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Abstract

Background/Objectives: Cognicise (multicomponent exercise) and Chlorella (microbial food)
improve cognitive function independently. However, their combined effect and underlying
mechanisms, including antioxidant capacity and metabolite fluctuations, remains unelucidated. We
investigated the effect of multicomponent exercise combined with Chlorella intake on cognitive
function in community-dwelling older adults and assessed changes in reactive oxygen species (ROS),
free radical scavenging activity, and blood metabolites. Methods: In this double-blind comparative
study conducted over 6 months, 16 older adults randomly received either Chlorella (Ex+C group) or
a placebo (Ex+P group) alongside performing multicomponent exercise. Cognitive function
(memory, attention, executive, and information processing) was assessed using the National Center
for Geriatrics and Gerontology-Functional Assessment Tool. The scavenging activity against various
ROS and free radicals was measured, and a comprehensive metabolomic analysis was performed.
Results: A significant interaction was observed for information processing function, improving
significantly in both groups post-intervention. The Ex+P group showed a significant executive
function decline; no such change was observed in the Ex+C group. The Ex+C group exhibited
significantly improved OH- scavenging activity post-intervention. Free radical scavenging activity
increased in both groups. Metabolomic analysis revealed significant changes in 29 and 25 metabolites
in the Ex+C and Ex+P groups, respectively, between before and after the intervention. Conclusions:
Combining multicomponent exercise and Chlorella intake may increase metabolites, thereby
improving the scavenging activity of ROS and free radicals. This approach can improve information
processing ability while preventing the significant executive function decline of exercise alone.

Trial registration: UMIN Clinical Trials Registry (UMIN000032847), available at:
https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000037451
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1. Introduction

In Japan, approximately two-thirds of dementia cases are caused by Alzheimer’s disease (AD)
[1], and the number of people with dementia in Japan is projected to reach 7 million by 2025 [2].
Dementia is an irreversible disease, and AD, which is the main cause of dementia, has no established
cure. Therefore, it is extremely important to establish preventive measures to suppress cognitive
function decline during the mild cognitive impairment (MCI) stage [3], when it is possible to restore
cognitive function to normal or pre-MCI levels. Risk factors for AD include depression, diabetes,
hypertension, obesity, smoking, and lack of physical activity. Research in the United States has shown
that lack of physical activity has the largest impact on AD [4]. Cohort studies have highlighted that
improving physical activity and establishing an active lifestyle can reduce the risk of developing AD
[6-7]. Several interventional studies have reported that aerobic and strength training may improve
cognitive function and contribute to AD prevention [8,9]. Dual-task training, which combines
physical activity (such as aerobic training) with cognitive tasks, is expected to improve cognitive
function [10,11]. Research comparing dual-task training with simple aerobic or strength training has
revealed greater improvements in cognitive function with dual-task training [11].

Cognicise (a multicomponent exercise) is a type of dual-task training that is gaining attention.
The term “cognicise” is a coined word for “cognition” and “exercise.” It is a complex exercise
program that was developed by the National Center for Geriatrics and Gerontology, which combines
exercise and cognitive training (Education and Innovation Center for Geriatrics and Gerontology).
Multiple reports have revealed the effects of multicomponent exercise on improving cognitive
function [12,13]. Shimada et al. [13] showed that 40 weeks of multicomponent exercise improved
logical memory and overall cognitive function. Another intervention study showed that 24 weeks of
multicomponent exercise improved overall cognitive function, working memory, and executive
function [12]. Therefore, multicomponent exercise, which is a type of dual-task training, is believed
to be effective in improving cognitive function in older adults.

Additionally, patients with AD have increased levels of oxidative modification products such as
nucleic acids and lipids in the brain and cerebrospinal fluid that are in a state of high oxidative stress
[14,15]. Antioxidants suppress oxidative stress, and various studies have reported that vitamin intake
may prevent AD [16,17]. A cohort study approximately spanning a 4-year period in the United States
showed that people with high dietary vitamin E intake had a 0.3-fold lower risk of developing AD
than those with low intake [16]. Therefore, intake of appropriate nutraceuticals is thought to be an
effective intervention method for preventing decline in cognitive function.

Chlorella is a green alga that lives in freshwater. It is a microbial food that is believed to improve
cognitive function. It is a unicellular, spherical or ellipsoidal alga with a 2-10-um diameter, rich in
protein, and contains nutrients such as vitamins, carotenoids, and minerals [18]. Research involving
mice have demonstrated that Chlorella intake improves memory function in mice [19]. Furthermore,
Miyazawa et al. [20] reported that Chlorella intake reduces peroxidized phospholipid concentrations
in red blood cells, which are believed to be common in patients with AD. Studies on humans have
reported that Chlorella intake contributes to improvement in cognitive function [21].

The effects of multicomponent exercise and Chlorella on cognitive function have been confirmed
individually. Exercise combined with food or dietary advice has been studied for its effects [22-27].
Omega-3 fatty acid intake, combined with aerobic exercise and cognitive stimulation, prevents
atrophy in AD-related brain regions in MCI patients, compared to omega-3 fatty acid intake with
stretching and toning [24]. Aerobic exercise enhances executive function in adults vulnerable to
cognitive decline [23]. Among frail older adults, cognitive training provided the greatest cognitive
benefits, while nutritional and physical interventions alone offered modest short-term or no cognitive
improvements [26]. In frail and pre-frail older adults, resistance exercise combined with protein
supplementation improved information processing speed, and exercise alone enhanced attention and
working memory [27]. However, creatine supplementation had no significant impact on cognitive
function or emotional parameters in healthy older adults [25]. Strength training improved emotional
state and muscle strength but not cognition, with no added benefits from creatine [25]. However, to
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the best of our knowledge, no intervention studies exploring the combination of multicomponent
exercise and Chiorella intake have been performed. Hence, investigating the effects of combined
exercise and food intake on cognitive function, including in vivo indicators such as antioxidant
capacity and metabolite fluctuations, may elucidate the underlying mechanism. The antioxidant
enzyme effect of exercise training is inhibited when vitamin C or E is combined with exercise training
[28]. When conducting an intervention that combines exercise and nutrient intake, this complexity
may prevent the assessment of specific antioxidants and antioxidant enzymes from sufficiently
assessing the antioxidant capacity of humans. Therefore, this study aimed to examine the effect of
combining multicomponent exercise and Chlorella intake on cognitive function in community-
dwelling older adults (68-86 years); to comprehensively investigate changes in Chlorella intake-
induced reactive oxygen species (ROS), radical scavenging activity, and the state of blood metabolites
using metabolomics analysis; and to assess the effect of a combined intervention of multicomponent
exercise and Chlorella intake on human antioxidant capacity from multiple perspectives.

