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Abstract: Spirulina maxima is a marine microalga that has been promoted worldwide as a super
food. This study was conducted to evaluate its ability to improve memory in the older adults using
Spirulina maxima 70% ethanol extract (SM70EE). This randomized, double-blind, placebo-controlled
clinical trial comprised 80 volunteers recruited from Jeonbuk National University Hospital in Jeonju,
Republic of Korea, who were randomly assigned to two groups. The participants received either
1 g/day of SM70EE or a placebo without otherwise changing their diet or physical activity. The
participants were examined at baseline and after a 12-week interval to determine whether there were
changes in their results for visual learning, visual working memory, and verbal learning tests from
the Korean version of the Montreal Cognitive Assessment, brain-derived neurotrophic factor and
beta-amyloid levels, and total antioxidant capacity. Compared to the placebo group, the treatment
group showed a significant improvement in visual learning and visual working memory test results
and enhanced vocabulary. SM70EE use was shown to improve memory, with no adverse effects.
Its efficacy in alleviating Alzheimer’s disease symptoms was verified for the first time through this
clinical trial. SM70EE could play a role in the management of patients with dementia. This trial is
registered with registration number of clinical research information service (CRIS: KCT0006161).

Keywords: microalgae; cyanobacterium; Spirulina maxima; clinical trial; memory improvement;
Alzheimer’s disease; functional food

1. Introduction

An increase in the elderly population and low birth rates are a worldwide phe-
nomenon, and this aging trend is shown to be closely related to the prevalence of memory
impairment [1,2]. While memory impairment cannot yet be completely prevented, the
importance of early intervention to delay onset by slowing down the condition or improv-
ing the symptoms has been emphasized [3]. Alzheimer’s disease (AD), which involves
the most severe level of memory impairment, is mostly irreversible, thus it is critical to
prevent deterioration of cognitive function [3,4]. Spirulina is a microalga known to be high
in nutrients and is considered one of the most perfect dietary supplements for humans
because it contains many bioactive substances. As a result, Spirulina has been primarily
studied in biological activities such as obesity and high blood pressure [5,6]. Spirulina
maxima 70% ethanol extract (SM70EE) has been administered to improve memory im-
pairment, with previous studies with scopolamine and amyloid-f3 (Af)-induced memory
impairment models showing a relation between SM70EE administration and increased
antioxidant effects [7-9]. This led to a significant improvement in cognitive outcomes
in animal behavior experiments, such as the Morris water maze and passive avoidance
experiments [7-9]. The development of new approaches and applications to promote
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memory improvement is critical for the prevention and delay of AD, particularly in its
early stages [3,4]. A mild cognitive impairment (MCI) assessment can be used as an index
to determine early potential memory impairment and indicate whether improvement is oc-
curring among patients in the pre-AD stage following specific interventions [10,11]. When
comparing the differences between individuals with MCI and those without MCI, MCI
appears to be a transitional phase between those with AD and those without AD, affecting
immediate memory, working memory, continuous attention, and selective attention [12,13].
MCI is known to particularly affect the visuospatial working memory before the verbal
working memory [14,15]. Between 1% and 2% of healthy individuals develop AD each year,
and 10-15% of those with MCI develop AD [16]. For this reason, improving the memory
function of those with MCl is likely to be helpful in preventing or delaying AD because
MCl is an index indicating an individual’s AD risk status.

In this study, the Korean version of the Montreal Cognitive Assessment (MoCA-K)
and a computerized neurocognitive function test (CNT) were used to check the effects of
SM70EE on memory function in those with MCI, in accordance with previous studies [17,18].
The characteristics of our study were analyzed in terms of the sample population, sample
size, eligibility criteria, the proportion of the population for which data were analyzed,
mean age with standard deviation, presence of a control group, timing of assessment,
and education level in relation to the MoCA-K score. To identify the clinical effects of
SM70EE on those with MCI, prototype capsules of SM70EE were taken daily and safety
assessments involving validity evaluations in terms of the MoCA-K, CNTs, brain-derived
neurotrophic factor (BDNF) and Af levels, total antioxidant capacity (TAC), and diagnostic
tests were conducted 12 weeks later. The SM70EE is effective against memory damage and
inhibited memory loss caused by 3-amyloid (AB) deposition, as shown in our previous
studies performed on animals [8,9,17]. However, there are no reports on the positive
effects of SM70EE on human cognitive function. Therefore, this study aimed to report
the effects of SM70EE on cognitive function in older adults (aged over 60 years) with
memory impairment.

2. Materials and Methods
2.1. Study Design and Population

This clinical study was a randomized, double-blind, placebo-controlled clinical trial
that was designed and conducted over a duration of 12 weeks to evaluate the memory
improvement effects of SM70EE use compared to that of a placebo [19,20]. The number
of individuals determined as necessary to participate in the trial (patients with MCI)
to ensure validity was 80, allowing for a possible 20% dropout rate that would leave
64 individuals. After completing the consent form to participate in the study, screening tests
were performed on 80 volunteers recruited from Jeonbuk National University Hospital
in Jeonju, Republic of Korea, who were divided into an SM70EE group and a placebo
group. They were found to have an average educational background of 10.31 £ 3.75 years
(SM70EE group 10.58 + 3.66 years, placebo group 10.05 & 3.86 years), and an average age
of 68.26 £ 4.68 years (SM70EE group 67.68 + 4.43 years, placebo group 68.85 + 4.89 years).
Participants with a history of surgery, severe health problems including hypertension,
clinical depression, diabetes mellitus, and thyroid diseases, those on any medication or
supplements that might affect metabolism, those with a history of allergy to medicinal
plant extracts or placebo products, and pregnant or lactating women were excluded from
the study cohort. Participants were encouraged to follow healthy lifestyle habits and were
advised to not make any significant changes to their diet and routine physical activity
during the 12 weeks of the study protocol. This interventional study was registered as
Protocol no. KIOST-CF-SM1 using the protocol registration system and was approved
by the medical ethics committee of the institutional review board of Jeonbuk National
University Hospital (CRIS: KCT0006161). All participants signed an approved, written
consent form at the initiation of the study [5,21].
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2.2. Randomization and Blinding

The 80 eligible participants were randomized into two equal-sized groups of 40 indi-
viduals each through an online randomization program (http://www.randomization.com/,
accessed on 21 April 2017). The investigators and participants were blinded to the treatment
regimens (double-blinded). The SM70EE and placebo samples were coded by a coinvesti-
gator who was not involved in the study. The eligible study participants were randomly
allocated to consume either a 1 g sample of an active SM70EE product or a placebo product,
three times a day for 12 weeks [5,21].

2.3. Preparation of SM70EE and the Placebo

The Korea Institute of Ocean Science and Technology (KIOST) (Jeju, Republic of Korea)
provided the SM70EE using a two-step method, as described in our previous studies [7-9].
In brief, S. maxima was cultured in a medium within a 6-ton-scaled open raceway pond at
the KIOST Jeju Marine Research Center to ensure the stability and safety of the chemical cell
components according to the rules of the Korean Ministry of Food and Drug Safety under
serial batch conditions [22]. S. maxima samples were extracted with 70% ethanol at a ratio
of 1:10 (w/v) through ultrasonic wave at a frequency of 40 kHz and room temperature for
8 h. Thereafter, the SM70EE pretreated was then extraction at 65 °C for 4 h until the end of
the process. In our previous study, both the chlorophyll-a treatment group and the SM70EE
treatment group showed neuroprotective activity [9]. Chlorophyll in SM70EE was a major
component and contained a concentration of 15.68 £ 0.76 mg/g. Since chlorophyll-a had
the efficacy in a concentration-dependent experiments, chlorophyll in SM70EE as a mixture
was used as an indicator in the clinical trials [7-9]. The placebo was prepared by dissolving
gardenia pigments (0.5% w/w) and caramel color (0.5% w/w) into drinking water, and was
identical to the SM70EE product in appearance and flavor [5,21].

