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We examined the effects of the mixed ingestion of astaxanthin
derived from Haematococcus pluvialis and tocotrienols on the
cognitive function of healthy Japanese adults who feel a memory
decline. Forty-four subjects were randomly but equally assigned
to the astaxanthin-tocotrienols or placebo group. An astaxanthin-
tocotrienols or placebo capsule was taken once daily before or
after breakfast for a 12-week intervention period. The primary
outcome was composite memory from the Cognitrax cognitive
test, and the secondary outcomes were other cognitive functions
and subjective symptoms for memory. Each group included 18
subjects in the efficacy analysis (astaxanthin-tocotrienols group,
55.4 £ 7.9 years; placebo group, 54.6 + 6.9 years). The astaxanthin-
tocotrienols group showed a significant improvement in composite
memory and verbal memory in Cognitrax at A12 weeks compared
with the placebo group. Additionally, the astaxanthin-tocotrienols
group showed a significant improvement in the subjective symp-
tom of “During the last week, have you had trouble remembering
people’s names or the names of things?” compared with the
placebo group after 12 weeks. No adverse events were observed
in this study. The results demonstrated that taking an astaxanthin-
tocotrienols combination improves the composite memory and
verbal memory of Japanese adults who feel a memory decline
(UMIN 000031758).
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he damage of nerve cells caused by oxidative stress is one of

the factors that decrease cognitive function.!? The accumu-
lation of amyloid B (AP) induces oxidative stress and damages
tissues around the hippocampal region, leading to the onset of
Alzheimer’s disease (AD), one of the cognitive impairments.® A3
is also expressed in healthy people, and the elimination mecha-
nism by the enzyme neprilysin and phagocytes works normally.®
However, when the elimination function is lowered by aging, A}
accumulates and the risk of developing AD increases.®) Moreover,
AP begins to accumulate about 20 years before the onset of AD.®
Therefore, the removal of oxidative stress in the brain at an early
stage is effective in the protection of nerve cells, which may
suppress the decline in cognitive function as well as prevent and
inhibit the progression of AD.

Astaxanthin has antioxidant properties and plays a role in the
protection of oxidative damage through a variety of mechanisms,
including elimination of singlet oxygen and radicals, suppression
of lipid peroxidation, and regulation of gene expression associated
with oxidative stress.”® A previous study in vitro has shown that
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astaxanthin exerts a neuroprotective effect against AB toxicity.®
Additionally, clinical research has reported that astaxanthin
improves antioxidant capacity'” and improves antioxidant status
in red blood cells.!"V Astaxanthin is specifically absorbed into the
blood and can cross the blood-brain barrier in rats,' suggesting
that it is effective in preventing various disorders caused by reac-
tive oxygen species in brain nerve cells.*'> Thus, astaxanthin
may suppress cognitive decline.

Astaxanthin on the market has two structures: one is a fatty
acid ester, and the other is a non-fatty acid ester. A fatty acid
ester comes from Haematococcus pluvialis (H. pluvialis) or krill,
whereas a non-fatty acid ester comes from Phaffia rhodozyma
or Paracoccus carotinifaciens or is chemically synthesized.(519
A previous report in mice showed that the concentrations of
astaxanthin derived from H. pluvialis in the plasma and liver
were higher than those of astaxanthin derived from P. rhodozyma
and astaxanthin that was chemically synthesized.'” This research
indicates that, among the sources of astaxanthin, astaxanthin
derived from H. pluvialis could have high bioavailability.

Tocotrienols are known to cross the blood—brain barrier and
reach the brain because of their structure with unsaturated side
chains." Furthermore, tocotrienols have neuroprotective effects
through their antioxidant effects against oxidative stress induced
by AP accumulation.®*?? In studies using aged rats, tocotrienols
suppress the decline in memory and learning functions and
improve spatial memory with aging.?*?¥ Tocotrienols have potent
antioxidants with lipoperoxyl radical scavenging.?> In addition,
astaxanthin is highly efficient at inhibiting lipid peroxidation®®
that acts on oxidative damage through a variety of other mecha-
nisms.”® Furthermore, astaxanthin derived from H. pluvialis
has high bioavailability.!'” The antioxidant capacity of the combi-
nation of astaxanthin and tocotrienols is significantly stronger
than that of either astaxanthin or tocotrienols alone, because of the
hydrogen bonding and intermolecular interactions between these
two compounds.®” Therefore, the simultaneous ingestion of
astaxanthin derived from H. pluvialis and tocotrienols (AT) may
enhance lipid resistance to oxidation more when compared with
ingestion of H. pluvialis-derived astaxanthin or tocotrienols alone.