2. Materials and Methods
2.1. Participants

2.1.1. Ethics Statement

This study was conducted in accordance with the principles of the Declaration of Helsinki, and
ethical approval was obtained from the Research Ethics Review Committee on Human Subjects of
Doshisha University (approval number 18001, dated May 30, 2018). The trial was registered with the
UMIN Clinical Trials Registry (UMIN000032847), and written informed consent was obtained from
all participants. The participants were informed of the content, purpose, and significance of the study,
and their written and verbal consent was obtained for publication of the obtained data. In addition,
the participants were given 1 month to decide their willingness to participate.

2.1.2. Recruitment of Participants

Participants were recruited by posting notifications on the community bulletin board and as
flyers in the local neighborhood association of Kyoto city from the end of May to early June 2018. The
inclusion criterion for participation in the study was healthy Japanese individuals aged 65-90 years.
Patients on warfarin or other anticoagulant medications and patients with dementia were excluded.
Seventeen individuals applied for the study. These participants were community-dwelling older
adults (7 men, 10 women) who did not have dementia or MCI and belonged to Shimogyo PoPPo Juku,
an organization that promotes health and social interaction in Shimogyo Ward, Kyoto City. One man
dropped out of the study owing to an unrelated injury; therefore, 16 participants (6 men and 10
women) were finally included in the study. CONSORT Flow Diagram and Checklist are attached as
Figure S1 and Table S1.

2.2. Intervention Method

2.2.1. Test Food

In this study, participants were divided into two groups using stratified block randomization.
The randomization code was set by a researcher who was not engaged in running the trial, using
computer-generated random numbers. One group was prescribed a tablet with Chiorella (Sun
Chlorella Co., Ltd., Kyoto, Japan) (Ex+C group), and the other was prescribed a placebo (Ex+P group),
which contained dextrin instead of Chiorella. The composition of Chilorella and placebo tablets is given
in Tables 1 and 2, respectively. Both tablets were identical in appearance, making it impossible to
distinguish between the Chlorella and placebo tablets. The test food provider (Sun Chlorella Co., Ltd.,
Kyoto, Japan) sorted both tablets into “Group 1” and “Group 2.” The researchers themselves were
unaware of which tablet contained Chlorella from the time of distribution until the completion of all
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assay items. Hence, double blinding was achieved. Participants were instructed to ingest the test food
orally twice a day, 20 tablets in each session (8 g in total), after breakfast and dinner for 6 consecutive
months between July and December 2018. Each tablet was 8 mm in diameter and 4.5 mm high,

making them easy to swallow.

Table 1. Compositions of Chiorella diets.

Raw materials Mixing ratio (%) Mixing amount (mg/tablet)
Chlorella dry powder 95.50 191.00
Lecithin 4.50 9.00
Total 100.00 200.00

Table 2. Compositions of placebo diets.

Raw materials Mixing ratio (%) Mixing amount (mg/tablet)
Digestibility dextrin 82.50 165.00
Brilliant blue FCF 0.17 0.34
Tartrazine 0.83 1.66
Caramel color 16.50 33.00
Total 100.00 200.00

2.2.2. Multicomponent Exercise

Participants in both groups were asked to perform multicomponent exercises for 6 months,
beginning 2 weeks after starting the test food intake and lasting till 2 weeks before the end of the test
food intake. The multicomponent exercise sessions were conducted using a classroom format twice
a month for approximately 60 min per session. The multicomponent exercises were designed to be
enjoyable and easy to conduct; mild exercise tasks were selected to avoid strain or pain to the
participants, and cognitive tasks were designed to place a cognitive load on their brains. Examples of
multicomponent exercises include counting the number of steps during a step exercise, clapping
hands when the number is a multiple of three, raising both hands when the number is a multiple of
five, or playing a word chain game while tapping one’s feet while seated in a chair. All tests were
conducted at Campus Plaza Kyoto, Kyoto City, Japan.

2.2.3. Blood Sampling and Sample Preparation for Measurements

Blood samples were collected at Campus Plaza Kyoto, Kyoto City, Japan. We sampled 2 mL of
blood from the participants before beginning the test food intake and on the day after the end of the
intake. Samples were collected in vacuum blood sampling tubes (Benoject II; Terumo Corp., Tokyo,
Japan) preloaded with an anticoagulant, and human ethylenediaminetetraacetic acid (EDTA) plasma
was prepared. The vacuum blood sampling tube was centrifuged (Model 2800 tabletop refrigerated
centrifuge, Kubota Corp., Tokyo, Japan) at 4 °C, 1,200 x g rotation speed, and 10-min rotation period.
Following centrifugation, we dispensed 200 uL of plasma from the vacuum blood sampling tube into
a 1.5-mL microtube and stored the sample at =80 °C until analysis.

2.3. Survey Items

2.3.1. Basic Attributes

We interviewed participants to obtain data regarding their age, sex, height, weight, years of
education, certification of long-term care needs, medical history (stroke, Parkinson’s disease,
depression, dementia, MCI, or other brain diseases), and activities of daily living (eating, grooming,
walking, bathing, or climbing stairs).
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2.3.2. Cognitive Function

Cognitive function tests were performed before the start of test food consumption and on the
day after the end of test food consumption at Campus Plaza Kyoto, Kyoto City, Japan. The Hasegawa
Dementia Scale-Revised [29] was used as a screening test to assess overall cognitive function. We also
assessed memory, attention, executive, and information processing functions using the National
Center for Geriatrics and Gerontology-Functional Assessment Tool (NCGG-FAT) [30].

The NCGG-FAT is a cognitive function test developed by the National Center for Geriatrics and
Gerontology and is administered using a tablet computer. Multiple conventional cognitive function
tests and cognitive function assessments from various perspectives, including visual-spatial
cognition and working memory, with memory, attention, executive, and information processing
functions as basic items, were incorporated in this test. The validity and reliability of the NCGG-FAT
have been confirmed previously [31].

