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supplement containing astaxanthin�rich extract derived from

Paracoccus carotinifaciens (astaxanthin supplement) on cognitive

function of subjects aged 45–64 years. Cognitive functions of 28

subjects orally administered 8 mg astaxanthin/day of astaxanthin

supplement for 8 weeks (astaxanthin group) and 26 subjects

given a placebo (placebo group) were compared by word memory

test, verbal fluency test, and Stroop test. The astaxanthin group

experienced significantly larger increase in blood astaxanthin

level than the placebo group. However, there were no significant

intergroup differences in the results of the tests. A subgroup

analysis was performed after dividing subjects into the <55 years

old and ≥55 years old age groups. The result of “words recalled

after 5 minutes” in word memory test in <55 years old subjects

showed significant improvement in the astaxanthin group than in

the placebo group, which was not found in ≥55 years old subjects.

Our results indicate that people aged 45–54 years may experience

improved cognitive function after ingesting astaxanthin supple�

ment for 8 weeks. On the basis of the parameters tested, admin�

istration of astaxanthin supplement was not associated with any

problems related to safety.

Key Words: astaxanthin, Paracoccus carotinifaciens, 

cognitive function, adonirubin, adonixanthin

IntroductionAstaxanthin is a carotenoid similar to β-carotene and lycopene
and is classified as xanthophylls. Astaxanthin is designated

as 3,3'-dihydroxy-β,β-carotene-4,4'-dione in IUPAC nomencla-
ture. It is a red-tinged pigment naturally accumulated in aquatic
creatures, such as fish and shrimp, and it is also known to have a
powerful antioxidant effect.(1)

Astaxanthin is used in animal feed to improve the color of the
fish raised in hatcheries, and it has also been sold in human use
such as dietary supplements and cosmetics. Several studies have
reported on the biological role of astaxanthin, including protection
of the retina,(2) amelioration of eye fatigue,(3) enhancement of
mitochondria function,(4) promotion of the use of fat as an energy
source,(5) increase in motor function,(6) beautification of skin,(7)

control of arteriosclerosis,(8) prevention of hyposalivation(9) and
inhibitory effect of blood pressure (BP) elevation.(10) Recently,
astaxanthin has gained worldwide attention as a multi-functional
health ingredient.
In addition to synthetic astaxanthin, natural astaxanthin ex-

tracted from various organisms are commonly used. The most
commonly used natural form of astaxanthin is derived (or ex-
tracted) from Haematococcus pluvialis (H. pluvialis), a type of

green algae.(11) Astaxanthin derived from H. pluvialis is used in
the majority of functional studies. Astaxanthin is the predominant
component of the carotenoids derived from H. pluvialis, and only
the optically pure (3S,3'S)-astaxanthin, more than 90% terminal
hydroxyl group of which is esterized with fatty acids, has been
isolated.(12) In addition, the red yeast Phaffia rhodozyma is known
to produce astaxanthin.(13) The chemical composition of the
astaxanthin that is produced by this yeast is the opposite to the
commonly occurring natural astaxanthin (3S,3'S-configuration)
and is designated as the 3R,3'R-configuration.(14) The terminal
ends have hydroxyl groups that are not esterized or modified in
any way.(15) Paracoccus carotinifaciens (P. carotinifaciens) is also
known to produce carotenoid compounds that contain astaxan-
thin.(16) Astaxanthin derived from P. carotinifaciens is a “free” form
devoid of terminal modification and has a 3S,3'S-configuration.(17)

In addition to astaxanthin, 20–30% of the extract derived from P.
carotinifaciens consisted of the potent antioxidant adonirubin and
adonixanthin.(18) Thus, natural astaxanthin shows a wide variety of
characteristics depending on their source.
Healthy aging, which includes improving diet, habits of daily

living and life expectancy, has been receiving increasing attention
as populations around the world continue to age. In particular,
studies on preserving cognitive functions, which declines by
aging and dementia, have been conducted. Because omega-3 fatty
acids (e.g., docosahexaenoic acid and eicosapentaenoic acid) are
known to maintain cognitive function, it is now recommended
that people receive 1 g of the fatty acids daily.(19) It is reported
that tocotrienol markedly counteracts the decline in learning and
memory function in aged rats.(20) Krikorian et al.(21) suggest that
supplementation of blueberry congaing anthocyanins can confer
neurocognitive benefit for older adults. In addition, a study on
elderly non-demented people indicated that administering the
extract of Ginkgo biloba led to a reduction in blood viscosity,
improvement of cerebral perfusion in specific areas and global
cognitive functioning.(22) Moreover, it has been shown that the
use of an astaxanthin-rich extract from H. pluvialis leads to an
improvement in cognitive function.(23) Therefore, there is consid-
erable evidence supporting the effectiveness of dietary supple-
ments on improving cognitive function, and it is likely that such
supplements may be useful for preventing dementia.
In the present study, we compared the improvements in cogni-

tive function by word memory test, verbal fluency test and Stroop
test between middle-aged and old-aged subjects who were
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administered dietary supplement containing astaxanthin-rich
extract derived from P. carotinifaciens and subjects who received
a placebo. Unlike the extract derived from H. pluvialis, the
astaxanthin-rich extract derived from P. carotinifaciens has not
been subjected to extensive clinical study. The astaxanthin-rich
extract derived from P. carotinifaciens has different features such
as free-form astaxanthin, adonirubin and adonixanthin, compared
with that derived from H. pluvialis. Therefore, the present study
suggests not only additional evidence of astaxanthin supplement
but also efficacy of astaxanthin supplement differently derived,
which will be helpful to develop dietary supplements for cognitive
function and promote carotenoid research.