To the best of our knowledge, the only evidence on the effects
of foods containing the AT combination on human cognitive func-
tion was reported by Hongo ef al.®® However, in Hongo ef al.’s
study, the placebo set was a food product excluding only
astaxanthin derived from H. pluvialis, and the aim of the study was
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to evaluate the function of astaxanthin derived from H. pluvialis.
Thus, no functional evaluation was performed when AT was
ingested in a mixture. In addition, Hongo et al.®® confirmed
that healthy Japanese adults between 60 and 79 years retained
visual information appropriately for a short period and showed a
tendency to improve their self-assessment of memory. However,
the primary outcome was a multi-item study, indicating included
exploratory elements. Therefore, there is still insufficient evidence
for the effect of the AT combination on cognitive function. We
investigated the effects of the AT combination on cognitive func-
tion in healthy Japanese adults aged >40 years who feel a memory
decline.

Materials and Methods

Study design. This study was a randomized, double-blind,
placebo-controlled study conducted at Medical Corporation
Seishinkai, Takara Clinic (Tokyo, Japan), between May 13 and
September 1, 2018. The allocation was based on a 1:1 ratio.
The study protocol was approved by the independent ethical
committee of Medical Corporation Seishinkai, Takara Clinic,
on March 13, 2018 (approval no. 1803-1802-BJ01-03-TC). This
study was conducted in accordance with the Declaration of
Helsinki (2013) and the Ethical Guidelines for Medical and Health
Research involving human subjects of Japan and thoroughly
considered medical ethics. The protocol was registered at the
University Hospital Medical Information Network Clinical Trials
Registry (UMIN000031758).

Subjects. Inclusion criteria were defined as follows: (a)
experiencing mild forgetfulness in healthy Japanese adult sub-
jects; (b) eligibility to participate in the study by the principal
physician; (c) attaining a Mini-Mental Status Examination (MMSE)
score of >24 at screening/before intake; and (d) relatively lower
normalized Cognitrax (Health Solution, Inc., Tokyo, Japan)
composite memory domain scores at screening/before intake.
Exclusion criteria were defined as follows: (a) a medical history
of current treatment for malignancy, heart failure, or myocardial
infarction; (b) current treatment for cardiac arrhythmia, hepatic,
renal, or cerebrovascular disease, rheumatism, diabetes mellitus,
hyperlipidemia, hypertension, or other chronic diseases; (¢) a
diagnosis of dementia; (d) a diagnosis of mental illnesses such as
major depression and attention-deficit hyperactivity disorder; (e)
daily consumption of medications (including herbal medicines),
“foods for specified health uses,” “foods with function claims,” or
other functional foods/beverages; (f) daily consumption of food
containing docosahexaenoic acid, eicosapentaenoic acid, Ginkgo
biloba extract, tocotrienol, astaxanthin, y-aminobutyric acid,
phosphatidylserine, and/or other improved cognitive function
foods/beverages; (g) allergic reaction to medications and/or
products that contain the study ingredients; (h) being pregnant,
lactating, or planning to become pregnant; (i) enrollment in other
clinical trials within the last 3 months before agreeing to partici-
pate in this study; and (j) ineligibility to participate in the study
based on the evaluation of the principal physician.

Regularly, all subjects were enrolled through the website
(https://www.go106.jp/) operated by ORTHOMEDICO Inc.
(Tokyo, Japan) between March 19 and May 12, 2018. The study
protocol was comprehensively explained to all the subjects. Written
informed consent was obtained from all of them before enrollment
in the study at the ORTHOMEDICO Inc. office. Notably, no
subject was part of the sponsors or funding companies.

Sample size. Cognitive functions were assessed using
Cognitrax based on the CNS Vital Signs (CNS Vital Signs LLC,
Morrisville, NC).®” The primary outcome was an increment in
the score of the composite memory domain, which is one of the
domains evaluated by Cognitrax. No studies have evaluated the
composite memory domain with the intake of AT. Thus, we
referred to the study of Gualtieri ef al.,* who used the CNS Vital
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Signs, and calculated the SD of the primary outcome. SD in the
composite memory domain was calculated to be 7.88 in healthy
subjects aged >20 years, and we hypothetically obtained a similar
SD in our study. In addition, we hypothesized that a difference in
scores of the composite memory domain between the two groups
of >7.00 points means a clinically significant difference in the
improvement of cognitive function. Therefore, the sample size
was evaluated with an assumed o value of 0.05 and a (1 — ) value
of 0.80. Consequently, the sample size was finalized to be 20
subjects per group. Furthermore, we considered 10% of the
dropout rate and added two extra subjects to each group (22
subjects per group).

Enroliment, randomization, and blinding. Of 121 subjects
who signed informed consent, eligible subjects who were consid-
ered appropriate for the study, attained an MMSE score of >24,
and did not experience dementia®® were selected by the physician.
In addition, subjects with relatively lower normalized Cognitrax
composite memory scores [normalized score evaluated based on
the average of scores corresponding to the subjects’ age set at 100
(SD, 15)]@Y before intake were selected as priority subjects for
enrollment in this study. An allocation controller equally, but
randomly, assigned subjects to either the AT group or the placebo
group (P group; n =22 per group). The allocation was performed
using StatLight #11 ver. 2.10 (Yukms Co., Ltd., Kawasaki,
Japan), a computerized random-number generator. The allocation
method was stratified randomization, and the allocation adjust-
ment factor was defined as the normalized Cognitrax composite
memory score, sex, and age of screening. Furthermore, subjects,
the physician, the assessor of outcomes, and others who were
associated with this study were not aware of group assignments
and were not involved in the allocation. Moreover, the allocation
controller locked the assignment sheet until the key-opening day
(October 23, 2018).

