pharmaceuticals

Article

Cognitive and Mood Effects of a Soluble Mango Leaf Extract
(Zynamite® S): A Randomized, Double-Blind,
Placebo-Controlled, Crossover Replication Trial

Ana Beltran-Arranz 1+*

Maria del Carmen Carcelén-Fraile (¥, Laura Lépez-Rios !

W) Check for updates

Academic Editor: Chung-Yi Chen

Received: 12 June 2026

Revised: 15 July 2026

Accepted: 16 July 2026

Published: 18 July 2026

Copyright: © 2026 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.

, Agustin Aibar-Almazan 2(2, David Fuentes-Rios 13, Rubén Pérez-Machin 10,

and Yolanda Castellote-Caballero 2

Nektium Pharma S.L., Las Mimosas 8, Agiiimes, 35118 Las Palmas, Spain; dfuentes@nektium.com (D.F.-R.);
rpmachin@nektium.com (R.P-M.); llopez@nektium.com (L.L.-R.)

Department of Health Sciences, Faculty of Health Sciences, University of Jaén, 23071 Jaén, Spain;
aaibar@ujaen.es (A.A.-A.); mycastel@ujaen.es (Y.C.-C.)

Department of Organic Chemistry, Faculty of Sciences, University of Malaga, Campus de Teatinos s/n,
29071 Mélaga, Spain

Department of Educational Sciences, Faculty of Social Sciences, University of Atlantico Medio,

35017 Las Palmas de Gran Canaria, Spain; carmen.carcelen@pdi.atlanticomedio.es

*  Correspondence: abeltran@nektium.com

Abstract

Background/Objectives: Botanical nootropics are increasingly sought as natural alterna-
tives to synthetic stimulants. Mangifera indica leaf extract, standardized to the polyphenol
mangiferin, has shown promise in regulating brain activity and enhancing cognitive perfor-
mance. This study aimed to replicate, in an independent cohort, the acute cognitive benefits
of a soluble mango leaf extract (Zynamite® S) following a previous proof-of-concept trial.
Methods: In a double-blind, randomized, placebo-controlled crossover trial, 88 healthy
young adults (aged 18-25) received either a single 100 mg dose of Zynamite® S or a matched
placebo. Cognitive performance was assessed using the Trail Making Test (TMT), Digit
Symbol Substitution Test (DSST), and Stroop Color-Word Test. Emotional states were
assessed via the Profile of Mood States (POMS) at baseline, and then at 30 min, 3 h, and
5 h post-ingestion. Results: Zynamite® S supplementation resulted in the replication of
previous findings, with significant improvements in mental processing speed, attention,
and cognitive flexibility (p < 0.05). Notably, this trial identified a rapid onset of action, with
significant cognitive and mood improvements detectable as early on as 30 min post-dose
and a sustained duration of the effect with benefits observed up to 5 h post-administration.
Mood assessments confirmed an overall improvement in emotional balance (p < 0.05)
by reducing tension, mental fatigue, and low mood during the completion of cognitive-
demanding tasks. Conclusions: These findings reproduce the acute benefits of Zynamite®
S in a healthy young adult population, including a rapid onset of effects and a sustained
improvement in cognitive performance and mood over a 5 h window.

Keywords: mango leaf extract; mangiferin; natural nootropic; cognitive performance;
mood states; randomized controlled trial; crossover design

1. Introduction

The increasing cognitive demands of modern academic and professional environments
have spurred a global interest in pharmacological interventions to enhance mental perfor-
mance [1,2]. While synthetic pharmaceutical agents, such as methylphenidate, modafinil,
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or piracetam [3,4], are frequently utilized for their potent nootropic effects, their use is
often constrained by significant drawbacks [5,6]. These compounds are typically subject to
strict regulatory control [7,8] and are frequently associated with adverse effects, including
cardiovascular strain, dependency risks, and the well-documented “crash” that follows the
peak of their activity [9].

Consequently, research has shifted towards natural, plant-derived nootropics that
aim to augment cognitive processes such as memory, attention, and processing speed
with a better safety profile [10]. Common examples include Coffea arabica, Bacopa monnieri,
Panax ginseng, and Ginkgo biloba [11,12]. However, these natural alternatives also present
additional limitations. Caffeine sourced from coffee or tea, while being the most widely
consumed nootropic worldwide [13], is often linked to jitteriness, increased anxiety, and
sleep disturbances [14,15]. Furthermore, other popular plant-derived compounds currently
lack extensive scientific evidence and clinical validation required to confirm their nootropic
benefits [16]. This gap underscores the necessity for well-designed trials to identify natural
ingredients that offer both high efficacy and reliable reproducibility.

Within this search for evidenced-based natural alternatives, Mangifera indica (mango)
leaf extract has been investigated as a candidate for cognitive enhancement [17]. Historically,
various parts of the mango tree have been integral to traditional medicine systems, where
leaf decoctions were utilized for their ability to treat fatigue, provide general vitality, and
treat a wide range of conditions [18]. This rich ethnobotanical history established the
groundwork for modern phytochemical analysis [19,20], which identified mangiferin, a
xanthone glycoside, as the primary bioactive. Standardized extracts of this polyphenol
are now recognized for their diverse therapeutic potential, including potent antioxidant,
anti-inflammatory, and anti-diabetic properties [21].

More recently, its role within the central nervous system (CNS) has been elucidated.
While early hypotheses suggested that mangiferin might function as a monoamine oxidase
(MAO) inhibitor [22], Lépez-Rios et al. demonstrated a more specific modulation of the
dopaminergic system via the inhibition of catechol-O-methyltransferase (COMT) [17]. By
slowing down the degradation of catecholamines in the prefrontal cortex, mangiferin may
increase synaptic dopamine levels, thereby facilitating executive control. Following research
has demonstrated that a standardized mango leaf extract (Zynamite®) containing 60% of
mangiferin modulates long-term potentiation (LTP) in the hippocampus and pyramidal
neurons [23,24]. Additionally, this extract has been shown to induce brain wave patterns
similar to those of caffeine, specifically a reduction in alpha (and theta) wave activity,
through electroencephalography (EEG) studies [25].

Initial clinical trials bridged the transition from elucidating the mechanism of action
underlying Zynamite® to its clinical efficacy in humans. Preliminary studies demonstrated
that an acute 300 mg dose of Zynamite® improved several cognitive domains, including
attention, working memory, and psychomotor speed [26]. Despite these encouraging
findings from previous studies, the clinical application of mango leaf extracts is limited by
mangiferin’s low water solubility and poor bioavailability [27,28], which often results in
the requirement for higher dosages to achieve therapeutic effects. To address this challenge,
a high-solubility formulation (named Zynamite® S) was developed to increase mangiferin’s
absorption profile [29]. A comparative human pharmacokinetic study demonstrated a
3.24-fold increase in mangiferin bioavailability over the first 2 h (AUC0-2h) from Zynamite®
S compared to the standard, non-soluble extract in the first two hours after ingestion [29],
theoretically allowing for clinical efficacy at significantly lower dosages. A subsequent
clinical trial to test whether this enhanced bioavailability allowed for comparable efficacy
at a lower dose demonstrated that acute doses of 100 mg and 150 mg of Zynamite® S
enhanced both cognitive performance and emotional states [30]. However, in the current
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landscape of nutritional science, there is a critical need for the replication and validation of
such findings to establish a reliable therapeutic threshold and move beyond exploratory
results [31,32].

The primary objective of the present study was to perform a confirmatory, double-
blind, randomized crossover trial to further examine the acute cognitive and emotional
benefits of a 100 mg dose of Zynamite® S. By utilizing a robust study design and cognitive
testing battery in an independent cohort, this study seeks to assess whether the previously
reported acute effects support Zynamite® S as a fast-acting ingredient for enhancing
cognitive performance.

2. Results
2.1. Sociodemographic and Baseline Characteristics of the Subjects

A total of 88 university students were included in the study from an initial screening
of 90 subjects. Study participants were randomized and paired by sex into two groups
(placebo or Zynamite® S) that matched similarly in age, gender distribution, physical
activity levels, and anthropometric variables, with no significant differences observed
between groups. The mean age of the study population was 19.72 £ 1.59 years with a mean
BMI of 23.55 + 3.94 kg/m?. A total of 51.1% participants included in the study were female.
The demographic and anthropometric data of the 88 subjects included in the study are
presented in Table 1 by group.

Table 1. Preintervention sociodemographic and clinical characteristics of the participants as a whole

and by group.
Variable Group A Group B p-Value

Age (years) 19.52 £1.53 19.91 £ 1.65 0.259

Male (%) 21 (47.73) 22 (50.00)
Sex 0.766

Female (%) 23 (52.27) 22 (50.00)

Yes (%) 32 (72.73) 31 (70.45)
Sport 0.924

No (%) 12 (27.27) 13 (29.55)
Height (m) 1.71 £ 0.09 1.72 £0.10 0.141
Weight (kg) 68.80 = 13.80 71.50 £+ 18.20 0.314
BMI (kg/m?) 23.30 £+ 3.27 23.80 = 4.61 0.174
Waist (cm) 74.60 £ 9.58 77.90 £+ 12.90 0.414
Hip (cm) 94.50 + 10.60 97.70 4+ 14.40 0.153
WHR 0.79 £+ 0.07 0.80 £ 0.07 0.571

Quantitative variables are presented as mean and standard deviation. Qualitative variables are presented as
frequency and percentage. BMI: Body Mass Index. WHR: Waist-to-Hip Ratio.

2.2. Cognitive Assessments
2.2.1. Trail Making Test (TMT)

The TMT assessed different facets of processing speed and executive function, where
reduced completion times indicate enhanced performance. In the TMT-A, which eval-
uates psychomotor speed, the linear mixed-effects model revealed a significant main
effect of Treatment (F(1, 433.7) = 63.75, p < 0.001), a significant main effect of Time
(F(2, 426.2) = 15.97, p < 0.001), and, crucially, a significant Time x Treatment interaction
(F(2,426.2) = 5.78, p = 0.003), indicating that the temporal trajectory of performance differed
between groups in favor of Zynamite® S supplementation. Estimated marginal means
(EMM) adjusted for baseline, sequence, and period confirmed sustained improvements in
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the Zynamite® S group, with significant reductions in completion time relative to placebo
at 30 min (A = —3.93's,95% CI: —7.83 to —0.03, p = 0.048), 3h (A = —13.19 s, 95% CI: —17.09
to —9.30, p < 0.001), and 5 h (A = —10.43 s, 95% CI: —14.33 to —6.53, p < 0.001) (Figure 1A).
Intragroup analysis in the Zynamite® S group showed significant reductions in completion
time at 30 min (p = 0.009), 3 h (p < 0.001), and 5 h (p < 0.001) compared to baseline (Table Al).
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Figure 1. Performance on Trail Making Test (TMT). (A) Completion times for TMT-A, representing
psychomotor speed. (B) Completion times for TMT-B, representing executive flexibility. Data are
presented as estimated marginal means (EMM) derived from linear mixed-effects models adjusting
for baseline, sequence, and period, with error bars representing the standard error (SE) of the EMM
(n = 88 per treatment condition). * = p < 0.05 difference compared to baseline. " = p < 0.05 difference
between Zynamite® S and placebo.

In the TMT-B, which assesses executive function and cognitive flexibility, the linear
mixed-effects model revealed a significant main effect of Treatment (F(1, 448.1) = 5.08,
p = 0.025), a significant main effect of Time (F(2, 424.2) = 7.58, p < 0.001), and a significant
Time x Treatment interaction (F(2, 424.2) = 7.08, p < 0.001), indicating a differential pattern
of response between treatments over time. Estimated marginal means (adjusted for baseline,
sequence, and period) showed that the difference between Zynamite® S and placebo was
not significant at 30 min (A = +4.17 s, p = 0.086) but reached statistical significance at 3 h
(A =-6.93s,95% CI: —11.71 to —2.15, p = 0.005) and 5 h (A = —6.88 s, 95% CI: —11.66
to —2.10, p = 0.005) (Figure 1B). Intragroup analysis showed that Zynamite® S led to
progressive improvements from baseline to 3 h and 5 h (both p < 0.001), whereas no
significant changes were observed within the placebo group (Table A1).

