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Caffeine: A Randomized Placebo-Controlled Study
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ABSTRACT

Objective: Although Alpinia galanga has been reported to improve cognitive performance in animals, it
has not been thoroughly studied for its potential psychostimulant effect in humans. A randomized,
double-dummy, double-blind, placebo-controlled cross-over study was conducted to determine the effect
of A galanga on mental alertness and sustained attention in comparison with caffeine and placebo in
participants with a habitual caffeine intake.

Methods: Fifty-nine participants (18-40 years and body mass index of >18.5 and <25.00 kg/m?) with
moderate caffeine consumption were enrolled. The participants had a Generalized Anxiety Disorder-7
score <7, Patient Health Questionnaire-9 score <14 and a Jin Fan’s Attention Network Test alertness score
of 50 + 20 ms. The interventional product (placebo, A galanga proprietary extract [E-AG-01], caffeine, and
a combination of E-AG-01 with caffeine) was administered to the participants, followed by sequential
administration of the remaining interventions on the consecutive study visits; the effects on mental
alertness, sustained attention, and sleep architecture, along with safety and tolerability, were analyzed by
validated methods.

Results: In the E-AG-01 group, the alertness score was increased by 11.65 + 23.94, 12.50 + 19.73, and 12.62
+ 0.68 ms from baseline at 1, 3 (p = 0.042), and 5 hours, respectively, indicating its efficacy to enhance
mental alertness and the increase in alertness score as compared to placebo. In the composite group (E-AG-
01 with caffeine), mean response time was significantly reduced, by 15.55 ms (p = 0.026) at 3 hours.
Conclusions: A galanga (E-AG-01) induces a beneficial effect in mental alertness and the combination of A
galanga with caffeine impedes the caffeine crash and improves sustained attention at 3 hours. Thus, these
stimulant effects might yield a new usage for A galanga as a key ingredient in energy drinks or similar products.

Abbreviations: AE, adverse event; ANT, Attention Network Test; BMI, body mass index; Cl, class interval; E-AG-01,
Alpinia galanga proprietary extract; GAD-7, Generalized Anxiety Disorder-7; IP, interventional product; KSS, Karolin-
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Introduction

Caffeine is an extensively used psychostimulant. In the United
States, caffeine consumption is a daily ritual for more than 80%
of the population. As per recent statistics, almost 54% of Amer-
icans older than 18 drink coffee every day [1]. A survey indi-
cated that most people consume caffeine to improve alertness,
to increase wakefulness in a fatigued state, to increase perfor-
mance during mentally and physically intensive situations, and
to temporarily improve their memory [2, 3]. Others consume
caffeine out of a habit and routine or because they like the fla-
vor of their preferred drink [4, 5]. These effects are largely
attributed to the antagonistic effect on the adenosine A; and
A, 4 receptors in the dopamine-rich brain areas, thus stimulat-
ing dopaminergic activity and resulting in increased wakeful-
ness and pronounced motor activity [6-7].

Besides the psychostimulant benefits of caffeine, it has an
abuse potential and may induce a psychological and physical

dependence [8, 9]. Prolonged caffeine use may lead to a range
of adverse effects (insomnia, palpitations, jitters, headaches,
occasional lightheadedness, gastrointestinal upset, headache,
chest pain, and seizures). This altered psychosomatic state, gen-
erally termed as “caffeine crash,” can produce undue stress and,
depending on the amount of caffeine consumed, can produce
troublesome social effects in many individuals (e.g., failure to
meet social obligations) [10-11]. Thus, a high dose or even a
small amount of caffeine in healthy sensitive individuals can
exacerbate this perceived stressful state.

In recent times, some of the untoward occurrences have
drawn regulatory agencies’ concern toward the uncontrolled use
of caffeine in a variety of dietary supplements and energy drinks,
as the main consumers of such energy products are adolescents
and young adults [12]. This situation has prompted a need for an
alternative ingredient that either with caffeine or as a stand-alone
element provides a stimulatory benefit without the crash effect.
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A large number of botanical ingredients, such as eleuthero,
gingko, ginseng, rosemary, peppermint, oats, and basil, are tra-
ditionally reported to improve cognitive performance [13-14].
As evident from a vast array of scientific publications, many
groups across the world have been engaged in exploring exist-
ing and newer herbal ingredients to enhance alertness and, at
the same time, exhibit no adverse effect on sleep architecture
[15-16]. We performed a thorough literature search on more
than 50 biomasses to identify the natural substances that can
improve alertness. Finally, we selected Alpinia galanga (Linn.)
(Zingiberaceae) and two other herbal extracts on which a pre-
liminary screening study was conducted to analyze their central
nervous system (CNS) stimulant potential to confirm the litera-
ture reports. The results indicated a remarkable psychostimu-
lant potential of A galanga (research code: E-AG-01) [17].

A galanga is generally used as a culinary spice [18]. Also, its
traditional use is well documented for the treatment of various
diseases due to its anti-inflammatory, analgesic, hypoglycemic,
anti-allergic, antimicrobial, gastroprotective, antioxidant, anti-
platelet, anticancer, immune-stimulatory, and cholesterol-
reducing effects [19].

Although A galanga has been reported to improve cognitive
performance in animals [20], it has not been thoroughly stud-
ied for its potential psychostimulant effect in humans. The
principal objective of this study was to develop a safe alternative
psychostimulant for increasing mental alertness without dis-
turbing sleep architecture. In the current study, we exclusively
attempted to analyze the efficacy of A galanga on mental alert-
ness and sleep architecture of healthy young volunteers by a
profound assessment of the specific parameters related to the
important aspects of the attention network using standardized
tests and questionnaires.