Intervention. The test soft capsules included AT (BGG
Japan Co., Ltd., Tokyo, Japan; total weight content, 160 mg; H.
pluvialis-derived astaxanthin, approximately 9 mg; tocotrienol,
approximately 50 mg) and safflower oil as placebo (total weight
content, 160 mg). All the subjects were asked to consume either
one capsule containing AT or one placebo capsule per day before
or after breakfast for 12 weeks. Both capsules were declared
identical in color, odor, and flavor by the Ethics Committee.

Outcomes. Table 1 outlines the schedule for this study.
Subjects visited the clinic and underwent examinations before
intake and at 8 and 12 weeks after intake. All subjects abstained
from excessive alcohol or exercise from the day before the
examination until the end of the examination. Furthermore, they
abstained from eating or drinking anything including the test
food, except water, for 6 h before providing blood samples.

(1) Primary outcome: composite memory domain. Cognitrax
evaluates various cognitive function domains, such as processing
speed, and executive function based on the CNS Vital Signs,*”
evaluating each domain’s score from 10 separate tests. The scores
of the composite memory domain were calculated as the sum of
the verbal memory (VBM) and visual memory (VIM) domain
scores.®® At the beginning of the VBM test, 15 words were
presented on the screen, one by one, every 2 s. Next, a subject was
asked to identify those words nested among 30 words, including
new words (immediate memory scores). Furthermore, the subject
was again asked to identify the learned 15 words nested among
30 words, including new words after all the tests had been taken
(delayed memory scores). In the VIM test, words in the VBM test
were replaced with geometric figures, and the procedure remained
the same as that of the VBM test. The composite memory score
was calculated from the total number of correct answers given in
the VBM and VIM tests and was converted into a normalized
score. The normalized value was calculated from the measured
value based on a normal distribution with a mean+ SD of
100 £ 15; if the measured value of a subject is 1 SD greater than
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Table 1. Schedule of enrollment, intervention, and assessments

Test period

Enroliment

Allocation

Before intake
(Baseline)

Start intake 8 weeks 12 weeks

Enrollment
Eligibility screen x
Informed consent x
Allocation

Intervention
AT group
P group

L R 2
L X 2

Assessments
Cognitrax
Questionnaire
Blood analysis
Physical examination
Urinalysis
MMSE
Visual acuity test
Daily record
Medical questionnaire X

X X X X X X X

X X X X X
X X X X X

L 4
L 4

the average of his/her own age, his/her normalized score is 115.
The standard score in domains was assessed as follows: >109
points, “Above”; 90—-109 points, “Average”; 80—89 points, “Low
Average”; 70-79 points, “Low”; and <70 points, “Very Low”.CD

(2) Secondary outcomes. The cognitive functions of the sub-
jects were evaluated using Cognitrax as follows: neurocognitive
index domain, VBM domain, VIM domain, psychomotor speed
domain, reaction time domain, complex attention domain, cogni-
tive flexibility domain, processing speed domain, executive func-
tion domain, social acuity domain, reasoning domain, working
memory domain, sustained attention domain, simple attention
domain, and motor speed domain.

In addition, subjective symptoms were assessed by the original
questionnaire for the Likert scale using the following questions:
“Over the past week, have you forgotten things often?”, “Have
you been concerned about memory loss during the last week?”, “Is
there any time that you cannot remember a story you heard during
the last week?”, “During the last week, have you had trouble
remembering people’s names or the names of things?”, “Did
you leave behind anything over the last week?”, “Did you feel
chronically tired during the past week?”, “Were you experiencing
eye fatigue during the past week?”, “Did you experience a stiff
neck or shoulders during the past week?”, “Have you felt
depressed for the past week?”, “Did you experience discomfort
in your back over the last week?”, “Was it difficult to get up
from the floor or a chair in the last week?”, “Did your knees hurt
during crouching or standing up in the last week?”, and “Did your
knees hurt while going up and down the stairs in the last week?”.
All these questions were assessed on a scale from 1 (strongly
disagree) to 6 (strongly agree).

Subjects’ blood samples (19 ml) were collected at the Medical
Corporation Seishinkai, Takara Clinic, and tested for the fol-
lowing: brain-derived neurotrophic factor (BDNF), propanoyl
lysine (PRL), and pentosidine. In this study, all collected blood
samples were entrusted to LSI Medience Corporation (Tokyo,
Japan).

(3) Safety assessment. Safety evaluations were assessed in
physical examination, urinalysis, and blood analysis (Table 2—4).
All subjects were asked to fill out a medical questionnaire to
understand their health conditions. In addition, subjects were
asked to record a daily report on health conditions, use of medica-
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tions, and lifestyles.