Materials and Methods

Study design. This study was a randomized, double-blind,
placebo-controlled, parallel inter-group comparison.

Subjects. Classification and details regarding subjects who
participated in this study are shown in Fig. 1. The placebo group
was designated as group P and the astaxanthin group was desig-
nated as group A. A total of 245 healthy subjects aged 45–64 years
old were initially identified as candidates for this study. On the
basis of results of pre-study tests [physical tests and the Hasegawa
Dementia Scale-Revised (HDS-R)] and pre-administration tests
(medical interview and cognitive function tests), 60 subjects

(group P: n = 30; group A: n = 30) were determined to be appro-
priate for participation as subjects and were enrolled in this study.
Of the 60 total subjects, one subject (ID 4245: group A) devel-

oped contact dermatitis (arms, left foot and face) on the 9th day of
administration and discontinued the study to undergo treatment.
The remaining 59 subjects completed the prescribed study schedule
and performed all study tests. In addition, four subjects in group
P and one in group A were excluded for per-protocol analysis
because one of them was unconfirmed to ingest the test supple-
ment, and the others changed their drinking habit, sport habit or
working arrangement during this study. Thus, only the remaining
54 subjects (group P: n = 26; group A: n = 28) were available for
efficacy analysis. Regarding safety, 60 adverse events (30 in
group P, 30 in group A) were observed in subjects who were
administered the supplement preparations even once. Data of all
59 of the original 60 subjects (group P: n = 30; group A: n = 29)
who completed the study schedule and all study procedures were
used in our analysis of safety. The administration rate of the
supplement was between 94.6 and 106.7% for all 59 subjects.

Clinical registration. This study has been registered at Uni-
versity hospital Medical Information Network (https://upload.umin.
ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000025682) on
15th May 2016 as “Efficacy study of oral astaxanthin to improve
brain function for the middle aged and elderly”, Identification
No. UMIN000022299.

Fig. 1. Classifications and details of the subjects.
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Supplements. We prepared an astaxanthin-rich extract from
P. carotinifaciens using the method described by Katsumata et al.(17)

We then added arabic gum, maltodextrin, dl-α-tocopherol,
medium-chain triglycerides, and L-ascorbic acid to the astaxanthin-
rich extract, mixed the ingredients and dissolved them in water.
After emulsification, we spray-dried the mixture to obtain 1%
astaxanthin powder which also contains 0.14% adonirubin and
0.05% adonixanthin. We produced a jelly containing 2 mg of
astaxanthin, which contains 1% astaxanthin powder, pH adjuster,
sweetener, gelling agent, flavor (mixed berry) and water, and then
it was administered to subjects in group A as astaxanthin supple-
ment (Table 1). As a substitute, subjects in group P were given jelly
containing artificial red coloring (Food Red No. 2, Amaranth) that
was prepared the same method except 1% astaxanthin powder as
the supplement provided to group A. The astaxanthin-rich extract
from P. carotinifaciens and 1% astaxanthin powder were exam-
ined in terms of safety by Food and Drug Administration in United
States, and have been filed as New Dietary Ingredients.
In previous studies with astaxanthin, 6 mg of astaxanthin per

day and 12 mg of astaxanthin per day were administered to
subjects for 12 weeks, and their cognitive function and erythrocyte
antioxidant status were improved in the both groups.(23,24) Because
the administration period of this study was 8 weeks which was
shorter than those of the previous studies, the astaxanthin amount
per day of administration was decided to 8 mg of astaxanthin per
day in this study. All subjects were requested to ingest two jellies
of their respective supplement preparations after breakfast and
again after dinner for 8 weeks to be administered four jellies (8 mg
of astaxanthin) per day or placebo.

Institutional review board. This study was conducted
according to the Declaration of Helsinki (October 2013 revision).
The Ethical Guidelines for Biomedical Research Involving
Human Subjects (Ministry of Education, Culture, Sports, Science
and Technology and the Ministry of Health, Labour and Welfare,
December 22, 2014) and the Ethical Guidance for Biomedical
Research Involving Human Subjects [Ministry of Education,
Culture, Sports, Science and Technology, and the Ministry of
Health, Labour and Welfare, February 9, 2015 (March 31, 2015
partial revision)] were followed.

Physical measurements. We measured the subjects’ height
and weight, calculated their body mass index (BMI) and con-
ducted the following tests: systolic and diastolic BP levels, heart
rate, hematologic test, biological examination of blood and urine
test (protein, sugar and occult blood).

Analysis of astaxanthin, adoniurbin, and adonixanthin
concentration in human serum. The astaxanthin, adonirubin
and adonixanthin (Fig. 2) concentration in human serum were
analyzed by the method described by Fukuda et al.(25) A 1 ml of water

and a 1 ml of ethanol, containing 0.85 μg of β-apo-8'-carotenal
(internal standard) and 50 μg of 2,6-dibuthylhydroxytoluene, was
added to 300 μl of serum. Then, 5 ml of hexane was added to the
mixture and was shaken for 20 min. Then the hexane layer was
taken in another test tube after centrifugation [4°C, 3,000 rpm
(1,464 × g), 10 min] and was dried over under nitrogen gas flow.
The residue was dissolved in 100 μl of chloroform/ethanol and
subjected to UPLC-MS/MS analysis using Cadenza CD-C18
column with mixture of 85% acetonitrile in 2 mM ammonium
acetate and acetonitrile/methanol/tetrahydrofuran (60:38:2) in 2 mM
ammonium acetate as solvent. Detection and quantification were
performed by selective reaction monitoring (SRM) of protonated
molecule (MH+) of astaxanthin, adonirubin, and adonixanthin.

