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ABSTRACT 

The recovery stage of addiction is a challenging phase characterized by withdrawal 

symptoms, cravings, and a 40-60% risk for relapse. Nutritional psychiatry is an emerging field of 

medicine focused on optimizing mental and physical function by providing essential nutrients, 

treating deficiencies, and using food as medicine. Nutritional intervention has the potential to 

enhance recovery success by providing the brain with needed nutrients to heal and by reducing 

withdrawal and craving symptoms. To this end, we conducted a systematic review of preclinical 

and clinical nutrient and food-derived interventions showing evidence of reducing relapse or 

craving. Separate searches were conducted utilizing the SCOPUS and the PubMed databases. 

After eliminating duplicates, the combined search yielded 9,452 peer-reviewed studies. The 

original search ended on February 23, 2018 and a final search through PubMed and Scopus was 

performed on June 28, 2018, yielding 30 applicable studies. Articles were assessed by three 

investigators for inclusion using the following criteria: (1) Clinical or preclinical studies of any 

diet, nutrient, or food component including vitamins, minerals, amino acids, and fatty acids (or 

any miscellaneous food-based supplement); (2) Studies of any drug of abuse including alcohol, 

nicotine, and cannabis; (3) Randomized controlled trials; (4) Studies during abstinence with the 

outcome measure as reduction of craving or relapse. Studies including participants currently 

undergoing Medication-Assisted Treatment (e.g. methadone and buprenorphine) or smoking 

cessation (nicotine or cannabis) studies were also included. This systematic review encompasses 

trials that include male and female subjects, as well as individuals with different ethnic 

backgrounds to provide a subject pool representative of the population. Results of the review 

show that one amino acid, polyunsaturated fats, and one mineral may significantly reduce craving 



x 
 

and/or withdrawal symptoms related to addiction. For each reviewed food component, possible 

mechanisms of action are explored, such as neurotransmitter regulation and gene regulation. 

Recommendations include research of the food components’ mechanisms of action in relieving 

symptoms of SUD and possible synergistic effects between food components.  
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I. INTRODUCTION 

Substance Use Disorder (SUD) is a disease of the brain that results in persistent 

seeking and taking of drugs despite negative consequences to health, social, occupational, 

and societal function.1 The United States has experienced a doubling of drug related 

deaths in the last decade.2 In 2017, over 72,000 people in the United States died of drug 

overdose.3 Currently, the national cost of abuse of illicit drugs and prescription opioids is 

estimated to have reached a staggering $271.5 billion dollars annually in related health 

care costs, loss of productivity, and crime.2 Drug use results in both short and long term 

negative effects in the body. Short term effects can include increased heart rate, 

psychosis, stroke, overdose, and death. Long term drug use can result in disease of vital 

organs, contraction of human immunodeficiency virus or hepatitis C through shared 

paraphernalia, and mental illness.4 In the United States, 40-60% of individuals who 

attempt abstinence from drugs of abuse will experience relapse.5 To this end, there is an 

urgent need for development of new interventions to prevent drug overdose and enhance 

recovery efforts. 

Substance Use Disorder 

Substance Use Disorder is characterized by the inability to control intake of drugs 

and physical or emotional withdrawal resulting from drug cessation.1 Currently there is 

not a complete understanding of the mechanisms surrounding SUD. However, it is known 

that SUD comprises of both neurological and psychological aspects. Koob and Moal6 

developed a depiction of the addiction cycle by combining aspects of compulsivity and 

impulse control disorders (Figure 1). Once recreational drug use transitions into 

dependence, the cycle of binge/intoxication, withdrawal/negative effect, and 
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preoccupation/anticipation begins. Each factor in the addiction cycle coincides with acute 

and chronic neurological adaptations in the reward system, specifically the 

mesocorticolimbic pathway.7–14  

 
Figure 1. The Cycle of Addiction 
 

The mesocorticolimbic pathway is comprised of the mesocortical and limbic 

systems of the brain. The mesocortical system consists of the ventral tegmentum area, a 

key player in motivation and the reward pathway, and the prefrontal cortex which is 

responsible for executive control. The limbic pathway is comprised of the hippocampus, 

nucleus accumbens, amygdala, thalamus, and hypothalamus, and is responsible for 

emotion, memory, and relaying information to other parts of the brain.15 Together, the 

mesocortical and limbic systems award the act of drug taking with a value, encoding the 

hedonic effect achieved with each use. Drugs of abuse produce hedonic effects by 

binding to one or more of three opioid receptor types; mu, delta, and kappa (Figure 

2).16,17 Common drugs of abuse, such as morphine and heroin, have a high affinity for the 

μ-opioid receptor, in particular. The antagonistic activation of the μ-opioid receptor by 

these substances results in pain relief, euphoria, and potential dependence.18 Alcohol also 
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affects the opioid system. Specifically, Mitchell et al.19  concluded that endogenous 

opioids are released upon intake of ethanol, and subsequently attach to opioid receptors, 

providing pleasurable feedback associated with alcohol intake. 

 
Figure 2. Opioid binding to opioid receptor. National Institute on Drug Abuse, 2007. 

 Further, drugs of abuse are more powerful than natural reinforcers, such as food 

or sex.20 Pleasurable events or substances, called “positive reinforcers” result in a 

dopamine release in the nucleus accumbens and prefrontal cortex.21 Extreme positive 

reinforcers, i.e. drugs of abuse, result in the attachment of dopamine to dopamine 

receptors, which is a factor responsible for pleasurable feelings associated with drug 

intake. These positive feelings caused by drug intake further fuel incentive salience in 

situations involving drug cues, increasing the risk for relapse.22 Further, as the cycle of 

addiction continues, negative reinforcement of dependence occurs once undesirable 

effects of withdrawal takes place, causing a chronic cycle of drug taking, withdrawal, and 

relapse.6,14 
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Treatment 

The first step of SUD recovery is detoxification to remove drugs of abuse from 

the body. However, because SUD is a chronic disease, detoxification alone will likely not 

prevent an individual from using drugs again. Substance Use Disorder recovery requires 

a well-rounded approach that addresses many needs of an individual suffering from SUD. 

Many treatment approaches can be used in either out-patient programs or in rehabilitation 

facilities.23  

Several types of therapies can be utilized to combat SUD. Examples of these 

therapies include motivational enhancement therapy, cognitive behavioral therapy, and 

12-step facilitation therapy. 23–26 Motivational enhancement therapy is generally utilized 

to assist with the cessation of substances such as nicotine, alcohol, and cannabis. With 

this method, motivational interviewing is used to create patient-generated motivation and 

proposals to quit using addictive substances.24 Cognitive behavioral therapy is used to 

change the associations and behaviors individuals have with drugs of abuse, as well as 

develop strategies to identify and manage situations where risk of relapse is high.25 

Further, twelve-step facilitation therapy is often in a group setting to provide support and 

guidance to its members. The 12-step program typically consists of three main concepts; 

(1) accepting that substance use disorder is a life-long struggle and that abstinence is the 

key to recovery, (2) surrendering to the guidance of the 12-step program and a “higher 

power”, and (3) retaining active participation in 12-step groups and events.26  In addition 

to these therapies, it is important to address and treat any co-existing mental illnesses 

present in an individual. 
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Medication-assisted treatment (MAT) is a commonly used method to treat SUD 

because it can be effective at reducing cravings and regaining brain function during 

recovery.27 Methadone is an opioid receptor agonist commonly used to treat opioid 

dependence. Because methadone itself is an opioid, there is a risk for dependence and 

abuse with this treatment method.28 Individuals prescribed methadone must receive the 

drug under the supervision of a physician participating in an Opioid Treatment Program 

that is certified by the Substance Abuse and Mental Health Services Administration.28 

Naltrexone, another SUD treatment, is an antagonistic drug that blocks the hedonic 

effects of opioids and alcohol.29 While naltrexone has a low risk of abuse, individuals 

using naltrexone for MAT may develop a lower tolerance to opioids which may increase 

risk of overdose upon relapse.29 Abstinence from opioids and the blocking of the μ-opioid 

receptors via naltrexone allows opioid receptors to regain baseline sensitivity to opioids. 

In addition, once naltrexone dosing is stopped, the μ-opioid receptors are quickly 

unblocked. Individuals in relapse often consume opioid amounts they used prior to 

treatment, unknowingly taking a much higher dose required for their new lowered 

tolerance and therefore risking overdose.30 Another opioid-dependency treatment, 

buprenorphine, is a partial agonist to the opioid receptor, providing a small level of 

euphoria.31 The hedonic properties of buprenorphine can increase with increasing doses 

to a certain extent but will then reach a steady state even with additional doses. 

Buprenorphine can be prescribed in a doctor’s office and has a low risk of abuse because 

the euphoric properties are minimal in comparison to opioids.31 For alcohol dependence 

specifically, disulfiram and acamprosate both reduce drinking tendency via different 

mechanisms. Disulfiram inhibits normal alcohol metabolism causing severe reactions 
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such as vomiting, headaches, trouble breathing, increased heart rate, and anxiety. The 

mechanism of action for acamprosate is unknown but the drug has been shown to reduce 

the desire to drink alcohol in alcohol-dependency.  

Under federal law, outpatient treatment centers are required to provide counseling 

to MAT participants, owing to the synergy of simultaneous use of these modalities 

increasing the chance of recovery.29 While the use of MAT and counseling can be useful 

during recovery efforts, the risk for abuse of recovery medications, relapse, and overdose 

during MAT still remains high. In addition, there are no FDA-approved MATs for 

recovery from stimulants (e.g. cocaine or methamphetamine). To this end, there is still a 

need for additional treatments to enhance outcomes for long-term SUD recovery and 

further reduce relapse rates. 

 

Medical Nutrition Therapy  

 Medical nutrition therapy (MNT) provides an individualized nutrition program in 

clinical settings for the management of disease. Nutrition therapy has been used to 

successfully treat bodily diseases such as diabetes and cardiovascular disease for some 

time. Nutrition therapy has also been used to treat neurologic disease. For example, the 

ketogenic diet was developed in the 1920s and has been used since to treat epilepsy.32 

New evidence also supports nutrition therapy for the treatment of other neurological 

disorders such as ADHD33 and Alzheimer’s disease.34 An emerging branch of nutrition 

therapy addressing psychiatric disorders, termed nutritional psychiatry, has provided 

evidence supporting nutrient or diet interventions for depression35 and psychosis.36 

Nutritional psychiatry focuses on providing nutrients or altering diets to enhance brain 
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and body function with the goal of reducing symptoms of common mood disorders.37 To 

this end, nutrition therapy also can and should be applied to drug dependence. Most 

nutrition related research in the area of SUD has focused on nutrient deficiencies 

resulting from drug abuse (for example, see Jeynes & Gibson38). For example, Ross et 

al.39 found that 21% individuals participating in drug detoxification were deficient in 

vitamin A, 8% were vitamin C deficient, and 18% were deficient in iron. In addition, 

individuals with alcohol dependence are commonly deficient in B vitamins and vitamin A 

due to reduced intake of food and the effects alcohol has on nutrient absorption and 

metabolism.40 Alcoholic thiamine deficiency can affect up to 80% of individuals with 

alcoholism and can lead to neurological deficits and psychosis known as Wernicke-

Korsakoff syndrome.41,42 It is important to understand these deficiencies and their impact 

on the mechanisms of addiction. It is equally important to correct these deficiencies in 

rehabilitation with addiction nutrition. However, once a person is in rehabilitation and has 

transitioned to a more healthful diet, these deficiencies are presumably corrected. 

