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Nutrients & Herbs for Cognition, Mood  
and Neurotransmitter Support 

Key Points at a Glance   

Acetyl-L-Carnitine 

• clinically demonstrated to: 
− reduce symptoms of depression (1-3 g/day) 
− improve fatigue in multiple sclerosis (2 g/day) 
− improve fatigue and cognitive function in the elderly 

with chronic fatigue (4 g/day) 
− reduce pain and improve mental health associated with 

fibromyalgia (oral + injection) 
− reduce pain associated with peripheral neuropathy 

(3 g/day) 
− improve attention and language in age-related 

dementia (1.5 g/day) 
− improve pain scores and function in carpal tunnel 

syndrome (injection 1 g/day then oral 1 g/day) 
• may slow cognitive decline in Alzheimer’s disease at a dose 

of 3 g/day, however evidence is conflicting 
 
Tyrosine 

• clinically demonstrated to:  
− improve cognitive performance under stressful 

conditions, including attention and working memory 
(2 g/day) 

− enhance inhibitory control (single dose) 
 
Magnesium 

• clinically demonstrated to: 
− reduce hyperactivity in ADHD (additional benefits when 

combined with B6 – high doses) 
− improve depressive symptoms and pain in fibromyalgia 

(300 mg/day) 
− reduce stress in healthy adults with high stress levels 

and low serum Mg (300 mg/day Mg alone or in 
combination with 30 mg/day B6) 

 
Folinate, Methylcobalamin, P5P and Nicotinamide 

• vital nutrients in facilitating one-carbon metabolism 
• folinic acid (oral 800 mcg/day) and methylcobalamin 

(75 mcg/kg/day by injection) clinically demonstrated to 
improve variety of adaptive behavioural skills in autism 

 
Zinc 

• low levels associated with depression, Alzheimer’s disease, 
ADHD 

 

 Saffron  

• wide variety of traditional uses including depression and 
inflammation; may be a brain tonic 

• clinically demonstrated (Australian studies), with 
concentrated extract of known strength (about 84 mg/day 
dried stigma) to:  
− benefit healthy adults with low mood and mild stress  
− provide some benefit for depression and anxiety in 

adolescents 
− provide some benefit as an adjunct in drug-treated 

patients with persistent depression  
• clinically demonstrated (Iranian studies), with dried herb 

equivalent of product known: 
− to improve symptoms in patients with mild to moderate 

mixed anxiety and depression, mild to moderate 
postpartum depression but not those with major 
depression 

• clinically demonstrated (Iranian studies), with concentrated 
extract (probably high doses of dried stigma) to:  
− provide benefit in depressed and anxious patients 
− improve cognitive function in Alzheimer's disease 

 
Bacopa 

• traditionally used as a tonic for the brain and nerves; used to 
treat mental conditions, nervous breakdown and debility; 
improve memory and reduce tension 

• important constituents are the saponins; major type often 
called bacosides, but chemistry not entirely elucidated; 
various analytical methods measure different total saponin 
contents 

• clinical studies using 20:1 standardised extract (4.5 g/day 
dried whole plant in children and adolescents; 6-9 g/day 
dried whole plant in adults):  
− reduced symptoms, particularly restlessness and 

attention, in children with ADHD 
− improved memory in children with below average IQ 

(combined with education programme) 
− improved some aspects of memory in healthy older 

persons and those with mild memory impairment 
• clinical studies using other standardised extracts:  

− overall, effects on memory not consistent (trials 
conducted mostly in healthy volunteers; may be due to 
variation in testing and prescribed extracts) 

− beneficial effects on depression and anxiety in healthy 
older persons 
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Acetyl-L-Carnitine 
Carnitine is an amino acid which plays an essential role in 
cellular energy production. It exists in the body either as 
free L-carnitine, or as acetylated short esters such as 
acetyl-L-carnitine (ALCAR). ALCAR has several important 
roles in supporting the health of the nervous system. It:1,2 
• promotes acetylcholine production; 
• facilitate acetyl CoA uptake into the mitochondria 

during fatty acid oxidation (via the carnitine palmitoyl 
transferase system); 

• supports the synthesis of membrane phospholipids; 
• acetylates histones to regulate the expression of key 

genes important for synaptic plasticity, including the 
proneurogenic molecule brain-derived neurotrophic 
factor (BDNF); 

• is neuroprotective. 
 
Given these functions, ALCAR has been the focus of much 
research pertaining to various neurological conditions 
including depression and Alzheimer’s disease (AD), as well 
as conditions linked to compromised cellular energetics 
such as fatigue, pain and fibromyalgia. 
 

Clinical Studies 

Depression 

A recent systematic review and meta-analysis investigated 
the effects of ALCAR on depressive symptoms across 
published randomised controlled trials (RCTs). ALCAR 
administration demonstrated increased efficacy when 
compared to placebo and was comparable to classical 
antidepressant agents, but with significantly fewer side 
effects.3 These findings are in agreement with an earlier 
meta-analysis in which ALCAR showed lower rates of 
adverse events and discontinuation than other classes of 
antidepressant drugs in patients with persistent depressive 
disorders.4 
 

Preliminary studies also suggest that ALCAR may exert 
antidepressant effects with a more rapid onset than 
conventional antidepressant drugs and that ALCAR 
antidepressant effects are longer lasting, being still 
present two weeks after drug withdrawal.5-7  
 
The exact mechanisms of ALCAR in alleviating depression 
are not fully understood, however they seem likely to 
involve a role in inducing neuroplasticity, supporting 
neuronal cell membrane integrity, and regulating 
neurotransmitter synthesis (including GABA and 
serotonin).1,8 Regardless of the mechanism, numerous 
human clinical trials have found ALCAR to be effective in 
managing different subgroups of depression, including 
major depression, dysthymic disorder, and health disorders 
resulting in symptoms of depression. Results are 
summarised in Table 1. 
 
Fatigue 

A randomised, double-blind, comparative clinical trial 
assessed the effects of 2 g ALCAR twice per day verses 
placebo for 180 days in 96 elderly subjects aged >70 years 
with chronic fatigue. At the end of the treatment period, 
the ALCAR group experienced significant improvements in 
physical fatigue (p < 0.001), mental fatigue (p < 0.001), 
fatigue severity (p < 0.001), functional status (p < 0.001), 
and cognitive function as assessed by Mini Mental State 
Examination (p < 0.001), compared to placebo. Despite the 
long-term nature of the treatment, there were no adverse 
events reported during the trial, suggesting that ALCAR is 
well-tolerated and suitable for longer term use.9 
 
ALCAR is also beneficial for supporting energy levels over a 
shorter period of time. In a pilot, randomised, double-blind 
crossover trial, 36 subjects with multiple sclerosis (MS) 
were randomised to either 2 g/day of ALCAR or 
200 mg/day of amantadine (a dopaminergic agent used 
for MS-related fatigue), for 3 months. This was followed by 
a 3-month washout period before crossing over. The 

 
Population Design & 

Duration 
Intervention & 
Controls 

Outcome Ref 

Dysthymic disorder 
(n = 204, aged 16-80) 

DBRC;  

12 weeks 

ALCAR 500 mg BID; 

control: amisulpride 
50 mg/day 

• ALCAR as effective as amisulpride in improving HAM D-21, CDRS, 
MADRS and CGI-S. 

• ALCAR tolerability significantly greater than amisulpride 
(p = 0.001). 

8 

Dysthymic disorder 
(n = 80, aged 65-93) 

DBDDCR;  

6 weeks 

ALCAR  

1 g TDS + placebo;  

control: fluoxetine 
20 mg/day + placebo 

• ALCAR as effective as fluoxetine in improving HAM-21, HAM-A 
and BDI scores.  

• ALCAR significantly improved attention performance (p = 0.036). 

6 

Minimal hepatic 
encephalopathy 
(n = 67, aged 34-67) 

RDBPC;  

90 days 

ALCAR 2 g/day;  

control: placebo 

• ALCAR significantly improved social function (p < 0.05), mental 
health (p < 0.05), BDI (p < 0.01), STAI (p < 0.001) and TMT-B 
(p < 0.001; a measure of neuropsychological function). 

10 

Table 1. ALCAR (acetyl-l-carnitine) results in depressive disorders. 
Abbreviations: BDI: Beck Depression Inventory; BID: twice daily; CDRS: Cornell dysthymia rating scale; CGI-S: Clinical Global Impression severity scale; DBDDCR: 
double-blind, double-dummy, controlled, randomised; DBRC: double-blind, randomised, controlled; HAM D-21: Hamilton Depression 21 Item Rating Scale; 
HAM-A: Hamilton Anxiety Rating Scale; MADRS: Montgomery-Asberg Depression rating scale; RDBPC: randomised, double-blind, placebo-controlled; STAI: State 
Trait Anxiety Inventory; TDS: three times daily; TMT-B: Trail Making Test-B. 
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primary outcome measure was self-reported fatigue 
severity, of which a reduction was observed in 70% of 
patients treated with ALCAR, compared to only 43% of 
patients treated with amantadine. While both groups 
experienced a reduction in fatigue, the clinical relevance of 
the degree of improvement was only significant for the 
ALCAR group compared to amantadine (p = 0.01).11 
 
A more recent randomised, single-blind clinical trial was 
designed to compare the effects of amantadine, modafinil 
(a medication which increases excitatory pathways in 
frontal lobe), or ALCAR (1 g twice daily) versus placebo on 
improving fatigue in subjects with MS (n = 60, mean age 
38 ± 6.7 years). Treatment duration was 1 month. While 
there was a significant improvement in the modified 
fatigue impact scale in both the amantadine and ALCAR 
groups after treatment compared to baseline (p = 0.005 
and p = 0.001, respectively), further analysis revealed that 
the overall impact of the ALCAR, although not significantly 
different to the amantadine, failed to reach statistical 
significance.12 
 
Fibromyalgia 

ALCAR has showed benefit in alleviating pain and 
associated symptoms (including fatigue and depression) in 
fibromyalgia. In a randomised, double-blind, double-
dummy trial, 102 subjects with fibromyalgia were 
randomised to either one intramuscular injection of ALCAR 
500 mg or placebo, plus ALCAR 1 g per day or placebo 
taken orally for two weeks. For the following 8 weeks, the 
dosage was increased to 1.5 g per day ALCAR or placebo 
taken orally. The effect of ALCAR on the primary outcome, 
total myalgic score, reached statistical significance at week 
10 (p = 0.02). Improvements in mean pain threshold and 
mean number of positive tender points are demonstrated 
in Figure 1.13 
 
Significant improvements favouring ALCAR over placebo 
were also noted in self-perceived depression and 
musculoskeletal pain (evaluated by visual analogue scale), 
with a significant between group difference also noted for 
bodily pain (p < 0.001), mental health (p < 0.05), and 
general health perception (p < 0.05) in the SF36 
questionnaire.13 
 
 
 
 

 
Figure 1. Mean changes in pain threshold and number of 
positive tender points over time in fibromyalgia patients 
when administered test substances by mouth plus injection.13  