2.3.3. Reactive Oxygen Species and Free Radical Scavenging Activity

All tests were performed using plasma samples, as described in section 2.3, on the day following
the end of test food consumption at Doshisha University, Kyo-Tanabe City, Japan. Analyses were
outsourced to Human Metabolome Technologies, Inc (Tsuruoka, Yamagata, Japan).

The multiple free radical scavenging capacity method (MULTIS method) is used to assess the
antioxidant capacity of biological samples from various perspectives by measuring the scavenging
activity of six types of ROS and free radicals: hydroxyl (OH-), superoxide (Oz-), alkyloxy (RO-),
alkylperoxy (ROO-), methyl radicals (-CHs), and singlet oxygen ('O2) [32]. ROS and free radical
scavenging activities are strongly dependent on the ROS and free radical type being scavenged [33],
and various antioxidants and antioxidant enzymes have comprehensive effects on the corresponding
ROS and free radicals.

We measured the amount of ROS and free radicals scavenged by the samples using the electron
spin resonance (ESR) spin-trapping method described below. Subsequently, we calculated the
equivalent scavenging capacity of various antioxidants (standard substances) based on the measured
amount of ROS and free radicals scavenged, and this value was used to indicate the ROS and free
radical scavenging activity.

ESR spin trapping is a type of spectroscopy that detects atoms and molecules with unpaired
electrons [34]. The lifespan of ROS and free radicals is extremely short; therefore, they are covalently
bonded with a molecule called a spin-trapping agent to make them stable molecules (spin adducts),
which are subsequently used to measure the concentration of ROS and free radicals indirectly. The
spin trap agents used in this study were 5-(2,2-dimethyl-1, 3-propoxycyclophosphoryl)-5-methyl-1-
pyrroline N-oxide (CYPMPO: Mikuni Seiyaku Co., Ltd., Osaka, Japan) and 2,2,6,6-tetramethyl-4-
piperidone (TMPD: Mikuni Seiyaku Co., Ltd.). Notably, 'Oz is not radical, as it does not have an
unpaired electron; however, it can be measured when it combines with TMPD to generate
TMPD- through an oxidation-reduction reaction.

Each radical was measured using an X-band Microwave Unit ESR device (RE Series, JEOL Ltd.,
Tokyo, Japan) under the conditions listed in Table 3 and analyzed using WIN-RAD (ver. 1.30; Radical
Research Co. Ltd., Tokyo, Japan).

Table 3. Measurement conditions for electron spin resonance (ESR).

ROS OH- Oz RO- ROO- -CHs 102
Precursor/sensitizer H:0: Riboflavin ~ AAPH  t-Butyl-oo H:20., DMSO Pterin
UV/VL UV, 5s VL, 30s UV, 5s UV, 5s UV, 5s UV, 5s
Spin trap CYPMPO CYPMPO CYPMPO CYPMPO CYPMPO TMPD
Antioxidant equivalent GSH SOD Trolox  a-lipoic acid BSA GSH
Sample dilution ratio 20x 10x 10x 10x 40x 40x
Sweep Width 7.5 mT 7.5 mT 7.5 mT 7.5 mT 7.5 mT 7.5 mT
Gain 100 630 or 790 500 or 1,000 630 or 2,000 100 or 160 100
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Time constant 0.03s 0.03s 0.1s 0.1s 0.03s 0.1s
Sweep time 2 min 2 min 2 min 2 min 2 min 2 min
Temperature 25°C 25°C 25°C 25°C 25°C 25°C
Power 6 mW 6 mW 6 mW 6 mW 6 mW 6 mW

ROS: reactive oxygen species, OH-: hydroxyl radical, Oz+: superoxide radical, RO-: alkyloxy radical,
ROO:: alkylperoxy radical, -CHs: methyl radical. 'O2: singlet oxygen, AAPH: 2,2'-azobis-2-methyl-
propanimidamide dihydrochloride, t-Butyl-oo: tert-butyl hydroperoxide solution, CYPMPO: 5-(2,2-
dimethyl-1, 3-propoxycyclophosphoryl)-5-methyl-1-pyrroline N-oxide, TMPD: 2,2,6,6-tetramethyl-4-

piperidone, GSH: glutathione, SOD: superoxide dismutase, BSA: bovine serum albumin.

We added 200 mM PB (pH 7.4, 100 uL), 100 mM CYPMPO (20 pL), 10 mM dimethyl triamine
pentaacetic acid (DTPA: Fujifilm Wako Pure Chemical Corp., Osaka, Japan) (20 pL), distilled water
(20 pL), and 100 mM H:0: (Fujifilm Wako Pure Chemical Corp.) (20 puL) to 20-fold diluted EDTA
plasma (20 pL). Next, the mixture was irradiated for 5 s using an ultraviolet (UV) irradiator
(SUPERCURE-203, San-Ei Electric Co., Ltd., Osaka, Japan) (using a total reflection mirror and heat-
cutting filter). The resulting OH- that was generated was captured by the spin-trapping agent
CYPMPO. The relative intensity was assessed using the fifth signal on the detection waveform.
Meanwhile, when the sample was added, the relative intensity was calculated with the control set as
100%. A calibration curve was created using the standard substance reduced glutathione (reduced
GSH: Fujifilm Wako Pure Chemical Corp.). The relative intensity of the control was set as 10, and
when reduced GSH was added at each concentration, the intensity was set as I, with the vertical axis
set as 10/I-1 and the horizontal axis set as the reduced GSH concentration.

We added 200 mM PB (pH 7.4, 100 uL), 100 mM CYPMPO (20 pL), 100 mM ethylenediamine-N,
N, N’, N’-tetraacetic, acid disodium salt, dehydrate (EDTA-2Na: Fujifilm Wako Pure Chemical Corp.),
distilled water (20 pL), and 250 uM riboflavin (Fujifilm Wako Pure Chemical Corp) (20 pL) to 10-fold
diluted human EDTA plasma (20 pL). The mixture was subsequently irradiated for 30 s using a UV
irradiator (total reflection mirror, filter HA-30, and G533 used in combination). The resulting Oz-
generated was captured using CYPMPO. The relative intensity was assessed using the fifth signal,
and when the sample was added, the intensity was converted to 100% with the control set. A
calibration curve was generated using the standard substance superoxide dismutase (SOD: Fujifilm
Wako Pure Chemical Corp.). The relative intensity of the control was set as 10, and when each
concentration of SOD was added, the intensity was set as I, with the vertical axis set as I0/I-1 and the
horizontal axis set as the SOD concentration.

