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Abstract: Extracts made from the leaves of the mango food plant (Mangifera indica L., Anacardiaceae)
have a long history of medicinal usage, most likely due to particularly high levels of the polyphenol
mangiferin. In rodent models, oral mangiferin protects cognitive function and brain tissue from a
number of challenges and modulates cerebro-electrical activity. Recent evidence has confirmed the
latter effect in healthy humans following a mangiferin-rich mango leaf extract using quantitative
electroencephalography (EEG). The current study therefore investigated the effects of a single dose
of mango leaf extract, standardised to contain >60% mangiferin (Zynamite®), on cognitive function
and mood. This study adopted a double-blind, placebo-controlled cross-over design in which 70
healthy young adults (18 to 45 years) received 300 mg mango leaf extract and a matched placebo,
on separate occasions, separated by at least 7 days. On each occasion, cognitive/mood assessments
were undertaken pre-dose and at 30 min, 3 h and 5 h post-dose using the Computerised Mental
Performance Assessment System (COMPASS) assessment battery and the Profile of Mood States
(POMS). The results showed that a single dose of 300 mg mango leaf extract significantly improved
performance accuracy across the tasks in the battery, with domain-specific effects seen in terms of
enhanced performance on an ‘Accuracy of Attention’ factor and an ‘Episodic Memory’ factor.
Performance was also improved across all three tasks (Rapid Visual Information Processing, Serial
3s and Serial 7s subtraction tasks) that make up the Cognitive Demand Battery sub-section of the
assessment. All of these cognitive benefits were seen across the post-dose assessments (30 min, 3 h,
5 h). There were no interpretable treatment related effects on mood. These results provide the first
demonstration of cognition enhancement following consumption of mango leaf extract and add to
previous research showing that polyphenols and polyphenol rich extracts can improve brain
function.

Keywords: cognition; attention; memory; brain; polyphenols; mangiferin; mango leaf extract

Nutrients 2020, 12, 2194; doi:10.3390/nu12082194 www.mdpi.com/journal/nutrients



Nutrients 2020, 12, 2194 2 of 16

1. Introduction

The roots, leaves, fruit and bark of the food plant Mangifera indica (mango) have a long history
of therapeutic use within traditional medicinal systems for a wide range of conditions. For example,
extracts, teas and infusions made from mango leaves have been used for the treatment of diabetes,
malaria, diseases of the digestive system, lungs, and kidneys, and as a topical treatment for wounds
and burns [1]. The bioactivity of mango leaf extracts may be due to particularly high levels [2] of
xanthones. This group of polyphenols are found in a restricted group of plant species [3], including
members of the Hypericum genus that provide us with a number of medicinal herbal extracts [4], but
they are rarely consumed in the diet, with only a few exceptions other than mango itself (e.g., [5]).
The predominant member of this structural group in mango leaf is mangiferin, a xanthone glucoside
that has been shown to have potential anti-inflammatory, antioxidant, immunomodulatory,
neuroprotective, antiproliferative, antidiabetic, DNA protective, and hypoglycaemic properties [6—
10].

Whilst structurally distinct from the flavonoids and other polyphenols that are ubiquitous in
plant derived foods, mangiferin [8,11-14] likely owes its beneficial bioactivity to some similar
mechanisms of action as found in the wider polyphenol group class [15], including interactions with,
and modulation of, diverse components of a wide range of mammalian cellular signal transduction
pathways. These pathways, in turn, control gene transcription and a plethora of cellular responses,
including cell proliferation, apoptosis, and the synthesis of growth factors, and vasodilatory and
inflammatory molecules. In the central nervous system, specific additional interactions attributed to
polyphenols include direct neurotransmitter and neurotrophin receptor and signalling pathway
interactions, and increased synthesis of neurotrophins and vasodilatory molecules, which, in turn,
foster angiogenesis/neurogenesis [15-20]. These mechanisms potentially underlie the observation of
consistent beneficial cardiovascular effects from meta-analyses of multiple intervention studies [21—
23], and demonstrations of improved cognitive function [24-28], following diverse polyphenols.

In line with these mechanistic cellular effects, rodent studies have demonstrated that a single
administration of mangiferin can improve memory in uncompromised rats [29] and that either single
doses or extended supplementation with mangiferin can attenuate the memory deficits or
depressive/anxiety behaviours associated with a range of brain insults and challenges. This includes
the cholinergic antagonist scopolamine [30], sleep deprivation [31], the injection of
lipopolysaccharides [32] and aluminium chloride-induced neurotoxicity in mice [9]. Consistent ex
vivo evidence focussing on the hippocampus also shows that mangiferin can protect rodent neuronal
tissue from the increase in inflammatory cytokines [9,30-32] and the decrease in neurotrophins such
as brain-derived neurotrophic factor (BDNF) [9,31], associated with multifarious brain insults.
Similarly, mangiferin has been shown to protect the rodent brain from lead-induced structural
damage and decrease oxidative stress via interactions within the Nrf2 signalling pathways in rats
[10].

A number of recent studies have assessed the potential efficacy of a mango leaf extract
standardized to a minimum of 60% mangiferin (Zynamite®). In terms of physical performance,
several of these studies have assessed the ergogenic effects in humans of both acute [33-36] and
longer-term supplementation [34] with this mango leaf extract combined with the polyphenols
luteolin or quercetin. This research has demonstrated an improved performance during high
intensity exercise [33-35], increased brain oxygenation [33,34], maximal aerobic capacity [33],
increased muscle oxygen extraction [34,35] and the attenuation of muscle damage and improvements
in the time course of decreased muscle performance [37].

With regard to brain function, in rats, oral administration of mango leaf extract attenuated
electroencephalography (EEG) power measured via implanted electrodes (frontal cortex,
hippocampus, striatum, reticular formation) across the spectra and brain regions under investigation,
with the most striking findings in the alpha and beta wavebands. These effects were synergistically
increased by the co-administration of caffeine. A concomitant ex vivo study also demonstrated that
7 days supplementation with the mango leaf extract lead to increased hippocampal pyramidal cell
excitability [38]. In a subsequent multi-disciplinary series of studies [39], both the ex vivo
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hippocampal excitability and the attenuation of EEG spectral power across brain regions in rats were
confirmed both for mango leaf extract and mangiferin, confirming this polyphenol as the likely active
component of the extract. In two subsequent pilot studies (also reported in [39]), both involving 16
healthy young humans, quantitative EEG was employed at rest and during cognitive task
performance 90- and 60-min post-dose respectively. In the first study, in comparison to control,
mango leaf extract resulted in modest reductions in ‘eyes open’ power in delta and theta power, and
a more pronounced increase in power during cognitive task performance, with significant increases
in all wavebands across scalp electrodes interrogating the association cortex. These results were
supported by more modest EEG changes in the second study, but no evidence of a synergistic
relationship with caffeine. Cognitive task performance and mood were not significantly modulated
by mango leaf extract.