Abbreviations: LAC: L-acetyl carnitine  
Notes: * p < 0.05  

 
In a prospective, randomised and controlled study, 51 
female outpatients with diagnosed fibromyalgia were 
randomised to receive duloxetine 60 mg/day (n = 29) or 
ALCAR 1500 mg/day (500 mg TDS; n = 22). Primary 
outcome measures were pain, depression and clinical 
improvement, with secondary outcome measures of 
anxiety and general health. At the end of the 12-week 
trial period, both duloxetine and ALCAR led to a general 
clinical improvement (p < 0.001) and a reduction in 
depressive symptoms as measured by the Montgomery 
Asberg Depression Rating Scale (p < 0.001); but neither 
induced a significant improvement in anxiety. Significant 
improvement in VAS-measured pain was observed in the 
duloxetine group only (p = 0.033), although the patients 
receiving ALCAR did report a significant improvement in 
the physical component of the SF-36 (p = 0.017). (The SF-
36 is a commonly used 36-item, patient-reported survey of 
patient health.) Eight patients in the duloxetine group 
experienced mild to severe side effects during the 
treatment period (nausea, anxiety, insomnia, and 
diarrhoea). No side effects emerged in the ALCAR group.14 
 
Cognitive Decline 

ALCAR has been found to have a positive impact on the 
pathophysiological characteristics of Alzheimer’s disease 
both in vitro and in animal models.  
• In neuronal cell cultures, ALCAR pre-treatment 

attenuated attenuate β-amyloid cytototoxicity, protein 
oxidation and lipid peroxidation, thus exerting a 
neuroprotective effect.15 

• In another study, ALCAR indirectly influenced the β-
amyloid cascade by increasing ADAM10 (a disintegrin 
and metalloproteinase 10) protein levels in the post-
synaptic compartment, thus shifting amyloid precursor 



Not for Public Distribution. For Education of Health Care Professionals Only. 4 

protein (APP) processing to the non-amyloidogenic 
pathway.16 

• In an animal model of homocysteine (Hcy)-induced 
AD-like histopathologies, ALCAR administration 
ameliorated Hcy-induced memory deficits, reversed 
tau hyperphosphorylation, and reduced β-amyloid 
accumulation.17 

 
Whilst promising mechanisms have been elucidated, 
human evidence is conflicting. In 2008, the Cochrane 
Collaboration published a meta-analysis of 16 double-
blind, randomised, placebo-controlled trials assessing the 
efficacy of ALCAR in dementia (including Alzheimer’s 
disease and mild cognitive impairment). The dosage of 
ALCAR ranged from 1-3 g per day for a duration of 3 
months to 1 year. The main outcome measures were 
simplified into the areas of cognition, severity of 
dementia, functional ability and clinician impression, of 
which there was no evidence of benefit except in the 
meta-analysis of cognitive scales, which revealed a 
significant treatment effect on the Mini Mental State 
Examination (MMSE) at 24 weeks (WMD 0.69, 95% CI 0.09 
to 1.29, p = 0.02), but not at 12 weeks (WMD 0.06, 95%  
CI -0.53 to 0.65, p = 0.85) or 52 weeks (WMD 0.46, 95% 
CI -0.15 to 1.07, p = 0.14). It was therefore concluded that 
the benefit of ALCAR in dementia does not justify routine 
use in clinical practice.18 
 
There is, however, some evidence indicating that ALCAR 
may be effective in slowing cognitive decline in AD 
patients. For example, a double-blind, placebo-controlled 
study (not included in the previous meta-analysis due to 
lack of randomisation) found that while the placebo group 
showed significant deterioration in the Alzheimer’s Disease 
Assessment Score (ADAS) at 6 months (p = 0.01), and in 
the Mini Mental State exam scores at 12 months 
(p = 0.03), there was no significant deterioration in the 
group treated with 3 g per day of ALCAR (p = 0.64). 
Interestingly, it was elucidated that ALCAR had a positive 
impact on CNS neurochemical parameters, showing a 
significant increase in phosphomonoester (PME) resonance 
at 6 months compared to baseline (p = 0.03). This finding 
suggests a normalisation of membrane phospholipid and 
high-energy phosphate metabolism, alterations of which 
have been implicated in AD.19 
 
A more recent 2018 multicentre, randomised, double-
blind, placebo-controlled, parallel-group clinical trial 
assessed the efficacy of ALCAR in patients with dementia 
associated with cerebrovascular disease (vascular cognitive 
impairment).20 Fifty-six patients (aged 55 to 80 years) 
were randomised to treatment with ALCAR 1500 mg/day 
(500 mg TDS) or placebo for 28 weeks. The primary 
outcome measures were changes from baseline to 
endpoint (week 28) in scores of the Korean version of 
Montreal Cognitive Assessment (MoCA-K, which consists of 
12 individual cognitive tasks grouped into 7 sub-items: 
visuo-executive, naming, attention, language, abstraction, 

delayed recall, and orientation). At the end of the study 
period, treatment effects on MoCA-K (total score) showed 
significant differences in favour of the ALCAR-treated 
group, as compared with placebo (p = 0.01). Among 
MoCA-K sub-items, attention and language significantly 
favoured the ALCAR-treated group (p = 0.025 and 
p = 0.012, respectively). 
 
Whilst the evidence for the use of ALCAR in cognitive 
decline and AD is conflicting, it is worth noting that these 
conditions represent chronic degenerative states, where 
the goal of treatment is to slow disease progression. In 
this respect, ALCAR along with other supportive herbs and 
nutrients may be a viable option in supporting this group 
of patients. 
 
Other Conditions  

ALCAR has shown a neuroprotective effect in patients with 
peripheral neuropathies of different aetiologies.21 A meta-
analysis of four randomised, placebo-controlled trials 
assessed the efficacy of ALCAR in the management of 
diabetic and non-diabetic peripheral neuropathic pain. Two 
of the included studies used 3 g ALCAR for 52 weeks. The 
remaining two studies provided 1 g per day ALCAR as 
intramuscular injection for 10-14 days, followed by 2 g per 
day orally for 42-355 days. Patients reported any change 
of pain using visual analogue scale (VAS). Pooled results 
found that ALCAR slightly reduced pain compared with 
placebo (mean difference (MD) of VAS, 1.20; 95% CI, 0.68 
to 1.72, p < 0.00001). In a subgroup analysis, there was a 
significant decrease in VAS scores for diabetic patients 
receiving ALCAR compared to placebo (MD, 1.47; 95% CI, 
1.06 to 1.97, p < 0.00001), with a less significant reduction 
in the non-diabetic group (MD, 0.71; 95% CI, -0.01 to 1.43, 
p = 0.05).22 
 
Interestingly, in the analysis assessing efficacy of route of 
administration, the effect on VAS scores were similar  
between groups, suggesting that oral administration of 
ALCAR may be as effective as intramuscular injection in 
relieving peripheral neuropathic pain (MD, 1.15; 95% CI, 
0.34 to 2.04, p = 0.006 for oral administration; MD, 1.19; 
95% CI, 0.34 to 2.04, p = 0.006 for sequential  
intramuscular and oral administration).22 
 
Methylcobalamin has been suggested to be beneficial on 
alleviating neuropathic pain symptoms and on improving 
nerve conduction,23 and was proven to be superior to 
placebo in treating diabetic peripheral neuropathy in a 
meta-analysis.24 A multicentre, randomised, parallel-group, 
double-blind, double-dummy, positive-controlled clinical 
trial assessed the safety and efficacy of ALCAR on diabetic 
peripheral neuropathy compared with methylcobalamin 
(MC).25 Diabetic patients (n = 232) with abnormal nerve 
conduction test results were randomised to receive oral 
ALCAR 500 mg TDS or MC 0.5 mg TDS for 24 weeks. The 
neuropathy symptom score, neuropathy disability score 
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and neurophysiological parameters were measured during 
follow up. 
• At the end of the treatment period, patients from both 

groups had significant reductions in both neuropathy 
symptom score (ALCAR 2.35 ± 2.23, p < 0.0001; MC 
2.11 ± 2.48, p < 0.0001, intergroup p = 0.38) and 
neuropathy disability score (ALCAR 1.66 ± 1.90, 
p < 0.0001; MC 1.35 ± 1.65, p < 0.0001; intergroup 
p = 0.23), with no significant difference between the 
two groups. 

• Neurophysiological parameters were also improved in 
both groups. 

 
A recent multicentre, examiner-blinded, clinical and 
neurophysiological study assessed the efficacy of ALCAR on 
neuroprotection, pain, and function in carpal tunnel 
syndrome (CTS). After an initial 10-day period of 
intramuscular injections of ALCAR (500 mg BID), the 82 
study participants received an oral treatment consisting of 
one tablet of ALCAR 500 mg BID, for 110 days. All 
participants underwent a conduction study of the median 
nerve, the Boston Carpal Tunnel Questionnaire (BCTQ) and 
the Neuropathic Pain Symptom Inventory (NPSI). The 
primary endpoint was the sensory conduction velocity 
(SCV) of the median nerve. At the end of the trial period, 
treatment with ALCAR resulted in a significant 
improvement of the SCV (p < 0.0001). All sensory 
neurophysiological measures also significantly improved. 
BCTQ score changed significantly (p < 0.0001), with a 
greater improvement in the symptom component. Nine of 
the NPSI types of pain, particularly squeezing and pressure 
pain and pain evoked by pressure, showed a significant 
reduction (p < 0.0001). These neuroprotective effects and 
symptom improvements were detected after the first 10 
days of intramuscular treatment and persisted throughout 
the 4-month treatment period.26 
 

Tyrosine 
Tyrosine is an amino acid which exerts influence on brain 
physiology as a biological precursor to dopamine and 
norepinephrine. Both of these neurotransmitters play 
critical roles in working memory and cognitive control 
functions, with the activity of dopamine in particular being  
fundamentally implicated in a variety of neuro-behavioural 
disorders including Parkinson’s disease, ADHD,  
schizophrenia and drug addiction. Despite this, there has 
been little investigation to date on tyrosine monotherapy 
in the management of these conditions.27 
 
Stress Adaptation and Cognitive Function 

Supplemental tyrosine appears to be most effective in 
stressful or challenging situations where neurotransmitters 
are depleted.28,29 Therefore, the majority of studies 
evaluating supplemental tyrosine on cognitive function 
have been performed in participants under stress. While 
numerous studies have been conducted using very high 
doses (100-150 mg/kg per day), there is evidence to 
suggest that tyrosine may be effective in supporting stress 
adaptation and cognitive function at much lower, 
clinically-achievable doses. Refer to Table 2. 
 