Materials and methods
Participants

The study was reviewed by an independent ethics committee
(Aditya Ethics Committee, Ahmedabad, India; registered with
the Office for Human Research Protections, U.S. Department of
Health and Human Services, #IRB00006475) and approved on
February 9, 2016. This clinical trial was registered in the trial reg-
istry before enrollment of the participants (ClinicalTrials.gov ID
#NCT02816827). The study was initiated on March 2, 2016, and
the last participant’s last visit was conducted on August 24, 2016.
Potential volunteers were contacted through multiple sources
including an in-house healthy volunteers’ database and a con-
sumer group’s survey agency. All participants were screened for
demographic parameters (age, gender, height, weight, and body
mass index [BMI]) at the screening visit to confirm compliance
with the protocol. Male and female participants who were 18
to 40 years old, healthy, nonsmoking, alcohol-abstaining, and caf-
feine-habituated with minimal computer literacy were enrolled in
the study. Caffeine history was recorded to ensure that the partic-
ipants were acquainted with caffeine’s stimulant effect and were
not caffeine-sensitive. Participants with a BMI 18.50 to 25.00 kg/
m?, resting blood pressure <140/90 mm Hg, and an alertness
score (Jin Fan’s Attention Network Test [ANT], version 1.3.0) of
50 £ 20 ms at the screening visit and subsequent study visits

were considered eligible. Participants with a Generalized Anxiety
Disorder Screening-7 (GAD-7) score >7 and a Patient Health
Questionnaire-9 (PHQ-9) score >14 were excluded, as a higher
score is associated with mood disturbances and clinical condi-
tions that are known to impact the endpoints of the study
[21, 22]. Pregnant or breastfeeding women were excluded, and
those currently in their menstrual period were included only after
the last day of menstrual flow. Women consuming oral contra-
ceptives were included in the study only after switching to barrier
contraceptive use and a washout period of 7 days from the last
dose of the oral contraceptive. Any concomitant therapy was
strictly prohibited during the course of the study. All participants
were provided with a demonstration of the study procedures and
relevant instructions. An informed consent form to participate in
the study and authorization for release of relevant protected
health information to the study investigator were obtained from
each of the enrolled participants.

Study design

This was a single center, randomized, double-dummy, double-
blind, placebo-controlled crossover study that was designed,
conducted, analyzed, and reported in accordance with ethical
guidelines (Declaration of Helsinki, International Conference
on Harmonization Good Clinical Practices) to protect the
safety, well-being, and confidentiality of the participants and
also to maintain the authenticity and credibility of the data.
The study was monitored and audited by Vedic Lifesciences’
clinical research team to comply with protocol and applicable
regulatory guidelines.

Interventions

Participants were divided into four treatment arms and random-
ized (based on the randomization chart, SPSS version 20.0, IBM
India) for allocation to one of the interventional products (IPs)
on each study visit, and a similar trend was followed for the sub-
sequent visits. The remaining interventions in consecutive visits
were only administered after a sufficient washout period of not
less than 5 half-life of caffeine in the blood to avoid a carryover
effect. The IPs included placebo, A galanga proprietary extract
(E-AG-01), caffeine, and a combination of E-AG-01 with caf-
feine (composite). All treatments were administered to the par-
ticipants in the form of capsules, which were identical in
appearance and were packed in duly labeled high-density poly-
ethylene bottles. The blinding codes were secured at the site in
the tamper-evident sealed envelopes with no access to the study
team. Thus, the double-blind nature of the study was ensured
and strictly followed. The participants receiving only A galanga

Table 1. Composition of treatments.

Placebo E-AG-01 Caffeine
Ingredients (mg/Capsule) (mg/Capsule) (mg/Capsule)
Alpinia galanga rhizome extract — 300 —
Caffeine (anhydrous) — — 200
Microcrystalline cellulose 550 250 350
Total 550 550 550

E-AG-01 = Alpinia galanga proprietary extract.
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or caffeine or placebo were co-assigned to an additional placebo
capsule to achieve a double-dummy design identical to the caf-
feine + E-AG-01 regime. The composition details of all IPs are
listed in Table 1. E-AG-01 (commercially available as EnXtra®)
was derived from the taxonomically authenticated (by DNA bar-
coding) galanga rhizomes. It was a water-soluble, methyl euge-
nol-free extract and standardized for  polyphenol-,
polysaccharide-, and pyrocatecollic-type tannins. Pure anhy-
drous caffeine (99.7%) was supplied by Shri Ahimsa Mines and
Minerals Ltd. (Jaipur, India).

Test visit procedure

Participants reported to the clinic during morning hours and the
testing began at an early time of the day (8AM-9aM) for each visit to
avoid influence of daily challenges (related to mental and physical
stress) on the study outcomes. Also, the time of the day was
matched for all four visits to reduce variability in response due to
diurnal patterns. The participants reported to the clinic following
24-hour abstinence from caffeine-containing products or any psy-
chostimulants prior to all study visits. The participants were also
instructed to obtain sufficient sleep during the night prior to testing,
which was confirmed by an updated sleep diary. Upon arrival at the
clinic, the participants were asked to relax for 15 to 20 minutes,
after which vital parameters were measured and a standardized
meal of approximately 200 calories was provided to control varia-
tions from possible dietary confound. The baseline data were col-
lected at 30 minutes postbreakfast followed by the administration
of an IP, wherein one dose of the product was administered to the
participant by a trial coordinator at the investigational site.

The study tools were administered at 1, 3, and 5 hours post-
IP administration and the data were collected. No other food or
calorie-containing beverages were provided during this period.
The participants were allowed to drink water as desired and to
relax in an isolated room at a comfortable temperature with free
access to a computer or magazines during the clinic stay period.
Any psychostimulating activity was strictly prohibited during this
period. To analyze the effect of the IP on sleep architecture, a
second dose of the corresponding IP was supplied in a labeled
bottle to be taken before dinner the same night of the clinic visit,
and the participants were asked to record all details pertaining to
sleep quality and duration of sleep in the sleep diary. To ensure
treatment compliance, product accountability was monitored by
a clinical research coordinator on the following visit.