The extant literature demonstrating functional benefits following polyphenol consumption, and
the previous rodent and pilot human studies assessing the effects of mangiferin and mango leaf
extract described above, suggest that a mango leaf extract with high levels of the polyphenol
mangiferin may exert beneficial effects on human brain function, including the enhancement of
cognitive function. The current exploratory, double-blind, placebo-controlled, balanced crossover
study therefore assessed the effects of a single dose of mango leaf extract (Zynamite®) on cognitive
function and psychological state 30 min, 3 h and 5 h post-dose in a large sample of healthy adults.

2. Methods

2.1. Design

This study adopted a randomised, double-blind, placebo-controlled, balanced crossover design,
in which the acute effects of a single dose of 300 mg mango leaf extract and placebo were assessed on
cognitive function and psychological state/mood at 30 min, 3 h and 5 h post-dose. All study
procedures were reviewed and approved by Northumbria University’s Department of Psychology
Ethics Committee (Ref: 17741) and were conducted according to the principles of the Declaration of
Helsinki. The trial was pre-registered at ClinicalTrials.gov (NCT04299217).

2.2. Participants

The required sample size for the study (N = 72) was calculated (GPower 3.0) on the basis of
delivering adequate power (0.8) to detect a small effect size (f = 0.1). The power to detect the
anticipated medium effect size (f = 0.25) exceeded 0.95.

A total of 75 participants were randomised. Three participants subsequently withdrew from the
study after completing one testing visit. Two participants were removed from the dataset during
blind data review due to a persistent inability to achieve performance criteria across tasks.

The final per-protocol analysis sample therefore comprised 70 participants (F 37/M 33; mean age
26.9 years, range 18-45 years; 5 vegetarians and 1 vegan). All participants self-reported that they were
healthy and free from any relevant medical condition or disease, including psychiatric and
neurodevelopmental disorders; that they were not taking any prescription or illicit drugs, food
supplements or nicotine containing products; that they were not pregnant, lactating or seeking to
become pregnant. Participants were also excluded if they consumed >500 mg caffeine per day (>6 x
150 mL cups of filter coffee), had high blood pressure (>systolic 159 mm Hg or diastolic 99 mm Hg)
or had a body mass index outside of the range 18.5-35 kg/m?. Participant dispositions are shown in
Figure 1.

The final number of participants’ data points (excluding missing data and data points removed
during blind data review) included in the analysis of data from each individual outcome are shown
in the relevant tables.
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Participants Screened
n=90

10 Screen failures
5 Withdrawn

Participants randomised
n=75

L— 3 Withdrawn

Participants completed
n=72

2 Removed at
blind data review

Per-protocol
population
for analysis

Participant datasets
analysed n=70

Figure 1. Participant disposition.

2.3. Treatments

Zynamite® mango leaf extract is comprised of components within the following ranges:
mangiferin—60-65%; homomangiferin —3-5%; isomangiferin—up to 1%; leaf polysaccharides—6—
20%; hydrolysable and non-hydrolysable tannins—up to 1%; fibre, minerals, moisture—6 to 15%.
Details of the manufacturing process are provided elsewhere [39].

Participants were randomly allocated to receive 300 mg mango leaf extract or placebo
(maltodextrin) in methylcellulose capsules of identical appearance, during each of their two
assessment days. Testing days were separated by a minimum of 7 days to ensure washout. The order
in which participants received the two interventions was counterbalanced across the group via
random allocation to a counterbalancing schedule. Individual treatments were delivered to the trial
facility in individual sealed plastic envelopes, labelled with the participants’ randomisation numbers
and visit (1 or 2) according to the computer-generated double-blind randomisation schedule.

There were no significant adverse events that could be linked to administration of the treatments
and no significant difference in the incidence of minor adverse events (e.g., mild headache) between
the placebo and mango leaf extract treatments.

2.4. Psychological Measures

2.4.1. Cognitive Tasks

All of computerised cognitive/mood assessments were identical, and were carried out via laptop
computers and response boxes using the Computerised Mental Performance Assessment System
(COMPASS, Northumbria University, Newcastle upon Tyne, UK). This software platform
incorporates the presentation of classic and custom computerised cognitive tasks, with fully
randomised parallel versions of each task delivered at each assessment for each individual. A similar
selection of tasks has previously been shown to be sensitive to diverse nutritional interventions [40-
43]. Within the 60-min assessment the participants also completed a 30-min component known as the
Cognitive Demand Battery (CDB), which comprises the prolonged repetition of a series of demanding
tasks that assess working memory, executive function and attention. The objective of this battery is
to assess the impact of treatment on speed/accuracy and mental fatigue during continuous
performance of cognitively demanding tasks. The CDB has also been shown to be sensitive to
modulation by a wide range of nutritional interventions [43-46]. The individual tasks making up the
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online Supplementary Materials (Section I).

cognitive assessment (including the CDB) are shown in Figure 2 and described in more detail in the

Figure 2 also shows the contribution of individual tasks to the principal performance measures,
which were derived by averaging the data (either msec for speed, or % correct/maximum score for

accuracy) from individual tasks into the following global performance outcomes: ‘Speed of

Visual Analogue Mood
Speed of Performance

Performance’ and “Accuracy of Performance’; and the following cognitive domain factor scores
‘Speed of Attention’, ‘Accuracy of Attention’, ‘Speed of Memory’, "Working Memory’, and ‘Episodic
Memory’. The derivation of the global scores and cognitive factors are described in more detail in the
online Supplementary Materials (Section II). These global measures and cognitive domain factors
have been shown to be sensitive to nutritional manipulations previously [40-42].
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Figure 2. Cognitive assessments. The running order of tasks and their contribution to the cognitive

factors (to the right) and global performance measures (to the left) derived from the overall battery.

The same assessment was completed at the pre-treatment baseline and at 30 min, 3 h and 5 h post-

dose on each assessment day. The selection of tasks took a total of 60 min to complete, with the

Cognitive Demand Battery comprising 30 min of this. The individual tasks are described in more

detail in the supplementary online materials (Section I). Rapid Visual Information Processing task
(RVIP). Visual analogue scale (VAS).

2.4.2. Mood and Psychological State

Before each cognitive assessment, participants completed the Profile of Mood States (POMS-2)
Adult Short Form [47]. As part of the COMPASS battery, and before the cognitive tasks, participants
completed the Visual Analogue Mood Scales (VAMS), a set of 18 visual analogue scales anchored by

pairs of antonymic mood/state adjectives (e.g., Alert-Inattentive; Lethargic-Energetic). Participants
rated where they would position themselves between the adjectives anchoring each line according to

5 of 16
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how they felt at that moment. The individual item scores were combined to give an average (% along
the line) score on three factors that had previously been derived by factor analysis: ‘Alertness’,
‘Tranquillity” and “Stress’. After the cognitive tasks participants also completed a further four stress
visual analogue scales (5-VAS) that required them to rate their current psychological state between
‘not at all’ and ‘extremely” with regard to their levels of stress, anxiety, calmness and relaxation. These
were combined into two scores ‘stress/anxiety” and ‘calm/relaxed” with a higher score (average %
along the line) representing more of the descriptor.