2.2.2. Digit Symbol Substitution Test (DSST)

The DSST was employed to assess cognitive processing speed, where higher
scores represent an increased number of correct substitutions and better performance.
The linear mixed-effects model revealed a highly significant main effect of Treatment
(F(1, 416.2) = 71.62, p < 0.001), a significant main effect of Time (F(2, 413.8) = 5.39, p = 0.005),
and a significant Time x Treatment interaction (F(2, 413.8) = 3.92, p = 0.021), indicating
that the trajectory of performance differed between conditions in favor of Zynamite® S.
EMM adjusted for baseline, sequence, and period demonstrated a progressive divergence
between treatments, with Zynamite® S outperforming placebo at all three post-dose time-
points: 30 min (A = +3.21 symbols, 95% CI: 1.09 to 5.32, p = 0.003), 3 h (A = +5.16 symbols,
95% CI: 3.04 to 7.28, p < 0.001), and 5 h (A = +7.46 symbols, 95% CI: 5.34 to 9.57, p < 0.001)
(Figure 2). Furthermore, intragroup analysis revealed that the Zynamite® S intervention led
to statistically significant enhancements in processing speed compared to baseline (PRE) at
30 min, 3 h, and 5 h (all p < 0.001) (Table A1). Therefore, the effect of Zynamite® S increased
progressively across the 5 h assessment window, reflecting sustained enhancement of
processing speed.
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Figure 2. Performance on the Digit Symbol Substitution Test (DSST). Data are presented as estimated
marginal means (EMM) derived from linear mixed-effects models adjusting for baseline, sequence,
and period, with error bars representing the standard error (SE) of the EMM (n = 88 per treatment
condition). * = p < 0.05 difference compared to baseline. " = p < 0.05 difference between Zynamite® S
and placebo.

2.2.3. Stroop Color and Word Test

The Stroop Color-Word Test evaluated selective attention and the capacity to inhibit
cognitive interference, where higher scores reflect superior performance under conditions
of cognitive conflict. Analysis of the Stroop Color-Word task (PC score), which mea-
sures the number of correctly identified stimuli under conditions of cognitive conflict,
revealed no significant main effects for Treatment (F(1, 449.6) = 1.48, p = 0.224) or Time
(F(2, 433.6) = 1.36, p = 0.258), but a significant Time x Treatment interaction was observed
(F(2, 433.6) = 4.26, p = 0.015), indicating that the pattern of change over time differed
between conditions. EMM adjusted for baseline, sequence, and period showed a signif-
icant difference between Zynamite® S and placebo at 5 h (A = +1.92 correct responses,
95% CI: 0.62 to 3.22, p = 0.004) (Figure 3A). Additionally, a significant performance im-
provement was observed at 5 h (p < 0.001) compared to baseline (Table A1). This pattern
reflects a delayed enhancement of cognitive interference inhibition, consistent with the
pharmacokinetic profile of mangiferin.
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Figure 3. Performance on the Stroop test. (A) Stroop Color-Word task scores, where higher values
represent better performance under conditions of cognitive conflict. (B) Stroop Interference (T)
score, where lower values represent better inhibition of cognitive interference. Data are presented as
estimated marginal means (EMM) derived from linear mixed-effects models adjusting for baseline,
sequence, and period, with error bars representing the standard error (SE) of the EMM (1 = 88 per
treatment condition). * = p < 0.05 difference compared to baseline. ~ = p < 0.05 difference between
Zynamite® S and placebo.
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On the other hand, the Stroop Interference (T) score evaluated the capacity to inhibit
cognitive interference, with lower values indicating better inhibitory control. The linear
mixed-effects model revealed no significant main effects for Treatment (F(1, 519) = 0.72,
p = 0.398) or Time (F(2, 519) = 2.43, p = 0.089), and the Time x Treatment interaction did not
reach statistical significance (F(2, 519) = 1.97, p = 0.140). Within-group comparisons showed
no significant changes from baseline in either treatment arm, and no significant differences
between Zynamite® S and placebo were observed at any timepoint (Figure 3B).

2.3. Emotional Profile and Mood States
2.3.1. Total Mood Disturbance (TMD)

The TMD score provides a composite index of overall affective state, where lower
scores reflect more positive mood. The linear mixed-effects model revealed a significant
main effect of Treatment (F(1, 447.1) = 25.66, p < 0.001) and a significant main effect
of Time (F(2, 416.1) = 7.05, p < 0.001), while the Time x Treatment interaction was not
significant (F(2, 416.1) = 0.05, p = 0.954), indicating a consistent treatment advantage
across the full assessment window. EMM adjusted for baseline, sequence, and period
confirmed that Zynamite® S was associated with significantly lower TMD scores relative to
placebo at all three post-dose timepoints: 30 min (A = —4.41 points, 95% CI: —7.04 to —1.77,
p=0.001),3h (A =—3.93 points, 95% CI: —6.57 to —1.29, p =0.004), and 5 h (A = —3.89 points,
95% CI: —6.53 to —1.26, p = 0.004) (Figure 4). Intragroup analysis showed that Zynamite® S
exhibited a significant reduction in TMD score from 30 min post-intervention (p < 0.001)
compared to baseline, an effect that was maintained at 3 h (p < 0.001) and 5 h (p < 0.001)
(Table A2).

Total Mocd Disturbances (POMS)
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Figure 4. Performance on Total Mood Disturbance (TMD) score. Data are presented as estimated
marginal means (EMM) derived from linear mixed-effects models adjusting for baseline, sequence,
and period, with error bars representing the standard error (SE) of the EMM (n = 88 per treatment
condition). * = p < 0.05 difference compared to baseline. " = p < 0.05 difference between Zynamite® S
and placebo.

2.3.2. Tension Score

The POMS Tension subscale measures somatic tension and anxiety-related arousal,
where lower scores indicate reduced tension. The linear mixed-effects model revealed a
significant main effect of Treatment (F(1, 419.6) = 15.79, p < 0.001) and a significant main
effect of Time (F(2, 415.7) = 11.34, p < 0.001), with no significant Time x Treatment inter-
action (F(2, 415.7) = 0.82, p = 0.441). EMM adjusted for baseline, sequence, and period
confirmed significantly lower tension scores for Zynamite® S relative to placebo at 30 min
(A = —1.06 points, 95% CI: —1.99 to —0.13, p = 0.025) and 3 h (A = —1.53 points, 95% CI:
—2.45 to —0.60, p = 0.001), while the difference at 5 h did not reach statistical significance
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(A = —0.67 points, p = 0.155) (Figure 5A). In addition, Zynamite® S intervention demon-
strated a rapid and sustained reduction in tension levels compared to baseline at 3 h
(p <0.001), and 5 h (p < 0.001) (Table A2).
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Figure 5. Performance on the six subscales of the Profile of Mood States (POMS): (A) Tension,
(B) Depression, (C) Fatigue, (D) Confusion, (E) Anger, and (F) Vigor. Data are presented as estimated
marginal means (EMM) derived from linear mixed-effects models adjusting for baseline, sequence,
and period, with error bars representing the standard error (SE) of the EMM (n = 88 per treatment
condition). * = p < 0.05 difference compared to baseline. " = p < 0.05 difference between Zynamite® S
and placebo.

2.3.3. Depression Score

The POMS Depression subscale assesses depressed mood and feelings, where lower
scores indicate reduced depressive symptoms. The linear mixed-effects model revealed
a significant main effect of Treatment (F(1, 440.8) = 11.25, p < 0.001), while the main
effect of Time (F(2, 418.1) = 2.55, p = 0.079) and the Time x Treatment interaction
(F(2, 418.1) = 1.08, p = 0.341) were not significant. EMM adjusted for baseline, sequence,
and period demonstrated significantly lower depression scores for Zynamite® S rela-
tive to placebo at 3 h (A = —1.39 points, 95% CI: —2.47 to —0.32, p = 0.011) and 5 h
(A = —1.44 points, 95% CI: —2.51 to —0.36, p = 0.009) (Figure 5B). Participants in the
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Zynamite® S group showed reductions in depression scores relative to baseline across all
post-intervention time points (all p < 0.001) (Table A2).

2.3.4. Fatigue Score

The POMS Fatigue subscale evaluates subjective feelings of tiredness and exhaustion,
where lower scores indicate reduced fatigue. Analysis using the linear mixed-effects
model produced a main effect of Treatment (F(1, 457.3) = 29.39, p < 0.001), in the absence
of significant main Time (F(2, 418.9) = 1.44, p = 0.238) or Time x Treatment interaction
effects (F(2, 418.9) = 0.94, p = 0.390). This pattern points to a stable anti-fatigue effect
of Zynamite® S that is maintained throughout the entire assessment window. EMM
adjusted for baseline, sequence, and period supported this interpretation, with Zynamite®
S yielding consistently lower fatigue scores than placebo at all post-dose timepoints: 30 min
(A = —1.08 points, 95% CI: —2.02 to —0.14, p = 0.025), 3 h (A = —1.60 points, 95% CI:
—2.54 to —0.66, p < 0.001), and 5 h (A = —1.99 points, 95% CI: —2.93 to —1.05, p < 0.001)
(Figure 5C). Zynamite® S intervention significantly reduced fatigue levels at 30 min, 3 h,
and 5 h compared to baseline (all p < 0.001) (Table A2).

2.3.5. Confusion Score

The POMS Confusion subscale assesses cognitive confusion and disorientation, where
lower scores indicate greater mental clarity. The linear mixed-effects model detected no
significant main effect of Treatment (F(1, 427.9) = 0.11, p = 0.736), and the Time x Treatment
interaction likewise failed to reach significance (F(2, 416.6) = 0.25, p = 0.778). A significant
main effect of Time (F(2, 416.6) = 8.85, p < 0.001) reflected a general decline in confusion
scores throughout the session. Simple effects analysis adjusted for baseline, sequence, and
period confirmed the absence of between-condition differences at any post-dose timepoint
(Figure 5D). Within-group paired comparisons revealed significant reductions from baseline
in the Zynamite® S group at 3 h and 5 h (both p < 0.001), and in the placebo group at 5 h
(p = 0.01), consistent with the overall time-related decline (Table A2).

2.3.6. Anger Score

The POMS Anger subscale evaluates feelings of irritability, where lower scores indi-
cate reduced anger. The linear mixed-effects model revealed a significant main effect of
Treatment (F(1, 444.7) = 8.51, p = 0.004), while the main effect of Time (F(2, 416.7) = 0.81,
p = 0.448) and the Time X Treatment interaction (F(2, 416.7) = 0.54, p = 0.582) were not
significant. Modest statistically significant differences emerged at 3 h (A = +1.15 points,
95% CI: 0.15 to 2.16, p = 0.025) and 5 h (A = +1.04 points, 95% CI: 0.03 to 2.05, p = 0.043),
reflecting higher scores in the Zynamite® S group (Figure 5E). Intragroup comparisons
showed no significant changes from baseline in either treatment (Table A2).

2.3.7. Vigor Score

The POMS Vigor subscale reflects feelings of energy, enthusiasm, and activity, where
higher scores indicate greater vitality. The linear mixed-effects model identified a significant
main effect of Treatment (F(1, 427.6) = 8.84, p = 0.003), whereas neither the main effect of
Time (F(2, 412.9) = 0.66, p = 0.515) nor the Time x Treatment interaction (F(2, 412.9) = 0.70,
p = 0.499) reached statistical significance. Examination of the simple effects adjusted for
baseline, sequence, and period revealed that Zynamite® S produced significantly higher
vigor scores than placebo at 30 min (A = +1.23 points, 95% CI: 0.31 to 2.14, p = 0.009)
(Figure 5F). Within-group paired comparisons showed no significant changes from baseline
in either treatment (Table A2).
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3. Discussion

The search for natural, non-stimulant cognitive enhancers has led to significant interest
in Mangifera indica (mango) leaf extract as a consistent modulator of cognitive performance
in acute settings [33,34]. This extract is particularly valued for its high concentration of
mangiferin, a xanthone glycoside that has demonstrated a unique ability to modulate
multiple CNS pathways [35-39]. Recent research studies using a standardized soluble
Mangifera indica extract (Zynamite® S) to 60% of mangiferin demonstrated enhancement in
cognitive performance and improvements in emotional balance [30]. The primary objective
of the present study was to determine whether the previously reported cognitive effects
could be replicated by replicating the findings of the previous clinical trial regarding the
100 mg dose of Zynamite® S. By utilizing a rigorous double-blind, randomized crossover
design in a similar demographic of healthy young adults, this work reproduces the previ-
ously reported effects of Zynamite® S as a consistent modulator of cognitive performance in
acute settings, specifically confirming the improvements previously observed in executive
flexibility and psychomotor speed, while simultaneously improving overall mood states.
While exploratory studies often highlight potential benefits, the current work reproduces,
in an independent cohort of healthy young adults, the acute cognitive effects previously
reported for Zynamite® S. As an internal replication (same research group and facility)
rather than an external independent one, these findings speak to the reproducibility of the
previously reported acute effects, and a further demonstration of efficacy would require
additional independent studies.