2.4. Clinical Trial

This 12-week, randomized, double-blind, placebo-controlled clinical trial was per-
formed to evaluate the efficacy and safety of SM70EE for improving memory function.
The following factors were evaluated by comparing the effects of SM70EE with that of the
placebo. First, the effectiveness of SM70EE in improving memory function, as evaluated
using visual learning, visual working memory, and verbal learning tests, was compared
with that following placebo intake. Second, MoCA-K results, BDNF and Af levels, and
TAC were assessed to evaluate the efficacy and safety of SM70EE for improving memory
function compared to that of the placebo [23-25]. The inclusion criteria for the partici-
pants were as follows: (1) age 60 years or older at the time of the screening test, (2) those
who scored 25—28 points on the Korean mini-mental status examination (K-MMSE), and
(3) those who agreed to voluntarily participate and abide by the study requirements as
set out in writing after listening to the detailed explanations and fully understanding the
processes. The participants were first visited within 4 weeks from the screening visit and
enrolled in the clinical test after confirming their suitability. Subsequently, the participants
were randomly assigned into either the SM70EE or placebo group to complete the baseline
evaluation until the first visit [23-25]. After group assignment, the participants consumed
the relevant SM70EE or placebo samples three times a day (capsule whole weight 2.4 g/day)
after breakfast/lunch/dinner, for 12 weeks (SM70EE group: 1 g/day of SM70EE; placebo
group: 1 g/day without SM70EE) [8,9,17,26]. Subsequently, every 6 weeks, the participants
visited the Functional Food Clinical Trial Support Center at Cheonbuk National University
Hospital and underwent tests related to memory improvement, vital signs, drug adminis-
tration, changes in medical conditions, adverse reactions, and tests specified in the clinical
test plan. The research investigator conducted the necessary follow-up observations of the
participants after the final intake of the test product or after an early termination visit to
derive the results (Figure 1) [23-25].
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Figure 1. Trial profile.

2.5. Measurement of Biomarkers

The evaluation of biomarkers in plasma was performed in an ethylenediaminete-
traacetic acid (EDTA) tube, and the tube was reversed 10 times immediately after the sam-
ple was taken and mixed. The sample was centrifuged at 3000 rpm for 10 min, with 1 mL of
supernatant transferred to a 1.5 mL microtube. The sample was then stored in a deep freezer
(=70 °C). AP was measured in the plasma samples using an enzyme-linked immunosor-
bent assay (ELISA) using the Human A Assay Kit (Immuno-Biological Laboratories,
Takasaki-shi, Japan), which is a solid-phase sandwich ELISA test [19]. BDNF was measured
in plasma samples using a BNDF rapid ELISA kit (Biosensis, Thebarton, Australia; mature
BDNEF; human, rat, mouse) [27]. Total antioxidant capacity (TAC) was measured using the
ferric reducing antioxidant power method developed by Benzie and Strain [28].

2.6. Statistical Analysis

Efficacy was evaluated using an independent ¢-test for differences in changes in pri-
mary validation indicators (visual learning, visual working memory, and verbal learning
tests) and secondary validation indicators (MoCA-K, BDNEF, A3, and TAC) between the
test and control groups, before and after 12 weeks of product consumption. Addition-
ally, a paired t-test was used to analyze the difference in changes in the results of the
7 tests in the test and control groups, before and after 12 weeks of product consumption.
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Non-homogeneous demographic information factors were corrected using covariates and
analysis of covariance. The safety evaluation was summarized in terms of the frequency
and percentage of all adverse reactions that occurred for all participants and the partici-
pants in each group during the clinical study period. The incidence of abnormal findings
between the two groups was analyzed using chi-square or Fisher’s exact tests. Diagnostic
laboratory medical tests and vital signs were compared among those in the test group
and between those in the test and control groups. For comparison within the test group,
the average change was analyzed using a paired t-test. For comparison between the two
groups, the average amount of change was compared and analyzed using an independent
t-test. The program used for the analysis was SAS version 9.2 (SAS Institute, Cary, NC,
USA), SPSS version 20 (IBM Corp., Armonk, NY, USA), GraphPad Prism version 8.1.1
(GraphPad Software Inc., San Diego, CA, USA), and the statistical significance level was set
atp <0.05.

3. Results
3.1. Demographic Information and Compliance Assessment
A total of 80 participants (40 in the SM70EE group and 40 in the placebo group)

participated in this clinical test; the results of the demographic information analysis are
shown in Table 1.

Table 1. Demographics of study participants who were placed through random selection into placebo
or SM70EE groups.

Variables (Mseﬁ?l:E]SED) (Mle’;l;czi)g])) Total (n = 80) p Value!
Sex (male/female) 12/28 9/31 21/59 0.446
Education (years) 10.58 + 3.66 10.05 + 3.86 10.31 £ 3.75 0.534
Age (years) 67.68 + 4.43 68.85 + 4.89 68.26 + 4.68 0.264
Alcohol drinking (unit/week) 2.52 +5.92 1.30 £+ 3.89 191 £5.02 0.280
Alcohol drinking history (yes/no) 15/25 13/27 28/52 0.639
Smoking (unit/day) 0.25 + 1.58 0.00 &+ 0.00 0.13 +1.12 0.323
Smoking history (yes/no) 1/39 0/40 1/79 0.314
Systolic blood pressure (mmHg) 131.50 + 13.59 134.78 + 13.03 133.14 + 13.33 0.275
Diastolic blood pressure (mmHg) 78.03 + 10.40 80.50 £ 9.01 79.26 £ 9.75 0.259
Heart rate (beats/min) 71.20 £ 8.35 74.40 £ 9.09 72.80 + 8.82 0.105
Height (cm) 157.73 + 8.33 157.18 + 7.69 157.45 +7.97 0.760
Weight (kg) 63.19 + 10.67 63.60 + 10.13 63.39 + 10.34 0.861
Body mass index (kg/m?) 25.32 +3.11 25.67 +2.94 25.49 4+ 3.01 0.607
K-MMSE 26.38 + 1.15 26.38 + 0.98 26.38 + 1.06 1.000

Values are presented as mean + standard deviation (SD) or number (percentage). Abbreviations: K-MMSE,
Korean mini-mental status examination; SM70EE, Spirulina maxima 70% ethanol extract. 1 Analyzed using an
independent f-test.

Of the study participants, 59 were women (28 in the SM70EE group, 31 in the placebo
group) and 21 were men (12 in the SM70EE group, 9 in the placebo group), with an
average educational background of 10.31 & 3.75 years (10.58 & 3.66 years in the SM70EE
group, 10.05 £ 3.86 years in the placebo group) and an average age of 68.26 & 4.68 years
(67.68 * 4.43 years in the SM70EE group, 68.85 & 4.89 years in the placebo group), with no
statistically significant difference between the groups (p > 0.05).

The mean K-MMSE score was 26.38 £ 1.06, with no significant difference between
the two groups, and no other variables were statistically significant between the groups
(p > 0.05). To summarize these results, no significant differences in variables were found
between the groups, indicating that the randomization process had been effective. The
compliance of the participants was measured, and the results are shown in Table 2. The
total number of products consumed by one person amounted to 252.74 4 7.30 (capsules)
on average, with no differences between the SM70EE and placebo groups (p = 0.477), and
no statistically significant difference in each group (p = 0.715). Product compliance was
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not significantly different between the two groups (92.41 & 8.15 in the SM70EE group and
93.43 £ 6.27 in the placebo group; p = 0.545).

Table 2. Evaluation of compliance among the participants.