2.5. Procedure

Participants were required to attend the Brain, Performance and Nutrition Research Centre
(Northumbria University) for three visits. The first visit comprised a screening and training session
where, once written informed consent had been obtained, participants were screened according to
the inclusion/exclusion criteria. Eligible participants then provided lifestyle and demographic data
and their height, weight, waist to hip ratio and blood pressure were measured. They completed a
short training session in which they practiced the cognitive tasks. Practice took the form of three
repetitions of shortened versions of the COMPASS cognitive tasks, followed by the completion of the
full-length, 60-min battery twice. During and at the end of the practice session, participants’
performance was checked against standard minimum performance criteria and additional guidance
was provided as necessary. At the end of this visit, participants were briefed as to what to expect on
testing visits and were provided with pre-testing instructions.

Within four weeks of the screening visit, participants returned to the laboratory for their first
testing visit at an agreed time in the morning that remained consistent across all testing visits. A
maximum of 5 participants were tested on any day, and all participants were visually isolated in
individual testing booths. Participants arrived at the laboratory having refrained from alcohol for 24
h, caffeine overnight and having consumed a simple breakfast of cereal and/or toast at home no later
than an hour before arrival. Once participants arrived at the lab, they were not permitted to eat any
food (aside from food items provided by the study staff) or drink (except for water) or chew gum.
Continued compliance with the inclusion/exclusion criteria was assessed. This was followed by
completion of the POMS and a 60-min computerised cognitive and mood assessment (COMPASS —
including the 30-min Cognitive Demand Battery (CDB), Visual analogue mood scales (VAMS) and
stress visual analogue scales (S-VAS)—see Figure 2.). Cognitive tasks were completed with the
participants visually isolated from each other. After the first cognitive/mood assessment, participants
consumed their treatment for the day and completed cognitive/mood assessments, identical to the
above, commencing at 30 min, 3 h and 5 h post-dose. An additional, brief, 5-min assessment
investigating the participants’ response to a laboratory stressor, plus pre/post-dose blood sampling
for half of the participants (for quantification of neurotrophins and catecholamines), took place after
the pre-treatment and 30-min post-dose cognitive/mood assessments (For methodology see [48]), the
results of this theoretically distinct investigation are to be reported elsewhere). All participants were
scheduled to return to the laboratory 7 days later, with a maximum allowable leeway of an additional
7 days should exceptional circumstances arise in the meantime. This second testing day was identical
to the previous day, with the exception that participants consumed a different treatment on each of
the two days. The timelines of the testing day are presented in Figure 3.

Pre-treatment baseline
L

1

@ @ °
Cognitive assessment | qpjg* 2 || Cosnitive assessment [ opqg 2| Cognitive assessment 2| Cognitive assessment
& I 154

llllllIlllllllllllllllllq/lllllllllll LI AN R B B B
-90 0 30 180 300

(08:30am) (10.00am) Minutes post-dose (02:00 pm)

POMS 7

Treatment Lunch

Figure 3. The timelines of the testing day for individual participants, showing the core cognitive
assessment schedule. Profile of Mood States (POMS), 5 min Observed Multi-Tasking Stressor (*OMS)
(methodology and results to be reported elsewhere).
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Participants were provided with a standardised lunch (comprising a cheese sandwich on white
bread, crisps and a custard pot) between the 180 and 300 min post-dose assessments and were given
the option of a snack (hot decaffeinated tea or coffee and digestive biscuits) after completion of the
stressor following the 30-min post-dose assessment. No alternative drinks, snacks or lunches were
permitted.

2.6. Analysis

The study statistical analysis plan was formulated before the completion of data collection.
Given the exploratory nature of the study, and the lack of any relevant human data, a small sub-set
of primary outcomes was not pre-defined. Given the study intervention and objectives, a per protocol
analysis was deemed the most appropriate.

All outcomes were analysed using SPSS (version 24.0, IBM corp., Armonk, NY, USA). During
blind data review a number of participants” individual task datasets were removed due to technical
or performance issues (for details of the issues and number of datasets involved see supplementary
online materials). Prior to the primary analysis of the effects of treatment, pre-dose baseline
differences between treatment were investigated by one-way (treatment group [placebo v mango leaf
extract]) paired t tests, or in the case of the Cognitive Demand Battery (CDB) two-way (treatment x
repetition) ANOVA. There were no significant differences between treatment groups at baseline.

For all cognitive and mood measures, the primary analysis of post-dose data was by Linear
Mixed Models (LMM) using the MIXED procedure in SPSS (version 22.0, IBM corp.) with pre-dose
baseline data for each outcome included as a covariate. For all LMM analyses, the ‘compound
symmetry’ covariance structure provided the best fit, with the exception of ‘mental fatigue’ from the
CDB for which an autoregressive covariance structure (AR1) was more appropriate.

For the cognitive outcomes derived from the COMPASS battery and the mood outcomes, terms
were fitted for treatment (placebo/mango leaf extract) and assessment (30 min, 3 h, 5 h) and their
interaction. For the CDB measures an additional ‘repetition’ term was added along with the
appropriate interactions. Given that the treatment orders were balanced across the sample, or exactly
or nearly balanced with regard to the participants contributing to each outcome (and given that
treatment carry-over effects were highly unlikely), treatment order was not included as a factor in
the analysis.

In order to establish the time course of any effects, pre-defined planned comparisons were
conducted between treatments at each assessment time point (30 min, 3 h, 5 h) with a Bonferroni
adjustment for the number of comparisons undertaken per outcome (i.e., 3). Only those planned
comparisons conducted on data from outcomes that evinced a significant treatment related main or
interaction effect are reported below.

3. Results

3.1. Cognitive Task Global and Factor Outcomes

The global outcomes and cognitive factors derived from the COMPASS battery showed that
mango leaf extract resulted in significantly improved accuracy of performance across tasks and
throughout the testing day (i.e., at 30 min, 3 h and 5 h post-dose). See Figure 4 below. There was a
main effect of treatment on the global Accuracy of Performance measure (representing data from the
eleven tasks that return % accuracy/maximum score data) (F (1, 335) = 22.8, p < 0.001). Reference to
the planned comparisons at each assessment showed that this effect was evident throughout the post-
dose testing period (30 min p =0.03, 3 h p =0.02, 5h p =0.009). There were also significant main effects
in terms of improved accuracy following mango leaf extract on the Accuracy of Attention factor (F
(1, 315) = 16.697, p < 0.001) and the Episodic Memory factor (F (1, 345) = 6.94, p = 0.009). With regard
to the time course of these effects, whilst the Bonferroni adjusted comparisons of Episodic Memory
scores did not reach significance during the individual assessments, Accuracy of Attention was
improved at both the 3 h (p =0.048) and 5 h (p = 0.01) post-dose assessments. Data (plus F score and
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p) for the cognitive outcomes derived from the COMPASS battery are presented in the online

Supplementary Materials (Table S1.).