Enhancing Inhibitory Control 

Tyrosine may also be effective in enhancing inhibitory 
control, a cognitive function which is governed largely by 
dopaminergic activity, and is critically important in 
managing addictions and impulse control disorders.30 In a 
double-blind, placebo-controlled, randomised, cross-over 
study, a single 2 g dose of tyrosine or placebo was 
administered in orange juice during two experimental 
sessions 3 to 7 days apart. The 22 female participants 
executed a stop signal task one hour post-consumption, 
with those in the tyrosine group displaying a significantly 
greater efficiency in inhibiting unwanted action 
tendencies. While response execution was not significantly 
different between the groups, this information provides a 
theoretical basis for use of tyrosine in impulse control 
disorders.31 
 
 

Population Design Intervention  Outcome Ref 

Healthy adults undergoing 
cognitively challenging 
task (n = 22) 

RDBPC, 

crossover 

TYR 2 g, single 
dose 

• TYR significantly lowered switching cost in long response-stimulus 
interval (p = 0.009), indicating improved cognitive flexibility and 
uptake of information in working memory 

28 

Cadets undergoing intense 
combat training (n = 32) 

RPC TYR 2 g/day, for 5 
days 

• TYR significantly reduced lapses in attention during final 
assessment tasks (p < 0.05), improved perceptual motor skills on 
tracking task (p < 0.05), and improved number of correct responses 
on memory comparison task (p < 0.05) 

32 

Healthy adults undergoing 
cognitively challenging 
task (n = 22) 

RDBPC, 

crossover 

TYR 2 g, single 
dose 

• TYR significantly reduced reaction time (p = 0.02), produced fewer 
misses (p = 0.03), and higher hits (p = 0.03), indicating 
improvements in working memory 

33 

Table 2. Placebo-controlled trials assessing tyrosine supplementation on stress adaptation and cognitive function. 
Abbreviations: RDBPC: randomised double-blind placebo-controlled; RPC: randomised placebo controlled; TYR: tyrosine. 
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Magnesium 
Magnesium plays a vital role in the structure and activity 
of over 300 enzymes in the body, and is therefore critical 
for a wide variety of biological processes, including 
neurotransmission and muscular excitability.34,35 
 
More specifically, magnesium has been found to exert 
several effects in the nervous system, including, but not 
limited to: 
• blocking N-methyl-D-aspartate (NMDA) receptor 

activity, therefore modulating glutamatergic 
neurotransmission;36 

• increasing serotonin receptor activity;36 
• facilitating acetylcholine synthesis via choline 

acetyltransferase;37 
• supporting ATP synthesis.38 
 
In a small uncontrolled study, magnesium 
supplementation at a dose of 500 mg per day for 4 weeks 
was found to significantly reduce cortisol (p < 0.05) and  
IL-6 (p < 0.05), thus exerting a regulatory effect on the 
hypothalamic-pituitary-adrenal (HPA) axis.39 
 

Clinical Studies 

Attention Deficit Hyperactivity Disorder 

A systematic review published in 2015 concluded that, 
based on preliminary evidence, children with ADHD may 
benefit from magnesium supplementation either alone or 
in combination with vitamin B6 (Mg-B6). Of the three 
studies identified, two of these used Mg-B6 at a dose of 
6 mg/kg/day Mg and 0.6 mg/kg/day B6 for a duration of 
8 weeks to 6 months, with positive effects on increasing 
attention, and reducing hyperactivity and aggressiveness. 
The third study supplemented magnesium at a dose of 
200 mg per day for 6 months and reported a decrease in 
hyperactivity in children with ADHD and magnesium 
deficiency (n = 75). It is worth noting, however, that the 
first two studies were small uncontrolled trials, and failed 
to specify the form of magnesium supplemented.40 
 
More recently, another small study was published showing 
a positive effect of magnesium supplementation (200 mg, 
form undefined) when used in conjunction with standard 
medical therapy for 8 weeks in children with ADHD.41 The 
significant results for the magnesium-treated group, who 
were magnesium deficient on the basis of hair analysis, 
compared to baseline are depicted in Table 3. The 
between group comparison found a significantly greater 
improvement in hyperactivity and inattention in the 
magnesium-treated group compared to those taking 
standard medical therapy alone. 
 
 
 
 

Scale Before Treatment After Treatment  
conceptual level 49.20  81.00 (p < 0.05) 
oppositional 64.44  52.78 (p < 0.05) 
inattention 69.89  53.44 (p < 0.05) 
hyperactivity 79.22  55.33 (p = 0.001) 
impulsivity 77.44  56.44 (p = 0.001) 
Table 3. Comparison between psychiatric scales at baseline 
and follow-up in magnesium-deficient children with ADHD 
treated with magnesium supplement.41 

Note: The results for conceptual level were based on 5 children, and 9 
children provided results for the other scales. 

 
Fibromyalgia 

A small open label study assessed the impact of 
magnesium citrate on symptoms of fibromyalgia in 60 
premenopausal women. Subjects were randomly assigned 
to take magnesium citrate (providing 300 mg elemental 
magnesium per day), amitriptyline (10 mg per day), or 
both, for a period of 8 weeks. Whilst the greatest impact 
was found in the group taking both amitriptyline and 
magnesium citrate concurrently, the latter taken alone 
significantly decreased the number of tender points 
(p = 0.032) and tender point index (p = 0.03), and yielded 
significant improvements in the fibromyalgia impact 
questionnaire (FIQ) and Beck depression scores (p = 0.008 
and p = 0.017 respectively).38 
 
Depression  

It has been hypothesised that magnesium deficiency is a 
key factor involved in treatment resistant depression, 
which accounts for 60% of cases of clinical depression.42 
Clinical evidence, however, is mostly limited to case 
studies showing recovery from major depression using 
doses between 125-300 mg magnesium (from taurinate or 
glycinate) daily for 7 days.43 One small clinical trial also 
showed some benefit of 450 mg magnesium (from 
chloride) in reducing depressive symptoms in elderly 
patients with type 2 diabetes. In this trial, magnesium was 
found to be as effective as imipramine when used over a 
12 week period, but with fewer side effects.44 
 
A randomised, investigator-blinded, 8-week trial assessed 
the effect of supplementation with a combination of 
magnesium, derived from magnesium lactate dihydrate, 
and vitamin B6 (Mg-B6; 300 mg/day and 30 mg/day, 
respectively) or magnesium alone (Mg; 300 mg/day) on 
healthy adults (n = 264). The participants had high stress 
levels (as measured by the Depression Anxiety Stress 
Scales (DASS-42)) and low serum magnesium 
concentrations. At the end of the trial period, both 
treatments substantially reduced DASS-42 stress subscale 
score from baseline to week 8 (Mg-B6: 44.9 %; Mg: 
42.4 %). In people with severe or extremely severe stress 
with low serum magnesium concentration, the Mg-B6 
combination provided a 24 % greater reduction in stress 
than Mg alone at week 8 (p = 0.0203).45 
 



Not for Public Distribution. For Education of Health Care Professionals Only. 7 

Folinic acid, Methylcobalamin, 
Pyridoxal-5-Phosphate (P5P) and 
Nicotinamide 
One-carbon metabolism (methylation) is central to healthy 
neurotransmitter metabolism, with alterations in this 
process having been linked to neurological conditions such 
as bipolar, schizophrenia, depression, autism, Alzheimer’s 
disease and post-traumatic stress disorder.46-49 
 
Folinic acid, methylcobalamin, and P5P, key nutrients 
involved in facilitating one-carbon metabolism, have far 
reaching influences on several mechanisms involved in the 
pathophysiology of these conditions. For example, folinic 
acid plays an indirect role in the synthesis of serotonin, 
dopamine and norepinephrine through the regulation of 
tetrahydrobiopterin (BH4), a cofactor for tryptophan 
hydroxylase and tyrosine hydroxylase.50 
 
Methylcobalamin, a biologically-active form of vitamin 
B12, is particularly important in folate-dependent 
methylation of homocysteine to methionine via 
methionine synthase (MS). Being a cofactor for MS, 
methylcobalamin potentially influences hundreds of  
S-adenosylmethionine (SAMe)-methylation reactions 
including dopamine-stimulated phospholipid methylation, 
a process which may play an important role in attention 
and learning.51 
 
Further to this, low methylcobalamin may result in 
increased homocysteine and SAMe deficiency, which 
compromises endogenous glutathione synthesis via the 
cysteine beta synthase pathway.52 Abnormal DNA 
methylation and low levels of glutathione have been 
implicated in autism and schizophrenia, with brain levels 
of methylcobalamin found to be 3-fold lower in these 
populations compared to age-matched controls.51 
 
Vitamin B6, as the active vitamer pyridoxal-5-phosphate, 
functions primarily as a coenzyme in the body. In the 
nervous system, it is responsible for catalysing the 
synthesis of neurotransmitters including GABA, dopamine  
and serotonin. It also supports the transformation of  
homocysteine to cystathionine (and therefore glutathione 
synthesis), and is a cofactor for 5-hydroxytryptophan 
decarboxylase (involved in conversion of tryptophan to 
serotonin).34 
 
A vast array of processes and enzymes involved in every 
aspect of peripheral and brain cell function are dependent 
on vitamin B3 derived nucleotides such as nicotinamide 
adenine dinucleotide (NAD) and NAD phosphate (NADP). 
Nicotinamide, the amide form of vitamin B3 (niacin), has 
long been associated with neuronal development, survival, 
and function in the central nervous system (CNS), being 
implicated in both neuronal death and neuroprotection. 

Nicotinamide appears to play a role in protecting neurons 
from traumatic injury, ischaemia, and stroke, as well as 
being implicated in three key neurodegenerative 
conditions: Alzheimer’s, Parkinson’s, and Huntington’s 
diseases.53 
 

Clinical Studies 

Autism 

An open-label trial assessed the effect of methylcobalamin 
and folinic acid over a 3-month period on improving 
glutathione synthesis and adaptive behaviour in 48 autistic 
children with abnormal glutathione redox status and 
methylation capacity. In this study, methylcobalamin was 
provided as an injectable liquid at a dose of 75 mcg/kg 
every third day, along with oral folinic acid at a dose of 
400 mcg twice daily. Changes in the Vineland Adaptive 
Behaviour Scale (VABS) scores over the 3 months are 
summarised:54 
• improvements in receptive (p = 0.001), expressive 

(p < 0.0001) and written (p < 0.005) communication 
skills; 

• improvements in personal (p < 0.0005), domestic 
(p < 0.05) and community (p < 0.005) daily living 
skills; 

• improvements in interpersonal (p < 0.05), play-leisure 
(p = 0.001) and coping (p = 0.0005) social skills. 

 
Findings also indicated that increased glutathione redox 
status was associated with greater improvements in VABS, 
although glutathione redox status was not related to VABS 
scores at baseline. Refer to Figure 2. 
 
Alzheimer’s Disease  

Both low serum folate and inflammation have been linked 
to AD.55  
 
A single-centre, single-blind, RCT was conducted with 
patients newly diagnosed with AD (age > 60 yr; n = 121; 
mild to severe; international criteria) to determine the 
effect of folic acid supplementation (1.25 mg/day) on 
inflammation and cognitive function in these patients over 
a period of 6 months.55 Primary outcome measures 
included differences between the baseline and 6-month 
scores on the Mini-Mental State Examination (MMSE), 
activities of daily living (ADL), levels of amyloid beta (Aβ), 
and the mRNA levels of presenilin (PS1 and PS2), 
interleukin-6 (IL-6), and tumour necrosis factor alpha 
(TNFα). Secondary outcome measures included plasma 
levels of homocysteine (Hcy), S-adenosylmethionine 
(SAMe), and S-adenosylhomocysteine (SAH). The results 
highlight a potential role for folic acid in the treatment of 
AD via its ability to reduce markers of inflammation and 
improve cognition. At the end of the study period, 
participants in the intervention group had a significantly  
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Figure 2. Relationships between change in glutathione redox status and change in VABS subscales in autistic children who received high 
dose of folinic acid and methylcobalamin.54 

Abbreviations: GSH: Reduced glutathione; GSSG: Oxidised glutathione. 
 
 
greater increase in serum folate (p = 0.001) and mean 
MMSE scores (p < 0.05) as compared to placebo. There 
was no difference in ADL, PS2-mRNA, or IL-6-mRNA 
between the two groups. Post-treatment, plasma SAMe 
and SAMe/SAH levels were significantly higher (p < 0.05), 
while Aβ, PS1-mRNA, and TNFα-mRNA levels were lower 
in the intervention group than in the control group 
(p < 0.05). 
 
Other Conditions 

Cerebral folate deficiency (CFD) syndrome is a disorder 
characterised by low 5-methyl tetrahydrofolate (5MTHF) 
levels in the cerebrospinal fluid despite normal systemic 
folate levels, believed to be a result of impaired folate 
transport across the blood brain barrier (BBB). CFD has 
been reported to be a feature in subgroups of autistic 
children, as well as schizophrenia and a wide array of 
mitochondrial diseases. 
 
