22.5+5.25 1.07+0.30 0.97 +0.48 26.00+293 27.29+175 11.73+0.55 8.07 £ 0.15

8 weeks feeding with

standard or suppl. rat chow  17.55+4.74 13.10+6.25 1.08+0.36 1.58£0.65 25.65+2.42  9.40 +2.88 9.81 £0.65 5.85 + 1.69

after acute drug withdrawal
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Figure 2. A comparison of the mean percent time in the white, drug-paired CPP chamber
for cocaine-addicted rats following 3 days of drug withdrawal and 8 weeks of nutritionally
supplemented (COC-S group, n = 6) and non-supplemented feeding with standard rat
chow (COC-N group, n = 6). There was a significant increase in white chamber time by
both drug treated groups compared to their initial pre-conditioning time, and after acute
drug withdrawal. COC-N rats spent significantly more time in the white chamber after 8
weeks of standard rat chow; whereas COC-S rats spent significantly less time in the white
chamber after 8 weeks of nutritional supplementation. There was no significant difference
from pre-conditioning percent white chamber time for nutritional supplemented co-
caine-withdrawn rats (COC-S) *p < 0.05 compared to pre-conditioning time; **p < 0.05
compared to time spent after 3 days of drug withdrawal. Values are expressed as the mean

percent + S.E.M.
7 Pre-Conditioning
* ® Withdrawal
m 8 weeks/Nutritional
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Figure 3. A comparison of the mean percent entries into the white, drug-paired CPP
chamber for cocaine-addicted rats following 3 days of drug withdrawal and 8 weeks of
nutritionally supplemented (COC-S group, n = 6) and non-supplemented feeding with
standard rat chow (COC-N group, n = 6). There was a significant increase in white
chamber entries by both cocaine treated rats groups compared to the initial pre-condition
time and after acute drug withdrawal. Non-supplemented cocaine-withdrawn rats
(COC-N) continued to make significantly more entries into the white chamber after 8
weeks of standard rat chow; whereas supplemented cocaine-withdrawn rats (COC-S)
made significantly less entries into the white chamber after 8 weeks of nutritional sup-
plementation. COC-S rats showed no significant difference in percent white chamber en-
tries from their initial pre-condition entries. *p < 0.05 compared to pre-conditioning en-
tries; **p < 0.05 compared to entries after 3 days of drug withdrawal. Values are expressed
as the mean + S.E.M.
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Figure 4. A comparison of the mean percent entries into the white, drug-paired CPP
chamber for all COC and SAL groups during withdrawal and after 8 weeks of nutritional
supplementation or standard chow feeding. Animals in group COC-N made significantly
more entries into the white CPP chamber during withdrawal than did animals in group
SAL-N. COC-N rats continued to make significantly more entries than SAL-N into the
white chamber after 8 weeks of standard chow consumption. During withdrawal, COC-S
made significantly more entries into the white, drug-paired chamber than did animals in
group SAL-S. After 8 weeks of nutritional supplementation, group COC-S showed no
significant difference from group SAL-S in mean percent white chamber entries. N = 6
for both groups. *p < 0.05 compared to SAL-N during withdrawal; **p < 0.05 compared
to SAL-N after 8 weeks normal rat chow; ***p < 0.05 compared to SAL-S during with-
drawal. All values are expressed as mean percent + S.E.M.

4) Comparison of percent time spent in the white and black CPP chambers by
COC and SAL groups during pre-conditioning, post drug, and after 8 weeks of
supplemented or standard rat chow consumption

Both COC-N and COC-S groups spent significantly more time in the
drug-paired white CPP chamber during withdrawal (p < 0.022) than their saline
treated counterparts, SAL-N and SAL-S, according to ANOVA analysis (F =
32.64). COC groups also made significantly more entries into the white chamber
during withdrawal, than did SAL groups (p < 0.008).

Time spent in the naturally preferred black chamber was significantly lower
for both COC-N and COC-S groups during withdrawal (p < 0.001) than dis-
played by drug-naive SAL-N and SAL-S groups, indicating place preference for
the drug-paired chamber. However, after 8 weeks, nutritionally supplemented
COC-S rats displayed no significant difference in black chamber time when
compared to the non-drug exposed, SAL groups (p < 0.001). In contrast,
un-supplemented, cocaine-withdrawn COC-N rats displayed place aversion to
the black chamber (F = 32.64) (Figure 5).
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Figure 5. A comparison of the mean percent time spent in the black, preferred CPP
chamber for all COC and SAL groups during drug withdrawal and after 8 weeks of nutri-
tional supplementation or standard chow feeding. Animals in groups COC-N and COC-S
spent significantly less time in the black CPP chamber during withdrawal than did ani-
mals in groups SAL-N and SAL-S. COC-N rats continued to spend significantly less time
than SAL-N in the black chamber after 8 weeks of standard chow consumption. After 8
weeks of nutritional supplementation, group COC-S showed no significant difference
from group SAL-S in mean percent time in the black chamber. n = 6 for both groups. *p
< 0.05 compared to SAL-N during withdrawal; **p < 0.05 compared to SAL-N after 8
weeks of normal rat chow; **p < 0.05 compared to SAL-S during withdrawal. All values
are expressed as mean percent + S.E.M.