We added 200 mM PB (pH 7.4, 100 uL), 100 mM CYPMPO (20 pL), distilled water (40 uL), and
10 mM 2,2"-azobis-2-methyl-propanimidamide dihydrochloride (AAPH: Fukakoshi Co., Ltd., Tokyo,
Japan) (20 pL) to 10-fold diluted human EDTA plasma (20 pL). The mixture was subsequently
irradiated using a UV irradiator for 5 s (using a total reflection mirror and heat-cutting filter), and the
generated RO was captured using CYPMPO. The relative intensity was assessed using the fifth signal,
and when the sample was added. The relative intensity was converted to 100% with the control set.
A calibration curve was constructed using the standard substance Trolox (Fujifilm Wako Pure
Chemical Corp.). The relative intensity of the control was set as 10, and when each concentration of
trolox was added, the intensity was set as I, with the vertical axis set as 10/I-1 and the horizontal axis
set as the Trolox concentration.

We added 200 mM PB (pH 7.4, 100 puL), 100 mM CYPMPO (20 uL), distilled water (40 uL), and
100 mM tert-butyl hydroperoxide solution (t-butyl-oo: Fujifilm Wako Pure Chemical Corp.) (20 uL)
to 10-fold diluted human EDTA plasma (20 pL). Next, the mixture was irradiated using a UV
irradiator for 5 s (using a total reflection mirror and heat-cutting filter), and the resulting
ROOQO:- generated was captured using CYPMPO. The relative intensity was assessed using the fifth
signal, and when the sample was added, the relative intensity was converted to 100% with the control
set. A calibration curve was created using the standard substance a-lipoic acid (Fujifilm Wako Pure
Chemical Corp.). The relative intensity of the control was set as 10, and when each concentration of
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a-lipoic acid was added, it was set as I, with the vertical axis set as 10/I-1 and the horizontal axis set
as the a-lipoic acid concentration.

We added 200 mM PB (pH 7.4, 100 puL), 100 mM CYPMPO (20 pL), distilled water (20 uL), 500
mM DMSO (20 pL), and 1 M H20: (20 pL) to 40-fold diluted human EDTA plasma (20 pL). The
mixture was subsequently irradiated using a UV irradiator for 5 s (using a total reflection mirror and
heat-cutting filter), and the resulting -CHs generated was captured using CYPMPO. The relative
intensity was assessed using the fifth signal, and when the sample was added, the intensity was
converted with the control set to 100%. A calibration curve was created using the standard substance
bovine serum albumin (BSA: Fujifilm Wako Pure Chemical Corp.). The relative intensity of the
control was set as 10, and when each concentration of BSA was added, it was set to I with the vertical
axis set as I0/I-1 and the horizontal axis set as the BSA concentration.

We added 200 mM PB (pH 7.4, 100 pL), 100 mM TMPD (20 uL), distilled water (20 puL), 10 mM
DTPA (20 pL), and 1 mM pterin (Fujifilm Wako Pure Chemical Corp.) (20 uL) to 40-fold diluted
human EDTA plasma (20 uL). Next, the mixture was irradiated for 60 s using a UV irradiator (total
reflection mirror, HA-30, and G533 used in combination), and the resulting 'O: generated was
captured using TMPD. The relative intensity was assessed using the second signal, and when the
sample was added, the intensity was converted with the control set to 100%. A calibration curve was
generated using a standard that reduces GSH. The relative intensity of the control was set as 10, and
when each concentration of reduced GSH was added, the intensity was set as I, with the vertical axis
set as 10/I-1 and the horizontal axis set as the reduced GSH concentration.

2.3.4. Metabolomics Analysis

Metabolome refers to the total number of metabolites present in living organisms and tissues.
Comprehensive qualitative and quantitative analyses of these metabolites are called metabolomics
analysis [31]. In this study, we used metabolomics to comprehensively analyze metabolites that
constantly undergo in vivo changes, efficiently capturing changes in cognitive function as well as
metabolic state that occur in the body owing to Chlorella intake. All tests were performed using
plasma samples described in section 2.3 on the day following the end of test food consumption.

We added 200 pL of methanol containing an internal standard (H3304-1002, Human
Metabolome Technologies Inc. [HMT], Yamagata, Japan) to 50 puL of plasma at 0 °C to suppress
enzyme activity. Approximately 150 pL of Milli-Q water was added to the extract and mixed
thoroughly, after which 300 pL of the mixture was centrifuged at 9,100 x g and 4 °C for 120 min using
a Millipore 5-kDa cutoff filter (ULTRAFREE MC PLHCC, HMT, Yamagata, Japan) to remove
macromolecules. The filtrate was subsequently evaporated to dryness in a vacuum and redissolved
in 50 pL of Milli-Q water.

We added 300 uL of 1% formic acid/acetonitrile containing an internal standard (H3304-1002,
HMT) at 0 °C to 100 pL of plasma to suppress enzyme activity. The mixture was centrifuged at 2,300
x ¢ and 4 °C for 5 min and filtered using a Hybrid SPE phospholipid cartridge (Hybrid SPE —
Phospholipid 30 mg/mL, SUPELCQO, Pennsylvania, United States) to remove the phospholipids. Next,
the filtrate was evaporated to dryness under nitrogen and redissolved in 100 puL of 50% isopropanol
(v/v).

Metabolomic analysis was commissioned to the HMT and conducted according to the following
procedure: Capillary electrophoresis time-of-flight mass spectrometry (CE-TOFMS) and liquid
chromatography time-of-flight mass spectrometry (LC-TOFMS) were conducted following
previously described methods based on the Dual Scan package of HMT [35,36]. CE-TOF-MS analysis
was conducted using an Agilent CE capillary electrophoresis system equipped with an Agilent 6210
time-of-flight mass spectrometer (Agilent Technologies, California, United States). Furthermore, LC-
TOEF-MS analysis was performed using an Agilent 1200 HPLC pump equipped with an Agilent 6210
time-of-flight mass spectrometer (Agilent Technologies, California, United States). The system was
controlled using the Agilent G2201AA ChemStation software version B.03.01 (Agilent Technologies,
California, United States) for CE and MassHunter (Agilent Technologies, California, United States)
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for LC. A spectrometer was used to scan from a mass-to-charge ratio (m/z) of 50-1,000, and the peaks
were extracted using the automatic integration software MasterHands (Keio University, Yamagata,
Japan). Next, we obtained the m/z, peak area, and migration time (MT) for CE-TOF-MS and the
retention time (RT) for LC-TOFMS [37]. Signal peaks corresponding to the known isotopes of
metabolites, adduct ions, and other product ions were excluded, and the remaining peaks were
annotated with metabolites estimated from the HMT metabolite database based on the m/s value,
MT, and RT. To obtain the relative value of each metabolite, the annotated peak areas were
standardized using the internal standard and sample amount.