In one small case series, 18 subjects with clinically-
diagnosed schizophrenia were screened for the presence 
of folate receptor alpha (FRα) autoantibodies and levels of 
cerebrospinal fluid (CSF) folate. Compared to healthy 

controls, subjects with schizophrenia had lower mean CSF 
5MTHF (p = 0.0002), and a significantly higher frequency 
of FRα autoantibodies (p < 0.0001). As a result of these 
findings, eight patients were supplemented with very high 
doses of folinic acid (0.3-1.0 mg/kg/day) for a minimum 
of 6 months. Results are summarised in Figure 3, and 
indicate that very high doses of folinic acid may have a 
favourable impact in schizophrenic patients who are 
otherwise treatment-resistant.56 
 
Folinic acid is considered to be suitable form of 
supplemental folate to combat FRα antibodies. This is 
because the reduced folate carrier (RFC), a transmembrane 
protein expressed involved in transporting folate across 
the BBB when extracellular folate concentrations are high, 
has a high affinity for reduced forms of folate (including 
folinic acid), suggesting that reduced folate 
supplementation may help to normalise CSF 5MTHF levels 
in CFD.56 
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Figure 3. Effect of very high doses of folinic acid on positive and negative symptoms of schizophrenia.56 

Abbreviations: + presence of; - absence of symptoms, +/+ no change, +/- improvement. 
 
 

Zinc 
Zinc is one of the most prevalent trace elements in the 
body, and plays a critical role in brain physiology.57 In vitro 
and animal studies have demonstrated numerous effects 
in the central nervous system. Zinc: 
• modulates NMDA and GABAergic receptor activity, 

therefore reducing excitotoxicity, which is a 
phenomenon thought to be involved in the 
pathophysiology of depression;58 

• regulates of serotonin receptor activity;59 
• plays a role in modulating brain derived neurotrophic 

factor (BDNF) thus supporting neuroplasticity;60 
• regulates dopamine transporter function, dysfunction 

of which is found to be involved in the pathogenesis 
of ADHD.61 

 
Several lines of evidence have found an association 
between depression and low plasma zinc, however a 
direct causal association has not been established.62,63 
Likewise, despite associations between zinc deficiency and 
CNS conditions such as ADHD and AD, more rigorous 
intervention studies are needed to elucidate the exact 
impact of zinc supplementation on these conditions.64,65 
 

Saffron 
Saffron has a long history of culinary, medicinal, dyeing 
and ceremonial applications. It is the world’s most 
expensive spice (by weight) and is frequently adulterated. 
Saffron has colourful autumn flowers (usually lilac-purple, 
3.5–5 cm long), containing several bright orange-red 
threadlike stigmas. 
 
Saffron has been used in many traditions. The major 
indications include menstrual disorders, fever, coughs, sore 
throat, depression and general weakness.66-71 In India, 

Saffron is used to treat inflammation.72 Culpeper noted 
that Saffron "quickens the brains".73 
 
In Ayurveda, Saffron is said to support the tonic action of 
other herbs (such as Shatavari) and when used as a spice 
promotes assimilation of food into deeper tissues.74 In 
traditional Persian medicine, some herbs and foods such as 
vinegar and wine, are functionally defined as convoy 
medicines. These substances modify actions and facilitate 
access of medicines and foods to the whole body or 
certain organs. Saffron is a convoy that provides access to 
the vessels of the heart and brain, and other organs.75 
 
The quality of Saffron is determined by its colour, taste and 
aroma constituents: it contains yellow, water-soluble 
pigments (crocins, derived from crocetin), bitter 
substances (e.g. picrocrocin) and an essential oil 
containing safranal.76,77 Crocins are glycosides of the 
carotenoid crocetin. Other minor carotenoids and 
flavonoids are present.78 The concentration of constituents 
varies depending on geographical location, climatic 
conditions and methods of harvesting and drying.78,79 
 

Clinical Studies 

Saffron has been extensively trialled, particularly for the 
treatment of depression. The majority of these trials have 
been conducted in Iran, and in most cases, concentrated 
extracts of unknown strength have been administered. In 
addition to stigma, the petal of Saffron has also been 
evaluated in several Iranian trials. 
 
Clinical trials have also been conducted in Australia. The 
following three studies used a concentrated extract of 
Saffron stigma, known to be about 3:1 in strength, so 
28 mg/day of this extract is equivalent to about 
84 mg/day of dried Saffron stigma. 
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A randomised, double-blind study found a significant 
decrease in negative mood and symptoms related to 
stress and anxiety compared to placebo in adults reporting 
low mood, when treated with concentrated extract of 
Saffron (28 mg/day) for 4 weeks. A lower dose of extract 
(22 mg/day) was not effective. Participants were included 
in the trial if they had low mood (self reported), were not 
diagnosed with depression or another mood disorder and 
were otherwise healthy (including having a body mass 
index less than 30 kg/m2). Their baseline scores indicated 
they were experiencing mild symptoms of depression, 
anxiety and stress. There were approximately 40 
participants in each of the three groups at the completion 
of the study. The beneficial effects were more prominent 
for depression (by reducing negative affect rather than 
increasing positive affect) and stress. There was no 
significant improvement in sleep quality.80  
 
Twelve- to sixteen-year-olds who were suffering from mild 
to moderate depression or anxiety were evaluated in a 
randomised, double-blind, placebo-controlled trial. The 
severity of symptoms was assessed using the Revised 
Child Anxiety and Depression Scale (RCADS). Patients were 
given tablets containing placebo or Saffron concentrated 
extract (28 mg/day) for a period of 8 weeks. Eighty 
participants were enrolled and 68 completed the study. 
There were no significant differences between the dropout 
rates across the groups. RCADS is a 47-item questionnaire 
with subscales including separation anxiety, social phobia, 
generalised anxiety, panic, obsessions/compulsions and 
depression. The sum of the subscales provides the total 
internalising scale. Items are rated on a 4-point scale from 
0 (never) to 3 (always). The RCADS comprises a self-report 
youth version and a parent-report version.81 
• Based on youth self-reports, Saffron was associated 

with greater improvements in depression, separation 
anxiety and social phobia. The improvements by 
Saffron were statistically significant compared to the 
effects in the placebo group. However, these effects 
were not reflected in the parent RCADS scores. 

• The youth self-report found the total internalising 
score decreased by an average of 33% compared to 
17% in the placebo group (p = 0.029). The parent 
rating had the improvement as greater in the Saffron 
group (40% vs 26%; p = 0.026).  

• There were no significant differences in the reported 
adverse events experienced in the two groups, 
although there was a trend suggesting a decreased 
frequency of headaches in the Saffron group (n = 1) 
compared to placebo (n = 5). 

 
The effect of Saffron as an adjunct to antidepressant drugs 
in adults of mean age 40 years with persistent depression 
was investigated in a randomised, double-blind study. 
Patients were eligible for inclusion if they were taking a 
stable dose of a single antidepressant drug and still 
suffering from mild to moderate depression, with a score 
greater than six on the Montgomery-Asberg Depression 

Rating Scale (MADRS), despite at least 8 weeks of drug or 
psychological therapy. Nearly 90% of patients were taking 
a selective serotonin reuptake inhibitor (e.g. escitalopram, 
sertraline) or serotonin-norepinephrine reuptake inhibitor 
(e.g. desvenlafaxine), and almost 50% of them reported 
taking antidepressants for 2 years or more. Participants 
took concentrated extract of Saffron (28 mg/day) or 
placebo for 8 weeks. One hundred and sixty patients were 
enrolled, and 133 completed the study. No participants 
withdrew due to adverse events associated with intake of 
Saffron or placebo.82  
• Symptoms of depression decreased more in those 

taking Saffron compared with placebo, with clinician-
rated MADRS scores reducing by 41% and 21% from 
baseline, respectively (p = 0.001). 

• However, there were similar reductions in self-rated 
MADRS scores: from baseline, 26.8% (Saffron) and 
26.0% (placebo). Quality of life improved in both 
groups with no significant differences between the 
groups. 

 
Several studies have administered Saffron dried stigma in 
tablet or capsule form for depression. The randomised, 
double-blind, placebo-controlled trials were conducted in 
Iran. 
• Saffron (100 mg/day), taken for 12 weeks, 

significantly improved symptoms in patients with mild 
to moderate mixed anxiety and depression, diagnosed 
on the basis of the DSM-IV.83  

• Saffron (30 mg/day) taken for 8 weeks, reduced the 
severity of depression in mothers with postpartum, 
mild to moderate depression.84  

• Saffron (30 mg/day) taken for 4 weeks, was not 
superior to placebo in patients with major depression 
who were also being treated with fluoxetine. The 
study is regarded as preliminary, and larger studies 
with more patients and longer duration are 
needed.85,86  

 
A number of randomised, double-blind clinical trials have 
been conducted in Iran using a concentrated extract of 
Saffron. The extract strength is not defined, but is likely to 
be about 6:1, and with a prescribed dosage of 30 mg/day 
of extract in each trial, this corresponds to about 
180 mg/day of dried stigma. 
• In patients with mild to moderate depression, Saffron 

extract was a significantly better treatment than 
placebo87 and had similar efficacy to that of 
fluoxetine88,89 and imipramine.90 It was also 
significantly better than placebo for postmenopausal 
women who were experiencing hot flushes and mild 
to moderate depression,91 had similar efficacy to that 
of citalopram in treating mild to moderate depression 
with anxious distress,92 and similar efficacy to that of 
duloxetine in treating fibromyalgia.93 Participants had 
baseline scores from the Hamilton Rating Scale for 
Depression (HAM-D) or Beck Depression Inventory 
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indicating mild, mild to moderate, or moderate 
depression. The beneficial effect was demonstrated by 
improvement in HAM-D scores. Anxiety also decreased 
in those with anxious distress, demonstrated by 
improvement in the Hamilton Rating Scale for Anxiety. 

• In patients with mild to moderate Alzheimer’s disease 
(AD), Saffron extract produced a significantly better 
outcome on cognitive function than placebo (16 
weeks),94 and had similar efficacy to donepezil (22 
weeks).95 Saffron extract also had similar efficacy to 
memantine in patients with moderate to severe AD 
(12 months).96 

 
A randomised study conducted in Iran during 2016 and 
2017 found that Saffron alleviated five major symptoms of 
withdrawal in patients undergoing maintenance treatment 
for opioid addiction. Forty-four clients of addiction 
treatment centres, aged from 21 to 67 years, participated. 
The test group was treated with methadone syrup and 
"self-made" Saffron capsules, and the control group 
received methadone syrup and placebo capsules. All 
participants were stable, had received a fixed dose of 
methadone for several months and did not have any 
mental or physical symptoms. The Saffron and placebo 
capsules were dispensed by the researcher once a week 
for 8 weeks in the clinic at the time of the weekly dose of 
methadone. The methadone dose was decreased by 5 mg 
per week. Patients had 24-hour access to medical help by 
phone, and symptoms were recorded at the clinic each 
week. The Saffron capsule is described as containing 
30 mg of powder and the placebo capsules were similar in 
terms of colour and size. Temptation, loss of appetite, 
rhinorrhoea, diarrhoea and myalgia all decreased in those 
who received Saffron, whereas the symptoms remained 
the same or increased over the 8-week period in the 
control group.97  
 

Bacopa 
The major use of Bacopa monnieri aerial parts or whole 
plant in traditional Ayurvedic medicine is as a nervine tonic 
for the treatment of nervous disorders such as epilepsy, 
nervous breakdown, insanity and debility.98-100 The herb is 
known as brahmi, meaning the 'energy of Brahma' or that 
'which expands consciousness'. According to Hindu 
mythology, Brahma is one of the three gods of trinity, who 
controlled the world during its origin. Another name for 
the herb is Sureshta, 'liked by gods' and it is also named 
after the goddesses of learning: Saraswati, Sharad and 
Bharati. As a medhya herb (nervine) it is used in Ayurveda 
for mental conditions, and to improve memory and 
intelligence by reducing anxiety and tension.101,102  
 