Screening tools

Due to the lack of literature pertaining to the effect of A
galanga in mentally unstable or depressed individuals, we
decided to conduct the study in mentally stable population
to limit confounding factors and ambiguous results from
such a study population. With the aid of the screening tools
GAD-7 and PHQ-9, we enrolled only participants with sta-
ble qualifying scores.

GAD-7 is a valid and efficient screening tool for generalized
anxiety disorder and assessing its severity in clinical practice
and research. It is moderately good at screening three other
common psychological conditions: panic disorder (sensitivity
= 74%, specificity = 81%), social anxiety disorder (sensitivity
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= 72%, specificity = 80%), and posttraumatic stress disorder
(sensitivity = 66%, specificity = 81%)[23, 24].

PHQ-9 is a multipurpose tool for screening, diagnosing,
monitoring, and measuring the severity of depression. It rates
the frequency of symptoms, which factors into the scoring sever-
ity index. It also gives an idea of the degree to which depression
problems have affected an individual’s functional level [25].

Outcome measures

This study was primarily designed to elucidate the IPs’ effect on
various psychoactive measures in habitual caffeine consumers.
In addition, the probability of a combined effect to reduce the
caffeine crash was explored by the coadministration of
E-AG-01 and caffeine.

The primary efficacy variable was mental alertness, which is
defined as achieving and maintaining a state of high sensitivity
to incoming stimuli [26]. The alerting network is theorized to
be responsible for achieving and maintaining vigilance and
alertness while performing a continuous task. The Java version
of the ANT 1.3.0 [27, 28] was used for this purpose, as it pro-
vides a behavioral measure of efficiency of the different compo-
nents of the attention network separately within a single task.
The participant was seated in a silent and secluded room. All
external distractions were avoided and the participant was
asked to give complete attention to the task at hand. Mental
alertness in ANT was calculated in terms of the difference score
quantified in milliseconds and calculated by subtracting the
average double-cue response times (RTs) from the no-cue RTs.
Higher scores indicate more efficient functioning of the alerting
system.

The secondary efficacy variables included sustained atten-
tion (assessed by Psychomotor Vigilance Task [PVT]) and
sleep architecture (assessed by Karolinska Sleepiness Scale
[KSS] score, sleep duration measurement, Groningen’s Sleep
Quality Scale [SQS], and sleep diary].

Sustained attention to the environment is impacted by mul-
tiple underlying brain processes and related psychological con-
structs, out of which the sleep-wake state is an important
aspect, and is dependent on multiple brain stem-thalamocorti-
cal pathways [29]. The PVT (according to the criteria reported
by Basner et al. [30]) objectively assesses sustained attention,
which might be associated with fatigue-related changes in alert-
ness due to sleep loss, extended wakefulness, and circadian mis-
alignment. Our study assessed the effect of the IP on the mean
response time using a 10-min computer-based PVT. The mean
reaction time (MRT) is the time taken by a participant to press
the response button as soon as each stimulus appeared. Shorter
MRT thus indicates more efficient and sustained attention.

The analysis of sleep architecture in this study comprised
evaluation of effects on mental fatigue, wakefulness, and sleep
patterns. Mental fatigue is a physiological state of reduced men-
tal or physical performance resulting from sleep disturbances
such as inadequate sleep, unwanted wakefulness, circadian dis-
ruption, or workload (mental and/or physical activity) that can
impair an individual’s alertness and ability to perform in a con-
tinuous task. It was assessed by the 10-point subjective KSS in
terms of subjective sleepiness [31]. Lower scores on the scale
imply low subjective sleepiness and hence less mental fatigue.
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Participants were asked to complete the KSS on arrival at the
site (baseline) and then prior to all sessions of ANT and PVT
on all four visits.

Woakefulness is an important brain function, as its intensity
might affect cognitive functions such as attention, memory,
and decision making and for its assessment, participants were
provided with a stopwatch to record duration of sleep between
the two assessment sessions. Participants were asked to start
the stopwatch before taking a nap and to stop it once they were
awake or when they were woken up by the coordinator for an
assessment. The stopwatch was lapped and restarted if the par-
ticipant wanted to nap again.

Sleep patterns were assessed by Groningen’s SQS question-
naire and a sleep diary [32]. In the SQS, sleep quality was
graded in the form of a score on a scale of 0 to 14, and lower
scores indicate higher subjective quality of sleep and vice versa.
Participants were asked to complete the SQS questionnaire at
all study visits prior to IP administration. In addition, the par-
ticipants noted their time of going to bed and rising from the
bed in the sleep diary.

Measurement of vital parameters and incidence of adverse
events were recorded to ensure the safety of the IPs.

Power calculation

The trial was designed to demonstrate the efficacy of E-AG-01
over placebo to improve mental alertness. Based on the prelimi-
nary data, the sample size was calculated to detect the differ-
ence between E-AG-01 and placebo for the change in alertness
score from baseline to 1, 3, or 5 hours after administration of
the intervention. Based on the assumption of an intergroup
score difference of 6 & 1.5 ms (12% = 3%), a sample size of 30
completed participants per group was calculated to maintain
the study power at 90% with a type I error of 0.05. Further,
accounting for dropouts and withdrawals (~ 20%) as well as
the nonevaluable participants for the primary efficacy outcome
(~25%), the study targeted to enroll 60 participants who were
planned to cross over to each arm.

Statistical analysis

Statistical analysis was carried out using SPSS 15.0 for Win-
dows (Chicago, IL, USA). Variables were tested for normality
using the Shapiro-Wilk test. Chi-square test and student’s
unpaired -test were applied while comparing different groups
of responders for different independent variables. Student’s
paired t-test was used for intergroup comparisons at different
time points. Multivariate analysis of variance was used to evalu-
ate statistical significance among groups. Further, a repeated
two-way analysis of variance (ANOVA) was performed to
investigate the difference in alertness score due to time X treat-
ment interaction. A p value <0.05 was considered statistically
significant at the 95% confidence level. Participants who met all
inclusion criteria and received at least one dose of each IP were
considered the intent-to-treat population. However, because
neurobehavioral functioning is heavily masked by the homeo-
static drive for sleep and metabolism [33], the alertness score is
expected to have interpersonal variability. Hence, final analysis
was conducted on the per protocol population, wherein

included participants had baseline alertness scores of 50 =+
20 ms at each individual study visit and completed the study
visits successfully. The data were segregated based on the four
interventional groups before subjecting them to statistical anal-
yses and are represented in a similar manner in the results
section.