2.4. Statistical Processing

All data are presented as mean * standard deviation. We assessed cognitive function and
ROS/free radical scavenging activity using the unpaired t-test or Mann-Whitney U test to compare
the pre- and post-intervention groups. The paired t-test and Wilcoxon signed-rank tests were used to
compare the pre- and post-intervention groups. We also conducted a two-way analysis of variance
with duplicate measurements for each group (Ex+C group, Ex+P group) x period (pre-intervention
and post-intervention). We conducted a metabolomic analysis using the paired t-test or Wilcoxon
signed-rank test for within-group comparison based on the pre- and post-intervention. We used the
Mann-Whitney U test and Wilcoxon signed-rank tests for items for which normality was not
confirmed. We used IBM SPSS Statistics 27 (IBM Japan, Tokyo, Japan] for statistical analysis, and the
statistical significance level was set at < 5%. We also used MetaboAnalysist 5.0 [38] (MetaboAnalyst
5.0) for heat map creation and principal component analysis (PCA) in the metabolomics analysis.

3. Results

3.1. Basic Attributes

The average age of all study participants was 76.5 years (range, 68—86 years). The average age of
participants in the Ex+C and Ex+P groups was 76.9 years and 76 years, respectively. Table 4 presents
the results of the basic attributes compared between the two groups. None of the measurement
parameters differed significantly between the Ex+C and Ex+P groups.

Table 4. Baseline characteristics of the participants.

Ex+tC (n=9) Ex+P (n=7) t(z) P
Age, y 769+5.6 76.0+£3.7 036 0.721
Male sex, n (%) 4 (44%) 2 (29%) - -
Height, cm 156.8 + 8.9 157.2+9.4 -0.08  0.940
Weight, kg 56.4+7.9 63.4+18.1 -1.05 0312
Educational level, y 121+31 123+26 -0.12 0.908
Cognitive functions
Word recognition (immediately), 70414 84+10 079 0443
score
Word recall (delay), score 54+25 44+22 0.85 0.407
Word recognition (delay), score 71+£29 74+2.6 (0.00)  1.0002
Attention, s 182+25 184+29 -0.15  0.881
Executive, s 30.0+£12.0 353+164 (-0.69) 0.536°
Processing speed, score 48.6£9.4 47.1+11.8 0.27 0.793
ROS (equivalent)

OH:(mM-GSH) 33.3+6.6 34.4+26.9 -0.11 0918
O2+(U/mL-SOD) 13.9+7.2 16.4+9.7 -0.61  0.551
RO-(mM-Trolox) 95142 7.6+3.5 094  0.363
ROO-(mM-aLA) 12.5+6.0 15.7+9.9 -0.80  0.435

CHs(mM-BSA) 169.0 £ 104.4 150.3 £70.1 041  0.690
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102(mM-GSH) 74+34 71+1.7 (-0.58)  0.6062

Ex+C: Exercise + Chlorella group, Ex+P: Exercise + Placebo group, * Wilcoxon rank sum test

OH-:hydroxyl radical, Oz: superoxide radical, RO-: alkyloxy radical, ROO-: alkylperoxy radical, -CHs:
methyl radical. 'O2: singlet oxygen GSH: glutathione, SOD: superoxide dismutase, aLA: a-lipoic acid,

BSA: bovine serum albumin.

3.2. Cognitive Function Assessment

No significant differences were observed in the pre-intervention measurement items between
groups (Table 4). Meanwhile, two-way analysis of variance showed a significant interaction in
information processing function (F = 4.72, p <0.05) (Table 5). Pre- and post-intervention comparisons
revealed significant improvement in information processing functions in both the Ex+C and Ex+P
groups (Ex+C group: t=-13.71, p <0.01; Ex+P group: t=-8.65, p <0.01) (Table 5) and significant decline
in executive functions in the Ex+P group (z = -2.38, p < 0.01) (Table 5). Furthermore, no significant
differences were observed in any post-intervention measurement items between the groups (Table
5).

Table 5. Comparison of cognitive function and scavenging capacity of ROS between Ex+C group and Ex+P

group.
Ex+C(n=9) Ex+P (n=7) Group x time
Pre Post Pre Post F p
Word
recognition ;5 4 8.0+1.6 8.4+1.0 8.0+13 088 0363
(immediately),
score
Wordrecall = o) 55 5.6+24 44422 49428 017  0.686
(delay), score
Word
recognition  7.1+2.9 71+2.8 74426 84+0.8 145  0.248
(delay), score
Attention, s 18225  19.7+26 18.4+2.9 18.6+3.7 128 0277
Executive,s  30.0+120 360+145  353+164 451+181% 038 0548
POCeSSING 456404 60.0+124% 4714118 6261500 472 0.048°
speed, score
OH-(mM-GSH) 333+6.6 463152t  34.4+269 36.4+25.1 247 0138
Or«(U/mL-SOD) 139+72  153=117 16497 16.4+10.4 012 0739
RO-(mM- 95+4.2 11.0+23 7.6+35 95+3.7 004 0843
Trolox)
ROO-(mM-aLA) 125+60  162+102  157+99 23.8+11.1 068 0423
CH(mM-BSA) 169.0+1044 199.4+1543 150.3+70.1  1732+1203  0.03  0.875
10(mM-GSH) ~ 7.4+34 65+17 71+17 8.0+3.0 098 0338

Ex+C: Exercise + Chlorella group, Ex+P: Exercise + Placebo group, *: p <0.05, *: p < 0.05 vs Pre, **: p <
0.01 vs Pre, OH-: hydroxyl radical, O>: superoxide radical, RO-: alkyloxy radical, ROO-: alkylperoxy
radical, -CHs: methyl radical. 'Oz: singlet oxygen, GSH: glutathione, SOD: superoxide dismutase, aLA:

a-lipoic acid, BSA: bovine serum albumin.

