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Introduction
Our daily lives have become increasingly complex as we navigate through a world that is 

dominated by digital devices and information overflow. The desire to keep up, be mentally 
sharp and alert, focused, cope with stress and manage with lack of sleep, is indeed at an all-time 
high. Strategies to support mental alertness and improve mood and energy including through 
nutrition and dietary supplements are gaining the attention of consumers [1,2]. Caffeine is 
an extensively used nootropic to help improve alertness, wakefulness in a fatigued state, and 
increase mental and physical performance [3-8]. However prolonged caffeine use may lead to 
a range of adverse effects such as insomnia, palpitations, jitters, headaches, fatigue, anxiety, 
irritability, gastrointestinal upset, etc. which is generally termed as “caffeine crash” [9-16]. 
Hence there has been a growing demand for caffeine-free plant-derived nootropics that work 
quickly to help improve mental focus and alertness and reduce fatigue without the side-effects 
associated with caffeine use [17]. Alpinia galanga also known as galangal or Thai ginger is 
a medicinal plant that has been extensively used in traditional medicine given its multiple 
medicinal properties and central nervous stimulant properties [18-22]. 

Abstract

Background: Nootropics are products that improve cognitive function and offer consumers solutions to 
optimise performance at work and play. Alpinia galanga Extract (AGE) has been shown to increase mental 
alertness in clinical settings.

Aim: We evaluated the acute effect of AGE on mental alertness, accuracy, and fatigue through a randomized, 
double-blind, placebo-controlled, cross-over clinical study in healthy human subjects.

Methods: Sixty-two adults were randomized to receive either 300mg of AGE or placebo 30 minutes after 
lunch on Day 1 followed by cross-over treatments on Day 7. The primary objective was to evaluate the 
effect of AGE on mental alertness and accuracy, as assessed by Symbol Digit Coding test, Shifting Attention 
test, Stroop Test and Alertness Rating Scale of CNS Vital Signs at baseline, 0.5, 1-, 2- and 5-hours post dose. 
Further, fatigue and energy levels were measured by Visual Analogue Scale and daytime sleepiness by 
Epworth Sleepiness Scale as secondary outcomes. Adverse events were monitored for safety assessment.

Results: AGE supplementation showed significant improvements in alertness, reaction time, correct 
responses, and reduction in errors at several time points over placebo. Further, AGE consumption 
demonstrated significant increase in subjective feelings of energy and decreased fatigue levels over 
placebo. 

Conclusion: AGE supplementation improves alertness, accuracy, reaction time, and reduces errors in 
individuals, and may be a reasonable alternative to caffeine for those seeking same-day effects to increase 
alertness and energy levels.
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The rhizome is the main plant part of A. galanga used since the 
rhizome harbors most of the phytochemical compounds including 
flavonoids, phenolic acids and volatile compounds and shown to 
have biological activities [23]. Interestingly, the rhizome of galangal 
is also widely used as spice for flavoring foods throughout Asian 
countries [19,22,24-26]. A. galanga has been reported to improve 
cognitive performance in humans [27,28]. Compared to other 
plant extracts, aqueous extract of A. galanga was associated with 
significant and stable increase in alertness scores from baseline 
until 5 hours in healthy subjects [29]. Additionally, A. galanga extract 
by itself or in combination with 200mg caffeine was able to improve 
mental alertness and improved sustained attention at 3 hours post 
dose as compared to baseline [30]. Further, molecular data suggests 
that neurocognitive enhancing property of A. galanga extract is 
likely mediated by the interaction of its bioactive components with 
various targets involved dopamine and Acetylcholinesterase (AchE) 
pathways [27]. The current study further seeks to strengthen the 
earlier nootropic findings associated with A. galanga extract, such 
as acute benefits on mental alertness, accuracy, and fatigue without 
disturbing sleep architecture in healthy young adults using widely 
used validated testing methods.