Average % accuracy

Average % accuracy/recall

-3
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-y
-
L

Average % accuracy
2
L
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Global Performance Measures

’7 *kk

[
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68

- %
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b 604

-4 Mango leaf extract

ognitive Domain Factors

Accuracy of Attention

‘ *kk ——
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0 —1
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30 min

« {Episodic Memory

] [
56

I post-dose

Pre-dose
baseline
score

Mango leaf placebo
extract

No significant differences during
individual assessments

Figure 4. The effects of mango leaf extract on the global outcome measures and factor scores derived
from the Computerised Mental Performance Assessment System (COMPASS) cognitive tasks. Left-
hand panels show the main effect of treatment averaged across assessments; middle panels show the
pre-dose baseline scores; right-hand panels show time course data from each post-dose assessment
for those measures that saw significant effects on the planned comparisons (Bonferroni). The global
Accuracy of Performance measure represents averaged data from the eleven tasks from the battery
that return % accuracy/maximum score data: Accuracy of Attention represents averaged % accuracy
data from the five attention tasks; and Episodic Memory represents averaged % accuracy/recall across
the four long-term memory tasks. *, p < 0.05; **, p < 0.01, ***, p < 0.001 versus placebo. Number of

participants contributing to the measure: Accuracy of Performance, n = 68, Episodic Memory, n =70,
Accuracy of Attention, n = 64.
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3.2. Cognitive Demand Battery (CDB)

In keeping with the improved accuracy seen across the COMPASS task factors, performance in
all three CDB tasks was improved across the testing day following mango leaf extract. See Figure 5.
The Rapid Visual Information Processing task (RVIP) was improved across assessments in terms of
% of targets accurately detected (F (1, 1071) = 23.186, p < 0.001) with planned comparisons showing
that these effects were apparent at the 30 min (p = 0.047) and 5 h (p = 0.001) assessments, with a trend
towards the same effect at 3 h post-dose (p =0.059). Performance was also improved on both the Serial
3s task (F (1, 1156) =10.9, p < 0.001) and Serial 7s task (F (1, 1156) = 9.642, p = 0.002) in terms of number
of correct subtractions across the testing day. Comparisons at each assessment showed that while the
differences between groups did not reach significance during any individual assessment for the Serial
7s task, Serial 3s performance was enhanced at the 3 h assessment (p = 0.014), with a trend towards
the same at 30 min post-dose (p = 0.088). There was no effect on ratings of mental fatigue during
completion of the battery. Data (plus F score and p) for the CDB outcomes are presented in the online
Supplementary Materials (Table S2.).

Cognitive Demand Battery

52 T n n B
Rapid Visual Information ? A Mango leaf extract

Processing <O Placebo

‘ *kk ‘

48 1 - 48

( o

44 - 44

% correct

Pre-dose
baseline
score | 40

*hk —‘ - 44

40 1

Serial 3s
44

40 4 - 40

Number correct

I

S

—

—

s

S

I

38 - 38

: 30 min 180 min 300 min
Serial 7s post-dose post-dose post-dose

28 4 ‘ kK
Assessment
26 4 [

Number correct

l No significant differences during
individual assessments

Mango leaf placebo
extract

Figure 5. The effects of mango leaf extract on the Cognitive Demand Battery outcomes. Each task was
repeated three times per assessment (total Cognitive Demand Battery (CDB) completion time, 30 min
per assessment). Left-hand panels show the main effect of treatment averaged across
assessments/repetitions; middle panels show the pre-dose baseline scores averaged across the three
repetitions; right-hand panels show time course data from each post-dose assessment (averaged
across the three repetitions per assessment) for those measures that saw significant effects on the
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planned comparisons (Bonferroni) of mango leaf extract versus placebo. t, p <0.1; %, p < 0.05; ***; p <
0.001 in comparison to placebo. Number of participants contributing to the measure: RVIP, 1 = 64,
Serial 3s/7s, n =69.

3.3. Mood and Psychological State

There were no effects of treatment on any mood parameter (VAMS, S-VAS, POMS), with the
exception of reduced calm/relaxed ratings on the S-VAS following mango leaf extract across testing
assessments (F (1, 345) = 5.44, p = 0.02). See Figure 6. There were no significant differences on the
comparisons made at each assessment for this outcome. Data from the POMS, VAMS and S-VAS data
are presented in the online Supplementary Materials (Table S3.).

Calm/Relaxed VAS

Sl

50 1

48

46 1

Average % along VAS

44 1

42 -

Mango extract placebo

Figure 6. The effects of mango leaf extract on the calm/relaxed stress visual analogue scales (S5-VAS)
measure. There were no significant differences on the planned comparisons of data from each
assessment. ¥, p < 0.05 in comparison to placebo.

4. Discussion

In the current study a single dose of mango leaf extract (Zynamite®) lead to significant, broad
improvements in performance across a battery of cognitive tasks throughout the 6 h following
consumption. There were no interpretable benefits found for any measure of mood/psychological
state.

Cognitive improvements were seen on the global Accuracy of Performance measure, which
comprised averaged % accuracy or % maximum score data from 11 computerised tasks. It was also
seen more specifically in the cognitive sub-factors “Accuracy of Attention’, representing the overall
% accuracy whilst performing the five attention tasks (excludes simple reaction time) within the
battery and ‘Episodic Memory’, which represents the % recall or accuracy of the four long-term
memory tasks. Performance benefits were also seen across all three of the tasks that make up the 30-
min Cognitive Demand Battery, with improved RVIP accuracy and increased numbers of correct
subtractions generated by participants on both the Serial 3s and Serial 7s tasks. These cognitive
effects, taken as a whole, were evident as main effects across the post-dose testing day, which
comprised 60 min assessments starting at 30 min, 3 h and 5 h post-dose, without any clear pattern of
augmentation or attenuation over time. There were no benefits seen in terms of increased speed of
task performance on the timed tasks, or indeed on the mood and psychological state measures.

Clearly, one question raised by these results is whether the effects seen here represent a truly
global improvement in accuracy across cognitive domains, or whether they simply reflect the
consequences of improved attention. Certainly, attention and episodic memory are inter-related, with
enhanced attention leading to improved encoding and retrieval of information. It has been suggested
that episodic memory processes are themselves, to an extent, “acts of attention’ [49]. As the attention
and episodic memory tasks comprised the majority of the tasks that contributed to the global



Nutrients 2020, 12, 2194 11 of 16

accuracy measure, it is possible that the improvements to the latter are simply a reflection of broad
improvements to attention. However, the improvements in Serial 3s and Serial 7s subtraction task
performance would be more difficult to accommodate solely within an attention framework. Whilst
both subtraction tasks have attentional components, they draw more heavily on both working
memory and executive function, particularly the more difficult Serial 7s, which requires greater
executive resources in order to carry out the more complex manipulation of numbers [24]. Enhanced
performance on these tasks, alongside improved accuracy across the tasks, therefore, seems to
confirm that the benefits of mango leaf extract were seen broadly across cognitive domains.

The results also suggest that the modulation of cerebro-electrical activity (measured using EEG)
seen in healthy adults following a single dose of Zynamite mango leaf extract [39] is most likely
indicative of a benefit to brain function. The cognitive benefits seen here are broadly in line with
previous demonstrations of improved cognitive function following both acute [24-26] and chronic
administration [27,28] of polyphenol rich extracts. Several polyphenol studies also employed the
Cognitive Demand Battery used here (but at a single post-dose time point), with demonstrations of
improved performance across all three tasks following cocoa-flavanols [24], improved Serial 3s
performance following fruit flavanols [50], but no benefits following resveratrol [51]. Of note, the
global performance measures derived from the cognitive tasks utilised here have proved sensitive to
the acute and chronic administration of a Nepalese pepper extract [42] and acute administration of a
green oat extract to middle-aged adults [41]. However, both of these interventions contain other
potentially bioactive phytochemicals alongside polyphenols, and in both cases global speed of
performance was enhanced, rather than the improved global accuracy seen in the current study.