Important constituents of Bacopa include triterpenoid 
saponins of the dammarane type. The saponins are often 
called bacosides, and are a complex mixture of closely-
related compounds: glycosides of jujubogenin or 
pseudojujubogenin.103 Early literature refers to 'bacoside A' 

which has subsequently been identified as a mixture of 
four saponins.104 An analysis of Bacopa monnieri plant 
material using HPLC, published in 2006, found five 
saponins to constitute most of the total saponin content: 
bacoside A3, bacopaside I, bacopaside II, bacopasaponin C 
and bacopaside X.103 (Bacopaside X is now referred to as 
jujubogenin isomer of bacopasaponin C.104) 
 
There are many analytical techniques for quantifying 
bacosides, but the resulting saponin content depends on 
the method used, for example, the British Pharmacopoeia 
estimates total saponins calculated using bacopaside II as 
the reference standard. The United States Pharmacopeia 
measures the above five saponins.104-106 Earlier methods, 
such as the one based on conversion of the saponins by 
acid hydrolysis and using UV spectrophotometry for 
detection, is not specific and measures minor as well as 
the major saponins, if not also other hydrolysed 
compounds.103,106 Analysis using the BP method is likely to 
underreport the bacoside content, and a standardisation of 
40-50% bacosides in extracts describes much more than 
just the five major saponins. For example, an analysis of a 
concentrated extract of the aerial parts of Bacopa reported 
45% saponins when analysed using the 
spectrophotometry method. Using a HPLC method, the 
content was 11.4% for the sum of 4 of the major saponins 
(bacoside A3, bacopaside II, bacopasaponin C and 
bacopaside X).106,107 It is therefore difficult to compare the 
results of trials over time that cite reported standardised 
content.  
 

Clinical Studies 

A number of clinical studies have been conducted with a 
standardised, concentrated extract of Bacopa whole 
plant.108-112 The extract is 20:1 in strength,110 and known to 
contain the major saponins. Children received 225 mg/day 
of extract (4.5 g/day dried whole plant) and adults 
received 300 or 450 mg/day of extract (6 or 9 g/day dried 
whole plant).108-112 Information provided by the company 
reveals the extract to contain 45% total saponins, of which 
26% is made up of the sum of bacoside A3, bacopaside I, 
bacopaside II, bacopasaponin C and jujubogenin isomer of 
bacopasaponin C. The product used in one trial was 
analysed,109 and the content of these five saponins totalled 
38%.  
 
Twenty-seven children with attention deficit hyperactivity 
disorder (ADHD) completed a clinical study performed in 
India. They were treated with 225 mg/day of extract for 6 
months. The participants were aged between 6 and 12 
years, were diagnosed with ADHD using DSM-IV criteria 
and had onset of symptoms before 7 years of age. 
Children with autism or epilepsy and those with an 
intellectual disability (IQ < 80) were excluded. The primary 
outcome was the change in ADHD symptom scores for 7 
subtests (restlessness, impulsivity, attention deficit, social 
problems, self control, psychiatric problems, learning 
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problems) of 3 domains related to the DSM-IV diagnostic 
criteria: inattention, hyperactivity and impulsivity. The 
subtests were assessed using the parent rating scale for 
ADHD: a 1- to 4-point scale. Bacopa standardised extract 
significantly reduced the subtest scores of ADHD 
symptoms, except for social problems.108  
• The improvement in scores for restlessness, self 

control, attention deficit, learning problems and 
psychiatric problems were in the order of 16-19%. 

• The symptom scores for restlessness were reduced in 
93% of children, whereas improvement in self control 
was observed in 89% of the children. The attention 
deficit symptoms were reduced in 85% of children. 
Symptom scores for learning problems, impulsivity 
and psychiatric problems were reduced for 78%, 67% 
and 52% of children, respectively.  

• Seventy-four percent of the children exhibited up to a 
20% improvement, while 26% of children showed 
improvement between 21% and 50% in the total 
scores. 

 
A 2008 study conducted in India enrolled 28 participants 
aged between 4 and 18 years to evaluate the effect of 
Bacopa on cognitive function in those requiring an 
individualised education programme. The children and 
adolescents had an IQ between 70 and 90 (which signifies 
low average or borderline intelligence), and were treated 
with 225 mg/day of extract for 4 months. Children with 
cerebral palsy, physical disability or epilepsy were 
excluded from the study. The effect on memory was 
measured using memory scale tests (total score and 10 
subtests). Twenty-four participants completed the study.109  
• There was up to a 20% increase in improvement in 

the total score for 54% of the children and 
adolescents, while 21% showed increases of 21-50%. 

• Of the 10 subtests, significant improvement occurred 
for 8 of them in a varying number of students. There 
was a significant improvement from baseline in 
working memory and short-term verbal memory (5.21 
to 6.38, and 5.33 to 6.54, respectively) in 71% of 
participants. Significant improvement was also seen in 
logical memory (repeating sentences) in 50%, and 
visual representation (short-term memory for non-
verbal, graphic material) in 58% of participants. 

 
A randomised, double-blind trial conducted in Australia 
investigated the effect of Bacopa on memory in healthy 
older persons. Participants took 300 mg/day of extract or 
placebo for 12 weeks. Ninety-eight people of an average 
age of 65 years commenced the trial and 81 completed it. 
They were healthy and did not have dementia or 
depression. Three tests and a questionnaire were used to 
evaluate auditory-verbal memory, visuospatial memory 
and subjective memory performance: Rey Auditory Verbal 
Learning Test (AVLT), Rey-Osterrieth Complex Figure Test 
(CFT), Trail Making Test (TMT) and the Memory Complaint 
Questionnaire (MAC-Q).110  

• Bacopa significantly improved verbal learning, 
memory acquisition and delayed recall compared to 
placebo as measured using the AVLT. 

• CFT, MAC-Q and TMT scores improved but the 
differences between the groups were not significant.  

• The following side effects occurred significantly more 
often in the Bacopa group: increased stool frequency, 
nausea and abdominal cramps. 

 
Another randomised, double-blind trial, performed in India 
investigated the effect of Bacopa on memory in the 
elderly. Individuals aged between 50 and 75 years with a 
complaint of memory impairment for at least one year 
without any major cognitive deficit were enrolled. (They 
were assessed at baseline and participants needed to 
score 24 or above on the Mini Mental State Examination 
test.) Participants took 450 mg/day of extract or placebo 
for 12 weeks. They were evaluated using Rey Auditory 
Verbal Learning Test and Weschler Memory Scale-I. Of the 
59 individuals that completed the trial, the results of 15 
were excluded from analysis as they were regarded as 
outliers. The average age of these 44 participants was 62.9 
years (placebo group) and 65.5 years (Bacopa group).111  
• Compared to placebo, Bacopa significantly improved 

performance in tests associated with attention and 
verbal memory. The results indicate that Bacopa 
improved auditory registration of information and 
immediate attention, as well as improved retrieval of 
information. 

• There were no side effects reported. 
 
In a trial of the same design, Bacopa did not have an 
effect on cognitive function in healthy volunteers. The 
participants were drawn from the normal Indian adult 
population, and the average age of the 66 who completed 
the trial was approximately 42 years. Those with high 
levels of depression or anxiety or issues with alcohol were 
excluded from the study. Participants took 450 mg/day of 
extract or placebo for 12 weeks. Several tests were used 
to assess cognitive function including the Rey Auditory 
Verbal Learning Test.112 
 
There are many other trials that have evaluated other 
standardised Bacopa extracts.  
 
A meta-analysis analysed the results of 9 randomised, 
placebo-controlled trials. The trials were of 12 weeks or 
longer duration, published by June 2013 and assessed 
cognitive effects in healthy volunteers (7 trials) or those 
with some memory impairment (2 trials).113 Three of the 
trials discussed above were included.110-112 The trials used 
such a variety of tests and measurements that for 
individual outcomes the results could only be pooled for 2, 
3 or 4 trials. There was high heterogeneity and almost all 
of the results were not significant. The exception was, that 
when a sufficient dose was prescribed, Bacopa improved 
the speed of attention. This was evidenced by the 
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significant decrease in choice reaction time (2 trials with 
healthy volunteers given extract equivalent to 6 and 
8 g/day of dried whole plant, providing 165 and 
176 mg/day of bacosides (determined by 
spectrophotometry)).114-117 There was one other significant 
result: Bacopa, at this substantial dose, improved memory 
by decreasing the time taken to complete the specified 
task (one trial).114 The inconclusive results may also have 
been influenced by the variety of extracts and doses of 
active constituents administered.113  
 
One of the trials included in the meta-analysis also 
investigated depression and anxiety in the healthy elderly 
volunteers. After a placebo run-in period of 6 weeks, 
participants of average age 73.5 years, received tablets of 
standardised Bacopa extract (equivalent to approximately 
15 g/day of dried aerial parts, containing 150 mg/day of 
bacosides, determined using spectrophotometry) or 
placebo for 12 weeks. Depression and anxiety scores 
decreased over time for the Bacopa group, compared to an 
increase in the placebo group. These results were 
statistically significant, and the trial was conducted in the 
United States.118  
 
A randomised clinical trial has been published since the 
meta-analysis. The Indian researchers investigated the 
effect of Bacopa in a group of medical students (aged 19-
22 years). Participants took concentrated extract of aerial 
parts of Bacopa (300 mg/day) or placebo for 6 weeks. The 
extract was said to contain 45% saponins when analysed 
using the spectrophotometry method, and HPLC method 
determined it contained 11.4% as the total of bacoside A3, 
bacopaside II, bacopasaponin C and bacopaside X. Bacopa 
had a significant effect on some aspects of memory.107   
• Measures for the efficiency of attention, freedom from 

distractibility, working memory, immediate recall of 
logical material and language comprehension 
improved significantly compared to placebo.  

 
A study in Thailand recorded electroencephalograms (EEGs) 
of 20 healthy volunteers aged 20-40 years who received 
an undefined extract of Bacopa for 8 weeks. They were 
given spatial ability tests and after 8 weeks of treatment, 
the scores were significantly improved. Analysis of the 
EEGs found the beta wave was significantly decreased. The 
authors suggest that by moving the electrical oscillations 
to a lower ratio of beta waves, Bacopa may put the person 
in a more relaxed state, with less stress and a better 
ability to concentrate.119  
 
 
 

Safety 

Acetyl-L-Carnitine 

ALCAR is considered safe and well tolerated, even when 
used for longer durations (up to one year). Side effects are 
infrequent, but may include: 
• gastrointestinal symptoms such as diarrhoea, nausea 

and vomiting;18 
• headaches – a reason for discontinuation, although the 

study in question found no significant difference in 
adverse reactions compared to placebo;120 

• insomnia.12 
 

Concomitant use with blood thinning medication (including 
warfarin) should be avoided due to potential blood 
thinning effect of ALCAR.121 
 

Magnesium 

The most common adverse effects of oral magnesium 
supplementation are mild but infrequent and easily 
reversible diarrhoea and gastric irritation. Dividing total 
daily supplemental amounts over two to three separate 
doses may help to reduce this risk and maximise 
bioavailability. 
 
Magnesium supplementation should be done cautiously in 
people with compromised renal function and is 
contraindicated in renal failure and heart block (unless a 
pacemaker is present). 
 
If taking tetracycline or fluoroquinolone antibiotics, 
separate doses by at least two hours. 
 