Materials and Methods
Study participants

The study was conducted from 01 May 2022 at two centers 
in India: BGS Global Institute of Medical Sciences, Bengaluru, 
India and Divakars Specialty Hospital, Bengaluru, India. Sixty-two 
(62) subjects were enrolled in the study (Supplementary Figure 
1). Adult healthy males and/or females, aged between 18 and 
55 years who met all inclusion and no exclusion criteria were 
enrolled in the study after signing a written informed consent. 
Inclusion criteria were as follows: Body mass index 18.5kg/m2 to 
29.9kg/m2, Fatigue Severity Scale score >4, history of consuming 
<3 cups of tea/coffee per day, post-lunch sleepiness as indicated 

by Epworth sleepiness score ≥11 and ≤17, agreed to sleep for 8±1 
hours the night before the visit day, maintain their usual life-style, 
agreed to refrain from consuming caffeine and caffeine-containing 
products 12 hour prior to visit days, agreed to refrain from vigorous 
physical activity 12 hours prior to visit days, and agreed to stay 
weight stable during the study period. Demographic details such 
as date of birth, sex, ethnicity, and race were obtained after the 
informed consent process. The following criteria were used to 
exclude subjects in the study: Subjects who had hypersensitivity 
or history of allergy to the study product, moderate to severe 
fatigue or having chronic fatigue syndrome, malignant disease 
or any concomitant end-state organ disease and/or laboratory 
abnormalities considered by investigators to be risky or that could 
interfere with data collection, suffering from a metabolic disorder 
and/or from severe chronic disease with a psychiatric diagnosis 
other than anxiety or depression, sleep disturbances and/or were 
taking sleep aid medication, uncontrolled hypertension (systolic 
blood pressure >160mm Hg or diastolic blood pressure >100mm 
Hg) at screening, who were on anxiolytics, anti-depressants, 
antipsychotics, anticonvulsants, antihypertensive, centrally acting 
corticosteroids, opioid pain relievers, hypnotics, and/or prescribed 
sleep medications, history of drug and /or alcohol abuse at the 
time of enrolment. The study was conducted in accordance with 
ICH-GCP (International Conference on Harmonization of Technical 
Requirements for Registration of Pharmaceuticals for Human 
Use –Good Clinical Practice) guidelines, ‘Declaration of Helsinki’ 
and Indian Council of Medical Research codes. The study was 
registered on Clinical Trials Registry-India (CTRI) [Registration No.: 
CTRI/2022/05/042770] before first subject enrolment. The study 
was reviewed and approved by Institutional Ethics Committee 
- BGS Global Institute of Medical Sciences Bengaluru, Indiaand 
Divakars Speciality Hospital Ethics Committee, Bengaluru, India. 
Participants provided their written informed consent before 
enrolment into the study.

Supplementary Figure 1: Consolidated Standards of Reporting Trials (CONSORT) diagram of the trial conduct.
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Study design
This was a randomized, double-blind, placebo-controlled, cross-

over, clinical intervention study. The study was conducted over 
3 visits. The first visit (Day -7 to -1) was for screening purposes, 
wherein subjects meeting inclusion criteria and not meeting 
exclusion criteria were identified, and written informed consent 
was obtained. Medical and prior medication history was recorded. 
Demography details, anthropometric measurements, physical 
examination, and laboratory assessments were recorded. In the 
second visit (Day 1-Randomization) subjects eligible for study 
participation were randomized to receive AGE supplementation 
or placebo as per the randomization schedule. To eliminate 
the influence of confounding variables on the study outcomes, 
participants reported to the study site in the morning of each 
visit, and efficacy assessments began after lunch (12 to 1.30pm). 
In addition, both visits were conducted at the same time of day to 
reduce response variability due to diurnal patterns. During this 
period, no additional food or beverages containing calories were 
provided. During their clinic stay, the participants were permitted 
to drink as much water as they desired and to relax in a room with 
a comfortable temperature and unrestricted access to mobile 
phones and magazines. During this time period, psychostimulant 
activity was strictly prohibited. Study product administration 
was done 30 minutes after lunch followed by washout period of 
5 days. At the third visit (Day 7), subjects were crossed over to 
receive AGE or placebo as per randomization schedule. The study 
product AGE weighed 390mg which included 300mg of proprietary 
extract of A. galanga (commercially known as enXtra®) and 90mg of 
microcrystalline cellulose and the placebo weighed 390mg (390mg 
microcrystalline cellulose). Both the study products were filled in 
scarlet red colored opaque hard gelatin capsules to maintain the 
double blindness of the study. Further, the randomization schedule 
was generated by a non-study assigned, independent personnel 
based on stratified block randomization using a block of 4 to 
allocate the subjects to receive either AGE product or the placebo 
in the ratio of 1:1 on the Day 1 ensuring the treatment balance by 
using R software.

