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Abstract: Cognitive decline is an important issue of global public health. Cognitive aging might
begin at middle adulthood, the period particularly vulnerable to stress in lifespan. Essence of
chicken (EOC) has consistently demonstrated its beneficial effects on various cognitive domains
as nutritional supplementation. This study primarily aimed to examine the cognitive enhancement
effects of ProBeptigen® (previously named CMI-168), hydrolyzed peptides extracted from EOC, in
healthy middle-aged people under mild stress. Ninety healthy subjects were randomly assigned into the
ProBeptigen® or placebo group for eight weeks. Neurocognitive assessment, event-related potentials
(ERPs), and blood tests were conducted before, during, and after the treatment. The ProBeptigen®
group outperformed placebo group on Logical Memory subtests of Wechsler Memory Scale-third edition
(WMS-III) and Spatial Working Memory task in the Cambridge Neuropsychological Test Automated
Battery (CANTAB). The anti-inflammatory effects of ProBeptigen® in humans were also confirmed,
with progressively declining high-sensitivity C-reactive protein (hs-CRP) levels. Regular dietary
supplementation of ProBeptigen® is suggested to improve verbal short- and long-term memory as well
as spatial working memory, and reduce inflammation in middle-aged healthy individuals with stress.
The effects of ProBeptigen® on cognition warrant further investigation. (NCT03612752).
Keywords: dietary supplements; cognitive decline; essence of chicken

