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Chapter 1

General Introduction



1.1 Progress of Global Aging

Populations are rapidly aging worldwide. Globally, there were 727.6 million persons aged 65
years and above in 2020 [1]. Projections indicate that 15.9% of the world population will be
aged 65 years and above by 2050, from 9.3% in 2020 (Figure 1-1). Population aging is the
result of human success through medical, public health, technologies, economics, and social
development. Conversely, to support an aging society, it is important to prevent illness and to
lead a healthy life. The progress of aging is expected to be remarkable in East Asia, Southeast
Asia, Europe, and Central America. The old-age dependency ratio (OADR) is one of the most
commonly used indexes for monitoring changes in the age structure of populations. The OADR
is defined as the number of persons aged > 65 years per 100 persons of working age (20 to 64
years). Figure 1-2 shows the top 10 countries or areas with the highest OADR in 2020 and by
2050. Japan is expected to have the highest aging rate in the world, not only presently but also
in the future. In other words, the progress of aging is a global trend, and Japan is at the forefront.
Therefore, building a healthy and prosperous aging society in Japan can be a model case for the

world.
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Figure 1-2 Top 10 countries or areas with the highest OADR in 2020 and by 2050.
Data source: United Nations, World Population Prospects 2019.



1.2 Importance of Blood Pressure Control

Aging consists of the progressive accumulation of changes in the body that increases
susceptibility to disorders such as diabetes, dyslipidemia, dementia and cardiovascular disease
(CVD), including hypertension. Hypertension is a highly prevalent condition with numerous
health risks [2]. In 2015, 1.13 billion people worldwide were hypertensive [3,4].

According to World Health Organization, hypertension is defined as, systolic blood
pressure (SBP) > 140 mmHg and/or the diastolic blood pressure (DBP) > 90 mmHg when
measured on two different days. Similarly, in Japan, individuals with blood pressure (BP) levels
of 140/90 mmHg or more are regarded as hypertensive. In 2019, the classification of BP levels
was updated from the 2014 version to lower the target value of normal BP [5] (Table 1-1 and
1-2). In 2019, the subclasses “normal BP” and ‘“high-normal BP” employed in 2014 were
classified and expressed as “high-normal BP” and “elevated BP,” respectively.

Hypertension is one of the most important risk factors for CVD along with dyslipidemia
and diabetes. CVD is the leading cause of death in the world. CVD accounts for approximately
one-third of all deaths worldwide, with more than 17.9 million deaths per year in 2016 [6]. Also,
ischemic heart disease and stroke, which are classified as CVD, are the leading and second
leading causes of death (Figure 1-3).

Hypertension has also been recognized as an important risk factor for the development
of cognitive decline and dementia [7-10]. Though cognitive function may be affected by
hypertension through increased risk for stroke [11], hypertension is considered to have a causal
relationship with dementia [12-14]. For example, the Framingham study, a long-term

cardiovascular cohort study in the United States, showed that higher SBP and DBP in stroke-



free individuals in midlife were associated with worse performance on a composite global
cognitive score and measures of attention and memory [15]. Similarly, in the Honolulu-Asia
Aging Study, having a high SBP in midlife was associated with a two-fold increased risk of
cognitive decline on a global cognitive test 25 years later [16]. In brief, these studies
consistently showed that having high SBP or hypertension in midlife was associated with worse
cognitive performance in late life. Thus, hypertension is highly associated with serious diseases
such as CVD and dementia, so adequate control of BP is one of the most important issues to

consider in an aging society.



Table 1-1 Classification of BP levels in Japanese Society of Hypertension Guidelines for the
Managements of Hypertension 2014.

BP (mmHg)
Classification

SBP DBP
Normal-range BP
Optimal BP <120 and <80
Normal BP 120-129 and/or 80-84
High-normal BP 130-139 and/or 85-89
Hypertension
Grade 1 hypertension 140-159 and/or 90-99
Grade 2 hypertension 160-179 and/or 100-109
Grade 3 hypertension > 180 and/or >110
(Isolated) systolic hypertension > 140 and <90

BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Table 1-2 Classification of BP levels in Japanese Society of Hypertension Guidelines for the
Managements of Hypertension 2019.

BP (mmHg)
Classification

SBP DBP
Normal-range BP
Normal BP <120 and <80
High normal BP 120-129 and <80
Elevated BP 130-139 and/or 80-89
Hypertension
Grade 1 hypertension 140-159 and/or 90-99
Grade 2 hypertension 160-179 and/or 100-109
Grade 3 hypertension > 180 and/or >110
(Isolated) systolic hypertension > 140 and <90

BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.



Number of deaths (millions)

Figure 1-3 Global top 10 causes of death in 2019.
Data source: World Health Organization, Global Health Estimates 2020.




1.3 Angiotensin I-Converting Enzyme Inhibition
Angiotensin I-converting enzyme (ACE) inhibition is one of the effective ways to lower BP.
ACE contributes to the formation of the vasoconstrictor angiotensin II (Ang II) and the
degradation of the vasodilator bradykinin [17] (Figure 1-4), thereby making it key in the
regulation of the renin-angiotensin system (RAS) and the kallikrein-kinin system.

The RAS plays critical roles in maintaining normal BP. Angiotensinogen, renin,
angiotensin I (Ang I), ACE, Ang II, and Ang II receptors are involved in BP regulation by the
RAS [18]. Recently, the family of the RAS has expanded to include peptides consisting of
angiotensin 1-9 (Ang (1-9)), angiotensin 2—8 (Ang III), angiotensin 3—8 (Ang IV), angiotensin
1-7 (Ang (1-7)), and alamandine. Renin cleaves angiotensinogen, a protein with 452 amino
acids, to produce Ang I [19]. Ang [ is a decapeptide, which is then cleaved by ACE to produce
the octapeptide Ang I1[19]. Ang II causes vasoconstriction by stimulating Ang Il type 1 receptor
(ATIR) present on the vasculature [20]. Ang (1-9) is generated from Ang I by several
carboxypeptidase-type enzymes and acts antagonistically to Ang II [21]. Ang III is produced
from Ang II by enzymatic cleavage with aminopeptidase A and shows the same physiological
response as Ang II [22]. Ang IV is cleaved from Ang III by aminopeptidase N and contributes
to vasodilation, and learning and memory [23]. Ang (1-7) is formed by the catalytic action of
ACE2 on Ang II and exerts its action through a G-protein-coupled receptor, Mas [24]. The
effects of Ang (1-7)/Mas receptor axis activation provides equilibrium to the RAS system by
promoting an antagonistic effect on the responses elicited by Ang II/AT1R [25]. Alamandine
(Ala!-Ang (1-7)) is synthesized from Ang (1-7) and has similar functional properties as Ang

(1-7) [26].



Ang II is a key player in hypertension because vasoconstriction is caused by activation
of AT1R. The effects of Ang II are observed in various organs including the kidneys, heart, and
vascular system [27]. In the kidneys, AT 1R regulates salt and water homeostasis, by stimulating
the formation of aldosterone. In the heart, enhanced activation of ATIR promotes cardiac
remodeling and aggravates the progression of heart failure. In the vascular system, AT1R
stimulates vasoconstriction and the synthetic vascular smooth muscle phenotype, thereby
contributes to the pathophysiology of hypertension. Based on these pathophysiologic processes,
inhibition of Ang II generation by an ACE inhibitor has been important approach in the

treatment of hypertension.
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1.4 Dementia and Angiotensin I-Converting Enzyme
Inhibition

Prevention and care for dementia such as Alzheimer’s disease (AD) have become urgent
worldwide issues. With the aging of the global society, the prevalence of dementia in adults is
increasing and it is the seventh leading cause of death worldwide (Figure 1-3). The number of
individuals living with dementia is predicted to increase from 50 million in 2015 to 152 million
by 2050 [28]. In addition, the symptoms of dementia worsen over time making it a burden to
patients, families, and caregivers.

AD is the most frequent form of dementia [29-31]. Three acetylcholinesterase inhibitors
donepezil, galantamine and rivastigmine and N-methyl-D-aspartate receptor antagonist
memantine are shown to improve cognitive function in patients with AD [32—-34]. Although
these drugs provide a moderate effect, they do not sufficiently alter the condition [35,36]. In
addition, AD progresses for decades before symptoms appear; and when symptoms become
clinically apparent, the condition is already too advanced for treatment [37,38]. Therefore, it is
recommended that the intervention should precede onset of clinical symptoms [39—41].

The neuropathological hallmarks in the brains of AD patients include accumulation of
senile plaques composed of aggregated amyloid-beta (AP), and neurofibrillary tangles
composed of hyper-phosphorylated tau [42,43]. Formation of AP plaque occurs due to age-
induced neurodegeneration, while neurofibrillary tangles of hyper-phosphorylated tau could
form due to aberrant Ap accumulation [44—46]. Based on this hypothesis, treatment approaches
were developed, which interfere with AP production and/or enhance AP clearance and

degradation. However, major clinical trials targeting AB showed no improvement in dementia,
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so this concept is currently under discussion [47-51].

Although hypertension is a risk factor for dementia [52], centrally acting ACE inhibitors
may reduce the risk of dementia or slow its progression, independent of their BP lowering
effects [53—56]. The brain contains its own intrinsic RAS in addition to the peripheral one [57—
60]. Activation of the sympathetic nervous system is considered to be one of the major functions
of the brain RAS [61]. Several components of the neuronal RAS are altered in AD brains, such
as an increase in the neuronal levels of the Ang II generated by ACE [62—-64].

ACE in the central nervous system exerts its neurodegenerative activity through the
generation of reactive oxygen species by AT1R stimulation of Ang 11 [65,66]. Furthermore, the
activation of ATIR by Ang II promotes neuroinflammation. Intracerebroventricular (ICV)
injection of Ang II impaired cognitive function in a mouse model of AD associated with
hippocampal inflammation, oxidative stress, and increased AP deposition [67]. Considering
these processes, the inhibition of Ang II generation by ACE inhibitors has been the promising
approach in the treatment of cognitive decline and AD. Hence, centrally acting ACE inhibitors
such as captopril, lisinopril, and perindopril could be considered for the prevention of
neurodegeneration and dementia in patients at risk [68,69]. Several clinical studies have shown
that the inhibition of ACE retards the process of neurodegeneration leading to cognitive decline
and onset of AD [56,70—74]. The results of these clinical studies suggest that centrally active

ACE inhibitors may have neuroprotective activity.
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1.5 Angiotensin I-Converting Enzyme Inhibitory Effect
of Milk-Derived Peptide

Bioactive peptides are specific protein fragments that have a positive effect on body functions
or health conditions. Numerous peptides have been identified with various bioactivities. More
than 4000 different bioactive peptides have been reported in a database BIOPEP-UWM [75].
These peptides encrypted in proteins are inactive. However, when released from their parental
protein by enzymatic hydrolysis, microbial fermentation, or gastrointestinal digestion, they may
regulate the human physiology by influencing several body systems [76].

Milk proteins are the most important sources of bioactive peptides [77-79]. They have
been considered as the prominent candidates for various health-promoting functional foods
targeting the cardiovascular, gastrointestinal, immune, and nervous systems [76,77] (Figure 1-
5). For example, milk-derived peptides were reported to have anti-hypertensive, anti-
thrombotic, anti-hypercholesterolemic, calcium-binding, anti-microbial, anti-appetizing,
insulin regulation, anti-oxidant, opioid, cognitive improvement, immunomodulatory, and
cytomodulatory effects [76,77,80,81].

ACE inhibition is one of the most studied functions of milk-derived peptides [82]. These
peptides have attracted much attention because it has been suggested that they can be used as a
safer alternative to control hypertension [76]. Numerous milk-derived peptides with ACE
inhibitory activities have been identified (Table 1-3). For example, ACE inhibitory peptides
have been isolated and characterized from aS1-casein [8§3—86], aS2-casein [87,88], B-casein
[89-96], k-casein [90,97], B-lactoglobulin [98-101], a-lactalbumin [92,101], and lactoferrin

[102] (Table 1-3). Among them, B-casein-derived lactotripeptides Val-Pro-Pro (VPP) and Ile-
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Pro-Pro (IPP) have been extensively studied. They were identified from sour milk fermented
with Lactobacillus helveticus and Saccharomyces cervisiae [93]. The half maximal inhibitory
concentration (ICso) values of VPP and IPP were 5 and 9 uM, respectively. Subsequently,
several studies regarding to the BP lowering effect of the lactotripeptides have been carried out,
mainly in spontaneously hypertensive rats (SHRs) [103,104] and in humans [105-111].
Turpeinen et al. analyzed 19 clinical trials with 1532 prehypertensive or mildly hypertensive
individuals and concluded that the overall anti-hypertensive effect of lactotripeptides was —4.0
mmHg in SBP and —1.9 mmHg in DBP [107]. When restricted to Asian populations only, the
overall BP lowering effect of lactotripeptides consumption was even higher: —5.6 mmHg in
SBP and —2.6 mmHg in DBP. However, one meta-analysis with only Europeans revealed a
slightly lower BP lowering effect: —1.28 mmHg in SBP and —0.59 mmHg in DBP [109]. On the
other hand, considering the potential bias and the statistically significant publication biases, the
anti-hypertensive effect of the lactotripeptides is still under discussion, and further studies are

warranted [110].
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Table 1-3 Milk-derived peptides with ACE inhibitory activities.

Protein ICso
Peptide Protein Position Reference
ID (=M)
RPKHPIKHQ P02662 aS1-casein 1624 134 [83]
FFVAP P02662 aS1-casein 38-42 6.0 [84]
RYLGY P02662 aS1-casein 105-109 0.7 [85]
AYFYPEL P02662 aS1-casein 158-164 6.6 [85]
YY P02662 aS1-casein 180-181 9.0 [86]
FALPQY P02663 aS2-casein 189-194 4.3 [87]
VY P02663 aS2-casein 197-199 15.0 [87]
MKP P02663 aS2-casein 205-207 0.4 [88]
KVLILA P02666 B-casein 2-7 20.9 [89]
RINKK P02666 B-casein 40-44 18.3 [90]
LVYPFP P02666 B-casein 73-78 132.0 [91]
VYPFPGPIPNSLPQNIPP P02666 B-casein 74-91 87.0 [92]
SLPQN P02666 B-casein 84-88 9.5 [90]
IPP P02666 B-casein 89-91 5.0 [93]
VPP P02666 B-casein 99-101 9.0 [93]
LQP P02666 B-casein 103-105 3.4 [94]
MAP P02666 B-casein 117-119 0.8 [94]
SQSKVLPVPQ P02666 B-casein 181-190 92.0 [95]
VLGPVRGPFP P02666 B-casein 212221 137.0 [96]
IAK P02668 K-casein 43-45 15.7 [97]
ARHPH P02668 K-casein 117-121 15.2 [90]
LDIQK P02754 B-lactoglobulin 26-30 27.6 [98]
wY P02754 B-lactoglobulin 35-36 383 [99]
LKALPMH P02754 B-lactoglobulin 156-162 11.0 [100]
ALPMHIR P02754 B-lactoglobulin 158-164 42.6 [101]
GYGGVSLPEW P00711 a-lactalbumin 36-45 2.0 [100]
YGGVSLPEW P00711 a-lactalbumin 37-45 16.0 [92]
FKCRRWQW P24627 lactoferrin 36-43 10.5 [102]
FKCRRWQWR P24627 lactoferrin 3644 2.9 [102]
CRRWQWR P24627 lactoferrin 38-44 2.3 [102]
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1.6 Tripeptide Met-Lys-Pro
Met-Lys-Pro (MKP), the bovine aS2-casein-derived tripeptide, was identified from the casein
hydrolysate as the peptide with the highest contribution to the ACE inhibitory effect [112]. In
fact, MKP showed stronger inhibitory activity (ICso = 0.43 uM) compared to other food-derived
ACE inhibitory peptides in vitro [88]. Oral administration of casein hydrolysate containing
MKP (casein-derived MKP) inhibited the elevated BP of SHRs [88,112], as well as ingestion
of synthetic MKP [88]. Additionally, the orally administered '*C-MKP can be absorbed and
transferred intact into the bloodstream in SHRs [88]. Furthermore, ex vivo, the pre-treatment of
MKP inhibited Ang II-dependent vasoconstriction of thoracic aorta of rats [88]. These results
indicated that orally administered MKP might lower BP through intestinal absorption and ACE
inhibition. Therefore, MKP was considered to be a promising candidate for casein-derived anti-
hypertensive peptide.

Casein-derived MKP significantly attenuated cognitive decline in an in vivo study [113].
AD model mice induced by ICV injection of AB42 were orally administered casein-derived
MKP, and changes in cognitive function were evaluated using the Morris water maze. In
addition, the hippocampus was collected after behavioral testing, and the inflammatory
cytokine and nicotinamide adenine dinucleotide phosphate oxidase subunit expression was
measured. The results showed that daily administration of casein-derived MKP significantly
attenuated AP42-induced cognitive decline and reduced AB42-induced tumor necrosis factor-a,
monocyte chemoattractant protein-1, inducible nitric oxide synthase, p47°™*, and gp91Phx
expression. Improvement in cognitive function was also observed with the administration of

synthetic MKP alone. These results indicated that MKP could act as a therapeutic agent of
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cognitive function. Therefore, MKP may be a casein-derived peptide that improves both BP and

cognitive function.

1.7 Objectives of This Study

The utilization of foods with valuable bioactivity is beneficial for disease prevention and
healthy life expectancy. On the other hand, it is essential to demonstrate the efficacy and safety
of these foods in humans. Based on the results of in vitro and in vivo studies, casein-derived
MKP has BP lowering and cognitive improvement effects. However, there was not much
information on their efficacy and safety in humans. Hence, the aim of the present study was to
evaluate the effects of casein-derived MKP on human BP, cognitive function, and safety. In
particular, the present study focused on the preventive effects of casein-derived MKP, and
included healthy participants and those with mild symptoms. First, to investigate the
effectiveness of casein-derived MKP for reducing BP, a 12-week randomized controlled trial
(RCT) was conducted in participants with high-normal BP or grade 1 hypertension. Second, to
assess the ability of casein-derived MKP for improving cognitive function, a 24-week RCT was
conducted in a community-dwelling adults without dementia. Finally, to evaluate the safety of

high-dose intake of casein-derived MKP, a 4-week RCT was conducted in healthy adults.
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Chapter 2

Effect of Casein-Derived Met-Lys-Pro
on Blood Pressure in Participants
With High-Normal Blood Pressure or

Grade 1 Hypertension:
A Randomized Controlled Trial



2.1 Introduction

High BP is the most important risk factor for CVD such as myocardial infraction, stroke, and
heart failure [1]. One in four adults worldwide in 2000 was hypertensive, and one in three adults
worldwide is expected to have this condition by 2025 [2]. Thus, prevention and management
of hypertension have become public health priorities.