Statistical analysis. All outcomes were assessed before
intake and at 8 and 12 weeks after intake. Setting before intake
as baseline, each assessment point was subtracted from baseline
and reported as the change in the value (A8 and A12 weeks). In
addition, subjects’ background and demographic data were aggre-
gated based on age, MMSE, and IgE (radioimmunosorbent test),
and data of the AT and P groups were compared using Student’s
t test.

Cognitive function data at baseline and changes are presented as
mean + SD, which were analyzed using Student’s # test. Moreover,
subjective symptoms data were analyzed using the Mann—
Whitney U test at baseline and at 8 and 12 weeks after intake.
Physical examination and blood analysis data are presented as
mean + SD, which were analyzed at baseline using Student’s ¢
test. Furthermore, we analyzed data at 8 and 12 weeks after intake
using the two-way analysis of covariance (ANCOVA). When
ANCOVA was used for data analyses, we used the baseline values
as covariates. Of note, between-group comparison was used in
the post hoc analysis. Furthermore, urinalysis data were set to a
code where 1 was identified as within the normal range and 0 as
outside the normal range. The > test was used for between-group
analyses.

All statistical analyses in this study were two sided, and we set
the significance level to 5% with no adjustment for multiple
comparisons. Data analyses were performed using Windows SPSS
ver. 23.0 (IBM Japan, Ltd., Tokyo, Japan).

Results

Subjects. Figure 1 presents a flowchart of the follow-up of
the study subjects. None had an intake rate of less than 90%
throughout the intake period. Four subjects who did not submit a
diary or return the test food at the post-trial case review meeting
and could not confirm the presence or absence of the intervention
and four subjects who were judged as “No” by the validity indi-
cator of Cognitrax were judged as ineligible for analysis and
excluded from the analysis. When the breakdown of persons who
were excluded from the analysis after the key opening was
checked, it was found that two subjects in each group were not
able to confirm the presence or absence of the intervention, and
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Table 2. Results of physical examination (AT group, n = 20; P group, n = 20)

i p value
Baseline 8 weeks 12 weeks -
Baseline 8 weeks 12 weeks
. AT group 60.3 £ 16.6 60.1+£17 60.3+16.8
Body weight (kg) P group 62.1£11.7 61.7+11.8 61.8+11.9 0.696 0.747 0.434
AT group 22.4+3.7 22.3+3.9 22.4+3.9
2
BMI (kg/m’) P group 23.2+3.9 23.1+4 23.1+4.1 0.503 0.708 0.368
AT group 22.4+4.1 23.1+£3.7 23.2+3.8
0,
Body fat percentage (%) P group 254456 254453 25.6 4 5.1 0.060 0.582 0.785
Systolic blood pressure AT group 1245+ 17.4 125.2 +19.3 124.1+18.3
(mmHg) P group 120.1 +£14.3 125.7 £18.5 125.5+15.5 0.390 0177 0.180
Diastolic blood pressure AT group 79+12.6 785+11.9 78.3+11.3
(mmHg) P group 76.2+10.7 79.3+12.1 78.2+10.9 0.454 0.201 0.412
AT group 74.2+9.3 72.3+8.9 70.6 +9.2
Pulse rate (bpm) P group 71.9+12 72.3+11.2 70.1+85 0.507 0.569 0.588
o AT group 36.1+0.6 36.3+0.4 36.3+0.4
Body temperature (°C) P group 361404 363402 363403 0.948 0.932 0.550
Data are mean + SD.
Table 3. Results of urinalysis
AT group (n = 20) P group (n = 20)
Assessment — - Y :
point Within Outside Within Outside p value
the reference range  the reference range the reference range  the reference range
Baseline 19 1 20 0 1.000
Protein 8 weeks 18 2 18 2 1.000
12 weeks 18 2 19 1 1.000
Baseline 20 0 20 0 NA
Glucose 8 weeks 20 0 20 0 NA
12 weeks 20 0 20 0 NA
Baseline 20 0 20 0 NA
Urobilinogen 8 weeks 20 0 20 0 NA
12 weeks 20 0 20 0 NA
Baseline 20 0 20 0 NA
Bilirubin 8 weeks 20 0 20 0 NA
12 weeks 20 0 20 0 NA
Baseline 20 0 20 0 NA
pH 8 weeks 20 0 19 1 1.000
12 weeks 20 0 20 0 NA
Baseline 19 1 17 3 0.605
Occult blood 8 weeks 19 1 16 4 0.342
12 weeks 20 0 18 2 0.487
Baseline 20 0 20 0 NA
Ketone bodies 8 weeks 20 0 19 1 1.000
12 weeks 20 0 20 0 NA

Data are the number of subjects. NA, not available.

two subjects in each group were judged as “No” by the validity
indicator of Cognitrax. The number of subjects analyzed as the
per protocol set was 18 subjects (8 men and 10 women, aged
55.4£7.9 years) in the AT group and 18 subjects (8 men and
10 women, aged 54.6 £ 6.9 years) in the P group. The number of
subjects analyzed as the safety analysis set was 20 subjects (9 men
and 11 women, aged 55.3 £ 7.5 years) in the AT group and 20
subjects (8 men and 12 women, aged 55.4 + 7.4 years) in the P
group. The background and age distribution of the study subjects
are shown in Table 5-1, 5-2, 5-3, and 5-4. There was no item in
which there was any significance between groups in the back-
ground factor.