Cognitive function tests
Word memory test. The word memory test assesses the capacity
of the subjects’ immediate and short-term memory as well as
retention and ability to repeat words. We performed a test based on
the references.(26,27) After reading seven words aloud one at a time
to the subjects, they were asked to repeat the words. Immediately
after they had repeated the seventh word, they were asked to recall
all of the words (number of immediate-recall words). The subjects
were given hints consisting of the initial sounds and categories of
the words when they could not spontaneously recall. Words that
they were then able to recall were recorded as the number of cued-
recall words. In addition, subjects were given interference tasks
[(2) Verbal fluency test] and were then asked to recall the words
5 min after the immediate-recall test (number of words recalled
after 5 min). Once again, the subjects were given hints consisting
of the initial sounds and categories of the words when they were
unable to recall. The words which they were then able to recall
were recorded as the number of cued-recall words. We then
assessed the number of immediate-recall words, immediate-recall
words + cued-recall words, recalled words after 5 min, and
recalled words after 5 min + cued-recall words. Increases in the
measured values indicate a memorization power improving action.
Verbal fluency test. The verbal fluency assessed the subjects’
memory-recall ability and was based on the reference.(28) In the
“vegetable-verbal fluency test,” the subjects were instructed to
“say the names of the vegetables to the greatest extent possible
for 1 min.” After the first list was read, the number of words
that could be recalled in 60 s was recorded and did not include
duplicates. The same procedure was used for lists of words
beginning with the words for “a” and lists of animal names. These
tests were performed before administration and at the 4th and
the 8th week after administration in differing order. Numbers of
words the subjects were able to correctly list in each test were
assessed. Increases in the number of correct answers indicate a
cognitive function improving.

Table 1. Comparison of Supplements per day

Item Astaxanthin supplement Placebo

Form 10 g of jelly × 4 pieces 10 g of jelly × 4 pieces

Ingredients (mg) 1% Astaxanthin powder 800 Food coloring 2

pH adjuster 896 pH adjuster 896

Sweetener 4,092 Sweetener 4,092

Gelling agent 630 Gelling agent 630

Flavor 200 Flavor 200

Water 33,382 Water 34,180

Astaxanthin content (mg) 8 mg —

Energy (kJ) 92 92

Protein (g) 0.04 0.04

Fat (g) 0.16 0.15

Carbohydrate (g) 6.04 6.03

Sodium (mg) 108 108
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Stroop test. The Stroop test assesses the brain’s ability to
distinguish and process two different types of data (verbal and
color information) that enter the brain simultaneously. We
followed the testing procedure of the New Stroop Test II(29,30)

which consists of four steps (steps 1, 2, 3 and 4), each considered
as separate sub-tests. In step 1, the subjects were asked to mark a
check-box of the color of the ink indicated by the word. In step 2,
the subjects were asked to mark a check-box of the color of the
ink indicated by the word which did not match the color of ink.
In step 3, the subjects were asked to select the word that corre-
sponded to the color of the ink and mark the check box. In step 4,
the subjects were asked to select the word that corresponded to the
color of the ink used to write the word which did not match the
color of the ink and mark the check-box. As the steps advance, the
level of difficulty increases. The number of correct answers at
each step was assessed. Increases in the measured values for the
number of correct answers indicate improvement of brain infor-
mation processing ability.

Sample size. We estimated sample size based on Word
memory test (logical memory immediate retrieval) from data
published by Santos et al.(22) It was assumed that the mean
difference would be 2.0, with a SD of 2.5. To detect this differ-
ence, with a power of 80% and a significance level of 5% and
taking into account that 10% of the patients will be lost to follow-
up, it was calculated that thirty patients would be needed to be
studied in each group.

Statistical analysis. For the subject background factors, a
chi-square test was used to compare sex (male/female) between
group A and P, and 2-sample t test was also used to compare the
others between both groups. For the serum concentrations of
carotenoid and cognitive function tests, 1-sample t test was used
to compare changes between pre-administration baseline values to
those at 4 weeks and 8 weeks after administration in groups A and P.
Two-sample t test was also used to compare the amount of change
between both groups in the serum concentrations of carotenoid.
For cognitive function tests, we used two-way-repeated measures
of ANOVA to compare the amount of change between both
groups. Numerical values were expressed as the mean and SD, and

the standard of significance for the tests was set at 5% on both
sides. All statistical analysis was performed using IBM SPSS
Statistics 23.

Results

Background factors of subjects. The background factors
of the 54 subjects who underwent effective analysis are listed in
Table 2. The mean age of subjects in group P was 54.4 ± 6.0 years
old, and there were a total of 13 men and 13 women. The mean age
of the subjects in group A was 56.0 ± 5.2 years old, and there were
12 men and 16 women. HDS-R scores were 28.6 ± 1.2 and
28.5 ± 2.2 points in groups P and A, respectively, both of which
were within the normal range. No intergroup differences were
observed in data pertaining to the subjects’ age, sex, HDS-R score,
physical measurement, or physical examination.