Continuous variables (age, height, weight, and BMI) were
summarized by treatment group using summary statistics
(number of observations, mean, and standard deviation).
ANOVA was applied to prove insignificance in demographic
characteristics across the four groups. Data pertaining to
PHQ-9 and GAD-7 parameters were also evaluated statistically
by ANOVA for assessment of within-group significance level.

The effect size was calculated by Cohen’s d method to deter-
mine clinical relevance of the observed effects in case of statisti-
cally significant outcomes [35].

Results
Study population

A total of 124 participants were screened for this study. Out of
those, 59 met the protocol-defined inclusion criteria and were
enrolled in the study. The participants enrolled in the study
were predominantly right-handed [36], with a history of mod-
erate caffeine consumption (2-4 cups of caffeinated beverages
per day). Six of fifty-nine participants dropped out during the
study, primarily due to withdrawal (4 of 6) or loss to follow-up
(2 of 6). Two of the withdrawals were attributed to safety con-
cerns. The study flowchart is depicted in Figure 1.

The varying number of participants in each group is a result
of discarded data for those whose baseline parameters did not
match the protocol-specified inclusion/exclusion criteria, and the
excluded data did not affect the minimum study power of 90%.

Analysis of demographic characteristics of all participants
confirmed the insignificance of the differences in demographics
across the four groups. PHQ-9 and GAD-7 scores indicated the
absence of a mental health condition such as anxiety or depres-
sion in the study population. Data pertaining to these measures
are presented in Table 2.

Effect on primary outcome measures

Mental alertness was considered the primary outcome based on
its importance in the assessment of cognitive performance.
Data obtained from the ANT were expressed as the alertness
score in milliseconds (Table 3 and Figure 2A). The baseline
alertness scores were similar in all treatment groups.

In the placebo group, we observed a statistically insignificant
increase in alertness score of 5.05 & 19.71, 2.61 &£ 20.66, and
9.79 &£ 20.07 ms from baseline at 1, 3, and 5 hours, respectively.
In the E-AG-01 group, we observed a significant increase in
alertness score of 11.65 & 23.94 (95% confidence interval [CI],
—3.67-16.86, p = 0.008), 12.50 + 19.73 (95% CI, 0.37-19.42,
p = 0.001), and 12.62 £ 24.71 (95% CI, —7.69-13.35,
p = 0.005) ms from baseline at 1, 3, and 5 hours, respectively.
In the caffeine group, alertness scores compared to baseline
increased significantly by 897 £ 1820 ms (95% CI,
—4.96-12.80, p = 0.006) at 1 hour; however, the score
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Figure 1. Study flowchart.

decreased by 1.23 + 18.60 ms (95% CI, —13.04-5.37,
p = 0.698) from baseline at 3 hours, indicating a caffeine crash.
Also, in the composite group, scores significantly increased by
10.27 % 20.34 ms (95% CI, —4.96-12.80, p = 0.004) from base-
line at 1 hour, followed by a return approximately to the

Table 2. Demographics and baseline characteristics.

baseline score with a decrease of 0.68 £ 21.87 ms (95%
CI, —13.01-6.43, p = 0.074) at 3 hours.

As the changes across the groups were significant at 3 hours
(p = 0.03), all the groups were individually compared to the
placebo group using student’s paired f-test, wherein the

Variables Placebo (n = 38) Mean =+ SD E-AG-01 (n = 34) Mean £ SD Caffeine (n = 35) Mean & SD Composite (n = 38) Mean £ SD p Value
Male 19 17 16 19 —
Female 19 17 19 19 —
Age (years) 22+£05 22+04 22+04 22+05 0.98
Height (m) 1.7 £0.1 1.7 £0.1 1.64 + 0.1 1.7 £0.1 0.92
Weight (kg) 589+9.2 59.7 £ 8.1 57.7 £ 82 585+79 0.81
BMI (kg/m?) 215420 21.6 = 1.9 213+19 213+£20 0.86
PHQ-9 15+16 1.8+ 16 15+16 16+ 16 0.92
GAD-7 1.9+23 21+21 15+16 1.9+23 0.66

E-AG-01 = Alpinia galanga proprietary extract; BMI = body mass index; PHQ-9 = Patient Health Questionnaire-9; GAD-7 = Generalized Anxiety Disorder-7.
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Table 3. Effect of interventions on mental alertness with intergroup analysis.

ANT-Alertness Score in ms

Variable Placebo (n = 38) E-AG-01 (n = 34) Caffeine (n = 35) Composite (n = 38) p Value”
BL 496 +11.0 455+ 11.2 480+ 111 46.8 +£12.0 0.45
1H 54.7 +£17.0" 57.1 4+ 23.8" 57.0 + 18.1* 57.0 £21.7 0.94
3H 5224 19.5% 58.0 4 21.2 468 + 168 46.1 +£19.1 0.03*
5H 594 +17.7* 58.1 +£27.6 50.8 &+ 19.0 542 +203* 0.31
Intergroup Analysis by Student’s Paired t-test
Variable E-AG-01 vs Placebo Caffeine vs Placebo Composite vs Placebo
p (TH) 0.20 0.38 0.26
p (3H) 0.04%## 0.40 0.50
p (5H) 0.59 0.11 0.64
Repeated Two-Way ANOVA for Time X Treatment Interaction
Variable E-AG-01 vs Placebo Caffeine vs Placebo Composite vs Placebo
p (F) 0.26 (1.42) 0.73 (0.42) 0.63 (0.58)
Note.