Cognitrax. The results of the cognitive tests are shown in
Table 6 and Fig. 2. In composite memory, which was set as the
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primary outcome, points of A12 weeks in the AT group were
significantly higher than those in the P group (AT group,
20.1 £ 13.3 points; P group, 9.6 + 16.2 points; p = 0.040; Fig. 2A).
The variable points of the VBM domain for A12 weeks were
23.6 £+ 14.2 points in the AT group and 12.1 + 19.0 points in the P
group, which were significantly higher in the AT group than in the
P group (p = 0.048; Fig. 2B). In the social acuity domain, the score
of the AT group was significantly higher than that of the P group
at baseline (AT group, 97.4 £ 13.6 points; P group, 69.2 +£55.3
points; p = 0.043).

Subjective symptoms. The results of the subjective
symptoms are shown in Fig. 3. The scale numbers of the question
“During the last week, have you had trouble remembering
people’s names or the names of things?” were median 3.0
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Table 4. Results of blood analysis (AT group, n = 20; P group, n = 20)

Rerf:r:ence Baseline 8 weeks 12 weeks - p value

ge Baseline 8 weeks 12 weeks
e e m N mew  mamy  ®EE am ew om
woatveep Mok BIZE Maws i mEH Ml ow o e
Platelet count (x10%¥ul) 14.0-34.0 ﬁgfgssp %g:; i;‘:; §§Z : ‘51:3 gi:g : g; 0.609 0.886 0.639
A woo Sgem mTe T mmal Tns om o om
ot wowe Sl mIE T mEn B am e e
ST TN T R
P, I S v B A T S
s T - R R
w flgww  Bens  mIES  BIEC o om e
s fgew A mpm Acm  aw  omow
R W meew  wows  wnmr  mnmr  aw o ow
wwn waw feeR wams miwe  miET s om o
O B L B R
Total bilirubin (mg/dl) 0.2-1.2 ’;L?;S;P (‘):g ’; g:‘z‘ ;:g ’;g:;’ 3:3 ;’: g:‘z‘ 0.200 0.522 0.469
Direct bilirubin (mg/dI) 0.0-0.2 ﬁ;?gﬁ:" g:: ig:] g:} ig:; g:} j}g::) 0.012* 0.857 0.396
Indirect bilirubin (mg/dl) 0.2-1.0 ’;L?;S;P 8:3 ’; g:‘z‘ g:g ’;g:;’ g:g ;’: g:‘z‘ 0.313 0.646 0.692
oo ooy WS O N WLEI me BRI as  om o
Total protein (g/dl) 6.7-8.3 @L?;S;P ;f ig:g é:; ig:i ;:g i g:z 0.646 0.418 0.791
Urea nitrogen (mg/dl) 8.0-20.0 ﬁ;?gﬁ:p :g; ig:}l :g:; : 3:;1 1‘2‘:‘5) : 3::71 0.138 0.442 0.432
Commeom W ISTIOE oew  pnior orier  onm o ow o
Uric acd (gl Femele 2570 Paoup. 45+ 10 asein 45+ 10 03 o3 oo
cxm W, @I0 gew mms ol WOl s om o
Potassium (mEg/L) 3.5-5.0 @L?;S;P 2:8 i g:‘; g:g ig:‘z‘ ;:g i 8:; 0.715 0.157 0.414
Chloride (mEq/L) 98-108 ﬁ;?gﬁ:p :g}:g : ]:; :g}:z : g:g 13] :? : ;:g 0.670 0.818 0.585
Calcium (mEg/L) 8.4-10.4 @L?;S;P g:g i g:‘; g:g ig:g g:g i 8:; 0.532 0.705 0.861
Inorganic phosphorus (mEg/L) 2.5-4.5 ﬁ;?gﬁ:p 2451 i gg gé igé gé jrf gg 0.705 0.941 1.000
srmnGom W R ggew  mnims s mems  on o ow
Serum amylase (U/L) 40-122 ﬁ;?gﬁ:p ;?:g igi; 273421:2 : ;Z:g gig : fg:? 0.167 0.158 0.337
Total cholesterol (mg/dl) 120-219 @L?;S;P 23:3 i ;‘5‘:2 g} 2}31 i ‘2‘;:3 5;?:3 i‘;g:; 0.154 0.046* 0.429
Lo e BE Mgew @l mims  SLDS  wm  ow o
LDL cholesterol (mg/dl) 65-139 @L?;S;P g;:g i ;Z:g g;:? i ‘2“3‘:8‘ gé; i;‘;‘:g 0.293 0.034% 0.466
Glucose (mg/dl) 70-109 @L?;S;P gg:g i;g gz:g i 2:3 g?:g i ;%7 0.316 0.109 0.801
HbA1c (NGSP) (%) 46-6.2 ﬁ;?gﬁ:" 2::51 : g:‘g‘ g:i : g:g g:i : g:g 0.275 0.899 0.346
Glycoalbumin (%) 12.3-16.5 @L?;S;P g:g i ]:g ]z:? i ]:‘9‘ Ezi i :; 0.745 0.529 0.657