Efficacy and safety parameters
The primary efficacy endpoint was mental alertness as assessed 

by Symbol Digit Coding (SDC) test, Shifting Attention Test (SAT), 
Stroop Test (ST) and Alertness Rating Scale (ARS) of CNS Vital Signs 
(CVS) from baseline to 0.5, 1-, 2- & 5-hours post supplementation 
on day 1. Secondary efficacy endpoints included evaluation of 
fatigue, energy, and vigor scores assessed by Visual Analogue Scale 
to Evaluate Fatigue Severity from baseline to 6-7 hours post dose 
on day 1 and daytime sleepiness assessed by Epworth Sleepiness 
Scale from baseline to 0.5, 1-, 2- & 5-hours post supplementation on 
day 1. Safety was assessed by monitoring adverse events, physical 
examination, and vital signs measurement. Baseline assessments 
were done after lunch before study product consumption using 
SDC, SAT, ST, ARS, and Epworth Sleepiness Scale (ESS) from CNS VS 
tool and Visual Analogue Scale to Evaluate Fatigue Severity (VAS-F) 
for fatigue, energy and vigor scores. Study product administration 
was done as per the randomization chart 30 minutes after lunch 
followed by assessments for SDC, SAT, ST, ARS, and ESS measures 

using CNS VS tool at 0.5, 1-, 2- and 5-hours post dose and VAS-F at 
end of Day 1 assessment (6-7 hours post dose) and adverse event 
monitoring. A window of ±5 minutes was allowed from the time 
points. The same schedule was followed on day 7 after cross-over 
of study participants and products. 

Efficacy endpoints evaluation
CNS-VS assessments are extensively validated and robust 

computerized neuropsychological tests that measure neurocognitive 
status of subject. CNS-VS encompasses a range of mental processes 
from simple motor performance, attention, memory, to executive 
functions with >50 clinical and quality measures [6]. In the current 
study, SDC, SAT, ST, ARS, and ESS were assessed as a part of CNS-
VS panel. The mean correct responses in the study were calculated 
by averaging the correct responses data from SDC and SAT, mean 
errors was calculated by averaging data from SDC, SAT and ST; and 
mean correct reaction time was calculated by averaging data from 
SAT and ST. Symbol Digit Coding (SDC) test provides scores for 
correct responses and errors and covers domains such as complex 
information, processing accuracy, complex attention, visual-
perceptual speed, and information processing speed. Shifting 
Attention Test (SAT) provides scores for correct responses, errors 
and correct reaction time and covers domains such as executive 
function, shifting sets: rules, categories and rapid decision making 
and reaction time. Stroop Test (ST) provides scores for simple 
reaction time, complex reaction time correct, Stroop reaction time 
correct, Stroop commission errors and covers domains such as 
simple reaction time, complex reaction time, Stroop reaction time, 
inhibition/ disinhibition, frontal and executive skills. The visual 
analogue scale to evaluate fatigue (VAS-F) severity uses 18 items 
relating to the subjective experience of fatigue validated for adults 
aged 18-55 years. Each item requires respondents to mark an 
“X,” representing their current state of mind, on a visual analogue 
scale extending between two extremes (e.g., from “not at all tired” 
to “extremely tired”). Each line is 100mm in length; consequently, 
scores range from 0 to 100. The instrument also has two subscales: 
fatigue (1-5 and 11-18 items) and vitality (6-10 items). Vigor sub-
score was taken from the response to question no. 8. The ESS is 
an 8-question self-administered questionnaire. Respondents are 
asked to rate their normal chances of dozing off or falling asleep 
while engaged in eight different activities on a 4-point scale (0-3). 
The ESS score (the sum of 8 item ratings ranging from 0 to 3) can 
vary from 0 to 24. The higher the ESS score, the greater the person’s 
average sleep propensity in everyday living (ASP), often known as 
‘daytime sleepiness’.