Saffron 

Saffron has reportedly been used as an abortifacient at 
doses of 10 g. Daily doses of up to 1.5 g are thought to be 
safe. Descriptions of adverse effects for doses of  
1.2–4 g/day are mostly found the older literature (prior to 
1925), and bear little relationship to dosage (i.e. reported 
adverse effects were not dependent upon dose). It is 
possible that the correct botanical species was not 
identified, and the more toxic plant, meadow saffron 
(Colchicum autumnale), was responsible.122 Islamic 
traditional medicine ascribes Saffron with oxytocic activity 
and it is recommended to facilitate difficult labour, but the 
prescribed doses are high: 3.5–7 g.123 Traditional Chinese 
medicine advises against the use of Saffron in pregnancy 
with a caution (dose: 3–9 g)68 and contraindication (dose: 
1.5–6 g)124 noted. 
 
Two of 39 women with postpartum depression treated 
with Saffron (30 mg/day of dried stigma) in a clinical trial 
withdrew due to low milk supply.84 
 
Two double-blind, placebo-controlled trials investigated 
the effect of Saffron taken for 7 days on coagulation 
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parameters in healthy volunteers. No significant effect was 
observed in the larger trial (n = 60).125,126 Minor effects on 
bleeding time and international normalised ratio (INR) 
were observed in the smaller trial (n = 30) for those 
receiving Saffron (200 mg/day dried stigma). However, 
the changes were within the normal range and not 
considered clinically important. In addition, there was no 
effect at the higher dose of 400 mg/day. One female 
volunteer in each group of 5 women receiving Saffron 
showed abnormal uterine bleeding.126 
 
In the following studies, the extract was the same as that 
described in the depression and Alzheimer's disease trials 
above, so probably corresponded (in order of presentation 
below) to about 360 and 180 mg/day of dried stigma. 
• Two randomised studies found statistically significant 

decreases in red blood cells, white blood cells and 
platelets after consumption of Saffron extract for 12 
weeks127 and 26 weeks.128 The observed changes were 
not regarded as clinically significant. 

• A preliminary study investigated the safety of 
concomitant use of Saffron in 20 patients taking 
selective serotonin reuptake inhibitors. Saffron extract 
taken for 4 weeks had no significant effect on a wide 
range of laboratory parameters such as liver function, 
renal function (including blood urea nitrogen and 
creatinine) and coagulation factors including 
prothrombin time and INR.129  

 
Saffron increased blood urea nitrogen and creatinine in 
healthy volunteers who received 400 mg/day dried 
stigma, for 7 days. Blood urea nitrogen was increased 
when prescribed at 200 mg/day. The effect was not 
regarded as clinically important, as the values were in the 
normal range.126 
 
Allergy or sensitization to Saffron occurs rarely.130,131 
 

Bacopa 

Bacopa is generally well tolerated with only minor and 
transient adverse events, primarily gastrointestinal 
discomfort, reported. 
 
For example, 23 healthy volunteers were administered the 
standardised extract of Bacopa whole plant described 
above (20:1; 300 mg/day for 15 days then 450 mg/day 
for 15 days). Mild gastrointestinal disturbances occurred in 
3 participants: epigastric burning (1; lower dose), nausea 
(1; lower dose) and bloating (1; higher dose). The 
symptoms subsided without requiring the extract to be 
discontinued.132  
 
 
 
 
 

Supportive Formulation 

These nutrients and herbs complement each other to support the 
following actions: 
• antidepressant; 
• neuroprotective, potentially aided by anti-inflammatory and 

antioxidant activity; 
• nerve and general tonic; 
• analgesic. 

 

Indications 

• Supports concentration, attention and working memory. 
• Attention deficit hyperactivity disorder. 
• Depression, fatigue, mild stress. 
• May provide support for autism spectrum disorders and 

schizophrenia. 
• Supportive therapy in cognitive decline and Alzheimer’s 

disease. 
• Supportive therapy in fibromyalgia, multiple sclerosis and 

peripheral neuropathy. 
 

 
REFERENCES 
 
1. Wang, S.M., et al., A review of current evidence for acetyl-l-carnitine in 
the treatment of depression. J Psychiatr Res, 2014. 53: p. 30-37. 
[Abstract] 
2. Wilson, A.D., et al., Acetyl-l-carnitine increases nerve regeneration and 
target organ reinnervation - a morphological study. J Plast Reconstr 
Aesthet Surg, 2010. 63(7): p. 1186-95. [Abstract] 
3. Veronese, N., et al., Acetyl-L-Carnitine Supplementation and the 
Treatment of Depressive Symptoms: A Systematic Review and Meta-
Analysis. Psychosom Med, 2018. 80(2): p. 154-59. [Abstract] 
4. Meister, R., et al., Comparative Safety of Pharmacologic Treatments for 
Persistent Depressive Disorder: A Systematic Review and Network Meta-
Analysis. PloS One, 2016. 11(5): p. e0153380. [Abstract] 
5. Nasca, C., et al., L-acetylcarnitine causes rapid antidepressant effects 
through the epigenetic induction of mGlu2 receptors. Proc Natl Acad Sci U 
S A, 2013. 110(12): p. 4804-09. [Article] 
6. Bersani, G., et al., L-Acetylcarnitine in dysthymic disorder in elderly 
patients: a double-blind, multicenter, controlled randomized study vs. 
fluoxetine. Eur Neuropsychopharmacol, 2013. 23(10): p. 1219-25. 
[Abstract] 
7. Chiechio, S., P.L. Canonico, and M. Grilli, l-Acetylcarnitine: A 
Mechanistically Distinctive and Potentially Rapid-Acting Antidepressant 
Drug. Int J Mol Sci, 2017. 19(1): p. 11. [Article] 
8. Zanardi, R. and E. Smeraldi, A double-blind, randomised, controlled 
clinical trial of acetyl-L-carnitine vs. amisulpride in the treatment of 
dysthymia. Eur Neuropsychopharmacol, 2006. 16(4): p. 281-87. [Abstract] 
9. Malaguarnera, M., et al., Acetyl-L-carnitine reduces depression and 
improves quality of life in patients with minimal hepatic encephalopathy. 
Scand J Gastroenterol, 2011. 46(6): p. 750-59. [Abstract] 
10. Malaguarnera, M., et al., Acetyl L-carnitine (ALC) treatment in elderly 
patients with fatigue. Arch Gerontol Geriatr, 2008. 46(2): p. 181-90. 
[Abstract] 
11. Tomassini, V., et al., Comparison of the effects of acetyl L-carnitine 
and amantadine for the treatment of fatigue in multiple sclerosis: results 
of a pilot, randomised, double-blind, crossover trial. J Neurol Sci, 2004. 
218(1-2): p. 103-08. [Abstract] 
12. Ledinek, A.H., M.C. Sajko, and U. Rot, Evaluating the effects of 
amantadin, modafinil and acetyl-L-carnitine on fatigue in multiple 
sclerosis--result of a pilot randomized, blind study. Clin Neurol Neurosurg, 
2013. 115(Suppl 1): p. S86-89. [Abstract] 
13. Rossini, M., et al., Double-blind, multicenter trial comparing acetyl l-
carnitine with placebo in the treatment of fibromyalgia patients. Clin Exp 
Rheumatol, 2007. 25(2): p. 182-88. [Abstract] 



Not for Public Distribution. For Education of Health Care Professionals Only. 15 

14. Leombruni, P., et al., A randomised controlled trial comparing 
duloxetine and acetyl L-carnitine in fibromyalgic patients: preliminary 
data. Clin Exp Rheumatol, 2015. 33(1 Suppl 88): p. S82-85. [Abstract] 
15. Abdul, H.M., et al., Acetyl-L-carnitine-induced up-regulation of heat 
shock proteins protects cortical neurons against amyloid-beta peptide 1-
42-mediated oxidative stress and neurotoxicity: implications for 
Alzheimer's disease. J Neurosci Res, 2006. 84(2): p. 398-408. [Abstract] 
16. Epis, R., et al., Modulatory effect of acetyl-L-carnitine on amyloid 
precursor protein metabolism in hippocampal neurons. Eur J Pharmacol, 
2008. 597(1-3): p. 51-56. [Abstract] 
17. Zhou, P., et al., Acetyl-L-carnitine attenuates homocysteine-induced 
Alzheimer-like histopathological and behavioral abnormalities. 
Rejuvenation Res, 2011. 14(6): p. 669-79. [Abstract] 
18. Hudson, S. and N. Tabet, Acetyl-L-carnitine for dementia. Cochrane 
Database Syst Rev, 2003(2): p. CD003158. [Article] 
19. Pettegrew, J.W., et al., Clinical and neurochemical effects of acetyl-L-
carnitine in Alzheimer's disease. Neurobiol Aging, 1995. 16(1): p. 1-4. 
[Abstract] 
20. Yang, Y., et al., A Multicenter, Randomized, Double-blind, Placebo-
controlled Clinical Trial for Efficacy of Acetyl-L-carnitine in Patients with 
Dementia Associated with Cerebrovascular Disease. Dement Neurocogn 
Disord, 2018. 17(1): p. 1-10. [Article] 
21. Di Stefano, G., et al., Acetyl-L-carnitine in painful peripheral 
neuropathy: a systematic review. J Pain Res, 2019. 12: p. 1341-51. 
[Article] 
22. Li, S., et al., Acetyl-L-carnitine in the treatment of peripheral 
neuropathic pain: a systematic review and meta-analysis of randomized 
controlled trials. PLoS One, 2015. 10(3): p. e0119479. [Article] 
23. Zhang, M., et al., Methylcobalamin: a potential vitamin of pain killer. 
Neural Plast, 2013. 2013: p. 424651. [Article] 
24. Jia, H.Y., H.M. Tian, and D. Wei, Effects of methylcobalamin on diabetic 
peripheral neuropathy: A systematic review. CJEBM, 2005. 5(8): p. 609-
17. 
25. Li, S., et al., Effects of acetyl-L-carnitine and methylcobalamin for 
diabetic peripheral neuropathy: A multicenter, randomized, double-blind, 
controlled trial. J Diabetes Investig, 2016. 7(5): p. 777-85. [Article] 
26. Cruccu, G., et al., L-Acetyl-carnitine in Patients with Carpal Tunnel 
Syndrome: Effects on Nerve Protection, Hand Function and Pain. CNS 
Drugs, 2017. 31(12): p. 1103-11. [Article] 
27. Cools, R. and M. D'Esposito, Inverted-U-shaped dopamine actions on 
human working memory and cognitive control. Biol Psychiatry, 2011. 
69(12): p. e113-e125. [Article] 
28. Steenbergen, L., et al., Tyrosine promotes cognitive flexibility: 
evidence from proactive vs. reactive control during task switching 
performance. Neuropsychologia, 2015. 69: p. 50-55. [Abstract] 
29. Jongkees, B.J., et al., Effect of tyrosine supplementation on clinical and 
healthy populations under stress or cognitive demands--A review. J 
Psychiatr Res, 2015. 70: p. 50-57. [Abstract] 
30. Deijen, J.B., et al., Tyrosine improves cognitive performance and 
reduces blood pressure in cadets after one week of a combat training 
course. Brain Res Bull, 1999. 48(2): p. 203-09. [Abstract] 
31. Colzato, L.S., et al., Working memory reloaded: tyrosine repletes 
updating in the N-back task. Front Behav Neurosci, 2013. 7: p. 200. 
[Article] 
32. Jentsch, J.D. and Z.T. Pennington, Reward, interrupted: Inhibitory 
control and its relevance to addictions. Neuropharmacology, 2014. 76(Pt 
B): p. 479-86. [Article] 
33. Colzato, L.S., et al., Eating to stop: tyrosine supplementation enhances 
inhibitory control but not response execution. Neuropsychologia, 2014. 
62: p. 398-402. [Abstract] 
34. Gropper, S.S., J.L. Smith, and T.P. Carr, Advanced Nutrition and Human 
Metabolism. 7th ed. 2018, Boston, MA: Cengage Learning. 
35. Huskisson, E., S. Maggini, and M. Ruf, The Role of Vitamins and 
Minerals in Energy Metabolism and Well-Being. J Int Med Res, 2007. 
35(3): p. 277-89. [Abstract] 
36. Yary, T., S. Aazami, and K. Soleimannejad, Dietary intake of 
magnesium may modulate depression. Biol Trace Elem Res, 2013. 
151(3): p. 324-29. [Abstract] 
37. Heinitz, M., Magnesium and Alzheimers Disease: The Cholinergic 
Hypothesis. Swiss J Integrat Med, 2012. 24: p. 371-74. 