Data are mean + SD. *p<0.05 vs P group.
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Assessed for eligibility (n=121)
g Excluded (n=77)
£ N Not meeting the inclusion criteria (n=52)
S Declined to participate (n=3)
E Other reasons (n=22)
] Randomized (n=44) ‘
\
[
8 Assigned to the AT group (n=22) Assigned to the P group (n=22)
S + Received the assigned group (n=22) + Received the assigned group (n=22)
<=‘2 - Did not receive the assigned group (n=0) - Did not receive the assigned group (n=0)
S
z Lost to follow-up (n=0) Lost to follow-up (n=0)
2 Discontinued intervention (n=0) Discontinued intervention (n=0)
&
[Per protocol set] [Effective evaluation]
Analyzed (n=18) Analyzed (n=18)
Excluded from the analysis (n=4) Excluded from analysis (n=4)
+ Failing to submit a daily report and failing + Failing to submit a daily report and failing
to return the test food (n=2) to return the test food (n=2)
[ + Determining “no” in the Cognitrax’s + Determining “no” in the Cognitrax’s
2 validity indicator in composite memory validity indicator in composite memory
© (n=2) (n=2)
<
[Safety analysis set] [Safety evaluation]
Analyzed (n=20) Analyzed (n=20)
Excluded from the analysis (n=2) Excluded from analysis (n=2)
+ Failing to submit a daily report and failing + Failing to submit a daily report and failing
to return the test food (n=2) to return the test food (n=2)

Fig. 1.

Flowchart of participants in this study.

Table 5-3. Subjects’ age distribution (per protocol set)

Table 5-1. Subjects’ background information (per protocol set)
AT group (n=18) P group (n=18) p value
Age (years) 55.4+7.9 54.6 £ 6.9 0.721
MMSE (points) 29.2+1.0 29.4+0.8 0.373
IgE (RIST) (IU/ml) 146.5 £ 181.1 176.1 £ 2441 0.683

Data are mean +SD.

Table 5-2. Subjects’ background information (safety analysis set)

AT group (n = 18) P group (n = 18)

Age (years)

Men (n) Women (n) Men (n) Women (n)
40-49 0 3 2 3
50-59 5 6 5 6
60-69 3 0 1 0
>70 0 1 0 1

Data are the number of subjects.

Table 5-4. Subjects’ age distribution (safety analysis set)

AT group (n =20) P group (n =20) p value
Adge (years) 55.3+75 55.4+7.4 0.966
MMSE (points) 29.0+1.2 29.2+1.2 0.604
IgE (RIST) (IU/ml) 156.1 +181.2 165.2 £+ 233.9 0.891

Data are mean + SD.
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AT group (n = 20) P group (n = 20)

Age (years)

Men (n) Women (n) Men (n) Women (n)
40-49 0 3 2 3
50-59 6 7 5 7
60-69 3 0 1 0
>70 0 1 0 2

Data are the number of subjects.
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Table 6. Results of Cognitrax (AT group, n = 18; P group, n = 18)