3.1. Benefits on Cognitive Function

The present study provides further evidence that Zynamite® S acts as a consistent
modulator of cognitive performance in acute settings. In line with the previous study,
participants in the current trial showed significant reductions in completion times for
the TMT. These improvements reflect an enhancement in psychomotor speed and visual
scanning (TMT-A), as well as significant gains in cognitive flexibility and executive control
(TMT-B) [40—-42]. Specifically, the improved performance in TMT-B reflects an increased
capacity or the ability to switch between mental tasks and a superior efficiency in managing
competing information, which requires higher-order cognitive flexibility [43,44]. Similarly,
the DSST results in both studies identified a significant increase in the number of correct
substitutions, confirming that Zynamite® S supplementation significantly improves the
speed of mental processing. Improvement in the DSST indicates a more efficient integration
of visual-spatial information and better psychomotor coordination [45,46]. Improvements
on this measure have been associated in prior work with better functional abilities and
everyday task performance [47].

Quantitatively, baseline-adjusted standardized effect sizes (Cohen’s d) reached
medium magnitude for several of the primary cognitive outcomes (TMT-A: d = 0.63
at 3 h and 0.50 at 5 h; DSST: d = 0.40 at 3 h and 0.57 at 5 h; TMT-B: d ~ 0.30 at 3 h and
5 h), whereas various of the mood effects were small to moderate (Total Mood Disturbance
d = 0.21; Fatigue d = 0.39; Depression d = 0.22 at 5h; Tension d = 0.33 at 3 h) (Table A3).
These magnitudes indicate that the healthy young adult population was not constrained by
a performance ceiling and that the effects are not merely statistically significant but of a
magnitude comparable to those reported for established acute cognitive enhancers on the
same tasks [48].

A key finding in this replication was that Zynamite® S intake led to significant im-
provements in TMT performance as early as 30 min for TMT-A and 3 h (for TMT-B)
post-ingestion compared to the placebo group, whereas the previous study primarily iden-
tified these effects at the 5 h mark. The sustained significance at 3 and 5 h across the
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TMT as well as DSST batteries suggests that Zynamite® S may offer a “plateau” effect
of cognitive enhancement, rather than a sharp peak and crash typically associated with
caffeine-based stimulants [48,49]. This increased temporal sensitivity is likely attributable to
the higher statistical power of the two-arm design and the adjustment for baseline variance,
allowing the rapid-acting pharmacokinetic profile of the soluble formulation to manifest
more clearly.

Furthermore, the Stroop Color and Word Test results in this replication provided a
more robust confirmation of the selective attention benefits observed. While previous
research identified improvements in the interference phase (PC score) exclusively relative
to baseline at 5 h, the current findings demonstrated that Zynamite® S significantly outper-
formed both baseline and the placebo group at this same interval. These improvements in
Stroop Color-Word performance reflect an enhancement in selective attention and execu-
tive control [50], reinforcing the extract’s role in facilitating cognitive control mechanisms
during interference resolution tasks [51].

The improvements observed were measured with well-validated cognitive instru-
ments. While the DSST is widely recognized to correlate with real-world occupational
performance and everyday task efficiency [52], the TMT has demonstrated validity across
a broad range of neurological and psychiatric conditions and is sensitive to functionally
relevant cognitive changes in healthy populations [53]. The present study did not measure
academic, occupational, or everyday outcomes directly and, therefore, any translation of
the observed acute improvements into real-world benefits remains to be demonstrated.

3.2. Benefits on Emotional Balance

The results of the mood assessment suggest that Zynamite® S may contribute to a
more stable emotional state during cognitively demanding tasks, in contrast to a traditional
stimulant. While both trials identified consistent reductions in TMD, the current study
revealed a more immediate shift in the emotional profile. This pattern may help reduce
the negative affect associated with prolonged cognitive demand [54]. By mitigating the
onset of negative affective states such as Tension and Depression, Zynamite® S intervention
appears to foster a resilient mental environment, allowing individuals to maintain a calm-
under-pressure during sustained executive focus [55].

Whereas results from TMD, Tension and Depression are consistent with the previ-
ous trial, not all mood domains responded uniformly. The emergence of a significant
reduction in Fatigue in this replication is particularly noteworthy. In the context of
a cognitively demanding environment, fatigue is often a primary barrier to continued
performance [56,57]. The fact that participants in this study reported significantly lower
fatigue levels indicates that the extract is consistent with preservation of mental energy.
Rather than spiking energy levels acutely, as seen with other nootropics like caffeine,
Zynamite® S appears to prevent the mental drain associated with repetitive cognitive
tasks [58-60]. It is worth noting that no active stimulant comparator (e.g., caffeine) was
included in the present study, so comparisons with stimulants reflect consistency with the
literature rather than direct evidence.

The Vigor subscale followed a different trajectory from the negative-affect domains.
Participants reported greater subjective vigor under Zynamite® S than under placebo only
at 30 min post-intake. This effect was small (d ~ 0.15) and did not reflect an increase above
their own resting state, indicating that the extract supports mental energy without driving
over-arousal. Whereas classical stimulants such as caffeine typically produce a sharp
spike in perceived energy followed by a compensatory decline [48], the small vigor signal
observed here is more consistent with a state of calm engagement than acute stimulation.
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Given the exploratory nature of this signal, we interpret it as evidence against over-arousal
rather than as enhanced vitality.

The Anger subscale showed a small effect favoring placebo at 3 h and 5 h (p = 0.025
and 0.043, respectively). Because the effect was small (d ~ 0.19) and no within-arm change
from baseline was significant in either condition, it is unlikely that these effects reflect a
pharmacological action and remain susceptible to residual baseline imbalance.

The Confusion subscale did not replicate the reduction observed in the previous trial,
with no significant treatment effect detected (p = 0.736). Both groups showed comparable,
time-related decreases, suggesting that the improvement in this domain was driven by task
familiarization over the session rather than by the intervention.

Altogether, the concurrent reductions in TMD, Tension, Fatigue, and Depression
domains, support the characterization of Zynamite® S as a botanical extract that supports
mental energy without inducing over-arousal. As POMS was a secondary, exploratory
endpoint, these findings remain best regarded as hypothesis-generating.

3.3. Mechanistic Basis of Cognitive and Emotional Modulation

The challenge of improving mangiferin’s low solubility and bioavailability has
prompted the development of diverse pharmaceutical strategies designed to enhance its
systemic uptake. Various delivery systems have been investigated, including molecular en-
capsulation within natural polymer matrices [61], the use of lipid emulsions containing sur-
factants [62], and the complexation of the molecule into liposomes or phytosomes [63-66].
Additionally, structural modifications such as glycosylation [67] and salt formation [68,69]
have been explored to improve solubility.

Along these lines, a highly soluble version of mango leaves extract (Zynamite® S) was
developed utilizing a controlled ionization process [29]. Comparative pharmacokinetic
analysis in human plasma revealed that the Zynamite® S formulation yielded a 3.19-fold
increase in mangiferin bioavailability compared to the original non-soluble extract at 1 h
post-administration (AUCO0-1h); the corresponding increases were 3.24-fold over the first
2 h and 2.44-fold over 24 h [29]. Notably, while peak plasma concentrations of mangiferin
are reached at 1-2 h post-ingestion [29], meaningful mangiferin levels are already present
at 30 min, consistent with the early mood and moderate cognitive improvements observed
at this timepoint. These rapid cognitive and emotional benefits could be explained by
an enhanced bioavailability of the soluble formulation, which may allow for faster en-
try into the circulation than standard, poorly soluble mango leaf extracts. The delayed
emergence of full executive enhancement in higher-demand tasks, such as the Stroop
Color-Word test, may additionally reflect the progressive accumulation of active metabo-
lites of mangiferin, such as norathyriol [70]. Furthermore, the sustained effects on cog-
nitive enhancement, with performance remaining stable at 3- and 5 h post-ingestion,
suggest that mangiferin may offer a steadier influence on neuronal excitability compared
to the sharp peaks and subsequent crashes associated with adenosine receptor antagonists
like caffeine.

While no enzymatic, neurochemical, or neuroimaging measures were performed
in the present study, the following pathways are proposed as hypotheses of potential
mechanisms underlying the observed cognitive improvements. Previous studies from
our research group and collaborators suggest that Zynamite®’s efficacy may involve the
selective inhibition of catechol-O-methyltransferase (COMT) [17]. Based on this preclinical
evidence, a resulting slowing of catecholamine degradation in the prefrontal cortex could
hypothetically increase synaptic dopamine [71,72], consistent with the improvements in
processing speed, executive flexibility, and selective attention, given the role of dopamine in
the executive control required for the TMT-B and Stroop tasks [73,74]. Complementary pre-
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clinical evidence points to additional targets that may contribute to these effects, including
acetylcholinesterase (AChE) inhibition [75,76] and BDNF-mediated modulation of synaptic
plasticity and long-term potentiation (LTP) [17,25,77]. Although all these mechanisms
remain inferential in the present trial, together they suggest that mangiferin may act as a
pleiotropic neuromodulator engaging multiple pathways [78].

3.4. Limitations and Future Perspectives

While this study demonstrates acute cognitive and mood effects of Zynamite® S in a
healthy young adult population, several limitations must be acknowledged to contextualize
these findings.

First, the study population was restricted to healthy young adults, a demographic
typically characterized by optimal cognitive baseline performance. While this allowed for a
clear assessment of the extract’s performance-enhancing potential under controlled condi-
tions, the generalizability of these findings to older populations or individuals experiencing
age-related cognitive decline cannot be assumed [79]. Beyond age, all participants were
university students from a single academic institution in Spain, representing a homogenous
population in terms of culture and geography. Although the use of a homogeneous, healthy
young adult population was a deliberate methodological choice to minimize confound-
ing variables and represents the primary intended target population for this product, the
benefits observed are limited to this sample. Future studies in more diverse cohorts are
planned to establish the broader applicability of the findings, and translation to real-world
academic or occupational performance requires ecological studies.

Second, this trial focused exclusively on the acute, single-dose effects of the formula-
tion. Although we observed a sustained “plateau” of cognitive benefit over 5 h, it remains
unclear whether chronic supplementation would lead to cumulative gains or the poten-
tial development of tolerance. Future longitudinal studies are warranted to explore the
long-term safety and efficacy profile of continued use in humans.

Third, several limitations should be noted regarding study design. While the fully
counterbalanced crossover design and the dedicated Day 0 familiarization session were
implemented to minimize practice effects, residual within-session learning effects cannot
be entirely excluded. Next studies should consider the use of parallel alternate test forms
at each repetition to further address this concern. Also, although the trial was double-
blind and treatments were provided in identical coded opaque capsules, no formal test
of blinding efficacy was administered. In addition, the omission of the RAVLT memory
battery relative to the previous protocol is noted as a design difference.

Finally, while our behavioral results are consistent with a modulation of dopaminergic
and COMT-related pathways, these remain inferential mechanistic hypotheses that are
not validated in the present trial and await direct experimental confirmation in humans
using neurochemical, enzymatic, or neuroimaging methodologies. In particular, the use
of neuroimaging techniques, such as functional Magnetic Resonance Imaging (fMRI) or
EEG, would be key to explore the neural mechanisms underlying mangiferin’s rapid onset
of action and provide into how the soluble formulation modulates brain activity patterns
in real-time [80,81]. These approaches are identified as priority methodological tools for
future mechanistic investigations of Zynamite® S CNS activity, alongside biomarker-based
assessments such as biochemical and enzymatic assays.