Nutritional support is then needed during abstinence to reduce the recurring cravings and 

the characteristic chronic relapse of recovery.43 This chronic relapse related to drug 

addiction is due, in part, to poorly functioning reward mechanisms in the dopaminergic 

mesocorticolimbic pathway.14 A nutrient or food component supplementation regimen to 

support and/or restore these processes has the potential to improve brain function, thereby 

further promoting abstinence and reducing risk of relapse. 

There are numerous preclinical and clinical trials published investigating the role 

of individual nutrients in reducing cravings or relapse. To our knowledge, no one has 

compiled these studies in order to formulate an evidence-based treatment program. This 
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systematic review aims to compile such evidence supporting nutrient or food component 

supplementation to reduce cravings and relapse in drug dependent populations throughout 

recovery. 
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II. METHODS 

We conducted a systematic search following the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines in order to provide 

transparency through our search and selection process.44 We searched for relevant articles 

using the electronic databases PubMed and Scopus. The Population, Intervention, 

Control, and Outcome (PICO) method was used to help define our question and 

determine our search terms.45 The search terms are reported in Table 1 and were used for 

both online databases. One difference between the search terms for each database was the 

PubMed search also contained “NOT “food addiction””.  

Table 1. PICO (Population, Intervention, Comparator, Outcome)  
Population Intervention Comparator  Outcome 
Addict 
Alcoholic 
Addiction 
Drug abuse 
Methamphetamine 
Cocaine 
Heroin  
Morphine  
Opioid 
Opiate 
Alcohol 
Nicotine 
Cannabis 
Marijuana 

Vitamin A 
Retinol 
Carotenoid 
Thiamine 
Riboflavin 
Niacin 
Pantothenic acid 
Pyridoxine 
Biotin 
Folate 
Vitamin B12 
Vitamin C 
Vitamin D 
Vitamin E 
Tocopherols 
Tocotrienols 
Vitamin K 
Phylloquinone  
Menaquinones  
Potassium 
Chlorine 
Sodium 
Calcium 
Phosphorous 
Magnesium  
Iron 
Zinc 

Manganese 
Copper 
Iodine 
Chromium 
Molybdenum 
Selenium 
Cobalt 
Protein 
Amino acid 
Alanine 
Arginine 
Asparagine  
Aspartic acid 
Cysteine 
Glutamic acid 
Glutamine 
Glycine 
Histidine 
Hydroxyproline 
Isoleucine 
Leucine 
Lysine 
Methionine  
Phenylalanine  
Proline 
Pyroglutamate  
Serine 

Threonine  
Tryptophan 
Tyrosine  
Valine 
Fat 
Saturated fat 
Unsaturated fat 
Polyunsaturated 
Cholesterol  
Omega 3 
DHA 
Docosahexaenoic acid 
EPA 
Eicosapentaenoic acid  
Omega 6 
Phosphatidylserine 
Phosphatidylcholine 
Fish oil 
Lecithin 
Sphingolipid  
Carbohydrate 
High protein  
Ketogenic 
High fat 
Low fat 
Fatty acids 

(Not 
appropriate for 
search) 

Relapse 
Craving 
Abstinence  
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Additional articles were found through selecting references in related review 

papers. Articles were screened by three investigators to determine if they fit the inclusion 

criteria. The inclusion criteria were: (1) effects of diets including ketogenic, high-fat, and 

low-fat  or nutrients, including vitamins, minerals, amino acids, and fatty acids (or any 

miscellaneous food-based supplement), (2) clinical or preclinical studies, (3) randomized 

controlled trials, (4) studies with the outcome measure of craving, relapse, or abstinence, 

and (5) studies including participants currently undergoing MAT (e.g. Methadone and 

Buprenorphine). Articles were excluded if they met the following: (1) review papers; 

however, references listed in review papers were screened to find more primary data 

sources, (2) studies with no specific nutrient/diet intervention, (3) studies examining 

herbal medicine or a pharmaceutical, (4) studies with participants still actively consuming 

drugs of abuse (except alcohol, nicotine, and cannabis). In addition, we excluded any 

articles not available in English. The original search ended on February 23, 2018 and a 

final search through PubMed and Scopus was performed on June 28, 2018. The PRISMA 

flow diagram shown in Figure 3 depicts the process for which studies were chosen for the 

systematic review.44 Each food category assessed was analyzed for a level of evidence 

utilizing a chart adapted from the Centers of Disease Control Continuum of Evidence 

Effectiveness as seen in Figure 4.46 Terms defined in the Levels of Evidence Figure are as 

follows: “risk factors” include withdrawal symptoms and anxiety; and “other potential 

risk factors” include conditioned place preference. 
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Figure 3. PRISMA Flowchart showing article selection phases throughout the search process. 
 

 

 
Figure 4. Level of Evidence. aRisk factors include withdrawal symptoms and anxiety. bOther potential risk 
factors include conditioned place preference. 
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III. RESULTS 
 

The initial search generated a total of 9,311 articles (Figure 3) after duplicates 

were deleted. The second and final search generated an additional 141 articles after 

duplicates were removed. From the original searches, articles with a title or abstract that 

were clearly not relevant to our search as well as articles not in English were excluded 

(n=9,358). From the remaining 97 full-text articles, a total of 30 were selected based on 

relevancy to inclusion criteria. The resulting food components or nutrients of significance 

include N-acetylcysteine, omega-3 fatty acids, and magnesium (Table 2). 

Table 2. Positive Result Studies 
 

Nutrient/Food 
Component  

Positive Results Level of 
Evidence  

Possible Mechanisms 

Ev
id

en
ce

 fr
om

 sy
ste

m
at

ic
 re

vi
ew

 

N-acetylcysteine 

Cocaine17  
Nicotine18,19 
Cannabis20  
Alcohol21 

Well- supported 
Maintenance of 
extrasynaptic glutamate 
concentrations.18,46-48 

Omega-3 Fatty Acids Alcohol32,33 Supported Regulation of D2R in 
nucleus accumbens.68 

Magnesium Opioid42 Promising 

Inhibition of calcium-
dependent dopamine 
release.77 Inhibition of 
nitric oxide synthase.79 

   
   

  A
dd

iti
on

al
 e

vi
de

nc
e 

Vitamin D3 Amphetamine86 n/a 

Increased mRNA 
expression of GDNF.84 

Upregulation of D2R 
expression in the nucleus 
accumbens.86 

Calcium Opioid90 n/a 

Regulation of dopamine 
release via calcium 
dependent dopamine 
channels.88,89 
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Amino Acids 
Amino Acid Supplementation 

N-acetylcysteine (NAC) is the supplemental form of the non-essential amino acid, 

cysteine. Two pre-clinical and five clinical studies were found using NAC to treat SUD 

during recovery.9,47–51 In a rodent model, Amen et al.47 trained rats to self-administer 

cocaine by lever press to trigger an infusion of cocaine (0.5 mg/kg/200µl), intravenously. 

The rats were administered a daily NAC (60 mg/kg) intraperitoneal injection or no NAC 

to serve as a control during cocaine use and reinstatement periods. Afterwards, an 

extinction phase occurred by replacing the cocaine associated with a lever press with 

saline only. The extinction phase continued until lever presses averaged under 10 presses 

over at least three of four sessions. Rats were then reinstated to self-administer cocaine 

via lever press during two sessions, with one week between sessions. Initially and during 

the first reinstatement test, NAC did not reduce reinstatement of cocaine seeking in rats 

(p = 0.525). However, during the second reinstatement test, lever responses decreased 

significantly (p = 0.023) in rats given daily NAC supplementation. Thus, in this study, 

NAC supplementation, though not immediately effective, showed promise as a 

supplement. In another study,9 two groups of male Wistar rats (n=75) were trained to 

associate specific cues with the availability of reward in the form of nicotine (0.03 

mg/kg), saccharin (100 µl, 50/1 solution in H2O), or no reward via lever push. Rats 

proceeded through self-administration, extinction, and reinstatement training. Results 

revealed that doses of 30 and 60 mg/kg NAC did not have effect on number of lever 

presses (p > 0.05). Furthermore, administration of NAC (100 mg/kg, IP) did not reduce 

saccharin seeking attempts in the reinstatement phase (p > 0.05). However, 

supplementation with 100 mg/kg NAC was effective at reducing the amount of lever 
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presses for nicotine seeking (p < 0.05). The results of this study suggest that in some 

cases/doses, NAC may reduce drug seeking activity.  

In a clinical arm of the Amen study,47 cocaine-dependent participants (n=6) who 

were 8-48 hours abstinent received cocaine (20 mg/70 kg/60 s) using intravenous 

administration. Assessment of participants’ high, rush, and craving were assessed after 

each of three sessions via visual analog scale. Participants were given oral doses of NAC 

(400 or 800 mg/dose; n=4) or baclofen (20 mg/dose; n=4), a GABA B receptor agonist 

used for craving reduction in substance abuse disorder, 1 to 2 times  (depending on when 

participants finished pre-NAC administration test session) daily on days 1 (pre-drug 

session), 3 times daily on days 2 and 3, and 4 (post-drug session). The tests given pre- 

and post-NAC administration included 3 sessions of visual stimuli showing neutral 

videos or a trigger video depicting drug-use. After the 3rd session, cocaine (20 mg/70 kg) 

was administered. While results showed no effect of cocaine’s reinforcing ability or 

hedonic properties (“high” and “rush”) in the NAC group (p = 0.433), feelings of drug 

craving were significantly (p = 0.001) reduced in the NAC group compared to the 

baclofen group. Additionally, a pilot study48 assessed NAC in therapy resistant 

participants to treat nicotine/tobacco dependence. Baseline and endpoint levels of daily 

cigarettes smoked, exhaled CO, and cessation rates were assessed. Participants were 

randomly assigned 3 g/day oral NAC (n=17) or placebo (n=17) for 12 weeks. Cigarettes 

smoked per day significantly (p = 0.006) decreased in the NAC group, as well as exhaled 

CO levels (p < 0.001). Compared to 21.4% cessation in the placebo group, there was 

significantly (p = 0.006) greater cessation (47.1%) in the NAC group. Furthermore, Gray 

et al.49 assessed the efficacy of NAC to encourage abstinence in cannabis dependent 
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adolescents (n=116). In a double-blind, placebo-controlled trial, NAC (1200 mg) or 

placebo was administered daily to participants in combination with cessation counseling. 

Participants receiving NAC were nearly twice as likely to submit a negative urine test 

over the course of the 8-week study (p = 0.029). A second assessment by Squeglia et al.50 

of the same study examined alcohol drinking habits of the participants. Data showed that 

participants who reduced cannabis use did not replace cannabis use with alcohol intake. 

Furthermore, the NAC group with higher rates of cannabis negative urine tests, also 

reported lower accounts of alcohol use in comparison with the placebo group (p = 0.016).  

 In contrast to the positive studies, a clinical study from LaRowe et al.51 exploring 

the efficacy of NAC supplementation in reducing cocaine use found no significant results 

regarding NAC supplementation and reduction of craving, withdrawal, or abstinence. 

Over 8 weeks, cocaine-dependent participants were supplemented with NAC. 

Participants were randomly assigned to 3 groups: 1) NAC (1,200 mg); 2) NAC (2,400 

mg); or 3) placebo. Self-reports of cocaine use and urine tests to detect use were 

performed up to 3 times per week for the duration of the study. The Brief Substance 

Craving Scale (BSCS) was administered weekly to assess craving. Overall, results 

showed no significant difference in abstinence rates, craving, or withdrawal symptoms 

for any group (p > 0.05). 