1. Introduction
As the global population ages, cognitive decline and its terminal condition, dementia is emerging
to be an important issue of public health in the world. It is generally agreed that cognitive decline
may be a presentation of intricate interaction between multiple factors, such as demographics,
genetics, physical and mental activities, socio-economic status, lifestyle and environmental factors [1].
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Among these factors, aging may play one of the most important roles [2]. Cognitive aging representing
a gradual decline in dedicated cognitive domains could begin nearly insidiously in middle age but
accelerate in old age. Compelling evidence has supported that cognitive decline can be detected
at middle adulthood, from the early 30s [3] to 45 [4] and 50 [5]. Another factor is inflammation,
where greater systemic inflammation at midlife is also associated with steeper cognitive decline over
the subsequent 20 years of life [6].
People at midlife are particularly vulnerable to stress, which also has a remarkable impact on
cognitive functions, particularly attention and memory where the network of frontal–medial temporal
regions is involved [7]. The perception of a scenario as overwhelming causes stress, which in turn elicits
a measurable response resulting in a transformed status [8]. Although stress within moderate levels has
been shown to improve job efficiency, excessive stress tends to induce negative consequences, such as
anxiety, confusion, exhaustion, and burnout [9–12]. Existing evidence has proposed that stress-related
neurocognitive decline is associated with low quality of life and a reduced adrenocorticotropic hormone
(ACTH) in response to corticotrophin-releasing hormone [13].
Although this aforementioned cognitive decline may be still within a preclinical stage where
formal medical intervention is not required, nutritional supplements are considered for cognitive
enhancement protective or anti-cognitive aging. It is well-documented that particular nutrients have
beneficial effects on cognition with scientific grounds, such as Mediterranean diets [14], antioxidants
(lignans and vitamin E) [15], folate (itself or in conjunction with other B vitamins) [16], and other
various minerals and micronutrients [17,18]. Recent studies have also confirmed that specific members
of omega-3 polyunsaturated fatty acids (PUFA) may exert beneficial and neuroprotective effects on the
aging brain [19] and cognitive functions [20,21].
Notably, protein and peptides have been identified as the key nutrients for improving reaction
time in elderly [22] and cognitive performance in stress-vulnerable subjects [23]. With regard to
dietary supplements of protein and peptides, essence of chicken (EOC) should be highlighted with its
ingredients of rich proteins and peptides, trace elements, carnosine, anserine, and amino acids with
very low fat. EOC is a liquid form of highly-concentrated extracts from cooked chicken meat which has
been regarded as valuable nourishment with a long history of consumption in Eastern Asia. Studies on
EOC have consistently demonstrated its beneficial effects on various cognitive domains, such as
working memory and attention [24–26]. In our prior study, participants with high worked-related
stress and concomitant depressive mood showed a significant improvement in short-term memory
after regular EOC consumption for two weeks [27]. Utilizing a proprietary bio-processing technology,
EOC has been further enriched from EOC via hydrolysis to produce ProBeptigen.
ProBeptigen® , previously named “CMI-168”, is a chicken meat hydrolysate comprised of chicken
peptides and amino acids. The safety and toxicity of ProBeptigen® have previously been investigated in
two animal studies [28,29] and one unpublished clinical trial [30]. In one animal study [28], ProBeptigen®
was orally administered at three doses of 500, 1000, and 2000 mg/kg/day for 28 days in Sprague-Dawley
rats. The group with the high dose (2000 mg/kg/day) was observed for another 14 days after
stopping administration of ProBeptigen® . The study results showed no toxicity in all groups, in term
of observation of activities, body weight, food and water intake, and examinations of pathology
(hematology, blood chemistry, and urinalysis, organ weights, and histopathological examination).
In another higher-dose 28-day toxicity study [29], two doses of 6 and 12 g/kg/day of ProBeptigen®
were administered to Sprague-Dawley rats. Neither toxicity nor adverse effects were observed in these
rats subjected to extremely high doses of ProBeptigen® . In the clinical study [30], 25 healthy subjects
consumed high-dose (8 tablets/day) ProBeptigen® (335 mg/tablet) for four weeks while another group
of 25 healthy subjects with body mass index (BMI) ≥ 24 consumed the usual dose (two tablets/day) for
12 weeks. Laboratory (blood biochemistry, hematology, liver function, and renal function including acute
kidney injury biomarkers, and urinalysis) markers and adverse events reported during consumption
and two weeks after stopping the supplementation were not significantly different between placebo
and ProBeptigen® groups.
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With respect to the cognitive enhancement of ProBeptigen® , three animals [31,32] and one human
studies [33] have been conducted. In middle-aged mice (9–12 months old), daily intake of ProBeptigen®
150 mg/kg of body weight for six weeks improved the hippocampus-related non-spatial memory
measured by novel object recognition test (NOR), independent of structural or functional changes in
the hippocampus. ProBeptigen® was also found to protect the mice against stress-induced weight
loss in that study [31]. In the senescence-accelerated prone (SAMP8) mice study, oral consumption of
ProBeptigen® at three different doses (150, 300, or 600 mg/kg/day) for 13 weeks reduced the scores
of senescence and improved learning and memory. ProBeptigen® supplementation also increased
antioxidant enzyme activity and dopamine level. It reduced protein and lipid peroxidation and
mitochondrial DNA damage in the brain. Brain dopamine, which is reduced in aged SAMP8 mice,
was increased in the ProBeptigen® group. Attenuating the decrease in dopamine may improve
cognition and help in coping of acute and chronic stress, as dopamine is a neurotransmitter of the
sympathetic nervous system. The microarray analysis of the hippocampus revealed changes in several
gene expressions that may be involved in the improvement of cognition by ProBeptigen® . These results
imply a potential anti-aging effect of ProBeptigen® in alleviating cognitive deficits and promoting the
antioxidant defense system [32]. In the most recent study using naturally aged mice, ProBeptigen®
ameliorated age-induced cognitive decline, reduced oxidative stress, and reduced neuroinflammation
in the hippocampus and cortex [34]. A pilot clinical study [33] on 20 healthy subjects with six weeks of
ProBeptigen® (670 mg/day) consumption showed that ProBeptigen® enhanced cognitive performances
on Digit Span backwards, Letter–Number Sequencing, and the Rey Auditory Verbal Learning Test
(RAVLT), in terms of working memory and episodic memory functions. Notably, the enhancement
persisted for two weeks after stopping the treatment and none of the participants reported adverse
effects during or after the treatment.
Based on the aforementioned empirical findings, further investigations concerning the effectiveness
of ProBeptigen® on cognitive function in healthy middle-aged people under mild stress are warranted,
particularly implemented with a larger sample size and comprehensive cognitive evaluations. The present
study primarily aimed to examine the cognitive enhancement effects from ProBeptigen® in healthy
middle-aged people under mild stress. Factors that may compromise neurocognitive function, such as
mood and sleep quality, were also assessed as secondary outcomes. Meanwhile, blood biochemistry data
were collected for the effects of ProBeptigen® on physical conditions and safety monitoring.
2. Materials and Methods
2.1. Study Design and Participants
This study was a randomized, double-blind, parallel placebo-controlled trial. The participants and
investigators were both blinded to the participant allocation. Participants who met the inclusion criteria
were stratified by sex and randomly assigned into the ProBeptigen® or placebo group for eight weeks
after enrollment (Figure 1). A computer-generated randomization list was provided by the sponsor to
the study site. At the study site, subjects were sequentially assigned to the next randomization number.
The inclusion criteria were: (1) healthy adults aged between 35–65 years old with normal BMI from
18.0 to 30.0 kg/m2 and above 40 kg in bodyweight at screening; (2) ability to understand and write
Traditional Chinese or at least have completed primary school education; (3) normal performances
measured by Cambridge Neuropsychological Test Automated Battery (CANTAB) [35]; and (4) a mild
stress level, defined by the score on Perceived Stress Scale (PSS) [36] over 20. The exclusion criteria were:
(1) existing or previous psychiatric diseases (bipolar disorder and schizophrenia), neurological diseases,
dementia, severe head injury, cerebrovascular diseases, Parkinson’s disease, or other systemic diseases,
including respiratory diseases, cancers, and diabetes; (2) the abstinence time of any psychotropic
medication, such as anxiolytics and sedatives less than three months; (3) a history of allergy to chicken
meat or other protein-based food or supplements; (4) long-term consumption of dietary supplement

treatment), visit 3 (28 days after treatment commencement), visit 4 (56 days after treatment
commencement) and visit 5 (two weeks post-treatment termination). For special interests on the
potential effects of ProBeptigen® on mood and sleep quality, Beck Depression Inventory-second
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(PSQI)
were also performed on the same aforementioned occasions. The primary outcome
the change of cognitive function from baseline in at least one of the following visits between the
placebo and treatment groups. The secondary outcomes were the differences of those indicator
or herbal products likely to have an effect on memory; (5) smoking more than 10 cigarettes per day;
changes after treatment on the blood tests, P300, mood, and sleep quality between groups.
or (6) alcoholism.