4. Materials and Methods
4.1. Study Design

Following the initial findings regarding the cognitive effects of Zynamite® S, this
study was designed as a confirmatory replication of the previous trial [30]. The current
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clinical trial employed a double-blind, randomized, placebo-controlled, crossover design
at the same University Clinical Research facility. The primary objective was to test the
reproducibility of the acute effects of a single 100 mg dose of Zynamite® S compared to
a placebo. While the previous study investigated both 100 mg and 150 mg doses, this
replication focused specifically on the lower dose to confirm its potency and reliability.
Assessment of cognitive performance and emotional state occurred at baseline (PRE) and at
30 min (30 min), 3 h (3 h), and 5 h (5 h) post-administration, maintaining the original study’s
temporal framework to ensure data comparability. The study protocol was approved by
the Ethics Committee of the University of Atlantico Medio (CEI/05-009) on the 9 May 2025,
and all endpoints were pre-specified in the ethics-approved protocol prior to enrollment on
the 12 May 2025. The trial was subsequently registered at ClinicalTrials.gov (NCT07126717)
on the 11 August 2025.

4.2. Study Subjects

A total of 88 healthy university students (undergraduate or postgraduate) were in-
cluded in this replication trial. Initially, 90 students were screened and contacted, but two
participants withdrew prior to completion. All participants were aged between 18 and
25 years and were confirmed to be free of any relevant medical conditions or diseases
upon enrollment. To maintain consistency with the original validation framework [30],
the exclusion criteria remained the same. Individuals were excluded if they met any of
the following: (i) presence of chronic diseases (e.g., asthma, Type 1 diabetes, thyroid disor-
ders, or autoimmune conditions); (ii) diagnosed psychiatric conditions, including anxiety,
major depression, eating disorders, or Attention-Deficit/Hyperactivity Disorder (ADHD);
(iii) pregnancy or lactation; (iv) known hypersensitivity or allergy to the study’s nutritional
components; (v) sensory or cognitive barriers such as intestinal malabsorption, dyslexia,
or color blindness; or (vi) the use of psychoactive substances or medications. Lifestyle
exclusions included the consumption of alcohol or high daily caffeine intake (>500 mg,
equivalent to approximately six 150 mL cups of filtered coffee).

4.3. Randomization and Blinding

Participants were randomly assigned and matched by sex into two experimental
groups (Figure 6). Following a crossover design, Group A received the placebo and Group
B received 100 mg of Zynamite® S on the first intervention day. After a 7-day washout
period, participants received the alternate treatment. The study remained double-blind;
neither the participants nor the researchers involved in data collection were aware of
the treatment assignment. The randomization sequence was computer-generated by an
independent researcher and statistician not involved in the clinical assessment.

4.4. Intervention

Participants received either a single 100 mg dose of soluble mango leaf extract
(Zynamite® S, standardized to 60% mangiferin; Nektium Pharma S.L., Agiiimes, Spain) or
a matched placebo containing maltodextrin. Each treatment was administered in identical,
opaque, third-party-coded capsules with a glass of water, ensuring allocation concealment.
On each experimental day, capsules were consumed 30 min prior to the first post-dose as-
sessment to allow for initial metabolic uptake. To prevent carryover effects, a 7-day washout
period was kept between treatments. The half-life of mangiferin from the Zynamite® S
formulation following oral administration in humans is 2.98 & 2.04 h [29], meaning that
complete systemic clearance would be expected within approximately 15 h of the last
dose (5 x Ty ;) [82]. The 7-day washout period provides a conservative safety margin for
complete compound elimination.
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Figure 6. CONSORT flow diagram illustrating the stages of recruitment, eligibility screening, and
treatment allocation. The diagram specifies the number of participants included in the final analysis
and the attrition rates at each assessment point.

The manufacturing process and full chemical characterization of the Zynamite® S
formulation have been previously described by Fuentes-Rios et al. 2025 [29]. Briefly,
the batch used in this trial was fully characterized under GMP conditions before use.
Mangiferin content was 60.0% (w/w) by HPLC-PDA (Figure S1), as well as polysaccharide,
polyphenol, and glycosyl content was determined. On the other hand, safety markers,
including urushiols and tertiary alkaloids, were not detected by LC-MS/MS (Figure S2).
The complete compositional profile of batch ZYN60S24 is provided in Table S1.

Adverse events and tolerability were formally monitored throughout both experi-
mental sessions (Day 1 and Day 7) using structured reporting forms. No adverse events
were observed in any participant across either treatment condition. The safety profile of
Zynamite® has been previously established through a comprehensive OECD- and GLP-
compliant toxicological evaluation [83]. The no-observed-adverse-effect level (NOAEL)
was determined to be 2000 mg/kg bw/day, the highest dose tested. The 100 mg single dose
administered in the present trial represents a negligible fraction of this threshold, providing
a substantial safety margin.
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4.5. Procedure

Participants attended the research facility on three occasions: Day 0 (screening and
familiarization), followed by two experimental sessions (Day 1 and Day 7) conducted one
week apart to ensure a washout period between crossover conditions.

Screening and Familiarization (Day 0): Eligibility was confirmed through informed
consent and assessment of inclusion/exclusion criteria. Baseline sociodemographic and
clinical metrics such as age, sex, weight, height, and body mass index (BMI) were
recorded, and participants were familiarized with the cognitive testing batteries to minimize
learning effects.

Experimental Sessions (Day 1 and Day 7): Participants arrived at the laboratory at
a consistent morning hour. Strict pre-test protocols were enforced: 24 h abstinence from
alcohol, caffeine restriction from the previous night, and a light breakfast (cereals/toast)
consumed at least one hour before arrival. Compliance was verified upon entry. Through-
out the test day, participants were restricted to water intake and prohibited from chewing
gum or consuming external food. On each visit, cognitive and mood scores were collected
30 min prior to supplementation and 30 min, 3 h and 5 h post-dose. At every assessment,
the cognitive and mood tests were administered in the same fixed order across both ses-
sions, so that any order-related fatigue was held constant across conditions. The same test
forms were administered at each session, and practice effects were minimized through a
Day-0 familiarization session and full counterbalancing and were further controlled by
the placebo condition. A light snack (juice and digestive biscuits) was provided after the
30 min assessment, and a standardized lunch (cheese sandwich, chips, and yogurt/custard)
was served following the 3 h assessment (Figure 7).

7-days
w Screening Randomization Day 1 Washout Day 7
=
o Zynamite®S Zynamite® S
2 CHMCENNCENCE [©'e , 0 ©
Baseline 30 min L 3h 5h Baseline 30 min < 3h 5h
Placebo 'i"i"i‘ Zynamite®S
. oo Group A Group B
=z
5] w Crossover
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w
a
o o o
Healthy C &
young adults by . www
(n=88) Zynamite®s roup Placebo Group A
100 mg

(© Testbattery = Light breakfast Light lunch
Figure 7. Schematic illustration representing the study design, assessment times, and procedures
throughout the experimental sessions. This figure was created in BioRender. Lépez, L. (2026)
https:/ /BioRender.com/12s0lef (accessed on 8 July 2026).

4.6. Experimental Outcomes

Cognitive performance and emotional state were evaluated using a battery of validated
neuropsychological instruments, consistent with the protocols established in our previous
trial [30]. As pre-specified in the ethics-approved study protocol, the Trail Making Test
(TMT), Digit Symbol Substitution Test (DSST), and Stroop Test were designated as the
primary cognitive outcomes of this study. The Profile of Mood States (POMS) and its
subscales were pre-specified as secondary outcomes.
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4.6.1. Cognitive Function

TMT: This test assessed psychomotor speed and executive control. Part A (TMT-A)
measured visual-motor tracking and speed (connecting numbered circles), while Part
B (TMT-B) evaluated cognitive flexibility and executive function (alternating between
numbers and letters) [53,84]. Performance was quantified by the time taken (seconds) to
complete each part, where shorter durations indicated superior performance.

DSST: A paper-and-pencil task used to measure processing speed. Participants
matched specific symbols to numbers according to a provided key [52]. The final score was
the total number of correct substitutions completed within 90 s.

Stroop Color-Word Test: This instrument evaluated selective attention and inhibitory
control across three 45 s phases: word reading (P), color naming (C), and the interference
phase (PC), where ink color and word meaning were incongruent. A standardized Stroop
Interference (T) score was calculated, with higher scores reflecting a greater ability to inhibit
cognitive interference [85,86].

4.6.2. Mood Assessment

To assess emotional state, participants completed the Spanish version of the POMS
65-item questionnaire [87]. This tool measures six subscales: Tension, Depression, Anger,
Fatigue, Vigor, and Confusion. A Total Mood Disturbance (TMD) index was derived by
summing the negative subscale scores and subtracting the Vigor score (potential range: —32
to 200). Higher TMD scores indicate increased psychological distress or mood disturbance.

4.7. Sample Size Calculation

The sample size was determined a priori using G*Power (version 3.1.9.7). Given
the crossover design of the study, in which each participant received both treatments
(Zynamite® S and placebo) and was assessed at four time points (baseline, 30 min, 3 h, and
5 h) during each intervention session, the power analysis indicated that a minimum of
82 participants was required to detect a medium effect size (f = 0.24) with 80% power
(1 — B =0.80) at a significance level of & = 0.05. The final sample of 88 participants ensured
adequate statistical power.

4.8. Statistical Analysis

The statistical analysis was designed to align with a double-blind, randomized, two-
period crossover clinical trial. All analyses were conducted using Jamovi (version 2.3) with
the GAMLj module. Statistical significance was set at o« = 0.05.

As pre-specified in the ethics-approved study protocol, three cognitive outcomes were
pre-specified as co-primary endpoints assessing functionally distinct cognitive domains:
the Trail Making Test (TMT) for visual attention and task switching, the Digit Symbol
Substitution Test (DSST) for processing speed, and the Stroop Color-Word Test for selective
attention and cognitive inhibition. Each primary endpoint provides independent evidence
within its own cognitive domain, rather than serving as a redundant test of the same
construct. The Profile of Mood States (POMS) Total Mood Disturbance score and the six
individual subscales were pre-specified as secondary endpoints.

The primary treatment effect was evaluated using a linear mixed-effects model (LMM)
fitted by Restricted Maximum Likelihood (REML) for each outcome variable. The model
included Treatment (Placebo vs. Zynamite® S), Time (30 min, 3 h, 5 h post-dose), Sequence
(PZ vs. ZP), and Period (1 vs. 2) as fixed-effect factors, with the Treatment x Time in-
teraction as the primary parameter of interest. The pre-dose value of each session was
incorporated as a fixed-effect covariate to account for within-subject baseline variability
across all endpoints. A residual imbalance in Day-1 pre-dose baseline scores between
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treatment sessions was observed for several outcomes (Table A4); because each session’s
pre-dose value was included as a covariate, the resulting baseline-adjusted EMMs account
for this imbalance in all reported treatment effects. Subject identifier was included as a
random intercept to model the within-subject correlation arising from repeated admin-
istration of both treatments. Denominator degrees of freedom were estimated using the
Satterthwaite approximation.

Period and sequence effects were directly modeled as fixed effects within the LMM,
providing simultaneous estimation with appropriate standard errors. The fully counter-
balanced design (44 participants per sequence) ensures symmetric distribution of period
effects across treatment conditions. Sequence effects were assessed by comparing Day 1
pre-dose baseline scores between sequences using independent-samples t-tests, period
effects were assessed by comparing Period 1 vs. Period 2 baseline scores within subjects
using paired-samples f-tests, and carryover effects were assessed by comparing Day 7
pre-dose baseline scores between sequences using independent-samples t-tests (Table A4).

Type I error rate was controlled through complementary structural safeguards: pre-
registration of endpoints prior to study initiation, precluding post hoc endpoint selection
and selective reporting; selection of functionally distinct cognitive domains (in line with
FDA guidance on multiple endpoints [88]); and interpretation based on the directional
consistency of effects across domains rather than isolated significant findings. Nominal p-
values are reported for all simple effects, alongside point estimates (A) and 95% confidence
intervals, allowing effect size interpretation independent of significance thresholds.