Other amino acids that have been explored preclinically are L-theanine, kynurenic 

acid, serine, D-cycloserine, and sarcosine. L-theanine, while not a nutrient, is a non-

protein amino acid that is contributed to diet primarily from tea.52 In a pre-clinical study, 

Wise et al.53 assessed the effect of L-theanine on withdrawal symptoms in morphine 

dependent monkeys (n=24). Rhesus monkeys were administered L-theanine (1, 4, 8 
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mg/kg), morphine (4 mg/kg; control), or vehicle control (sterile water, 1 mL/kg) after 

being 14 to 15 hours abstinent. Withdrawal symptoms were assessed at 30, 60, 90, 120, 

and 150 minutes, and categorized into absence or presence of withdrawal symptoms. 

Monkeys who received 8 mg/kg of L-theanine exhibited a significant (p < 0.05) reduction 

in withdrawal symptoms as compared to vehicle control group at the 30- and 60-minute 

assessment. Monkeys who received 4 mg/kg or 8 mg/kg also showed a significant (p < 

0.05) decrease in withdrawal symptoms as compared to controls at the 90-, 120-, and 

150- minute assessments.53 

Rasmussen et al.54 examined the effects of kynurenic acid, a metabolite of L-

tryptophan and an excitatory amino acid receptor antagonist, on morphine withdrawal. 

After induction of opiate dependence, male Sprague-Dawley rats were inoculated with 

kynurenic acid (10, 100, or 500 mg/kg) subcutaneously, kynurenic acid (0.1 µmol or 0.25 

µmol) intracerebroventricular injection, or saline (control). Withdrawal was assessed on 

scoring of incidents (including irritability, jumping, wet dog shakes, writhing, and head 

bobbing) and behaviors (teeth chattering, lacrimation, piloerection, ptosis, salivation, 

chewing, and diarrhea). Withdrawal from morphine was induced by administering 

naltrexone HCl (10 mg/kg) 15 minutes after kynurenic acid injection. Significant 

reduction in wet dog shakes (p = 0.044) and lacrimation (p = 0.001) was seen in rats who 

received 0.25 µmol kynurenic acid. There was also a significant reduction in the 500 

mg/kg group for ptosis (p = 0.001), lacrimation (p = 0.006), and saliva (p = 0.029) 

compared to both the control group and groups receiving 10 and 100 mg/kg kynurenic 

acid subcutaneously.  
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Yang et al.55 compared the effectiveness sarcosine, D-serine, and D-cycloserine to 

reduce or extinguish cocaine conditioned place preference (CPP). Sarcosine is an 

intermediate of the amino acid, glycine, formation.56 Both D-serine and D-cycloserine are 

supplemental forms of amino acids that act as agonists to the N-methyl-d-aspartic acid 

receptor in the brain.57,58 Place preference was tested by placing male C57BL/6NJ mice 

(n= 166) in a randomly chosen compartment and allowing them to freely explore the two 

compartments for 15 minutes. The mice received D-cycloserine (30 mg/kg), sarcosine 

(300 or 600 mg/kg), D-serine (300 or 600 mg/kg), or saline (control) after each cocaine-

free test. Twenty-one mice were excluded from the study by displaying a significant 

preference for a particular compartment. The mice were then administered cocaine HCl 

(10 mg/kg, IP) while sequestered in the lesser-preferred compartment for 30 minutes for 

the cocaine-induced CPP (Test 1 or T1). Eight hours later the mice received an equivalent 

dose of saline (control) and were sequestered in their more-preferred compartment. The 

saline treatment was repeated for an additional two days. After the last saline treatment, 

drug-free mice were placed in the center compartment and were allowed to enter any 

compartment to assess cocaine seeking behaviors. Mice spending 20% or more of the 

allotted time in the center compartment were excluded. The CPP test was repeated five 

times (T1-T5) over five days. Maintenance of cocaine-induced condition place preference 

test (priming test) was assessed after T5 by administration of cocaine (10 mg/kg) prior to 

release into compartments. Mice treated with D-cycloserine exhibited a significant (p < 

0.0001) decrease in cocaine-induced CPP on T2 through T5. Sarcosine (300 mg/kg and 

600 mg/kg) and D-serine (300 mg/kg and 600 mg/kg) both significantly (p < 0.001) 

reduced cocaine-induced CPP on T4 and T5.  
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Jukic et al.59 provided an amino acid supplement to participants in a randomized, 

double-blind, placebo-controlled trial. Alcohol-dependent patients (n= 20) who were 

entering a detoxification program were randomly assigned to two groups; (1) daily 

supplementation with D/L-phenylalanine (300 mg), L-glutamine (150 mg), and L-5-

hydroxytryptophan (5 mg) or (2) placebo group. The Symptom Checklist-90-Revised test 

(SCL-90-R) was used to evaluate psychiatric symptoms including somatization, 

obsessive-compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic 

anxiety, paranoids ideation, and psychoticism. The SCL-90-R test was administered at 

the initiation of study and at the end of 40 days. The results revealed supplementation 

with D/L-phenylalanine, L-glutamine, and L-5-hydroxytryptophan significantly reduced 

all evaluated SCL-90-R factors (p < 0.05), excluding anxiety. 

Tryptophan is an essential amino acid that must be obtained from the diet, and is a 

precursor to the neurotransmitter, serotonin.60 Tryptophan supplementation in 

combination with a high carbohydrate diet and group therapy were assessed for the 

effectiveness of enhancing smoking cessation by Bowen et. al.61 The high-carbohydrate 

diet consisted of a 7:1 ratio of carbohydrate to protein, while the low-carbohydrate diet 

consisted of a 1:1 ratio of carbohydrate to protein. Both diets matched the average caloric 

intake of each individual as assessed by a dietician prior to the study. Participants were 

randomly assigned to either a tryptophan supplement (50mg/kg/day) combined with a 

high carb diet (n=16), or a placebo supplement combined with a low carbohydrate diet 

(n=15). Both groups received group therapy to support smoking cessation. After two 

weeks, participants who received tryptophan supplementation and followed a high 

carbohydrate diet smoked fewer cigarettes than those in the placebo group. A significant 
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(p < 0.001) reduction of anxiety symptoms were reported in the tryptophan group, as 

well. This study suggests that increased intake of tryptophan may reduce feelings of 

anxiety and reduce smoking behavior. 

Amino Acid Depletion 

Petrakis et al.62 examined whether tryptophan depletion could reduce trigger 

induced alcohol craving symptoms in alcoholics (n=16) during recovery. In a double-

blind, placebo-controlled study to assess baseline craving levels via craving 

questionnaire, participants were exposed to a trigger in the form of smelling but not 

consuming an alcoholic drink on the first test day. On the second and third test days, 

participants were given a tryptophan-deplete drink or tryptophan-containing drink 

(placebo) to consume 5 hours before trigger exposure. Following trigger exposure, the 

participants complete a craving questionnaire. Results showed that tryptophan depletion 

had no effect in reducing cravings in alcohol dependent participants. In another 

tryptophan depletion trial, Wedekind et al.63 assessed the efficacy of tryptophan depletion 

in treating craving and psychological symptoms in alcohol dependent males (n=25). 

Participants’ psychological status was examined by Montgomery-Asberg Depression 

Rating Scale (MADRS), State-Trait Anxiety Scale, and the Hamilton Anxiety Scale, and 

substance craving by visual analog scale at baseline and endpoint measures. Participants 

were randomly assigned to receive a tryptophan-deplete or tryptophan-rich amino acid 

drink (2.3 g tryptophan per drink) 24 hours after following a low-tryptophan diet. The 

average daily tryptophan intake from the diet is 900-1000 mg for adults.64 In a crossover 

design, the same participants received the alternate drink after the low tryptophan diet 

one week later. While there was no significant (p > 0.05) difference in craving symptoms 
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between tryptophan-deplete and tryptophan-rich groups, tryptophan depletion 

significantly increased feelings of depression (p < 0.01) by the end of the study of the 

weeklong study. This study suggests that tryptophan depletion may have deleterious 

effects on mood. 

Perugini et al.65 addressed tryptophan depletion in a randomized, double-blind, 

placebo-controlled trial consisting of male participants (n=18) who were nicotine 

dependent. Data of self-reported mood and withdrawal symptoms assessed via 

questionnaire were collected prior to smoking cessation, 5 hours after cessation, after a 

faux smoking session, and after smoking a cigarette. After the 5-hour cessation period, 

participants were given either a tryptophan-deplete or an amino acid balanced drink 

(placebo). These methods were completed again in a crossover design after a minimum of 

three days, where participants received the amino acid drink they did not receive in the 

first session. Results of this study revealed that tryptophan depletion had no significant 

effect on withdrawal symptoms or self-reported mood (p > 0.05). Results of this study 

suggest that tryptophan depletion is not effective in alleviating withdrawal symptoms in 

nicotine dependence. 

In contrast to tryptophan depletion, a study investigation the effects of 

phenylalanine and tyrosine depletion on smoking cessation yielded positive results. 

Venugopalan et al.66 assessed three groups of abstinent cigarette smokers (n=47), on their 

motivation to smoke when phenylalanine and tyrosine deplete. The three groups were 

categorized into: (1) participants who smoked no more than five cigarettes per day and 

had been smoking less than a year, (2) participants who smoked no more than five 

cigarettes per day and had been smoking at least three years and, (3) participants who 
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smoked at least 10 cigarettes per day and had been smoking for at least five years. In this 

double-blind study, participants were randomly assigned and administered a 

phenylalanine and tyrosine deplete drink or an amino acid balanced mixture (placebo) at 

the beginning of each test day. In a crossover design, two tests were conducted three days 

apart where participants received the alternate amino acid drink on the second test day. A 

visual analog scale was used to assess the participants feelings in relation to smoking and 

a craving questionnaire was administered; (1) immediately after drink administration, (2) 

4 hours after drink administration, and (3), and at the end of the test day. The tests 

included triggers such as holding a cigarette shaped item, holding but not smoking a lit 

cigarette, and the chance to earn mini cigarettes through a series of key presses (self-

administration of cigarettes). Results showed that all three groups who received the 

phenylalanine and tyrosine deplete drink performed significantly (p < 0.05) fewer key 

presses to earn cigarettes than those who received the placebo drink. However, significant 

effects on craving were not observed.66 Taken together, this suggests that depletion of 

phenylalanine and tyrosine may reduce motivation for nicotine seeking. 

Polyunsaturated fatty acids 

 One preclinical and two clinical studies involving polyunsaturated fatty acids as 

treatment for alcohol dependence identified in this review.12,67,68 Two of the studies 

observed improvements in withdrawal symptoms.12,67 The third study did not.68 In a study 

by Shi et al.12, adult male mice were split into three groups. The fish oil group (FO+) 

received 50 µL of FO (5 mg EPA, 30 mg DHA) for 14 days before alcohol treatment. 