Figure 1. The study protocol. CANTAB, Cambridge Neuropsychological Test Automated Battery;
The Figure
symbol1.of
“+”
denotes
the examination
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at that visit. NP, neuropsychological;
PSS, The
The
study
protocol.
CANTAB, Cambridge
Test Automated Battery;
Perceived
Stress
Scale;
P300,
event-related
potential.
symbol of “+” denotes the examination performed at that visit. NP, neuropsychological; PSS,

Perceived Stress Scale; P300, event-related potential.

2.2. Study Procedure

As ProBeptigen®
per Figure 1,and
thePlacebo
screening evaluation was completed in visit 1 (3–28 days before the first
2.3.
treatment). All the participants gave the written informed consent before the study commencement.
ProBeptigen® is a hydrolyzed chicken extract prepared from chicken meat which has undergone
The participants took either 2 tablets (335 mg/tablet) of ProBeptigen® or placebo once daily in
proprietary bio-processing technology and aqueous extraction. It comprises 91.4% protein (4.2% free
the morning, depending on their random allocation. Neurocognitive assessment, event-related
amino acids, 7.6% diketopiperazines or cyclic dipeptides), 1.0% carbohydrate, 1.6% lipid, 2.0%
potentials (ERPs) indexed by the P300 component, and blood tests were performed at visit 2
moisture, and 4.0% minerals and ash. Specifically, diketopiperazines and their derivatives have
(baseline, before treatment), visit 3 (28 days after treatment commencement), visit 4 (56 days after
shown neuroprotective or nootropic effects [40,41]. Two of them found in ProBeptigen® are cyclotreatment commencement) and visit 5 (two weeks post-treatment termination). For special interests on
prolylglycine (cyclo-(Pro-Gly)) and cyclo(L-Phe-L-Phe), which have exhibited anti-amnesic activity
the potential effects of ProBeptigen® on mood and sleep quality, Beck Depression Inventory-second
[42,43]. Three pro-cognition amino acids are also identified in ProBeptigen®, including glutamate,
edition (BDI-II) [37], State-Trait Anxiety Inventory (STAI) [38], and Pittsburg Sleep Quality Index
arginine, and tyrosine, which consequently contribute to recognition memory enhancement [44],
(PSQI) [39] were also performed on the same aforementioned occasions. The primary outcome was the
vasodilatation and neuroprotective effects [45–47], and working memory improvement [48–50],
change of cognitive function from baseline in at least one of the following visits between the placebo
respectively.
and treatment groups. The secondary outcomes were the differences of those indicator changes after
Participants were requested to take two tablets of ProBeptigen® (335 mg/tablet, manufactured
treatment on the blood tests, P300, mood, and sleep quality between groups.
by BRAND’S Suntory Asia, Singapore, Singapore) or placebo (335 mg/tablet, manufactured by
2.3. ProBeptigen® and Placebo
ProBeptigen® is a hydrolyzed chicken extract prepared from chicken meat which has undergone
proprietary bio-processing technology and aqueous extraction. It comprises 91.4% protein (4.2% free
amino acids, 7.6% diketopiperazines or cyclic dipeptides), 1.0% carbohydrate, 1.6% lipid, 2.0% moisture,
and 4.0% minerals and ash. Specifically, diketopiperazines and their derivatives have shown
neuroprotective or nootropic effects [40,41]. Two of them found in ProBeptigen® are cyclo-prolylglycine
(cyclo-(Pro-Gly)) and cyclo(L-Phe-L-Phe), which have exhibited anti-amnesic activity [42,43].
Three pro-cognition amino acids are also identified in ProBeptigen® , including glutamate, arginine,
and tyrosine, which consequently contribute to recognition memory enhancement [44], vasodilatation
and neuroprotective effects [45–47], and working memory improvement [48–50], respectively.
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Participants were requested to take two tablets of ProBeptigen® (335 mg/tablet, manufactured by
BRAND’S Suntory Asia, Singapore, Singapore) or placebo (335 mg/tablet, manufactured by BRAND’S
Suntory Asia) after meals every morning consecutively for eight weeks (56 days). The placebo tablet
was identical to ProBeptigen® in appearance, made of microcrystalline cellulose.
2.4. Measurements
2.4.1. Neurocognitive Tests
Licensed clinical neuropsychologists blinded to the participant allocation administered the
neuropsychological assessments. These neurocognitive instruments included the Logical Memory and
Family Pictures subtests of the Wechsler Memory Scale-3rd edition (WMS-III) [51] and CANTAB.
The WMS-III is one of the most widespread memory assessments consisting of 10 primary and
seven optional subtests. The Logical Memory subtests require the examinee to remember narrative
stories presented orally. The Logical Memory I and II assess immediate and subsequent delayed recall,
respectively. The Family Pictures subtests require the examinee to remember information of four
colored pictures regarding seven family members acting in four different scenes visually presented in
a sequential fashion. Similarly, the Family Pictures I and II examine immediate and delayed spatial
memory respectively. The raw score of each index obtained from each subtest is transferred into a
standardized score (mean = 10, standard deviation = 3) [52]. The Taiwanese version of WMS-III was
used in the present study [53].
The CANTAB is one of the most extensively used computerized test batteries used to assess
cognition via a tablet with a touch screen [54,55]. The CANTAB tasks are considered language
independent and non-sensitive to gender with satisfactory levels of reliability and validity [56].
Given that a variety of CANTAB tasks were selected in the current study, detailed information
regarding these tasks was described elsewhere (see the online Supplementary Material Tables S1 and
S2).
2.4.2. Self-Reported Instruments
The PSS is comprised of 14 items on a 5-point Likert scale (from 0 to 4) measuring the respondent’s
subjective level of stress in the daily community situations, with higher scores indicating greater
perceived stress. Given that no official cut-off score is available, the current study used a score of 20 as
the criterion considering the means of the PSS in the previous study [57] falling around 17 to 19.
The BDI-II [37] consists of 21 self-rating items scored on a 4-point Likert scale (from 0 to 3) with a
total score ranging from 0 to 63. In accordance with the BDI-II manual, the severity of depression can
be distinguished by the total score as normal (0–13), mild (14–19), moderate (20–28), or severe (29–63).
The traditional Chinese version of BDI-II was used in the study with the high internal consistency
(Cronbach’s α = 0.94) [58] and test–retest reliability of 0.86 [59].