Estimated marginal means (EMM) with 95% confidence intervals were derived from
the linear mixed-effects model, evaluated at the grand mean of the baseline covariate.
Simple effects of Treatment within each Time level were computed to test for differences
between Zynamite® S and placebo at each post-dose timepoint (30 min, 3 h, and 5 h).

Standardized effect sizes (Cohen’s d) for the treatment contrast at each timepoint
were derived from the baseline-adjusted mean difference divided by the pooled baseline
standard deviation, reported with 95% confidence intervals and interpreted using Cohen’s
benchmarks (0.2 small, 0.5 medium, 0.8 large). The POMS subscales and the secondary
Stroop contrasts were treated as exploratory and reported without correction for multiple
comparisons, whereas the three pre-specified cognitive primaries (TMT, DSST, Stroop)
remained significant under conservative correction.

Model assumptions (normality and homoscedasticity of residuals) were verified via
Shapiro-Wilk and Kolmogorov—Smirnov tests, Q-Q plots, and residual-predicted scat-
terplots. Model fit was characterized by marginal and conditional R? statistics, with
the intraclass correlation coefficient (ICC) reported as an indicator of within-subject
correlation strength.

Complementarily, within-group paired t-tests were conducted to evaluate temporal
changes from baseline within each treatment arm. For each treatment, scores at 30 min, 3 h,
and 5 h were compared against the pre-dose baseline using paired-samples t-tests. These
analyses serve a descriptive purpose to characterize the within-group trajectory over time,
independent of between-treatment comparisons, and are reported with nominal p-values.

5. Conclusions

The present study demonstrates significant acute improvements in processing speed,
executive function, and selective attention following a single 100 mg dose of Zynamite®
S in healthy young adults, replicating findings from a previous clinical trial. Statistically
significant effects were observed across multiple validated cognitive instruments and
sustained over a 5 h post-dose window, reproducing the acute cognitive and mood benefits
previously reported in this population. These results support the continued investigation
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of Zynamite® S as a caffeine-free candidate for acute cognitive support, while underscoring
the importance of replication in nutritional science.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/ph19071112/s1, Figure S1: HPLC-PDA chromatogram and inline
UV spectrum of Zynamite® S (batch ZYN60S24); Figure S2: HPLC-MS/MS chromatographic and mass
spectral characterization of Zynamite® S (batch ZYN60S24); Table S1: Phytochemical characterization
of Zynamite® S (batch ZYN60S24).
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Abbreviations

The following abbreviations are used in this manuscript:

AChE Acetylcholinesterase

ADHD  Attention-deficit/hyperactivity disorder
BMI Body mass index

CNS Central nervous system

COMT  Catechol-O-methyltransferase

DSST Digit symbol substitution test

EEG Electroencephalography

EMM Estimated marginal means

fMRI Functional magnetic resonance imaging
ICC Intraclass correlation coefficient

LMM Linear mixed-effects model

LTP Long-term potentiation
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MAO Monoamine oxidase

NOAEL No Observed Adverse Effect Level
POMS Profile of mood states

RAVLT  Rey auditory verbal learning test
REML Restricted Maximum Likelihood

SD Standard deviation

SE Standard error

TMD Total mood disturbance
TMT Trail making test

TMT-A  Trail making test part A
TMT-B  Trail making test part B
WHR Waist-to-hip ratio

Appendix A

Table Al. Descriptive statistics for cognitive variables and longitudinal change. Values represent
raw means and standard deviation for each assessment. Percentage of change (%) indicates the mean
individual variation from baseline to each timepoint. SD: Standard deviation; TMT: Trail Making Test.
p-value: paired-samples t-tests (post-dose vs. pre-dose within each treatment arm). PRE: Baseline,
30 min: 30 min post-intervention, 3 h: 3 h post-intervention, 5 h: 5 h post-intervention.

Variables Treatment Mean SD % of Change from Baseline p-Value
TMT-A PRE Placebo 57.97 17.68 - -
ZYNS 61.84 23.69 - -
TMT-A 30 min Placebo 57.84 17.85 (—)0.22 1.000
ZYNS 55.51 18.33 (—)10.24 0.009
TMT-A3 h Placebo 55.07 16.76 (—)5.00 1.000
ZYNS 43.48 15.13 (=) 29.69 <0.001
TMT-A5h Placebo 54.99 16.58 (—)5.14 0.863
ZYNS 46.16 13.81 (—)25.36 <0.001
TMT-B PRE Placebo 58.95 19.91 - -
ZYNS 67.01 26.48 - -
TMT-B 30 min Placebo 56.44 21.16 (—)4.26 1.000
ZYNS 62.92 21.46 (—)6.10 0.609
TMT-B3h Placebo 55.55 2141 (—)5.78 0.891
ZYNS 50.92 17.33 (—)24.01 <0.001
TMT-B5h Placebo 57.45 21.28 (—)2.54 1.000
ZYNS 52.88 17.76 (—)21.10 <0.001
DSST PRE Placebo 60.68 11.39 - -
ZYNS 59.13 14.51 - -
DSST 30 min Placebo 61.93 11.16 (+) 2.06 1.000
ZYNS 64.73 11.98 (+)9.47 <0.001
DSST 3 h Placebo 62.85 11.19 (+) 3.58 0.623
ZYNS 67.60 11.88 (+)14.32 <0.001
DSST 5h Placebo 62.16 10.79 (+)2.44 1.000
ZYNS 69.20 11.44 (+)17.03 <0.001
STROOP PRE Placebo 61.07 7.69 - -
W&C ZYNS 58.39 5.20 - -
STROOP 30 min Placebo 59.59 473 (—)2.42 0.418
W&C ZYNS 59.67 3.83 (+)2.20 0.687
STROOP 3 h Placebo 60.80 444 (—) 045 1.000
W&C ZYNS 59.86 3.78 (+)2.53 0.397
STROOP 5 h Placebo 59.38 4.38 (—)2.77 0.254
W&C ZYNS 61.13 5.41 (+) 4.69 0.007
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Table A2. Descriptive statistics for emotional (POMS) variables and longitudinal change. Values
represent raw means and standard deviation for each assessment. Percentage of change (%) indicates
the mean individual variation from baseline to each timepoint. SD: Standard deviation; TMT: Trail
Making Test. p-value: paired-samples ¢-tests (post-dose vs. pre-dose within each treatment arm).
PRE: Baseline, 30 min: 30 min post-intervention, 3 h: 3 h post-intervention, 5 h: 5 h post-intervention.

Variables Treatment Mean SD % of Change from Baseline p-Value
POMS PRE Placebo 39.06 16.86 - -
TMD ZYNS 4591 20.78 - -
POMS 30 min Placebo 38.92 19.07 (=) 0.35 1.000
TMD ZYNS 37.58 16.85 (—)18.14 <0.001
POMS 3 h Placebo 35.61 17.09 (—)8.82 0.168
TMD ZYNS 34.75 16.72 (—)24.31 <0.001
POMS 5 h Placebo 35.68 18.86 (—)8.64 0.316
TMD ZYNS 34.85 17.38 (—)24.08 <0.001
POMS PRE Placebo 8.15 4.34 -
Tension ZYNS 8.67 4.87 -
POMS 30 min Placebo 8.56 5.43 (+)5.02 1.000
Tension ZYNS 7.65 412 (—)11.80 0.191
POMS 3 h Placebo 7.38 427 (—)9.48 0.632
Tension ZYNS 6.00 3.18 (=) 30.80 <0.001
POMS 5 h Placebo 7.03 413 (=) 13.67 0.146
Tension ZYNS 6.51 3.84 (—)24.90 <0.001
POMS PRE Placebo 11.77 5.58 - -
Depression ZYNS 14.25 7.41 - -
POMS 30 min Placebo 11.47 6.57 (—)2.61 1.000
Depression ZYNS 12.10 7.07 (=) 15.07 <0.001
POMS 3 h Placebo 11.11 6.35 (=) 5.60 1.000
Depression ZYNS 10.81 6.44 (—)24.16 <0.001
POMS 5 h Placebo 11.34 6.35 (—)3.67 1.000
Depression ZYNS 10.99 6.38 (—)22.89 <0.001
POMS PRE Placebo 9.42 4.93 - -
Fatigue ZYNS 11.61 5.39 - -
POMS 30 min Placebo 9.39 5.03 (—)0.36 1.000
Fatigue ZYNS 9.36 5.31 (—)19.37 <0.001
POMS 3 h Placebo 9.09 4.84 (=) 3.50 1.000
Fatigue ZYNS 8.55 4.83 (—)26.42 <0.001
POMS 5 h Placebo 9.49 5.29 (+)0.72 1.000
Fatigue ZYNS 8.56 4.81 (—)26.32 <0.001
POMS PRE Placebo 8.08 3.88 - -
Confusion ZYNS 9.02 4.63 - -
POMS 30 min Placebo 7.80 4.53 (=) 3.52 1.000
Confusion ZYNS 8.38 4.63 (—=)7.18 0.469
POMS 3 h Placebo 7.08 4.25 (=) 12.38 0.138
Confusion ZYNS 7.28 4.81 (=) 19.27 <0.001
POMS 5 h Placebo 6.74 418 (—) 16.60 0.01
Confusion ZYNS 6.94 3.95 (—) 23.05 <0.001
POMS PRE Placebo 12.00 5.32 - -
Anger ZYNS 14.05 5.84 - -
POMS 30 min Placebo 11.78 5.71 (—)1.80 1.000
Anger ZYNS 13.28 5.69 (—)542 0.366
POMS 3 h Placebo 11.06 5.18 (—)7.86 0.307
Anger ZYNS 13.25 4.71 (=) 5.66 0.597
POMS 5 h Placebo 11.09 6.04 (—=)7.58 0.484
Anger ZYNS 13.17 5.16 (=) 6.23 0.556
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Table A2. Cont.

Variables Treatment Mean SD % of Change from Baseline p-Value
POMS PRE Placebo 10.36 5.22 - -
Vigor ZYNS 11.69 5.04 - -
POMS 30 min Placebo 10.07 5.26 (—)2.85 1.000
Vigor ZYNS 11.86 5.78 (+) 1.46 1.000
POMS 3 h Placebo 10.10 5.38 (—)2.52 1.000
Vigor ZYNS 11.14 491 (—)4.76 1.000
POMS 5 h Placebo 10.01 5.19 (—) 340 1.000
Vigor ZYNS 11.32 5.05 (—)3.21 1.000

Table A3. Standardized effect sizes (Cohen’s d) for the treatment contrast at each timepoint were
derived from the baseline-adjusted mean difference divided by the pooled baseline standard deviation.
Values are interpreted using Cohen’s benchmarks (0.2 small, 0.5 medium, 0.8 large).

Endpoint 30 min 3h 5h
TMT-A —0.188 —0.631 —0.499
TMT-B +0.178 —0.296 —0.294

DSST +0.246 +0.396 +0.572
Stroop PC +0.038 —0.116 +0.292
Stroop T —0.074 —0.152 +0.093
POMS TMD —0.233 —0.208 —0.206
POMS Tension —0.230 —0.332 —0.145
POMS Depression —0.069 —0.212 —0.220
POMS Anger +0.082 +0.206 +0.186
POMS Fatigue —0.209 —0.310 —0.385
POMS Vigor +0.204 +0.092 +0.144
POMS Confusion -0.117 —0.070 —0.047

Table A4. Crossover-specific effects for each endpoint: sequence effect (Day 1 pre-dose baseline
compared between sequences PZ and ZP, independent-samples t-tests), period effect (Period 1 vs.
Period 2pre-dose baseline compared within subjects, paired-samples t-tests), and carryover effect
(Day 7 pre-dose baseline compared between sequences, independent-samples ¢-tests).