Variables SMY70EE (n =37) Placebo (n = 37) Total (n = 74) p Value!
Prescriptions 253.35 + 7.62 25214+ 7.01 252.74 +7.30 0.477
Total intake 234.07 + 20.05 235.61 £+ 15.93 234.84 + 18.00 0.715
Compliance (%) 92.41 + 8.15 93.43 + 6.27 9292 +£7.24 0.545

Compliance was calculated by total intake over prescriptions. Values are presented as mean = standard deviation.
Abbreviations: SM70EE, Spirulina maxima 70% ethanol extract. ! Analyzed using an independent ¢-test.

3.2. Comparison of SM70EE and Placebo Groups during the 12-Week Trial

Findings in terms of the variables over 12 weeks for the SM70EE and placebo groups
are shown in Tables 3 and 4. The analysis did not include one person (SM70EE group)
who was excluded due to lack of compliance, four people (one in the SM70EE group and
three in the placebo group) who were excluded as they were found to be using prohibited
drugs, and one person (SM70EE group) who dropped out of the study. Table 3 shows
the results of the CNTs for visual memory, visual working memory, and verbal memory,
when comparing the amount of change before and after 12 weeks of SM70EE intake. There
were statistically significant differences between the groups after 12 weeks regarding their
visual learning (p = 0.007) and visual working memory (p = 0.024) test results. Other
variables did not differ significantly between the two groups (p > 0.05). Table 4 shows the
comparison of changes before and after 12 weeks of SM70EE intake in MoCA-K, except for
certain anomalies in relation to the secondary validation indicator. There was a statistically
significant difference between the two groups in vocabulary (p = 0.043). Other variables
did not differ significantly between the two groups (p > 0.05). Table 5 shows that there was
no statistically significant difference in changes in secondary validation indicators, namely,
BDNF and A levels between the two groups before and after SM70EE intake (p > 0.05).
As a matter of interest, although the increase in the TAC was not significant (p > 0.066), the
efficacy increased to a level that will need to be verified once again through further studies.
The findings of this study are important, as measuring the high levels of reactive oxygen
species in cellular degenerative processes is easy using human cells, whereas measuring
TAC in the blood as a nutrient carrier for cells is difficult. Summarizing the above results,
the significant changes resulting from the administration of SM70EE to patients with MCI
were improvements in visual learning and visual working memory test results, vocabulary,
and TAC (Figure 2).
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Table 3. Measurement of computerized neurocognitive test (CNT) variables at baseline and after the 12-week intervention period.
SM70EE (Mean + SD) Placebo (Mean + SD)
Variables ; 1 3 1 p? p3
Baseline 12 Weeks Change Value p Baseline 12 Weeks Change Value p
Visual learning test Al 9.77 + 1.61 10.37 + 2.30 0.78 + 1.85 0.130 9.28 + 1.41 9.75 +2.22 0.68 + 1.42 0.173 0.792 0.242
Visual learning test A2 1006 +1.64  11.00 + 1.60 0.94 + 1.54 0.001 1015+150  10.56 + 1.26 0.38 4 1.86 0.225 0.177 0.169
Visual learning test A3 1044 +186  11.14+144 069+ 179 0.026 1056 +1.67  10.26 + 1.4 —0.27 +1.82 0.373 0.025 0.007
Visual learning test A4 1094+143 1114+ 159 0.20 + 1.39 0.400 1111 +175 1097 + 1.81 —0.14 £ 1.81 0.653 0.384 0.460
Visual learning test A5 11.06 £1.46 1115+ 1.50 0.09 + 1.51 0.731 1127 +1.10 1118+ 1.49 —0.08 = 1.30 0.707 0.610 0.796
Visual learning test (recognition) ~ 10.66 +1.11 1080+ 184  0.14 + 156 0.590 1026 +148 1053+ 1.52 024 +1.75 0.405 0.798 0.844
Visual W‘(’;lc‘éifarcr‘;mory test 2677 +14.85 4151 +11.03  14.75 + 17.42 0.000 2931 + 1411  33.53 + 18.78 3.87 + 18.85 0.220 0.015 0.024
Visual working memory test 154 1417 327041547 12,55 + 18.09 0.000 2329+1590  2686+17.09  3.38+17.27 0.242 0.032 0.064
(corrected accuracy)

Visual Xgi(tllrcl)%\ ‘;‘;IZ‘)OIY st 6361448108 63416+£71.83 —198 + 86.99 0.895  617.25+80.14 60470 £ 8477 —11.87+9204 0438 0.644 0.205
Verbal learning test Al 459 + 152 591 + 1.64 1.32 £ 1.90 0.000 5.03 + 147 6.55 + 1.70 1.35 £ 2.06 0.000 0.953 0.191
Verbal learning test A2 7.53 + 1.81 8.12 +2.01 0.59 + 1.94 0.086 7.36 + 1.62 8.79 +2.00 1.27 £ 1.79 0.000 0.128 0.080
Verbal learning test A3 892 +1.95 9.25 + 2.14 0.33 + 1.84 0.283 9.12 + 2.04 9.79 + 1.86 0.62 + 2.06 0.075 0.530 0.294
Verbal learning test A4 9.84 4+ 2.03 10.06 + 1.69 023 +1.98 0.530 9.79 +2.10 10.85 + 2.19 0.97 + 1.96 0.005 0.124 0.061
Verbal learning test A5 10114151 10914232  0.80 + 1.62 0.006 1023 +2.16  11.26 212 0.97 + 1.82 0.002 0.672 0.534

Verbal learning test B 457 +1.46 457 +1.42 0.00 + 1.31 1.000 435+ 145 412+ 143 —0.22+1.73 0.454 0.551 0.251
Verbal learning test A6 791 +1.91 8.79 4+ 2.59 0.88 + 1.72 0.005 8.40 +2.72 9.46 +2.78 1.00 £ 1.96 0.004 0.789 0.569
VLT A20 (delayed recall) 7.19 +3.11 8.81 +2.93 1.61 + 2.45 0.000 7.06 + 2.33 8.79 + 3.04 1.54 + 2.4 0.000 0.902 0.898
VLT REC (delayed recognition) ~ 11.28 154 1225+ 1.83 097 +1.78 0.002 1083 +205 1208+ 178 122 +1.87 0.000 0.570 0.900
VLT AIA5 total (trial-learning) 4127 +8.09 5870 £ 16.02  17.42 4+ 14.86 0.000 42444997  6436+2237  21.32 42095 0.000 0.369 0.289
VLT A1A5 total (average) 8.25 + 1.62 11.74 + 3.20 348 +2.97 0.000 8.49 + 1.99 12.87 + 4.47 426 +4.19 0.000 0.369 0.289
VLT learning slope ASAL 5.33 + 141 482+167  —052£179 0.108 471 +1.86 431 +2.08 ~038 £2.13 0.287 0.773 0.581

(Learning Indicator)
VLT A5 A20 (memory retention) ~ 3.17 + 1.89 2424212 —0.75+2.32 0.061 355+ 1.25 2.30 + 1.61 ~1.11 + 1.61 0.000 0.446 0.548

Values are presented as mean =+ standard deviation (SD). Abbreviations: SM70EE, Spirulina maxima 70% ethanol extract. 1 Analyzed using a paired t-test between baseline and 12 weeks
in each group. 2 Analyzed using an independent t-test for changes in values between the groups. > Analyzed using ANCOVA (baseline as a covariate). Abbreviations: VLT, verbal
learning test; REC, recognition.
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Table 4. Changes in the Korean version of the Montreal Cognitive Assessment (MoCA-K) test before and after 12 weeks of SM70EE product consumption (excluding

outliers).
SM70EE (Mean + SD) Placebo (Mean + SD)
Variables - : p? p3
Baseline 12 Weeks Change Value p! Baseline 12 Weeks Change Value p!
Visuospatial /executive 3.52 £0.83 3.76 £ 0.61 0.14 £1.00 0.147 3.56 = 0.80 3.63 £ 0.75 0.14 £ 1.09 0.773 1.000 0.446
Vocabulary 2.78 +0.42 2.84 + 0.37 0.17 +0.38 0.423 247 +0.74 2.44 4 0.69 0.06 & 0.63 0.812 0.354 0.043
Attention 522 +£0.72 542 +0.73 0.28 £0.74 0.165 5.00 £ 0.95 5.44 £ 0.66 0.38 £0.92 0.023 0.602 0.676
Language 2.69 £0.47 2.74 £0.44 0.00 £ 0.00 0.487 2.53 £ 0.66 2.76 £ 0.43 0.03 £ 0.67 0.103 0.801 0.714
Abstraction 1.71 £0.46 2.00 # 0.00 0.29 +0.46 0.001 1.61 £ 0.50 2.00 4 0.00 0.36 +0.49 0.000 0.504 -