Blood carotenoid levels. Table 3 presents changes in the
measured values and the amount of change compared with the
baseline for blood astaxanthin, adonirubin and adonixanthin
levels. In group A, the values at 8 weeks after administration for
all items were associated with significantly greater increases
than group P (group P vs group A; astaxanthin: 0.000 ± 0.000
vs 0.173 ± 0.058 μg/ml, adonirubin: 0.000 ± 0.000 vs 0.042 ±
0.014 μg/ml and adonixanthin: 0.000 ± 0.000 vs 0.016 ± 0.006
μg/ml). In comparison with the baseline, though the values at 8
weeks after administration did not increase in group P, all the
values at 8 weeks after administration were significantly elevated
in group A.

Cognitive function tests. Table 4 presents changes in the
measured values and the amount of change compared with the
baseline for all the items of Word memory test, Verbal fluency test
and Stroop tests.
Word memory test. There were no significant intergroup differ-
ences regarding the amount of change after administration for
any of the items. In comparison with the baseline, the number of
recalled words after 5 min was significantly increased 8 weeks
after administration in group P. Moreover, the number of
immediate-recall words 4 weeks after administration and recalled

Fig. 2. Structural formula of astaxanthin, adonirubin and adonixanthin.
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words after 5 min + cued-recall words 8 weeks after administra-
tion were significantly increased in group A compared with the
baseline.
Verbal fluency test. There were no observed significant inter-
group differences in the amount of change after administration for
any of the items. In comparison with the baseline, words that begin
with “a” 8 weeks after administration and animal words at both 4
and 8 weeks after administration exhibited significant increases
in group P, and all items at 8 weeks after administration were
significantly elevated in group A.
Stroop test. There were no significant intergroup differences in
the amount of change after administration for any of the items.
Compared with the baseline, there were significant increases at 8
weeks after administration for step 1 in group P and at 4 and 8
weeks after administration for group A. In addition, both groups
were associated with significant increases at 4 and 8 weeks after
administration for steps 2 and 3. Group A showed significant
increases at 8 weeks after administration for step 4.

Additional analysis by the age group. Salthouse(31) reported
the existence of cross-sectional age-related declines for many
cognitive variables prior to age 60. Therefore, as an exploratory
effective analysis, we divided the subjects into two age groups:
(1) <55 (45–54) years old and (2) ≥55 (55–64) years old. We then
performed an additional analysis for their cognitive functions by
age group. The background factors of the subjects by age group
are shown in Table 5A and B. Intergroup differences between all
subjects aged <55 years old and ≥55 years old in Table 5A were
observed in data pertaining to the subjects’ age, weight, BMI,

systolic pressure and diastolic pressure (<55 years old vs ≥55
years old; age: 50.0 ± 2.9 years vs 59.7 ± 2.8 years, weight:
56.63 ± 9.90 kg vs 63.88 ± 13.91 kg, BMI: 21.59 ± 2.58 kg/m2 vs
23.40 ± 3.28 kg/m2, systolic pressure: 113.0 ± 15.1 mmHg vs
133.0 ± 15.2 mmHg and diastolic pressure: 68.4 ± 11.3 mmHg
vs 79.4 ± 10.9 mmHg). Heart rate of the subjects aged <55 years
old was lower than that of the subjects aged ≥55 years old (p<0.1).
In addition, the HDS-score of the subjects aged <55 years old
was larger than that of the subjects aged ≥55 years old (p<0.1).
No intergroup differences between group P and group A divided
by age 55 were observed in data pertaining to the subjects’ age,
sex, HDS-R score, physical measurement, or physical examina-
tion (Table 5B).
Changes in the measured values and the amount of change for

all items of the subjects aged <55 years old and aged ≥55 years old
in comparison to the baseline in the cognitive function tests are
presented in Table 6A and B respectively. In subjects aged <55
years old, the group A indicated statistically significant improve-
ment in the number of word recalled after 5 min of Word memory
test, compared to the placebo group (group P vs group A; at 4
weeks: –0.4 ± 0.8 vs 1.2 ± 1.5 points, at 8 weeks: 0.9 ± 1.4 vs
1.2 ± 1.3 points). In addition, the number of immediate-recall
words + number of cued-recall words and the number words
recalled after 5 min + number of cued-recall words in group A
were larger than those of group P (p<0.1). An investigation into
the amount of change for all items in Word memory test among
the subjects aged ≥55 years old showed no significant intergroup
differences. Also, there were no significant intergroup differences

Table 2. Subject background factors

Inter�group comparisons with group P (sex: chi�square test; items other than sex: 2�sample t test).
BP, blood pressure; bpm, beats per minutes; HDS�R, physical tests and the Hasegawa Dementia Scale�Revised.

Item
Group P (n = 26) Group A (n = 28)

p
Mean SD Mean SD

Age (years) 54.4 6.0 56 5.2 0.307

Sex (male/female) Males: 13/Females: 13 Males: 12/Females: 16 0.785

Height (cm) 163.85 9.04 162.38 9.2 0.557

Weight (kg) 59.67 13.11 61.31 12.38 0.638

BMI (kg/m2) 22 3.09 23.09 3.04 0.197

Systolic BP (mmHg) 123.3 17.9 124.1 18.5 0.878

Diastolic BP (mmHg) 74.5 13.1 74.1 11.8 0.900

Heart rate (bpm) 71.2 8.9 68.3 10.1 0.280

HDS�R score (points) 28.6 1.2 28.5 2.2 0.816

Table 3. Serum concentration of carotenoid

Group P: n = 26, group A: n = 28. Intra�group comparison at baseline *p<0.01 (1�sample t test). Inter�group comparison with group P (2�sample
t test).