Dietary improvement is recommended for people with mild hypertension [3]. For
instance, the intake of low-fat milk and dairy products has been shown to reduce BP [4]. The
Dietary Approaches to Stop Hypertension trial suggested that a diet rich in fruits, vegetables,
and low-fat dairy foods and with reduced saturated and total fat can substantially lower BP [5].
The large-scale Rotterdam study also concluded that intake of low-fat dairy products can
contribute to the prevention of hypertension in the elderly [6].

Milk-derived peptides have widely been pursued for controlling elevated BP [7]. Many
of these peptides have demonstrated in vitro inhibitory effect on ACE, the central regulator of
the RAS controlling fluid volume. Noted milk-derived peptides with ACE inhibitory effect
include the lactotripeptides VPP and IPP found in fermented or enzymatically hydrolyzed milk
[8—11]. The bovine milk protein hydrolysate C12 peptide has also been shown to reduce BP in
clinical trials [12,13]. However, relatively fewer identified milk-derived peptides have been
tested for anti-hypertensive effects in humans [14,15].

MKP was identified as a tripeptide derived from bovine casein hydrolysate [16] with
strong ACE inhibitory activity in vitro [17]. Orally administered casein-derived MKP reduced
BP in SHRs [17], providing expectation on the BP lowering effect in humans. In fact, a small

number of preliminary clinical trial suggested that casein-derived MKP may lower BP in
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participants with elevated BP [18].

The primary objective of this chapter was to investigate the effectiveness of casein-
derived MKP for reducing BP in participants with high-normal BP or grade 1 hypertension. The
secondary objective was to obtain preliminary information on the effect of this ingredient on

the brachial-ankle pulse wave velocity (baPWV), a useful predictor of CVD risk [1,19,20].

2.2 Methods

2.2.1 Participants

Adult volunteers living in Tokyo, and surrounding areas were recruited through the website and
emails. Recruitment was conducted between October and November 2016. Those wishing to
participate contacted the study coordinator, who explained the study project to them. Inclusion
criteria included: age of 3065 years, high-normal BP (SBP from 130 to 139 mmHg and/or
DBP from 85 to 89 mmHg) or grade 1 hypertension (SBP from 140 to 159 mmHg and/or DBP
from 90 to 99 mmHg) [1] (Table 1-1), and body mass index (BMI, in kg/m?) above 18.5 and
less than 30.0. Exclusion criteria included: receiving treatment for serious diseases (e.g., heart
failure, myocardial infarction, malignant tumor) ; a history of serious disease; currently under
medication for diabetes, hypertension, or dyslipidemia; a history of serious allergies to medicine
or food; pregnancy, lactation, or planning to get pregnant during the study period; heavy
smoking, alcohol abuse, or unstable lifestyle; ineligible due to physician’s diagnosis based on
participant background, physical examination, and interview. To determine eligibility,
participants were asked to complete health and lifestyle questionnaires.

The study protocol was examined and approved by the institutional review board and the
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Ethics Committee of the Japan Conference of Clinical Research (approved on October 20,
2016). Study protocols were conducted in accordance with the Declaration of Helsinki. Before
beginning the study, all participants provided written informed consent and were informed that
they were free to withdraw at any time without obligation. This trial was registered at the
University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR) as

UMIN000024786.

2.2.2 Study Products

All study products were delivered in gelatin-based capsules. The composition of the study
products is detailed in Table 2-1. The MKP-containing capsules were made from casein
hydrolysate manufactured by the Morinaga Milk Industry (Tokyo, Japan) [16]. Each capsule
contained 50 pg MKP in 0.25 g casein hydrolysate. The placebo capsules contained 0.25 g
sodium caseinate with no detectable MKP content. MKP and placebo capsules were matched

for appearance.
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Table 2-1 Composition of the study products.

MKP Placebo
Components
(2 capsules/day) (2 capsules/day)
Energy (kcal) 2.5 2.5
Protein (g) 0.6 0.6
Fat (g) 0.0 0.0
Carbohydrates (g) 0.0 0.0
Sodium (mg) 4.0 6.0
Casein hydrolysate containing MKP (g/day) 0.5 0.0
MKP (pg/day) 100.0 0.0
Sodium caseinate (g/day) 0.0 0.5

2.23 Procedures
The study was designed as a randomized, placebo-controlled, double-blind parallel-group trial.
The primary outcome of the study was change in seated office SBP and DBP from baseline to
week 12. Participants were randomly assigned to receive MKP or placebo capsules using
computer-generated lists of random numbers via the randomly permuted block method. The
participants in the MKP and placebo groups were instructed to consume two capsules daily at
their leisure, respectively. The participants, the physician on record, the researchers assessing
outcomes, and the researchers performing statistical analyses were blinded to the treatment
group allocation.

The trial was conducted in Tokyo, Japan, between October 2016 and March 2017. The
study period comprised 4 weeks for pre-treatment observation, 12 weeks for treatment, and 2
weeks for post-treatment observation. Six study visits were scheduled: at weeks —4 and —1 (the
pre-treatment observation period); weeks 4, 8, and 12 (the treatment period); and week +2 (the
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post-treatment observation period). The BP value at week —1 was taken as the baseline value.
Eligibility was assessed on the basis of self-reported data from health and lifestyle
questionnaires, physician interviews, and physical examination at week —1. Eligible
participants were randomly assigned to either the MKP or placebo group at week —1. Enrolled
participants started the study protocol within one week after eligibility was confirmed. During
the study period, participants were asked to maintain their typical daily activities and diet.
Participants were also asked to keep a record using a diary, which included items related to
supplementation of study products, stress conditions, change of the quantity of meal, amount
of alcohol consumed, physical activities, medications, and hospital visits. Before visiting for
BP measurements, participants were asked to do the following: not take alcohol the day before
the test day, not smoking or bathing on measurement day until after measurements, completing
defecation more than one hour before measurement, visiting without intake of study products,
and eating meals two hours or more before measurement. Study staff interviewed participants
before and throughout the study to ensure compliance with these lifestyle requirements based
on participant diaries. Treatment compliance was assessed by counting the number of capsules
returned at the time of the final study visit and checking participant diaries. The following
conditions were defined as noncompliance: a significant change in lifestyle (continued to
increase/decrease in diet volume, alcohol consumption, and/or excessive change in the amount
of daily exercise), continual excessive stress, less than 80% ingestion rate, mismatch between
the number of study product intake declared in the diary and that which remained, and ingestion

of medication affecting BP.
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2.24 Physical Examination

Body height was measured once during the pre-treatment period (week —4) and was used to
calculate BMI during the study period. Body weight (BW) was measured six times; twice
during the pre-treatment observation period (weeks —4 and —1), three times during the treatment
period (weeks 4, 8, and 12), and once during the post-treatment observation period (week +2),

to calculate BMI.

2.2.5 Blood Pressure Measurement

BP was determined at all visits using a calibrated and validated digital sphygmomanometer with
appropriately sized cuffs (Omron HEM-907; Omron Healthcare Co., Ltd., Kyoto, Japan). BP
was measured with the participant in a seated position and their arm supported at heart level
following a > 5 min rest period. Multiple measurements were recorded at 2 min intervals and
the mean of the last two was used in the analysis. For baseline (week —1) assessment, BP was

measured on both arms, and the arm with the higher mean reading was used in subsequent visits.

2.2.6 Pulse Wave Measurement

The baPWV was measured in participants aged 50 years or older at weeks —1, 4, 8, and 12 using
a BP-203RPE III automatic pulse wave analyzer (Omron Healthcare Co., Ltd., Kyoto, Japan)
in accordance with the manufacturer’s instructions. Participants were examined in the supine
position with four cuffs wrapped around both the brachia and ankles. After each pulse wave to

the brachia and ankles was measured, the baPWV value was calculated according to the delay
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from the start of the brachial pulse wave to the start of the ankle pulse wave. The distances from

the heart to the brachium and ankle were calculated based on participant body height.

2.2.7 Safety Monitoring

All participants were monitored throughout the study for adverse events (AEs) and side-effects.
Safety monitoring consisted of a questionnaire that inquired about general health and
occurrence of any health-related events. The relation of AEs to intake of study products was
determined by the physician on record while remaining blinded to group allocation. The

severity of AEs was evaluated according to the Common Terminology Criteria for Adverse

Events (CTCAE) version 3.0 JCOG/JSCO.

2.2.8 Sample Size

The sample size required to detect a mean SBP difference of 6 mmHg with standard deviation
(SD) of 10 mmHg (Cohen’s d = 0.6) at a = 0.05 and power = 0.8 by unpaired ¢-test was
calculated as 45 study participants per group, totaling 90 participants in the study. Considering

a 25% drop out rate, 60 participants per group would need to be recruited.

2.2.9 Statistical Analysis

Data were presented as mean + standard error (SE) except for baseline (pre-treatment) values,
which were expressed as mean £ SD. The purpose of this study was not to elucidate the
influence of lifestyle but the accurate assessment of efficacy of study products. Therefore,

analyses were conducted for per protocol set, with the exclusion of data on participants that
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were non-compliant. Differences between baseline and post-baseline values were analyzed by
paired ¢-test. Unpaired #-test was used to compare results between the groups. BP data were also
analyzed according to severity by dividing participants into high-normal BP and grade 1
hypertension subgroups. All statistical analyses were performed using SAS 9.4 Software (SAS
Institute Japan Ltd., Tokyo, Japan), were two-tailed, and statistical significance was established

at P <0.05.

2.3 Results

2.3.1 Participants

Of the 753 candidates recruited, 120 were enrolled and randomly allocated to the MKP or
placebo group (Figure 2-1). Two participants withdrew before further assessment for personal
reasons unrelated to the trial. Fifteen participants (seven in the MKP group and eight in the
placebo group) discontinued intervention for the following reasons: nine participants (five in
the MKP group and four in the placebo group) reported significant lifestyle changes such as
exercise habits, food style, and drinking amount during the trial; four participants (one in the
MKP group and three in the placebo group) had intake rate that did not match the remaining
number of capsules; one participant in the MKP group reported taking a medication affecting
BP; one participant in the placebo group reported frequent stress. The overall dropout rate was
14.2% (17 of 120). Table 2-2 shows the baseline characteristics of 103 participants (53 in the

MKP group and 50 in the placebo group) who were retained for analysis.
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Assessed for eligibility (n = 753)

v

Excluded (n = 633)
-Not meeting inclusion criteria (n = 626)
-Declined to participate (n = 7)

Randomized (n = 120)

\ 4

Allocation

Vv

MKP group

Allocated to intervention (n = 60)
-Received allocated intervention (n = 60)
-Did not receive allocated intervention (n = 0)

Placebo group

Allocated to intervention (n = 60)
-Received allocated intervention (n = 58)
-Did not receive allocated intervention (n = 2)
2 personal reasons

A4

Vv

Lost to follow-up (n = 0)
Discontinued intervention (n = 7)
-Protocol deviation (n = 7)
5 reported significant changes in lifestyle
1 poor adherence to supplementation
1 medication affecting blood pressure

Lost to follow-up (n = 0)
Discontinued intervention (n = 8)
-Protocol deviation (n = 8)
4 reported significant changes in lifestyle
3 poor adherence to supplementation
1 reported stressed condition

Vv

Analyzed (n = 53)
-Excluded from analysis (n= 0)

Analyzed (n = 50)
-Excluded from analysis (n = 0)

Figure 2-1 Study flow diagram.
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Table 2-2 Baseline characteristics of the participants.

MKP Placebo
Characteristic
(n=53) (n =50)
Male/Female (n) 39/14 39/11
Age (years) 50.8+7.8 50.5+7.6
BMI (kg/m?) 24.6+2.7 234+25
High-normal BP/Grade 1 hypertension 31/22 30/20
SBP (mmHg) 137.5+7.3 136.5+7.3
DBP (mmHg) 86.0+ 7.5 86.5+6.9
Pulse rate (beats/min) 743+ 113 74.9+10.0

Data represent numbers of participants or mean = SD. BMI, body mass index; BP, blood

pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.

2.3.2 Blood Pressure

The mean SBP values at baseline, during treatment and post-treatment for the MKP and placebo
groups are shown in Table 2-3. Mean SBP in the MKP group differed significantly from baseline
at both week 12 (P = 0.0002) and post-treatment (P = 0.0015), while mean DBP in the MKP
group did not differ from baseline. Mean SBP in the placebo group differed significantly from
baseline at post-treatment (P = 0.0116), while mean DBP in the placebo group did not differ
from baseline. Although there were no significant differences between the MKP and placebo
groups at any time point, both mean SBP and DBP showed the largest effect sizes at week 12
(Cohen’s d=0.26 and 0.29, respectively). The change in SBP from baseline to week 12 (Figure
2-2) was significantly greater in the MKP group compared to the placebo group (mean change
with 95% CI: —=3.9 [-7.1, —0.7] mmHg, P = 0.0173).

The results of subgroup analysis are shown in Tables 2-4, 2-5, and Figure 2-3. In
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participants with high-normal BP, mean SBP in the MKP group differed significantly from
baseline at week 12 (P = 0.0064) and post-treatment (P = 0.0309). Mean DBP in the placebo
group was significantly higher at week 12 than at baseline (P = 0.0271). Mean DBP was
significantly lower in the MKP group than in the placebo group at week 12 (mean difference
with 95% CI: —4.4 [-8.5, —0.3] mmHg, P =0.0353). There were no other significant differences
between the groups, however, the largest effect sizes for both mean SBP and DBP were
observed at week 12 (Cohen’s d = 0.38 and 0.54, respectively). The change in SBP from
baseline to week 12 was significantly greater in the MKP group than in the placebo group (mean
change with 95% CI: —4.4 [-8.6, —0.2] mmHg, P = 0.0414). For participants with grade 1
hypertension, mean SBP in the MKP group differed significantly from baseline at week 12 (P
=0.0103) and post-treatment (P = 0.0219). Mean SBP in the placebo group was significantly
lower at post-treatment than at baseline (P = 0.0100). There were no other significant

differences within the group and between the groups, respectively.
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Table 2-3 BP of the participants.

MKP Placebo
P value Cohen’s
Variable Week P value P value
n Mean + SE n Mean =+ SE between the groups d
within the group within the group

SBP Baseline 53 1375+ 1.0 50 1365+ 1.0 0.4790
(mmHg) 4 53 1358+ 1.7 0.2450 50 136.6 +1.4 0.9160 0.6960 0.08
8 51 1364+ 1.6 0.5480 48 133.9+1.5 0.1230 0.2440 0.23
12 53 1325+ 1.6 0.0002 49 135.1+1.2 0.2850 0.1940 0.26
Post 53 132.8+ 1.5 0.0015 48 1329+1.3 0.0116 0.9460 0.01

DBP Baseline 53 86.0+ 1.0 50 86.5+1.0 0.7420
(mmHg) 4 53 87.8+1.6 0.1080 50 87.8 £ 1.1 0.0846 0.9670 0.01
8 51 86.2+1.5 0.8410 48 87.1+£1.2 0.6210 0.6350 0.10
12 53 85.0+1.5 0.4010 49 87.7+1.0 0.0658 0.1480 0.29
Post 53 853+14 0.4970 48 86.1 1.1 0.9570 0.6840 0.08

Baseline values were measured at week —1. Post-treatment values were measured at week +2. BP, blood pressure; SBP, systolic blood
pressure; DBP, diastolic blood pressure.
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Figure 2-2 Changes of BP from baseline values at week 12.

Values are presented as mean + SE. Baseline values were measured at week —1 (pre-treatment
period). TP < 0.05: Significantly different from the placebo group (unpaired #-test). BP, blood
pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Table 2-4 BP of the participants with high-normal BP.

MKP Placebo
P value Cohen’s
Variable Week P value P value
n Mean + SE n Mean =+ SE between the groups d
within the group within the group

SBP Baseline 31 133.5+0.7 30 132.3+0.8 0.2550
(mmHg) 4 31 130.5+ 1.8 0.1220 30 133.6+1.8 0.4700 0.2340 0.31
8 30 133.8+1.9 0.8500 29 131.0+1.9 0.5440 0.2950 0.28
12 31 128.5+ 1.8 0.0064 30 131.7+1.2 0.6730 0.1420 0.38
Post 31 129.8 £ 1.8 0.0309 30 130.7+1.5 0.3160 0.7150 0.09

DBP Baseline 31 81.6+1.0 30 82.9+1.0 0.3380
(mmHg) 4 31 83.1+1.6 0.3400 30 84.7+1.1 0.0484 0.4090 0.21
8 30 82.8+1.6 0.3980 29 85.1+1.4 0.1960 0.2900 0.28
12 31 80.9+1.7 0.6520 30 853+1.2 0.0271 0.0353 0.54
Post 31 81.7+1.4 0.9240 30 84.1+1.2 0.3530 0.2120 0.32

Baseline values were measured at week —1. Post-treatment values were measured at week +2. BP, blood pressure; SBP, systolic blood
pressure; DBP, diastolic blood pressure.
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Table 2-5 BP of the participants with grade 1 hypertension.

MKP Placebo
P value Cohen’s
Variable Week P value P value
n Mean + SE n Mean =+ SE between the groups d
within the group within the group

SBP Baseline 22 143.2+1.5 20 1429+14 0.8650
(mmHg) 4 22 143.2+2.6 0.9920 20 1412+ 1.7 0.4230 0.5280 0.20
8 21 140.2+2.6 0.2890 19 138.3+2.1 0.0902 0.5910 0.17
12 22 1382+24 0.0103 19 1404+1.9 0.2910 0.4680 0.23
Post 22 136.9+2.5 0.0219 18 136.6 £2.2 0.0100 0.9260 0.03

DBP Baseline 22 922+12 20 91.8+1.2 0.7950
(mmHg) 4 22 945+25 0.1750 20 923+1.6 0.6890 0.4660 0.23
8 21 91.0+2.4 0.4430 19 90.1 £1.8 0.2710 0.7670 0.10
12 22 90.8+2.3 0.4460 19 91.6+1.5 0.9480 0.7950 0.08
Post 22 90.4+2.4 0.3010 18 89.4+19 0.2480 0.7350 0.11

Baseline values were measured at week —1. Post-treatment values were measured at week +2. BP, blood pressure; SBP, systolic blood
pressure; DBP, diastolic blood pressure.
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Figure 2-3 Subgroup analysis of changes of BP from baseline values at week 12.

Based on baseline values of BP, participants were divided into high-normal BP or grade 1
hypertension groups for analysis. Values are mean + SE. Baseline values were measured at
week —1 (pre-treatment period). TP < 0.05: Significantly different from the placebo group
(unpaired #-test). BP, blood pressure; SBP, systolic blood pressure, DBP, diastolic blood

pressure.
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2.3.3 Brachial-Ankle Pulse Wave Velocity
Table 2-6 presents the baPWV values before, during, and after daily intake of MKP or placebo
in participants aged 50 years or older. There was no significant effect of MKP treatment on

baPWV.

Table 2-6 Brachial-ankle pulse wave velocity of the participants aged 50 years and above at

baseline, during treatment, and post-treatment.