38. Bagis, S., et al., Is magnesium citrate treatment effective on pain, 
clinical parameters and functional status in patients with fibromyalgia? 
Rheumatol Int, 2013. 33(1): p. 167-72. [Abstract] 
39. Dušanka, Z., et al., Pituitary-Gonadal, Pituitary-Adrenocortical 
Hormones and IL-6 Levels Following Long-Term Magnesium 
Supplementation in Male Students. J Med Biochem, 2014. 33(3): p. 291-
98. 
40. Hariri, M. and L. Azadbakht, Magnesium, Iron, and Zinc 
Supplementation for the Treatment of Attention Deficit Hyperactivity 
Disorder: A Systematic Review on the Recent Literature. Int J Prev Med, 
2015. 6: p. 83. [Article] 
41. El Baza, F., et al., Magnesium supplementation in children with 
attention deficit hyperactivity disorder. Egypt J Med Hum Genet, 2016. 
17(1): p. 63-70. 
42. Eby, G.A. and K.L. Eby, Magnesium for treatment-resistant depression: 
A review and hypothesis. Med Hypotheses, 2010. 74(4): p. 649-60. 
[Abstract] 
43. Eby, G.A. and K.L. Eby, Rapid recovery from major depression using 
magnesium treatment. Med Hypotheses, 2006. 67(2): p. 362-70. 
[Abstract] 
44. Barragan-Rodriguez, L., M. Rodriguez-Moran, and F. Guerrero-Romero, 
Efficacy and safety of oral magnesium supplementation in the treatment 
of depression in the elderly with type 2 diabetes: a randomized, 
equivalent trial. Magnes Res, 2008. 21(4): p. 218-23. [Abstract] 
45. Pouteau, E., et al., Superiority of magnesium and vitamin B6 over 
magnesium alone on severe stress in healthy adults with low 
magnesemia: A randomized, single-blind clinical trial. PloS One, 2018. 
13(12): p. e0208454. [Article] 
46. Frankenburg, F.R., The role of one-carbon metabolism in 
schizophrenia and depression. Harv Rev Psychiatry, 2007. 15(4): p. 146-
60. [Abstract] 
47. Smythies, J., The Role of Abnormalities Related to the One Carbon 
Cycle in Depression and Schizophrenia. Neurosci Med, 2012. 3: p. 101-06. 
48. de Vries, G.J., et al., Altered one-carbon metabolism in posttraumatic 
stress disorder. J Affect Disord, 2015. 184: p. 277-85. [Abstract] 
49. Coppede, F., et al., Application of artificial neural networks to 
investigate one-carbon metabolism in Alzheimer's disease and healthy 
matched individuals. PLoS One, 2013. 8(8): p. e74012. [Article] 
50. Baek, J.H., E.E. Bernstein, and A.A. Nierenberg, One-carbon 
metabolism and bipolar disorder. Aust N Z J Psychiatry, 2013. 47(11): p. 
1013-18. [Abstract] 
51. Zhang, Y., et al., Decreased Brain Levels of Vitamin B12 in Aging, 
Autism and Schizophrenia. PLoS One, 2016. 11(1): p. e0146797. [Article] 
52. Bertoglio, K., et al., Pilot study of the effect of methyl B12 treatment 
on behavioral and biomarker measures in children with autism. J Altern 
Complement Med, 2010. 16(5): p. 555-60. [Abstract] 
53. Fricker, R.A., et al., The Influence of Nicotinamide on Health and 
Disease in the Central Nervous System. Int J Tryptophan Res: p. [Ahead of 
Print]. [Article] 
54. Frye, R.E., et al., Effectiveness of methylcobalamin and folinic Acid 
treatment on adaptive behavior in children with autistic disorder is 
related to glutathione redox status. Autism Res Treat, 2013. 2013: p. 
609705. [Article] 
55. Chen, H., et al., Folic Acid Supplementation Mitigates Alzheimer's 
Disease by Reducing Inflammation: A Randomized Controlled Trial. 
Mediators Inflamm, 2016. 2016: p. 5912146. [Article] 
56. Ramaekers, V.T., et al., Folinic acid treatment for schizophrenia 
associated with folate receptor autoantibodies. Mol Genet Metab, 2014. 
113(4): p. 307-14. [Abstract] 
57. Szewczyk, B., M. Kubera, and G. Nowak, The role of zinc in 
neurodegenerative inflammatory pathways in depression. Prog 
Neuropsychopharmacol Biol Psychiatry, 2011. 35(3): p. 693-701. 
[Abstract] 
58. Mlyniec, K., Zinc in the Glutamatergic Theory of Depression. Curr 
Neuropharmacol, 2015. 13(4): p. 505-13. [Article] 
59. Tena-Campos, M., et al., Zinc Is Involved in Depression by Modulating 
G Protein-Coupled Receptor Heterodimerization. Mol Neurobiol, 2016. 
53(3): p. 2003-15. [Abstract] 
60. Swardfager, W., et al., Potential roles of zinc in the pathophysiology 
and treatment of major depressive disorder. Neurosci Biobehav Rev, 
2013. 37(5): p. 911-29. [Abstract] 



Not for Public Distribution. For Education of Health Care Professionals Only. 16 

61. Lepping, P. and M. Huber, Role of zinc in the pathogenesis of 
attention-deficit hyperactivity disorder: implications for research and 
treatment. CNS Drugs, 2010. 24(9): p. 721-28. [Abstract] 
62. Gronli, O., et al., Zinc deficiency is common in several psychiatric 
disorders. PLoS One, 2013. 8(12): p. e82793. [Article] 
63. Maserejian, N.N., S.A. Hall, and J.B. McKinlay, Low dietary or 
supplemental zinc is associated with depression symptoms among 
women, but not men, in a population-based epidemiological survey. J 
Affect Disord, 2012. 136(3): p. 781-88. [Article] 
64. Piao, M., et al., The Role of Zinc in Mood Disorders. Neuropsychiatry, 
2017. 7(4): p. 378-86. 
65. Yang, R., et al., Blood Levels of Trace Elements in Children with 
Attention-Deficit Hyperactivity Disorder: Results from a Case-Control 
Study. Biol Trace Elem Res, 2019. 187(2): p. 376-82. [Abstract] 
66. Nadkarni, A., Dr K.M. Nadkarni’s Indian Materia Medica. 3rd ed. 
Popular Prakashan. Vol. 1. 1976, Bombay, India: First published 1954, 
reprinted Popular Prakashan. 
67. Ellingwood, F. and J.U. Lloyd, American Materia Medica, Therapeutics 
and Pharmacognosy. 11th ed. Naturopathic Medical Series: Botanical 
Volume 2. 1983, Portland: First published 1898, reprinted Eclectic Medical 
Publications. 
68. Pharmacopoeia Commission of the Ministry of PRC, Pharmacopoeia of 
the People's Republic of China (English Edition). 1997, Beijing: Chemical 
Industry Press. 
69. Bharatiya Vidya Bhavan’s Swami Prakashananda Ayurveda Research 
Centre, Selected Medicinal Plants of India. 1992, Bombay: Chemexcil. 
70. Lev, E. and Z. Amar, Ethnopharmacological survey of traditional drugs 
sold in the Kingdom of Jordan. J Ethnopharmacol, 2002. 82(2-3): p. 131-
45. [Abstract] 
71. Afifi, F.U. and B. Abu-Irmaileh, Herbal medicine in Jordan with special 
emphasis on less commonly used medicinal herbs. J Ethnopharmacol, 
2000. 72(1-2): p. 101-10. [Abstract] 
72. Mousavi, S. and S. Bathaie, Historical uses of saffron: Identifying 
potential new avenues for modern research. Avicenna J Phytomed, 2011. 
1(2): p. 57-66. 
73. Culpeper, N., Culpeper's Complete Herbal, and English Physician. 
1981, Bath: First published 1826, reprinted Harvey Sales. 
74. Frawley, D. and V. Lad, The Yoga of Herbs: An Ayurvedic Guide to 
Herbal Medicine. 2nd ed. 1988, Santa Fe: Lotus Press. 
75. Ebadi, N., et al., Convoy drugs in traditional Persian medicine: The 
historical concepts of bioavailability and targeting. Trad Integr Med, 2015. 
1(1): p. 18-27. 
76. Verma, R.S. and D. Middha, Analysis of saffron (Crocus sativus L. 
stigma) components by LC–MS–MS. Chromatographia, 2010. 71(1-2): p. 
117-23. 
77. Bisset NG (ed), Herbal Drugs and Phytopharmaceuticals: A Handbook 
for Practice on a Scientific Basis. 1994, Stuttgart: Medpharm Scientific 
Publishers. 
78. Bathaie, S.Z. and S.Z. Mousavi, New applications and mechanisms of 
action of saffron and its important ingredients. Crit Rev Food Sci Nutr, 
2010. 50(8): p. 761-86. [Abstract] 
79. Zarinkamar, F., S. Tajik, and S. Soleimanpour, Effects of Altitude on 
Anatomy and Concentration of Crocin, Picrocrocin and Safranal in Crocus 
sativus L. Aust J Crop Sci, 2011. 5(7): p. 831-38. 
80. Kell, G., et al., affron® a novel saffron extract (Crocus sativus L.) 
improves mood in healthy adults over 4 weeks in a double-blind, parallel, 
randomized, placebo-controlled clinical trial. Complement Ther Med, 
2017. 33: p. 58-64. [Abstract] 
81. Lopresti, A.L., et al., affron® , a standardised extract from saffron 
(Crocus sativus L.) for the treatment of youth anxiety and depressive 
symptoms: A randomised, double-blind, placebo-controlled study. J Affect 
Disord, 2018. 349: p. 349-57. [Abstract] 
82. Lopresti, A.L., et al., Efficacy of a standardised saffron extract 
(affron(R)) as an add-on to antidepressant medication for the treatment 
of persistent depressive symptoms in adults: A randomised, double-blind, 
placebo-controlled study. J Psychopharmacol, 2019. 33(11): p. 1415-27. 
[Abstract] 
83. Mazidi, M., et al., A double-blind, randomized and placebo-controlled 
trial of Saffron (Crocus sativus L.) in the treatment of anxiety and 
depression. J Complement Integr Med, 2016. 13(2): p. 195-99. [Abstract] 
84. Tabeshpour, J., et al., A double-blind, randomized, placebo-controlled 
trial of saffron stigma (Crocus sativus L.) in mothers suffering from mild-