*Multivariate analysis of variance test applied across four groups to get p values.
“*Paired t-test applied between two groups.

#Decreased significantly as compared to baseline.

*#Statistically significant difference in score across the groups.

###Significant change in score as compared to placebo.

ANT = Attention Network Test; E-AG-01 = Alpinia galanga proprietary extract; BL = baseline value; TH = value at 1 hour; 3H = value at 3 hours; 5H = value at 5 hours.

E-AG-01 group demonstrated a statistically
improvement in alertness score (p = 0.04).

At 5 hours, all groups demonstrated an increase in alertness
score, owing to the logistic factors of the study and asymptom-
atic performance improvement due to the diurnal pattern of
alertness [37]; however, the increase in alertness score was
greatest in the E-AG-01 group (12.62 £ 0.68 ms from baseline).

As the result was statistically significant for E-AG-01, we
calculated the effect size in terms of Cohen’s d value in compar-
ison with placebo. A value between 0.20 and 0.49 was consid-
ered a small effect, a value between 0.5 and 0.79 was considered
a medium effect, and >0.8 indicated a large effect. The derived
value of d = 0.59 for the E-AG-01 group against d = 0.08 for
the caffeine group confirmed a significant medium effect in
alertness score in the E-AG-01 group compared to a remark-
ably small effect in caffeine group.

A time X treatment interaction effect was analyzed using
a repeated two-way ANOVA, and the results indicated that
there was no significant effect of this particular interaction
on the effect of IP in any of the three groups as compared

significant

(A) Effect on Mental Alertness

O Baseline

Ol Hour @3 Hours =5 Hours

Difference score in ms

Placebo

Composite

E-AG-01 Caffeine

to placebo (Table 3). These results also confirmed the
absence of an influence of any carryover effect in this clini-
cal study of crossover design. Hence, the data from all treat-
ment groups in the different time periods were analyzed in
a usual manner.

Effect on secondary outcome measures

This study assessed the effect of IP on sustained attention by
using the PVT, and results were expressed as MRT in millisec-
onds in Table 4 and Figure 2B.

As evident from the results, the E-AG-01 group did not
demonstrate any significant improvement in MRT, whereas the
results in the caffeine group suggested a declining trend in
MRT until 3 hours, after which it showed an increase, which
may be attributed to the “crash” effect. The composite group
exhibited a trend similar to the caffeine group but achieved a
within-group statistical significance at 5 hours interval as com-
pared to baseline (p = 0.02). In addition, intergroup analysis
for the composite group revealed a significant decrease in MRT

(B) Effect on Sustained Attention

450 -+

W Bascline @1 Hour B3 Hours 835 Hours

400
150
a0
250
200

150 4

Mean Response Time in ms

o 4

50

Placebo

Figure 2. Effect of interventions on (A) mental alertness and (B) sustained attention.
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Table 4. Effect of interventions on sustained attention with intergroup analysis.
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PVT-Mean Response Time in ms

Variable Placebo(n = 38) E-AG-01 (n = 34) Caffeine(n = 35) Composite(n = 38) p Value”
BL 290.4 £+ 59.0 292.7 +47.7 3104 +£103.3 311.6 + 81.9 0.50
TH 2979 £+ 62.6 290.2 £ 48.5 290.1 +51.6 292.7 + 58.0 0.92
3H 299.7 + 67.8 299.5 £+ 50.2 287.6 +43.1 296.0 &+ 68.3 0.82
5H 299.3 £+ 60.3 297.1 + 4838 296.9 + 51.5 288.7 + 526" 0.84
Intergroup Analysis by Student's Paired t-test™

Variable E-AG-01 vs. Placebo Caffeine vs. Placebo Composite vs. Placebo
p (TH) 0.13 0.09 0.01%##
p (3H) 0.73 0.06 0.04%##
p (5H) 0.60 0.17 0.01%##

Note:

*Multivariate analysis of variance test applied across four groups to get p values.
“*Student’s paired t-test applied between two groups.

*Decreased significantly as compared to baseline.

#Significant change in score as compared to placebo.

PVT = Psychomotor Vigilance Task; E-AG-01 = Alpinia galanga proprietary extract; BL = baseline value; TH = value at 1 hour; 3H = value at 3 hours; 5H = value at

5 hours.

compared to the placebo group at 1 hour (p = 0.01), 3 hours
(p = 0.04), and 5 hours (p = 0.01).

The data on various parameters of sleep architecture
revealed the statistically insignificant influence of IP on mental
fatigue, wakefulness, and sleep pattern.

Effect on safety measures

The safety of the IPs was determined by analyzing the vital
parameters (heart rate [HR] and pulse rate [PR]) and occur-
rence of the adverse events. This study demonstrated a very
good safety profile with clinically insignificant safety concerns.
One of the fifty-nine enrolled participants was withdrawn due
to persistent hypertension (systolic blood pressure >140 mm
Hg for 3 consecutive days) and another participant was with-
drawn due to reported giddiness at the end of the clinic stay.
No unblinding was done at that time, but decoding of the arms
at the statistical analysis stage revealed the product dispensed
to be A galanga in the former case and caffeine in the latter.
The occurrence of these adverse events may be remotely attrib-
uted to confounding factors of the study such as a specific
hypersensitivity to the allocated interventions. No other case of
hypertension or tachycardia was reported in any of the groups.

Discussion

The present study examined the effect of A galanga (E-AG-01)
in comparison with caffeine (a comparator) and a placebo (a
control) on attention network by ANT. Consistent with caf-
feine’s well-known effect on the alerting network, alertness
scores increased until 1 hour, followed by a reduction—proba-
bly due to a caffeine crash—at 3 hours. At the same time,
E-AG-01 showed an improvement in alertness scores until
5 hours. In the composite group, alertness scores increased sig-
nificantly at 1 hour followed by a reduction, indicating a caf-
feine crash, which was less than that observed in the caffeine
group. Hence, it can be hypothesized that the E-AG-01 is able
to impede the caffeine crash, as evident from 3-hour and
5-hour alertness scores.