Statistical analysis
Assuming a common standard deviation of 4.50 for alertness 

tool at the end of treatment, a total of 52 subjects was considered 
sufficient to detect a mean difference of 3.00 between the two 
treatments with power of 90% and a 0.05 two-sided level of 
significance. A sample size of total of 62 subjects was enrolled 
assuming 15% drop out at the end of the study. For continuous 
endpoints, results were summarized using descriptive statistics: 
number of subjects (n), mean, standard error. For evaluations 
involving the primary and secondary efficacy endpoints, mean 
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changes from baseline to the end of study were computed. Paired 
t-test was applied to assess within group analysis. Independent 
t-test was applied to assess between group analysis for the actual 
change. A value of p<0.05 was considered statistically significant. 
Categorical variables were summarized using counts and 
percentages. The comparisons between the treatment groups with 
AGE and placebo were evaluated using the Pearson’s Chi-Square test 
or Fisher’s exact test, as appropriate. The analysis was conducted 
on the safety population. For inferential tests, p-value<0.05 and 
95% confidence intervals was considered for statistical significance 
and two-tailed hypothesis was tested.

Results
Baseline characteristics

The mean (±SE) age of subjects enrolled in the study was 
35.35±0.82 years. The enrolled subjects had mean (±SE) body 
weight of 66.23±1.37 Kg, height of 165.12±1.26 cm and Body Mass 
Index (BMI) of 24.16±0.29 Kg/m2. Sixty percent subjects were male, 
and 40% subjects were female. All subjects in the study were of 
Indian origin. Baseline characteristics of both the groups did not 
show any significant difference at baseline (Table 1).

Table 1: Demographics and baseline characteristics of subjects in study groups.

Characteristics Placebo (n=62) AGE (n=62) P-Value

Gender (Male/Female) 37/25 37/25 -

Age (Years) 35.35±0.82 35.35±0.82 -

Height (cm) 165.12±1.26 165.12±1.26 -

Weight (Kg) 66.23±1.37 66.23±1.37 -

BMI (kg/m2) 24.16±0.29 24.16±0.29 -

Symbol Digit Coding (SDC) test – Correct Responses (units) 48.53±1.28 46.18±1.74 0.2777

Symbol Digit Coding (SDC) test – Errors (units) 1.94±0.21 1.85±0.23 0.7930

Shifting Attention Test (SAT) – Correct Responses (units) 46.58±1.40 46.08±1.34 0.7972

Shifting Attention Test (SAT) – Errors (units) 11.27±1.19 12.05±1.06 0.6285

Shifting Attention Test (SAT) – Correct Reaction Time (milliseconds) 1032.10±28.33 1033.52±25.53 0.9704

Stroop Test - Simple Reaction Time (milliseconds) 566.65±31.43 641.82±33.65 0.1051

Stroop Test - Complex Reaction Time Correct (milliseconds) 764.05±22.13 778.42±22.99 0.6532

Stroop Test - Stroop Reaction Time Correct (milliseconds) 837.76±16.58 874.13±17.85 0.1380

Stroop Test - Stroop Commission Errors (units) 4.32±0.45 3.90±0.41 0.4946

Average Correct Responses from SDC and SAT (units) 47.56±1.10 46.13±1.37 0.4177

Average Errors from SDC, SAT and ST (units) 5.84±0.46 5.94±0.40 0.8801

Average Correct Reaction Time from SAT and ST (milliseconds) 877.97±15.89 895.35±17.28 0.4603