The STAI is one of the psychometrically validated instruments aiming to assess both state and
trait anxiety separately [38]. Each type of anxiety consists of 20 different self-reported questions on
a 4-point Likert scale (from 1 to 4); thus, scores in each subscale range from 20 to 80, with higher
scores correlating with greater anxiety. The Taiwanese version of STAI used here has been shown good
psychometrical properties [60].
Overall sleep quality was assessed using the PSQI [39]. It consists of 19 self-reported items
contributing to seven components of sleep quality. A high overall score on represents a poor sleep
quality with a clinical cut-off score of 5. The Taiwanese version of the PSQI has been validated and
used in the current study [61] (see the online Supplementary Material Table S3 for the reference values
of self-report instruments).
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2.4.3. Blood Tests
Several biochemistry markers were examined at visit 2–5, including liver function: represented by
Alanine transaminase (ALT) and aspartate aminotransferase (AST); renal function: indexed by blood
urea nitrogen (BUN), creatinine (CR), and estimated glomerular filtration rate (eGFR); thyroid function:
indexed by triiodothyronine (T3), thyroxine (T4), and thyroid-stimulating hormone (TSH); physiological
index of stress: cortisol at 8 am; inflammation indicator: high-sensitivity C-reactive protein (hs-CRP);
and the fasting glucose level (see the online Supplementary Material Table S4 for the reference range).
2.4.4. ERPs
ERPs are very small voltages recorded from the scalp electroencephalography (EEG) originated
from brain cortex in response to specific events or stimuli. The P300 is characterized by a large positive
elicited wave which peaks around 300 ms after target stimulus onset in the process of decision-making;
prominent over the parietal region [62]. The auditory P300 ERP appears when the patient is presented
with an incongruent stimulus unexpectedly during a stimulus discrimination task. The P300 wave is
analyzed by the size of the deflection (amplitude) and the time elapsed post-stimulus before activation
(latency). Conventionally, shorter P300 latencies and larger amplitudes are associated with superior
information processing in the brain [63,64]. In this study, auditory P300 was used as a physiological
indicator for subjective cognitive functions. For the auditory ERP paradigm, binaural 750 (standard)
and 2000 (target) Hz tones were delivered through headphones at 75 dB. The two kinds of tones were
presented in random sequence once every 1 s, with the constraint that target stimulus probability was
0.20 in 360 trials. Brain activities were recorded at the Fz and Cz electrode sites with ears (A1, A2) as
references. Both the amplitude and latency at the Cz were collected and analyzed. The setting was
according to the routine clinical examinations.
2.5. Statistical Analysis
Sample size calculations indicated that a total sample size of 72 subjects would be needed to
observe the anticipated effect size f of 0.3 with a power of 0.80 and a correlation of 0.70 between repeated
measures under repeated measures ANOVA methods using G*Power 3.1 software [65] according
to a previous pilot study examining the effects of the ProBeptigen® on cognition in healthy adults.
Demographic characteristics, neurocognitive function, and biochemistry profiles at baseline were
compared between the ProBeptigen® and placebo groups using the independent Student’s t-test for
continuous variables and the chi-square (χ2 ) test for categorical variables. Assessment of the change
for neurocognitive function and biochemistry profiles between two groups from visit 2 to visit 5 were
analyzed by applying generalized estimating equations (GEE) approach [66] with unstructured matrix
model, which is commonly used for the analysis of longitudinal correlated data to obtain unbiased
estimates of coefficients. The p-value obtained was the interaction term of treatment and time after
considering the baseline data as a covariate, suggesting the result between the ProBeptigen® and
placebo groups changed over time. All statistical analyses were performed using SAS Version 9.4
(SAS Institute Inc., Cary, NC, USA) considering two-sided probabilities with a p-value < 0.05.
2.6. Ethical Approval and Trial Registration
This study was conducted in accordance with the Declaration of Helsinki and approved by the
Joint Institutional Review Board of Taipei Medical University (reference no. N201711060). The study
was also registered in ClinicalTrials.gov with the registration number NCT03612752.
3. Results
According to Section 2.5, a significant difference in the change gradient between the two groups was
interpreted as the significant interaction with a covariate using the baseline data, while the individual
post-hoc test comparing the two groups at each visit were not significant if not addressed specifically.
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3.1. Participant Charateristics
One hundred and eleven adults were initially recruited but 90 of them (81.1%) were considered
eligible for the subsequent randomization (Figure 2). The major reason of ineligibility was the subnormal
performance on CANTAB. A total of 73 participants completed the trial with compatible drop-out
rates of 16.3% and 21.3% in ProBeptigen® and placebo groups, respectively (χ2 = 0.499, p = 0.480).
No significant adverse events were reported and none of the drop-outs left because of intolerance
of ProBeptigen® or placebo. The drop-out reasons were other commitments during the follow-up
visits (12/17), pregnancy (1/17), technical errors in CANTAB at baseline (1/17), having influenza
(1/17), and unknown causes (2/17). The drop-out rate is considered acceptable in the context of a
non-life-threatening scenario for eight weeks.
There were no differences between groups on baseline demographics (age, education year),
neurocognitive tests, perceived stress, ERPs, and plasma biochemistry profile, except for the fasting
glucose level (Table 1).
Table 1. Baseline (visit 2) information of participants who completed the whole study.
Variables 1
Demographics
Age (year)
Education (year)
WMS-III 2
Logical Memory I
Logical Memory I thematic
score
Logical Memory II
Logical Memory
II-thematic score
Family Pictures I
Family Pictures II
Self-reported measures
PSS
BDI
STAI-State
STAI-Trait
PSQI
Event-related potentials
P300-L (ms)
P300-A (mV)
Blood biochemistry
ALT (IU/L)
AST (IU/L)
BUN (mg/dL)
Cortisol (µg/dL)
Creatinine (mg/dL)
hs-CRP (mg/dL)
eGFR (mL/min/1.73 m2 )
Glucose (mg/dL)
T3 (ng/mL)
Free T4 (ng/dL)
TSH (µIU/mL)
1