3.3. ROS and Free Radical Scavenging Activity

No significant differences were observed in pre-intervention measurement items between
groups did not (Table 4). Furthermore, no significant interactions or between-group differences were
observed in any measurement items in two-way analysis of variance or post-intervention
comparisons (Table 5). The Ex+C group showed significant improvement in hydroxyl radical (OH-)
levels pre- and post-intervention (Table 5). The standard substance equivalents for each group are
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shown as radar plots, and the pre-intervention area was set to 100% to compare the pre- and post-
intervention areas. The radar plot area for the Ex+C group was 100% pre-intervention and 134.8%
post-intervention (Figure 1A). However, for the Ex+P group, it was 100% pre-intervention and 140.9%
post-intervention (Figure 1B).

a b
Ex+C group Ex+P group

OH:

ROO ROO-

—O—Pre - — & —Post —O—Pre - & —Post

Figure 1. Change in reactive oxygen species and free radical scavenging activity before and after intervention in
the (A) Ex+C group and (B) Ex+P group. Abbreviations: Ex+C: Exercise + Chlorella group, Ex+P: Exercise +
Placebo group, OH-: hydroxyl radical, O2-: superoxide radical, RO-: alkyloxy radical, ROO-: alkylperoxy
radical, -CH3: methyl radical. And 'Oz: singlet oxygen.

3.4. Metabolomics Analysis

A comprehensive search using metabolomic analysis identified 491 metabolites. We observed
significant changes in the levels of 29 metabolites in the Ex+C group (Table S2) and 25 metabolites in
the Ex+P group (Table S2). A significant increase was observed in the levels of zeaxanthin-1,
zeaxanthin-2, 3-cryptoxanthin-2, lutein-1, pyruvic acid, and others, while a significant decrease was
observed in the levels of 11-aminoundecanoic acid, Trp, y-tocopherol, and others in the Ex+C group.
A significant increase was observed in the levels of 1-methyladenosine, 2-oxoisovaleric acid, and
others, while a significant decrease was observed in the levels of creatinine, cyclohexylamine, and
others in the Ex+C group. A complete list of metabolites with changes in both groups is presented in
Table S2. Furthermore, the PCA results showed no significant differences between pre- and post-
intervention in either the Ex+C or Ex+P group (Figure 2).
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Figure 2. Principal component analysis plot diagrams in the first and second principal components.
4. Discussion

4.1. Influence of Multicomponent Exercise and Chlorella Intake on Cognitive Function

Our findings revealed that the combination of exercise and food intake led to significant
improvement in information processing speed and score. Within-group comparisons between pre-
and post-intervention showed significant improvement in information processing function in the
Ex+C group, along with significant improvement in information processing and significant decline
in executive functions in the Ex+P group. A 3-month intervention study on healthy older adults
wherein golf training was conducted once every 2 weeks and cognitive function was measured using
the NCGG-FAT reported a mean difference of 2.6 in the Digit Symbol Substitution Test score (a test
closely aligned with the processing speed), while the mean difference was 20.4 in the present study
[39]. Similarly, dual-task training, in which exercise and cognitive tasks were combined, improved
scores on the Symbol Digit Modalities Test, which includes elements of information processing
function [40]. In our study, both the groups performed multicomponent exercise, and their
information processing function improved significantly, suggesting that multicomponent exercise,
which is a type of dual-task training, could improve information processing function (processing
speed). Furthermore, Ngandu et al. [41] reported that a 2-year intervention combining exercise
training, dietary advice, cognitive training, and blood pressure management in older adults
improved information processing function. Additionally, a 6-month intervention study in this
population reported that adding protein supplementation to exercise training improved information
processing function in a group of patients who only underwent exercise training [27].

Meanwhile, executive function declined significantly in the Ex+P group, despite the
implementation of multicomponent exercise. Executive function involves setting goals, constructing
plans to achieve them, and executing them efficiently [42], which is a higher-level cognitive function.
The Trail Making Test (TMT) is widely used as a cognitive task to measure attention and executive
function among older adults. It involves connecting randomly arranged circles with a pencil, and
comes in Parts A (TMT-A) and B (TMT-B), which are used for functional evaluation of patients with
brain injury. Research investigating TMT scores over time in older adults revealed that TMT-B scores
tend to decrease with age [43]. As most participants in our study were adults of advanced age, we
inferred that the effects of multicomponent exercise were outweighed by aging. The Ex+P group
exhibited significant decline in executive function, whereas the Ex+C group did not. Notably,
Ngandu et al. [41] also showed improvements in executive function. In our study, we were unable to
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prevent decline in executive function due to aging, even when healthy older adults performed
multicomponent exercise. However, the finding that concomitant intake of Chlorella suppressed the
significant decline in executive function highlights the added value of combining nutritional
supplementation with exercise.

4.2. Influence of Multicomponent Exercise and Chlorella Intake on ROS and Free Radical Scavenging
Activity

The changes in ROS and free radical scavenging activity, associated with changes in cognitive
function, showed a significant increase in OH- scavenging activity in the Ex+C group. Chlorella has
antioxidant properties [19,20,44-48]. A study in which patients with obstructive pulmonary disease
received Chlorella for 2 months [47] and another study in which healthy individuals with a smoking
habit received Chiorella for 6 weeks [48], which showed increases in reduced GSH, which is mainly
involved in 'Oz, OH:, and ROO- scavenging; antioxidant enzymes SOD, catalase, and glutathione
peroxidase; and total antioxidant capacity, along with a decrease in malondialdehyde (MDA), which
is a marker of lipid peroxidation. Studies have also reported that Chlorella intake influences intestinal
flora [49], and short-chain fatty acids produced by intestinal bacteria have antioxidant capacity [50].
Therefore, Chlorella intake may have influenced the increase in OH- scavenging activity through
intestinal flora. Exercise training has antioxidant effects [51,52] An intervention study in which
healthy older adults underwent dual-task training combining exercise and cognitive tasks for 2
months reported a decrease in d-ROMs, an oxidative stress marker [52]. Furthermore, a study on
healthy men showed that endurance exercise or combined endurance exercise and strength training
increased antioxidant enzymes and reduced MDA [51]. Therefore, in our study, the combination of
multicomponent exercise and Chlorella intake may have improved the ROS/free radical scavenging
activity. Furthermore, OH- has the highest reactivity and oxidizing power among the six types of
ROS/free radicals measured in this study [36], suggesting that Chlorella intake effectively enhances
human antioxidant capacity.