The control group (CO+) and alcohol-free control group (CO-) received isocaloric corn 

oil daily. Fourteen days after administration of the fish oil, the FO+ and CO+ mice were 
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provided a liquid diet, which consisted of low-fat cow’s milk, vitamin A, sucrose, and 

alcohol. The alcohol concentration in the liquid diet increased from 2% (v/v) on days 1-4 

to 4% on days 5-14 and 8% on days 15-28. The alcohol-free CO- group was fed the 

liquid diet without alcohol. After the initial 28-days, the FO + and CO + groups were 

subjected to a 7-day abstinence period. Convulsive activity was examined using Handling 

Induced Convulsion (HIC) to measure physical distress. Results showed that treatment 

with FO+, compared to the CO+ group, significantly reduced (p = 0.001) convulsive 

activity in the acute withdrawal period at 6, 12, and 24 hours. In addition, after locomotor 

sensitization and CPP testing, mice treated with fish oil (FO+) and given alcohol for five 

consecutive days had a lower psychomotor stimulant response (p = 0.03). FO+ mice also 

showed a significantly decreased preference for an alcohol associated environment upon 

repeated ethanol exposure (p = 0.023) in CPP. This study suggests that supplementation 

with fish oil may attenuate some withdrawal symptoms and alcohol induced CPP. 

Barbadoro et al.67 conducted a randomized, double-blind, placebo-controlled 

study on patients at a facility for alcoholism treatment and rehabilitation. A total of 21 

participants were split between either the intervention (n=21) or placebo (n=10). 

Participants were abstinent at the beginning of the 4-week program. Participants in the 

intervention group were provided with 1 g of fish oil per day (252 mg DHA and 60 mg 

EPA per 1,000 mg oil) for three weeks. Participants in the control group were provided 1 

capsule of microcrystalline cellulose powder per day. ANOVA tests on the Perceived 

Stress Scale (PSS) scores between baseline and day 21 showed a significant (p < 0.05) 

decrease in perceived stress for the intervention group over the course of the study. 

Cortisol concentrations were also significantly reduced throughout the day in the 
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intervention group between T0 and T21 (p < 0.05). This clinical trial provides evidence 

exhibiting anti-stress effects with supplementation of fish oil, which may be beneficial 

during SUD recovery.    

Lastly, research by Fogaca et al.,68 consisted of alcohol dependent male subjects 

(n=43) that were thirty to fifty years of age. Participants were randomly placed into one 

of four groups: placebo; Naltrexone; PUFAS; and Naltrexone + PUFAS. Alcohol 

dependence severity (Short Alcohol Dependence Data, SADD) and craving (Obsessive 

Compulsive Drinking Scale, OCDS) was assessed at baseline and at the end of 90 days. 

All groups reduced the number of drinking days and improved SADD and OCDS scores. 

However, there was no statistically significant difference in drinking days and SADD (p 

= 0.50) and OCDS (p = 0.69) scores between the groups at the end of the three months. In 

this trial, supplementation with PUFAS, with or without naltrexone, did not result in 

reduced cravings or dependence. 

Carbohydrate 

 In an animal model of relapse, Liu and Grigson 69 gave rats 14 days of cocaine 

(0.2 ml, intravenous injection) self-administration training followed by 90 days 

abstinence. In this trial, the rats learned that licking an empty spout 10 times resulted in 

an intravenous delivery of cocaine.  The rats were then grouped by high or low spout 

licking responses into a 3% glucose + 0.125% saccharin solution group (n = 8) and a 

water group (n = 8). After 5 min access to glucose + saccharin or water, rats had access to 

the same apparatus previously used for self-administration, but no drug was given. The 

glucose + saccharin group made significantly fewer drug seeking attempts over the first 4 

of 10 extinction trials. Once seeking behavior had been extinguished, rats were given a 
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priming injection of cocaine in a drug-induced reinstatement test. The water group 

relapsed to drug seeking while the glucose + saccharin group did not (p < 0.005). The 

results suggest that introducing a different rewarding substance may be beneficial to 

reduce use of addictive substances.  

Clinical trials assessing the impact of dietary carbohydrates on addiction have 

shown mixed results. Helmers and Young70 observed a significant (p<0.05) reduction in 

withdrawal symptoms but not craving in 67 female smokers given a 50g sucrose drink 

compared to an aspartame placebo in a single test after 12 hours of abstinence. McRobbie 

and Hajek71 found no significant difference in a test of 44 men and women on nicotine 

replacement when given 12mg of dextrose, but a mild reduction in withdrawal symptoms 

in another 31 men and women using bupropion who were abstinent one week when 

compared to the placebo group. In a mixed cigarette cessation trial72 of 308 men and 

women using 3g dextrose tablets ad lib for four weeks, a nicotine patch, or both found a 

significant (p < 0.01) reduction in craving at one week in users of dextrose, but no 

differences in abstinence at trial end after four weeks. In another test assessing the effects 

of dextrose supplementation and smoking cessation, West et. al73 gave 3g tablets of  

dextrose or sorbitol placebo to 16 male and female cigarette smokers who were abstinent 

one week and using nicotine replacement gum. After seven days, there was a significant 

(p < 0.025) reduction in craving score between the dextrose group compared to placebo 

group. Conversely, in a larger trial74 (n = 928) using the 3g dextrose tablets for smoking 

cessation, West and colleagues found no significant difference in abstinence rates 

between intervention and control groups (p > 0.05). However, a possible limitation was 

that a different formula of dextrose tablets was used in this trial compared to a previous 
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trial. Taken together, using dextrose as a nicotine alternative may be effective but more 

research is needed to support this intervention.   

Biery et al.75 conducted a pilot study to assess the effect of a healthy diet (rich in 

complex carbohydrates, low in sugar, and caffeine free) on self-reported alcohol craving 

in patients (n=38) in a rehabilitation center. Eighteen patients followed a standard 

Alcoholics Anonymous rehabilitation program and 20 received nutrition counseling and 

diet therapy in addition to the standard rehabilitation program. For adults, the intervention 

lasted three weeks and for teenagers, 5 weeks. Patients who received the additional 

nutrition counseling and diet therapy reported a significant decline in alcohol craving 

scores upon completion of trial participation (p < 0.02). Biery et al.’s study suggests that 

eating a healthy diet may be beneficial in reducing alcohol craving. 

Minerals 

 In a double-blind clinical study76 regarding opioid dependence, 18 methadone-

maintained males and females were given either magnesium in the form of an enteric-

coated pill or placebo pill (n = 9/group). The magnesium supplementation was gradually 

increased over the 12 weeks. In week one, the intervention group received 366 mg/day of 

magnesium and in week 2, they received 549 mg/day of magnesium. In weeks 3-12, the 

participants received 732 mg/day of magnesium. The results revealed significantly fewer 

relapses in the magnesium group than in the placebo group after 12 weeks (p = 0.04). In 

summary, magnesium may be beneficial to use in tandem with methadone to reduce 

relapse in opioid dependence. 

Ascorbic Acid 
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 Levin et al.77 created a device to mimic sensory factors of cigarette smoking by 

implementing an ascorbic acid (up to 300mg/day) dispenser in a cigarette shaped aerosol 

dispenser. Non-abstinent participants (n= 63) were randomly assigned to the cigarette 

substitute + counseling group or counseling only group. Each group received four group 

counseling sessions over three weeks. At the first and second counseling session, 

participants were instructed to switch cigarette brands, resulting in a 40% decrease in 

nicotine content each time. Participants were instructed to quit smoking at the third 

session and were provided with the aerosol device as a substitute. Subjects returned for a 

fourth counseling session two days after smoking cessation and a final session after 

another week. At the last two sessions, participants received information on methods to 

control cravings. At all meetings, carbon monoxide exhalation values were measured as 

evidence of smoking cessation and withdrawal scores (Shiffman-Jarvik78 ) were 

documented. At the end of the study, the group using the aerosol device had significantly 

higher abstinence rates when compared to the counseling only group (p < 0.05). The 

reduction of nicotine relapse in this study suggests that providing a similar smoking 

alternative with ascorbic acid may reduce cigarette smoking. In a randomized, controlled 

trial, replacement of cigarettes with fresh lime was assessed by Rungruanghiranya et al.79 

Smokers who desired to quit were randomly assigned to two groups; (1) fresh lime (n= 

47) or (2) nicotine gum (n= 53). The fresh lime group was instructed to suck on small 

pieces of lime and chew on the peel any time they had the urge to smoke. Follow up 

appointments were designated at 2, 4, 8, 12, and 24 weeks. Carbon monoxide exhalation 

measurements to confirm Continuous Abstinence Rate (CAR), self-reported craving and 

cigarette use, and behavioral counseling was conducted at each appointment. Results 
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showed CAR measurements did not differ in those using nicotine gum from weeks 9 

through 12. The group provided with fresh lime showed a significantly (p = 0.04) lower 

rate of cigarette use than those using nicotine gum during week four only.79 This study 

suggests that lime chewing may alleviate craving of nicotine and replace the need for 

nicotine replacement therapy. 

Resveratrol 

 Resveratrol is a polyphenol found in several plant species, especially grape skins.80 Red 

wine is the most notable resveratrol containing food item, containing an average of 1.4 to 

12.3 µmol/L of resveratrol.81 Hu et al.82 observed the effects of resveratrol in reducing 

cocaine-induce CPP and withdrawal related anxiety in rats. For the Day 1 and 2 CPP test, 

rats were allowed to explore three connected chambers to determine any preference. The 

time spent in each chamber was documented. Conditioned place preference training was 

induced from Day 2 through 7. Rats (n=8 per group) either received two injections of 

cocaine (10 mg/kg; C) or saline (S) 30 minutes apart in an injection-designated chamber. 

Rats were then moved and sequestered into an adjacent chamber for 30 minutes. After the 

CPP training, rats were allowed to freely explore the three chambers. Time spent in each 

chamber and the injection-designated chamber was recorded. Results showed that 

supplementation of resveratrol did not affect cocaine condition place preference during 

six days of cocaine exposure. In a separate group, 32 rats were assessed for cocaine 

abstinence-induced anxiety via elevated plus maze. On day one, rats were held in their 

home cages without intervention. Then, starting on day two, rats were injected with 

cocaine (10 mg/kg) for six days (day 2- 17) to create dependence. An abstinence period 

(day 8- 22) was combined with resveratrol (90 mg/kg) or saline (control) administration 
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on days 10-20. On day 23, rats were placed into the maze and documented for entries into 

open and closed arms, time spent in the open arms, and total distance traveled. Daily 

injections with resveratrol significantly (p < 0.01) increased rat entry and time spent in 

the open arms of the maze, suggesting resveratrol supplementation reduced anxiety 

behavior in rats during cocaine abstinence.  
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IV. DISCUSSION 

This report aimed to compile evidence supporting nutrient or food component 

supplementation interventions to reduce craving, withdrawal symptoms, and relapse 

during substance use disorder recovery. Items of interest include N-acetylcysteine, 

polyunsaturated fatty acids, and magnesium. This review found that NAC reduced 

relapse to cocaine47 and nicotine9 in rats, and reduced craving in cocaine-dependent 

participants.47 NAC also increased cessation rates for nicotine48 and cannabis users.49 

Mechanistic evidence provides insight to how NAC may reduce craving and relapse in 

SUD recovery. The metabotropic glutamate receptor mGLu2/3 is highly involved in 

regulation of glutamatergic cell signaling and abnormal signaling has been associated 

with drug craving.8,9 In rodents, NAC induces mGlu2/3 action which helps maintain 

extrasynaptic glutamate concentrations.9 Repeated exposure to cocaine, alcohol, and 

nicotine reduces glutamate/cystine (system Xc) exchange in glial cells of the nucleus 

accumbens, as well as reducing the concentration of basal glutamate.7–10 Supplementation 

of NAC has been shown to prevent the decrease in system Xc function during exposure 

to drugs, therefore maintaining glutamate/cystine homeostasis.7–10 Additionally, NAC 

provides cysteine for the production of reduced glutathione synthesis, assisting in 

maintenance of the reduced/oxidized glutathione ratio.10 Glutathione may be beneficial in 

reducing neuroinflammation and oxidative stress that occurs after drug use.83,84 Evidence 

supporting supplementation of NAC in SUD recovery is well-supported.  