Previous research has demonstrated similarities in EEG cerebro-electrical response following
both mango leaf extract and caffeine in rodents [38], but somewhat different responses to these two
individual treatments in humans [39]. The cognitive effects of caffeine comprise modest but
consistent improvements that are restricted to the performance of tasks measuring attention, with no
reliable effect on other cognitive domains including long-term (episodic) memory [52-55]. Similarly,
the duration of the effects seen following mango leaf extract do not follow the time course of caffeine’s
effects, which would become apparent by 30 min post-dose and would be expected to attenuate by 6
h post-dose. It is therefore notable that the pattern of cognitive benefits seen in the present study
following the mango leaf extract are broader and longer lasting than those that would be expected
after caffeine.

In terms of mechanism of action, a recent study investigating receptor binding and brain relevant
enzyme inhibition found that mangiferin only significantly inhibited catechol-O-methyl transferase
(COMT), the enzyme responsible for the degradation of catecholamine neurotransmitters [39].
Several other polyphenols that also feature a catechol moiety, including flavanols and oleacein, have
also been shown to inhibit COMT [56,57]. COMT’s catabolic pathway is most prevalent in brain tissue
with low concentrations of catecholamine reuptake transporters, and therefore COMT inhibition
predominantly affects dopaminergic function in the prefrontal cortex and hippocampus [58],
potentially leading to improved working memory, selective attention, and executive function [59].
Clearly, the benefits seen in the current study correspond with these cognitive domains. However,
whilst there is some evidence that COMT inhibitors may modulate these aspects of cognitive
function, the overall pattern is for their effects to be bidirectionally moderated by COMT genotype
(vall58met polymorphism) [59-61]. COMT inhibition per se is therefore unlikely to be the primary
mechanism underpinning the straightforward cognitive benefits seen here across a sample of mixed
COMT genotypes.

Other potential ‘direct’ brain-relevant mechanisms of action previously established for
mangiferin include acetylcholinesterase (AChE) inhibition [30,62] or other potential cholinergic
mechanisms of action [63]. Increased acetylcholine activity would be expected to have a beneficial,
inter-related effect on both focussed attention and memory consolidation/retrieval [64] and,
therefore, could encompass many of the effects seen in the current study. However, it is equally likely
that the effects seen here may be related to ‘indirect’ interactions within mammalian cellular signal
transduction pathways, a property that mangiferin shares with other polyphenols [8,11-14]. These
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interactions potentially drive downstream modulation of neuroinflammation, neurotransmission,
neurotrophin receptor and signalling pathway interactions, and increased synthesis of neurotrophins
and vasodilatory molecules, leading to increased angiogenesis/neurogenesis and local cerebral blood
flow [15-19]. These indirect cellular interactions may underlie the consistent demonstrations in
humans of increased cerebral blood-flow [51,65-69] and peripherally measured brain-derived
neurotrophic factor [26] seen following diverse polyphenols. Again, potentially diffuse beneficial
effects within the brain could be conceived as potentially leading to broad benefits to cognitive
function across domains, as seen here.

Clearly, a strength of the current study is that it represents the first concerted investigation of
the effects of mangiferin, or indeed any xanthone glycoside, on human cognitive function.
Conversely, this was, by its nature, an exploratory study, and the absence of pre-defined primary
outcomes, due to a lack of previous data to guide their formulation, could be considered a limitation.
Certainly the absence of primary endpoints allows a greater freedom for the interpretation of the
results than will be enjoyed in future research, and it is hoped that the results of the current study
will be useful in terms of directing the research questions and outcomes addressed by more studies
involving this compound.

It should also be acknowledged that the results herein relate to a molecule, or group of molecules
(xanthones) that are unlikely to be encountered in meaningful quantities in the typical diet, and
therefore the results can only realistically be extrapolated to supplementation with mangiferin-rich
extracts. Whilst the results tell us little about the benefits of polyphenols consumed as part of the
everyday diet it might be noteworthy that the dose of 300 mg employed here contained an amount
of polyphenols that is achievable through the consumption of polyphenol rich foods.

In conclusion, a single dose of mango leaf extract (Zynamite®) with high levels of the polyphenol
mangiferin, lead to broad improvements in cognitive function that were seen across assessments
spanning from 30 min to 6 h post-dose. These benefits were seen most strikingly in terms of
participants” improved attention and long-term memory task performance and in their extended
performance of cognitively demanding tasks, including those requiring executive function resources.

Supplementary Materials: The following are available online at www.mdpi.com/2072-6643/12/8/2194/s1.
Section I: Individual COMPASS and CDB cognitive task descriptions. Section II: Derivation of the global
outcome measures and cognitive domain factors, including notes on lost data. Section III: Table S1. (data from
global measures and cognitive factors), Table S2. (data from Cognitive Demand Battery), Table S3. (data from
the mood measures).

Author Contributions: D.OK., ELW, P.AJ, JCW. N.G. formulated the research question and overall
methodology. All of the authors (D.OK., ELW., P.AJ, J.F, ] K, JCW., N.G.) were actively involved in the
practical planning of the research described herein. J.F and ]J.K supervised the collection of the data. D.O.K.
analysed the data and E.L.W. and D.O.K. compiled the first draft of the paper. All authors have read and agreed
to the published version of the manuscript.

Funding: The study was sponsored by Nektium Pharma.

Acknowledgments: The following people were involved in the day to day running of the study and/or data
collection: Amy Ferguson, Jennifer Webster, Fiona Dodd, Michael Patan, Ellen Smith, Rian Elcoate, Jessica
Greener, Lucy Keeler, Charlotte Kenney, Faye Williams, Evan Davies, Leah Smith, Veronika Rysinova.

Conflicts of Interest: Nektium Pharma produced the Mangifera indica extract and sponsored the study. J.C.W.
is employed by Nektium Pharma, and N.G. works as a consultant for Nektium Pharma. However, neither JC.W.,
N.G. nor any other representative of Nektium Pharma had any role in the running of the study, or the analysis,
or the interpretation of the data. None of the other authors have a conflict of interest.

References

1.  Ediriweera, M.K,; Tennekoon, K.H.; Samarakoon, S.R. A review on ethnopharmacological applications,
pharmacological activities, and bioactive compounds of Mangifera indica (mango). Evid. Based Complement.
Alternat. Med. 2017, 2017, d0i:10.1155/2017/6949835.



Nutrients 2020, 12, 2194 13 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

Tayana, N.; Inthakusol, W.; Duangdee, N.; Chewchinda, S.; Pandith, H.; Kongkiatpaiboon, S. Mangiferin
content in different parts of mango tree (Mangifera indica L.) in Thailand. Songklanakarin ]. Sci. Technol.
2019, 41, doi:10.14456/SJST-PSU.2019.82.