Item Numerical item Group
Baseline Week 8 p 

(Inter�group)Mean SD Mean SD

Astaxanthin (μg/ml)

Measured value
P 0.000 0.000 0.000 0.000

A 0.000 0.000 0.173* 0.058

Amount of change
P 0.000 0.000

0.000
A 0.173 0.058

Adonirubin (μg/ml)

Measured value
P 0.000 0.000 0.000 0.000

A 0.000 0.000 0.042* 0.014

Amount of change
P 0.000 0.000

0.000
A 0.042 0.014

Adonixanthin (μg/ml)

Measured value
P 0.000 0.000 0.000 0.000

A 0.000 0.000 0.016* 0.006

Amount of change
P 0.000 0.000

0.000
A 0.016 0.006



doi: 10.3164/jcbn.17�100
©2018 JCBN

200

in the amount of change after administration for any of the items
in Verbal fluency test and Stroop test for both age groups.

Safety assessment. We believe that the cause of the rash
(i.e., redness and slight itchiness) that was observed on subject
ID 4245 (group A) who discontinued the study was related to
the subject trimming garden trees on the day before the onset of
the rash, resulting in a case of contact dermatitis. The principal
investigator (a physician) determined that the rash was “unrelated”
to the supplement.

Subject ID 4161 (group P) developed mild acne vulgaris on
nine occasions between the 17th and 48th day after administration.
Although the cause could not be identified, the intermittent
appearance of acne disappeared without the use of medication
and it did not reappear after the 48th day after administration. On
the basis of these observations, the principal investigator deter-
mined that the condition was “likely unrelated” to the supplement.
Investigation of other adverse events indicated that all were

“unrelated” to the supplement. Therefore, we concluded that the

Table 4. Number of answers in cognitive tests

Group P: n = 26, group A: n = 28. Intra�group comparison at baseline *p<0.05 and **p<0.01 (1�sample t test). Inter�group comparison with group P
(two�way�repeated measures of ANOVA).

Item Numerical item Group
Baseline Week 4 Week 8 p 

(Inter�group)Mean SD Mean SD Mean SD

Word memory 
test

Immediate recall

Measured value
P 4.6 1.1 4.7 1.0 4.9 1.0

A 4.6 0.8 5.0* 0.9 5.1 1.0

Amount of change
P 0.0 1.5 0.3 1.7

0.600
A 0.4 1.0 0.5 1.3

Immediate recall +
cued recall

Measured value
P 5.8 0.9 5.6 1.0 6.1 0.9

A 5.8 0.9 6.1 0.9 6.3 0.7

Amount of change
P –0.2 1.2 0.3 1.3

0.317
A 0.3 1.2 0.4 1.3

Recall after 5 min

Measured value
P 4.0 1.5 4.0 1.6 4.8* 1.5

A 4.5 1.3 4.8 1.3 4.9 1.4

Amount of change
P 0.0 2.1 0.8 1.7

0.389
A 0.2 1.5 0.3 1.8

Recall after 5 min +
cued recall

Measured value
P 5 1.2 4.8 1.3 5.5 1.3

A 5.3 1 5.3 1.3 5.9* 0.8

Amount of change
P –0.2 1.7 0.5 1.7

0.876
A 0.0 1.5 0.6 1.3

Verbal fluency 
test

Names of vegetables

Measured value
P 16.6 3.4 16.2 4.1 17.2 3.5

A 16 3.1 16.8 3.3 17.4** 3.8

Amount of change
P –0.4 3.1 0.6 3.1

0.348
A 0.7 2.9 1.4 2.5

Words that begin 
with “a”

Measured value
P 13.6 3.7 14.1 4.4 15.0* 4.5

A 13.7 3.8 13.9 4.2 16.3** 3.6

Amount of change
P 0.5 2.8 1.5 3.5

0.361
A 0.2 4 2.5 3.9

Animal words

Measured value
P 18.3 4.8 20.0* 4.8 20.5** 5.1

A 17.9 4.4 19.1 4.6 20.1** 4.5

Amount of change
P 1.7 4 2.2 3.8

A 1.3 4 2.3 2.9 0.865

Stroop test

Step 1

Measured value
P 56.8 6.1 58.1 6.5 61.2** 7.6

A 58 6.3 60.7** 6.9 63.6** 6.5

Amount of change
P 1.3 5.3 4.5 5.4

0.545
A 2.7 4.9 5.6 4.2

Step 2

Measured value
P 48.2 5.7 50.2* 5.7 52.4** 6.9

A 49.3 5.7 51.5* 5.5 53.5** 5.1

Amount of change
P 2.0 3.9 4.2 5.3

0.977
A 2.2 4.6 4.2 4.3

Step 3

Measured value
P 38.6 3.9 40.0* 4.6 41.6** 5

A 39.6 3.6 41.5** 4.4 42.8** 4.7

Amount of change
P 1.4 2.9 3.0 3.0

0.824
A 1.9 3.5 3.2 3.7

Step 4

Measured value
P 33.6 3.8 35.2 5.6 35.6 7.8

A 33.5 4.3 35.1 4.4 36.3** 5.3

Amount of change
P 1.6 5.5 2.0 6.9

0.863
A 1.5 5.1 2.8 4.9
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supplement caused no adverse events (side effects). Results of our
investigation regarding changes in numerical values for physical
measurements (including blood and urine tests) in all groups
indicated that although there were minor changes, none were
determined to be clinically significant.