Mechanistic evidence also supports supplementation of other amino acids or 

amino acid intermediates such as L-theanine, kynurenic acid, serine, sarcosine, 

phenylalanine, glutamine, L-5-hydroxytryptophan, and tryptophan to support SUD 



30 
 

recovery. L-theanine supplementation reduced withdrawal symptoms in mice, and this 

result may be related to the known anti-anxiolytic effects of L-theanine.85 Furthermore, 

L-theanine has been shown to increase alpha waves in the brain which are related to 

relaxation and increased focus, which could be related to better decision making, thus 

reducing risk of relapse.86 Kynurenic acid, a metabolite of tryptophan, is found in brain 

tissue and is a non-selective excitatory amino acid antagonist.87  During withdrawal, it 

has been shown that neurons in the locus coeruleus have an increase in activity.87 As 

reviewed in the study from Rasmussen et al., direct injection of kynurenic acid into the 

locus coeruleus showed a significant decrease in withdrawal symptoms.88 The results 

from Rasmussen et al. and other supporting evidence suggests that excitatory amino acid 

receptors in the locus coeruleus are a factor in drug withdrawal symptoms by observation 

of attenuation of withdrawal symptoms via kynurenic acid.88,89 D-cycloserine and D-

serine are NMDA agonists at the glycine site of the NMDA receptor and in this review 

exhibited a reduction in cocaine-induced conditioned place preference in a murine 

model.55 In addition, sarcosine reduces synaptic uptake of endogenous glycine by 

inhibition of the glycine transporter-1.90 A plausible mechanism of action for these amino 

acids and amino acid intermediates relates to the NMDA receptor association with 

learning, memory, and synaptic plasticity. Previous evidence has suggested that D-

cycloserine increases activity of NMDA receptors which may enhance association and 

extinction learning and memory.91 It can be speculated that these NMDA agonists and the 

inhibition of glycine transporter-1 increased the activity of NMDA receptors, therefore 

weakening the formation of cocaine-induced conditioned place preference.  
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During alcohol consumption, levels of endogenous opioids are increased.19 It can 

be inferred that this opioidergic decrease is a factor contributing to symptoms of alcohol 

withdrawal.92. To attenuate the breakdown of endogenous opioids, Jukic et al. 

supplemented D-phenylalanine, an enkephalinase inhibitor, in an attempt to reduce 

alcohol withdrawal symptoms.59 In addition, precursors of the dopamine 

neurotransmitters, L-5-hydroxytryptophan, were supplemented in the attempt to maintain 

basal levels of dopamine in reward pathways during withdrawal.59 Another approach of 

amino acid supplementation was suggested with the supplementation of tryptophan in 

addition to a high carbohydrate diet. Bowen et al. hypothesized that mood and serotonin 

levels may affect the level of withdrawal a person feels during nicotine cessation.61 High 

levels of tryptophan have been shown to out-compete other amino acids for entry across 

the blood brain barrier, therefore in theory providing additional substrate for the creation 

of serotonin. In addition, providing a high carbohydrate, low protein diet further removed 

tryptophan-competing amino acids from the diet.93 Additional research is needed to 

assess how mood effects SUD, as well as the long term effects of tryptophan enrichment. 

Currently, evidence supporting supplementation of individual amino acids is limited.  

Three tryptophan depletion studies were reviewed, all providing insignificant 

results for reducing craving or withdrawal symptoms during abstinence.29–31  One trial 

assessing phenylalanine and tyrosine depletion showed evidence for reduced motivation 

for nicotine intake but showed no significant results for craving reduction.66 During 

nicotine cessation, increased serotonin activity and serotonin receptor sensitivity has been 

associated with withdrawal symptoms.96 In addition, it has been shown that nicotine use 

induces feelings of reward through dopamine release.97 The theory of amino acid 
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depletion to reduce withdrawal symptoms is to reduce levels of serotonin and dopamine 

by restricting the intake of the neurotransmitter precursors tryptophan, and phenylalanine 

and tyrosine, respectively. However, the restriction of these amino acids may not reduce 

levels of serotonin and dopamine due to the stability of the amino acid pool in the human 

body. Amino acids compete for transport during absorption and to cross the blood brain 

barrier, therefore supplementation of a single amino acid can create imbalances over 

time. Additionally, the amino acid pool is tightly regulated and maintains a constant 

balance of amino acids, and therefore can be continuously drawn upon to provide the 

amino acids needed to create neurotransmitters. Furthermore, whether or not exogenous 

sources of protein or amino acids are consumed, the body can create or breakdown 

endogenous protein to provide tryptophan, phenylalanine, and tyrosine as needed.98 At 

this time, evidence supporting amino acid depletion is limited. 

Mechanistic evidence from animal models11–13,99–101 supports the positive 

outcomes of omega-3 fatty acid supplementation studies12,67,68 in this report by observing 

omega-3 fatty acid induced beneficial alterations in the brain of drug-dependent rodents. 

For example, previous evidence has shown rats deficient in omega-3 fatty acids have 

significant decreases in dopamine and the dopamine type-2 receptor (D2R) in the 

mesocortical system and an increase of these in the mesolimbic system when compared 

to non-deficient rodents.99–101 Omega-3 deficient rodents also have a significantly lower 

amount of vesicular storage pools of dopamine, possibly due to a decreased expression of 

vesicular monoamine transporter.99,100 Omega-3 supplementation has been shown to 

increase the expression of D2R in the nucleus accumbens, preventing the loss of D2R 

seen in morphine-dependent rodents.11 The positive results seen in polyunsaturated fatty 
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acids studies may be due to the restoration of D2R levels in the nucleus accumbens and 

frontal cortex, thereby supporting normalized functioning of the reward pathway during 

periods of abstinence. 

Additional effects of omega-3 supplementation were demonstrated in other 

reports found in this review. Chronic alcohol exposure in rodents caused increased 

expression of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors 

(AMPAR), resulting in abnormal medium-sized spiny neurons, abnormal synaptic 

clearance, and abnormal neuronal plasticity in the nucleus accumbens.12,13 Shi et al. 

demonstrated that supplementation with fish oil reduced the expression of AMPARs and 

protected neurons in the nucleus accumbens from alcohol-induced neuroadaptations in 

mice.12 In addition, the same study observed a decline of PSD-95 (a membrane-

associated signaling protein) expression in alcohol exposed mice with fish oil 

supplementation.  Previously, PSD-95 has been shown to increase in alcohol-exposed 

rodents, resulting in abnormal scaffolding spaces and possible alteration of actin 

signaling cascades.102 

Clinical trials exploring the relationship of polyunsaturated fatty acids and drug 

abuse have shown an association of reduced plasma omega-3 levels and increased relapse 

suseptability.103,104  Overall, there is evidence supporting the recommendation of the use 

of long-chain omega-3 fatty acid supplementation for nutritional support for SUD 

recovery. 

There is limited evidence supporting the replacement of drugs of abuse with 

dextrose. Of the six trials reviewed69–74, three provided a significant reduction in 

withdrawal, craving, or relapse during abstinence. However, as nutrition professionals we 
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cannot advise increased intake of sugar at the levels used in reviewed studies, due to the 

increased risk of obesity, cardiovascular disease, and diabetes.105 In contrast to giving 

carbohydrate in this alternative natural reward model, another study that did not fit the 

review criteria examined the absence of carbohydrate. Denker and Molander, et. al.106 

found that a ketogenic diet given to 58 rats significantly reduced alcohol withdrawal 

symptoms (p < 0.05). Evidence shows that chronic alcohol use shifts brain metabolism 

from glucose to acetate, a metabolite of alcohol. It has been hypothesized that a ketogenic 

diet can provide more energy to the brain with ketone bodies and decrease the use of 

acetate, therefore possibly improving brain function to relieve withdrawal symptoms.106–

108 Considering the evidence against over-consumption of simple sugars105, there is 

insufficient evidence at this time to support using carbohydrate for nicotine cessation. In 

addition, it may be counterproductive to trade nicotine dependence for high levels of 

glucose. While both nicotine and high levels of glucose are rewarding, both are 

detrimental to health. Further research on the ketogenic diet to support recovery should 

be explored due to current limited evidence. 

Magnesium supplementation may induce anti-relapse effects as seen in the trial 

from Margolin et al.76 Several mechanisms may explain how magnesium elicits effects in 

opioid dependence. For example, it has been hypothesized that supplemented magnesium 

inhibits calcium dependent dopamine release in response to drug intake109, possibly 

reducing feelings of reward during drug use. Additionally, Nechifor110 and Kimes et al.111 

suggest magnesium inhibits nitric oxide synthase, resulting in reduced generation of nitric 

oxide. Nitric oxide activity has been associated with opiate withdrawal symptoms, 

possibly due to an increase of reactive nitrogen species, and inhibition of nitric oxide 
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synthase has been shown to attenuate withdrawal symptoms in rats. At this time, the 

evidence for supplementation of magnesium to reduce relapse in MAT patients is 

promising. 

Evidence for ascorbic acid in recovery has limited support, however, of the two 

trials reviewed, both provided significant results in reducing nicotine relapse. Reduction 

of nicotine use may be associated with the ability of vitamin C to competitively inhibit 

dopamine binding.112 It could be speculated that the addition of vitamin C inhibits the 

reward effect induced by drug use.  Currently there is limited evidence supporting the use 

of vitamin C for substance dependence.  

One study was reviewed assessing the effects of resveratrol on CPP in cocaine 

dependent rats.82 While supplementation with resveratrol did not change CPP behaviors, 

it did result in a significant decrease in anxiety-like behaviors. There is also supporting 

evidence for resveratrol in reducing symptoms of anxiety and reducing inflammation and 

oxidative damage.113,114 However, at this time, given the dearth of studies, evidence to 

support reduction of  craving or relapse is limited.  