Total
(N = 73)

ProBeptigen®
(n = 37)

Placebo
(n = 36)

p-Value

42.38 ± 6.36
15.82 ± 1.77

42.46 ± 6.36
15.62 ± 1.92

42.31 ± 6.45
16.03 ± 1.59

0.919
0.328

11.16 ± 2.85

10.62 ± 3.14

11.72 ± 2.44

0.100

10.08 ± 3.27

9.54 ± 3.42

10.64 ± 3.05

0.153

11.03 ± 2.59

10.57 ± 2.75

11.50 ± 2.36

0.125

9.90 ± 2.72

9.32 ± 2.64

10.50 ± 2.72

0.065

11.34 ± 3.00
11.27 ± 2.96

10.70 ± 3.15
10.92 ± 3.09

12.00 ± 2.72
11.64 ± 2.83

0.064
0.308

28.07 ± 4.59
12.60 ± 8.41
32.01 ± 10.84
40.07 ± 8.04
7.68 ± 3.63

27.05 ± 3.64
11.24 ± 8.06
31.14 ± 10.15
38.30 ± 7.76
7.43 ± 3.48

29.11 ± 5.25
14.00 ± 8.64
32.92 ± 11.59
41.89 ± 8.03
7.94 ± 3.81

0.057
0.163
0.487
0.056
0.550

381.60 ± 40.79
7.00 ± 3.87

373.95 ± 41.10
7.13 ± 3.99

389.47 ± 39.49
6.87 ± 3.80

0.104
0.781

22.97 ± 15.96
23.03 ± 9.79
11.33 ± 3.40
10.77 ± 3.51
0.74 ± 0.16
0.16 ± 0.30
104.09 ± 18.60
97.32 ± 10.70
1.07 ± 0.16
0.87 ± 0.11
2.19 ± 1.28

25.14 ± 20.86
25.14 ± 12.47
11.41 ± 3.24
10.96 ± 3.49
0.76 ± 0.17
0.17 ± 0.34
100.39 ± 15.81
93.89 ± 9.13
1.04 ± 0.17
0.89 ± 0.11
2.23 ± 1.13

20.75 ± 8.13
20.86 ± 5.25
11.25 ± 3.60
10.58 ± 3.56
0.73 ± 0.15
0.15 ± 0.19
107.89 ± 20.63
100.83 ± 11.16
1.10 ± 0.15
0.85 ± 0.11
2.16 ± 1.44

0.240
0.061
0.847
0.645
0.342
0.810
0.085
0.005
0.156
0.126
0.822

All variables were presented as mean ± standard deviation. 2 Scaled scores were used. Abbreviations: ALT,
alanine transaminase; AST, aspartate aminotransferase; BDI, Beck Depression Inventory; BUN, blood urea nitrogen;
hs-CRP, high sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; P300-A, amplitude of positive
event-related potentials at 300 ms; P300-L, latency of positive event-related potentials at 300 ms; PSQI, Pittsburg
Sleep Quality Index; PSS, Perceived Stress Score; STAI, State-Trait Anxiety Inventory; T3, triiodothyronine; T4,
thyroxine; TSH, thyroid-stimulating hormone; WMS-III, Wechsler Memory Scale, 3rd edition.

drop-out rates of 16.3% and 21.3% in ProBeptigen® and placebo groups, respectively (χ² = 0.499, p =
0.480). No significant adverse events were reported and none of the drop-outs left because of
intolerance of ProBeptigen® or placebo. The drop-out reasons were other commitments during the
follow-up visits (12/17), pregnancy (1/17), technical errors in CANTAB at baseline (1/17), having
influenza (1/17), and unknown causes (2/17). The drop-out rate is considered acceptable in the context
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Figure 2. The flowchart of this clinical trial.
Figure 2. The flowchart of this clinical trial.