Alertness Rating Scale (ARS) (units) 2.27±0.10 2.35±0.11 0.5906

Visual Analogue Scale to evaluate fatigue severity (VAS-F)-Fatigue Score (units) 60.83±0.55 61.12±0.54 0.7118

Visual Analogue Scale to evaluate fatigue severity (VAS-F) - Energy Score (units) 41.32±0.46 41.10±0.48 0.7351

Visual Analogue Scale to evaluate fatigue severity (VAS-F)-Vigor Score (units) 42.58±0.73 43.06±0.78 0.6510

Epworth Sleepiness Scale (units) 14.66±0.23 14.81±0.21 0.6405

Primary efficacy endpoints analysis 

CNS vital signs: SDC test

Figure 1: CNS Vital Signs-Symbol Digit Coding (SDC) test results. a. Correct Responses and b. Errors.
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a. Correct responses: A significant (p<0.05) increase in 
correct responses from baseline was reported in the AGE group 
as compared to placebo at 0.5 and 2-hour time points. Further, an 
increasing trend (p<0.1) in correct responses from baseline was 
seen in AGE group as compared to placebo group at 1 and 5-hour 
time points (Figure 1a).

b. Errors: No significant difference was reported between 
AGE and placebo groups in reducing errors from baseline at all the 
time points post-dose (Figure 1b).

CNS vital signs: SAT test

a. Correct responses: A significant (p<0.05) increase 

in correct responses from baseline was recorded in AGE group 
compared to placebo group at 1-hour. Further, no significant 
difference from baseline was seen between groups for other time 
points at 0.5, 2 and 5-hour (Figure 2a).

b. Errors: A significant (p<0.05) decrease in errors from 
baseline was recorded in AGE group as compared to placebo group 
at 1-hour time and no significant decrease was seen between 
groups at other time points at 0.5, 2 and 5-hour (Figure 2b). 

c. Correct reaction time: No significant differences were 
reported between AGE and placebo groups in correct reaction time 
from baseline at all the time points post-dose (Figure 2c).

Figure 2: CNS Vital Signs - Shifting Attention (SAT) test results. a. Correct Responses; b. Errors; and c. Correct 
Reaction Time.

CNS vital signs: Stroop test

a. Simple reaction time: A significant (p<0.05) decrease in 
simple reaction time from baseline was reported in AGE group as 
compared to placebo group at 2 and 5-hour time points. Further, a 
decreasing trend (p<0.1) in simple reaction time from baseline was 
observed at 1-hour and no significant decrease seen at 0.5-hour 
time point (Figure 3a).

b. Complex reaction time correct: No significant 
differences were reported between AGE and placebo groups in 
complex reaction time correct from baseline at all the time points 

post-dose (Figure 3b).

c. Stroop reaction time correct: No significant differences 
were observed between AGE and placebo groups in Stroop reaction 
time correct from baseline at all the time points post-dose (Figure 
3c).

d. Stroop commission errors: No significant differences 
were reported between AGE and placebo groups in Stroop 
commission errors from baseline at all the time points post-dose 
(Figure 3d).
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Figure 3: CNS Vital Signs Stroop Test results. a. Simple Reaction Time; b. Complex Reaction Time Correct; c. Stroop 
Reaction Time Correct and d. Stroop Commission Errors.

CNS vital signs: Average correct responses from SDC and SAT

Significant (p<0.05) increase in average correct responses from 
baseline was recorded in AGE group as compared to placebo at 0.5-
hour time point post-dose. Further, an increasing trend (p<0.1) in 
average correct responses from baseline was seen in AGE group 
compared to placebo group at 1, 2 and 5-hour time points post-
dose (Figure 4a).

CNS vital signs: Average errors scoring from SDC, SAT and ST

Significant (p<0.05) decrease in average errors from baseline 

was recorded in AGE group as compared to placebo at 0.5 and 
1-hour time points post-dose. Further, no significant difference was 
recorded between AGE and placebo groups at 2 and 5-hour time 
points post-dose (Figure 4b).