5. Discussion

The results of this study revealed that consumption of the patented nutritional
supplement reversed cocaine-induced positive place preference in cocaine ad-
dicted rats. We demonstrated significant decreases in the percent time spent in
and the number of entries into the drug-paired, white chamber of the CPP para-
digm, when cocaine withdrawn rats were nutritionally supplemented for 8
weeks. Non-supplemented Cocaine-withdrawn rats (COC-N) continued to ex-
hibit significant place preference for the drug-paired chamber during the drug
withdrawal phase and subsequently, following 8 weeks of standard chow con-
sumption, when compared with their Saline Treated Counterparts (SAL-N).

The CPP paradigm is a well-established model to evaluate motivational effects
of drugs [19] and factors that potentially affect relapse to drug abuse such as
non-drug treatment strategies [20]. The initial baseline preference for the black
CPP chamber or place aversion for the white chamber exhibited by all rats in the
study as well as the significant place preference or drug-seeking behavior by co-
caine treated animals for the white, non-preferred, drug-paired chamber vali-

dated the design of the paradigm adopted.
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Examination of the performance of each treatment group in this experiment
on a timeline from pre-conditioning to post 8-week supplementation vs stan-
dard chow provided a reinforcement of the transition of the cocaine addicted,
withdrawn animals from heightened drug-seeking to a convincing return to be-
havior recorded prior to drug exposure, after supplementation. These findings
provide compelling evidence that successful management of cocaine withdrawal
is heavily dependent on the manipulation of diet during recovery.

Cocaine use has been associated with ischaemic colitis so frequently that it is
recommended [21] that every young person diagnosed with this disorder be in-
vestigated for cocaine misuse. Cocaine is a potent sympathomimetic mesenteric
vasoconstrictor that produces severe small or large intestinal ischemia, often re-
quiring laparotomy for gangrenous bowel. Maldigestion (defined as the defective
intraluminal hydrolysis of nutrients) or malabsorption (defined as defective
mucosal absorption) are both functional results of bowel ischaemia [22]. When
the ischaemia affects the epithelial brush border of the small intestine, amino
acid absorption is impaired. Cocaine deranges the dopaminergic system, pro-
ducing cravings after the “high” that can be modulated by antagonizing dopa-
mine D1, D2 and D3 receptor subtypes [23]. Symptoms of cocaine seeking have
been attributed to dopamine depletion [24]. It is proposed that the megavitamin,
fish oil and amino acid capsules of the patented nutritional supplement used in
this study potentiated improved gastrointestinal function during drug with-
drawal, improved amino acid and general nutrient absorption, and potentiated
the recreation of the neurotransmitter balance that accompanies “normal” beha-
vior.

Termination of an addictive drug often causes the addict to experience a com-
bination of physical and emotional symptoms of discomfort, agitation, sleep-
lessness, nausea and vomiting, intense drug craving, anxiety, dysphoria, extreme
fatigue, and apathy among others as the body tries to adjust to a state of
non-dependence. These effects are often intense in the acute phase of drug
withdrawal, which in turn prolongs and sustains the drug addiction, leading in-
evitably to relapse to uncontrolled drug consumption or recidivism.

The results of this study provide further evidence that vitamin, mineral and
amino acid therapy may reduce withdrawal symptoms in addicts using drugs
such as cocaine and amphetamine, thus decreasing recidivism with better reha-
bilitation. A few non-drug treatment strategies have also been shown to modify
gut microbiome which provides a possible mechanism by which such strategies
are successful. For example, dietary supplementation with omega-3 polyunsatu-
rated fatty acids has been used to reduce opioid seeking behavior and stabilize
the gut microbiome [2]. Additionally, high fat diets have been used generally to
modify drug-seeking behavior and alter gut microbiome [1]. Such evidence may
provide a possible explanation for the success provided by the nutritional sup-
plement used in our investigation which is rich in omega 3 and other fatty acids.

Other research indicates that S-Lactam antibiotics and sodium butyrate may also
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remove drug-seeking by altering gut microbiome [25].
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