Vieira, L.; Kijjoa, A. Naturally-occurring xanthones: Recent developments. Curr. Med. Chem. 2005, 12, 2413—
2446.

Kitanov, G.M.; Nedialkov, P.T. Mangiferin and isomangiferin in some Hypericum species. Biochem. Syst.
Ecol. 1998, 26, 647-653.

Chitchumroonchokchai, C.; Riedl, KM.; Suksumrarn, S.; Clinton, S.K.; Kinghorn, A.D.; Failla, M.L.
Xanthones in mangosteen juice are absorbed and partially conjugated by healthy adults. ]. Nutr. 2012, 142,
675-680.

Khare, P.; Shanker, K. Mangiferin: A review of sources and interventions for biological activities. Biofactors
2016, 42, 504-514.

Sekar, V.; Chakraborty, S.; Mani, S.; Sali, V.; Vasanthi, H. Mangiferin from Mangifera indica fruits reduces
post-prandial glucose level by inhibiting a-glucosidase and a-amylase activity. S. Afr. J. Bot. 2019, 120, 129-
134.

Gold-Smith, F.; Fernandez, A.; Bishop, K. Mangiferin and cancer: Mechanisms of action. Nutrients 2016, 8,
396.

Kasbe, P.; Jangra, A.; Lahkar, M. Mangiferin ameliorates aluminium chloride-induced cognitive
dysfunction via alleviation of hippocampal oxido-nitrosative stress, proinflammatory cytokines and
acetylcholinesterase level. ]. Trace Elem. Med. Biol. 2015, 31, 107-112.

Li, H-W, Lan, T.-J; Yun, C-X; Du, Z-C; Luo, X-f; Hao, E-W.; Deng, J.-G. Mangiferin exerts
neuroprotective activity against lead-induced toxicity and oxidative stress via Nrf2 pathway. Chin. Herb.
Med. 2020, 12, 36-46.

Yang, S.; Kuang, G.; Zhang, L.; Wu, S.; Zhao, Z.; Wang, B.; Yin, X,; Gong, X.; Wan, ]. Mangiferin Attenuates
LPS/D-GalN-Induced Acute Liver Injury by Promoting HO-1 in Kupffer Cells. Front. Immunol. 2020, 11,
285.

Sahu, AK.; Verma, V.K,; Mutneja, E.; Malik, S; Nag, T.C,; Dinda, A.K,; Arya, D.S; Bhatia, J. Mangiferin
attenuates cisplatin-induced acute kidney injury in rats mediating modulation of MAPK pathway. Mol.
Cell. Biochem. 2019, 452, 141-152.

Rahman, M.S.; Kim, Y.-S. PINK1-PRKN mitophagy suppression by Mangiferin promotes a brown-fat-
phenotype via PKA-p38 MAPK signalling in murine C3H10T1/2 mesenchymal stem cells. Metabolism 2020,
154228.

Suchal, K.; Malik, S.; Khan, S.I; Malhotra, RK.; Goyal, S.N.; Bhatia, J.; Kumari, S.; Ojha, S.; Arya, D.S.
Protective effect of mangiferin on myocardial ischemia-reperfusion injury in streptozotocin-induced
diabetic rats: Role of AGE-RAGE/MAPK pathways. Sci. Rep. 2017, 7, 42027.

Kennedy, D.O. Polyphenols and the human brain: Plant “secondary metabolite” ecologic roles and
endogenous signaling functions drive benefits. Adv. Nutr. 2014, 5, 515-533.

Spencer, J.P. Flavonoids and brain health: Multiple effects underpinned by common mechanisms. Genes
Nutr 2009, 4, 243-250, doi:10.1007/s12263-009-0136-3.

Williams, R.J.; Spencer, ]J.P. Flavonoids, cognition, and dementia: Actions, mechanisms, and potential
therapeutic  utility for Alzheimer disease. Free Radic. Biol. Med. 2012, 52, 35-45,
doi:10.1016/j.freeradbiomed.2011.09.010.

Vauzour, D. Effect of flavonoids on learning, memory and neurocognitive performance: Relevance and
potential implications for Alzheimer’s disease pathophysiology. J. Sci. Food Agric. 2014, 94, 1042-1056,
doi:10.1002/jsfa.6473.

Baptista, F.I.; Henriques, A.G.; Silva, A.M.; Wiltfang, J.; da Cruz e Silva, O.A. Flavonoids as therapeutic
compounds targeting key proteins involved in Alzheimer’ s disease. ACS Chem. Neurosci. 2014,
doi:10.1021/cn400213r.

Kennedy, D.O. Plants and the Human Brain; Oxford University Press: New York, NY, USA, 2014.

Hooper, L.; Kay, C.; Abdelhamid, A.; Kroon, P.A.; Cohn, J.S.; Rimm, E.B.; Cassidy, A. Effects of chocolate,
cocoa, and flavan-3-ols on cardiovascular health: A systematic review and meta-analysis of randomized
trials. Am. J. Clin. Nutr. 2012, 95, 740-751, d0i:10.3945/ajcn.111.023457.



Nutrients 2020, 12, 2194 14 of 16

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Shrime, M.G.; Bauer, S.R.; McDonald, A.C.; Chowdhury, N.H.; Coltart, C.E.; Ding, E.L. Flavonoid-rich
cocoa consumption affects multiple cardiovascular risk factors in a meta-analysis of short-term studies. J.
Nutr. 2011, 141, 1982-1988, d0i:10.3945/jn.111.145482.

Lin, X.; Zhang, I; Li, A.; Manson, J.E.; Sesso, H.D.; Wang, L.; Liu, S. Cocoa flavanol intake and biomarkers
for cardiometabolic health: A systematic review and meta-analysis of randomized controlled trials. J. Nutr.
2016, 146, 2325.

Scholey, A.B.; French, S.J.; Morris, P.J.; Kennedy, D.O.; Milne, A.L.; Haskell, C.F. Consumption of cocoa
flavanols results in acute improvements in mood and cognitive performance during sustained mental
effort. J. Psychopharmacol. 2010, 24, 1505-1514, doi:10.1177/0269881109106923.

Haskell-Ramsay, C.; Stuart, R.; Okello, E.; Watson, A. Cognitive and mood improvements following acute
supplementation with purple grape juice in healthy young adults. Eur. J. Nutr. 2017, 56, 2621-2631.
Ammar, A.; Trabelsi, K.; Boukhris, O.; Bouaziz, B.; Miiller, P.; M Glenn, J.; Bott, N.T.; Miiller, N.; Chtourou,
H.; Driss, T. Effects of Polyphenol-Rich Interventions on Cognition and Brain Health in Healthy Young and
Middle-Aged Adults: Systematic Review and Meta-Analysis. J. Clin. Med. 2020, 9, 1598.