. p value
Baseline 8 weeks 12 weeks -
Baseline 8 weeks 12 weeks
itive i AT 84.6+15.6 92.3+14.6 100.1 + 8.6
Neqrocognltlve index group 0.133 0.959 0.453
(points) P group 91.8+12.4 95.1+19.3 99.3+11.0
i AT 71.1+£10.7 81.6 +13.7 91.2+7.7
Corppomte memory group 0.346 0.596 0.072
(points) P group 746 +11.3 86.7 £20.7 84.1+17.2
AT 70.8+13.3 82.0+12.8 94.4+8.8
Verbal memory group 0.177 0.654 0.153
(points) P group 77.4+15.4 87.4£20.3 89.5 + 16.0
i AT 83.6 +12.0 89.1+13.7 919+11.4
Visual memory group 0.900 0.531 0.171
(points) P group 83.0 £ 14.2 91.7 £16.0 85.3+17.6
AT 94.6 + 14.0 103.6 £+ 15.4 104.8 + 13.1
Psychomotor speed group 0.299 0.167 0.264
(points) P group 99.7 £ 15.1 99.3 +23.3 103.7 £ 18.8
i i AT 88.0+17.0 97.6 £ 13.5 98.0 £ 15.5
Reaction time aroup 0.487 0.123 0.778
(points) P group 91.8+15.2 93.9 +15.1 99.2+16.3
i AT grou 87.0 +30.5 88.7 +47.7 104.7 +15.4
Cor’pplex attention group 0.167 0.854 0.621
(points) P group 99.2 +20.4 98.3+31.5 104.4 +13.0
iti ibili AT 82.8+27.9 90.5 +20.7 102.2+8.8
Cognltlve flexibility group 0.208 0.556 0.633
(points) P group 93.2+19.8 96.8 +26.7 105.1+ 115
i AT 102.1 + 16.1 113.5+11.7 113.6 £ 10.7
Progessmg speed group 0.152 0.473 0.940
(points) P group 109.1+12.3 112.2+12.7 115.7 £ 16.9
i i AT 84.4 +28.3 90.9+19.4 102.9+8.0
Exe_cutlve function group 0.275 0513 0.832
(points) P group 93.4+19.5 96.9 +25.9 104.9 +11.7
X . i AT group 97.4+13.6 92.2+22.2 95.0 +20.9
Social acuity (points) 0.043* 0.196 0.852
P group 69.2 +55.3 92.3+21.7 92.1+18.2
. . AT group 102.2 +13.2 101.9+11.1 103.5+13.3
Reasoning (points) 0.969 0.468 0.655
P group 102.4 +12.1 99.4 +13.1 105.3 + 14.1
i AT 97.1+9.9 104.4+17.8 108.9+10.8
Working memory group 0.226 0.950 0.439
(points) P group 102.0 + 13.9 107.7 + 15.8 107.9 £ 13.9
i i AT 92.9 +29.1 106.7 + 13.0 108.4 +11.7
SusFamed attention group 0.193 0.977 0.971
(points) P group 103.0 + 13.7 107.9+12.9 107.8 + 18.7
i i AT 92.7+22.6 64.4 +137.2 96.9+14.4
Slm.ple attention group 0.878 0.422 0.486
(points) P group 93.9+24.9 91.1+20.4 87.1+56.5
. AT group 92.1+135 96.8 + 16.6 97.6 +13.7
Motor speed (points) 0.613 0.199 0.249
P group 94.6 + 15.1 91.3+25.3 95.1+16.6

Data are mean + SD. *p<0.05 vs P group.

(Q1-Q3, 2.0-3.8) in the AT group and median 4.0 (Q1-Q3, 3.0—
4.8) in the P group at 12 weeks after ingestion, which were
significantly lower in the AT group than in the P group (p = 0.036;
Fig. 3). No significant differences were identified for the other
questions (data not shown).

Blood BDNF, PRL, and pentosidine levels. There were no
significant differences between the groups (data not shown).

Safety assessment. No medically problematic changes were
observed with the continued ingestion of the test food.

Discussion

The purpose of this study was to investigate the cognitive
improvement effect of the simultaneous intake of AT (9 mg/day
astaxanthin and 50 mg/day tocotrienol) for 12 weeks by healthy
Japanese adults who feel a memory decline.

Cognitrax measures a wide range of cognitive areas, including
memory, attention, processing speed, and executive function
based on the CNS Vital Signs.®” The scores for each cognitive
area were calculated based on the results of 10 tests. A higher
score means a higher cognitive function of the region. According
to the report of the CNS Vital Signs,® a score of composite
memory of healthy subjects peaked in their 20s and then decreased
gradually with age. Therefore, we considered that an increasing

T. Sekikawa et al.

score of composite memory in Cognitrax was an improvement
of cognitive function, setting composite memory as the primary
outcome in our study. The variation scores of composite memory
and VBM in our study were significantly increased in the AT
group compared with those in the P group at 12 weeks after
ingestion. The score of Cognitrax is a standardized score calcu-
lated using a mean £ SD of 100 £ 15 for the same age group,
with 90-110 scores considered as “Average” range.®? Our actual
composite memory and VBM scores were less than 90 points
(without the range of “Average”) at baseline in both groups, but
the actual scores at 12 weeks after ingestion were within the range
of “Average” only in the AT group. The scores of composite
memory and VBM domains in the AT group were significantly
increased from before intake to 12 weeks after intake, which
allowed the domain scores to fall within the range of “Average,”
indicating that AT intake improves composite memory and VBM.
In Cognitrax, the scores of composite memory are calculated as
the sum of the scores of VBM and VIM.® Therefore, an improve-
ment in VBM may be involved in the improvement in composite
memory.