CNS vital signs: Average correct reaction time from SAT and ST

No significant differences were seen between AGE and placebo 
groups in average correct reaction time from baseline at all the time 
points post-dose (Figure 4c).

Figure 4: CNS Vital Signs: a. Average Correct Responses from SDC and SAT; b. Average Errors from SDC, SAT and 
ST; and c. Average Correct Reaction Time from SAT and ST.
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Alertness rating scale

A significant (p<0.05) increase in alertness score from baseline 
as assessed by ARS was recorded in AGE group as compared 
to placebo group at 2 and at 5-hour time points post-dose. No 
significant differences were observed between groups at 0.5 and 
1-hour time points (Figure 5a).

Secondary efficacy endpoints analysis

Visual analogue scale to evaluate fatigue severity:

a. Fatigue score: A significant decrease (p<0.05) in fatigue 
score from baseline as assessed by VAS was recorded in AGE group 
as compared to placebo group at the end of study (6-7 hours post 
dose) (Figure 5b).

b. Energy score: A significant (p<0.05) increase in energy 
score from baseline as assessed by VAS was recorded in AGE group 
as compared to placebo group at the end of study (6-7 hours post 
dose) (Figure 5b).

c. Vigor sub-scale of visual analogue scale to evaluate 
fatigue severity: An increasing trend (p<0.1) in the vigor score 
from baseline was recorded in AGE group as compared to placebo 
group at the end of study (6-7 hours post dose) (Figure 5b).

Epworth sleepiness scale: A significant (p<0.05) decrease in 
daytime sleepiness from baseline as assessed by ESS was recorded 
in AGE group as compared to placebo at 1, 2 and 5-hour post dose. A 
decreasing trend (p<0.1) was observed between the groups at 0.5-
hour post dose; however, no significance difference was seen either 
in AGE or placebo groups from baseline (Figure 5c).

Figure 5: a. Alertness Rating Scale results; b. Visual Analogue Scale - Fatigue (VAS-F) severity results; c. Epworth 
Sleepiness Scale (ESS) results.

Adverse events

Three subjects in the study reported adverse events - one 
(1.61%) AE was experienced with AGE and, 2(3.22%) AEs during 
placebo administration. Headache was the most common AE 
experienced by 3(4.84%) subjects; 1(1.61%) during AGE and 
2(3.22%) during placebo administration. Common cold was 
reported by a single subject during placebo administration. All the 
AEs reported by the subjects were mild in severity and the causality 
of the AEs was diagnosed by the investigator as not related to the 
study product. The outcomes of all the AEs were noted as resolved 
before the end of the study. None of the subjects reported any 
Serious AE (SAE) or were withdrawn from the study due to an AE 
or a SAE.

Concomitant medications

Total 3 subjects used at least one concomitant mediation during 
the course of the study, of which 2 consumed during placebo and 1 
during AGE administration. Paracetamol was the most commonly 
used medication.