Delayed recall 0.66 £+ 1.03 1.54 +1.79 0.67 £ 1.53 0.003 0.82 £1.10 1.33 +1.36 0.54 +£1.04 0.004 0.691 0.300
Orientation 5.72 £0.45 5.75+£0.44 0.18 £ 0.39 0.744 5.68 £+ 0.47 571 £0.46 0.03 £ 0.57 0.768 0.202 0.767
Total 22524214 23.88 £+ 2.39 1.58 £2.25 0.001 21.69 £ 2.64 2322 +293 149 £2.44 0.003 0.861 0.746

Values are presented as mean + standard deviation (SD). Abbreviations: SM70EE, Spirulina maxima 70% ethanol extract. ! Analyzed using a paired t-test between baseline and 12 weeks
in each group. 2 Analyzed using an independent t-test for changes in values between the groups. 3 Analyzed using an analysis of covariance (baseline as a covariate).

Table 5. Changes in biomarkers before and after 12 weeks of SM70EE product consumption.

SM70EE Placebo
Variables p? pd
Baseline 12 Weeks Change Value p! Baseline 12 Weeks Change Value p!

BDNEF (pg/mL) 23499.19 4 4976.21 21352.48 + 4461 —2236.5 £ 3359.17 0.003 26759.21 + 5458.02 23599.93 4+ 5182.22  —3500.73 & 3319.6 0.000 0.118 0.945

TAC (mmol/L) 0.93 +£0.15 093 +£0.16 0.01 & 0.09 0.990 093 +0.18 0.86 +0.17 —0.02+£0.13 0.059 0.297  0.066
Amyloid 3 (1-40) (pg/mL) 279.05 £ 55.64 275.97 £ 45.37 4.32 £25.15 0.612 261.78 4 45.87 268.62 & 54.35 6.28 +24.88 0.170 0.745 0.412
Amyloid-p (1-42) (pg/mL) 2.95 4+ 1.52 2.76 +1.24 —-0.27 £1.15 0.292 3.77 £3.24 3.5+246 —0.04 +1.17 0.373 0.401 0.413
Amyloid-f3 (40/42) 102.46 + 49.93 107.8 £ 52.05 5.34 4+ 40.6 0.435 90.86 + 42.47 87.84 £ 38.56 3.66 + 28.67 0.986 0.841 0.224

Values are presented as mean £ SD. Abbreviations: BDNEF, brain-derived neurotrophic factor; TAC, total antioxidant capacity; SM70EE, Spirulina maxima 70% ethanol extract. 1 Analyzed
using a paired t-test between baseline and 12 weeks in each group. 2 Analyzed using an independent t-test for changes in values between the groups. 3 Analyzed using an analysis of
covariance (baseline as a covariate.
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Figure 2. Changes of values in (a) visual learning test, (b) visual working memory test, (c) vocabulary
(MoCA-K) and (d) total antioxidant capacity (TAC) of the participants. There was a significant
difference in the changes for the visual learning test, visual working memory test, and vocabulary
(MoCA-K) between the SM70EE and placebo groups after 12 weeks. * p < 0.05, ** p < 0.01. Abbre-
viations: SM70EE, Spirulina maxima 70% ethanol extract; MoCA-K, Korean version of the Montreal
Cognitive Assessment.

3.3. Safety Issues and Adverse Events

The frequency of occurrence of adverse events was measured to evaluate the stability
of SM70EE, and the results are shown in Table 6. One participant did not comply with
the study expectations (SM70EE group). However, no significant difference was observed
in the occurrence of adverse events between the two groups (p > 0.05), and there was no
causal relationship with SM70EE consumption. Diagnostic laboratory tests (blood tests,
urine tests, and other relevant tests) were undertaken, and the results are shown in Table 7,
with no statistically significant differences found between the two groups (p > 0.05) and no
clinically significant abnormalities or changes indicated in relation to consuming SM70EE.
The results of the evaluation of vital signs in the SM70EE and placebo groups are shown in
Table 8, with no statistically significant difference found between the two groups (p > 0.05).
Finally, body weight, body mass index, and metabolic equivalent of task test results of the
SM70EE and placebo groups are shown in Tables 9 and 10, with no statistically significant
differences observed between the two groups (p > 0.05).

Table 6. Frequency of occurrence of adverse events among the participants.

Variables

SMZ70EE (n = 40) Placebo (1 = 40) Total (n = 80) p Value !

Frequency of adverse events (%) 1(2.5) 0(0) 1(1.25) 1.000

Values are presented as mean =+ standard deviation (SD). Abbreviations: SM70EE, Spirulina maxima 70% ethanol
extract. ! Analyzed using a Chi-square test or Fisher’s exact test.
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Table 7. Changes in the diagnostic medical test before and after 12 weeks of SM70EE product consumption.
Normal SM70EE (Mean + SD) Placebo (Mean + SD)
Variables Range B N 1 : 1 p 2
aseline 12 Weeks Change Value P Baseline 12 Weeks Change Value p
WBC (x103/uL) 4.8~10.8 572+ 1.16 5.63 £1.16 —0.09 £ 091 0.554 554 £1.19 554 £1.16 0.00 £1.22 0.979 0.705
RBC (x1003/uL) 42~54 448 +£0.32 4.40 £0.32 —-0.07 £0.17 0.015 4.56 = 0.39 451 +£0.34 —0.05 £ 0.18 0.075 0.665
Hb (g/dL) 12~16 13.75 £ 1.17 13.53 £ 1.14 —0.22 £ 0.54 0.016 13.93 £1.33 13.72 £ 1.15 —0.21 £ 0.61 0.035 0.936
Hct (%) 37~47 40.97 £ 3.44 39.97 £3.11 —1.01 £1.48 0.000 41.51 + 3.55 40.54 +£2.93 —0.98 £1.78 0.001 0.940
Platelet (x103/uL) 130~450 236.77 =41.86 230.64 £3844 —6.13 +£22.08 0.091 244,68 - 45.05  247.13 £ 48.39 2.45 £ 26.30 0.559 0.121
ALP (IU/L) 45~129 70.18 £ 16.31 69.90 £ 16.10 —0.28 £ 8.02 0.827 70.58 £16.43 69.95 £+ 16.18 —0.63 £7.34 0.593 0.843
Gamma GT (IU/L) 8~48 22.49 £+ 15.84 25.56 £ 20.74 3.08 £11.26 0.096 28.75 £ 23.65 28.58 £ 22.03 —-0.18 £9.75 0.910 0.174
AST (IU/L) 12~33 25.51 +£5.92 23.97 £ 4.81 —1.54 £5.12 0.068 28.33 +10.99 2493 4 6.36 —3.40 £ 10.17 0.041 0.310
ALT (IU/L) 5~35 23.95 +£8.73 22.62 £8.18 —1.33 £6.53 0.210 28.00 £+ 14.17 24.83 +£10.48 —-3.18 £11.37 0.085 0.382
Total bilirubin (mg/dL) 0.2~12 0.83 +£0.20 0.83 +£0.23 0.00 £+ 0.17 0.861 0.90 & 0.38 0.87 £ 0.36 —0.03 £ 0.30 0.528 0.527
Total protein (g/dL) 6.7~8.3 7.43 £0.35 7.14 £ 041 —-0.28 £ 0.37 0.000 7.43 £0.35 725 +£041 —-0.18 £ 0.37 0.004 0.210
Albumin (g/dL) 3.5~5.3 439 +£0.22 430£0.21 —0.09 £0.18 0.002 4.45+0.20 438 £0.19 —0.08 £ 0.20 0.024 0.644
BUN (mg/dL) 8~23 16.00 £+ 4.26 16.33 £+ 4.68 0.33 £3.36 0.539 1530 £3.75 16.08 £ 4.82 0.78 £3.99 0.227 0.597
Creatinine (mg/dL) 0.7~1.7 0.70 £0.18 0.71 £0.20 0.01 £ 0.08 0.305 0.67 = 0.19 0.70 £0.21 0.03 £ 0.09 0.073 0.479
Cholesterol (mg/dL) ~200 19797 £33.26  189.54 + 3437 —8.44 £22.23 0.023 198.78 £ 33.03 191.03 + 37. —7.75 £26.91 0.076 0.902
Triglyceride (mg/dL) ~200 12790 £49.97 136.31 & 78.92 8.41 £ 58.02 0.371 145.60 £ 66.77  144.15+70.12  —1.45+£53.21 0.864 0.433
HD%IEgh;’éeLS)teml 489~73.5  5367+1118 5228 +£1220  —1.38+7.30 0.244 5435+ 14.66 5238 +£14.63  —1.98 +8.59 0.154 0.743
LDL C (mg/dL) 0~140 113.72 £24.37 110.00 =26.85 —3.72 £19.77 0.248 112.63 £27.59 110.78 3258 —1.85 £22.88 0.612 0.699
Glucose (mg/dL) 74~106 95.92 £ 20.65 95.31 4 22.78 —0.62 £9.73 0.695 98.63 1= 18.61 94.95 £+ 17.85 —3.68 £ 11.81 0.056 0.213
CK (IU/L) 50~200 114.59 £ 80.54 121.69 +£72.51 710 £78.14 0.574 89.73 £32.04 100.40 £58.73  10.68 £ 46.15 0.152 0.805
LD (IU/L) 218~472 387.90 £ 62.52  405.69 £59.86 17.79 £ 50.46 0.034 40543 £ 67.57 40323 £70.24 —2.20 £ 58.19 0.812 0.107
SG 1.005~1.030 1.02 £ 0.01 1.02 +0.01 0.00 = 0.01 0.527 1.02 4= 0.00 1.02 £ 0.01 0.00 £ 0.01 0.853 0.774
PH 4.5~9.0 6.23 £ 0.68 6.15 + 0.81 —0.08 £ 0.62 0.446 6.26 +0.82 6.19 £ 0.99 —0.08 £ 0.66 0.474 0.989