Endpoint Sequence t Sequence p Period t Period p Carryover t Carryover p
TMT-A —2.08 0.041 +7.52 <0.001 —0.31 0.760
TMT-B —-1.73 0.088 +7.61 <0.001 +2.25 0.027

DSST —0.51 0.610 +0.76 0.448 —-1.91 0.059
Stroop PC +1.99 0.049 —1.08 0.282 —1.86 0.066
Stroop T +1.65 0.103 —0.93 0.355 —1.54 0.128
POMS TMD —2.09 0.039 +7.03 <0.001 +1.50 0.138
POMS Tension —0.83 0.407 +6.75 <0.001 +0.24 0.809
POMS Depression —2.33 0.022 +5.82 <0.001 +1.38 0.172
POMS Anger —1.88 0.063 +5.24 <0.001 +1.70 0.092
POMS Fatigue —2.93 0.004 +4.95 <0.001 +1.11 0.269
POMS Vigor —1.57 0.121 +5.10 <0.001 +0.96 0.339
POMS Confusion —0.47 0.637 +5.56 <0.001 +1.68 0.096
References

1. Sheldon, P.; Mendez-Montejano, J.; Michalak, A.J.; Navarro, ].J.; Bradley, C.; Mongalo, M.; Zavala-Cerna, M.G. Pharmacological
Cognitive Enhancement Among International Medical Students: Assessing Study Habits as a Novel Factor. Med. Sci. Educ. 2024,
34, 1353-1360. [CrossRef] [PubMed]

2. Sharif, S.; Guirguis, A.; Fergus, S.; Schifano, F. The Use and Impact of Cognitive Enhancers among University Students:
A Systematic Review. Brain Sci. 2021, 11, 355. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ph19071112


https://doi.org/10.1007/s40670-024-02113-w
https://www.ncbi.nlm.nih.gov/pubmed/39758485
https://doi.org/10.3390/brainsci11030355
https://www.ncbi.nlm.nih.gov/pubmed/33802176
https://doi.org/10.3390/ph19071112

Pharmaceuticals 2026, 19, 1112 22 of 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Roberts, C.A.; Jones, A.; Sumnall, H.; Gage, S.H.; Montgomery, C. How effective are pharmaceuticals for cognitive enhancement

in healthy adults? A series of meta-analyses of cognitive performance during acute administration of modafinil, methylphenidate

and D-amphetamine. Eur. Neuropsychopharmacol. 2020, 38, 40-62. [CrossRef] [PubMed]

Wilms, W.; WozZniak-Karczewska, M.; Corvini, P.E; Chrzanowski, L. Nootropic drugs: Methylphenidate, modafinil and piracetam—
Population use trends, occurrence in the environment, ecotoxicity and removal methods—A review. Chemosphere 2019, 233,
771-785. [CrossRef] [PubMed]

Ingegneri, M.; Smeriglio, E.; Zebbiche, Y.; Cornara, L.; Visalli, L.; Smeriglio, A.; Trombetta, D. The Dark Side of “Smart Drugs”:
Cognitive Enhancement vs. Clinical Concerns. Toxics 2025, 13, 247. [CrossRef] [PubMed]

Schifano, F.; Bonaccorso, S.; Arillotta, D.; Corkery, ].M.; Floresta, G.; Papanti Pelletier, G.D.; Guirguis, A. Focus on Cognitive

Enhancement: A Narrative Overview of Nootropics and “Smart Drug” Use and Misuse. Biology 2025, 14, 1244. [CrossRef]

[PubMed]

Ricci, G. Pharmacological Human Enhancement: An Overview of the Looming Bioethical and Regulatory Challenges. Front.

Psychiatry 2020, 11, 53. [CrossRef] [PubMed]

Muili, A.O.; Temilola, A.V,; Itunu, O.O.; Olajide, O.A.; Ngozi, C.D.; Kuol, P.P. Exploring Cognitive Enhancers: From neurothera-
peutics to ethical and regulatory challenges: A mini review. Ann. Med. Surg. 2025, 87, 4975-4981. [CrossRef]

Schifano, F; Catalani, V.; Sharif, S.; Napoletano, F.; Corkery, ].M.; Arillotta, D.; Guirguis, A. Benefits and Harms of ‘Smart Drugs’
(Nootropics) in Healthy Individuals. Drugs 2022, 82, 633-647. [CrossRef]

Lorca, C.; Mulet, M.; Arévalo-Caro, C.; Sanchez, M.A.; Perez, A.; Perrino, M.; Serra, A. Plant-derived nootropics and human

cognition: A systematic review. Crit. Rev. Food Sci. Nutr. 2023, 63, 5521-5545. [PubMed]

Suliman, N.A.; Mat Taib, C.N.; Mohd Moklas, M.A.; Adenan, M.I,; Hidayat Baharuldin, M.T.; Basir, R. Establishing Natural

Nootropics: Recent Molecular Enhancement Influenced by Natural Nootropic. Evid. Based Complement. Altern. Med. 2016,
2016, 4391375. [CrossRef]

Malik, M.; Tlustos, P. Nootropic Herbs, Shrubs, and Trees as Potential Cognitive Enhancers. Plants 2023, 12, 1364. [CrossRef]

[PubMed]

Temple, J.L.; Bernard, C.; Lipshultz, SE.; Czachor, ].D.; Westphal, J.A.; Mestre, M.A. The Safety of Ingested Caffeine:
A Comprehensive Review. Front. Psychiatry 2017, 8, 80. [CrossRef] [PubMed]

Bonventre, S.R.; Raymond, A.; Begdache, L. Caffeine Consumption, Sleep Quality and Anxiety Among College Students. Curr.
Dev. Nutr. 2024, 8, 103183. [CrossRef]

Saimaiti, A.; Zhou, D.D,; Li, J.; Xiong, R.G.; Gan, R.Y,; Huang, S.Y.; Li, H.B. Dietary sources, health benefits, and risks of caffeine.
Crit. Rev. Food Sci. Nutr. 2023, 63, 9648-9666. [PubMed]

Roe, A.L.; Venkataraman, A. The Safety and Efficacy of Botanicals with Nootropic Effects. Curr. Neuropharmacol. 2021, 19,
1442-1467. [CrossRef] [PubMed]

Loépez-Rios, L.; Wiebe, ]J.C.; Vega-Morales, T.; Gericke, N. Central nervous system activities of extract Mangifera indica L.
J. Ethnopharmacol. 2020, 260, 112996. [CrossRef]

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. Altern. Med. 2017, 2017, 6949835.
[CrossRef]

Kaur, J.; Kaushik, D.; Kumar, M.; Babagil, G.E.; Amarowicz, R.; Proestos, C. Comprehensive analysis and characterization of

Mangifera indica L. leaf powder. Food Sci. Nutr. 2025, 13, e70083. [CrossRef] [PubMed]

Mehmood, H.; Mehmood, J.; Zulfiqar, N. Exploring the phytochemistry and pharmacology of Mangifera indica L. (Mango) leaves:

A review. Int. ]. Plant Based Pharm. 2024, 4, 9-18. [CrossRef]

Zivkovi¢, J.; Kumar, K.A ; Rushendran, R; Ilango, K.; Fahmy, N.M.; El-Nashar, H.A.S. Pharmacological properties of mangiferin:

Bioavailability, mechanisms of action and clinical perspectives. Naunyn Schmiedebergs Arch. Pharmacol. 2024, 397, 763-781.
[PubMed]

Dimitrov, M.; Nikolova, I.; Benbasat, N.; Kitanov, G.; Danchev, N. Acute Toxicity, Antidepressive and Mao Inhibitory Activity of

Mangiferin Isolated from Hypericum aucheri. Biotechnol. Biotechnol. Equip. 2011, 25, 2668-2671. [CrossRef]

Arnsten, A.ET. Neurobiology of Executive Functions: Catecholamine Influences on Prefrontal Cortical Functions. Biol. Psychiatry

2005, 57, 1377-1384. [CrossRef] [PubMed]

Biradar, S.M.; Joshi, H.; Chheda, T.K. Neuropharmacological effect of Mangiferin on brain cholinesterase and brain biogenic

amines in the management of Alzheimer’s disease. Eur. |. Pharmacol. 2012, 683, 140-147. [CrossRef] [PubMed]

Dimpfel, W.; Wiebe, J.; Gericke, N.; Schombert, L. Zynamite (Mangifera indica leaf extract) and caffeine act in a synergistic manner

on electrophysiological parameters of rat central nervous system. Food Nutr. Sci. 2018, 9, 502-518. [CrossRef]

Wightman, E.L.; Jackson, P.A.; Forster, J.; Khan, J.; Wiebe, ].C.; Gericke, N. Acute effects of a polyphenol-rich leaf extract of

Mangifera indica L. (Zynamite) on cognitive function in healthy adults: A double-blind, placebo-controlled crossover study.
Nutrients 2020, 12, 2194. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ph19071112


https://doi.org/10.1016/j.euroneuro.2020.07.002
https://www.ncbi.nlm.nih.gov/pubmed/32709551
https://doi.org/10.1016/j.chemosphere.2019.06.016
https://www.ncbi.nlm.nih.gov/pubmed/31200137
https://doi.org/10.3390/toxics13040247
https://www.ncbi.nlm.nih.gov/pubmed/40278563
https://doi.org/10.3390/biology14091244
https://www.ncbi.nlm.nih.gov/pubmed/41007388
https://doi.org/10.3389/fpsyt.2020.00053
https://www.ncbi.nlm.nih.gov/pubmed/32127792
https://doi.org/10.1097/ms9.0000000000003442
https://doi.org/10.1007/s40265-022-01701-7
https://www.ncbi.nlm.nih.gov/pubmed/34978226
https://doi.org/10.1155/2016/4391375
https://doi.org/10.3390/plants12061364
https://www.ncbi.nlm.nih.gov/pubmed/38068633
https://doi.org/10.3389/fpsyt.2017.00080
https://www.ncbi.nlm.nih.gov/pubmed/28603504
https://doi.org/10.1016/j.cdnut.2024.103183
https://www.ncbi.nlm.nih.gov/pubmed/35574653
https://doi.org/10.2174/1570159x19666210726150432
https://www.ncbi.nlm.nih.gov/pubmed/34315377
https://doi.org/10.1016/j.jep.2020.112996
https://doi.org/10.1155/2017/6949835
https://doi.org/10.1002/fsn3.70083
https://www.ncbi.nlm.nih.gov/pubmed/40488188
https://doi.org/10.29228/ijpbp.38
https://www.ncbi.nlm.nih.gov/pubmed/37658210
https://doi.org/10.5504/bbeq.2011.0099
https://doi.org/10.1016/j.biopsych.2004.08.019
https://www.ncbi.nlm.nih.gov/pubmed/15950011
https://doi.org/10.1016/j.ejphar.2012.02.042
https://www.ncbi.nlm.nih.gov/pubmed/22426032
https://doi.org/10.3389/fphar.2018.00425
https://doi.org/10.3390/nu12082194
https://www.ncbi.nlm.nih.gov/pubmed/32717999
https://doi.org/10.3390/ph19071112

Pharmaceuticals 2026, 19, 1112 23 of 25

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Tian, X.; Gao, Y.; Xu, Z.; Lian, S.; Ma, Y.; Guo, X.; Hu, P,; Li, Z.; Huang, C. Pharmacokinetics of mangiferin and its metabolite—
Norathyriol, Part 1: Systemic evaluation of hepatic first-pass effect in vitro and in vivo. Biofactors 2016, 42, 533-544. [CrossRef]
[PubMed]

Zhao, J.; Yang, J.; Xie, Y. Improvement strategies for the oral bioavailability of poorly water-soluble flavonoids: An overview. Int.
J. Pharm. 2019, 570, 118642. [CrossRef] [PubMed]

Fuentes-Rios, D.; Sanchez-Rodriguez, A.; Lopez-Rios, L.; Garcia-Gonzalez, E.; Martinez-Canton, M.; Galvan-Alvarez, V.; Gallego-
Selles, A.; Martin-Rincon, M.; Calbet, ].A.L.; Vega-Morales, T. Human Pharmacokinetic Profiling and Comparative Analysis of
Mangiferin and Its Monosodium Derivative from Mangifera indica Extracts Using UHPLC-MS/MS with 1H NMR and MALDI-TOF
Confirmation. Molecules 2025, 30, 461. [CrossRef] [PubMed]