Discussion
Previously published reports have demonstrated that the 

aqueous extract of A. galanga promotes alertness up to five hours 
post dose. This contrasts with caffeine, which rapidly promotes 
mental alertness within the first hour followed by a steep decline 
thereafter [29]. The current study was conducted to further 
strengthen the existing data on the same day nootropic benefits 
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of AGE using a larger subject population and a combination of 
validated objective and subjective tools to comprehensively 
measure the acute effects of AGE on mental alertness and fatigue. 
We supplemented healthy subjects having mild fatigue with AGE or 
placebo in a randomized, double-blind, placebo-controlled, cross-
over study. Our primary objective was to measure mental alertness 
using the CNS Vital Signs battery of tests followed by fatigue and 
energy levels through VAS-F questionnaire as secondary objective 
at 0.5, 1, 2, 3, and 5 hours and 6-7 hours post dose respectively, as 
compared to baseline. Our results indicate that AGE supplementation 
significantly improved aspects of mental energy including mental 
alertness, reaction time, correct responses, reduction in errors and 
attention, as early as 0.5 hours and sustained until five hours post 
dose. Further, AGE demonstrated significant increase in subjective 
feelings of energy and decreased fatigue levels and thus could be an 
effective alternative to caffeine for individuals looking to improve 
alertness and attention without suffering from adverse effects of 
caffeine consumption. AGE was found to be safe without any related 
adverse events and with no clinically significant changes observed 
in the vitals throughout the study. Low mental energy at any time of 
the day is associated with low alertness, attention, focus, vigor, and 
energy which may subsequently compromise performance on daily 
tasks and general productivity [31-35]. Consumers are looking 
for ways to manage their mental energy for optimal performance 
including through use of plant-based nootropics that are caffeine-
free and have no adverse effects [1]. In this regard, aqueous extract 
of A. galanga has been shown to induce acute, same-day benefits 
on mental alertness post consumption in healthy human subjects 
[29]. Our study further validates these earlier findings where we 
measured the same-day, acute effects of AGE on mental alertness 
as assessed by battery of tests from CNS Vital Signs and fatigue and 
energy levels by VAS-F and daytime sleepiness by ESS.

CNS vital signs is a computerized neurocognitive test 
that objectively measures a broad-spectrum of brain function 
performance and is extensively used in the clinical setting. The 
alertness feeling was further supported by significant decrease 
(p<0.05) in daytime sleepiness as measured by ESS at 1-, 2-, and 
5-hour post dose from baseline in AGE group as compared to 
placebo, as well as measures of increased accuracy and attention. 
These measures of mental energy were further corroborated by 
reduced fatigue and increased feelings of vigor and energy in the 
subjects taking AGE. Mental alertness refers to the state of being 
watchful with continued attention and ready for quick action [36] 

whereas mental fatigue is caused by overdrive of the brain leading 
to exhaustion, hampering cognitive functions and loss of overall 
productivity [33]. The neural network related to alertness and 
fatigue is primarily located in the thalamus and bilateral frontal 
and parietal brain regions with dense dopaminergic innervation 
[37,38]. Dopamine is also known to increase levels of alertness by 
blocking adenosine receptors in the forebrain. Caffeine, which is a 
psychostimulant apart from blocking adenosine receptor, is also 
thought to up-regulate dopaminergic activity [39]. A previously 
published docking study [27] indicates that AGE extract increases 
dopamine levels by blocking dopamine uptake in neuronal synapse 

as well as influencing acetylcholinesterase activity. Our in-house 
unpublished biochemical assays also indicate that AGE inhibits 
enzyme Catechol-O-Methyltransferase (COMT) which is an enzyme 
responsible for the degradation of dopamine in synaptic space. 
These preliminary mechanisms of action data indicate that AGE 
helps to enhance neurotransmitter activity, e.g., dopamine levels 
in synaptic space and help to improve visuospatial performance 
and mental alertness. Role of increased dopamine levels along with 
inhibition glutamate reuptake in improving cognitive abilities has 
also been demonstrated in case of combination of L-theanine and 
green tea extract [40,41]. The rhizome of A. galanga comprises a 
rich phytochemical composition including a wide range of volatile 
oils associated with free radical scavenging, strong superoxide 
anion scavenging, metal chelating activity, and anti-inflammatory 
benefits [26] that may further help in improving cognitive function 
[42]. The safety of AGE in this study reconfirms previous safety 
results from clinical studies. Current study is limited for not 
controlling the factors contributing to fatigue such as social life, 
work hours, work related stress etc. However, we did standardize 
subjects entering the study with inclusion criteria for fatigue levels.

Conclusion
The study provides strong support for the acute effect of AGE 

on improved alertness, accuracy, and attention as early as 30 
minutes after supplementation and lasting for up to five hours. 
This evidence strengthens the findings of previous studies in this 
area. We believe that AGE could be a viable alternative to caffeine 
for individuals seeking to increase their alertness, accuracy, and 
energy levels.
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