3.2. Neurocognitive Outcomes
There were no differences between groups on baseline demographics (age, education year),
3.2.1.
WMS-III
neurocognitive
tests, perceived stress, ERPs, and plasma biochemistry profile, except for the fasting
glucose level
(Table
There was a1).
significant time × treatment interaction (p = 0.015) for the Logical Memory I subtest,

suggesting there was more improvement of verbal immediate recall in the ProBeptigen® group
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1. Baseline from
(visit 2)
information
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the placebo
whole study.
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visit
2 to visitof5,participants
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than
that in the
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difference from visit 2 to visit Total
5, 5.28 ± 0.37). ProBeptigen®
Similarly, there was aPlacebo
significant time × treatment
1
p-value
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interaction
(p = 0.023) for the Logical
Memory
II
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better progress
of verbal
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(n = 36)
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long-term
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for
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ProBeptigen
Demographics
than Age
the placebo
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± 0.32). 0.919
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42.38
± 6.36
42.46 visit
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± 6.45
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15.62 ± 1.92
16.03 ± 1.59
0.328
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Figure 3. Results from Logical Memory and Family Pictures subtests of the Wechsler Memory Scale3rd edition. (A) Logical Memory I, (B) Family Pictures I, (C) Logical Memory II, (D) Family Pictures II,
(E) Thematic score of Logical Memory I, (F) Thematic score of Logical Memory II. The unit of the Yaxis is scaled score. Error bars represent standard errors. The p-value shown in each diagram denotes
the statistics of time × treatment interaction after considering the baseline data as a covariate. Higher
scores indicate better performance.
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3.2.2. CANTAB
The changes of spatial working memory (SWMBE468) from visit 2 to visit 5 suggested that
significant improvements (p = 0.045) in performance were observed in the ProBeptigen® group (mean
score difference from visit 2 to visit 5, −4.29 ± 1.31) when compared to placebo group (mean score
difference from visit 2 to visit 5, −1.58 ± 0.97). There was no significant time × treatment interaction (p
= 0.145) in psychomotor speed performance (RTIFMDRT). No performances on other tasks of
CANTAB showed significant interaction effects (Figure 4).

Figure 4. CANTAB including (A) spatial working memory (SWMBE468) and (B) reaction time task
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3.3. Self-reported Measurements
There was no significant time × treatment interaction in PSS (p = 0.152), BDI-II (p = 0.499), the state
anxiety subdomain (p = 0.354) and trait anxiety subdomain (p = 0.342) of STAI, and PSQI (p = 0.935; Figure 5).
3.4. Physiological Outcomes
Figure 4. CANTAB including (A) spatial working memory (SWMBE468) and (B) reaction time task

® group when compared
Theremedian
was increase
plasma
glucose
levels
ProBeptigen
five-choiceof
reaction
timefasting
(RTIFMDRT)
results.
Errorinbars
represent standard
errors. The p® group and the
to placebovalue
group
(p =in 0.008)
(Figure
6). One
outlierofwas
ProBeptigen
shown
each diagram
denotes
the statistics
timeidentified
× treatment in
interaction
after considering
baseline dataof
as fasting
a covariate.
Lower
scoreson
indicate
better performance.
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blood
sugar
this participant
was within normal range (data not
shown). The inflammation indicator, hs-CRP showed a statistically significant result (p = 0.042),
suggesting that ProBeptigen® group had decreased hs-CRP level over time (mean score difference
from visit 2 to visit 5, −0.08 ± 0.05) when compared to placebo group (mean score difference from
visit 2 to visit 5, 0.04 ± 0.05). Furthermore, the pairwise comparison showed a significant difference
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3.4. Physiological Outcomes
There was increase of plasma fasting glucose levels in ProBeptigen® group when compared to
placebo group (p = 0.008) (Figure 6). One outlier was identified in ProBeptigen® group and the followup examination of fasting blood sugar on this participant was within normal range (data not shown).
The inflammation indicator, hs-CRP showed a statistically significant result (p = 0.042), suggesting
that ProBeptigen® group had decreased hs-CRP level over time (mean score difference from visit 2
to visit 5, −0.08 ± 0.05) when compared to placebo group (mean score difference from visit 2 to visit
5, 0.04 ± 0.05). Furthermore, the pairwise comparison showed a significant difference between two
groups at visit 4 and visit 5. The results of P300 did not show significant interaction effects in latency
and amplitude between two groups (Figure 7).