Interestingly, this search did not identify several dietary components that may 

have potential to support individuals in SUD recovery. Evidence exists that calcium and 

vitamin D may assist in regaining homeostasis of the reward pathway, as well as reduce 

drug craving or seeking. In a pre-clinical study, supplementation of 1,25-

Dihydroxyvitamin D3 in rats increased the mRNA expression of glial cell line-derived 

neurotrophic factor (GDNF).115 GDNF is neuroprotective to and assists in regeneration of 

dopamine neurons when exposed to dopaminergic toxins.116 Additional data from Trinko 

et al.117 provides supporting evidence for supplementation of vitamin D3. Administration 
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of calcitriol upregulated transcription of the Th gene, which produces the enzyme 

tyrosine hydroxylase for dopamine synthesis, and the Slc6a3 dopamine transporter 

gene.117 Furthermore, vitamin D receptors (VDR) have been found in dopamine 

producing neurons in the substantia nigra and ventral tegmental area, as well as in D1R 

and D2R containing neurons in the nucleus accumbens and dorsal striatum. In mouse 

models, supplementation of calcitriol only upregulated the expression of D2R in the 

nucleus accumbens.117 In rat models from Trinko et al., subjects administered with 

calcitriol displayed a significant increase in dopamine release when exposed to 

amphetamine, in comparison to controls. In mice models, calcitriol administration 

significantly reduced self-administration of amphetamine.117 Further, a clinical study 

observed the association between calcium, vitamin D, and alcoholism in alcohol-

dependent subjects (n=47). Results revealed higher breath alcohol was associated with 

lower plasma calcium levels, decreased calcitonin levels were found in high risk 

alcoholics, and decreased vitamin D concentrations were seen in all participants.118  

 Additionally, calcium could be beneficial for recovery through regulating 

dopamine release via voltage-sensitive calcium channels. Recent studies revealed the 

medication used to assist in alcohol cessation, acamprosate, may provide a strong 

interaction with alcohol via its calcium component.119,120 A supporting preclinical trial 

from Sanghvi and Gershon121 observed a significant reduction in naloxone induced 

withdrawal symptoms in morphine dependent male Sprague Dawley rats (n = 8/group) 

given ad lib access to calcium in water (97mg/100ml) and pretreated with 45mg/kg 

intraperitoneal injection, when compared to the control group. There is limited evidence 

supporting calcium supplementation to reduce withdrawal symptoms. 
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Strengths of this systematic review include that it encompasses both animal and 

human trials that assess nutrient or food component supplementation in substance use 

disorder recovery. In addition, the human trials included in this review are comprised of 

male and female subjects, as well as individuals with different ethnic backgrounds, 

providing a subject pool representative of the general population. To our knowledge this 

is the first review that has assembled the research on the topic of food component 

interventions for supporting continued abstinence during recovery. Also, given that the 

length of time of nutrient or food component supplementation varied across trials, we 

were able to observe how trial length might influence significant change. Additionally, 

trials assessing nutrient intervention during methamphetamine abstinence were not found 

during the article search. Another weakness is the use of MAT and other substances such 

as alcohol, cannabis, and nicotine during some of the trials. While methadone, cannabis, 

alcohol, and nicotine may alter the results of nutrient or food component 

supplementation, we believe that assessing the effects of medical nutrition therapy in 

conjunction with these substances to be a more rational approach as these substances are 

often continued during the transition from abuse to cessation to recovery. 
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V. CONCLUSION 

Nutrient or food component supplementation to treat SUD shows promise through 

this supporting body of evidence. Alterations in brain function associated with drug 

dependence coincide with several different processes such as glial cell glutamate-cysteine 

exchange18,47–49, regulation of transcriptional and translational gene 

expression11,12,100,101,115,117, and regulation of dopamine release.99,100,112 Craving and 

withdrawal relief may be induced with supplementation of food components by 

supporting and repairing reward pathways in the brain. Future research can focus on 

additional clinical trials assessing the efficacy of each nutrient or food component, as 

well as a multi-nutrient supplement, to reduce craving and relapse during SUD recovery. 

 

 

 

 

 

 

 

 

 

 

 



39 
 

Author contributions. C.B.J. developed the original research question, led the study 

design (strategy, literature review, and identification of relevant studies) and analyses. 

C.M.R. coordinated the literature review. M.M.H prepared the first draft of the 

manuscript. M.M.H and C.M.R. assisted with study design, analyses, and writing. All 

authors contributed insights and revisions to subsequent manuscript drafts. 

 

Declaration of interest. The authors have no relevant interests to declare. 

Appendix S1 PRISMA checklist 

 

 

 

 

 

 

 

 

 

 

 



40 
 

References 

1.  Substance-Related and Addictive Disorders. Diagnostic and Statistical Manual of 
Mental Disorders. American Psychiatric Association; 2013. 
doi:10.1176/appi.books.9780890425596.dsm16 

2.  Trends & statistics | National Institute on Drug Abuse (NIDA). 
https://www.drugabuse.gov/related-topics/trends-statistics. Accessed November 1, 
2018. 

3.  Overdose death rates | National Institute on Drug Abuse (NIDA). 
https://www.drugabuse.gov/related-topics/trends-statistics/overdose-death-rates. 
Accessed November 1, 2018. 

4.  Health consequences of drug misuse | National Institute on Drug Abuse (NIDA). 
https://www.drugabuse.gov/related-topics/health-consequences-drug-misuse. 
Accessed November 1, 2018. 

5.  Treatment and recovery | National Institute on Drug Abuse (NIDA). 
https://www.drugabuse.gov/publications/drugs-brains-behavior-science-
addiction/treatment-recovery. Accessed November 10, 2018. 

6.  Koob GF, Moal M Le. Drug abuse: hedonic homeostatic dysregulation. Science 
(80- ). 1997;278(5335):52-58. doi:10.1126/science.278.5335.52 

7.  Madayag A, Lobner D, Kau KS, et al. Repeated n-acetylcysteine administration 
alters plasticity-dependent effects of cocaine. J Neurosci. 2007;27(51):13968-
13976. doi:10.1523/JNEUROSCI.2808-07.2007 

8.  Baker D.A., McFarland K, Lake R.W., et al. Neuroadaptations in cystine-
glutamate exchange underlie cocaine relapse. Nat Neurosci. 2003;6(7):743-749. 
doi:10.1038/nn1069 

9.  Moro F, Orrù A, Marzo CM, Di Clemente A, Cervo L. mGluR2/3 mediates short-
term control of nicotine-seeking by acute systemic N-acetylcysteine. Addict Biol. 
2018;23(1):28-40. doi:10.1111/adb.12443 

10.  Quintanilla ME, Morales P, Ezquer F, Ezquer M, Herrera-Marschitz M, Israel Y. 
Commonality of ethanol and nicotine reinforcement and relapse in wistar-derived 
uchb rats: inhibition by n-acetylcysteine. Alcohol Clin Exp Res. July 2018. 
doi:10.1111/acer.13842 

11.  Hakimian J, Minasyan A, Zhe-Ying L, et al. Specific behavioral and cellular 
adaptations induced by chronic morphine are reduced by dietary omega-3 
polyunsaturated fatty acids. PLoS One. 2017;12(4):e0175090. 
doi:10.1371/journal.pone.0175090 

12.  Shi Z, Xie Y, Ren H, et al. Fish oil treatment reduces chronic alcohol exposure 
induced synaptic changes. Addict Biol. 2018. doi:10.1111/adb.12623 



41 
 

13.  Freund TF, Powell JF, Smith AD. Tyrosine hydroxylase-immunoreactive boutons 
in synaptic contact with identified striatonigral neurons, with particular reference 
to dendritic spines. Neuroscience. 1984;13(4):1189-1215. 
http://www.ncbi.nlm.nih.gov/pubmed/6152036. Accessed October 29, 2018. 

14.  Koob GF, Zorrilla EP. Neurobiological mechanisms of addiction: focus on 
corticotropin-releasing factor. Curr Opin Investig Drugs. 2010;11(1):63-71. 
http://www.ncbi.nlm.nih.gov/pubmed/20047160. Accessed November 1, 2018. 

15.  Bowirrat A, Oscar-Berman M. Relationship between dopaminergic 
neurotransmission, alcoholism, and Reward Deficiency syndrome. Am J Med 
Genet B Neuropsychiatr Genet. 2005;132B(1):29-37. doi:10.1002/ajmg.b.30080 

16.  The neurobiology of drug addition: opiates binding to opiate receptors in the 
nucleus accumbens: increased dopamine release | National Institute on Drug Abuse 
(NIDA). https://www.drugabuse.gov/publications/teaching-packets/neurobiology-
drug-addiction/section-iii-action-heroin-morphine/4-opiates-binding-to-opiate-
rece. Published 2007. Accessed October 26, 2019. 

17.  Kane BE, Svensson B, Ferguson DM. Molecular recognition of opioid receptor 
ligands. AAPS J. 2006;8(1):E126-37. doi:10.1208/aapsj080115 

18.  Brunton L, Chabner B, Knollmann B. Goodman & Gilman’s The Pharmacological 
Basis of Therapeutics. 12th ed. McGraw-Hill; 2011. 

19.  Mitchell JM, O’Neil JP, Janabi M, Marks SM, Jagust WJ, Fields HL. Alcohol 
consumption induces endogenous opioid release in the human orbitofrontal cortex 
and nucleus accumbens. Sci Transl Med. 2012;4(116):116ra6. 
doi:10.1126/scitranslmed.3002902 

20.  Wightman RM, Robinson DL. Transient changes in mesolimbic dopamine and 
their association with ‘reward.’ J Neurochem. 2002;82(4):721-735. 
doi:10.1046/j.1471-4159.2002.01005.x 

21.  Kelley AE, Berridge KC. The neuroscience of natural rewards: relevance to 
addictive drugs. J Neurosci. 2002;22(9):3306-3311. doi:20026361 

22.  Berridge KC, O’Doherty JP. From experienced utility to decision utility. 
Neuroeconomics. January 2014:335-351. doi:10.1016/B978-0-12-416008-
8.00018-8 

23.  DrugFacts: Treatment Approaches for Drug Addiction | National Institute on Drug 
Abuse (NIDA). https://www.drugabuse.gov/publications/drugfacts/treatment-
approaches-drug-addiction. Published 2019. Accessed October 22, 2019. 

24.  Motivational Enhancement Therapy (Alcohol, Marijuana, Nicotine) | National 
Institute on Drug Abuse (NIDA). 
https://www.drugabuse.gov/publications/principles-drug-addiction-treatment-
research-based-guide-third-edition/evidence-based-approaches-to-drug-addiction-
treatment/behavioral-2. Published 2018. Accessed August 27, 2019. 



42 
 

25.  Cognitive-Behavioral Therapy (Alcohol, Marijuana, Cocaine, Methamphetamine, 
Nicotine) | National Institute on Drug Abuse (NIDA). 
https://www.drugabuse.gov/publications/principles-drug-addiction-treatment-
research-based-guide-third-edition/evidence-based-approaches-to-drug-addiction-
treatment/behavioral. Published 2018. Accessed August 27, 2019. 

26.  12-Step Facilitation Therapy (Alcohol, Stimulants, Opiates) | National Institute on 
Drug Abuse (NIDA). https://www.drugabuse.gov/publications/principles-drug-
addiction-treatment-research-based-guide-third-edition/evidence-based-
approaches-to-drug-addiction-treatment/behavioral-4. Published 2018. Accessed 
August 27, 2019. 

27.  Treatment Approaches for Drug Addiction | National Institute on Drug Abuse 
(NIDA). https://www.drugabuse.gov/publications/drugfacts/treatment-approaches-
drug-addiction. Accessed April 25, 2019. 

28.  Methadone | SAMHSA - Substance Abuse and Mental Health Services 
Administration. https://www.samhsa.gov/medication-assisted-
treatment/treatment/methadone. Published 2019. Accessed October 22, 2019. 

29.  Medication-Assisted Treatment (MAT) | SAMHSA - Substance Abuse and Mental 
Health Services Administration. https://www.samhsa.gov/medication-assisted-
treatment. Published 2018. Accessed April 15, 2019. 

30.  Gibson A, Degenhardt L. Mortality related to naltrexone in the treatment of opioid 
dependence: a comparative analysis. Sydney; 2005. 
https://ndarc.med.unsw.edu.au/sites/default/files/ndarc/resources/TR.229.pdf. 

31.  Buprenorphine | SAMHSA - Substance Abuse and Mental Health Services 
Administration. https://www.samhsa.gov/medication-assisted-
treatment/treatment/buprenorphine. Published 2019. Accessed October 22, 2019. 