Desideri, G.; Kwik-Uribe, C.; Grassi, D.; Necozione, S.; Ghiadoni, L.; Mastroiacovo, D.; Raffaele, A.; Ferri,
L.; Bocale, R.; Lechiara, M.C. Benefits in Cognitive Function, Blood Pressure, and Insulin Resistance
Through Cocoa Flavanol Consumption in Elderly Subjects With Mild Cognitive ImpairmentNovelty and
Significance The Cocoa, Cognition, and Aging (CoCoA) Study. Hypertension 2012, 60, 794-801.
Mastroiacovo, D.; Kwik-Uribe, C.; Grassi, D.; Necozione, S.; Raffaele, A.; Pistacchio, L.; Righetti, R.; Bocale,
R.; Lechiara, M.C.; Marini, C. Cocoa flavanol consumption improves cognitive function, blood pressure
control, and metabolic profile in elderly subjects: The Cocoa, Cognition, and Aging (CoCoA) Study—A
randomized controlled trial. Am. J. Clin. Nutr. 2014, 101, 538-548.

Andreu, G.L.P.; Maurmann, N.; Reolon, G.K.; de Farias, C.B.; Schwartsmann, G.; Delgado, R.; Roesler, R.
Mangiferin, a naturally occurring glucoxilxanthone improves long-term object recognition memory in rats.
Eur. J. Pharmacol. 2010, 635, 124-128.

Jung, K; Lee, B.; Han, S.J.; Ryu, ].H.; Kim, D.-H. Mangiferin ameliorates scopolamine-induced learning
deficits in mice. Biol. Pharm. Bull. 2009, 32, 242-246.

Feng, X.; Xue, J.H.; Xie, KX,; Liu, S.P.; Zhong, H.P.; Wang, C.C.; Feng, X.Q. Beneficial effect of Mangiferin
against sleep deprivation-induced neurodegeneration and memory impairment in mice. Biomed. Res. 2017,
28,769-777.

Jangra, A.; Lukhi, M.M.; Sulakhiya, K.; Baruah, C.C.; Lahkar, M. Protective effect of mangiferin against
lipopolysaccharide-induced depressive and anxiety-like behaviour in mice. Eur. J. Pharmacol. 2014, 740,
337-345.

Gelabert-Rebato, M.; Wiebe, J.C.; Martin-Rincon, M.; Gericke, N.; Perez-Valera, M.; Curtelin, D.; Galvan-
Alvarez, V.; Lopez-Rios, L.; Morales-Alamo, D.; Calbet, ].A. Mangifera indica 1. Leaf extract in combination
with luteolin or quercetin enhances vo2peak and peak power output, and preserves skeletal muscle
function during ischemia-reperfusion in humans. Front. Physiol. 2018, 9, 740.

Gelabert-Rebato, M.; Wiebe, ]J.C.; Martin-Rincon, M.; Galvan-Alvarez, V.; Curtelin, D.; Perez-Valera, M.;
Habib, ].J.; Pérez-Lopez, A.; Vega, T.; Morales-Alamo, D. Enhancement of Exercise Performance by 48
Hours, and 15-Day Supplementation with Mangiferin and Luteolin in Men. Nutrients 2019, 11, 344.
Gelabert-Rebato, M.; Martin-Rincon, M.; Galvan-Alvarez, V.; Gallego-Selles, A.; Martinez-Canton, M.;
Vega-Morales, T.; Wiebe, ].C.; Fernandez-del Castillo, C.; Castilla-Hernandez, E.; Diaz-Tiberio, O. A Single
Dose of The Mango Leaf Extract Zynamite® in Combination with Quercetin Enhances Peak Power Output
During Repeated Sprint Exercise in Men and Women. Nutrients 2019, 11, 2592.

Martin-Rincon, M.; Gelabert-Rebato, M.; Galvan-Alvarez, V.; Gallego-Selles, A.; Martinez-Canton, M.;
Lopez-Rios, L.; Wiebe, J.C.; Martin-Rodriguez, S.; Arteaga-Ortiz, R.; Dorado, C. Supplementation with a
Mango Leaf Extract (Zynamite®) in Combination with Quercetin Attenuates Muscle Damage and Pain and
Accelerates Recovery after Strenuous Damaging Exercise. Nutrients 2020, 12, 614.

Martin Rincén, M.; Galvan Alvarez, V.; Gelabert Rebato, M.; Gallego Selles, A.; Martinez Cantén, M.;
Martin Rodriguez, S.; Pérez Valera, M.; Morales Alamo, D.; Lopez Calbet, J.A. Exercise-induced muscle
pain is reduced and recovery accelerated by supplementation with mango leaf extract Zynamite® in
combination with quercetin in men and women. In Proceedings of the International Sport Forum on
Strength, Conditioning and Nutrition. Madrid, Espafia, 15-16 November 2019.



Nutrients 2020, 12, 2194 15 of 16

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

Dimpfel, W.; Wiebe, J.; Gericke, N.; Schombert, L. Zynamite®(Mangifera indica Leaf Extract) and Caffeine
Actin a Synergistic Manner on Electrophysiological Parameters of Rat Central Nervous System. Food Nutr.
Sci. 2018, 9, 502.

Lopez-Rios, L.; Wiebe, J.; Vega-Morales, T.; Gericke, N. Central nervous system activities of extract
Mangifera indica L. ]. Ethnopharmacol. 2020, 112996, doi:10.1016/j.jep.2020.112996.

Stonehouse, W.; Conlon, C.A.; Podd, J.; Hill, S.R.; Minihane, A.M.; Haskell, C.; Kennedy, D. DHA
supplementation improved both memory and reaction time in healthy young adults: A randomized
controlled trial. Am. J. Clin. Nutr. 2013, 97, 1134-1143, doi:10.3945/ajcn.112.053371.

Kennedy, D.O.; Jackson, P.A,; Forster, J.; Khan, ].; Grothe, T.; Perrinjaquet-Moccetti, T.; Haskell-Ramsay,
C.F. Acute effects of a wild green-oat (Avena sativa) extract on cognitive function in middle-aged adults:
A double-blind, placebo-controlled, within-subjects trial. Nutr. Neurosci. 2017, 20, 135-151,
doi:10.1080/1028415x.2015.1101304.

Kennedy, D.; Wightman, E.; Khan, J.; Grothe, T.; Jackson, P. The Acute and Chronic Cognitive and Cerebral
Blood-Flow Effects of Nepalese Pepper (Zanthoxylum armatum DC.) Extract—A Randomized, Double-
Blind, Placebo-Controlled Study in Healthy Humans. Nutrients 2019, 11, 3022.

Kennedy, D.O.; Wightman, E.L.; Forster, J.; Khan, J.; Haskell-Ramsay, C.F.; Jackson, P.A. Cognitive and
mood effects of a nutrient enriched breakfast bar in healthy adults: A randomised, double-blind, placebo-
controlled, parallel groups study. Nutrients 2017, 9, 1332.

Kennedy, D.; Okello, E.; Chazot, P.; Howes, M.-].; Ohiomokhare, S.; Jackson, P.; Haskell-Ramsay, C.; Khan,
J.; Forster, J.; Wightman, E. Volatile terpenes and brain function: Investigation of the cognitive and mood
effects of Menthax piperita 1. essential oil with in vitro properties relevant to central nervous system
function. Nutrients 2018, 10, 1029.