Discussion

Astaxanthin is a powerful antioxidant that can penetrate the
blood-brain barrier, and it is thus often used in research related to
cognitive function. Nakagawa et al.(24) reported that the astaxan-
thin administration led to a reduction in phospholipid peroxidation
in red blood cells. Because patients with dementia are known to
have increased phospholipid peroxidation in their red blood
cells, ingesting astaxanthin is considered to be putative preventa-
tive effect against dementia. In addition, a study utilizing a model
of Parkinson’s disease using 6-hydroxydopamine indicated that
adding astaxanthin suppressed neuronal apoptosis.(32) Furthermore,
astaxanthin administration has been shown to decrease amyloid-β
levels in red blood cells, which is considered to decrease the
ability of red blood cells to supply the brain with oxygen;(33) thus,
astaxanthin administration might be useful for a treatment of
Alzheimer’s disease. It has also been reported that astaxanthin
suppresses the extent of oxidative stress in cases of cerebral
ischemia and has a neuro-protective effect.(34) Moreover, it was re-
ported that astaxanthin administration in mice has a concentration-
dependent effect of promoting neurogenesis in the hippocampus,
which is related to learning and memory, suggesting that astaxan-
thin contributes to memory improvement.(35) Thus, several studies
have verified the fact that astaxanthin is effective in improving the
brain and neuronal function and is prophylactic against cerebral
damage.

The age of the subjects in the present study was 45–64 years
old. Because age may affect how astaxanthin administration
influences cognitive function, all 54 participants were not only
subjected to an effective analysis as a whole but also a subgroup
analysis after dividing them into <55 years old and ≥55 years old
groups. Cognitive functions were assessed using Word memory
test, Verbal fluency test, and Stroop test.
The results of serum carotenoid level measurements (astaxan-

thin, adonirubin and adonixanthin) in the subjects of group A
indicated that astaxanthin, adonirubin and adonixanthin were
absorbed into blood after administration of astaxanthin supple-
ment. Ohi et al.(36) reported that maximum plasma astaxanthin
concentration of subjects taking a soft gel capsule as single dose
containing astaxanthin of 9 mg derived from H. pluvialis was
0.077 ± 0.066 μg/ml, which was half lower than the concentration
in group A of the present study (0.173 ± 0.058 μg/ml). It could
be caused by the difference between single administration and
repeated administration. Also, the carotenoid ratio in serum of
subjects were astaxanthin:adonirubin:adonixanthin = 1:0.24:0.09
and that of astaxanthin supplement were astaxanthin:adonirubin:
adonixanthin = 1:0.14:0.05. Consequently, the bioavailability of
adonirubin and adonixanthin were superior to astaxanthin. Ab-
sorption process of carotenoids requires release of carotenoids
from food matrix, diffusion in lipid emulsion, solubilization by
pancreatic lipases and bile salts, formation of mixed micelles,
movement across the microvilli, uptake of carotenoids by intes-
tinal mucosal cells, incorporation into chylomicrons and circula-
tion to lymphatic.(37) The difference of the molecular structures
between astaxanthin, adonirubin and adonixanthin might affect
the absorption process, which resulted in the shift of the ratio. We
think the serum carotenoid levels in group A were maintained
during this study.

Table 5A. Subject background factors of all subjects aged <55 years old and ≥55 years

Inter�group comparisons with group P (sex: chi�square test; items other than sex: 2�sample t test).
bpm, beats per minutes; HDS�R, physical tests and the Hasegawa Dementia Scale�Revised.

Item
<55 years (n = 25) ≥55 years (n = 29)

p
Mean SD Mean SD

Age (years) 50 2.9 59.7 2.8 0.000

Sex (males/females) Males: 9/Females: 16 Males: 16/Females: 13 0.182

Height (cm) 161.55 7.9 164.41 9.91 0.252

Weight (kg) 56.63 9.9 63.88 13.91 0.034

BMI (kg/m2) 21.59 2.58 23.4 3.28 0.03

Systolic pressure (mmHg) 113 15.1 133 15.2 0.000

Diastolic pressure (mmHg) 68.4 11.3 79.4 10.9 0.001

Heart rate (bpm) 67 7.5 72 10.6 0.058

HDS�R score (points) 29 0.9 28.2 2.3 0.092

Table 5B. Subject background factors of subjects in group P and A divided by age 55 years

Inter�group comparisons with group P (sex: chi�square test; items other than sex: 2�sample t test).
bpm, beats per minutes; HDS�R, physical tests and the Hasegawa Dementia Scale�Revised.

Item

<55 years ≥55 years

Group P (n = 14) Group A (n = 11)
p

Group P (n = 12) Group A (n = 17)
p

Mean SD Mean SD Mean SD Mean SD

Age (years) 49.7 3.1 50.5 2.7 0.537 59.9 3.1 59.6 2.6 0.759

Sex (males/females) Males: 6/Females: 8 Males: 3/Females: 8 0.677 Males: 7/Females: 5 Males: 9/Females: 8 1.000