The alerting network recruits a distributed network of brain
regions, primarily the thalamus and bilateral frontal and parie-
tal brain regions [38]. Given the dense dopaminergic innerva-
tion of the human thalamus and prefrontal cortex [39] and that
caffeine is generally thought to up-regulate dopaminergic avail-
ability [40], the present results are consistent with the theorized
effects of caffeine on CNS function. Based on these facts, it can
be postulated that E-AG-01 also improves alertness in a similar
way as caffeine, by enhancing dopaminergic activity.

The effect size for this efficacy parameter was calculated in
terms of standardized mean effect (denoted as Cohen’s d),
which expresses the mean difference between two groups in
standard deviation units. The results suggest that in terms of
probability of superiority of treatments, there is a 66% greater
chance that a randomly selected participant from the E-AG-01
group will exhibit a definite improvement in mental alertness
than a randomly selected participant from the placebo group.

Alternatively, it can be stated that the effect size represented
as Cohen’s d value indicates that 73% of participants from the
E-AG-01 group (d = 0.599) would exhibit greater alertness
than the participants in the placebo group as compared to the
caffeine group, wherein only 47% of participants would have
greater alertness.

Sustained attention was assessed by the PVT, which gener-
ally reflects the arousal and attention state of an individual
Caffeine appears to exhibit dose-dependent performance
improvement in a variety of basic psychomotor tasks as a direct
result of altered CNS activity and is well reported by a number
of studies [41-42]. Some studies also suggest that extended vigi-
lance is generally improved following caffeine consumption at a
dose of ~400 mg [43] and performance diminishes with very
high dose of caffeine (e.g., 600 mg) [44]. In agreement with
these reported findings, in this study neither caffeine at 200 mg
nor E-AG-01 at 300 mg independently resulted in significant
reductions in MRT. However, the combination of these ingre-
dients at the same dose was found to be effective in improving
sustained attention, as indicated by statistically significant data
obtained in the composite group. It has been reported that the
relationship between sustained attention and task performance
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follows an inverted U-curve, i.e., poor performance can occur
due to both under- and over-arousal. [45] This can be one of
the reasons for a widespread range of observations in MRT,
leading to greater standard deviations and insignificant p val-
ues. However, derived p values showed a positive trend in the
reduction of MRT in the caffeine and composite groups. Hence,
an attempt was made to analyze the treatment groups individu-
ally in comparison with placebo by student’s t-test, which
showed that the improvement in sustained attention was statis-
tically significant in comparison with placebo, implying the
superiority of the composite intervention in enhancing sus-
tained attention and arousal state. Thus, we can hypothesize
that coadministration of E-AG-01 with caffeine modulates neu-
ral activity in the cerebral regions related to sustained attention.

We attempted to analyze the effect of E-AG-01 with and
without caffeine on sleep architecture. The KSS is well corre-
lated with subjective sleepiness, with a very strong linear rela-
tion and extremely small standard errors when analyzed by
ANOVA [46], thus imparting considerable reliability and con-
current validity to the tool. Effect of caffeine on KSS has been
demonstrated in a clinical trial [47]. We did not encounter any
significant reduction in mental fatigue in any of the experimen-
tal groups.

The derived data for wakefulness as measured by midday
nap duration could not provide any significant information
about the effect of the IPs on wakefulness in comparison with
placebo. Sleep architecture as studied by Groningen’s SQS, and
sleep diaries could not dispense any distinguishable findings to
substantiate the higher efficacy of E-AG-01 or caffeine or com-
posite intervention over placebo. This finding can be correlated
with the fact that the study population included the participants
habituated to caffeine intake, due to which no remarkable alter-
ations in sleep patterns were observed across the study groups.
Hence, we concluded that the IP did not demonstrate any sig-
nificant effect on sleep architecture, and we propose that more
sensitive and tangible methods such as polysomnography may
be useful in prospective studies to have an adequate qualitative
and quantitative assessment of the sleep structure.

Clinical safety of these IPs was assessed by the measurement
of vital parameters and recording adverse events during the
study period. The data revealed no major safety concerns
related to intake of A galanga.

Future recommendations

Effects of A galanga on sleep architecture can be further evalu-
ated by high-sensitivity tools such as polysomnography to
affirm its use in the normal population requiring adequate
alertness to perform in day-to-day life. Although this research
on the benefits of E-AG-01 is promising for mental alertness,
ingredients belonging to the category of psychostimulants are
prone to exhibit habituation. Hence, the addictive potential of
A galanga needs to be analyzed. In addition, analogous to caf-
feine, the empirical data suggest that these types of ingredients
have an interactive effect on cognitive performance. This sug-
gests an objective for a future study to explore the long-term
effect of A galanga consumption in domains related to cogni-
tive processes such as working memory [48].

Conclusions

This is the first study in humans to demonstrate the psychosti-
mulant effect of A galanga in comparison with caffeine and pla-
cebo on some of the important aspects of attention. The
statistically significant results serve as constructive evidence for
the beneficial effect of E-AG-01 on enhancement of mental
alertness and sustained attention. Thus, this study was an effort
to confirm the acute psychostimulant benefits of A galanga,
rendering it a novel energy ingredient for day-to-day use. In
summary, these findings support A galanga’s potential to create
a significant impact on real-life work performance with an
absolute requisite of mental alertness for populations such as
drivers, video-gamers, college students, and athletes, who
always strive to perform better.

Acknowledgements

We are thankful to Mr Jin Fan for granting us the permission to use the
standardized ANT software for our research purpose. We further extend
our thanks to the study team of Vedic Lifesciences for the study conduct
and assistance in data collection and Dr Harshad Thakur for conduct of
statistical analyses independently. We also thank Mr Jayesh Chaudhary
and Mrs Rekha Patel for their interest in this study and for granting per-
mission to publish the study. The authors are grateful to Enovate Biolife
for financial support.