32.  Peterman, M.G.. The ketogenic diet in epilepsy. J Am Med Assoc. 
1925;84(26):1979-1983. 

33.  Rucklidge JJ, Frampton CM, Gorman B, Boggis A. Vitamin-mineral treatment of 
attention-deficit hyperactivity disorder in adults: double-blind randomised 
placebo-controlled trial. Br J Psychiatry. 2014. doi:10.1192/bjp.bp.113.132126 

34.  Vicente De Sousa O, Soares Guerra R, Sousa AS, Pais Henriques B, Pereira 
Monteiro A, Amaral TF. Impact of nutritional supplementation and a psychomotor 
program on patients with Alzheimer’s disease. Am J Alzheimers Dis Other Demen. 
2017. doi:10.1177/1533317517705221 

35.  Parletta N, Zarnowiecki D, Cho J, et al. A Mediterranean-style dietary intervention 
supplemented with fish oil improves diet quality and mental health in people with 
depression: A randomized controlled trial (HELFIMED). Nutritional 
Neuroscience. 2017. 



43 
 

36.  Firth J, Rosenbaum S, Ward PB, et al. Adjunctive nutrients in first-episode 
psychosis: a systematic review of efficacy, tolerability and neurobiological 
mechanisms. Early Intervention in Psychiatry. 
http://www.ncbi.nlm.nih.gov/pubmed/29561067. Published March 21, 2018. 
Accessed May 2, 2018. 

37.  Marx W, Moseley G, Berk M, Jacka F. Nutritional psychiatry: the present state of 
the evidence. Proc Nutr Soc. 2017;76(04):427-436. 
doi:10.1017/S0029665117002026 

38.  Jeynes KD, Gibson EL. The importance of nutrition in aiding recovery from 
substance use disorders: A review. Drug Alcohol Depend. 2017;179:229-239. 
doi:10.1016/j.drugalcdep.2017.07.006 

39.  Ross LJ, Wilson M, Banks M, Rezannah F, Daglish M. Prevalence of malnutrition 
and nutritional risk factors in patients undergoing alcohol and drug treatment. 
Nutrition. 2012;28(7-8):738-743. doi:10.1016/j.nut.2011.11.003 

40.  Badawy AA-B. Pellagra and alcoholism: a biochemical perspective. Alcohol. 
2014;49(3):238-250. doi:10.1093/alcalc/agu010 

41.  Martin PR, Singleton CK, Hiller-Sturmhöfel S. The role of thiamine deficiency in 
alcoholic brain disease. Alcohol Res Health. 2003;27(2):134-142. 
http://www.ncbi.nlm.nih.gov/pubmed/15303623. Accessed October 26, 2019. 

42.  Morgan MY, Levine JA. Alcohol and nutrition. Proc Nutr Soc. 1988;47(2):85-98. 
doi:10.1079/pns19880017 

43.  Leshner AI. Addiction is a brain disease, and it matters. Science. 
1997;278(5335):45-47. http://www.ncbi.nlm.nih.gov/pubmed/9311924. Accessed 
November 1, 2018. 

44.  Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. Bmj. 
2009;339(jul21 1):b2535-b2535. doi:10.1136/bmj.b2535 

45.  PICO Framework. https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0029906/. 
Accessed January 10, 2018. 

46.  Puddy RW, Wilkins N. Understanding evidence part 1: best available research 
evidence. a guide to the continuum of evidence of effectiveness. Atlanta; 2011. 
https://www.cdc.gov/violenceprevention/pdf/understanding_evidence-a.pdf. 

47.  Amen SL, Piacentine LB, Ahmad ME, et al. Repeated n-acetyl cysteine reduces 
cocaine seeking in rodents and craving in cocaine-dependent humans. 
Neuropsychopharmacology. 2011;36(4):871-878. doi:10.1038/npp.2010.226 

48.  Prado E, Maes M, Piccoli LG, et al. N-acetylcysteine for therapy-resistant tobacco 
use disorder: a pilot study. Redox Rep. 2015;20(5):215-222. 
doi:10.1179/1351000215Y.0000000004 



44 
 

49.  Gray KM, Carpenter MJ, Baker NL, et al. A double-blind randomized controlled 
trial of N-acetylcysteine in cannabis-dependent adolescents. Am J Psychiatry. 
2012;169(8):805-812. doi:10.1176/appi.ajp.2012.12010055 

50.  Squeglia LM, Baker NL, McClure EA, Tomko RL, Adisetiyo V, Gray KM. 
Alcohol use during a trial of N-acetylcysteine for adolescent marijuana cessation. 
Addict Behav. 2016;63:172-177. doi:10.1016/j.addbeh.2016.08.001 

51.  LaRowe SD, Kalivas PW, Nicholas JS, Randall PK, Mardikian PN, Malcolm RJ. 
A double-blind placebo-controlled trial of N-acetylcysteine in the treatment of 
cocaine dependence. Am J Addict. 2013;22(5):443-452. doi:10.1111/j.1521-
0391.2013.12034.x 

52.  Adhikary R, Mandal V. l-theanine: A potential multifaceted natural bioactive 
amide as health supplement. Asian Pac J Trop Biomed. 2017;7(9):842-848. 
doi:10.1016/J.APJTB.2017.08.005 

53.  Wise LE, Premaratne ID, Gamage TF, et al. L-theanine attenuates abstinence signs 
in morphine-dependent rhesus monkeys and elicits anxiolytic-like activity in mice. 
Pharmacol Biochem Behav. 2012;103(2):245-252. doi:10.1016/j.pbb.2012.08.008 

54.  Rasmussen K, Krystal JH, Aghajanian GK. Excitatory amino acids and morphine 
withdrawal: differential effects of central and peripheral kynurenic acid 
administration. Psychopharmacology (Berl). 1991;105(4):508-512. 

55.  Yang F-Y, Lee Y-S, Cherng CG, et al. D-cycloserine, sarcosine and D-serine 
diminish the expression of cocaine-induced conditioned place preference. J 
Psychopharmacol. 2013;27(6):550-558. doi:10.1177/0269881110388333 

56.  Chen X, Ji Z, Chen YZ. Therapeutic target database. sarcosine. Nucleic Acids Res. 
2002;30(1):412-415. https://pubchem.ncbi.nlm.nih.gov/compound/Sarcosine. 

57.  Chen X, Ji ZL, Chen YZ. Therapeutic target database. D-serine. Nucleic Acids Res. 
2002;30(1):412-415. doi:10.1093/nar/30.1.412 

58.  Chen X, Ji ZL, Chen YZ. Therapeutic target database. cycloserine. Nucleic Acids 
Res. 2002;30(1):412-415. doi:10.1093/nar/30.1.412 

59.  Jukić T, Rojc B, Boben-Bardutzky D, Hafner M, Ihan A. The use of a food 
supplementation with d-phenylalanine, l-glutamine and l-5-hydroxytriptophan in 
the alleviation of alcohol withdrawal symptoms. Coll Antropol. 2011;35(4):1225-
1230. 

60.  Tryptophan: MedlinePlus Medical Encyclopedia. 
https://medlineplus.gov/ency/article/002332.htm. Published 2019. Accessed 
October 26, 2019. 

61.  Bowen DJ, Spring B, Fox E. Tryptophan and high-carbohydrate diets as adjuncts 
to smoking cessation therapy. J Behav Med. 1991;14(2):97-110. 
doi:10.1007/BF00846173 



45 
 

62.  Petrakis ILL, Trevisan L, Boutros NNN, Limoncelli D, Cooney NLL, Krystal 
JHH. Effect of tryptophan depletion on alcohol cue-induced craving in abstinent 
alcoholic patients. Alcohol Clin Exp Res. 2001;25(8):1151-1155. 

63.  Wedekind D, Herchenhein T, Kirchhainer J, et al. Serotonergic function, substance 
craving, and psychopathology in detoxified alcohol-addicted males undergoing 
tryptophan depletion. J Psychiatr Res. 2010;44(16):1163-1169. 
doi:10.1016/j.jpsychires.2010.04.002 

64.  Sainio E-L, Pulkki K, Young SN. L-Tryptophan: Biochemical, nutritional and 
pharmacological aspects. Amino Acids. 1996;10(1):21-47. 
doi:10.1007/BF00806091 

65.  Perugini M, Mahoney C, Ilivitsky V, Young SN, Knott V. Effects of tryptophan 
depletion on acute smoking abstinence symptoms and the acute smoking response. 
Pharmacol Biochem Behav. 2003;74(3):513-522. 

66.  Venugopalan VV, Casey KF, O’Hara C, et al. Acute phenylalanine/tyrosine 
depletion reduces motivation to smoke cigarettes across stages of addiction. 
Neuropsychopharmacology. 2011;36(12):2469-2476. doi:10.1038/npp.2011.135 

67.  Barbadoro P, Annino I, Ponzio E, et al. Fish oil supplementation reduces cortisol 
basal levels and perceived stress: a randomized, placebo-controlled trial in 
abstinent alcoholics. Mol Nutr Food Res. 2013;57(6):1110-1114. 
doi:10.1002/mnfr.201200676 

68.  Fogaca MN, Santos-Galduroz RF, Eserian JKJK, et al. The effects of 
polyunsaturated fatty acids in alcohol dependence treatment--a double-blind, 
placebo-controlled pilot study. BMC Clin Pharmacol. 2011;11:10. 
doi:10.1186/1472-6904-11-10 

69.  Liu C, Grigson PSPS. Brief access to sweets protect against relapse to cocaine-
seeking. Brain Res. 2005;1049(1):128-131. doi:10.1016/j.brainres.2005.05.013 

70.  Helmers KF, Young SN. The effect of sucrose on acute tobacco withdrawal in 
women. Psychopharmacology (Berl). 1998;139(3):217-221. 
doi:10.1007/s002130050707 

71.  McRobbie H, Hajek P. Effect of glucose on tobacco withdrawal symptoms in 
recent quitters using bupropion or nicotine replacement. Hum Psychopharmacol. 
2004;19(1):57-61. doi:10.1002/hup.535 

72.  West R, Willis N. Double-blind placebo controlled trial of dextrose tablets and 
nicotine patch in smoking cessation. Psychopharmacology (Berl). 
1998;136(2):201-204. 

73.  West R, Hajek P, Burrows S. Effect of glucose tablets on craving for cigarettes. 
Psychopharmacology (Berl). 1990;101(4):555-559. doi:10.1007/BF02244237 

74.  West R, May S, McEwen A, McRobbie H, Hajek P, Vangeli E. A randomised trial 
of glucose tablets to aid smoking cessation. Psychopharmacology (Berl). 
2010;207(4):631-635. doi:10.1007/s00213-009-1692-3 



46 
 

75.  Biery JR, Williford JHJ, McMullen EA. Alcohol craving in rehabilitation: 
assessment of nutrition therapy. J Am Diet Assoc. 1991;91(4):463-466. 

76.  Margolin A, Copenhaver M, Avants SK, Kantak K. A Preliminary, Controlled 
Investigation of Magnesium L-Aspartate Hydrochloride for Illicit Cocaine and 
Opiate Use in Methadone-Maintained Patients. J Addict Dis. 2003;22(2):49-61. 
doi:10.1300/J069v22n02_04 

77.  Levin ED, Behm F, Carnahan E, LeClair R, Shipley R, Rose JE. Clinical trials 
using ascorbic acid aerosol to aid smoking cessation. Drug Alcohol Depend. 
1993;33(3):211-223. 

78.  Shiffman SM, Jarvik ME. Smoking withdrawal symptoms in two weeks of 
abstinence. Psychopharmacology (Berl). 1976;50(1):35-39. 
doi:10.1007/bf00634151 

79.  Rungruanghiranya S, Ekpanyaskul C, Sakulisariyaporn C, Watcharanat P, 
Akkalakulawas K. Efficacy of fresh lime for smoking cessation. J Med Assoc Thai. 
2012;95 Suppl 1:S76-82. 