Figure 6. Changes of biochemistry profiles. (A) Glucose, (B) Estimated glomerular filtration rate (eGFR),
Figure 6. Changes of biochemistry profiles. (A) Glucose, (B) Estimated glomerular filtration rate
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(ALT), (J) Aspartate aminotransferase (AST), (K) High-sensitivity C-reactive protein (hs-CRP). Error
bars represent standard errors. The p-value shown in each diagram denotes the statistics of time ×
treatment interaction after considering the baseline data as a covariate and the asterisk denotes a
statistically significant between-group difference at the specific visit time.
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Figure 7. Results of event-related potentials. (A) Latency of positive event-related potentials at 300 ms
(P300-L), (B) Amplitude of positive event-related potentials at 300 ms (P300-A). Error bars represent
Figure 7. Results of event-related potentials. (A) Latency of positive event-related potentials at 300 ms
standard errors. The p-value shown in each diagram denotes the statistics of time × treatment interaction
(P300-L), (B) Amplitude of positive event-related potentials at 300 ms (P300-A). Error bars represent
after considering the baseline data as a covariate.
standard errors. The p-value shown in each diagram denotes the statistics of time × treatment
4. Discussion
interaction after considering the baseline data as a covariate.
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test modality (auditory vs. visual) appeared to play a crucial role in the results of the current study.
The results of the current study are largely in line with the prior animal [31,32] and human
studies [33]. In one study using middle-aged mice investigating the cognitive effectiveness of
ProBeptigen® on spatial and non-spatial memory [30], only a material-specific memory (non-spatial)
improvement was found. The other animal study [31] and pilot trial in humans [32] not manipulating
the modality of memory tasks also revealed improvements in memory and learning after ProBeptigen®
consumption. Taken together, the results of the current and previous research suggest that ProBeptigen®
has material-specific beneficial effects in non-spatial memory. It is noteworthy that the not only verbatim
memory but also gist-based memory (measured by the thematic score of Logical Memory subtests) are
improved in ProBeptigen® group. This result highlights the potential beneficial effects of ProBeptigen®
in memory, particularly for older adults as they tend to more rely on gist-based memory (a general
meaning or idea conveyed by an assortment of items) [67]; however, relevant research dedicated for
geriatric population is still required.
With cognitive domains other than memory, it is interesting that only improved spatial working
memory was noted in the ProBeptigen® group. Given that no auditory or verbal working memory
tasks were administered to these participants, it is not possible to address the material-specific effects of
ProBeptigen® on working memory so far. Although enhanced auditory/verbal working memory effects
from ProBeptigen® or other EOC in healthy adults have been argued in one recent meta-analysis [68],
it is still premature to draw a firm conclusion that ProBeptigen® may improve both visual and
verbal working memory. It is well known that working memory capacity persistently declines with
aging [69]; therefore, such a cognitive facilitation effect in working memory should be appealing to
the middle-aged and elderly. In the classical model of working memory, working memory refers to a
limited capacity system allowing the temporary storage (i.e., memory) and manipulation of information
(pertaining to executive function and processing speed) necessary for complex tasks [70]. It is not
clear that the improved spatial working memory in the current study is a standalone phenomenon
or is secondary to improved memory (less likely since visual memory is not improved significantly),
executive function (not measured in the study), or processing speed (improvement manifested on the
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last occasion), since such a differentiation is beyond the scope of the current study. In addition, since
visuospatial function may mediate visuospatial (working) memory, this confounder is worthy to be
taken into account in the future. On the other hand, psychomotor (processing) speed is often assumed
to be the core issue responsible for defective cognitive performances in the elderly [71]. As the current
study revealed a potential benefit of ProBeptigen® on psychomotor speed particularly at later visits,
future studies of a longer duration could continue the investigation of ProBeptigen® on psychomotor
speed, which may in turn contribute to various other cognitive domains.
This study purposefully included middle-aged subjects due to mechanisms of action of
ProBeptigen® beneficial in aging, and preclinical evidence of learning and memory efficacy in
middle-aged or aged mice. Specifically, the antioxidant [32] and anti-inflammatory [34] mechanisms,
reduction of mitochondrial DNA damage in the brain, and increased dopamine levels [32] are
plausible mechanisms of action for improving cognitive function in middle-aged subjects. In this trial,
the anti-inflammatory effects of ProBeptigen® was confirmed in humans, as hs-CRP levels declined
over time. The real causes why ProBeptigen® improved mainly the auditory–verbal long-term memory
certainly need further investigation. Another important finding requiring further investigation is that
the beneficial cognitive effects of ProBeptigen® persisted two weeks after the treatment termination.
It suggests that ProBeptigen® with longer-term supplementation has further potential to retain its
cognitive enhancement effects for a longer duration; however, the period of the after-effects needs
further investigation with extended and multiple follow-ups. Furthermore, the effect of ProBeptigen®
in cognitive enhancement may be a result of consumption of aforementioned specific amino acids or
peptides of its ingredients; however, the exact mechanism and nature of the potential bioactive(s) would
require further investigation.
Given that the previous pilot study regarding this issue did not take confounding variables,
such as stress, mood, and sleep quality into consideration, this study recruited the participants with
stress and monitored the progression of stress, anxiety, depression, and sleep quality. Although all
these confounders decreased with time progression in both groups, no between group difference was
found. Therefore, ProBeptigen® is assumed to have no negative impacts on stress, anxiety, depression,
and sleep quality and the cognitive improvements found in ProBeptigen® group should be free from
these personal characteristics.
Another important attempt made in the current study was to index an objective measurement
in cognition using the P300 components of ERPs. The use of P300 as a measurement of cognitive
deterioration in Alzheimer’s disease (AD) pathology has been characterized for several decades since
Goodin, Squires, and Starr first reported the clinical utility of the auditory P300 latency in patients with
dementia in 1978 [72]. The P300 is then considered a specific and sensitive measure of afferent function
in neurological disorders, especially for detecting progressive cognitive decline with the prolongation of
the P300 latency in AD. In our study, the P300 latency and amplitude showed no significant differences