4.3. Influence of Multicomponent Exercise and Chlorella Intake on Changes in the Appearance of Blood
Metabolites

In this study, we used metabolomic analysis to comprehensively assess changes in the
appearance of blood metabolites due to Chlorella intake. The results showed significant changes in
the levels of 29 and 25 metabolites in the Ex+C and Ex+P groups, respectively. Of the 29 metabolites
that showed significant changes in the Ex+C group, the levels of lutein, zeaxanthin, and uric acid,
which are associated with OH-scavenging activity and cognitive function, were significantly
increased. Lutein and zeaxanthin are xanthophyll carotenoids that are abundant in Chlorella. In vitro
research showed that they increase the reduced GSH [53]. An intervention study in mice showed that
administering lutein for 1 month caused a dose-dependent increase in reduced GSH [54]. Although
it was an in vitro study, lutein and zeaxanthin have approximately 1,000 times the OH- scavenging
activity of vitamin C [54]. Research has also reported that a high intake of lutein or zeaxanthin is
associated with improved cognitive function, with zeaxanthin being associated with information
processing function [55]. An interventional study also showed that lutein and zeaxanthin intake
improved cognitive function in older adults [56]. Carotenoids with yellow pigments, such as lutein
and zeaxanthin, also have scavenging activity against 'Oz, which has the same oxidizing power as
OH- [57]. Uric acid is a metabolite generated when purines are broken down, and a sustained high
concentration of it may cause cardiovascular diseases and renal dysfunction. In contrast, uric acid
has been shown to have OH: scavenging activity [58]. A 44-year cohort study reported that
individuals with higher uric acid levels had a lower risk of dementia [59]. Therefore, lutein and
zeaxanthin, present in contained in uric acid and Chlorella, were believed to have contributed to
maintaining and improving cognitive function by improving OH- scavenging activity.

Furthermore, 3-hydroxybutyric acid, testosterone, S-methylcysteine, succinic acid, and
stachydrine exhibited significant changes in the Ex+C group and were associated with increased
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ROS/free radical scavenging activity and improved cognitive function. 3-hydroxybutyric acid is a
ketone body that has been reported to have antioxidant effects [60] and cognitive benefits [61].
Testosterone is a steroid hormone belonging to the androgen family and has been associated with
antioxidant effects [62], reduced risk of dementia, and cognitive function [63]. Therefore, 3-
hydroxybutyric acid and testosterone may be involved in maintaining and improving ROS/free
radical scavenging activity and cognitive function. S-methylcysteine is an organic sulfur compound
found in many edible vegetables with antioxidant properties [64,65]. Additionally, succinic acid,
which also exhibited a significant increase in the Ex+P group, is a carboxylic acid that reduces GSH,
SOD, and MDA levels [66]. Stachydrine, a natural compound found in large amounts in citrus fruits
and amaranth herbs, has antioxidant properties [67]. Metabolites, such as S-methylcysteine,
stachydrine, and succinic acid, may also help improve ROS/free radical scavenging activity.

4.4. Mechanism of the Effect of Maintaining and Improving Cognitive Function by Implementing
Multicomponent Exercise Combined with Chlorella Intake

Several possible mechanisms may explain the effects of multicomponent exercise combined with
Chlorella intake on maintaining and improving cognitive function. The first mechanism involves
maintaining mitochondrial function. Mitochondria are important organelles that produce energy
during aerobic respiration. However, they are also the main sources of ROS and free radicals.
Mitochondrial DNA is easily damaged by ROS and free radicals [68], and this damage further
enhances the production of ROS and free radicals, which can cause various diseases, including AD
[69]. The Ex+C group in our study exhibited increased levels of several metabolites associated with
maintaining mitochondrial function. Succinic acid is a substrate of the mitochondrial respiratory
chain, and its increase may be involved in maintaining mitochondrial function. Reportedly, 3-
hydroxybutyric acid reduces the mitochondrial production of ROS and free radicals [70]. Therefore,
combining multicomponent exercise and Chlorella intake increases succinic acid and 3-
hydroxybutyric acid levels, which contributes to maintaining mitochondrial function. Exercise
training is believed to have various effects ranging from mitochondrial biogenesis to removal of
damaged mitochondria [71]. In our study, multicomponent exercise may have helped in maintaining
mitochondrial function. Based on these results, we speculate that combining multicomponent
exercise and Chlorella intake maintains mitochondrial function and helps maintain and improve
cognitive function by suppressing ROS and free radical production.

The second mechanism involves inhibiting the oxidation of erythrocyte membrane
phospholipids. Erythrocytes in patients with AD are known to exhibit progressive aging [72] and are
in an oxidized state. Aging erythrocytes have a reduced ability to supply oxygen to the brain and are
thus believed to be involved in the progression of dementia. Previous research has reported that the
concentration of phospholipid hydroperoxides (PLOOH), a marker of oxidative damage to
membrane lipids, decreased after 1 month of lutein intake in healthy participants [73]. Therefore, in
our study, the increase in lutein in the Ex+C group was speculated to suppress the oxidation of
erythrocyte membrane phospholipids. Furthermore, other metabolites with ROS and free radical
scavenging activities (zeaxanthin, uric acid, 3-hydroxybutyric acid, testosterone, S-methylcysteine,
succinic acid, and stachydrine) that showed a significant increase in the Ex+C group may also have
contributed to suppressing the oxidation of erythrocyte membrane phospholipids. Thus, it is
reasonable to assume that increased lutein and its metabolites derived from Chlorella intake, along
with the ROS and free radical scavenging effects of combined multicomponent exercise and Chlorella
intake, contribute to maintaining and improving cognitive function by suppressing erythrocyte
membrane phospholipid oxidation.