Values are presented as mean + standard deviation (SD). Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea
nitrogen; C, cholesterol; CK, creatine kinase; Hb, hemoglobin; Hct, hematocrit; HDL, high-density lipoprotein, LD, lactate dehydrogenase; LDL, low-density lipoprotein; SM70EE,
Spirulina maxima 70% ethanol extract; RBC, red blood count; WBC, white blood count. * Analyzed using a paired t-test between baseline and 12 weeks in each group. ? Analyzed using
an independent t-test for changes in values between the groups.
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Table 8. Changes in test results concerning vital signs before and after 12 weeks of SM70EE product consumption.

SM70EE (Mean + SD) Placebo (Mean + SD)
Variables ; 1 X 1 p 2
Baseline 12 Weeks Change Value p Baseline 12 Weeks Change Value p
Sysmhig;ﬁggress“re 12800 + 1600 12663+ 13.64  —1.38 + 14.30 0.547 12593 + 1429 12630+ 1501 038 +12.79 0.854 0.566
D"“St‘)h‘(:rgﬁoH‘g’ressure 7613+£1320  73.85+10.12  —2.28 £ 1265 0.262 75.20 £ 8.59 75.70 £ 9.96 0.50 = 9.08 0.729 0.263
Heart rate
. 76.45 £+ 8.95 7298 +8.77 —3.48 +10.20 0.037 78.63 £10.18 76.63 £ 9.49 —2.00 £9.38 0.185 0.503
(beats/min)
Values are presented as mean =+ standard deviation (SD). Abbreviations: SM70EE, Spirulina maxima 70% ethanol extract. ! Analyzed using a paired t-test between baseline and 12 weeks
in each group. 2 Analyzed using an independent t-test for changes in values between the groups.
Table 9. Changes in body mass index (BMI) and body weight results before and after 12 weeks of SM70EE product consumption.
SM70EE (Mean + SD) Placebo (Mean + SD)
Variables ; 1 . 1 p 2
Baseline 12 Weeks Change Value p Baseline 12 Weeks Change Value p
Body weight (kg) 63.19 + 10.67 63.23 +11.10 0.05 £ 1.53 0.853 63.60 = 10.13 63.39 &+ 9.91 —0.21 £1.47 0.373 0.449
BMI (kg/m?) 25.32 £3.11 25.35 £ 3.41 0.03 £ 0.62 0.761 25.67 £2.94 25.58 £ 2.92 —0.09 £+ 0.56 0.340 0.385
Values are presented as mean =+ standard deviation (SD). Abbreviations: SM70EE, Spirulina maxima 70% ethanol extract. ! Analyzed using a paired t-test between baseline and 12 weeks
in each group. 2 Analyzed using an independent t-test for changes in values between the groups.
Table 10. Changes in metabolic equivalent of task (MET) results before and after 12 weeks of SM70EE product consumption.
SM70EE (Mean + SD) Placebo (Mean + SD)
Variables ; 1 X 1 p 2
Baseline 12 Weeks Change Value p Baseline 12 Weeks Change Value p
MET value (min/week) 3506.49 £ 3772.38 3830.27 +3912.30  323.78 £5273.81  0.711 2644.32 +2829.78  2594.16 £ 2685.63 —50.16 £ 2569.40 0.906 0.700

Values are presented as mean + standard deviation (SD). Abbreviations: SM70EE, Spirulina maxima 70% ethanol extract. ! Analyzed using a paired -test between baseline and 12 weeks
in each group. 2 Analyzed using an independent t-test for changes in values between the groups.
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4. Discussion