Height (cm) 161.98 9.06 161.01 6.52 0.768 166.03 8.9 163.26 10.69 0.470

Weight (kg) 57.64 12.12 55.35 6.39 0.577 62.04 14.34 65.17 13.88 0.560

BMI (kg/m2) 21.8 3.09 21.32 1.87 0.657 22.23 3.22 24.23 3.15 0.106

Systolic pressure (mmHg) 114 16 111.6 14.5 0.706 134.2 13.6 132.1 16.5 0.727

Diastolic pressure (mmHg) 68.4 11.5 68.4 11.6 0.999 81.7 11.4 77.8 10.6 0.352

Heart rate (bpm) 68.1 6.2 65.6 9.1 0.421 74.7 10.4 70.1 10.6 0.255

HDS�R score (points) 28.9 1.0 29.2 0.8 0.389 28.3 1.4 28.1 2.7 0.753
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We did not detect any significant intergroup differences in
the amount of change in any outcome measure for the cognitive
function tests among the 54 subjects, while group A showed
significantly improvements from their baseline in more items of
all the tests compared with group P. An analysis according to age
group indicated that subjects aged <55 years old in group A had
significantly larger increase in the number of recalled words after
5 min in the Word memory test than that in group P. These finding
indicate a certain improvement in group A. It is likely that this

result is related to the neurogenesis effect of astaxanthin in the
hippocampus that was reported by Yook et al.(35) In addition, this
may be reasonable because other substances which have anti-
oxidant ability such as omega-3 fatty acids,(19) tocotrienol(20) and
anthocyanins(21) are reported to be effective on cognitive function.
The weight, BMI, systolic pressure and diastolic pressure of the
subjects aged ≥55 years old were significantly higher than those of
the subjects aged <55 years old. It was reported that high BP in
middle age is a risk factor for late-life cognitive decline and

Table 6A. Number of answers of subjects aged <55 years in cognitive tests

Group P: n = 14, group A: n = 11. Intra�group comparison at baseline *p<0.05 and **p<0.01 (1�sample t test). Inter�group comparison with group P
(two�way�repeated measures of ANOVA)

Item Numerical item Group
Baseline Week 4 Week 8 p 

(Inter�group)Mean SD Mean SD Mean SD

Word memory 
test

Immediate recall

Measured value
P 4.7 1.4 4.6 1.1 5.1 1.1

A 4.6 0.7 5.0 0.9 5.5* 1.1

Amount of change
P –0.1 1.8 0.4 2.1

0.650
A 0.4 1.0 0.9 1.1

Immediate 
recall + cued recall

Measured value
P 5.9 1.0 5.7 0.8 6.3 1.0

A 5.6 0.8 6.5* 0.7 6.5* 0.7

Amount of change
P –0.1 1.2 0.4 1.4

0.085
A 0.9 1.1 0.9 1.1

Recall after 5 min

Measured value
P 4.5 1.3 4.1 1.4 5.4* 1.2

A 4.4 1.4 5.5* 0.9 5.5* 1.1

Amount of change
P –0.4 1.8 0.9 1.4

0.027
A 1.2 1.5 1.2 1.3

Recall after 
5 min + cued recall

Measured value
P 5.4 1.2 5.0 1.0 6.0 1.2

A 5.1 0.9 6.0 1.1 6.2** 0.8

Amount of change
P –0.4 1.6 0.6 1.5

0.074
A 0.9 1.4 1.1 1.0

Verbal fluency 
test

Names of vegetables

Measured value
P 17.4 3.5 17.1 3.0 18 3.4

A 15.9 2.2 17.7* 2.8 17.6** 2.8

Amount of change
P –0.2 2.8 0.6 3.0

0.11
A 1.8 2.1 1.7 1.7

Words that begin 
with “a”

Measured value
P 13.7 3.7 13.2 3.6 15.6 5.4

A 14.1 3.2 14.4 4.8 17.5** 3.2

Amount of change
P –0.5 3.0 1.9 3.9

0.607
A 0.3 4.3 3.4 2.9

Animal words

Measured value
P 19.6 3.6 20.5* 3.3 21.1* 3.7

A 19.5 4.5 20.4 4.9 22.5* 3.8

Amount of change
P 0.9 1.4 1.6 2.2

0.437
A 0.8 4.8 2.9 3.3

Stroop test

Step 1

Measured value
P 55.6 6.0 58.6* 6.0 62.7** 6.5

A 60.6 5.4 62.6 5.8 67.6** 4.8

Amount of change
P 2.9 4.7 7.1 3.5

0.836
A 2.0 5.1 7.0 4.2

Step 2

Measured value
P 48.6 5.6 50.7* 6.7 53.9** 5.8

A 51 4.6 52 4.3 54.6** 4.9

Amount of change
P 2.1 3.3 5.4 3.3

0.510
A 1.0 3.9 3.6 2.9

Step 3

Measured value
P 38.9 4.4 41.0** 5.2 42.0** 5.8

A 40.7 3.0 41.5 4.7 44.3* 5.0

Amount of change
P 2.1 2.6 3.1 3.0

0.366
A 0.8 3.7 3.5 4.0

Step 4

Measured value
P 33.7 3.6 35.5 7.1 35.3 10.1

A 33.7 4.1 36.4 4.7 37.7** 5.6

Amount of change
P 1.8 7.3 1.6 8.8

0.702
A 2.6 5.1 4.0 3.4
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dementia.(38) Hence, it might be difficult for people aged ≥55 years
old to improve their cognitive function with astaxanthin supple-
ment for a short period of time like 8 weeks due to the influence
of higher BP. Currently, it remains unclear whether astaxanthin
supplement administration by human for 4–8 weeks has an effect
of suppressing oxidation in the brain and accumulation of
amyloid-β; however, astaxanthin supplement may be effective for
preventing dementia if ingested from a young age. Further investi-
gation into the molecular and cellular mechanisms of astaxanthin

that lead to these improvements in cognitive functions is required.
Previous clinical studies regarding the effect of astaxanthin

administration on cognitive functions include the study by
Katagiri et al.(23) involving astaxanthin derived from H. pluvialis.
The results of that study suggested that astaxanthin administration
improved cognitive function, despite the lack of significant
differences between astaxanthin and placebo groups. Although
the method of assessing cognitive functions used in the present
study differ from that employed by Katagiri et al.,(23) because

Table 6B. Number of answers of subjects aged ≥55 years in cognitive tests

Group P: n = 12, group A: n = 17. Intra�group comparison at baseline *p<0.05 and **p<0.01 (1�sample t test). Inter�group comparison with group P
(two�way�repeated measures of ANOVA).