MKP Placebo

Variable Week
n Mean = SE n Mean = SE
baPWV Baseline 31 14.7+0.3 26 152+0.3
(right, m/s) 4 31 14.8+0.3 27 152+03
8 29 14.6+0.3 25 153+04
12 31 144+0.3 26 152+03
baPWV Baseline 31 14.7+0.3 26 151+£03
(left, m/s) 4 31 14.7+0.3 27 15.1+£03
8 29 14504 25 153+04
12 31 144+0.3 26 15.1+£03

Baseline values were measured at week —1. No significant differences from both the baseline

value and the placebo group were observed. baPW'V; brachial-ankle pulse wave velocity.

234 Safety
Throughout the study, 61 AEs were reported by 37 participants, with 28 from 19 participants in
the MKP group and 33 from 18 participants in the placebo group. AEs were as follows: 35 cold

symptoms from 25 participants, 10 incidences of headache from seven participants, seven
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gastrointestinal symptoms from four participants, four influenza symptoms from four
participants, three seasonal allergies from three participants, one sprain, and one pain (calf). All

the reported AEs were CTCAE grade 1 (mild) and unrelated to intake of study products.

2.4  Discussion
Daily ingestion of casein-derived MKP significantly lowered SBP in participants with high-
normal BP or grade 1 hypertension while demonstrating good tolerability, with no treatment-
related AEs reported over 12 weeks of treatment and 2 weeks post-treatment. Casein-derived
MKP shows good water solubility and can be blended into foods rather than taken in capsule
form. Therefore, regular dietary supplementation with casein-derived MKP may be a promising
intervention for safely lowering BP and associated disease risks.

A meta-analysis of 16 cohort studies from Japan concluded that SBP was a more useful
risk indicator of stroke and myocardial infarction than DBP, pulse pressure, or mean BP [21].
From a meta-analysis of 61 studies, a 2-mmHg reduction in SBP corresponded to about 10%
decrease in stroke mortality and about 7% decrease in coronary heart disease mortality in
middle age [22]. In the MKP group, SBP decreased by 3.9 mmHg compared to the placebo
group after 12 weeks of ingestion, within the range considered sufficient to lower the risk of
CVD.

It has been reported that the ACE inhibitory activity of MKP in vitro was comparable to
other milk-derived peptides such as lactotripeptides [17]. Lactotripeptides are among the most
extensively studied milk-derived peptides with BP-lowering effects. A meta-analysis of 18

clinical trials on lactotripeptides revealed a 3.73 mmHg (95% CI: —6.70, —1.76) drop in SBP
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and 1.97 mmHg (95% CI: —3.85, —0.64) drop in DBP [11]. A direct comparison among
lactotripeptides and casein-derived MKP is still required to assess the possible advantages of
each in lowering BP among various hypertensive patient groups.

To accurately understand the potential benefits of bioactive peptides, it is important to
evaluate their bioavailability [23,24]. Although ACE inhibition is one of the effective ways for
lowering BP [25,26], in order to evaluate the anti-hypertensive effect of ACE inhibitory
peptides, it is necessary to evaluate not only their activity but also their bioavailability in vivo.
In fact, however, there are only a few reports on the bioavailability of ACE inhibitory peptides
in animals and humans [24]. It was reported that anti-hypertensive dipeptide Val-Tyl (VY) with
ACE inhibitory activity was detected in the plasma of SHRs [27] and humans [28,29] after oral
ingestion. It was also known that orally administered VY was distributed not only in plasma
but also in heart, liver, and kidney in SHRs [30]. In the case of MKP, it has been shown in SHRs
that orally ingested '*C-MKP was absorbed and transferred intact into the bloodstream [17].
Additionally, after oral ingestion of *C-MKP by SHRs, the results suggested that MKP or its
metabolites may be distributed in many organs and tissues such as the small intestine, pancreas,
and brain [31]. Considering that Ang II-dependent vasoconstriction of thoracic aorta of SHRs
was inhibited by MKP pre-treatment [17], these results suggest that also in humans, orally
ingested MKP may be transferred intact into the bloodstream and lowers SBP primarily via
blockade of the RAS.

In contrast to SBP, regular casein-derived MKP ingestion had no effect on baPWV in
participants over 50 years of age. This result may stem from the limited sample size relative to

the detection sensitivity of baPWV or from the relatively brief (12 weeks) study period. In
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addition to BP, age, and sex, baPWV could be affected by other risk factors such as blood
glucose level and renal function not controlled in this study [32—34]. Furthermore, mean
baPWV was well below 1.8 m/s, the cut-off predictor of CVD [35]. It is necessary to conduct
larger-scale and longer clinical trials to clarify the influence of casein-derived MKP intake on
baPWV.

The major strengths of this study are the well-controlled trial design and a sample size
sufficient to detect a relatively small but clinically significant change in SBP due to casein-
derived MKP intake. However, this study has several limitations. First, although significant
difference in the change of SBP from baseline value between the groups was observed in this
trial, there were no significant differences in the measured values. The reason for this could be
that the effect of MKP on BP was smaller than expected. Indeed, the effect size of casein-
derived MKP intake on SBP at week 12 was estimated to be 0.6, whereas the actual effect size
was 0.26 (Table 2-3). Furthermore, the results of the subgroup analysis showed that the effect
of MKP was greater in participants with high-normal BP than with grade 1 hypertension. Indeed,
the results of subgroup analysis in the participants with high-normal BP showed that there was
a significant improvement in the MKP group compared to the placebo group, not only in the
change of SBP, but also in the mean DBP values (Table 2-4 and Figure 2-3). Therefore, it may
be necessary to conduct a trial with a larger sample size of participants with high-normal BP to
more accurately confirm the effect of MKP on BP. Second, the intervention period was only 12
weeks and tested only one casein-derived MKP dose. It is therefore necessary to conduct a
longer-duration and multi-dose intervention to detect the effects of MKP over a more long-term

period. Third, most studies examining the relationship between BP and CVD have been based
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on seated office BP; however, 24-hour ambulatory BP is more useful than seated office BP for
predicting CVD risk [36,37]. Similarly, although baPWV has been shown to be a good predictor
of CVD [38], the gold standard in this field is carotid-femoral pulse wave velocity (cfPWV).
Therefore, it is important to evaluate the effect of casein-derived MKP ingestion on 24-hour

ambulatory BP and cfPWV.

2.5 Conclusions

The BP-lowering efficacy of daily casein-derived MKP ingestion was evaluated in participants
with high-normal BP or grade 1 hypertension by a randomized, double-blind, placebo-
controlled, parallel-group trial. The MKP group showed a clinically significant reduction in
SBP but no change in baPWV. No serious AEs attributable to ingestion of the study products
were recorded. Although it may be necessary to conduct a further clinical trial to more
accurately confirm the effect of MKP on BP, regular casein-derived MKP ingestion has the
potential to be a safe and effective SBP-lowering treatment for people with high-normal BP or
grade 1 hypertension. Thus, regular casein-derived MKP ingestion could help decrease the risks

of diseases associated with hypertension.
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Chapter 3

Effect of Casein-Derived Met-Lys-Pro
on Cognitive Function in Community-
Dwelling Adults Without Dementia:
A Randomized Controlled Trial



3.1 Introduction

As global life expectancy rises, the growth in the number of older adults with dementia is
unprecedented. The number of individuals living with dementia is predicted to increase from
47 million in 2015 to 132 million by 2050 [1]. AD is the most common cause of dementia.
Cholinesterase inhibitors and N-methyl-D-aspartate receptor antagonists have been approved
for the treatment of AD in many countries [2]. Although these drugs provide a moderate
treatment effect, they do not completely alter the condition [3,4]. Prevention and care for AD
have become urgent global issues. AD progresses for many years before symptoms appear; and
when symptoms become clinically apparent, the condition is already too advanced for treatment
[5,6]. Therefore, taking preventative measures before the onset of clinical symptoms is highly
recommended [7-9].

Recently, it was suggested that centrally active ACE inhibitors and angiotensin receptor
blockers lower AD risk or slow its progression, independent of their BP-lowering effect [10,11].
The activity of ACE is elevated in the brains of patients with AD [12]. Ang II generated by ACE
may promote oxidative stress and neuroinflammation, leading to neurodegeneration and brain
aging [13,14]. However, several clinical studies have shown that centrally active ACE inhibitors,
which cross the blood-brain barrier, prevent the process of neurodegeneration leading to
dementia and the incidence of AD [11,15-17].

MKP has been identified as an anti-hypertensive tripeptide from bovine casein
hydrolysate [18]. MKP exhibited strong ACE inhibitory activity in vitro (ICso = 0.43 uM), and
orally administered MKP was absorbed intact into the bloodstream and reduced BP in SHRs

[19]. Moreover, the autoradiography data showed that MKP or its metabolites could be
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distributed in the brain after the oral administration of '*C-MKP [20]. Based on these results,
its potential effects on cognitive function were examined. The results showed that oral
administration of casein-derived MKP significantly attenuated cognitive decline in a mouse
model of AD [20]. Therefore, casein-derived MKP intake has the potential to improve cognitive
function in humans.

Improving cognitive function by the daily ingestion of effective food ingredients at a pre-
AD stage may either prevent or delay the onset of AD [21]. Thus, a 24-week, randomized,
double-blind, placebo-controlled trial was conducted to investigate the ability of casein-derived
MKP to improve cognitive function in a population of community-dwelling adults without
dementia. Since they represent a population at risk of developing clinical AD, but constitute a
group in whom the preclinical disease is believed to be at an early enough stage to still respond
to intervention, middle-aged and elderly individuals without dementia were recruited for the
study [6]. The scores of the Japanese version of the AD Assessment Scale-cognitive subscale
(ADAS-cog) [22,23] were used as the primary outcome. The ADAS-cog is one of the most
frequently used instruments to evaluate general cognitive function in clinical trials. To the best
of my knowledge, this is the first study to evaluate the effects of casein-derived MKP on human
cognition. Therefore, the ADAS-cog was used in this study to broadly examine the effects of
casein-derived MKP on cognitive function. As secondary outcomes, the revised version of
Hasegawa’s Dementia Scale (HDS-R) [24], the Japanese version of the Montreal Cognitive
Assessment (MoCA-J) [25,26], and the eight-item Short-Form Health Survey (SF-8) [27] were

used. The safety of casein-derived MKP was also evaluated.
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3.2 Methods
3.2.1 Participants
Adult volunteers living in Matsumoto, Japan and the surrounding areas were recruited through
website announcements, advertisements, and mailed invitations. Recruitment was conducted
from April to June 2018. Inclusion criteria included: age > 40 years and an HDS-R score of 21—
30. Exclusion criteria included: history or presence of dementia; suspected dementia; mental
disorders such as schizophrenia and depression; serious diseases of the brain, liver, kidneys,
heart, lungs, gastrointestinal tract, blood, or metabolism; serious allergies to medicine or food;
pregnancy, lactation, or planning to get pregnant during the study period; ineligibility due to
physician’s diagnosis based on participant background, physical examination, and interview.
The study protocol was examined and approved by the institutional review board and the
Ethics Committee of Matsumoto Junior College (approval code: 201704). The study was
conducted in accordance with the Declaration of Helsinki and the Ethical Guidelines for
Medical and Health Research Involving Human Subjects (Ministry of Education, Culture,
Sports, Science and Technology; Ministry of Health, Labor and Welfare, Japan). After a detailed
explanation regarding the study objectives and procedures, all participants provided written
informed consent. They were informed that they were free to withdraw at any time without

obligation. This trial was registered at the UMIN-CTR as UMIN000032833.
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3.2.2 Study Products

All study products were delivered in tablet form. The composition of the study products is
detailed in Table 3-1. The MKP-containing tablets were made from casein hydrolysate
manufactured by the Morinaga Milk Industry (Tokyo, Japan) [19]. Each tablet contained 50 pg
MKP in 0.25 g casein hydrolysate. The placebo tablets contained 0.25 g dextrin with no

detectable MKP content. MKP and placebo tablets were matched for appearance.

Table 3-1 Composition of the study products.

MKP Placebo
Component
(4 tablets/day) (4 tablets/day)
Energy (kcal) 7.0 7.0
Protein (g) 0.9 0.0
Fat (g) 0.0 0.0
Carbohydrates (g) 0.9 1.8
Sodium (mg) 11.0 0.0
Casein hydrolysate containing MKP (g/day) 1.0 0.0
MKP (ug/day) 200.0 0.0
Dextrin (g/day) 0.0 1.0

3.2.3 Procedures

The trial was conducted in Matsumoto between June 2018 and February 2019. To investigate
the impact of regular casein-derived MKP intake on cognitive function in community-dwelling
adults without dementia, a 24-week randomized, double-blind, placebo-controlled trial was
conducted. The study lasted 24 weeks and 2 weeks for treatment and post-treatment observation,
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respectively. Efficacy assessments were obtained at baseline, at week 12, and at week 24.

Eligibility was assessed based on interviews, physical examination (BP, body height,
BW), self-reported data from health and lifestyle questionnaires, the Geriatric Depression Scale
(GDS) [28,29] score, and the HDS-R score. Individuals with scores > 7 on the GDS or <20 on
the HDS-R were excluded from participation. Eligible participants were randomly assigned to
receive MKP or placebo tablets in a 1:1 ratio by a person not directly involved in the study
using computer-generated lists of random numbers via the randomly permuted block method.
The participants in the MKP and placebo groups were instructed to consume four tablets daily
at their leisure, respectively. The participants, physician, researchers assessing outcomes, and
researchers conducting statistical analyses were blinded to the treatment group allocation over
the study duration.

All participants were encouraged to continue with their usual daily activities and diet
throughout the study period. The participants were also asked to keep a daily record of their
experiences and occurrences. These included items related to supplementation of study products,
illness, use of medications or other nutritional supplements, and hospital visits. Study staff
interviewed participants before and throughout the study to ensure their compliance with these
lifestyle requirements based on the participant diaries. Treatment compliance was assessed by
counting the number of tablets returned at the time of the final study visit and the inspection of

the participant diaries.
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3.24 Outcome Measurements
The primary outcome measure was the ADAS-cog score [22,23]. The test, which yields a score
ranging from 0 (no errors) to 70 (maximum impairment), assesses memory, language, praxis,
and orientation and is composed of 11 subscales (word recall, spoken language ability,
comprehension of spoken language, word-finding difficulty, following commands, naming
objects and fingers, constructions, ideational praxis, orientation, word recognition, and recall
of test instructions) to evaluate general cognitive function.

The secondary outcome measures were the HDS-R, MoCA-J, and SF-8 scores. In Japan,
the HDS-R is a neuropsychological battery commonly used for the screening of dementia [24].
Individuals with scores of < 20 out of 30 are diagnosed with suspected dementia. The MoCA-J
is a useful screening tool for detecting mild cognitive impairment (MCI) [25,26]. The cut-off
point of the test for MCI and AD is 25/26 out of 30. To correct for the educational background,
one point is added for participants with a total score < 30 and an educational background of <
12 years. The ADAS-cog and MoCA-J were performed at baseline and after 12 and 24 weeks
of supplementation. The HDS-R was performed at baseline and after 24 weeks of
supplementation. The participants self-reported assessment of physical and mental health at
baseline and week 24 was obtained using the SF-8 [27]. The Mental health Component

Summary (MCS) and Physical health Component Summary (PCS) scores were calculated.

3.2.5 Safety Monitoring
All intervened participants were monitored throughout the study for AEs and side-effects.

Safety monitoring comprised of a questionnaire that assessed general health and the occurrence
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of any health-related events. The relation of AEs to ingestion of the study products was
determined by the physician while remaining blinded to group allocation. The severity of AEs

was evaluated according to the CTCAE version 4.0 JCOG/JSCO.

3.2.6 Sample Size

The effect size Cohen’s d of the ADAS-cog total score at 24 weeks after casein-derived MKP
intake was estimated to be 0.40. The sample size required to detect a mean ADAS-cog total
score difference at a = 0.05 and power = 0.90 by unpaired ¢-test was calculated at 133 study
participants per group, making up a total of 266 study participants. The target sample size was
calculated using G*Power 3.1.9.2 (Heinrich Heine Universitat, Dusseldorf, Germany).
Considering a 10% dropout rate, approximately 150 participants per group needed to be

recruited.

3.2.7 Statistical Analysis

Statistical analysis was based on the intention-to-treat population, which included all randomly
assigned participants with at least one observation. Missing data were handled by the available
case analysis. Data were presented as mean along with SE, except for baseline values, which
were expressed as mean along with SD. The baseline characteristics of the study groups were
compared using Fisher’s exact test for categorical variables and unpaired #-test for continuous
variables. The continuous variables of efficacy were assessed by analysis of covariance models
to adjust for baseline values, using week 24 values as the dependent variables. The cognitive

test data were also analyzed according to age, MoCA-J score, or medication status by dividing
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the participants into predefined subgroups. Age was divided by 65, the standard for elderly
people in Japan. The MoCA-J score was divided by 26, the standard for suspected MCI.
Medication status was divided by whether the participants were using regular medication;
temporary medication, such as for colds, was not included. Safety analyses were carried out
based on summary listings of AEs, with Fisher’s exact test used for pairwise comparisons. All
comparisons were two-tailed, and the statistical significance level was set to P < 0.05. All
analyses were performed using IBM SPSS Statistics version 23 (IBM Corp., Armonk, NY,

USA).

3.3 Results

3.3.1 Participants

From a total of 468 participants screened for the study, 268 were enrolled and randomly
allocated into the MKP (n = 134) and placebo (n = 134) groups (Figure 3-1). Out of the 268
participants enrolled, 256 and 253 remained enrolled in the study for 12 weeks and until the
end of the study period, respectively. Three randomized participants withdrew before the
intervention for personal reasons unrelated to the trial and 12 (six in the MKP and the placebo
group, respectively) discontinued; nine (six and three in the MKP and the placebo group,
respectively) dropped out during the intervention period due to personal reasons unrelated to
the trial, and three (all in the placebo group) due to AEs unrelated to the treatment. The overall
dropout rate was 5.6% (15 of 268). The compliance rates were 96.7% and 96.5% in the MKP
and placebo group, respectively, with the difference being non-significant. Table 3-2 shows the

baseline characteristics, including sex, age, BMI, BP, education years, SF-8, GDS, ADAS-cog,
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MoCA-J, and HDS-R scores. The two groups did not differ significantly in the baseline
demographic variables. In the overall population, the mean age was 68.3 years, the mean
ADAS-cog score was 4.1, the mean MoCA-J score was 25.8, and the mean HDS-R score was
28.6. Considering the cut-off threshold of the MoCA-J score (25/26), 58% of all enrolled

participants were considered cognitively healthy, and 42% were suspected to have MCI.
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Assessed for eligibility (n = 468)

Excluded (n = 200)
-Not meeting inclusion criteria (n = 198)
-Declined to participate (n = 2)

v

Randomized (n = 268)

\ 4

Allocation

Vv

MKP group

Allocated to intervention (n = 134)
-Received allocated intervention (n = 134)
-Did not receive allocated intervention (n = 0)

Placebo group

Allocated to intervention (n = 134)
-Received allocated intervention (n = 131)
-Did not receive allocated intervention (n = 3)
3 personal reasons

Lost to follow-up (n = 0)
Discontinued intervention (n = 6)
6 personal reasons

Lost to follow-up (n = 0)
Discontinued intervention (n = 6)
3 personal reasons
3 adverse events

A4 Vv

Analyzed (n = 134)
-Excluded from analysis (n= 0)

Analyzed (n = 134)
-Excluded from analysis (n = 0)

Figure 3-1 Study flow diagram.
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Table 3-2 Baseline characteristics of the participants.