The third mechanism involves preventing damage to the blood-brain barrier (BBB). The BBB
controls the movement of substances, nutrients, and cells from the blood to the brain and from the
brain to the blood to maintain homeostasis in the central nervous system (CNS). BBB damage can
cause various neurological disorders, including AD [74]. Exercise has been shown to prevent BBB
damage caused by the kynrenine and renin-angiotensin-aldosterone (RAA) system [75]. Research has
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confirmed that endurance training increases the expression of kynurenine aminotransferase, which
promotes the production of kynurenic acid from neurotoxic kynurenine [75]. The metabolomic
analysis in our study showed a significant decrease in kynurenine in the Ex+P group; however, the
decrease was not significant in the Ex+C group. Therefore, multicomponent exercise may convert
kynurenine into kynurenic acid and prevent BBB damage. Additionally, ROS and free radicals are
produced by the kynurenine and RAA systems, and inflammatory cytokines [76], which promote
BBB damage and cell death in the CNS. In our study, metabolites with ROS and free radical
scavenging activities were increased by multicomponent exercise and Chlorella intake, and these
metabolites are believed to contribute to preventing BBB damage caused by ROS and free radicals.
Furthermore, the lutein and zeaxanthin contained in Chlorella are lipid-soluble; therefore, they may
penetrate the CNS without passing through BBB transporters and prevent cell death caused by ROS
and free radicals. The suppression of BBB damage by conducting multicomponent exercise and
administering Chlorella may be synergistic in preventing a decrease in the permeability of lutein and
zeaxanthin to the CNS or in promoting permeability. Considering these results, we cannot deny the
possibility that combining multicomponent exercise with Chlorella intake may have contributed to
maintaining and improving cognitive function by protecting the CNS through suppressing BBB
damage or maintaining and promoting lutein and zeaxanthin permeability to the CNS, thereby
maintaining BBB function. However, we did not measure the functional state of the BBB. Hence, the
mechanism through the BBB is still speculative. Further research elucidating the underlying
mechanism through experiments in mice is expected in the future.

4.5. Limitations and Future Tasks

This study has some limitations. First, the participants were healthy older adults who belonged
to a club where walking was a regular habit. Physical activity, active lifestyle, social participation,
and social networks [77,78] are recognized as protective factors against the onset of dementia;
therefore, the participants in this study may be relatively healthy on a cognitive level. Therefore, it is
unclear whether similar results would have been obtained if those with different physical activity
levels and social networks had participated. Second, the sample size of our study was small, and
participants were from a particular area. Therefore, future studies with larger sample size and target
area are required. Third, we did not confirm an increase in scavenging activity against 'Oz due to
Chlorella intake in our study; therefore, further research into the cause may be needed. Finally,
adherence to the tablet consumption and exercise intervention was not monitored, and non-
adherence may have influenced the study findings.

However, to the best of our knowledge, this is the first study to investigate the effects of exercise
and food intake on cognitive function, along with changes in ROS and free radical scavenging activity
and changes in metabolites using metabolomic analysis. The mechanism by which cognitive function
is maintained and improved by combining multicomponent exercise and Chlorella intake could not
be clarified, although our results may help in elucidating this mechanism. Therefore, the fact that
combining multicomponent exercise, which is easy to perform and continue, with Chlorella intake can
maintain and improve cognitive function is expected to be an important finding in Japan, an ultra-
aging society. Previous studies in this field have mostly been basic research or reports using
laboratory animals. This study reports the results of actual exercise and food intake by elderly people,
and its contribution is significant.

5. Conclusions

In this study, we confirmed the effects of multicomponent exercise and Chlorella intake on
cognitive function in community-dwelling older adults. We also conducted a comprehensive search
for changes in ROS and free radical scavenging activity and changes in the appearance of blood
metabolites due to Chlorella intake. The results showed that combining multicomponent exercise and
Chlorella intake improved information processing function and prevented significant decline in
executive function. This is believed to result from an increase in metabolites such as lutein, zeaxanthin,
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uric acid, 3-hydroxybutyric acid, testosterone, S-methylcysteine, succinic acid, and stachydrine,
which enhanced ROS/free radical and OH- scavenging activities. Multicomponent exercise twice a
month for approximately 60 min each session for 6 months in combination with daily Chlorella intake
among healthy older adults can improve information processing function more than conducting
multicomponent exercise alone. Additionally, multicomponent exercises are not strenuous or painful
and can be enjoyed by friends and family; therefore, it is expected that participants will continue to
participate in the activity. Chlorella also contains various nutrients that cannot be easily ingested in a
normal diet. Therefore, the fact that combining multicomponent exercise, which is easy to perform
and continue, with Chlorella intake has been shown to maintain and improve cognitive function and
is expected to be an important finding in Japan, an ultra-aging society.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: CONSORT Checklist; Table S2: Comparison of metabolites in the Ex+C
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10, Singlet oxygen
AAPH 2,2'-Azobis-2-methyl-propanimidamide dihydrochloride
AC Acylcarnitine
AD Alzheimer’s disease
ADMA Asymmetric dimethylarginine
BBB Blood-brain barrier
BSA Bovine serum albumin
CE Capillary electrophoresis
CE-TOFMS Capillary electrophoresis time-of-flight mass spectrometry
*CHj; Methyl radical
CNS Central nervous system

CONSORT Consolidated Standards of Reporting Trials
CYPMPO 5-(2,2-Dimethyl-1,3-propoxycyclophosphoryl)-5-methyl-1-pyrroline N-oxide

DMSO Dimethyl sulfoxide
DTPA Diethylenetriamine pentaacetic acid
EDTA Ethylenediaminetetraacetic acid
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EDTA-2Na Ethylenediamine-N,N,N’,N'-tetraacetic acid disodium salt dihydrate

ESR Electron spin resonance

Ex+C Exercise + Chlorella group

Ex+P Exercise + placebo group

FCF Fast Green FCF (Brilliant Blue FCF)

GSH Glutathione

HMT Human Metabolome Technologies, Inc.

HPLC High-performance liquid chromatography

LC Liquid chromatography

LC-TOFMS Liquid chromatography time-of-flight mass spectrometry
Lys Lysine

MCI Mild cognitive impairment

MDA Malondialdehyde

MT Migration time

MULTIS Multiple free radical scavenging capacity method
NCGG-FAT  National Center for Geriatrics and Gerontology—-Functional Assessment Tool
(OL Superoxide radical

OHe Hydroxyl radical

PB Phosphate buffer

PCA Principal component analysis

PLOOH Phospholipid hydroperoxides

RAA Renin-angiotensin—aldosterone

ROe Alkyloxy radical

ROOe Alkylperoxy radical

ROS Reactive oxygen species

RT Retention time

SDMA Symmetric dimethylarginine

SOD Superoxide dismutase

SPE Solid-phase extraction

TMT Trail Making Test

TMPD 2,2,6,6-Tetramethyl-4-piperidone

TOFMS Time-of-flight mass spectrometry

Trp Tryptophan

UMIN University Hospital Medical Information Network
uv Ultraviolet

VL Visible light

aLA a-Lipoic acid

v-Glu-Thr v-Glutamyl-threonine
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