Disclosures

Enovate Biolife funded the trial, provided the investigational products, and
approved the manuscript submission to the journal. E-AG-01 is an
A galanga proprietary extract from Enovate Biolife, commercially available
as EnXtra®. Dr Mark S. Mennemeier was funded in the form of consulta-
tion fees by Enovate Biolife to design and review the study. Enovate Biolife
provided support in the form of salaries to Dr Shalini Srivastava and
Dr Surekha Pimple, who hold full-time positions within the organization.
This does not alter the authors’ adherence to the journal’s policies on shar-
ing the data and materials. The data cannot be made publicly available
through a URL due to organizational restrictions; however, Enovate Biolife
grants permission to the journal to share the minimal raw data (raw data
sheet) with interested researchers after an indication to the corresponding
author.

Author contributions

The study was conceptualized and designed by Dr Shalini Srivastava in
coordination with Dr Mark S. Mennemeier. The manuscript was prepared
and refined through collective efforts of all the listed authors. Dr Shalini
Srivastava agrees to be accountable for all aspects of the work to ensure
that the questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved. Dr Mark S. Mennemeier
has been extensively involved in revising the manuscript critically for
important intellectual content. Dr Surekha Pimple was substantially
involved in the manuscript preparation. All authors read and approved the
final manuscript for publication.

References

1. Recent updates about National Coffee Drinking Trends can be found
at the site of National Coffee Association: http://www.ncausa.org/
Industry-Resources/Market-Research/National-Coffee-Drinking-
Trends-Report

2. McLellan TM, Caldwell JA, Lieberman HR: A review of caffeine’s
effects on cognitive, physical and occupational performance. Neurosci
Biobehav Rev 71:294-312, 2016.


http://www.ncausa.org/Industry-Resources/Market-Research/National-Coffee-Drinking-Trends-Report
http://www.ncausa.org/Industry-Resources/Market-Research/National-Coffee-Drinking-Trends-Report
http://www.ncausa.org/Industry-Resources/Market-Research/National-Coffee-Drinking-Trends-Report

Downloaded by [171.50.217.130] at 21:32 14 September 2017

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Kamimori GH, McLellan TM, Tate CM, Voss DM, Niro P, Lieberman

HR: Caffeine improves reaction time, vigilance and logical reasoning
during extended periods with restricted opportunities for sleep. Psy-
chopharmacology (Berl) 232:2031-2042, 2015.

. Satel S: Is caffeine addictive?—a review of the literature. Am J Drug

Alcohol Abuse 32:493-502, 2006.

. Turton P, Piché L, Battram DS: Adolescent attitudes and beliefs

regarding caffeine and the consumption of caffeinated beverages. |
Nutr Educ Behav 48:181-189, 2016.

. Shen HY, Chen JF: Adenosine A (2A) receptors in psychopharmacol-

ogy: modulators of behavior, mood and cognition. Curr Neurophar-
macol 7:195-206, 2009.

. Brown RE, Basheer R, Mckenna JT, Strecker RE: Control of sleep and

wakefulness. Physiol Rev 92:1087-1187, 2012.

. Lara DR: Caffeine, mental health, and psychiatric disorders. J Alz-

heimers Dis 20:239-248, 2010.

. Hughes JR, Oliveto AH, MacLaughlin M: Is dependence on one drug

associated with dependence on other drugs? The cases of alcohol, caf-
feine and nicotine. Am J Addict 9:196-201, 2000.

Nordt SP, Vilke GM, Clark RF, Lee Cantrell F, Chan TC, Galinato M,
Nguyen V, Castillo EM: Energy drink use and adverse effects among
emergency department patients. ] Community Health 37:976-981,
2012.

Luebbe AM, Bell DJ: Mountain Dew or mountain don’t? A pilot inves-
tigation of caffeine use parameters and relations to depression and
anxiety symptoms in 5th- and 10th-grade students. J Sch Health
79:380-387, 2009.

James JE: Caffeine: public concern and the precautionary principle. J
Caffeine Research 3:1-2, 2013.

Singh B, Song H, Liu XD, Hardy M, et al: Dangshen (Codonopsis pilo-
sula) and Bai Guo (Gingko biloba) enhance learning and memory.
Altern Ther Health Med 10:52-56, 2004.

Cohen MM: Tulsi—Ocimum sanctum: A herb for all reasons. ] Ayur-
veda Integr Med 5:251-259, 2014.

Dimpfel W: Pharmacological classification of herbal extracts by means
of comparison to spectral EEG signatures induced by synthetic drugs
in the freely moving rat. ] Ethnopharmacol 149:583-589, 2013.
Tildesley NT, Kennedy DO, Perry EK, Ballard CG, Savelev S, Wesnes
KA, Scholey AB: Salvia lavandulaefolia (Spanish sage) enhances mem-
ory in healthy young volunteers. Pharmacol Biochem Behav 75:669-
674, 2003.

Srivastava S, Pimple S: Effects of Cymbopogon flexuosus, Alpinia
galanga, and Glycyrrhiza glabra on attention: a randomized double-
blind, placebo-controlled pilot study. BAOJ Nutrition 3:1, 2017.
UCLA History & Special Collections, Louise M: Darling Biomedical
Library: “Greater galangal”. https://unitprojlibrary.ucla.edu/biomed/
spice/index.cfm?displayID=29

Chudiwal AK, Jain DP, Somani RS: Alpinia galanga Willd: an over-
view to phytopharmacological properties. Ind ] Nat Prod Resour
1:143-149, 2010.

Saha S, Banerjee S: Central nervous system stimulant actions of Alpi-
nia galanga (L.) rhizome: a preliminary study. Indian ] Exp Biol
51:828-832, 2013.