Kennedy, D.O.; Scholey, A.B. A glucose-caffeine ‘energy drink’ ameliorates subjective and performance
deficits during prolonged cognitive demand. Appetite 2004, 42, 331-333, doi:10.1016/j.appet.2004.03.001.
Reay, J.L.; Kennedy, D.O.; Scholey, A.B. Single doses of Panax ginseng (G115) reduce blood glucose levels
and improve cognitive performance during sustained mental activity. J. Psychopharmacol. 2005, 19, 357-365,
doi:10.1177/0269881105053286.

Heuchert, J.P.; McNair, D.M. POMS 2 Manual: Profile of Mood States; Multi-Health Systems Inc.: Toronto,
ON, Canada, 2012.

Kennedy, D.O.; Bonnldnder, B.; Lang, S.C.; Pischel, I; Forster, J.; Khan, J.; Jackson, P.A.; Wightman, E.L.
Acute and Chronic Effects of Green Oat (Avena sativa) Extract on Cognitive Function and Mood during a
Laboratory Stressor in Healthy Adults: A Randomised, Double-Blind, Placebo-Controlled Study in Healthy
Humans. Nutrients 2020, 12, 1598.

Long, N.M.; Kuhl, B.A.; Chun, M.\M. Memory and attention. Stevens’ Handbook of Experimental
Psychology and Cognitive Neuroscience 2018, 1, 1-37.

Philip, P.; Sagaspe, P.; Taillard, J.; Mandon, C.; Constans, ].; Pourtau, L.; Pouchieu, C.; Angelino, D.; Mena,
P.; Martini, D. Acute Intake of a Grape and Blueberry Polyphenol-Rich Extract Ameliorates Cognitive
Performance in Healthy Young Adults During a Sustained Cognitive Effort. Antioxidants 2019, 8, 650.
Kennedy, D.O.; Wightman, E.L.; Reay, J.L.; Lietz, G.; Okello, EJ.; Wilde, A.; Haskell, C.F. Effects of
resveratrol on cerebral blood flow variables and cognitive performance in humans: A double-blind,
placebo-controlled, crossover investigation. Am. J. Clin. Nufr. 2010, 91, 1590-1597,
doi:10.3945/ajcn.2009.28641.

Nehlig, A. Is caffeine a cognitive enhancer? J. Alzheimers Dis. 2010, 20, 85-94.

Childs, E.; de Wit, H. Subjective, behavioral, and physiological effects of acute caffeine in light,
nondependent caffeine users. Psychopharmacology 2006, 185, 514-523, doi:10.1007/s00213-006-0341-3.
McLellan, T.M.; Caldwell, J.A.; Lieberman, H.R. A review of caffeine’s effects on cognitive, physical and
occupational performance. Neurosci. Biobehav. Rev. 2016, 71, 294-312.

Lieberman, H.R. Nutrition, brain function and cognitive performance. Appetite 2003, 40, 245-254,
doi:10.1016/50195-6663(03)00010-2.

Chen, D.; Wang, C.Y.; Lambert, ].D.; Ai, N.; Welsh, W.J.; Yang, C.S. Inhibition of human liver catechol-O-
methyltransferase by tea catechins and their metabolites: Structure—activity relationship and molecular-
modeling studies. Biochem. Pharmacol. 2005, 69, 1523-1531.



Nutrients 2020, 12, 2194 16 of 16

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Cuyas, E.; Verdura, S.; Lozano-Sanchez, J.; Viciano, I.; Llorach-Parés, L.; Nonell-Canals, A.; Bosch-Barrera,
J.; Brunet, J.; Segura-Carretero, A.; Sanchez-Martinez, M. The extra virgin olive oil phenolic oleacein is a
dual substrate-inhibitor of catechol-O-methyltransferase. Food Chem. Toxicol. 2019, 128, 35-45.

Apud, J.A,; Mattay, V.; Chen, J.; Kolachana, B.S.; Callicott, ]. H.; Rasetti, R.; Alce, G.; Iudicello, ].E.; Akbar,
N.; Egan, ML.F. Tolcapone improves cognition and cortical information processing in normal human
subjects. Neuropsychopharmacology 2007, 32, 1011-1020.

Schacht, J.P. COMT val158met moderation of dopaminergic drug effects on cognitive function: A critical
review. Pharm. |. 2016, 16, 430—438.

Valomon, A.; Holst, S.C.; Borrello, A.; Weigend, S.; Miiller, T.; Berger, W.; Sommerauer, M.; Baumann, C.R.;
Landolt, H.-P. Effects of COMT genotype and tolcapone on lapses of sustained attention after sleep
deprivation in healthy young men. Neuropsychopharmacology 2018, 43, 1599-1607.

Cameron, 1.G.; Wallace, D.L.; Al-Zughoul, A.; Kayser, A.S.; D’Esposito, M. Effects of tolcapone and
bromocriptine on cognitive stability and flexibility. Psychopharmacology 2018, 235, 1295-1305.

Sethiya, N.K.; Mishra, S. Investigation of mangiferin, as a promising natural polyphenol xanthone on
multiple targets of Alzheimer’s disease. |. Biol. Act. Prod. Nat. 2014, 4, 111-119.

Morais, T.C.; Lopes, S.C.; Carvalho, KM.; Arruda, B.R.; de Souza, F.T.C.; Trevisan, M.T.S.; Rao, V.S.; Santos,
F.A. Mangiferin, a natural xanthone, accelerates gastrointestinal transit in mice involving cholinergic
mechanism. World |. Gastroenterol. W]G 2012, 18, 3207.

Decker, A.L.; Duncan, K. Acetylcholine and the complex interdependence of memory and attention. Curr.
Opin. Behav. Sci. 2020, 32, 21-28.

Lamport, D.J.; Pal, D.; Moutsiana, C.; Field, D.T.; Williams, C.M.; Spencer, ].P.; Butler, L.T. The effect of
flavanol-rich cocoa on cerebral perfusion in healthy older adults during conscious resting state: A placebo
controlled, crossover, acute trial. Psychopharmacology 2015, 232, 3227-3234.

Decroix, L.; Tonoli, C.; Soares, D.D.; Tagougui, S.; Heyman, E.; Meeusen, R. Acute cocoa flavanol improves
cerebral oxygenation without enhancing executive function at rest or after exercise. Appl. Physiol. Nutr.
Metab. 2016, 41, 1225-1232.

Francis, S.T.; Head, K.; Morris, P.G.; Macdonald, I A. The effect of flavanol-rich cocoa on the fMRI response
to a cognitive task in healthy young people. J. Cardiovasc. Pharmacol. 2006, 47 (Suppl. 2), S215-5220.
Sorond, F.A.; Lipsitz, L.A.; Hollenberg, N.K.; Fisher, N.D. Cerebral blood flow response to flavanol-rich
cocoa in healthy elderly humans. Neuropsychiatr. Dis. Treat. 2008, 4, 433-440.

Wightman, E.L.; Reay, J.L.; Haskell, C.F.; Williamson, G.; Dew, T.P.; Kennedy, D.O. Effects of resveratrol
alone or in combination with piperine on cerebral blood flow parameters and cognitive performance in
human subjects: A randomised, double-blind, placebo-controlled, cross-over investigation. Br. |. Nutr. 2014,
112, 203-213, doi:10.1017/S0007114514000737.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ @ article distributed under the terms and conditions of the Creative Commons

Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