This randomized, double-blind, placebo-controlled clinical 12-week trial was con-
ducted to assess the effectiveness and safety of SM70EE use for memory improvement.
Clinical studies on Spirulina strains have been conducted in relation to their use in obesity
and high blood pressure; however, no results of clinical trials of its effects on memory
improvement have been reported [5,6]. Preclinical studies for clinical trials of SM70EE have
shown an enhanced cranial nerve protection effect in the hippocampal neuronal cell line
(HT22 cell) of mice in in vitro tests [7-9]. In addition, an increase in mitochondrial mem-
brane potential and a decrease in reactive oxygen species (ROS) have been found to play
an important role in the inactivation of the mitochondrial ROS scavenging system [7-9]. If
these mitochondrial ROS scavenging systems are interrupted or the electron transport chain
is broken, ROS byproducts are released [29,30]. Excessive ROS is known to cause aging due
to protein damage in cells as well as in mitochondria [29,30]. The memory improvement
effect of SM70EE has been reported to be related to the antioxidant action caused by chloro-
phyll and some extracted components of S. maxima [9]. It would appear that the in vitro
activation mechanism involved in SM70EE improves neuron synapse function through
inhibiting the production of ATP in the mitochondria in response to nerve cell damage in
the cerebral cortex [31,32]. In addition, SM70EE has been identified as having long-term
and short-term memory improvement effects in animal experimental models. SM70EE
also leads to improved memory function due to increased protein expression of BDNEF,
cyclic adenosine 3',5'-monophosphate response element binding protein (CREB), and extra-
cellular signal-regulated kinases (ERK), and decreased acetylcholinesterase activity [7-9],
with significant memory improvement shown in cumulative Af3 in mouse models. Clinical
trials have been proposed using SM70EE, as it has been considered a possible means to
improve AD [7,8]. Plasma biomarker measurements identified in the clinical tests showed
no statistically significant differences in relation to MoCA-K results and BDNF and Af3
(APB40/AB42) levels. These plasma biomarkers have been reported to have varying effects
depending on individual health or age, which may lead to different results from animal
experiments [31-34]. The TAC showed no clearly significant difference, but there was a
higher significance compared to other biomarkers. As the average age of the participants
(68.26 + 4.68 years) was high, there was no clear difference in the TAC results obtained
after consuming SM70EE, which aligned with the results reported in clinical studies on
immunity enhancement using caterpillar fungus (Cordyceps militaris) extract, in which
differences in initial antioxidant effects and immunity due to sex, average age, and other
various factors were assessed [31,32,35]. In addition, plasma BDNF has been measured in
the later phase of the AD spectrum in previous studies [36-38] and showed no significant
difference; therefore, it was not measured in this study. The plasma A3 concentration
in patients with MCI has been reported to be similar to that in healthy individuals, with
plasma A{3-40 reportedly being approximately 270—280 pg/mL and plasma A{3-42 being
approximately 5—20 pg/mL, indicating that the A3 concentration was very similar to the
results of this study [30,33,35,36]. However, in patients with AD, plasma A[3-40 has been
reported to be 240—250 pg/mL and A(3-42 to be 5—15 pg/mL, which are lower levels than
those of healthy individuals or those with MCI [33,37,39,40]. Therefore, this study showed
that the consumption of SM70EE did not significantly change A3 accumulation in the
plasma of patients with MCI [33,37,39,40]. An individual’s state of health or age could be
an important factor affecting biomarker levels in clinical trials.

However, when comparing changes before and after consuming SM70EE through
CNTs for the primary indicator validity assessment, we found statistically significant differ-
ences in visual learning and visual working memory tests. In addition, the results from the
MoCA-K in terms of vocabulary showed a statistically significant difference between the
two groups in the secondary indicator validity assessment. In particular, SM70EE consump-
tion was found to be safe for the human body because no clinically significant adverse
reactions or physical changes were observed. These findings were consistent with recent
studies on SM70EE concerning memory improvement and SM70EE stability [7-9]. Validity
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evaluation results showed significant increases in MoCA-K vocabulary and improvement
in CNT visual assessment results, which demonstrated that there was an improvement
in the memory function of those with MCI [13-16]. The visual working memory is re-
portedly more damaged than the verbal working memory in patients with AD. However,
constraining the process whereby short-term language memory is converted into long-term
language memory resulted in memory impairment [13-16]. Based on these findings, the
improvements found in the visual learning and visual working memory tests following
the use of SM70EE indicated that the improvement of memory function was most likely a
definite effect. It has also been shown that patients with AD have lower visual working
memory test results than healthy individuals [13-16]. In particular, early symptoms of MCI
have reportedly been associated with reduced storage of visuospatial working memory,
due to shrinking of the hippocampus, which is responsible for visual and spatial mem-
ory [13-16]. Therefore, SM70EE use in this study was considered to have improved the
effectiveness of visual and spatial memory in patients with MCI and to have inhibited
their progression to AD. Patients with early AD, such as those with MCI, develop early
atrophy of the fusiform gyrus, that is responsible for visual-grapheme-phoneme conversion
near the hippocampus, due to atrophy and damage to the hippocampus responsible for
visuospatial working memory [41-44]. Specifically, when a pre-linguistic visual stimulus is
received, it undergoes a conversion process in which the visual stimulus is phonetically
encoded. However, issues arising in this chain reaction can negatively affect the process
of phonetic conversion from visuospatial stimuli in patients with MCI or AD more than
it can in healthy individuals, particularly in terms of vocabulary [41-44]. Therefore, the
significant increase in vocabulary found in this study as evaluated using the MoCA-K
would appear to be due to the effects of visual memory improvement and related synergies.
Overall, SM70EE use showed an enhanced memory improvement effect accompanied by
an increased vocabulary, due to improvements in the visual learning memory and visual
working memory [43,44]. Therefore, continuous consumption of SM70EE by individuals in
the MCI phase of early AD could lead to improved memory function through improved
visual memory and vocabulary.

Our results indicated no differences in the variables between the groups, and the
randomization process was effective. The 12-week supplementation with SM70EE was
shown to be valid and safe. Therefore, the significant findings of this study suggest that
SM70EE supplementation in patients with MCI with memory disorders is safe and can play
a role in the prevention and management of AD.

5. Conclusions

This study was the first clinical trial to evaluate the efficacy and safety of S. maxima
extract (SM70EE) for improving memory function and was conducted using a 12-week
randomized, double-blind test, and place-controlled clinical trial. SM70EE intake effects on
the CNT results, which is the primary validation indicator, showed statistically significant
differences between the visual leading test and the visual working memory test. Moreover,
as confirmed by the secondary validation per the MoCA-K, the vocabulary results showed
a statistically significant difference between groups. SM70EE ingestion was determined to
be safe for the human body because no clinically significant adverse reactions or physical
changes were observed. Therefore, the improvement of memory function activity by
SM70EE ingestion was first confirmed in clinical tests, and patients with early AD such as
MCI confirmed that continuous intake of SM70EE could show improvement in memory
function through improved visual memory and vocabulary.

Author Contributions: W.-Y.C., Y.-C.C. and D.-H.K. were involved in the planning and design of
the clinical study. W.-Y.C., W-K.L., T-HK,, Y.-K.R., A.P. and Y.-].L. performed the experiments.
All authors were involved in the evaluation of the data for this work. W.-Y.C.,, W.-K.L., T-H.K,,
S.-J.H., C.O. and D.-H K. drafted the first version of the manuscript, and all authors contributed to
the revision of the main text, prepared figures, and conducted all assays. D.-H.K. supervised the



Nutrients 2022, 14, 3714 14 of 16

overall process of completing this study. All authors have read and agreed to the published version
of the manuscript.

Funding: This study was supported by a research grant from the Marine Biotechnology Program
funded by the Ministry of Oceans and Fisheries of the Korean Government (PM61400, PM63360)
and was partly supported by a research grant funded by the Korea Institute of Ocean Science and
Technology (EA0022).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Jeonbuk National University Hospital
(protocol code CUH 2017-05-008-003 and 17 July 2017 of approval).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data presented in this study are available in the article.

Acknowledgments: All authors would like to thank to all the researchers and staff involved in
this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Wilson, R.S.; Wang, T.; Yu, L.; Bennett, D.A.; Boyle, P.A. Normative cognitive decline in old age. Ann. Neurol. 2020, 87, 816-829.
[CrossRef] [PubMed]

2. Sengoku, R. Aging and Alzheimer’s disease pathology. Neuropathology 2020, 40, 22-29. [CrossRef]

3. Lissek, V,; Suchan, B. Preventing dementia? Interventional approaches in mild cognitive impairment. Neurosci. Biobehav. Rev.
2021, 122, 143-164. [CrossRef] [PubMed]

4. Zvéfova, M. Clinical aspects of Alzheimer’s disease. Clin. Biochem. 2019, 72, 3-6. [CrossRef] [PubMed]

5. Miczke, A,; Szuliriska, M.; Hansdorfer-Korzon, R.; Kregielska-Narozna, M.; Suliburska, J.; Walkowiak, J.; Bogdanski, P. Effects of
Spirulina consumption on body weight, blood pressure, and endothelial function in overweight hypertensive Caucasians: A
double-blind, placebo-controlled, randomized trial. Eur. Rev. Med. Pharmacol. Sci. 2016, 20, 150-156. [PubMed]