Castellote-Caballero, Y.; Beltran-Arranz, A.; Aibar-Almazéan, A.; Carcelén-Fraile, M.d.C.; Rivas-Campo, Y.; Lépez-Rios, L.;
Vega-Morales, T.; Gonzalez-Martin, A.M. Acute Supplementation of Soluble Mango Leaf Extract (Zynamite® S) Improves Mental
Performance and Mood: A Randomized, Double-Blind, Placebo-Controlled Crossover Study. Pharmaceuticals 2025, 18, 571.
[CrossRef] [PubMed]

Sorkin, B.C.; Kuszak, A.J.; Williamson, J.S.; Hopp, D.C.; Betz, ].M. The Challenge of Reproducibility and Accuracy in Nutrition
Research: Resources and Pitfalls. Adv. Nutr. 2016, 7, 383-389. [CrossRef] [PubMed]

Chopra, A.S.; Lordan, R.; Horbanczuk, O.K.; Atanasov, A.G.; Chopra, I.; Horbanczuk, ].O.; J6zwik, A.; Huang, L.; Pirgozliev,
V.; Banach, M.; et al. The current use and evolving landscape of nutraceuticals. Pharmacol. Res. 2022, 175, 106001. [CrossRef]
[PubMed]

Beltran-Arranz, A.; Fuentes-Rios, D.; Pérez-Machin, R.; Lépez-Rios, L. A natural nootropic for cognitive enhancement: A case
study on the standardized mango leaf extract Zynamite®. Funct. Foods Health Dis. 2026, 16, 118-131. [CrossRef]

Thomas, J.; Athulkrishna, M.U.; Ashok, A.; Athul, P.B.; Paul, ]. Mango leaves unveiled: A comprehensive review of their benefits
and uses. J. Pharmacogn. Phytochem. 2025, 14, 130-134. [CrossRef]

Mustafa, A.M.; Bastawesy, G.A.; Hatem, S.; Moussa, R.A.G.; Hal, D.M.; Fawzy, M.H. Polyphenolic protection: The role of
mangiferin in mitigating neurodegeneration and neuroinflammation. Inflammopharmacology 2025, 33, 4535-4552. [CrossRef]
[PubMed]

Cao, C.; Su, M.; Zhou, F. Mangiferin inhibits hippocampal NLRP3 inflammasome and exerts antidepressant effects in a chronic
mild stress mice model. Behav. Pharmacol. 2017, 28, 356-364. [CrossRef] [PubMed]

Hao, T.; Chen, C.; Yang, S.; Zhang, Y.; Liang, F. Mangiferin exerts neuroprotective effects against focal cerebral ischemia in mice
by regulating NF-«B signaling pathway. Metab. Brain Dis. 2023, 38, 383-391. [PubMed]

Wang, N.; Sun, Z.; Chen, F; Tian, X,; Li, J.; He, X. Mangiferin alleviates formaldehyde-induced tau hyperphosphorylation and
cognitive impairment in mice via the PI3K/AKT/GSK3p3 pathway: Insights from network pharmacology and experimental
validation. FASEB J. 2026, 40, €71346. [CrossRef] [PubMed]

Peng, C.; Zhang, Y.; Chai, J.; Zhang, H. Mangiferin mitigates neurological deficits and ferroptosis via NRF2/ARE pathway
activation in cerebral ischemia-reperfusion rats. Front. Pharmacol. 2025, 16, 1577954. [CrossRef] [PubMed]

Crowe, S.F. The differential contribution of mental tracking, cognitive flexibility, visual search, and motor speed to performance
on parts A and B of the trail making test. J. Clin. Psychol. 1998, 54, 585-591. [CrossRef] [PubMed]

Misdraji, E.L.; Gass, C.S. The Trail Making Test and its neurobehavioral components. J. Clin. Exp. Neuropsychol. 2010, 32, 159-163.
[PubMed]

Sénchez-Cubillo, I; Peridfiez, J.; Adrover-Roig, D.; Rodriguez-Sanchez, ].; Rios-Lago, M.; Tirapu, J.; Barcel6, F. Construct validity
of the Trail Making Test: Role of task-switching, working memory, inhibition/interference control, and visuomotor abilities. J. Int.
Neuropsychol. Soc. 2009, 15, 438-450. [CrossRef] [PubMed]

Arbuthnott, K; Frank, J. Trail making test, part B as a measure of executive control: Validation using a set-switching paradigm.
J. Clin. Exp. Neuropsychol. 2000, 22, 518-528. [CrossRef] [PubMed]

Kortte, K.B.; Horner, M.D.; Windham, W.K. The trail making test, part B: Cognitive flexibility or ability to maintain set? Appl.
Neuropsychol. 2002, 9, 106-109. [CrossRef] [PubMed]

Glosser, G.; Butters, N.M.; Kaplan, E. Visuoperceptual processes in brain damaged patients on the digit symbol substitution test.
Int. J. Neurosci. 1977, 7, 59-66. [CrossRef] [PubMed]

Krumm, S.; Schmidt-Atzert, L.; Bracht, M.; Ochs, L. Coordination as a crucial component of performance on a sustained attention
test: Evidence from the digit-symbol substitution test. J. Individ. Differ. 2011, 32, 117-128. [CrossRef]

Carlson, A.G.; Rowe, E.; Curby, T.W. Disentangling Fine Motor Skills’ Relations to Academic Achievement: The Relative
Contributions of Visual-Spatial Integration and Visual-Motor Coordination. J. Genet. Psychol. 2013, 174, 514-533. [CrossRef]
[PubMed]

Malinauskas, B.M.; Aeby, V.G.; Overton, R.E. A survey of energy drink consumption patterns among college students. Nutr. J.
2007, 6, 35. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ph19071112


https://doi.org/10.1002/biof.1291
https://www.ncbi.nlm.nih.gov/pubmed/27130074
https://doi.org/10.1016/j.ijpharm.2019.118642
https://www.ncbi.nlm.nih.gov/pubmed/31446024
https://doi.org/10.3390/molecules30030461
https://www.ncbi.nlm.nih.gov/pubmed/39942566
https://doi.org/10.3390/ph18040571
https://www.ncbi.nlm.nih.gov/pubmed/40284006
https://doi.org/10.3945/an.115.010595
https://www.ncbi.nlm.nih.gov/pubmed/26980822
https://doi.org/10.1016/j.phrs.2021.106001
https://www.ncbi.nlm.nih.gov/pubmed/34826602
https://doi.org/10.31989/ffhd.v16i2.1855
https://doi.org/10.22271/phyto.2025.v14.i1b.15230
https://doi.org/10.1007/s10787-025-01854-3
https://www.ncbi.nlm.nih.gov/pubmed/40696232
https://doi.org/10.1097/fbp.0000000000000305
https://www.ncbi.nlm.nih.gov/pubmed/28410265
https://www.ncbi.nlm.nih.gov/pubmed/36322276
https://doi.org/10.1096/fj.202503159r
https://www.ncbi.nlm.nih.gov/pubmed/41537771
https://doi.org/10.3389/fphar.2025.1577954
https://www.ncbi.nlm.nih.gov/pubmed/41601974
https://doi.org/10.1002/(sici)1097-4679(199808)54:5%3C585::aid-jclp4%3E3.3.co;2-m
https://www.ncbi.nlm.nih.gov/pubmed/9696108
https://www.ncbi.nlm.nih.gov/pubmed/19459077
https://doi.org/10.1017/s1355617709090626
https://www.ncbi.nlm.nih.gov/pubmed/19402930
https://doi.org/10.1076/1380-3395(200008)22:4;1-0;ft518
https://www.ncbi.nlm.nih.gov/pubmed/10923061
https://doi.org/10.1207/s15324826an0902_5
https://www.ncbi.nlm.nih.gov/pubmed/12214820
https://doi.org/10.3109/00207457709147202
https://www.ncbi.nlm.nih.gov/pubmed/893004
https://doi.org/10.1027/1614-0001/a000044
https://doi.org/10.1080/00221325.2012.717122
https://www.ncbi.nlm.nih.gov/pubmed/24303571
https://doi.org/10.1186/1475-2891-6-35
https://www.ncbi.nlm.nih.gov/pubmed/17974021
https://doi.org/10.3390/ph19071112

Pharmaceuticals 2026, 19, 1112 24 of 25

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.
74.

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. [CrossRef] [PubMed]

Periafez, ].A.; Lubrini, G.; Garcia-Gutiérrez, A.; Rios-Lago, M. Construct Validity of the Stroop Color-Word Test: Influence of
Speed of Visual Search, Verbal Fluency, Working Memory, Cognitive Flexibility, and Conflict Monitoring. Arch. Clin. Neuropsychol.
2021, 36, 99-111. [PubMed]

Naber, M.; Vedder, A.; Brown, S.B.; Nieuwenhuis, S. Speed and Lateral Inhibition of Stimulus Processing Contribute to Individual
Differences in Stroop-Task Performance. Front. Psychol. 2016, 7, 822. [CrossRef] [PubMed]

Jaeger, ]. Digit Symbol Substitution Test: The Case for Sensitivity Over Specificity in Neuropsychological Testing. J. Clin.
Psychopharmacol. 2018, 38, 513-519. [CrossRef] [PubMed]

Bowie, C.; Harvey, P. Administration and interpretation of the Trail Making Test. Nat. Protoc. 2006, 1, 2277-2281. [CrossRef]
[PubMed]

Zwosta, K.; Hommel, B.; Goschke, T.; Fischer, R. Mood states determine the degree of task shielding in dual-task performance.
Cogn. Emot. 2013, 27, 1142-1152. [CrossRef] [PubMed]

Palamarchuk, I.S.; Vaillancourt, T. Mental Resilience and Coping with Stress: A Comprehensive, Multi-level Model of Cognitive
Processing, Decision Making, and Behavior. Front. Behav. Neurosci. 2021, 15, 719674. [CrossRef] [PubMed]

Miiller, T.; Apps, M.A.]. Motivational fatigue: A neurocognitive framework for the impact of effortful exertion on subsequent
motivation. Neuropsychologia 2019, 123, 141-151. [CrossRef] [PubMed]

Wang, C.; Trongnetrpunya, A.; Samuel, .B.H.; Ding, M.; Kluger, B.M. Neural Bases of Fatigue. J. Neurosci. 2016, 36, 3919-3924.
[CrossRef]

Dallaway, N.; Lucas, S.J.E.; Ring, C. Cognitive tasks elicit mental fatigue and impair subsequent physical task endurance: Effects
of task duration and type. Psychophysiology 2022, 59, e14126. [CrossRef] [PubMed]

Hausser, J.; Schulz-Hardt, S.; Schultze, T.; Tomaschek, A.; Mojzisch, A. Experimental evidence for the effects of task repetitiveness
on mental strain and objective work performance. J. Organ. Behav. 2014, 35, 705-721. [CrossRef]

Mandrick, K.; Peysakhovich, V.; Rémy, F; Lepron, E.; Causse, M. Neural and psychophysiological correlates of human perfor-
mance under stress and high mental workload. Biol. Psychol. 2016, 121, 62-73. [CrossRef] [PubMed]

de Souza, ].R.R;; Feitosa, ].P.A.; Ricardo, N.M.P.S.; Trevisan, M.T.S.; de Paula, H.C.B.; Ulrich, C.M. Spray-drying encapsulation of
mangiferin using natural polymers. Food Hydrocoll. 2013, 33, 10-18. [CrossRef]

Khurana, RK,; Bansal, A.K; Beg, S.; Burrow, A ].; Katare, O.P,; Singh, K.K. Enhancing biopharmaceutical attributes of phospho-
lipid complex-loaded nanostructured lipidic carriers of mangiferin: Systematic development, characterization and evaluation.
Int. J. Pharm. 2017, 518, 289-306. [CrossRef] [PubMed]

Alkholifi, EK.; Alam, A.; Foudah, A.L; Yusufoglu, H.S. Phospholipid-based topical nano-hydrogel of mangiferin: Enhanced
topical delivery and improved dermatokinetics. Gels 2023, 9, 178. [CrossRef] [PubMed]

Sarfraz, M.; Khan, A ; Batiha, G.E.; Akhtar, M.E; Saleem, A.; Ajiboye, B.O. Nanotechnology-based drug delivery approaches of
mangiferin: Promises, reality and challenges in cancer chemotherapy. Cancers 2023, 15, 4194. [CrossRef] [PubMed]