Item
Numerical item Group

Baseline Week 4 Week 8 p 
(Inter�group)Mean SD Mean SD Mean SD

Word memory 
test

Immediate recall

Measured value
P 4.5 0.7 4.8 0.9 4.6 0.9

A 4.6 0.9 5.0 0.9 4.8 0.7

Amount of change
P 0.3 1.0 0.1 1.1

0.906
A 0.4 1.0 0.2 1.3

Immediate 
recall + cued recall

Measured value
P 5.7 0.8 5.5 1.2 5.9 0.8

A 5.9 1.0 5.9 1.0 6.1 0.7

Amount of change
P –0.2 1.3 0.3 1.1

0.883
A –0.1 1.2 0.1 1.4

Recall after 5 min

Measured value
P 3.4 1.5 3.9 1.8 4.0 1.4

A 4.6 1.2 4.2 1.2 4.4 1.3

Amount of change
P 0.5 2.4 0.6 2.1

0.343
A –0.4 1.2 –0.2 1.9

Recall after 
5 min + cued recall

Measured value
P 4.6 1.2 4.7 1.6 4.9 1.3

A 5.4 1.0 4.8 1.2 5.8 0.8

Amount of change
P 0.1 1.8 0.3 2.1

0.428
A –0.6 1.2 0.4 1.4

Verbal fluency 
test

Names of vegetables

Measured value
P 15.7 3.2 15.1 5.1 16.2 3.5

A 16.1 3.6 16.1 3.5 17.3 4.4

Amount of change
P –0.6 3.6 0.5 3.4

0.837
A 0.0 3.1 1.2 3.0

Words that begin 
with “a”

Measured value
P 13.4 3.8 15.1* 5.1 14.3 3.3

A 13.5 4.1 13.6 3.8 15.5 3.7

Amount of change
P 1.7 2.2 0.9 3.2

0.198
A 0.1 4.0 2.0 4.4

Animal words

Measured value
P 16.9 5.8 19.4 6.3 19.8 6.4

A 16.8 4.0 18.3 4.3 18.6* 4.3

Amount of change
P 2.5 5.8 2.8 5.0

0.756
A 1.5 3.4 1.8 2.6

Stroop test

Step 1

Measured value
P 58.1 6.2 57.6 7.3 59.5 8.7

A 56.3 6.3 59.5* 7.5 61.0** 6.2

Amount of change
P –0.5 5.6 1.4 5.7

0.110
A 3.2 4.9 4.7 4.1

Step 2

Measured value
P 47.8 6.0 49.6 4.5 50.6 7.8

A 48.1 6.2 51.1* 6.3 52.7** 5.3

Amount of change
P 1.8 4.7 2.8 7.0

0.619
A 3.0 4.9 4.6 5.0

Step 3

Measured value
P 38.3 3.5 38.8 3.7 41.2** 4.2

A 38.8 3.7 41.5** 4.3 41.8** 4.3

Amount of change
P 0.5 3.1 2.8 3.2

0.160
A 2.6 3.2 3.0 3.6

Step 4

Measured value
P 33.5 4.1 34.8 3.4 36 4.4

A 33.4 4.5 34.2 4.1 35.4 5.0

Amount of change
P 1.3 2.7 2.5 4.1

0.946
A 0.8 5.2 1.9 5.6
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similar doses (the study of Katagiri et al.(23) vs the present study;
asthaxanthin doses: 0, 6 and 12 mg/day vs 0 and 8 mg/day) and
subjects (the subjects were aged 45–64 years old in both studies)
were used, it is likely that the presence of statistically significant
differences is related to the source of astaxanthin. Besides
astaxanthin, adonirubin and adonixanthin are found between 20
and 30% in carotenoid derived from P. carotinifaciens, and can
efficiently quench singlet oxygen.(18) Inoue et al.(39) reported that
adonirubin and adonixanthin suppressed reactive oxygen species
production and protected cells against light-induced damage as
astaxanthin, and adonixanthin protected against light-induced cell
damage through not only an anti-oxidative response but also
through Nrf2 activation. In addition, it was reported that human
neurodegenerative diseases have been associated with inflamma-
tion and dysregulation of the Nrf2 system.(40) Therefore, adoni-
rubin and adonixanthin exhibit a multiplier effect with astaxanthin
in terms of the antioxidant properties and biological activations
like Nrf2, which may explain why a greater improvement in
cognitive function was observed in the present study. Further
investigation into the effect of different derivations is required.
Regarding safety, an investigation of adverse events indicated

that subject ID 4161 (group P) developed acne vulgaris; however,
the principal investigator determined this to be “likely unrelated”
to the supplement. All other adverse events were determined to
be “unrelated” to the supplement. There were no abnormalities in
the physical measurements or other tests performed. Although
there were some significant differences observed in several items
compared with the baseline, under the conditions of the present
study, we concluded that astaxanthin supplement was safe for

administration. This conclusion is consistent with the findings
of Katsumata et al.,(17) who reported that repeated administration
of astaxanthin derived from P. carotinifaciens by rats over 13
weeks at a dose of 1,000 mg/day was not associated with negative
effects.
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