MKP Placebo
Characteristic
(n=134) (n=134)
Male/Female (n) 43/91 42/92
Age (years) 68.1+8.4 68.5+8.0
BMI (kg/m?) 23.0+2.9 22.5+3.0
SBP (mmHg) 126.1+13.2 1272+ 14.4
DBP (mmHg) 714+94 73.5+10.5
Education (years) 13.2+1.7 13.0+ 1.8
SF-8, MCS 51.8+5.5 52.1+4.7
SF-8, PCS 61.7£8.1 623+72
GDS 1.6£1.6 15+1.5
ADAS-cog 41+£22 4.1£2.1
MoCA-J 25.8+2.8 259+2.9
HDS-R 28.7+1.5 28.6+1.3

Data represent numbers of participants or mean = SD. SBP, systolic blood pressure; DBP,
diastolic blood pressure; BMI, body mass index; SF-8, eight-item Short-Form Health Survey;
MCS, Mental health Component Summary; PCS, Physical health Component Summary;
GDS, Geriatric Depression Scale; ADAS-cog, Alzheimer’s Disease Assessment Scale-
cognitive subscale; MoCA-J, Japanese version of the Montreal Cognitive Assessment; HDS-

R, revised version of Hasegawa’s Dementia Scale.

3.3.2 Outcomes

A summary of the cognitive test data at baseline and after 12 and 24 weeks is presented in Table
3-3. After 24 weeks, there was no significant casein-derived MKP treatment effect on the
ADAS-cog total score compared to placebo. The orientation of the participants in the MKP
group, as measured by the respective ADAS-cog subscale, significantly improved (P = 0.022,
Cohen’s d = 0.30). There were no significant differences between the groups in the other
cognitive variables.

75



A subgroup analysis of age, MoCA-J score, and medication status were performed. The
results of the analysis are shown in Tables 3-4, 3-5, and 3-6. The study of the subgroup of
elderly participants (age > 65 years) revealed a statistically significant treatment effect between
the groups with regard to construction (P =0.049, Cohen’s d = 0.28) and orientation (P =0.039,
Cohen’s d =0.34), as measured by the respective subscales of the ADAS-cog (Table 3-4). There
were no significant differences between the groups in terms of other cognitive variables in the
subgroup analysis by age. The study of the subgroup of cognitively healthy participants
(MoCA-J score > 26) revealed a statistically significant treatment effect for orientation (P =
0.029, Cohen’s d = 0.37) and HDS-R score (P = 0.033, Cohen’s d = 0.37) between the groups
(Table 3-5). There were no significant differences between the groups in terms of the other
cognitive variables in the subgroup analysis by MoCA-J score. The analysis of the subgroup
“without medication” revealed a statistically significant treatment effect for orientation (P =
0.003, Cohen’s d = 0.62) between the groups (Table 3-6). There were no significant differences
between the groups in terms of the other cognitive variables in the subgroup analysis by
medication status. Table 3-7 presents the MCS and PCS values of SF-8 before and after daily
intake of casein-derived MKP or placebo. There was no significant casein-derived MKP

treatment effect on SF-8 compared to placebo.
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Table 3-3 Summary of the cognitive tests.

P ES
Group Baseline Week 12 Week 24
value d
Number of participants M 134 129 128
P 134 127 125
ADAS-cog total score M 4.08 (0.19) 3.94 (0.19) 3.18 (0.17)
0.302 0.12
P 4.10 (0.18) 421(0.21) 3.43(0.19)
Word recall M 2.33(0.10) 2.69 (0.11) 1.85 (0.10)
0.635 0.08
P 2.40(0.11) 2.87(0.13) 1.93 (0.10)
Spoken language ability M 0.01 (0.01) 0.00 (0.00) 0.00 (0.00) A A
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Comprehension of spoken M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) NA NA
language P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Word-finding difficulty M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) NA NA
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Following commands M 0.28 (0.04) 0.29 (0.05) 0.27 (0.04) 0.299 011
p 0.31 (0.05) 0.23 (0.04) 0.22 (0.04) ' '
Namin, M 0.00 (0.00 0.01 (0.01 0.00 (0.00
g (0.00) (0.01) (0.00) NA NA
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Constructions M 0.09 (0.04) 0.02 (0.01) 0.01 (0.01)
0.054 0.24
P 0.10 (0.03) 0.03 (0.02) 0.08 (0.04)
Ideational praxis M 0.09 (0.04) 0.03 (0.02) 0.03 (0.02)
0.625 0.07
P 0.04 (0.02) 0.09 (0.04) 0.02 (0.02)
Orientation M 0.10 (0.03) 0.08 (0.03) 0.05 (0.02)
0.0227 0.30
P 0.13 (0.03) 0.11 (0.03) 0.15 (0.03)
Word recognition M 1.18 (0.09) 0.83 (0.08) 0.97 (0.08)
0.677 0.04
P 1.13 (0.09) 0.88 (0.09) 1.01 (0.09)
Recall of test instructions M 0.01 (0.01) 0.00 (0.00) 0.00 (0.00) 0313 0.13
P 0.01 (0.01) 0.00 (0.00) 0.01 (0.01) ' '
MoCA-J M 25.82 (0.24) 26.36 (0.23) 27.34 (0.20)
0.417 0.08
P 25.87(0.25)  26.18(0.23)  27.14(0.22)
HDS-R M 28.67 (0.13) 28.18 (0.18)
0.885 0.05
P 28.57 (0.12) 28.08 (0.18)

Data represent mean (with SE). P < 0.05 (vs. placebo). P values were derived by the analysis
of covariance (the scores at week 24 were adjusted for the baseline score). M, MKP; P,
placebo; ES, effect size; NA, not applicable.; ADAS-cog, Alzheimer’s Disease Assessment
Scale-cognitive subscale; MoCA-J, Japanese version of the Montreal Cognitive Assessment;

HDS-R, revised version of Hasegawa’s Dementia Scale.
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Table 3-4 Subgroup analysis of the cognitive tests by age.

Age < 65 years Age > 65 years
Group
Baseline Week 24 Baseline Week 24
Number of participants M 33 32 101 96
P 35 32 99 93
ADAS-cog total score M 3.35(0.39) 2.88(0.32) 4.32(0.21) 3.28 (0.20)
P 3.09 (0.28) 2.68 (0.24) 4.45(0.21) 3.69 (0.23)
Word recall M 1.81 (0.20) 1.75 (0.21) 2.50 (0.11) 1.88 (0.12)
P 1.97 (0.16) 1.86 (0.16) 2.54(0.13) 1.96 (0.12)
Spoken language ability M 0.00 (0.00) 0.00 (0.00) 0.01 (0.01) 0.00 (0.00)
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Comprehension of spoken M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
language P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Word-finding difficulty M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Following commands M 0.30 (0.08) 0.31 (0.08) 0.28 (0.05) 0.26 (0.05)
P 0.29 (0.10) 0.16 (0.07) 0.31 (0.05) 0.25 (0.04)
Naming M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Constructions M 0.00 (0.00) 0.00 (0.00) 0.12 (0.05) 0.01 (0.01)t
P 0.03 (0.03) 0.00 (0.00) 0.12 (0.03) 0.11 (0.05)
Ideational praxis M 0.03 (0.03) 0.00 (0.00) 0.11 (0.05) 0.04 (0.03)
P 0.00 (0.00) 0.00 (0.00) 0.05 (0.03) 0.02 (0.02)
Orientation M 0.18 (0.08) 0.03 (0.03) 0.07 (0.03) 0.06 (0.03)+
P 0.09 (0.06) 0.06 (0.04) 0.14 (0.04) 0.18 (0.04)
Word recognition M 1.02 (0.21) 0.79 (0.18) 1.23 (0.10) 1.03 (0.09)
P 0.69 (0.10) 0.60 (0.11) 1.28 (0.11) 1.16 (0.11)
Recall of test instructions M 0.00 (0.00) 0.00 (0.00) 0.01 (0.01) 0.00 (0.00)
P 0.03 (0.03) 0.00 (0.00) 0.00 (0.00) 0.01 (0.01)
MoCA-J M 26.79 (0.37) 27.66 (0.34) 25.50 (0.30) 27.24 (0.24)
P 27.09 (0.44) 28.25(0.24) 25.44 (0.29) 26.76 (0.28)
HDS-R M 28.79 (0.20) 29.28 (0.17) 28.63 (0.16) 27.81 (0.22)
P 28.74 (0.18) 29.41 (0.19) 28.51(0.14) 27.62 (0.21)

Data represent mean (with SE). P < 0.05 (vs. placebo). P values were derived by the analysis
of covariance (the scores at week 24 were adjusted for the baseline score). M, MKP; P,
placebo; ADAS-cog, Alzheimer’s Disease Assessment Scale-cognitive subscale; MoCA-J,
Japanese version of the Montreal Cognitive Assessment; HDS-R, revised version of

Hasegawa’s Dementia Scale.
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Table 3-5 Subgroup analysis of the cognitive tests by MoCA-J score.

MoCA-J <26 MoCA-J >26
Group
Baseline Week 24 Baseline Week 24
Number of participants M 57 54 77 74
P 55 52 79 73
ADAS-cog total score M 5.25(0.28) 4.15(0.29) 3.22(0.20) 2.48 (0.16)
P 5.19 (0.26) 4.17(0.29) 3.34(0.21) 2.90 (0.23)
Word recall M 2.93(0.14) 2.44 (0.16) 1.89 (0.12) 1.41 (0.11)
P 2.95(0.15) 2.31(0.16) 2.01(0.13) 1.66 (0.12)
Spoken language ability M 0.02 (0.02) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Comprehension of spoken M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
language P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Word-finding difficulty M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Following commands M 0.39 (0.07) 0.30 (0.07) 0.21 (0.05) 0.26 (0.05)
P 0.33 (0.07) 0.31 (0.06) 0.29 (0.06) 0.16 (0.04)
Naming M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Constructions M 0.14 (0.05) 0.00 (0.00) 0.05 (0.05) 0.01 (0.01)
P 0.15 (0.05) 0.13 (0.08) 0.06 (0.03) 0.04 (0.02)
Ideational praxis M 0.14 (0.08) 0.02 (0.02) 0.05 (0.03) 0.04 (0.04)
P 0.02 (0.02) 0.04 (0.04) 0.05 (0.04) 0.00 (0.00)
Orientation M 0.19 (0.06) 0.11 (0.05) 0.03 (0.02) 0.01 (0.01)t
P 0.29 (0.07) 0.23 (0.07) 0.01 (0.01) 0.10 (0.03)
Word recognition M 1.43 (0.15) 1.29 (0.16) 0.99 (0.11) 0.74 (0.07)
P 1.44 (0.14) 1.14 (0.12) 0.91 (0.10) 0.92 (0.13)
Recall of test instructions M 0.02 (0.02) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P 0.02 (0.02) 0.00 (0.00) 0.00 (0.00) 0.01 (0.01)
MoCA-J M 23.09 (0.24) 26.13 (0.34) 27.84 (0.15) 28.23 (0.18)
P 22.96 (0.26) 25.83(0.39) 27.90 (0.14) 28.08 (0.20)
HDS-R M 28.07 (0.23) 27.00 (0.33) 29.12 (0.13) 29.04 (0.13)T
P 28.02 (0.21) 27.50 (0.31) 28.95(0.12) 28.49 (0.20)

Data represent mean (with SE). P < 0.05 (vs. placebo). P values were derived by the analysis
of covariance (the scores at week 24 were adjusted for the baseline score). M, MKP; P,
placebo; ADAS-cog, Alzheimer’s Disease Assessment Scale-cognitive subscale; MoCA-J,
Japanese version of the Montreal Cognitive Assessment; HDS-R, revised version of

Hasegawa’s Dementia Scale.
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Table 3-6 Subgroup analysis of the cognitive tests by medication status.

Without medication With medication
Group

Baseline Week 24 Baseline Week 24

Number of participants M 56 51 78 77

P 52 43 82 82
ADAS-cog total score M 4.01 (0.30) 3.05(0.28) 4.13 (0.24) 3.27(0.21)
P 3.80(0.31) 3.05 (0.30) 4.29(0.22) 3.62 (0.24)
Word recall M 2.29(0.16) 1.75 (0.18) 2.36 (0.13) 1.91 (0.12)
P 2.23(0.16) 1.81(0.17) 2.50(0.14) 2.00 (0.13)
Spoken language ability M 0.00 (0.00) 0.00 (0.00) 0.01 (0.01) 0.00 (0.00)
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Comprehension of spoken M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
language P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Word-finding difficulty M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Following commands M 0.29 (0.07) 0.25 (0.07) 0.28 (0.05) 0.29 (0.05)
P 0.25 (0.08) 0.16 (0.06) 0.34 (0.06) 0.26 (0.05)
Naming M 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
P 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)
Constructions M 0.13 (0.08) 0.00 (0.00) 0.06 (0.03) 0.01 (0.01)
P 0.12 (0.04) 0.05 (0.03) 0.09 (0.03) 0.10 (0.05)
Ideational praxis M 0.11 (0.06) 0.02 (0.02) 0.08 (0.04) 0.04 (0.04)
P 0.00 (0.00) 0.00 (0.00) 0.06 (0.04) 0.02 (0.02)
Orientation M 0.07 (0.03) 0.00 (0.00)F+ 0.12 (0.04) 0.09 (0.04)
P 0.13 (0.06) 0.16 (0.06) 0.12 (0.04) 0.15 (0.04)
Word recognition M 1.13 (0.15) 1.03 (0.15) 1.21 (0.12) 0.93 (0.10)
P 1.05 (0.14) 0.85(0.14) 1.18 (0.11) 1.10 (0.12)
Recall of test instructions M 0.00 (0.00) 0.00 (0.00) 0.01 (0.01) 0.00 (0.00)
P 0.02 (0.02) 0.02 (0.02) 0.00 (0.00) 0.00 (0.00)
MoCA-J M 26.55 (0.32) 27.59 (0.33) 25.29 (0.34) 27.18 (0.25)
P 26.79 (0.35) 27.65 (0.31) 25.29(0.33) 26.88 (0.30)
HDS-R M 28.64 (0.18) 28.37(0.28) 28.69 (0.18) 28.05 (0.24)
P 28.79 (0.18) 28.47(0.29) 28.43 (0.15) 27.88 (0.22)

Data represent mean (with SE). 1P < 0.005 (vs. placebo). P values were derived by the
analysis of covariance (the scores at week 24 were adjusted for the baseline score). M, MKP;
P, placebo; ADAS-cog, Alzheimer Disease’s Assessment Scale-cognitive subscale; MoCA-J,
Japanese version of the Montreal Cognitive Assessment; HDS-R, revised version of

Hasegawa’s Dementia Scale.
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Table 3-7 Summary of the SF-8.

P
Group Baseline Week 24
value
M 134 128
Number of participants
P 134 125
M 51.90 + 0.44 50.92 + 047
SF-8, MCS 0.233
P 52.01£0.41 50.48 £ 0.50
M 61.97 £ 0.66 62.90 +0.72
SF-8, PCS 0.263
P 62.31 £ 0.62 62.41 £0.73

Data represent mean + SE. P values were derived by the analysis of covariance (the scores at
week 24 were adjusted for the baseline score). SF-8, eight-item Short-Form Health Survey; M,
MKP; P, placebo; MCS, Mental health Component Summary; PCS, Physical health Component

Summary.

3.3.3 Safety

As shown in Table 3-8, there were no significant differences between the groups in the incidence
of AEs during the 24 weeks of treatment and 2 weeks of post-treatment observation. In total,
306 AEs were reported by 243 participants throughout the study; 145 were reported by 114
participants in the MKP group and 161 by 129 participants in the placebo group. Upper
respiratory infection was the most common AE (32.1% in the MKP vs. 33.6% in the placebo

group, P =0.896). No AE was related to the study products.
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Table 3-8 Intervened participants with AEs by system organ class.

MKP Placebo
System Organ Class (n=134) (n=131) ?
value
n (%) n (%)
Infections and infestations 52 (38.8) 54 (41.2) 0.708
Nervous system disorders 16 (11.9) 14 (10.7) 0.847
Gastrointestinal disorders 13 (9.7) 15 (11.5) 0.693
Musculoskeletal and connective tissue disorders 7(5.2) 9 (6.9) 0.615
Respiratory, thoracic and mediastinal disorders 5@3.7) 8 (6.1) 0.408
General disorders and administration site conditions 2 (L.5) 1(0.8) 1.000
Injury, poisoning and procedural complications 2 (1.5) 2 (1.5) 1.000
Cardiac disorders 1(0.7) 1(0.8) 1.000
Immune system disorders 1(0.7) 2 (L.5) 0.619
Neoplasms benign, malignant and unspecified 1(0.7) 2 (1.5) 0.619
Renal and urinary disorders 1(0.7) 0(0.0) 1.000
Reproductive system and breast disorders 1(0.7) 0(0.0) 1.000
Skin and subcutaneous tissue disorders 1(0.7) 5(3.8) 0.117
Ear and labyrinth disorders 0(0.0) 1(0.8) 0.494

P values were derived by Fisher’s exact test. AE, adverse event.

3.4 Discussion

In recent years, the search for the best strategy to reduce AD incidence and prevalence in
cognitively healthy individuals at risk of developing AD has attracted marked attention [8]. In
fact, a considerable body of epidemiological evidence supports that modifiable lifestyle-related
factors are associated with the development of pre-dementia and dementia syndromes in later
life [30]. Furthermore, several healthy dietary plans and food compositions have preventive
effects on cognitive decline [21,31-33]. The present study showed that the casein-derived MKP

supplementation may have the potential to improve orientation in community-dwelling adults
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without dementia, with good tolerability, and no treatment-related AEs, during 24 weeks of
treatment and 2 weeks post-treatment. In addition, although these data were exploratory, the
results of the pre-specified subgroup analyses suggested that the benefits of casein-derived
MKP may be more likely to appear in elderly individuals aged > 65 years, those with healthy
cognitive function, and those who do not use regular medications. Therefore, the results of this
trial suggested that casein-derived MKP may be effective in treating individuals in the
preclinical stage of AD or dementia, especially elderly people who are not suffering from any
disease. Orientation is the ability to correctly identify one’s own location in space and time, and
serves as a useful indicator of cognitive decline [34]. Therefore, systematic dietary
supplementation with casein-derived MKP may be a promising intervention toward safe and
improved orientation before the onset of AD or dementia.