to-moderate postpartum depression. Phytomedicine, 2017. 36: p. 145-52. 
[Abstract] 
85. Sahraian, A., et al., Study the effects of saffron on depression and 
lipid profiles: A double blind comparative study. Asian J Psychiatr, 2016. 
22: p. 174-76. [Abstract] 
86. Jelodar, G., et al., Saffron improved depression and reduced 
homocysteine level in patients with major depression: A Randomized, 
double-blind study. Avicenna J Phytomed, 2018. 8(1): p. 43-50. [Article] 
87. Akhondzadeh, S., et al., Crocus sativus L. in the treatment of mild to 
moderate depression: a double-blind, randomized and placebo-controlled 
trial. Phytother Res, 2005. 19(2): p. 148-51. [Abstract] 
88. Noorbala, A.A., et al., Hydro-alcoholic extract of Crocus sativus L. 
versus fluoxetine in the treatment of mild to moderate depression: a 
double-blind, randomized pilot trial. J Ethnopharmacol, 2005. 97(2): p. 
281-84. [Abstract] 
89. Shahmansouri, N., et al., A randomized, double-blind, clinical trial 
comparing the efficacy and safety of Crocus sativus L. with fluoxetine for 
improving mild to moderate depression in post percutaneous coronary 
intervention patients. J Affect Disord, 2014. 155: p. 216-22. [Abstract] 
90. Akhondzadeh, S., et al., Comparison of Crocus sativus L. and 
imipramine in the treatment of mild to moderate depression: a pilot 
double-blind randomized trial [ISRCTN45683816]. BMC Complement 
Altern Med, 2004. 4: p. 12. [Article] 
91. Kashani, L., et al., Efficacy of Crocus sativus (saffron) in treatment of 
major depressive disorder associated with post-menopausal hot flashes: a 
double-blind, randomized, placebo-controlled trial. Arch Gynecol Obstet, 
2018. 297(3): p. 717-24. [Abstract] 
92. Ghajar, A., et al., Crocus sativus L. versus Citalopram in the Treatment 
of Major Depressive Disorder with Anxious Distress: A Double-Blind, 
Controlled Clinical Trial. Pharmacopsychiatry, 2017. 50(4): p. 152-60. 
[Abstract] 
93. Shakiba, M., et al., Saffron (Crocus sativus) versus duloxetine for 
treatment of patients with fibromyalgia: A randomized double-blind 
clinical trial. Avicenna J Phytomed, 2018. 8(6): p. 513-23. [Article] 
94. Akhondzadeh, S., et al., Saffron in the treatment of patients with mild 
to moderate Alzheimer's disease: a 16-week, randomized and placebo-
controlled trial. J Clin Pharm Ther, 2010. 35(5): p. 581-8. [Abstract] 
95. Akhondzadeh, S., et al., A 22-week, multicenter, randomized, double-
blind controlled trial of Crocus sativus in the treatment of mild-to-
moderate Alzheimer's disease. Psychopharmacology (Berl), 2010. 207(4): 
p. 637-43. [Abstract] 
96. Farokhnia, M., et al., Comparing the efficacy and safety of Crocus 
sativus L. with memantine in patients with moderate to severe 
Alzheimer's disease: a double-blind randomized clinical trial. Hum 
Psychopharmacol, 2014. 29(4): p. 351-59. [Abstract] 
97. Nemat Shahi, M., et al., The Impact of Saffron on Symptoms of 
Withdrawal Syndrome in Patients Undergoing Maintenance Treatment for 
Opioid Addiction in Sabzevar Parish in 2017. Adv Med, 2017. 2017: p. 
1079132. [Article] 
98. Chopra, R., et al., Indigenous Drugs of India. 2nd ed. 1982, Calcutta: 
First published 1958, reprinted Academic Publishers. 
99. Sandu, D.V., Indian Therapeutics. 2nd ed. 1987, Dehli: Sri Satguru 
Publications. 
100. Government of India, The Ayurvedic Pharmacopoeia of India - Part I - 
Volume II. India: Ministry of Health and Family Welfare, Government of 
India. 
101. Puri, H.S., Rasayana: Ayurvedic Herbs for Longevity and 
Rejuvenation: Volume 2 of Traditional Herbal Medicines for Modern 
Times. 2003, London: Taylor & Francis. 
102. Pole, S., Ayurvedic Medicine: The Principles of Traditional Practice. 
2013, London: Singing Dragon. 
103. Murthy, P.B., et al., Estimation of twelve bacopa saponins in Bacopa 
monnieri extracts and formulations by high-performance liquid 
chromatography. Chem Pharm Bull, 2006. 54(6): p. 907-11. [Abstract] 
104. Deepak, M. and A. Amit, 'Bacoside B'--the need remains for 
establishing identity. Fitoterapia, 2013. 87: p. 7-10. [Abstract] 
105. Saesong, T., et al., Pharmacognostic and physico-chemical 
investigations of the aerial part of Bacopa monnieri (L.) Wettst. 
Songklanakarin J Sci Technol, 2019. 41(2): p. 397-404. 
106. Dowell, A., G. Davidson, and D. Ghosh, Validation of Quantitative 
HPLC Method for Bacosides in KeenMind. Evid Based Complement Alternat 
Med, 2015. 2015: p. 696172. [Article] 



Not for Public Distribution. For Education of Health Care Professionals Only. 17 

107. Kumar, N., et al., Efficacy of Standardized Extract of Bacopa monnieri 
(Bacognize(R)) on Cognitive Functions of Medical Students: A Six-Week, 
Randomized Placebo-Controlled Trial. Evid Based Complement Alternat 
Med, 2016. 2016: p. 4103423. [Article] 
108. Dave, U.P., et al., An open-label study to elucidate the effects of 
standardized Bacopa monnieri extract in the management of symptoms 
of attention-deficit hyperactivity disorder in children. Adv Mind Body 
Med, 2014. 28(2): p. 10-15. [Abstract] 
109. Dave, U.P., et al., Bacomind®: A cognitive enhancer in children 
requiring individual education programme. J Pharmacol Toxicol, 2008. 
3(4): p. 302-10. 
110. Morgan, A. and J. Stevens, Does Bacopa monnieri improve memory 
performance in older persons? Results of a randomized, placebo-
controlled, double-blind trial. J Altern Complement Med, 2010. 16(7): p. 
753-59. [Abstract] 
111. Barbhaiya, H.C., et al., Efficacy and tolerability of BacoMind on 
memory improvement in elderly participants - a double blind placebo 
controlled study. J Pharmacol Toxicol, 2008. 3(6): p. 425-34. 
112. Sathyanarayanan, V., et al., Brahmi for the better? New findings 
challenging cognition and anti-anxiety effects of Brahmi (Bacopa 
monniera) in healthy adults. Psychopharmacology (Berl), 2013. 227(2): p. 
299-306. [Abstract] 
113. Kongkeaw, C., et al., Meta-analysis of randomized controlled trials 
on cognitive effects of Bacopa monnieri extract. J Ethnopharmacol, 2014. 
151(1): p. 528-35. [Abstract] 
114. Stough, C., et al., The chronic effects of an extract of Bacopa 
monniera (Brahmi) on cognitive function in healthy human subjects. 
Psychopharmacology (Berl), 2001. 156(4): p. 481-84. [Abstract] 
115. Stough, C., et al., Erratum to: The chronic effects of an extract of 
Bacopa monniera (Brahmi) on cognitive function in healthy human 
subjects. Psychopharmacology (Berl), 2015. 232(13): p. 2427. 
116. Stough, C., et al., Examining the nootropic effects of a special extract 
of Bacopa monniera on human cognitive functioning: 90 day double-blind 
placebo-controlled randomized trial. Phytother Res, 2008. 22(12): p. 
1629-34. [Abstract] 
117. Stough, C., et al., Examining the cognitive effects of a special extract 
of Bacopa monniera (CDRI08: Keenmnd): a review of ten years of 
research at Swinburne University. J Pharm Pharm Sci, 2013. 16(2): p. 254-
58. [Abstract] 
118. Calabrese, C., et al., Effects of a standardized Bacopa monnieri 
extract on cognitive performance, anxiety, and depression in the elderly: 
a randomized, double-blind, placebo-controlled trial. J Altern Complement 
Med, 2008. 14(6): p. 707-13. [Article] 
119. Watthanasuebsin, P. and P. Sittiprapaporn. Effect of Brahmi extract 
on human brainwaves. in 2017 International Conference on Digital Arts, 
Media and Technology (ICDAMT). 2017. Chiang Mai, Thailand: IEEE. 
120. De Grandis, D. and C. Minardi, Acetyl-L-carnitine (levacecarnine) in 
the treatment of diabetic neuropathy. A long-term, randomised, double-
blind, placebo-controlled study. Drugs R D, 2002. 3(4): p. 223-31. 
[Abstract] 
121. Martinez, E., P. Domingo, and A. Roca-Cusachs, Potentiation of 
acenocoumarol action by L-carnitine. J Intern Med, 1993. 233(1): p. 94. 
[Abstract] 
122. Schmidt, M., G. Betti, and A. Hensel, Saffron in phytotherapy: 
pharmacology and clinical uses. Wien Med Wochenschr, 2007. 157(13-
14): p. 315-19. [Abstract] 
123. Javadi, B., A. Sahebkar, and S.A. Emami, A survey on saffron in major 
islamic traditional medicine books. Iran J Basic Med Sci, 2013. 16(1): p. 1-
11. [Article] 
124. Bensky, D., S. Clavey, and E. Stoger, Chinese Herbal Medicine: 
Materia Medica. 3rd ed. 2004, Seattle: Eastland Press. 
125. Ayatollahi, H., et al., Effect of Crocus sativus L. (saffron) on 
coagulation and anticoagulation systems in healthy volunteers. Phytother 
Res, 2014. 28(4): p. 539-43. [Abstract] 
126. Modaghegh, M.-H., et al., Safety evaluation of saffron (Crocus 
sativus) tablets in healthy volunteers. Phytomedicine, 2008. 15(12): p. 
1032-37. [Abstract] 
127. Safarinejad, M.R., N. Shafiei, and S. Safarinejad, An open label, 
randomized, fixed-dose, crossover study comparing efficacy and safety of 
sildenafil citrate and saffron (Crocus sativus Linn.) for treating erectile 
dysfunction in men naïve to treatment. Int J Impot Res, 2010. 22(4): p. 
240-50. [Abstract] 

128. Safarinejad, M.R., N. Shafiei, and S. Safarinejad, A prospective 
double-blind randomized placebo-controlled study of the effect of saffron 
(Crocus sativus Linn.) on semen parameters and seminal plasma 
antioxidant capacity in infertile men with idiopathic 
oligoasthenoteratozoospermia. Phytother Res, 2011. 25(4): p. 508-16. 
[Abstract] 
129. Mansoori, P., et al., A randomized, double-blind, placebo-controlled 
study of safety of the adjunctive saffron on sexual dysfunction induced by 
a selective serotonin reuptake inhibitor. J Med Plants, 2011. 1(37): p. 
121-30. 
130. Moneret-Vautrin, D.A., et al., Food allergy and IgE sensitization 
caused by spices: CICBAA data (based on 589 cases of food allergy). 
Allerg Immunol (Paris), 2002. 34(4): p. 135-40. [Abstract] 
131. Lucas, C.D., J.B. Hallagan, and S.L. Taylor, The role of natural color 
additives in food allergy. Adv Food Nutr Res, 2001. 43: p. 195-216. 
[Abstract] 
132. Pravina, K., et al., Safety evaluation of BacoMind in healthy 
volunteers: a phase I study. Phytomedicine, 2007. 14(5): p. 301-08. 

 
© Copyright 2020 MediHerb. 

 