80.  Salehi B, Mishra AP, Nigam M, et al. Resveratrol: a double-edged sword in health 
benefits. Biomedicines. 2018;6(3). doi:10.3390/biomedicines6030091 

81.  Jeandet P, Bessis R, Maume BF, Sbaghi M. Analysis of resveratrol in burgundy 
wines. J Wine Res. 1993;4(2):79-85. doi:10.1080/09571269308717954 

82.  Hu P, Zhu W, Zhu C, Jin L, Guan Y, Guan X. Resveratrol fails to affect cocaine 
conditioned place preference behavior, but alleviates anxiety-like behaviors in 
cocaine withdrawn rats. Psychopharmacology (Berl). 2016;233(7):1279-1287. 
doi:10.1007/s00213-016-4210-4 

83.  Aoyama K, Watabe M, Nakaki T. Regulation of neuronal glutathione synthesis. J 
Pharmacol Sci. 2008;108(3):227-238. 
http://www.ncbi.nlm.nih.gov/pubmed/19008644. Accessed October 27, 2018. 

84.  Kohno M, Link J, Dennis LE, et al. Neuroinflammation in addiction: A review of 
neuroimaging studies and potential immunotherapies. Pharmacol Biochem Behav. 
January 2019. doi:10.1016/j.pbb.2019.01.007 

85.  Lu K, Gray MA, Oliver C, et al. The acute effects of L-theanine in comparison 
with alprazolam on anticipatory anxiety in humans. Hum Psychopharmacol. 
2004;19(7):457-465. doi:10.1002/hup.611 

86.  Gomez-Ramirez M, Kelly SP, Montesi JL, Foxe JJ. The effects of l-theanine on 
alpha-band oscillatory brain activity during a visuo-spatial attention task. Brain 
Topogr. 2009;22(1):44-51. doi:10.1007/s10548-008-0068-z 

87.  Ivanov A, Aston-Jones G. Local opiate withdrawal in locus coeruleus neurons in 
vitro. J Neurophysiol. 2001;85(6):2388-2397. doi:10.1152/jn.2001.85.6.2388 



47 
 

88.  Rasmussen K, Krystal JH, Aghajanian GK. Excitatory amino acids and morphine 
withdrawal: differential effects of central and peripheral kynurenic acid 
administration. Psychopharmacology (Berl). 1991;105(4):508-512. 
doi:10.1007/BF02244371 

89.  Cappendijk SL, de Vries R, Dzoljic MR. Excitatory amino acid receptor 
antagonists and naloxone-precipitated withdrawal syndrome in morphine-
dependent mice. Eur Neuropsychopharmacol. 1993;3(2):111-116. 
http://www.ncbi.nlm.nih.gov/pubmed/8395919. Accessed January 13, 2019. 

90.  Stahl S, Stahl S. Stahl’s Essential Psychopharmacology: Neuroscientific Basis and 
Practical. Cambridge University Press. 

91.  Myers KM, Carlezon WA, Davis M. Glutamate receptors in extinction and 
extinction-based therapies for psychiatric illness. Neuropsychopharmacology. 
2011;36(1):274-293. doi:10.1038/npp.2010.88 

92.  Genazzani AR, Nappi G, Facchinnetti F, et al. Central deficiency of β-endorphin in 
alcohol addicts. J Clin Endocrinol Metab. 1982;55(3):583-586. doi:10.1210/jcem-
55-3-583 

93.  Jenkins TA, Nguyen JCD, Polglaze KE, Bertrand PP. Influence of tryptophan and 
serotonin on mood and cognition with a possible role of the gut-brain axis. 
Nutrients. 2016;8(1). doi:10.3390/nu8010056 

94.  Petrakis IL, Trevisan L, Boutros NN, Limoncelli D, Cooney NL, Krystal JH. 
Effect of tryptophan depletion on alcohol cue-induced craving in abstinent 
alcoholic patients. Alcohol Clin Exp Res. 2001;25(8):1151-1155. 

95.  Wedekind D, Herchenhein T, Kirchhainer J, et al. Serotonergic function, substance 
craving, and psychopathology in detoxified alcohol-addicted males undergoing 
tryptophan depletion. J Psychiatr Res. 2010;44(16):1163-1169. 
doi:10.1016/j.jpsychires.2010.04.002 

96.  Rasmussen K, Czachura JF. Nicotine withdrawal leads to increased sensitivity of 
serotonergic neurons to the 5-HT1A agonist 8-OH-DPAT. Psychopharmacology 
(Berl). 1997;133(4):343-346. http://www.ncbi.nlm.nih.gov/pubmed/9372532. 
Accessed December 26, 2018. 

97.  Clarke PB. Mesolimbic dopamine activation--the key to nicotine reinforcement? 
Ciba Found Symp. 1990;152:153-162; discussion 162-8. 
http://www.ncbi.nlm.nih.gov/pubmed/2209252. Accessed December 26, 2018. 

98.  Schutz Y. Protein turnover, ureagenesis and gluconeogenesis. Int J Vitam Nutr 
Res. 2011;81(23):101-107. doi:10.1024/0300-9831/a000064 

99.  Chalon S, Vancassel S, Zimmer L, Guilloteau D, Durand G. Polyunsaturated fatty 
acids and cerebral function. Lipids. 2001;36(9):937-944. 

100.  Zimmer L, Delion-Vancassel S, Durand G, et al. Modification of dopamine 
neurotransmission in the nucleus accumbens of rats deficient in n-3 
polyunsaturated fatty acids. J Lipid Res. 2000;41(1):32-40. 



48 
 

101.  Zimmer L, Vancassel S, Cantagrel S, et al. The dopamine mesocorticolimbic 
pathway is affected by deficiency in n Ϫ 3 polyunsaturated fatty acids 1 – 3. 
2002:662-667. 

102.  Carpenter-Hyland EP, Chandler LJ. Homeostatic plasticity during alcohol 
exposure promotes enlargement of dendritic spines. Eur J Neurosci. 
2006;24(12):3496-3506. doi:10.1111/j.1460-9568.2006.05247.x 

103.  Buydens-Branchey L, Branchey M, Hibbeln JR. Low plasma levels of 
docosahexaenoic acid are associated with an increased relapse vulnerability in 
substance abusers. Am J Addict. 2009;18(1):73-80. 
doi:10.1080/10550490802544003 

104.  Buydens-Branchey L, Branchey M, McMakin DL, Hibbeln JR. Polyunsaturated 
fatty acid status and relapse vulnerability in cocaine addicts. Psychiatry Res. 
2003;120(1):29-35. doi:10.1016/S0165-1781(03)00168-9 

105.  Moore JB, Fielding BA. Sugar and metabolic health. Curr Opin Clin Nutr Metab 
Care. 2016;19(4):303-309. doi:10.1097/MCO.0000000000000289 

106.  Dencker D, Molander A, Thomsen M, et al. Ketogenic diet suppresses alcohol 
withdrawal syndrome in rats. Alcohol Clin Exp Res. 2018;42(2):270-277. 
doi:10.1111/acer.13560 

107.  Volkow ND, Kim SW, Wang G-J, et al. Acute alcohol intoxication decreases 
glucose metabolism but increases acetate uptake in the human brain. Neuroimage. 
2013;64:277-283. doi:10.1016/j.neuroimage.2012.08.057 

108.  Cruz NF, Lasater A, Zielke HR, Dienel GA. Activation of astrocytes in brain of 
conscious rats during acoustic stimulation: acetate utilization in working brain. J 
Neurochem. 2005;92(4):934-947. doi:10.1111/j.1471-4159.2004.02935.x 

109.  Sutoo D, Akiyama K. Effect of magnesium on calcium-dependent brain function 
that prolongs ethanol-induced sleeping time in mice. Neurosci Lett. 2000;294(1):5-
8. http://www.ncbi.nlm.nih.gov/pubmed/11044573. Accessed October 27, 2018. 

110.  Nechifor M. Magnesium in drug dependences. Magnes Res. 2008;21(1):5-15. 

111.  Kimes AS, Vaupel DB, London ED. Attenuation of some signs of opioid 
withdrawal by inhibitors of nitric oxide synthase. Psychopharmacology (Berl). 
1993;112(4):521-524. http://www.ncbi.nlm.nih.gov/pubmed/7532866. Accessed 
October 27, 2018. 

112.  Hadjiconstantinou M, Neff NH. Ascorbic acid could be hazardous to your 
experiments: a commentary on dopamine receptor binding studies with speculation 
on a role for ascorbic acid in neuronal function. Neuropharmacology. 
1983;22(8):939-943. http://www.ncbi.nlm.nih.gov/pubmed/6312359. Accessed 
December 26, 2018. 

113.  Liu G-S, Zhang Z-S, Yang B, He W. Resveratrol attenuates oxidative damage and 
ameliorates cognitive impairment in the brain of senescence-accelerated mice. Life 
Sci. 2012;91(17-18):872-877. doi:10.1016/j.lfs.2012.08.033 



49 
 

114.  Damián JP, Acosta V, Da Cuña M, et al. Effect of resveratrol on behavioral 
performance of streptozotocin-induced diabetic mice in anxiety tests. Exp Anim. 
2014;63(3):277-287. http://www.ncbi.nlm.nih.gov/pubmed/25077757. Accessed 
January 11, 2019. 

115.  Sanchez B, Lopez-Martin E, Segura C, Labandeira-Garcia JL, Perez-Fernandez R. 
1,25-Dihydroxyvitamin D(3) increases striatal GDNF mRNA and protein 
expression in adult rats. Brain Res Mol Brain Res. 2002;108(1-2):143-146. 
http://www.ncbi.nlm.nih.gov/pubmed/12480187. Accessed October 24, 2018. 

116.  Hoffer BJ, Hoffman A, Bowenkamp K, et al. Glial cell line-derived neurotrophic 
factor reverses toxin-induced injury to midbrain dopaminergic neurons in vivo. 
Neurosci Lett. 1994;182(1):107-111. 
http://www.ncbi.nlm.nih.gov/pubmed/7891873. Accessed October 24, 2018. 

117.  Trinko JR, Land BB, Solecki WB, et al. Vitamin D3: A role in dopamine circuit 
regulation, diet-induced obesity, and drug consumption. eNeuro. 2016;3(3). 
doi:10.1523/ENEURO.0122-15.2016 

118.  Schuster R, Koopmann A, Grosshans M, Reinhard I, Spanagel R, Kiefer F. 
Association of plasma calcium concentrations with alcohol craving: New data on 
potential pathways. Eur Neuropsychopharmacol. 2017;27(1):42-47. 
doi:10.1016/j.euroneuro.2016.11.007 

119.  Pradhan G, Melugin PR, Wu F, Fang HM, Weber R, Kroener S. Calcium chloride 
mimics the effects of acamprosate on cognitive deficits in chronic alcohol-exposed 
mice. Psychopharmacology (Berl). 2018:1-14. doi:10.1007/s00213-018-4900-1 

120.  Spanagel R, Vengeliene V, Jandeleit B, et al. Acamprosate produces its anti-
relapse effects via calcium. Neuropsychopharmacology. 2014;39(4):783-791. 
doi:10.1038/npp.2013.264 

121.  Sanghvi IS, Gershon S. Morphine dependent rats: blockade of precipitated 
abstinence by calcium. 1976;28(c):649-654. 


	Nutrient and Food component supplementation
	for Substance Use Disorder Recovery:
	A Systematic Review