It was described that casein-derived MKP improved on cognitive function in an AD
mouse model induced by ICV injection of AP42 using the Morris water maze [20]. In addition,
the hippocampus was collected after behavioral testing, and inflammatory cytokine and
nicotinamide adenine dinucleotide phosphate oxidase subunit expression was measured [20].
Consequently, daily administration of casein-derived MKP markedly attenuated AP42-induced

cognitive decline and reduced AP42-induced tumor necrosis factor-a, monocyte

phox phox

chemoattractant protein-1, inducible nitric oxide synthase, p47°", and gp91 expression.
Hippocampus plays central roles in spatial and temporal processing [35]. Furthermore, a
clinicopathological study of patients with AD found that spatial and temporal disorientation

were associated with neurofibrillary tangle densities in the Brodmann areas 7 and 23, and the

CALl field of the hippocampus [36]. These findings suggest that casein-derived MKP may
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improve orientation by supporting hippocampal function.

Evaluation of the bioavailability is important for understanding the physiological
functions of bioactive peptides. Recently, it was reported that dipeptide Tyr-Pro could pass
through the blood-brain barrier in an intact form and accumulate in the hippocampus,
hypothalamus, striatum, cerebral cortex, and cerebellum of mouse brain [37]. Besides, orally
administered Tyr-Pro significantly improved memory impairment in AB-injected AD model
mice [38]. Considering these advanced evidence, further studies on MKP are needed to clarify
its bioavailability in the brain as well as underlying mechanisms.

In this study, the ADAS-cog scores were used as the primary endpoint. Although ADAS-
cog is the gold standard for confirming general cognitive function in AD trials, it was suggested
to be less sensitive in individuals with normal cognitive function and MCI [39]. Indeed, the
effect size of the casein-derived MKP intake on the ADAS-cog total score was estimated to be
0.40, whereas the actual effect size was 0.12 (Table 3-3). On the other hand, orientation, as
measured by an ADAS-cog subscale, was reported to be an independently sensitive test item
for people with MCI and mild AD [40]. Therefore, it may be necessary to use more sensitive
neuropsychological tests for cognitively healthy individuals and individuals with MCI to
investigate the impact of casein-derived MKP on cognitive function in more detail.

In Chapter 2, it was reported that regular casein-derived MKP intake was a safe and
effective SBP-lowering treatment for individuals with high-normal BP or grade 1 hypertension
in a clinical trial [41]. In this study, BP was measured only at baseline. Thus, the relationship
between the casein-derived MKP effect on orientation and BP was not elucidated. Alternatively,

other tests using the AD mouse model showed that casein-derived MKP intake did not affect

84



normal BP [20]. Besides, BP before intervention in the present participants was not high (Table
3-2). Therefore, these results may be independent of the effect of casein-derived MKP on BP.
In the future, to clarify this mechanism of action, it will be crucial to examine how casein-
derived MKP intake affects BP and cognitive function.

This study had several further limitations. First, considering the effects observed in this
trial, the sample size might have been too small to fully evaluate the effect of casein-derived
MKP intake on cognitive function in adults without dementia. In addition, the intervention
period was limited to 24 weeks and a single casein-derived MKP-dose protocol. Furthermore,
the casein-derived MKP impact on patients with manifested dementia remains unknown. It may
be necessary to conduct a larger-scale, longer-duration, and multi-dose intervention to detect

the casein-derived MKP effects on adults with and without dementia.

3.5 Conclusions

This study evaluated the impact of casein-derived MKP on non-demented community-dwelling
adults by a randomized, double-blind, placebo-controlled trial. The results of the present study
suggested the safety of daily casein-derived MKP intake and its potential to improve orientation
in adults without dementia. However, this study was exploratory. Therefore, further studies are
warranted to confirm these findings and the beneficial effects of casein-derived MKP on

cognitive function.
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Chapter 4

Safety Evaluation of High-Dose Intake of
Casein-Derived Met-Lys-Pro in Healthy
Adults: A Randomized Controlled Trial



4.1 Introduction

Cognitive decline is considered a normal consequence of aging; the total number of individuals
with dementia was 50 million in 2015 and is predicted to reach 82 million by 2030 and 152
million by 2050 [1]. Therefore, prevention and care for cognitive decline are issues that need
to be addressed worldwide. AD is the most common cause of dementia, which impairs memory,
thinking skills, and behavior. The physiological changes leading to AD begin to develop
decades before the earliest clinical symptoms appear, and when symptoms become clinically
apparent, disease progression is too advanced for treatment [2]. Therefore, current research has
focused on intervention in cognitively healthy individuals at risk of developing AD to reduce
its incidence and prevalence [3].

Recently, centrally active ACE inhibitors have gained attention as a new therapy for AD
[4]. ACE activity in the brains of patients with AD is elevated compared with that in the brains
of non-dementia patients [5,6]. In addition, ACE generates elevated levels of Ang II in the
brains of patients with AD [7], which promotes neurodegeneration and brain aging [8,9].
Therefore, ACE inhibition represents a potential neuroprotective approach for AD. Especially,
centrally active ACE inhibitors with brain-penetrating ability that prevent the progression of
neurodegeneration potentially protect against the development of AD [4,10-12].

Food-derived bioactive peptides have been considered for human health applications
beyond their caloric value [13—-17]. For example, these peptides have potential anti-
hypertensive, anti-oxidant, lipid-lowering, immunomodulatory, anti-microbial, anti-cancer,
anti-diabetic, and mineral binding activities. The anti-hypertensive effect of ACE inhibition is

one of the most studied properties of food-derived bioactive peptides [16].
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The bovine casein-derived tripeptide MKP was identified as having a strong ACE
inhibitory activity (ICso = 0.43 uM) and anti-hypertensive effect in SHRs [18,19]. In Chapter 2,
daily oral intake of 100 pg of MKP for 12 weeks safely lowered SBP in humans with high-
normal BP or grade 1 hypertension [20]. Furthermore, orally administered MKP significantly
attenuated cognitive decline in vivo [21]. In stroke-prone SHRs, MKP administration showed
neuroprotective effects by regulating cerebral circulation and corticoid secretion [22]. In
Chapter 3, a clinical trial for community-dwelling adults without dementia demonstrated that
daily oral intake of 200 pug of MKP over 24 weeks could improve orientation, with good
tolerability and without treatment-related AEs [23]. Therefore, casein-derived MKP intake may
be a safe preventive measure against not only hypertension but also cognitive decline.

Casein-derived MKP shows a high solubility in water and can be blended into a variety
of foods. However, the ease of intake may lead to the possibility of overdose. Therefore, a 4-
week, randomized, double-blind, placebo-controlled trial in healthy adults was conducted to
evaluate the safety of daily intake of 1000 pg of MKP, which is five times the minimum

effective dose for cognitive improvement [23].

4.2 Methods

4.2.1 Participants

Healthy adult volunteers aged > 20 years living in Maebashi and the surrounding areas were
recruited in January 2020. Exclusion criteria included: history of serious illness (e.g., heart
failure, myocardial infarction, malignant tumor); treatment with medication for lifestyle-related

disease (e.g., diabetes, hypertension, dyslipidemia); digestive tract diseases or history of
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gastrointestinal surgery; serious allergies to medicine or food; history of drug dependence or
alcoholism; participation or planned participation in other clinical studies; ineligibility owing
to physician’s diagnosis based on clinical laboratory test results and interview; pregnancy,
lactation, or planning to get pregnant during the study period.

The study protocol was examined and approved by the Ethical Committee of Kobuna
Orthopedics Clinic (approval code: MK1911-3). The study was conducted in accordance with
the Declaration of Helsinki and the Ethical Guidelines for Medical and Health Research
Involving Human Subjects (Ministry of Education, Culture, Sports, Science and Technology;
Ministry of Health, Labor and Welfare, Japan). After receiving a detailed explanation of the
objectives and procedures of the study, all participants provided written informed consent and
were informed that they were free to withdraw at any time without obligation. This trial was

registered at the UMIN-CTR as UMIN000038963.

4.2.2 Study Products

All study products were delivered as powdered beverages in sachets. The composition of the
study products is detailed in Table 4-1. Morinaga Milk Industry (Tokyo, Japan) prepared the
placebo along with the test product containing the equivalent of five times the minimum
effective dose for cognitive improvement [23]. Specifically, one sachet of the test powder
contained 1000 pg of MKP in 5 g of casein hydrolysate, and one sachet of the placebo powder
contained 5 g of dextrin with no detectable MKP. The two different products were matched for

appearance.
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Table 4-1 Composition of the study products.

MKP Placebo
Components
(1 sachet/day) (1 sachet/day)
Energy (kcal) 25.0 25.0
Protein (g) 4.4 0.0
Fat (g) 0.0 0.0
Carbohydrates (g) 1.8 6.2
Sodium (mg) 51.0 106.0
Casein hydrolysate containing MKP (g/day) 5.0 0.0
MKP (pg/day) 1000.0 0.0
Dextrin (g/day) 0.0 5.0

4.2.3 Procedures

This study was designed as a randomized, double-blind, placebo-controlled trial, conducted at
Maebashi North Hospital in Gunma, Japan between January and March 2020. Eligible
participants were randomly allocated to receive either casein-derived MKP or placebo ina 1:1
ratio by a person not directly involved in the study using computer-generated lists of random
numbers via the randomly permuted block method. Participants, physicians, researchers
assessing outcomes, and researchers conducting statistical analyses were blinded to treatment
group allocation over the study duration.

This study consisted of a 2-week pre-intake period, a 4-week intake period, and a 2-week
follow-up period. During the intake period, participants were instructed to consume casein-
derived MKP or placebo powder with 150-200 mL of water daily at their leisure. All
participants were instructed to avoid marked alterations to diet or lifestyle and excessive
drinking or eating throughout the study period. The participants were also asked to maintain
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diary records of items related to the study products, illness, use of medications, and hospital
visits. Treatment compliance was assessed by inspecting the diaries. Participants were
instructed to visit the clinic for screening 3 weeks prior to commencing the experiment, at week
0, the beginning of the experimental period, at weeks 2 and 4 during the experiment, and at
week 6 after a follow-up period. At these visits, participants were interviewed, anthropometric
and BP measurements were made, and blood and urine samples were collected. Physicians
interviewed participants throughout the study to assess the physical condition, subjective

symptoms, and any AEs.

4.2.4 Anthropometric and Blood Pressure Measurements

Body height was measured only during screening. BW, SBP, DBP, and pulse rate were measured
at all clinic visits. BW was measured using a weighing scale with 200 kg capacity, with ranges
of 0-100 kg in 100 g resolution and 100-200 kg in 200 g resolution (AD-6207A, A&D
Company, Tokyo, Japan). During BW measurement the participants wore light clothes and no
shoes. BMI was calculated as BW (in kilograms) divided by the square of height (in meters).
BP and pulse rate were measured using an automatic BP monitor (TM-2656VPW, A&D

Company, Tokyo, Japan) in a seated position.

4.2.5 Blood and Urine Analyses
Blood and urine analyses were performed at all clinic visits. White blood cell count, red blood
cell count, hemoglobin, hematocrit, platelet count, mean corpuscular volume (MCV), mean

corpuscular hemoglobin (MCH), MCH concentration, and leukocyte differentiation
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(percentage of neutrophils, lymphocytes, monocytes, eosinophils, and basophils) were recorded.
Aspartate aminotransferase, alanine aminotransferase, lactic dehydrogenase, total bilirubin,
alkaline phosphatase, y-glutamyl transpeptidase, creatine kinase (CK), fasting blood glucose,
hemoglobin Alc (HbAlc), total cholesterol, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, triglyceride, total protein, albumin, blood urea nitrogen, creatinine, uric
acid (UA), sodium, chloride, potassium, calcium, inorganic phosphorus, magnesium, and serum
iron were also recorded. Urine specific gravity (USG), urine pH (U-pH), urine protein (U-pro),
urine glucose (U-glu), urine urobilinogen (U-uro), urine bilirubin (U-bil), urine ketone body
(U-ket), and occult blood reaction (OBR) were measured. Hematological examination, blood
biochemical examination, and urinalysis were performed by the LSI Medience Corporation

(Tokyo, Japan).

4.2.6 Safety Monitoring

All participants were monitored throughout the study for AEs and side-effects. Safety
monitoring included a questionnaire on general health and the occurrence of any health-related
events. Physicians considered the results of interviews and participants’ diaries at weeks 0, 2,
4, and 6, and determined the relationships between any AEs and ingestion of study products

while remaining blinded to group allocation.

4.2.7 Sample Size
As this was the first clinical trial to evaluate the safety of high-dose intake of casein-derived

MKEP, the sample size was determined by referring to a similar trial on food ingredient [24].
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4.2.8 Statistical Analysis

Statistical analysis was based on the full dataset, defined as all randomized participants
receiving study treatment with at least one test result after treatment. Values were presented as
mean + SE except for values at the screening period, which were expressed as mean + SD. For
continuous variables, statistically significant differences between the study groups were
examined using unpaired ¢-test, and the changes from baseline values within the same groups
were analyzed using paired ¢-test. For categorical data, statistically significant differences
between the study groups were examined using Fisher’s exact test. For urinalyses except for
specific gravity and pH, data were coded as 0 or 1 as within or outside the reference range,
respectively. The data expressed as a matrix of the number of participants and codes was then
analyzed using Fisher’s exact test. Findings were regarded as significant at P < (0.05 according
to a two-tailed test. All statistical analyses were performed using IBM SPSS Statistics version

23 (IBM Corp., Armonk, NY, USA).

4.3 Results

4.3.1 Participants

Of a total of 90 candidates screened for the study, 30 participants (40.3 = 12.1 years) were
enrolled and randomly allocated into the MKP (n = 15) or placebo (n = 15) groups (Figure 4-
1). All participants completed the study. Table 4-2 shows the characteristics of the participants
at the screening period. The two groups did not differ significantly in demographic variables,
including blood and urine analyses. The demographic means of both groups were within the

reference range. The treatment compliance rate of both groups was 100%.

99



Assessed for eligibility (n = 90)

Excluded (n = 60)

BN -Did not meet inclusion criteria (n = 0)
-Declined to participate (n = 0)

-Other reasons (n= 60)

v

Randomized (n = 30)

Allocation
A4 \ 4
MKP group Placebo group
Allocated to intervention (n = 15) Allocated to intervention (n = 15)
-Received allocated intervention (n = 15) -Received allocated intervention (n = 15)
-Did not receive allocated intervention (n = 0) -Did not receive allocated intervention (n = 0)

A4

Vv

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Vv

Analyzed (n = 15)
-Excluded from analysis (n= 0)

Analyzed (n = 15)
-Excluded from analysis (n = 0)

Figure 4-1 Study flow diagram.
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Table 4-2 Participant characteristics at the screening period.

MKP Placebo
Characteristics
n=15) (n=15)
Male/Female (n) 7/8 8/7
Age (years) 40.3+12.8 403+11.8
Body height (cm) 166.2 + 4.2 163.8 8.0
BW (kg) 61.8+7.8 61.5+10.7
BMI (kg/m?) 223425 22.9+2.8
SBP (mmHg) 121.8+7.7 123.9+8.0
DBP (mmHg) 72.8+7.1 73.6+£9.0
Pulse rate (beats/min) 70.5+8.2 68.8£6.8

Data represent numbers of participants or mean = SD. BW, body weight; BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

4.3.2 Anthropometric and Blood Pressure Measurements

A summary of the anthropometric and BP measurements at baseline (week 0), during treatment

(weeks 2 and 4), and post-treatment (week 6) is presented in Table 4-3. DBP was significantly
lower in the MKP group than in the placebo group at week 4 (mean difference with 95% CI:

—6.20 [-11.33, -1.07] mmHg, P = 0.020). Moreover, DBP in the MKP group was significantly
decreased at week 4 compared with that at week 0 (mean difference with 95% CI: —4.33 [-7.10,

—1.57] mmHg, P = 0.005). The pulse rate in the placebo group was significantly increased at

week 2 compared with that at week 0 (mean difference with 95% CI: 1.60 [0.01, 3.19] beats/min,
P =0.049). BW, BMI, and SBP did not significantly vary between the groups or within each

group. No clinical problems were noted in anthropometric or BP measurements.
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Table 4-3 Summary of anthropometric and BP measurements.

Variable Group Week 0 Week 2 Week 4 Week 6

BW (kg) MKP 61.8+£2.0 61.7+£2.0 61.7+2.1 61.6+2.1
Placebo 61.5+28 61.5+28 61.7+£2.7 61.6+2.7

BMI (kg/m?) MKP 22.3+£0.6 22.3+0.6 22.3+0.7 22.3+0.7
Placebo 229+0.7 229+0.7 22.9+0.7 22.9+0.7

SBP (mmHg) MKP 121.8£2.0 121.7+ 1.6 119.1+1.8 119.4£2.1
Placebo  123.9+2.1 1242+1.9 121.3£2.5 120.9£2.6

DBP (mmHg) MKP 72.8+ 1.8 71.2+2.1 68.5+ 1.9%*F  70.8+2.4
Placebo 73.6+23 743 +£2.0 747+ 1.7 73.7+£1.8

Pulse rate (beats/min) ~ MKP 70.5+2.1 69.8+2.0 69.5+1.7 70.1+ 1.7
Placebo 68.8+ 1.8 70.4 £ 1.7* 70.0+ 1.7 70.1£1.6

Data represent mean £+ SE. *P < 0.05 and **P < 0.01 indicate significant difference compared
with week 0 values according to paired #-test; TP < 0.05 indicates significant difference
compared with the placebo group according to unpaired #-test. BP, blood pressure; BW, body
weight; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

4.3.3 Blood and Urine Analyses

No clinical problems were apparent in the blood and urine analyses. Tables 4-4 and 4-5 give
summaries of the hematology test results. The hematocrit in the MKP group was significantly
decreased at week 6 compared with that at week 0 (mean difference with 95% CI: —0.97 [—1.56,
—0.39] %, P =0.003). MCV in the MKP group was significantly decreased at weeks 2, 4, and
6 compared with that at week 0 (mean difference with 95% CI: —0.87 [—1.45, —0.28], —0.87
[-1.59, —0.15], —1.20 [-1.76, —0.64] fL, P = 0.007, P = 0.022, and P < 0.001, respectively).
MCH in the MKP group was significantly decreased at week 2 compared with that at week 0
(mean difference with 95% CI: —0.19 [—0.385, —0.002] pg, P = 0.048). In the placebo group,
the eosinophils/leukocytes ratio was significantly increased at week 6 compared with that at
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week 0 (mean difference with 95% CI: 0.52 [0.02, 1.02] %, P = 0.042). The
basophils/leukocytes ratio was significantly lower in the MKP group than in the placebo group
at weeks 2, 4, and 6 (mean difference with 95% CI: —0.22 [—0.42, —0.01], —0.21 [-0.39, —0.02],
—0.26 [-0.46, —0.06] %, P =0.034, P = 0.032, and P = 0.012, respectively). Moreover, in the
placebo group, the basophils/leukocytes ratio was significantly increased at week 6 compared
with that at week 0 (mean difference with 95% CI: 0.20 [0.07, 0.33] %, P = 0.005). Other blood
test variables did not significantly differ between the groups or within each group.