Najmi S, Amir N, Frosio KE, Ayers C: The effects of cognitive load on
attention control in subclinical anxiety and generalised anxiety disor-
der. Cogn Emot 29:1210-1223, 2015.

Clasen PC, Beevers CG, Mumford JA, Schnyer DM: Cognitive control
network connectivity in adolescent women with and without a paren-
tal history of depression. Dev Cogn Neurosci 7:13-22, 2014.

Spitzer RL, Kroenke K, Williams JB, et al: A brief measure for assess-
ing generalized anxiety disorder: the GAD-7. Arch Intern Med
166:1092-1097, 2006.

Kroenke K, Spitzer RL, Williams JB: Anxiety disorders in primary
care: prevalence, impairment, comorbidity, and detection. Ann Intern
Med 146:317-325, 2007.

25.

26.

27.

28.

29.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 9

Kroenke K, Spitzer RL, Williams JB: The PHQ-9: validity of a brief
depression severity measure. ] Gen Intern Med 16:606-613, 2001.
Weaver B, Bédard M, McAuliffe J: Evaluation of a 10-minute version of
the Attention Network Test: Clin Neuropsychol 27:1281-1299, 2013.
Fan J, McCandliss BD, Sommer T, Raz A, Posner MI: Testing the effi-
ciency and independence of attentional networks. ] Cogn Neurosci
14:340-347, 2002.

Fan ], McCandliss BD, Fossella J, Flombaum JI, Posner MI: The acti-
vation of attentional networks. Neuroimage 26:471-479, 2005.

Okena BS, Salinskya MC, Elsasa SM: Vigilance, alertness, or sustained
attention: physiological basis and measurement. Clin Neurophysiol
117:1885-1901, 2006.

Basner M, Mollicone D, Dinges DF: Validity and sensitivity of a brief
Psychomotor Vigilance Test (PVT-B) to total and partial sleep depri-
vation. Acta Astronaut 69:949-959, 2011.

Kaida K, Takahashi M, Akerstedt T, Nakata A, Otsuka Y, Haratani T,
Fukasawa K: Validation of the Karolinska sleepiness scale against per-
formance and EEG variables. Clin Neurophysiol 117:1574-1581, 2006.
Carney CE, Buysse DJ, Ancoli-Israel S, Edinger JD, Krystal AD, Lich-
stein KL, Morin CM: The consensus sleep diary: standardizing pro-
spective sleep self-monitoring. Sleep 35:287-302, 2012.

Goel N, Basner M, Rao H, Dinges DF: Circadian rhythms, sleep depri-
vation, and human performance. Prog Mol Biol Transl Sci 119:155-
190, 2013.

Goel N, Basner M, Rao H, Dinges DF: Circadian rhythms, sleep depri-
vation, and human performance. Prog Mol Biol Transl Sci 119:155-
190, 2013.

Cohen J: “Statistical Power for the Behavioural Sciences,” 2nd ed. Hill-
sdale, NJ: Hillsdale & Lawrence Erlbaum, 1998.

Bareham CA, Bekinschtein TA, Scott SK, Manly T: Does left-handed-
ness confer resistance to spatial bias? Sci Rep 5:9162, 2015.

Dorrian J, McLean B, Banks S, Loetscher T: Morningness/eveningness
and the synchrony effect for spatial attention. Accid Anal Prev
99:401-405, 2017.

Brunyé TT, Mahoney CR, Lieberman HR, Giles GE, Taylor HA: Acute
caffeine consumption enhances the executive control of visual atten-
tion in habitual consumers. Brain Cogn 74:186-192, 2010.
Garcia-Cabezas MA, Rico B, Sanchez-Gonzdlez MA, Cavada C: Distri-
bution of the dopamine innervation in the macaque and human thala-
mus. Neurolmage 34:965-984, 2007.

Ferre S, Fredholm BB, Morelli M, Popoli P, Fuxe K: Adenosine-dopa-
mine receptor-receptor interactions as an integrative mechanism in
the basal ganglia. Trends in Neuroscience 20:482-487, 1997.
Kenemans JL, Lorist MM: Caffeine and selective visual processing.
Pharmacology, Biochemistry, and Behavior 52:461-471, 1995.
Wesensten NJ, Killgore WDS, Balkin TJ: Performance and alertness
effects of caffeine, dextroamphetamine, and modafinil during sleep
deprivation. Journal of Sleep Research 14:255-266, 2005.

Mitchell PJ, Redman JR: Effects of caffeine, time of day and user his-
tory on study-related performance. Psychopharmacology 109:121-
126, 1992.

Roache JD, Griffiths RR: Interactions of diazepam and caffeine:
Behavioral and subjective dose effects in humans. Pharmacology, Bio-
chemistry, and Behavior 26:801-812, 1987.

Schmitt JA: General methodological considerations for the assessment
of nutritional influences on human cognitive functions. Eur ] Nutr
44:459-464, 2005.

Reyner LA, Horne JA: Evaluation “in-car” countermeasures to sleepi-
ness: cold air and radio. Sleep 21:46-50, 1998.

Horne JA, Reyner LA: Counteracting driver sleepiness: effects of nap-
ping, caffeine, and placebo. Psychophysiology 33:306-309, 1996.
Hanish Singh JC, Alagarsamy V, Diwan PV, Sathesh Kumar S, Nisha
JC, Narsimha Reddy Y: Neuroprotective effect of Alpinia galanga (L.)
fractions on AB(2535) induced amnesia in mice. ] Ethnopharmacol
138:8591, 2011.


https://unitproj.library.ucla.edu/biomed/spice/index.cfm?displayID=29
https://unitproj.library.ucla.edu/biomed/spice/index.cfm?displayID=29
https://unitproj.library.ucla.edu/biomed/spice/index.cfm?displayID=29
https://unitproj.library.ucla.edu/biomed/spice/index.cfm?displayID=29

	Abstract
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outline placeholder
	Outli