in all visits between groups, while trends of a shorter latency and higher amplitude were identified in
ProBeptigen® group at the last visit. It is possible that the eight-week supplementation in the current
study is not sufficient to reveal significant differences; therefore, a longer period of ProBeptigen®
consumption might be proposed. Moreover, it is not surprising that negative findings from P300
components were found in the current study, as P300 represents an early attentional process requiring
low level of demand in cognitive reservoirs [64,73], which should be intact in our healthy participants.
Since alternative indicators of cognition evaluations should be required apart from neuropsychological
assessments only, future studies may consider including more neurophysiological measurements for
cognition monitoring.
The blood biochemistry examination along the treatment period did not show changes before
and after treatment in both groups, except for increased mean fasting glucose levels in ProBeptigen®
group at the follow-up (two weeks after the treatment termination), with one outlier identified and a
normal fasting glucose on follow-up examination. This incident is unexpectedly contrary to findings
in prior animal and human studies using dietary supplements of ProBeptigen® [28–30] or EOC [74].
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Therefore, it is prudent to monitor fasting blood sugar regularly in future ProBeptigen® clinical trials to
confirm its safety. The declining levels of hs-CRP, an indicator of inflammation and cardiovascular risks,
during and after ProBeptigen® treatment is noteworthy. Chronic low-grade inflammation is a hallmark
of aging, and a recent study [34] in naturally aged mice showed similarly that ProBeptigen® exerted
anti-neuroinflammatory effects and significantly diminished levels of pro-inflammatory cytokines,
tumor necrosis factor alpha (TNF-α), and interleukin-1 beta (IL-1β), in the hippocampus and cortex,
alongside antioxidant effects and improved learning and memory. It is suggested that the reduced
levels of these cytokines could be explained by significantly decreased phosphorylation levels of
nuclear factor-kB (NF-kB) p65 which may contribute to many age-related neuroinflammatory diseases
if immunoreactivity is enhanced for NF-kB signaling [75]. This trial confirmed the anti-inflammatory
effects in humans, which could in part explain the enhanced cognitive function over time observed in
the ProBeptigen® group.
The current study is not free from limitations. A potential selection bias arises from the
considerable number of candidates excluded at screening due to subnormal performances on CANTAB.
Although CANTAB has been used worldwide, the nature of computerized administration may still
prevent some individuals with normal cognition who are not familiar with high-tech products from
performing at the expected level [76]. Given that the performance distributions of enrolled participants
on WMS-III at baseline are compatible with those of the normative population (i.e., mean ± standard
deviation = 10 ± 3), enrolled participants should be representative of the normal population. One may
also contend that criterion of mild stress may reduce the generalizability of the current findings to
general populations. However, the cut-off of 20 was defined arbitrarily while the distribution score of
PSS in Chinese community population is 22.42 ± 5.74 [77]. Considering the score distribution of PSS at
the commencement of the current study, at least a half of participants whose PSS scores were within 1
standard deviation above the mean. In addition, given that PSS is a brief self-appraisal of daily life
stress, it is not a diagnostic measure of psychological symptomatology [36]. Therefore, the participants
should be viewed as normal healthy adults with higher perceived daily life stress while the partial
generalizability of the findings in the current study should be mentioned. Appraised stress may be
symptomatic of psychological disorder when viewed in combination with elevated scores on other
psychiatric symptoms, it is our contention that the perception of stress itself, as assessed by the PSS.
Another potential limitation could have arisen due to a slight imbalance (albeit not significant) in
baseline cognitive function between groups in some domains, arising by chance from random allocation.
Since there were subtle differences at baseline, cognitive performance may have improved more due to
lower scores at baseline in the active group, as lower scores could indicate more room for improvement.
Nevertheless, in another test (Family Pictures I subtest) where the ProBeptigen® group similarly
performed poorer at baseline, ProBeptigen® did not improve more than placebo did. This suggests
that while some effects may be due to a greater room for improvement at baseline, a large enough
treatment effect still needs to be present in order to achieve a significantly different improvement rate.
Also, in our study, apart from the results of hs-CRP, only significant interactions were detected with
no presence of statistically significant post-hoc tests. This implies that the rate of improvement was
different; however, the two groups did not perform differently at any time point. One reason could be
the presence of subtle baseline imbalances as discussed above. As could be illustrated best in Figure 3
with the Logical Memory II thematic score, starting off at a lower (albeit not significant) baseline also
makes it more difficult to show difference at any time point. Another possibility is that while greater
improvement rate was seen through to eight weeks, the effect size was not large enough to show
difference at a time point up to eight weeks of supplementation. To directly address the limitations of
this trial, future trials could take proactive approaches to ensure balanced randomization of cognitive
function at baseline, such as with minimization techniques, and to prolong the consumption period
beyond eight weeks.
Other limitations, such as no cognitive evaluation of executive or visual–spatial function included
in the present study should also be addressed for future studies attempting to comprehensively
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examine the effects of ProBeptigen® on neurocognitive functions. Finally, a relatively small number
of participants and brief time of treatment may be considered as the methodological weakness.
Future studies should consider recruiting the elderly population for their higher incentives to adhere
to a long-term treatment regimen concerning health promotion and disease prevention.
5. Conclusions
In conclusion, daily ProBeptigen® 670 mg consumption for two months is suggested to improve
verbal short- and long-term memory, as well as spatial working memory in middle-aged healthy
individuals with perceived stress. Its anti-inflammatory effect was confirmed in humans, which may
in part contribute to cognitive enhancement. Generally, ProBeptigen® has no detrimental effects on
other cognitive domains, stress, mood, sleep quality, and biochemical markers. Indicators showing a
trend of changes, such as reaction time task are encouraged to be included in future studies to clarify
ProBeptigen® effects on these outcomes. The potential benefit of this supplementation on psychomotor
speed should be verified in future studies.
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