Tables 4-6, 4-7, and 4-8 show summaries of the blood biochemistry analysis. At week 0,
the mean CK in the placebo group exceeded the reference range, because the value of one male
in the placebo group was abnormal (2296 U/L). A re-examination was performed one week
later, and as this yielded a normal value (154 U/L), the participant was allowed to continue the
experiment. CK in the MKP group was significantly increased at week 2 compared with that at
week 0 (mean difference with 95% CI: 23.73 [3.62, 43.9] U/L, P = 0.024). UA in the MKP
group was significantly decreased at week 4 compared with that at week 0 (mean difference
with 95% CI: —0.37 [-0.71, —0.04] mg/dL, P = 0.030). HbAlc in the placebo group was
significantly decreased at week 6 compared with that at week 0 (mean difference with 95% CI:
—0.06 [-0.11, —0.01] %, P = 0.023). At week 6, chloride was higher in the MKP group than in
the placebo group (mean difference with 95% CI: 1.67 [0.07, 3.27] mEq/L, P = 0.042). Calcium
in the placebo group was significantly decreased at week 6 compared with that at week 0 (mean
difference with 95% CI: —0.16 [—0.28, —0.04] mg/dL, P=0.011). Magnesium in the MKP group
was significantly decreased at week 4 compared with that at week 0 (mean difference with 95%

CL: —0.16 [-0.28, —0.04] mg/dL, P = 0.028). Other blood biochemistry variables did not
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significantly differ between the groups or within each group.

Table 4-9 summarizes the USG and U-pH determinations. At week 6, the U-pH was
significantly lower in the MKP group than in the placebo group (mean difference with 95% CI:
—0.57 [-1.07, —0.06], P = 0.029). Moreover, the U-pH in the placebo group was significantly
increased at week 6 compared with that at week 0 (mean difference with 95% CI: 0.57 [0.09,
1.04], P = 0.023). The U-pH did not significantly differ at any other time point, and the USG
test results did not significantly vary at all between the groups or within each group. Similarly,
U-pro, U-glu, U-uro, U-bil, U-ket, and OBR did not significantly vary between the groups

(Table 4-10).
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Table 4-4 Summary of hematological examination (blood cell count).

Variable Reference range Group Week 0 Week 2 Week 4 Week 6
WBC (x 10%/uL) 33-90 MKP 56.5+34 57.3+4.1 59.5+4.2 58.1+£3.9
Placebo 57.3+45 57.0+44 57.1+3.8 559+3.8
RBC (x 10%uL) M: 430-570 MKP 473.1+£94 471.0+9.5 4749+9.4 468.1+9.5
F: 380-500 Placebo 478.1+11.7 4833+ 11.3 4759+ 11.8 476.5+12.4

Hb (g/dL) M: 13.5-17.5 MKP 144+04 142+04 144+04 14.1+04
F: 11.5-15.0 Placebo 145+04 14.6+04 144+04 145+04

Ht (%) M: 39.7-52.4 MKP 45.1+1.0 445+1.0 448+1.0 44.1 £ 1.0%**
F:34.8-45.0 Placebo 453+ 1.1 457+1.0 449+1.0 449+1.0
PLT (x 10%uL) 14.0-34.0 MKP 27.8+1.3 279+1.2 27.7+1.3 28.0+14
Placebo 28.0+1.5 28.4+1.6 283+ 1.7 28.0+1.5

MCYV (fL) 85.0-102.0 MKP 953+ 1.1 94.4 £ 1.1%* 944+ 1.1*% 94.1 £ 0.9%*
Placebo 947+1.2 947+ 1.0 944+1.0 944+1.0
MCH (pg) 28.0-34.0 MKP 303+04 30.1+0.4* 302+04 30.1+04
Placebo 304+04 302+04 302+04 304+04
MCHC (%) 30.2-35.1 MKP 31.9+0.2 31.9+0.2 320+0.2 32.0+£0.2
Placebo 32.1+£03 31.9+0.2 320+0.2 322+0.2

Data represent mean + SE. *P <0.05 and **P < 0.01 indicate significant difference compared with week 0 values according to paired #-test.
WBC, white blood cell count; RBC, red blood cell count; Hb, hemoglobin; Ht, hematocrit; PLT, platelet count; MCV, mean corpuscular

volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; M, male; F, female.
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Table 4-5 Summary of hematological examination (differential leukocyte ratio).

Variable Reference range Group Week 0 Week 2 Week 4 Week 6
Neut (%) 40.0-75.0 MKP 54.0+25 56.7+1.3 564+1.9 56.7+2.0
Placebo 542+238 55.0+£2.2 53.6+1.2 525+1.8
Lympho (%) 18.049.0 MKP 36.7+2.5 346+1.5 344+2.0 344+19
Placebo 36.7+2.8 36.0+£2.0 374+13 37.8+1.8
Mono (%) 2.0-10.0 MKP 58+0.3 57+0.5 58+0.3 5.6+0.3
Placebo 5.8+0.3 6.0+04 55+04 5.7+0.3
Eosino (%) 0.0-8.0 MKP 3.0+0.5 25+0.3 29+0.6 2.8+0.5
Placebo 2.7+£0.2 23+0.2 29+0.2 32+0.3*
Baso (%) 0.0-2.0 MKP 0.5+0.1 04+0.17 0.5+0.1F 0.5+0.1%
Placebo 0.6 +0.1 0.6 +0.1 0.7+0.1 0.8 +0.1**

Data represent mean + SE. *P < 0.05 and **P < 0.01 indicate significant difference compared with week 0 values according to paired #-test;
TP < 0.05 indicates a significant difference compared with the placebo group according to unpaired #-test. Neut, neutrophils/leukocytes;
Lympho, lymphocytes/leukocytes; Mono, monocytes/leukocytes; Eosino, eosinophils/leukocytes; Baso, basophils/leukocytes; M, male; F,

female.
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Table 4-6 Summary of blood biochemistry (proteins, pigment, and enzymes).

Variable Reference range Group Week 0 Week 2 Week 4 Week 6
TP (g/dL) 6.7-8.3 MKP 7.2+0.1 72+0.1 7.1+£0.1 7.1+£0.1
Placebo 7.2+0.1 7.3+0.1 7.1+0.1 7.1+0.1
ALB (g/dL) 3.8-5.2 MKP 44+0.1 44+0.1 44+0.1 44+0.1
Placebo 45+0.1 45+0.1 44+0.1 45=+0.1
TB (mg/dL) 0.2-1.2 MKP 0.8+0.1 0.8+0.1 0.8+0.1 0.8+0.1
Placebo 0.8+0.1 1.0+0.1 0.8+0.1 1.0£0.1
AST (U/L) 10-40 MKP 19.7+14 20.6+1.0 19.0+1.5 194+14
Placebo 20.3+3.0 187+1.3 215+32 185+1.7
ALT (U/L) 5-45 MKP 140+1.5 154+14 143+1.7 14.7+1.7
Placebo 159+2.1 16.5+2.6 20.5+5.0 209+57
LD (U/L) 120-240 MKP 173.1+£7.3 172.7+7.5 168.5+7.3 170.1+£7.0
Placebo 178.5+4.8 173.5+6.0 176.1+ 6.4 172.7+4.2

ALP (U/L) 100-325 MKP 196.9 + 13.9 1919+ 13.2 1923 +12.6 193.1+12.8
Placebo 167.9 £ 8.8 167.0+8.5 166.3 +10.3 167.8 9.1
v-GT (U/L) M: <80 MKP 22.7+53 22.0+4.6 222+53 229+49
F: <30 Placebo 21.0+£24 214+29 225+25 223+25

CK (U/L) M: 60-270 MKP 89.5+11.8 113.3 £20.0* 97.6+17.8 110.7+22.6
F: 40-150 Placebo 273.4+147.0 103.0£6.7 173.1 £ 69.6 94.8+5.0

Data represent mean + SE. *P < 0.05 indicates a significant difference compared with week 0 values according to paired #-test. TP, total
protein; ALB, albumin; TB, total bilirubin; AST, aspartate transaminase; ALT, alanine aminotransferase; LD, lactate dehydrogenase; ALP,

alkaline phosphatase; y-GT, y-glutamyltransferase; CK, creatine kinase; M, male; F, female.
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Table 4-7 Summary of blood biochemistry (low molecular nitrogen compounds, carbohydrates, and lipids).

Variable Reference range Group Week 0 Week 2 Week 4 Week 6

BUN (mg/dL) 8.0-20.0 MKP 129+1.2 13.6 £ 1.1 134+09 12.8+1.0

Placebo 11.8+0.5 11.5+£0.5 11.4+£0.7 11.5+£0.5

CRE (mg/dL) M: 0.61-1.04 MKP 0.7+0.0 0.7+0.0 0.7+0.0 0.7+0.0

F: 0.47-0.79 Placebo 0.7+0.0 0.7+0.0 0.7+0.0 0.7+0.0

UA (mg/dL) M: 3.8-7.0 MKP 51+0.4 4.8+0.3 4.7+0.3* 50£0.3

F:2.5-7.0 Placebo 51+0.3 49+0.3 50+0.3 50£0.3

FBG (mg/dL) 70-109 MKP 82.1+22 82.7+1.6 84.4+22 80.6+ 1.5

Placebo 83.3+23 833+19 829+1.8 809+24

HbAlc (%) 4.6-6.2 MKP 53+0.1 53+0.1 53+0.1 53+0.1
Placebo 54+0.1 54+0.1 53+0.1 53+0.1*

TC (mg/dL) 120-219 MKP 193.5+7.9 194.4+7.6 191.0 + 8.8 190.9 +7.2

Placebo 197.1£54 203.7+6.6 193.7+6.0 200.9 +5.8

LDL-C (mg/dL) 65-139 MKP 110.0+ 6.7 1104 +7.1 107.7+7.7 109.1 £6.6

Placebo 109.9 £5.2 117.1 £6.6 108.4 +5.8 1162 +6.1

HDL-C (mg/dL) M: 40-85 MKP 65.7+2.5 67.7+2.7 66.8+2.5 672+23

F: 40-95 Placebo 68.5+3.7 71.5+£3.9 67.7+34 71.1+£3.6

TG (mg/dL) 30-149 MKP 87.0 = 10.1 80.7+12.7 80.7 + 8.5 69.8+53

Placebo 87.6 9.1 73.7+7.5 85.7+8.0 73.1+7.7

Data represent mean + SE. *P < 0.05 indicates a significant difference compared with week 0 values according to paired #-test. BUN, blood
urea nitrogen; CRE, creatinine; UA, uric acid; FBG, fasting blood glucose; HbAlc, hemoglobin Alc; TC, total cholesterol; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; M, male; F, female.
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Table 4-8 Summary of blood biochemistry (electrolytes and trace element).

Variable Reference range Group Week 0 Week 2 Week 4 Week 6
Na (mEq/L) 137-147 MKP 140.8 £ 0.5 140.5+04 140.1£0.3 140.2+0.4
Placebo 140.5+ 04 139.8+£ 0.6 140.3+£0.5 139.5+£0.5
Cl (mEq/L) 98-108 MKP 105.1£0.6 104.3+04 104.7+04 105.5+0.5F
Placebo 104.1+0.5 103.1£0.5 104.3+0.6 103.8+0.6
K (mEq/L) 3.5-5.0 MKP 45+0.1 43+0.1 44+0.1 44+0.1
Placebo 43+0.1 44+0.1 43+0.1 43+0.1
Ca (mg/dL) 8.4-10.4 MKP 9.6+0.1 9.5+0.1 9.5+0.1 9.5+0.1
Placebo 9.6+0.1 9.6 +0.1 9.4+0.1 94+0.1*
IP (mg/dL) 2.5-4.5 MKP 3.6+0.1 35+0.1 3.5+£0.2 3.7+£0.1
Placebo 39+0.2 3.8+0.1 3.8+0.1 3.7+0.1
Mg (mg/dL) 1.9-2.5 MKP 22+0.0 2.1+0.0 2.1+0.0* 2.1+0.0
Placebo 2.1+£0.0 2.2+0.0 2.1+£0.0 2.1+£0.0
Fe (png/dL) M: 50-200 MKP 106.8 = 15.2 107.8+9.3 122.9+13.0 118.1 £6.7
F: 40-180 Placebo 109.9 +12.5 139.4+18.3 103.2+12.0 119.7 £ 14.5

Data represent mean + SE. *P < 0.05 indicates significant difference compared with week 0 values according to paired #-test; TP < 0.05
indicates a significant difference compared with the placebo group according to unpaired #-test. Na, sodium; Cl, chloride; K, potassium; Ca,

calcium; IP, inorganic phosphorus; Mg, magnesium; Fe, serum iron; M, male; F, female.



Table 4-9 Summary of USG and U-pH.

Variable Reference range Group Week 0 Week 2 Week 4 Week 6
USG 1.006-1.030 MKP 1.018 =0.002 1.018 +0.002 1.017 £0.002 1.014 £ 0.002
Placebo 1.015+0.002 1.015 +0.002 1.015 +£0.002 1.016 + 0.002
U-pH 5.0-7.5 MKP 6.4+0.2 6.7+0.2 6.5+0.2 6.1 +0.2F
Placebo 6.1 +0.1 6.3+0.2 6.3+0.2 6.6 £0.2%

011

Data indicate mean + SD. *P < 0.05 indicates a significant difference compared with the week 0 values according to paired z-test; TP < 0.05

indicates a significant difference compared with the placebo group according to unpaired #-test. USG, urine specific gravity; U-pH, urine pH.



Table 4-10 Summary of urinalysis results.

MKEP (n =15) Placebo (n = 15)
Variable Week Reference range Reference range P

Within Outside Within Outside value

U-pro 0 15 0 15 0 NA
2 14 1 15 0 1.00

4 14 1 15 0 1.00

6 15 0 15 0 NA

U-glu 0 15 0 15 0 NA
2 15 0 15 0 NA

4 15 0 15 0 NA

6 15 0 15 0 NA

U-uro 0 15 0 15 0 NA
2 15 0 15 0 NA

4 15 0 15 0 NA

6 15 0 15 0 NA

U-bil 0 15 0 15 0 NA
2 15 0 15 0 NA

4 15 0 15 0 NA

6 15 0 15 0 NA

U-ket 0 15 0 15 0 NA
2 15 0 15 0 NA

4 15 0 15 0 NA

6 15 0 15 0 NA

OBR 0 15 0 15 0 NA
2 14 1 14 1 1.00

4 14 1 14 1 1.00

6 13 2 15 0 0.48

Data represent numbers of participants. P values were calculated using Fisher’s exact test. U-
pro, urine protein; U-glu, urine glucose; U-uro, urine urobilinogen; U-bil, urine bilirubin; U-

ket, urine ketone body; OBR, occult blood reaction; NA, not applicable.
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4.3.4 Safety

Nine AEs were reported by seven participants throughout the study, with one reported by one
participant in the MKP group and eight reported by six participants in the placebo group. These
included elevated serum iron (two participants in the placebo group), muscle pain (two
participants in the placebo group), elevated CK (one participant in the MKP group and three
participants in the placebo group), and elevated total bilirubin (one participant in the placebo

group). All reported AEs were mild and judged to be unrelated to the intake of study products.

4.4 Discussion
Several dietary factors have preventive effects on cognitive decline and AD [25-28], and the
bioactive peptides were demonstrated to exert preventive effects on cognitive decline in animal
models and human studies [29]. In Chapter 3, casein-derived MKP has the potential to improve
orientation in community-dwelling adults without dementia, with good tolerability, and no
treatment-related AEs during 24 weeks of treatment and for 2 weeks after treatment [23]. A
randomized, double-blind, placebo-controlled trial was conducted to examine the safety of a
high-dose intake of casein-derived MKP in healthy adults and found that supplementation of
1000 pg of MKP for 4 weeks yielded no adverse outcomes. The trial showed significant
differences in some parameters, but these changes did not appear to be clinically significant.
Therefore, they were not considered to be clinical safety concerns attributable to the intake of
the study products.

Nine AEs were reported by seven participants throughout the study. Elevated CK was the

most common, occurring in one participant in the MKP group and three participants in the
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placebo group. High levels of CK in healthy participants may be correlated with muscle damage
following physical exercise [30], and all participants with elevated CK had been playing sports
or doing physical work immediately before testing. Therefore, the CK elevation was unlikely
to be caused by the consumption of the study products. Elevated serum iron, muscle pain, and
elevated total bilirubin were also reported as AEs. However, all these AEs resolved without
treatment and were therefore judged to be transient and unrelated to this study. These findings
suggest that there are no clinical safety concerns associated with the high-dose intake of casein-
derived MKP.

In Chapter 2, it was found that the daily ingestion of casein-derived MKP for 12 weeks
was safe and effective in lowering SBP in people with high-normal BP or grade 1 hypertension
[20]. In this trial, there was no significant difference in SBP between the MKP and placebo
groups. This may be because the previous trial targeted people with high-normal BP, defined as
SBP 130-139 mmHg and/or DBP 85-89 mmHg, or grade 1 hypertension, defined as SBP 140—
159 mmHg and/or DBP 90-99 mmHg. In this trial, participants’ mean BP before the
intervention was not high (Table 4-2), although some participants with high-normal BP were
included. The lack of effect of normotensives on BP was similarly reported in casein
hydrolysate containing VPP and IPP with an ACE inhibitory effect [31]. On the other hand,
DBP in the MKP group was significantly lower at week 4 than that in the placebo group. The
reason may be the difference in the mean age of participants. DBP, unlike SBP, becomes less
responsive with age. In this trial, the mean age of the participants was approximately 40 years
old (Table 4-2), while the mean age in the previous trial approximately 50 years old (Table 2-

2). Therefore, the mean age may have affected SBP. However, there were no cases of
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hypotension, defined as SBP <90 mmHg and/or DBP <60 mmHg in this trial. Although further
studies may be needed to evaluate the effect of high-dose casein-derived MKP on individuals
with high BP, these results suggest that the high-dose intake of casein-derived MKP has little
effect on normal BP.

The present study design was a well-controlled trial to evaluate the safety of a high-dose
intake of casein-derived MKP. However, several limitations were noted. Firstly, the intervention
was limited to 4 weeks. Secondly, it is still unknown whether the high-dose intake of casein-
derived MKP affects the safety of individuals with the disease. It may be necessary to conduct
an intervention with a longer test period to evaluate the safety of high-dose intake of casein-

derived MKP on adults with and without the disease.