6. Moradji, S.; Ziaei, R.; Foshati, S.; Mohammadi, H.; Nachvak, S.M.; Rouhani, M.H. Effects of Spirulina supplementation on obesity:
A systematic review and meta-analysis of randomized clinical trials. Complement. Ther. Med. 2019, 47, 102211-102217. [CrossRef]

7. Koh, E.-].; Seo, Y.-].; Choi, ].; Lee, H.Y.; Kang, D.-H.; Kim, K.-J.; Lee, B.-Y. Spirulina maxima extract prevents neurotoxicity via
promoting activation of BDNF/CREB signaling pathways in neuronal cells and mice. Molecules 2017, 22, 1363. [CrossRef]

8. Koh, E.-J.; Kim, K.-J.; Song, ].-H.; Choi, ].; Lee, H.Y.; Kang, D.-H.; Heo, H.].; Lee, B.-Y. Spirulina maxima extract ameliorates
learning and memory impairments via inhibiting GSK-3 phosphorylation induced by intracerebroventricular injection of
amyloid-p 1-42 in mice. Int. . Mol. Sci. 2017, 18, 2401. [CrossRef]

9.  Choi, W.Y,; Kang, D.H.; Lee, H.Y. Enhancement of neuroprotective effects of Spirulina maxima by a low-temperature extraction
process with ultrasonic pretreatment. Biotechnol. Bioprocess Eng. 2018, 23, 415-423. [CrossRef]

10. Winblad, B.; Palmer, K.; Kivipelto, M.; Jelic, V.; Fratiglioni, L.; Wahlund, L.O.; Nordberg, A.; Backman, L.; Albert, M.; Almkvist,
O.; et al. Mild cognitive impairment-beyond controversies, towards a consensus: Report of the international working group on
mild cognitive impairment. ]. Intern. Med. 2004, 256, 240-246. [CrossRef]

11. Stephan, B.C.; Hunter, S.; Harris, D.; Llewellyn, D.J.; Siervo, M.; Matthews, FE.; Brayne, C. The neuropathological profile of mild
cognitive impairment (MCI): A systematic review. Mol. Psychiatry 2012, 17, 1056-1076. [CrossRef]

12.  Kim, J.; Jung, H.; Kwon, Y.; Han, S.; Shim, S. The characteristics of cognitive function in mild cognitive impairment. J. Soonchun-
hyang Med. Coll. 2006, 12, 287-292.

13. Missonnier, P.; Deiber, M.P,; Gold, G.; Herrmann, FR.; Millet, P.; Michon, A.; Fazio-Costa, L.; Ibanez, V.; Giannakopoulos, P.
Working memory load-related electroencephalographic parameters can differentiate progressive from stable mild cognitive
impairment. Neuroscience 2007, 150, 346-356. [CrossRef]

14. Alescio-Lautier, B.; Michel, B.F.,; Herrera, C.; Elahmadi, A.; Chambon, C.; Touzet, C.; Paban, V. Visual and visuospatial short-term
memory in mild cognitive impairment and Alzheimer disease: Role of attention. Neuropsychologia 2007, 45, 1948-1960. [CrossRef]

15.  Yetkin, F.Z.; Rosenberg, R.N.; Weiner, M.E; Purdy, P.D.; Cullum, C.M. FMRI of working memory in patients with mild cognitive
impairment and probable Alzheimer’s disease. Eur. Radiol. 2006, 16, 193-206. [CrossRef]

16. Larrieu, S.; Letenneur, L.; Orgogozo, ].M.; Fabrigoule, C.; Amieva, H.; Le Carret, N.; Barberger-Gateau, P.; Dartigues, ].F. Incidence
and outcome of mild cognitive impairment in a population-based prospective cohort. Neurology 2002, 59, 1594-1599. [CrossRef]

17. Ko, H.-E,; Kim, ].-W,; Kim, H.-D,; Jang, Y.-S.; Chung, H.-A. Construction validity of the MoCA-K to MMSE-K, LOTCA-G in the
community living elderly. J. Korea Acad.-Ind. Coop Soc. 2013, 14, 312-320. [CrossRef]

18. De Oliveira, M.O.; Brucki, S.M.D. Computerized Neurocognitive Test (CNT) in mild cognitive impairment and Alzheimer’s

disease. Dement. Neuropsychol. 2014, 8, 112-116. [CrossRef]


http://doi.org/10.1002/ana.25711
http://www.ncbi.nlm.nih.gov/pubmed/32144793
http://doi.org/10.1111/neup.12626
http://doi.org/10.1016/j.neubiorev.2020.12.022
http://www.ncbi.nlm.nih.gov/pubmed/33440197
http://doi.org/10.1016/j.clinbiochem.2019.04.015
http://www.ncbi.nlm.nih.gov/pubmed/31034802
http://www.ncbi.nlm.nih.gov/pubmed/26813468
http://doi.org/10.1016/j.ctim.2019.102211
http://doi.org/10.3390/molecules22081363
http://doi.org/10.3390/ijms18112401
http://doi.org/10.1007/s12257-018-0066-2
http://doi.org/10.1111/j.1365-2796.2004.01380.x
http://doi.org/10.1038/mp.2011.147
http://doi.org/10.1016/j.neuroscience.2007.09.009
http://doi.org/10.1016/j.neuropsychologia.2006.04.033
http://doi.org/10.1007/s00330-005-2794-x
http://doi.org/10.1212/01.WNL.0000034176.07159.F8
http://doi.org/10.5762/KAIS.2013.14.1.312
http://doi.org/10.1590/S1980-57642014DN82000005

Nutrients 2022, 14, 3714 150f 16

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Jung, S.-J.; Jung, E.-S.; Ha, K.-C.; Baek, H.-L; Park, Y.-K,; Han, S.-K; Chae, S.-W.; Lee, S.-O.; Chung, Y.-C. Efficacy and safety of
sesame oil cake extract on memory function improvement: A 12-week, randomized, double-blind, placebo-controlled pilot study.
Nutrients 2021, 13, 2606. [CrossRef]

Aggett, P].; Antoine, ].-M.; Asp, N.-G.; Bellisle, F.; Contor, L.; Cummings, J.H.; Howlett, J.; Miiller, D.].G.; Persin, C.; Pijls, L.T.].;
et al. PASSCLAIM: Consensus on criteria. Eur. J. Nutr. 2005, 44, 15-i30. [CrossRef]

Kazemipoor, M.; Radzi, C.W.; Hajifaraji, M.; Haerian, B.S.; Mosaddegh, M.H.; Cordell, G.A. Antiobesity effect of caraway extract
on overweight and obese women: A randomized, triple-blind, placebo-controlled clinical trial. Evid.-Based Complement. Altern.
Med. 2013, 2013, 928582. [CrossRef]

Kim, T.; Choi, W.-S.; Ye, B.-R.; Heo, S.-].; Oh, D.; Kim, S.; Choi, K.-S.; Kang, D.-H. Cultivating Spirulina maxima: Innovative
approaches. In Cyanobacteria; IntechOpen: London, UK, 2018; Volume 61, pp. 61-83.