In the evaluation of subjective symptoms, the scale number
of “During the last week, have you had trouble remembering
people’s names or the names of things?” in the AT group was
significantly lower than that in the P group at 12 weeks after inges-
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Fig. 2. Change values and actual measured values on the domains in

Cognitrax. Data show the change values at baseline and at 8 and 12
weeks after intake (A8 and A12 weeks): change scores in (A) the com-
posite memory domain and (B) the verbal memory (VBM) domain.
Closed circle (@), AT group; open circle (O), P group. Data are mean + SE.
*p<0.05 vs P group. "Effect size and 95% confidence interval.
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Fig. 3. Results of subjective symptoms. Data show the scale number of

“During the last week, have you had trouble remembering people’s
names or the names of things?” throughout the intervention period.
Black bar, AT group; open bar, P group. Data are median (interquartile
range). *p<0.05 vs P group.
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tion. Each item of the original questionnaire means that the lower
the scale number, the better the subjective symptoms. Comparing
the scale number between the two groups, the median scale
number for both groups was 4.0, which means “slightly agree”
at the time point before ingestion. However, at 12 weeks after
ingestion, the median value for the AT group was 3.0, which
means “slightly disagree,” whereas the median value for the P
group was 4.0, with no change from pre-ingestion. In other
words, the intake of AT increased the number of persons who
felt “slightly disagree” in response to the question “During the
last week, have you had trouble remembering people’s names or
the names of things?”, which indicates that the intake of AT
improved subjective symptoms related to VBM. The results of
the objective and subjective evaluations suggested that our results
are consistent.

Although no research studies have verified the improvement
of cognitive function by a mixed intake of AT, the effectiveness
in each component has been reported, including neuroprotection
and improvement of cognitive function. Regarding the suppres-
sion of cognitive decline because of the neuroprotective effect of
astaxanthin, Yook et al.’s®? study using mice suggested that
ingestion of H. pluvialis-derived astaxanthin in the diet at a dose
of 0.5% with mild exercise generated hippocampal neurons and
enhanced spatial learning and memory. In addition, Katagiri et al.®?
reported that H. pluvialis-derived astaxanthin administered to
healthy Japanese adults at a dose of 6 or 12 mg/day was effective
on cognitive function. However, Katagiri et al.®¥ did not show
significant differences between the AT group and the P group.
Furthermore, we investigated the effects of H. pluvialis-derived
astaxanthin taken at 9 mg/day on the cognitive function of healthy
Japanese adults, confirming that H. pluvialis-derived astaxanthin
at 9 mg/day improved both VIM and VBM.®? In contrast, pre-
vious studies of Taridi et al.®?% in elderly rats have shown that
tocotrienols, another implicated component in our test food,
improved memory and learning function and spatial memory with
age. Although interaction of the simultaneous intake of AT could
not be clarified in this study, it was certain that the simultaneous
intake improves composite memory and VBM. Each component
has been suggested to have neuroprotective effects to suppress
cognitive decline. A previous epidemiologic study in Japanese
adults reported that the accumulation of A increased with age and
increased rapidly in their 40s.4% The average age of subjects in our
study was in the 50s, where damage to neurons had already begun.
As these components have inhibitory effects on cognitive function
because of their neuroprotective effects, it is possible that each
component inhibited neuronal cell damage in our study as well,
and it is inferred that AT improved composite memory and VBM.

This study was the first to evaluate the effects of the simulta-
neous intake of AT on cognitive function. The study clarified that
the combined intake of AT improved composite memory and
VBM. However, the blood AT levels were not measured. Thus, it
was not possible to confirm whether the levels in blood were
actually elevated. Astaxanthin is a type of carotenoid, and the
decreasing levels of carotenoids, retinol, and tocopherol in the
frontal lobe with age are believed to be associated with the
pathogenesis of dementia.®® In addition, epidemiologic studies
reported a lower risk of dementia among individuals with high
blood tocotrienol levels.™>” Therefore, it is important to
investigate the relationship between blood AT levels and cognitive
function in future studies. Furthermore, the effects of the anti-
oxidant ability of the combined intake of AT on cognitive function
could not be confirmed because we did no assess oxidative
markers. Thus, the mechanisms by which AT improves cognitive
function remain unclear and should be clarified in the future. In
other organs, such as the salivary gland, the oxidative stress that
accompanies aging has been reported to decrease saliva secretory
function in vivo, and the oxidative marker is negatively correlated
with the salivary flow rate.“? Oxidative stress markers may also
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be related to the decrease in cognitive function. Oxidative stress
markers will be measured in further studies to investigate the more
detailed mechanisms of the effects of AT on cognitive function.
Moreover, we did not confirm the participants’ level of cognitive
function after the decline of AT consumption in this study, and
it is still unknown whether the effect of AT is sustainable or
not. However, investigation of the sustainable effects after
intake of AT is stopped is a task for future studies, with the aim of
determining the mechanisms by which AT improves cognitive
function.

Safety evaluations were assessed in physical examination,
urinalysis, and blood analysis. Although there were several
significant differences between the groups, the mean values for all
the items were within the reference values, and the physician
judged that there was no effect of the test food intake. Therefore,
continuous ingestion of the simultaneous intake of AT for 12
weeks was safe under the conditions of this study.

In conclusion, ingestion of AT (9 mg/day astaxanthin and
50 mg/day tocotrienol) for 12 weeks by Japanese adults who feel
a memory decline improves composite memory and VBM. In
addition, there were no safety issues under the conditions of
this study.
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