Baghel, M.; Baghel, I.; Kumari, P.; Bharkatiya, M.; Joshi, G.; Sakure, K. Nano-delivery systems and therapeutic applications of
phytodrug mangiferin. Appl. Biochem. Biotechnol. 2024, 196, 7429-7463. [CrossRef] [PubMed]

Adin, S.N.; Gupta, I; Rashid, M.A.; Alhamhoom, Y.; Aqil, M.; Mujeeb, M. Nanotransethosomes for enhanced transdermal delivery
of mangiferin against rheumatoid arthritis: Formulation, characterization, in vivo pharmacokinetic and pharmacodynamic
evaluation. Drug Deliv. 2023, 30, 2173338. [CrossRef] [PubMed]

Wu, ].Y,; Ding, H.Y;; Wang, T.Y.; Tsai, Y.L.; Ting, H.].; Chang, T.S. Improving aqueous solubility of natural antioxidant mangiferin
through glycosylation by maltogenic amylase from Parageobacillus galactosidasius DSM 18751. Antioxidants 2021, 10, 1817.
[CrossRef] [PubMed]

Guo, H.; Chen, M,; Li, M.; Hu, M.; Chen, B.; Zhou, C. Pharmacokinetic comparisons of mangiferin and mangiferin monosodium
salt in rat plasma by UPLC-MS/MS. J. Chem. 2019, 2019, 2087265. [CrossRef]

Lin, H.; Teng, H.; Wu, W,; Li, Y,; Lv, G.; Huang, X. Pharmacokinetic and metabolomic analyses of mangiferin calcium salt in rat
models of type 2 diabetes and non-alcoholic fatty liver disease. BMC Pharmacol. Toxicol. 2020, 21, 59. [CrossRef] [PubMed]

Guo, X.,; Cheng, M.; Hu, P; Shi, Z,; Chen, S.; Liu, H.; Shi, H.; Xu, Z,; Tian, X.; Huang, C. Absorption, Metabolism, and
Pharmacokinetics Profiles of Norathyriol, an Aglycone of Mangiferin, in Rats by HPLC-MS/MS. ]. Agric. Food Chem. 2018, 66,
12227-12235. [CrossRef] [PubMed]

Yavich, L.; Forsberg, M.M.; Karayiorgou, M.; Gogos, J.A.; Mannisto, P.T. Site-Specific Role of Catechol-O-Methyltransferase in
Dopamine Overflow within Prefrontal Cortex and Dorsal Striatum. J. Neurosci. 2007, 27, 10196-10209. [CrossRef] [PubMed]
Arnsten, A. Catecholamine regulation of the prefrontal cortex. J. Psychopharmacol. 1997, 11, 151-162. [CrossRef] [PubMed]

Ott, T.; Nieder, A. Dopamine and Cognitive Control in Prefrontal Cortex. Trends Cogn. Sci. 2019, 23, 213-234. [CrossRef] [PubMed]
Roesch-Ely, D.; Scheffel, H.; Weiland, S.; Schwaninger, M.; Hundemer, H.-P,; Kolter, T.; Weisbrod, M. Differential dopaminergic
modulation of executive control in healthy subjects. Psychopharmacology 2005, 178, 420—-430. [PubMed]

https:/ /doi.org/10.3390/ph19071112


https://doi.org/10.1016/j.neubiorev.2016.09.001
https://www.ncbi.nlm.nih.gov/pubmed/27612937
https://www.ncbi.nlm.nih.gov/pubmed/32514527
https://doi.org/10.3389/fpsyg.2016.00822
https://www.ncbi.nlm.nih.gov/pubmed/27313555
https://doi.org/10.1097/jcp.0000000000000941
https://www.ncbi.nlm.nih.gov/pubmed/30124583
https://doi.org/10.1038/nprot.2006.390
https://www.ncbi.nlm.nih.gov/pubmed/17406468
https://doi.org/10.1080/02699931.2013.772047
https://www.ncbi.nlm.nih.gov/pubmed/23438389
https://doi.org/10.3389/fnbeh.2021.719674
https://www.ncbi.nlm.nih.gov/pubmed/34421556
https://doi.org/10.1016/j.neuropsychologia.2018.04.030
https://www.ncbi.nlm.nih.gov/pubmed/29738794
https://doi.org/10.1523/jneurosci.3652-15.2016
https://doi.org/10.1111/psyp.14126
https://www.ncbi.nlm.nih.gov/pubmed/35726493
https://doi.org/10.1002/job.1920
https://doi.org/10.1016/j.biopsycho.2016.10.002
https://www.ncbi.nlm.nih.gov/pubmed/27725244
https://doi.org/10.1016/j.foodhyd.2013.02.017
https://doi.org/10.1016/j.ijpharm.2016.12.044
https://www.ncbi.nlm.nih.gov/pubmed/28025072
https://doi.org/10.3390/gels9030178
https://www.ncbi.nlm.nih.gov/pubmed/36975627
https://doi.org/10.3390/cancers15164194
https://www.ncbi.nlm.nih.gov/pubmed/37760469
https://doi.org/10.1007/s12010-024-04906-6
https://www.ncbi.nlm.nih.gov/pubmed/38526662
https://doi.org/10.1080/10717544.2023.2173338
https://www.ncbi.nlm.nih.gov/pubmed/36729134
https://doi.org/10.3390/antiox10111817
https://www.ncbi.nlm.nih.gov/pubmed/34829688
https://doi.org/10.1155/2019/9272710
https://doi.org/10.1186/s40360-020-00438-x
https://www.ncbi.nlm.nih.gov/pubmed/32762728
https://doi.org/10.1021/acs.jafc.8b03763
https://www.ncbi.nlm.nih.gov/pubmed/30298742
https://doi.org/10.1523/jneurosci.0665-07.2007
https://www.ncbi.nlm.nih.gov/pubmed/17881525
https://doi.org/10.1177/026988119701100208
https://www.ncbi.nlm.nih.gov/pubmed/9208378
https://doi.org/10.1016/j.tics.2018.12.006
https://www.ncbi.nlm.nih.gov/pubmed/30711326
https://www.ncbi.nlm.nih.gov/pubmed/15765257
https://doi.org/10.3390/ph19071112

Pharmaceuticals 2026, 19, 1112 25 of 25

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.
87.

88.

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. J. Trace Elem. Med. Biol. 2015, 31,
107-112. [CrossRef] [PubMed]

Furey, M.L.; Pietrini, P.; Haxby, J.V. Selective Effects of Cholinergic Modulation on Task Performance during Selective Attention.
Neuropsychopharmacology 2008, 33, 913-923. [PubMed]

Luo, G.Q.; Liu, L.; Gao, Q.W.; Wu, X.N.; Xiang, W.; Deng, W.T. Mangiferin prevents corticosterone-induced behavioural deficits
via alleviation of oxido-nitrosative stress and down-regulation of indoleamine 2,3-dioxygenase (IDO) activity. Neurol. Res. 2017,
39, 709-718. [CrossRef] [PubMed]

Lei, L.; Chen, C.Y;; Wang, Y.F; Guo, Z.Y.; Zhang, Y. Mangiferin: A Natural Neuroprotective Polyphenol with Anti-Inflammatory
and Anti-Oxidant Properties for Depression. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2025, 139, 111401. [CrossRef]
Cipriani, G.E.; Molfese, S.; Giovannelli, F; Glintekin, B.; Vitali, N.; Marcato, R.; Amanzio, M. Executive control from healthy
ageing to cognitive impairment: A systematic review of stroop and simon effects using psychophysiological and imaging
techniques. Neurosci. Biobehav. Rev. 2025, 172, 106121. [CrossRef] [PubMed]

Zafar, R.; Kamel, N.; Naufal, M.; Malik, A.S.; Dass, S.C.; Ahmad, R.E; Abdullah, ].M.; Reza, E. A study of decoding human brain
activities from simultaneous data of EEG and fMRI using MVPA. Australas. Phys. Eng. Sci. Med. 2018, 41, 633-645. [CrossRef]
[PubMed]

Jorge, J.; van der Zwaag, W.; Figueiredo, P. EEG-fMRI integration for the study of human brain function. Neuroimage 2014, 102,
24-34. [CrossRef] [PubMed]

Bereda, G. What The Body Does To A Drug: Pharmacokinetics. J. Clin. Endocrinol. Metab. 2022, 1, 006. [CrossRef]

Reddeman, R.A.; Glavits, R.; Endres, J.R.; Clewell, A.E.; Hirka, G.; Vértesi, A.; Béres, E.; Szakonyiné, L.P. A Toxicological
Evaluation of Mango Leaf Extract (Mangifera indica) Containing 60% Mangiferin. J. Toxicol. 2019, 2019, 4763015. [CrossRef]
[PubMed]

Reitan, R.M. Trail Making Test: Manual for Administration and Scoring; Reitan Neuropsychological Laboratory: Tucson, AZ,
USA, 1986.

Schiehser, D.M.; Bondi, M.W. Stroop Color-Word Test. In The Corsini Encyclopedia of Psychology; Weiner, 1.B., Craighead, W.E., Eds;
John Wiley & Sons: Hoboken, NJ, USA, 2010.

Scarpina, F,; Tagini, S. The Stroop Color and Word Test. Front. Psychol. 2017, 8, 557. [CrossRef] [PubMed]

Balaguer, I.; Fuentes, I.; Meli4, J.L.; Garcfa-Merita, M.L.; Pérez Recio, G. El perfil de los estados de &nimo (POMS): Baremo para
estudiantes valencianos y su aplicacién en el contexto deportivo. Rev. Psicol. Deport. 1993, 4, 39-52.

U.S. Food and Drug Administration. Multiple Endpoints in Clinical Trials: Guidance for Industry; Center for Drug Evaluation and
Research (CDER): Silver Spring, MD, USA; Center for Biologics Evaluation and Research (CBER): Silver Spring, MD, USA, 2022.
Available online: https://www.fda.gov/regulatory-information/search-fda-guidance-documents/multiple-endpoints-clinical-
trials-guidance-industry (accessed on 12 June 2026).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/ph19071112


https://doi.org/10.1016/j.jtemb.2015.04.002
https://www.ncbi.nlm.nih.gov/pubmed/26004900
https://www.ncbi.nlm.nih.gov/pubmed/17534379
https://doi.org/10.1080/01616412.2017.1310705
https://www.ncbi.nlm.nih.gov/pubmed/28403684
https://doi.org/10.1016/j.pnpbp.2025.111401
https://doi.org/10.1016/j.neubiorev.2025.106121
https://www.ncbi.nlm.nih.gov/pubmed/40139290
https://doi.org/10.1007/s13246-018-0656-5
https://www.ncbi.nlm.nih.gov/pubmed/29948968
https://doi.org/10.1016/j.neuroimage.2013.05.114
https://www.ncbi.nlm.nih.gov/pubmed/23732883
https://doi.org/10.31579/2834-8761/006
https://doi.org/10.1155/2019/4763015
https://www.ncbi.nlm.nih.gov/pubmed/31467524
https://doi.org/10.3389/fpsyg.2017.00557
https://www.ncbi.nlm.nih.gov/pubmed/28446889
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/multiple-endpoints-clinical-trials-guidance-industry
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/multiple-endpoints-clinical-trials-guidance-industry
https://doi.org/10.3390/ph19071112

	Introduction 
	Results 
	Sociodemographic and Baseline Characteristics of the Subjects 
	Cognitive Assessments 
	Trail Making Test (TMT) 
	Digit Symbol Substitution Test (DSST) 
	Stroop Color and Word Test 

	Emotional Profile and Mood States 
	Total Mood Disturbance (TMD) 
	Tension Score 
	Depression Score 
	Fatigue Score 
	Confusion Score 
	Anger Score 
	Vigor Score 


	Discussion 
	Benefits on Cognitive Function 
	Benefits on Emotional Balance 
	Mechanistic Basis of Cognitive and Emotional Modulation 
	Limitations and Future Perspectives 

	Materials and Methods 
	Study Design 
	Study Subjects 
	Randomization and Blinding 
	Intervention 
	Procedure 
	Experimental Outcomes 
	Cognitive Function 
	Mood Assessment 

	Sample Size Calculation 
	Statistical Analysis 

	Conclusions 
	Appendix A
	References