4.5 Conclusions

This randomized, double-blind, placebo-controlled trial assessed the safety of daily intake of
1000 pg of MKP for 4 weeks to healthy adult participants. No AEs that could be associated with
the study products were observed in anthropometric and BP measurements, blood and urine
analyses, or medical interviews. These findings suggest that casein-derived MKP may be safe
for daily intake. Therefore, in the future, it may be applied as a safe preventive measure against

hypertension and cognitive decline.
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Chapter 5

Concluding Remarks



In an aging society, extending healthy life expectancy has become a global challenge.
Hypertension is a major risk factor for CVD, the most common cause of death in the world.
ACE inhibition is one of the effective mechanisms for the prevention and treatment of
hypertension. In recent years, it has been suggested that ACE inhibition not only lowers BP but
also contributes towards the prevention and treatment of dementia. In particular, the results of
several epidemiological studies have proposed that centrally active ACE inhibitors may
improve cognitive function.

MKP was identified from the casein hydrolysate as the peptide with the highest
contribution to the ACE inhibitory effect (ICso = 0.43 pM). Casein-derived MKP attenuates BP
elevation in SHRs and cognitive decline in the AD mice model. It was also suggested that orally
administered MKP could be rapidly transferred intact into the bloodstream and MKP or its
metabolite may reach the brain. On the other hand, the effect of casein-derived MKP intake on
humans is not well known. This has been an issue limiting the utilization of casein-derived
MKP in functional foods. The present study aimed to elucidate the effects of casein-derived
MKP intake on BP and cognitive function in humans. It was found that the intake of casein-
derived MKP lowered SBP and improved orientation in RCTs. Furthermore, this study
demonstrated the safety of casein-derived MKP in humans.

In Chapter 2, the impact of casein-derived MKP intake on BP in individuals with high-
normal BP or grade 1 hypertension was examined in a 12-week RCT. A total of 120 participants
were randomly allocated to the MKP group (n = 60) or the placebo group (n = 60). The MKP
group received two capsules daily, each containing 50 pg of MKP, while the placebo group

received two capsules containing no detectable MKP for 12 weeks. A total of 103 participants
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completed the trial. The reduction in SBP from baseline at week 12 was greater in the MKP
group than in the placebo group (P = 0.0173, mean change —3.9 mmHg). No serious AEs due
to casein-derived MKP ingestion were observed. It was known that orally ingested '*C-MKP
was transferred intact into the bloodstream in SHRs. Furthermore, Ang II-dependent
vasoconstriction of thoracic aorta of rats was inhibited by MKP pre-treatment. These results
suggest that also in humans, orally ingested MKP may be transferred intact into the bloodstream
and lower SBP primarily via blockade of the RAS. It was reported that a decline in SBP led to
lower mortality rate of stroke and coronary heart disease. Therefore, it is suggested that casein-
derived MKP intake may contribute to the reduction of CVD risk.

In Chapter 3, the effect of casein-derived MKP intake on cognitive function in
community-dwelling adults without dementia was investigated in a 24-week RCT. A total of
268 participants were randomly allocated to the MKP group (n = 134) or the placebo group (n
= 134). The MKP group received four tablets daily, each containing 50 pg of MKP, while the
placebo group received four tablets containing no detectable MKP for 24 weeks. Scores on the
ADAS-cog were used as the primary outcome to compare cognitive function between the MKP
and placebo groups. The results showed that orientation score, as measured by the respective
ADAS-cog subscale, in the MKP group was significantly improved compared to the placebo
group at week 24 (P = 0.022, Cohen’s d = 0.30). No serious AEs due to casein-derived MKP
intake were observed. Orientation is the ability to correctly identify place, time, and person and
serves as a useful indicator of cognitive decline. Therefore, systematic dietary supplementation
with casein-derived MKP may be a promising intervention for maintaining good cognitive

function. Hippocampus plays central roles in spatial and temporal processing. In addition, it
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was suggested that disorientation in humans may be associated with impairment in the
hippocampus. The administration of casein-derived MKP suppressed inflammation and
oxidative stress in the hippocampus in AD model mice. These results suggest that casein-
derived MKP may improve orientation in non-demented individuals by maintaining normal
hippocampal function.

In Chapter 4, the safety of high-dose intake of casein-derived MKP in healthy adults was
evaluated by conducting a 4-week RCT. A total of 30 participants were randomly allocated to
the MKP group (n = 15) or the placebo group (n = 15). The MKP group received test powder
containing a daily dose of 1000 pg of MKP, five times the minimum effective dose for cognitive
improvement, while the placebo group received dextrin powder containing no detectable MKP
for 4 weeks. No clinical problems were observed in anthropometric measurements, BP, blood
parameters, and urine parameters. No AEs owing to casein-derived MKP intake were observed.
These findings suggest that intake of casein-derived MKP is recognized as safe.

RCT is a gold standard for proving the efficacy and safety in humans. The major strengths
of the present study were that three RCTs were well-controlled trial design to evaluate the
efficacy and safety of casein-derived MKP. On the other hand, there were some limitations of
this study. First, the participants of this study were limited to a specific population. The effects
of casein-derived MKP on individuals with severe hypertension and dementia were not clarified.
Also, in healthy individuals, the effects of ethnicity, genetic background, and lifestyle on the
efficacy of casein-derived MKP were not revealed. Second, the duration of intake was limited.
The effects of a longer intake period on the efficacy of casein-derived MKP were not clear.

Third, the evaluating methods were limited. For BP, 24-hour ambulatory BP, as well as office
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BP, are known to be effective methods. For cognitive function, various neuropsychological tests
are known according to the characteristics of the participants. Therefore, future studies may be
needed to confirm the present findings and the benefits of casein-derived MKP on humans.
The present study showed the efficacy of casein-derived MKP intake on human BP and
cognitive function. Furthermore, the safety of casein-derived MKP in humans was clarified.
Casein-derived MKP may contribute to lowering SBP in the cardiovascular system and
improving orientation in the brain. Based on these results, it is expected that the intake of casein-
derived MKP extends healthy life expectancy in an aging society through the prevention of

hypertension and dementia.
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Appendix A

Pancreatic Lipase Inhibitory Effect of
Polyphenols Extracted From Black Tea
Residue by Hot-Compressed Water



Abstract

Polyphenols, retained in black tea leaves following the commercial production of tea beverages,
represent an underutilized resource. The purpose of this study was to investigate the potential
use of hot-compressed water (HCW) for the extraction of polyphenols with pancreatic lipase
inhibitory activity from black tea residue. Black tea residues were treated with HCW at 10°C
intervals, from 100 to 200°C. The resulting extracts were analyzed using liquid
chromatography-mass spectrometry and assayed to determine their inhibitory effect on
pancreatic lipase activity in vitro. Four theaflavins, five catechins, two quercetin glycosides,
quinic acid, gallic acid, and caffeine were identified. The total polyphenol content of extracts
increased with increasing temperature. However, lipase inhibitors (theaflavin, theaflavin 3-O-
gallate, theaflavin 3'-O-gallate, theaflavin 3,3'-O-gallate, epigallocatechin gallate and
epicatechin gallate) decreased over 150°C. All extracts inhibited pancreatic lipase, but extracts
obtained at 100—140°C showed the greatest lipase inhibition (ICses of 0.9—-1.3 pg/ml). This is
consistent with the optimal extraction of theaflavins and catechins except for catechin by HCW
at near 140°C. HCW can be used to extract the polyphenols with pancreatic lipase inhibitory
activity from black tea residue. These extracts have the potential to be used in dietary

supplements and functional foods for the prevention and treatment of obesity.

Al Introduction

Tea is one of the most popular beverages in the world [1]. Black tea, prepared from the leaves
of Camellia sinensis, accounts for the majority of tea consumed worldwide. Once the tea has

been brewed, the used tea leaves become waste. Except for those used as agricultural feedstock
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or turned into compost [2], these tea wastes are currently incinerated or sent to landfills.
Researchers interested in reducing environmental load have investigated the potential uses of
food wastes (e.g., as an energy source [3] or as active carbon [4,5]). However, the utilization of
tea residues for the recovery of biologically active compounds remains relatively unexplored.

Tea leaves contain polyphenols, anti-oxidants with many beneficial biological properties
[6,7]. Recently, polyphenols have received much attention for their anti-obesity effect. One
effective way of preventing and treating obesity is to decrease fat absorption by the body.
Ingested triacylglycerol forms micelles in the duodenum and must be converted into a fatty acid
and 2-monoacylglycerol by pancreatic lipase, before absorption by epithelial cells in the small
intestine [8]. Accordingly, inhibition of pancreatic lipase prevents or delays the adsorption of
triacylglycerol [9,10]. Polyphenols found in black tea are known to have an inhibitory effect on
pancreatic lipase [11,12]. If these substances can be recovered from black tea residues, they
could be used in dietary supplements and functional foods.

Because tea brewing is a gentle process, many polyphenols are likely retained in the
residues. However, there is little knowledge on the effective extraction methods. Several
methods, that have been investigated for the extraction of compounds from unused food wastes,
include supercritical water [13], sub-critical water [14,15], and hot-compressed water (HCW)
[16]. Supercritical water involves heating water under pressure to a temperature and pressure
above its critical point (372.4°C, 22.06 MPa). Under these conditions, the dielectric constant of
the water becomes equivalent to those of organic solvents (e.g., chloroform and ethyl ether) and
the dissociation constants for hydrogen and hydroxyl ions become higher than that of ambient

water [17]. This method is expected to replace extraction with organic solvents. However, it
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currently has a major disadvantage in that it requires the use of expensive, non-oxidizing
material. Fortunately, sub-critical water and HCW can also be used for the extraction of
compounds from food wastes [18]. In these conditions, it is difficult that the amount of tea
residue is significantly reduced because the biopolymer such as cellulose and lignin are not
degraded much [19]. However, the dielectric constant of HCW at 200°C is less than half that of
ambient water (equivalent to that of methanol or ethylene glycol). Therefore, HCW has
potential application for the extraction of useful substances from organic wastes, including tea
residues.

The purpose of this study was to investigate the potential of HCW for the extraction of
polyphenols with pancreatic lipase inhibitory activity from black tea residue. Black tea residues
were extracted using HCW at 10°C intervals, from 100 to 200°C. Qualitative and quantitative
analyses of extracts were conducted using liquid chromatography-mass spectrometry (LC-MS),

and the inhibitory effect of the extracts, on pancreatic lipase, was tested in vitro.

A.2  Materials and Methods

A.2.1  Chemicals

Acetonitrile, water, and formic acid were of LC-MS grade (Wako Pure Chemical Industries Ltd.,
Osaka, Japan). Quinic acid, gallic acid, methyl gallate, ethyl gallate, caffeine, and 5-
hydroxymethyl-2-furaldehyde (HMF) were purchased from Wako Pure Chemical Industries
Ltd. (Osaka, Japan). Quercetin 3-O-glucoside and rutin trihydrate (as rutin) were purchased
from Sigma Chemical Co. (St. Louis, MO). Theaflavin (TF), theaflavin 3-O-gallate (TF3G),

theaflavin 3'-O-gallate (TF3'G), theaflavin 3,3'-O-gallate (TF3,3'G), (—)-epigallocatechin
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(EGC), (—)-epigallocatechin gallate (EGCGQG), (—)-epicatechin gallate (ECG), (—)-epicatechin
(EC), and (+)-catechin were purchased from Funakoshi Co. (Tokyo, Japan). Pancreatic lipase
(type II, from the porcine pancreas; EC 3.1.1.3) and 4-methylumbelliferyl oleate = were
purchased from Sigma Chemical Co. Folin-Ciocalteu reagent and sodium carbonate were

purchased from Wako Pure Chemical Industries Ltd.

A.2.2  Preparation of Black Tea Residue

Commercial black tea, a blended tea produced in Sri Lanka, was purchased in a local market.
The black tea infusions were prepared by adding 20 volumes of boiling water to the leaves. The
tea was allowed to steep for 6 min and was then filtered using a 42-mesh (0.355 mm pore size)
sieve. The collected black tea leaves were compressed, to eliminate excess water, and

lyophilized before conducting the experiments.

A.2.3  Hot-Compressed Water Treatment of Black Tea Residue

HCW treatments were performed with a portable pressure system (TPR-1-TVS-N-50; Taiatsu
Techno, Tokyo, Japan) consisting of a reactor, an agitator, a pressure gauge, and two (internal
and external) thermometers. The reactor had a maximum temperature and pressure ratings of
300°C and 20 MPa, respectively. Aliquots (21 g) of black tea residue were suspended in 300
mL of ion-exchange water (a liquid/solid ratio of 300:21) in the reactor, and the reactor was
sealed. The pressure was not controlled but allowed to change as a function of temperature. The
heating control was adjusted to obtain the desired temperatures, and cooling was initiated when

the reactor reached these temperatures. When the internal temperature had fallen to 90°C, the
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reactor was opened and the sample was collected. Samples were filtered with a 42-mesh (0.355
mm pore size) sieve to remove remained residue. The remaining residues were compressed to
remove excess water, lyophilized, and weighed. The aqueous extract and liquid recovered from
compression of remaining residues were combined and centrifuged (10000g, 20 min, 20°C).
The supernatant was collected, filtered using filter paper (Qualitative filter paper No. 1, 125
mm; Toyo Roshi Kaisha, Tokyo, Japan), and the filtrate was lyophilized. The resulting
powdered samples represented the black tea residue extracts. These were used for subsequent
analyses.

This procedure was repeated at 10°C intervals for temperatures ranging from 100 to

200°C and triplicate samples were extracted at each temperature.

A.2.4  Preparation of Samples for LC-MS

One milligram of the powdered extract was dissolved in 1 ml ultra-pure water and then heated
in a hot-water bath at 60°C. The dissolved samples were homogenized using an ultrasonicator
(VS-01RD; Velvo-Clear, Tokyo, Japan), for 2 min, and then centrifuged (12000g, 10 min, 4°C).
The supernatant was filtered through a 0.45 pum filter (HLC-DISK 25, 0.45 um polysulphone;

Kanto Chemical Co., Tokyo, Japan), and the filtrate was used for LC-MS analysis.

A.2.5 LC-MS Analysis
A Prominence semi-micro LC system (Shimadzu Co., Kyoto, Japan) coupled to an LTQ XL
high-performance linear ion trap (Thermo Fisher Scientific K. K., Yokohama, Japan) with an

electrospray interface was used for LC-MS analysis. The LC system comprised a system
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controller (CBM-20A), degasser (DGU-20A3), pump (LC-20AD?2), auto-sampler (SIL-20AC),
UV/VIS detector (SPD-20A), and a column oven (CTO-20AC). The data were acquired using
Xcalibur software (Version 1.4; Thermo Fisher Scientific). Samples were applied to a TSKgel
ODS-100V, C18 reverse-phase column (5 um particle size, 250 mm x 2.0 mm i.d.; TOSOH,
Tokyo, Japan). Water (LC-MS grade; solvent A) and acetonitrile (LC-MS grade; solvent B),
with 0.2% v/v formic acid added to each, were used as the mobile phases. The gradient program
was as follows: 2% B (5 min), 2% B to 10% B (5 min), 10% B to 20% B (30 min), 20% B to
60% B (30 min), 60% B (5 min), 60% B to 2% B (1 min), and 2% B (10 min). The flow rate
was set at 0.2 ml/min, and the column oven temperature was set at 40°C. Ten microliters of
each sample were injected, and the absorbance at 280 nm was monitored.

Samples were analyzed using both negative and positive ionization modes. Electrospray
ionization (ESI)-MS parameters included a spray voltage of 4.0 kV and capillary temperature
of 300°C. Nitrogen sheath gas and auxiliary gas were set at 40 and 15 arbitrary units,
respectively. A full-scan MS was performed in the m/z range 100-2000. The mass tolerance
was set to 5 ppm. MS/MS fragmentations were carried out at normalized collision energy of
35.0%.

Quinic acid, gallic acid, methyl gallate, ethyl gallate, HMF, EGC, (+)-catechin, EC,
EGCG, ECG, quercetin 3-O-glucoside, TF, TF3G, TF3'G, TF3,3'G, and caffeine were all
quantified by reference to standard calibration curves, calculated using peak areas of base peak
ion chromatograms. The standard calibration curves for each compound were as follows: quinic
acid, y = 0.000006x — 1.7278; gallic acid, y = 0.000005x + 0.3269; methyl gallate, y =

0.000002x — 0.2344; ethyl gallate, y = 0.000002x — 0.0026; HMF, y = 0.000005x + 0.0922;
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EGC, y = 0.000004x — 0.0097; (+)-catechin, y = 0.000004x — 0.1607; EC, y = 0.000002x —
0.0584; EGCG, y = 0.000004x + 0.0788; ECG, y = 0.000002x — 0.0492; quercetin 3-O-
glucoside, y = 0.000001x + 0.2067; TF, y = 0.000003x + 0.3188; TF3G, y = 0.000003x +
0.3873; TF3'G, y = 0.000004x + 0.3913; TF3,3'G, y = 0.000002x + 0.4733; caffeine, y =
0.000003x — 1.4184. The compounds in the extracts were identified by comparison of their
retention time, absorbance spectrum, and MS fragmentation and chromatography patterns, with

the above standards.

A.2.6  Measurement of Pancreatic Lipase Activity

The enzymatic activity of pancreatic lipase was assayed using a modification of the previously
described method [20]. Twenty-five microliters of aqueous black tea residue extracts, or
purified compounds (orlistat, TF, TF3G, TF3'G, TF3,3'G, EGC, EGCG, ECG, EC, (+)-catechin,
quinic acid, gallic acid, caffeine, quercetin 3-O-glucoside, and rutin) and 50 pl of 0.1 mM 4-
methylumbelliferyl oleate solution (in 13 mM Tris-HCI, 150 mM NacCl, and 1.3 mM CaCl, (pH
8.0)) were mixed in the well of a microtiter plate, and 25 pl of the lipase solution (400 U/ml in
the above buffer) was added to start the enzyme reaction. After incubation at 25°C for 30 min,
100 pl of 0.1 M sodium citrate (pH 4.2) was added to stop the reaction. The amount of 4-
methylumbelliferone released by the lipase was measured with a microplate reader (SH-9000;
Corona Electric Co., Ibaraki, Japan) at an excitation wavelength of 360 nm and an emission
wavelength of 460 nm. The ICso of the test sample was obtained from the least-squares
regression line of the plots of the logarithm of the sample concentration versus the pancreatic

lipase activity.
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A.2.7  Measurement of Total Polyphenol

To quantify the total polyphenol concentration in samples, a modification of the Folin-Denis
method was applied, and the data were expressed in gallic acid equivalents [21]. One hundred
microgram aliquots of the powdered samples were dissolved in 1 ml of deionized water, and
0.25 ml of the solution was added to a test tube. Deionized water was used as a reagent blank.
Folin-Ciocalteu reagent (1.25 ml) was diluted with 2 volume of deionized water, and 1.25 ml
of 10% sodium carbonate were added to the test tube and mixed. After incubation at 25°C for
20 min, the absorbance, against the reagent blank, was determined at 760 nm using a microplate

reader (SH-9000). Three replicate samples were examined and SDs were calculated.