Hsu, C.H.; Tsai, T.H.; Kao, Y.H.; Hwang, K.C.; Tseng, T.Y.; Chou, P. Effect of green tea extract on obese women: A randomized,
double-blind, placebo-controlled clinical trial. Clin. Nutr. 2008, 27, 363-370. [CrossRef] [PubMed]

Gauthier, S.; Proafio, J.V,; Jia, ].; Froelich, L.; Vester, ].C.; Doppler, E. Cerebrolysin in mild-to-moderate Alzheimer’s disease: A
meta-analysis of randomized controlled clinical trials. Dement. Geriatr. Cogn. Disord. 2015, 39, 332-347. [CrossRef] [PubMed]
Devanand, D.P; Pelton, G.H.; Cunqueiro, K.; Sackeim, H.A.; Marder, K. A 6-month, randomized, double-blind, placebo-controlled
pilot discontinuation trial following response to haloperidol treatment of psychosis and agitation in Alzheimer’s disease. Int. J.
Geriatr. Psychiatry 2011, 26, 937-943. [CrossRef] [PubMed]

AbuMweis, S.S.; Jew, S.; Jones, PJ.H. Optimizing clinical trial design for assessing the efficacy of functional foods. Nutr. Rev. 2010,
68, 485-499. [CrossRef] [PubMed]

Neshatdoust, S.; Saunders, C.; Castle, S.M.; Vauzour, D.; Williams, C.; Butler, L.; Lovegrove, ].A.; Spencer, ].P.E. High-flavonoid
intake induces cognitive improvements linked to changes in serum brain-derived neurotrophic factor: Two randomised, controlled
trials. Nutr. Healthy Aging 2016, 4, 81-93. [CrossRef] [PubMed]

Agahi, A.; Hamidi, G.A.; Daneshvar, R.; Hamdieh, M.; Soheili, M.; Alinaghipour, A.; Esmaeili Taba, S.M.; Salami, M. Does severity
of Alzheimer’s disease contribute to its responsiveness to modifying gut microbiota? A double blind clinical trial. Front. Neurol.
2018, 9, 662. [CrossRef] [PubMed]

Krauss, S.; Zhang, C.Y.; Lowell, B.B. The mitochondrial uncoupling-protein homologues. Nat. Rev. Mol. Cell Biol. 2005, 6, 248-261.
[CrossRef]

Papa, S.; Skulachev, V. Reactive oxygen species, mitochondria, apoptosis and aging. Mol. Cell. Biochem. 1997, 174, 305-319.
[CrossRef]

Corti, O.; Lesage, S.; Brice, A. What genetics tells us about the causes and mechanisms of Parkinson’s disease. Physiol. Rev. 2011,
91, 1161-1218. [CrossRef]

Maurya, PK.; Kumar, P; Siddiqui, N.; Tripathi, P; Rizvi, S.I. Age-associated changes in erythrocyte glutathione peroxidase
activity: Correlation with total antioxidant potential. Indian ]. Biochem. Biophys. 2010, 47, 319-321.

Kawarabayashi, T.; Younkin, L.H.; Saido, T.C.; Shoji, M.; Ashe, K.H.; Younkin, S.G. Age-dependent changes in Brain, CSF, and
plasma amyloid (beta) protein in the Tg2576 transgenic mouse model of Alzheimer’s disease. J. Neurosci. 2001, 21, 372-381.
[CrossRef]

Kumar, P.; Maurya, PK. L-cysteine efflux in erythrocytes as a function of human age: Correlation with reduced glutathione and
total anti-oxidant potential. Rejuvenation Res. 2013, 16, 179-184. [CrossRef]

Jung, S.J.; Hwang, ]. H.; Oh, M.R.; Chae, S.W. Effects of Cordyceps militaris supplementation on the immune response and upper
respiratory infection in healthy adults: A randomized, double-blind, placebo-controlled study. J. Nutr. Health 2019, 52, 258-267.
[CrossRef]

Ng, TK.S.; Ho, C.5.H.; Tam, WW.S,; Kua, E.H.; Ho, R.C. Decreased serum brain-derived neurotrophic factor (BDNF) levels in
patients with Alzheimer’s disease (AD): A systematic review and meta-analysis. Int. ]. Mol. Sci. 2019, 20, 257. [CrossRef]
Risacher, S.L.; Fandos, N.; Romero, ].; Sherriff, I.; Pesini, P.; Saykin, A.].; Apostolova, L.G. Plasma amyloid beta levels are
associated with cerebral amyloid and tau deposition. Alzheimer’s Dement. 2019, 11, 510-519. [CrossRef]

Nagata, T.; Kobayashi, N.; Shinagawa, S.; Yamada, H.; Kondo, K.; Nakayama, K. Plasma BDNF levels are correlated with
aggressiveness in patients with amnestic mild cognitive impairment or Alzheimer disease. J. Neural Transm. 2014, 121, 433-441.
[CrossRef]

Janelidze, S.; Stomrud, E.; Palmqvist, S.; Zetterberg, H.; van Westen, D.; Jeromin, A.; Song, L.; Hanlon, D.; Tan Hehir, C.A.; Baker,
D.; et al. Plasma beta-amyloid in Alzheimer’s disease and vascular disease. Sci. Rep 2016, 6, 26801. [CrossRef]

Mehta, P.D,; Pirttila, T.; Patrick, B.A.; Barshatzky, M.; Mehta, S.P. Amyloid 3 protein 1-40 and 1-42 levels in matched cerebrospinal
fluid and plasma from patients with Alzheimer disease. Neurosci. Lett. 2001, 304, 102-106. [CrossRef]

Gupta, P.; MacWhinney, B. Vocabulary acquisition and verbal short-term memory: Computational and neural bases. Brain Lang.
1997, 59, 267-333. [CrossRef]

Burgess, C.; Chiarello, C. Neurocognitive mechanisms underlying metaphor comprehension and other figurative language.
Metaphor. Symbol 1996, 11, 67-84. [CrossRef]


http://doi.org/10.3390/nu13082606
http://doi.org/10.1007/s00394-005-1104-3
http://doi.org/10.1155/2013/928582
http://doi.org/10.1016/j.clnu.2008.03.007
http://www.ncbi.nlm.nih.gov/pubmed/18468736
http://doi.org/10.1159/000377672
http://www.ncbi.nlm.nih.gov/pubmed/25832905
http://doi.org/10.1002/gps.2630
http://www.ncbi.nlm.nih.gov/pubmed/21845596
http://doi.org/10.1111/j.1753-4887.2010.00308.x
http://www.ncbi.nlm.nih.gov/pubmed/20646226
http://doi.org/10.3233/NHA-1615
http://www.ncbi.nlm.nih.gov/pubmed/28035345
http://doi.org/10.3389/fneur.2018.00662
http://www.ncbi.nlm.nih.gov/pubmed/30158897
http://doi.org/10.1038/nrm1592
http://doi.org/10.1023/A:1006873518427
http://doi.org/10.1152/physrev.00022.2010
http://doi.org/10.1523/JNEUROSCI.21-02-00372.2001
http://doi.org/10.1089/rej.2012.1394
http://doi.org/10.4163/jnh.2019.52.3.258
http://doi.org/10.3390/ijms20020257
http://doi.org/10.1016/j.dadm.2019.05.007
http://doi.org/10.1007/s00702-013-1121-y
http://doi.org/10.1038/srep26801
http://doi.org/10.1016/S0304-3940(01)01754-2
http://doi.org/10.1006/brln.1997.1819
http://doi.org/10.1207/s15327868ms1101_4

Nutrients 2022, 14, 3714 16 of 16

43. De Graaf, T.A.; Roebroeck, A.; Goebel, R.; Sack, A.T. Brain network dynamics underlying visuospatial judgment: An FMRI
connectivity study. J. Cogn. Neurosci. 2010, 22, 2012-2026. [CrossRef] [PubMed]

44. Edwards, L.; Anderson, S. The association between visual, nonverbal cognitive abilities and speech, phonological processing,
vocabulary and reading outcomes in children with cochlear implants. Ear Hear. 2014, 35, 366-374. [CrossRef] [PubMed]


http://doi.org/10.1162/jocn.2009.21345
http://www.ncbi.nlm.nih.gov/pubmed/19803683
http://doi.org/10.1097/AUD.0000000000000012
http://www.ncbi.nlm.nih.gov/pubmed/24496292

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Randomization and Blinding 
	Preparation of SM70EE and the Placebo 
	Clinical Trial 
	Measurement of Biomarkers 
	Statistical Analysis 

	Results 
	Demographic Information and Compliance Assessment 
	Comparison of SM70EE and Placebo Groups during the 12-Week Trial 
	Safety Issues and Adverse Events 

	Discussion 
	Conclusions 
	References