A.3  Results and Discussion

A3.1 Hot-Compressed Water Treatment of Black Tea Residue

Black tea residues were treated with HCW under different physical conditions. As the
temperature of the HCW increased, the turnaround time (total incubation time) also increased.
At 100°C, the minimum turnaround time (5.23 + 0.68 min) was observed and the maximum
turnaround time (26.67 + 0.36 min) was observed at 200°C (Table A-1). In contrast, as
temperature and turnaround time increased, the theoretical pKw and theoretical dielectric
constants decreased. The dielectric constant at 100°C was 55.53, but decreased to 34.75 (similar
to methanol) at 200°C (Table A-1). These changes are reflected in the amount of total extract
and remaining residues recovered from HCW extracts. Total extracts increased with increasing
temperature (decreasing dielectric constant) while remaining residues decreased (Figure A-1).

The sum of the amounts of extracts and remaining residues should be about 1.0 pg/g tea residue.
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However, the data were much less than 1.0 pg/g tea residue. Two reasons were considered. One
may be the loss in operations such as filtration and the other may be the loss of volatile contents.
The minimum total extract (0.05 g/g tea residue) was observed at 100°C, while the maximum
total extract (0.21 g/g tea residue) was achieved at 200°C (Figure A-1). These results were
supported by reversed-phase high-performance liquid chromatography (HPLC) chromatograms.
Reversed-phase HPLC of extracts obtained at 100, 140, and 180°C showed increasing yield
with increasing temperature (Figure A-2). On the other hand, even at 200°C, more than half of
the tea residue remained after HCW treatment. Black tea residue involves cellulose,
hemicellulose, lignin, and other minor components such as minerals, aliphatic compounds,
proteins, and phenolic compounds [19]. In these components, especially lignocellulosic
biopolymers such as cellulose and lignin may be difficult to be decomposed. Accordingly,
complete decomposition of the tea residue by only a simple hydrothermal reaction is difficult.
For example, although physical force such as shear and/or pressure contributes to decreasing
the amount of remained tea residue, complete decomposition may not be achieved. Therefore,
the remaining tea residue should be used for other applications such as solid fuel, filtration

agent, building material, and so on.
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Table A-1 Conditions of HCW treatment at each temperature.

. Theoretical
Temperature Time p?:st:l?:e Tgﬁ:::l:;ial Theoretical relative
o . . .
O (min) (MPa) (MPa) pKw dielectric
constant
100 523+0.68 0.1 0.102 12.04 55.53
110 5.53+0.45 0.1 0.145 11.86 53.02
120 6.88 £0.62 0.2 0.202 11.69 50.62
130 7.72£0.54 0.3 0.276 11.54 48.33
140 7.78£043 0.4 0.370 11.40 46.13
150 9.88 £ 0.65 0.5 0.490 11.28 44.03
160 13.00 £ 0.38 0.6 0.640 11.16 42.02
170 14.88 £ 0.56 0.8 0.824 11.06 40.09
180 15.45+045 1.0 1.049 10.96 38.24
190 20.00 £ 0.78 1.2 1.320 10.88 36.46
200 26.67 +0.36 1.5 1.644 10.81 34.75
Data represent mean = SD (n = 3).
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Figure A-1 Yields of extracts and remaining residues from black tea residue using HCW at
each temperature.
Error bars indicate SD (n = 3).
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Figure A-2 Reversed-phase HPLC analysis of extracts from black tea residue using HCW at
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A3.2  LC-MS Analysis

LC-MS analysis identified 14 peaks. More peaks were detected by ESI negative ion mode than
by positive ion mode (Figures A-3 and A-4). Comparison of retention times, m/z, and MS/MS
identified these peaks as quinic acid (4.8 min), gallic acid (11.8 min), EGC (20.1 min), (+)-
catechin (21.8 min), caffeine (23.4 min), EC (26.4 min), EGCG (28.3 min), ECG (37.9 min),
rutin (41.0 min), quercetin-3-O-glucoside (43.1 min), TF (54.6 min), TF3G (55.7 min), TF3'G
(56.2 min), and TF3,3'G (56.3 min) (Table A-2; for chemical structures see Figure A-5).

LC-MS was also used to quantify the yields of individual compounds present in the
extracts obtained at all experimental temperatures (Table A-3). As the treatment temperature
increased, yields of quinic acid, gallic acid, and caffeine also increased. The maximum amount
of quinic and gallic acids were observed at 180 and 190°C, respectively. Caffeine continued to
increase up to 200°C. The amount of rutin and quercetin 3-O-glucoside did not change much
from 100 to 200°C. Optimal recovery of TF, TF3G, TF3'G, TF3,3'G, EGC, EGCG, ECG, and
EC was observed between 130 and 150°C, but (+)-catechin yield was greatest at 190°C. Methyl
gallate, ethyl gallate, and HMF were not detected.

The inversely proportional response of the acids (quinic and gallic acids) and the
theaflavins and catechins to increasing temperature indicates that hydrolysis of the latter
increased under conditions associated with elevated HCW temperatures. Although some free
quinic acid is present in black tea leaves, a large portion occurs as theogallin, a compound
formed by the coupling of gallic acid and quinic acid [7,22]. Hydrolysis of theogallin releases
quinic acid. In addition, gallic acid occurs as hydrolytic tannin including catechins, theaflavins,

and thearubigins. Therefore, hydrolysis of these compounds also produces gallic acid.
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Figure A-3 LC-MS analysis of extracts from black tea residue using HCW at 100, 140, and
180°C in negative ion mode.

Concentrations of each sample were 0.22% (100°C), 0.38% (140°C), and 0.85% (180°C)
corresponding to the yields of extracts from 5 g of black tea residue at each temperature. Peaks

annotations match those in Table A-2.
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Figure A-4 LC-MS analysis of extracts from black tea residue using HCW at 100, 140, and
180°C in positive ion mode.

Concentrations of each sample were 0.22% (100°C), 0.38% (140°C), and 0.85% (180°C)
corresponding to the yields of extracts from 5 g of black tea residue at each temperature. Peaks

annotations match those in Table A-2.
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Table A-2 Identified compounds in extracts from black tea residue.
R [M-H]
Peak Compound MS/MS (m/z)
(min) (m/z)
1 4.8  Quinic acid 191 173 127 93 85
2 11.8  Gallic acid 169 125
3 20.1  (—)-Epigallocatechin 305 261 221 219 179 165
4 21.8  (+)-Catechin 289 245 205 203 179
5 234  Caffeine® 195 138
6 264  (—)-Epicatechin 289 245 205 203 179
7 28.3  (—)-Epigallocatechin gallate 457 331 305 193 169
8 37.9  (-)-Epicatechin gallate 442 331 289 272 170
9 41.0  Rutin 610 343 301 300
10 43.1  Quercetin 3-O-glucoside 463 301 300
11 54.6  Theaflavin 563 545 407 379 241
12 55.7  Theaflavin 3-O-gallate 716 563 545 527 501 483
13 56.2  Theaflavin 3'-O-gallate 716 577 563 545 407 69
14 56.3 Theaflavin 3,3'-O-gallate 868 715 697 545 527 389

Peak numbers and retention times refer to Figures A-3 and A-4. *[M+H]".
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Table A-3 Quantity of compounds in extracts from black tea residue.

Temperature (°C)

No. Compound 100 110 120 130 140 150 160 170 180 190 200
mg/g of black tea residue

1 Quinic acid 09+0.1 09+0.1 0.9+0.1 1.0£0.1 12+0.1 1.4+0.1 1.8+01 2.1+£0.1 2.1+01 2.0+£0.1 1.6+0.2
2 Gallic acid 07+£00 0.7+£0.0 09+00 1.2+0.1 1.7£01 24£01 30+01 3602 42+02 56+£02 55+02
3 (-)-Epigallocatechin 02£00 02+£0.0 02+00 03+00 03+00 03+£00 03+00 03+£00 02+0.0 02+£00 0.0+0.0
4 (+)-Catechin 00+00 0.0+£00 01+00 01+00 0100 02£00 0400 06+£00 05+00 0600 0.1£0.0
5 Caffeine 2.9+0.1 3.1+0.2 34+0.1 3.7+0.1 41+0.2 3.8+0.0 4.0+0.0 44+0.1 4.6+0.1 5.5+0.0 5.7+0.1
6 (—)-Epicatechin 0.1£00 01£00 01+00 01+00 02+00 02£00 0200 02£00 0.1+£0.0 02+£00 0.0+0.0
7 (-)-Epigallocatechin gallate  0.3+0.0 04+00 04+£00 05+00 0500 04+00 04+00 04£00 03+00 03+£00 0.0=£0.0
8 (—)-Epicatechin gallate 02+£00 02+£00 03+00 03+00 03+00 03+£00 02+00 02+£00 02+00 02+£00 0.0+0.0
9 Rutin 05+£00 04+£00 04+00 05+00 05+00 05+£00 05+00 05+00 05+00 05+00 02+0.0
10 Quercetin 3-O-glucoside 02+0.0 0.1+0.0 02+00 02+£00 02+£0.0 02+£00 02+£0.0 02+0.0 02+00 02+£00 0.1£0.0
11 Theaflavin 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 ND
12 Theaflavin 3-O-gallate 02+00 02+00 02+00 03+£00 03+00 02+00 02+00 01+00 0.1+£00 0.1+0.0 ND
13 Theaflavin 3'-O-gallate 0.1£0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 ND ND
14 Theaflavin 3,3'-O-gallate 0.1£0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 0.1+£0.0 ND

Data represent mean = SD (n = 3). ND, not detected.



A.3.3  Pancreatic Lipase Inhibition

Temperature-dependent differences in the extraction of these various compounds influenced the
inhibitory effects of extracts on pancreatic lipase. Black tea residue extracts treated with HCW
between 100 and 140°C had the greatest inhibitory effect on pancreatic lipase with ICso values
of 0.9-1.3 pg/mL (Figure A-6). As the HCW treatment temperature was increased over 150°C,
the extracts displayed lower inhibitory activity. These results were consistent with the optimal
extraction of theaflavins and catechins (except (+)-catechin) observed at near 140°C. In this
assay, theaflavins (TF, TF3G, TF3'G, and TF3,3'G) and the catechins (EGCG and ECG) showed
a relatively strong ability to inhibit pancreatic lipase (ICso values ranging from 0.081 to 1.046
png/mL), compared to the positive control (orlistat; ICso =0.042 pg/mL) (Table A-4). In contrast,
EGC, gallic acid, quercetin-3-O-glucoside, and rutin showed very weak activity (ICso values >
50 pg/mL), and activity was not detected in EC, (+)-catechin, quinic acid, caffeine, methyl
gallate, ethyl gallate, and HMF (Table A-4). It is known that polyphenols derived from green
tea, oolong tea, and black tea have inhibitory effects on pancreatic lipase [11,12]. However,

polyphenols such as EC and (+)-catechin did not show the ability to inhibit pancreatic lipase.
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Figure A-6 Inhibitory effects of HCW extracts from black tea residue on pancreatic lipase.
Error bars indicates SD (n = 3).
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Table A-4 Inhibitory effects of compounds on pancreatic lipase.

Compound ICso (ug/mL)
Orlistat 0.042
Theaflavin 0.679
Theaflavin 3-O-gallate 0.368
Theaflavin 3'-O-gallate 0.320
Theaflavin 3,3'-O-gallate 0.316
(—)-Epigallocatechin 39.192
(—)-Epigallocatechin gallate 0.081
(—)-Epicatechin gallate 1.046
(—)-Epicatechin ND
(+)-Catechin ND
Quinic acid ND
Gallic acid > 50
Caffeine ND
Quercetin 3-O-glucoside > 50
Rutin > 50
Methyl gallate ND
Ethyl gallate ND
5-Hydroxymethyl-2-furaldehyde ND
ND, not detected.

A34 Polyphenols With Pancreatic Lipase Inhibition

From the results of Table A-4, theaflavins, EGCG, and ECG were treated as lipase inhibitors
from black tea residue in this study. Comparison of the yields of total polyphenols and lipase
inhibitors from black tea residue indicated that despite the increasing yields of total polyphenols
with increasing temperature, HCW at near 140°C was optimal for the extraction of pancreatic
lipase inhibitory polyphenols (Figure A-7). Figure A-8 shows the proportion of either
theaflavins, EGCG or ECG to the total amount of polyphenols. The yields of compounds with
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the greatest inhibitory activity (theaflavins, EGCG and ECQG) all decreased with increasing
temperature of over 150°C (Figure A-8). It is considered that the presence of galloyl moieties
within their chemical structures and/or the polymerization of flavan-3-ols were required for
enhancement of pancreatic lipase inhibition [11,23]. From the results of LC-MS analysis, gallic
acid increased, and condensed tannin such as theaflavins, EGC, EGCG, and ECG decreased
with increasing treatment temperature. These results suggest that HCW treatments over 150°C
have a negative effect on pancreatic lipase inhibition by extracts from the black tea residue
because gallic moieties were hydrolyzed. A further important point was that extractions from
the black tea residue with HCW at near 140°C may have a positive impact on the yields of

lipase inhibitors.
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Figure A-7 Total polyphenols and total lipase inhibitors of HCW extracts from black tea
residue.
Error bars indicate SD (n = 3).
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Figure A-8 The ratio of TF, TF3G, TF3'G, TF3,3'G, EGCG, and ECG to total polyphenols in
HCW extracts of black tea residue.
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A.4  Conclusions

This study demonstrates that HCW can be used to extract the polyphenols with pancreatic lipase
inhibitory activity from black tea residue. These extracts have the potential to be used in dietary
supplements and functional foods for the prevention and treatment of obesity. The optimal
temperature for the extraction of these compounds was near 140°C. Over 150°C, hydrolysis of
theaflavins and catechins appeared to increase, resulting in a greater yield of polyphenols but a
decrease in the yield of active pancreatic lipase inhibitors.

It is known that the extraction heating process contributes to the quantity of polyphenol.
However, this study clarified the fact that extraction heating did not always contribute to the
quality of polyphenol, especially related to lipase inhibition. This fact indicates that the
extraction heating may affect other physiological features of the polyphenols, such as anti-
oxidative activities. On the other hand, if the extraction is executed at an appropriate
temperature, valuable products are recovered even from the residues. Dehydration of black tea
residue on an industrial scale may be difficult because of its higher moisture content than that
of other residues, such as coffee. Therefore, the burning of black tea residue takes enormous
energy. In the present set of circumstances, black tea residue is often discarded as industrial
waste except for utilization as feed or compost. The present study suggests that HCW treatment
of black tea residue at a certain temperature range may have the potential to extract the

polyphenols without loss of its functions.
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Appendix B

Understanding the Foods With Function
Claims System Through the Analytical
Results of Notification Status



Abstract

The Foods with Function Claims (FFC) system was introduced in April 2015 to help consumers
make more informed choices. One of the features of this system is that if the required
information for a food product is notified to the Secretary-General of the Japanese Consumer
Affairs Agency (CAA) before the product is marketed, the product is allowed to bear function
claims stating the product’s specified health benefit, under the food business operator’s
responsibility. Most of the product information submitted to the CAA is disclosed on the CAA
website, which is also a unique feature of this system. As of March 31, 2017, the total number
of FFC was 815, excluding 8 products that were withdrawn. In this review, using the
information available on the CAA website, the number of products, food business operators,
food categories, scientific evidence, functional substances, and function claims were analyzed.
The results indicated that the FFC market is expanding. The current situation was examined

based on the results of this analysis, and the future development of FFC was discussed.

B.1  Introduction

The Foods with Function Claims (FFC) are the third type of the Foods with Health Claims,
following the Foods for Specified Health Uses (FOSHU) and the Foods with Nutrient Function
Claims (FNFC). FOSHU requires that each product be reviewed for efficacy and safety, and
that the labeling be approved by the Secretary-General of the Japanese Consumer Affairs
Agency (CAA). Therefore, FOSHU has the advantage of being able to show labeling that has
been authorized by the government. However, it has been difficult for small and medium-sized

companies to apply for the FOSHU system because of the enormous cost and time required to
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obtain scientific evidence on the efficacy and safety of their products. On the other hand, FNFC
has the merit of being able to be labeled on food products without notification if the designated
nutrient content conforms to the standard values. However, it is limited to the labeling of
specific nutritional functions. To overcome these issues and enable consumers to make more
informed choices, the FFC system was introduced in April 2015.

The FFC system provides opportunities for consumers to make voluntary and reasonable
product choices based on the three concepts of 1) ensuring safety, 2) establishing requirements
for scientific evidence to make function claims, and 3) providing consumers with information
through proper labeling [1]. The most distinctive feature of this system is that food products
can be labeled with functional properties if the necessary information is submitted to the CAA
at least 60 days before sale. The necessary information includes details of the product labeling,
basic information on food business operators such as name and contact information, scientific
evidence of safety and effectiveness, information on the production, manufacturing and quality
control system, the system to collect adverse health events, and other required information [2].
The CAA will check the information, and if it meets the requirements for notification, a
notification number will be issued and the information will be disclosed in the database of FFC
on the CAA website, which is also a unique feature of this system.

The FFC system has high expectations from consumers, food business operators, and the
government. For consumers, it has the advantage of making it possible to learn about specific
physiological functions in easy-to-understand terms and providing them with the opportunity
to select appropriate products that suit them. For food business operators, if they obtain

appropriate scientific evidence and meet the requirements of the system, they will have the
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advantage of being able to promote their products in the field of physiological functions, which
has not been possible before. For the government, there is the advantage of contributing to the
maintenance and promoting the health of the people, as well as promoting the Japanese
economy by expanding the food market. In addition, FFC also covers fresh foods, which may
lead to an increase in high-value-added agricultural, forestry and fishery products. On the other
hand, FFC imposes important responsibilities on food business operators. Unlike FOSHU, FFC
is not individually approved by the government. Therefore, food business operators themselves
must take responsibility for the contents of the notification, including the validity of scientific
evidence.

As of March 31, 2017, the total number of FFC was 815, excluding 8 products that were
withdrawn. In this review, using the information available on the CAA website [3], the number
of products, food business operators, food categories, scientific evidence, functional substances,
and function claims were analyzed. The current situation was examined based on the results of

these analyses, and the future development of FFC was discussed.

B.2  Number of Products

The number of FFC was counted over time based on the disclosure date of notification (Figure
B-1). In the first year of the system (April 2015—-March 2016), the number of products increased
at a pace of about 22 products/month. In the second year (April 2016—March 2017), the number
of products increased to about 46 products/month, approximately doubling the pace of increase.
Thus, the number of FFC is rapidly expanding. The FOSHU system was introduced in 1991,

and over the past 26 years, 1127 products (as of March 9, 2017) have been approved. Therefore,
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the number of FOSHU is likely to surpass that of FFC soon. The market size of FOSHU in 2015
was 639.1 billion Japanese yen (JPY), and the market for FFC was reported to be 44.6 billion
JPY in 2015 and is expected to be 148.3 billion JPY in 2016. Therefore, the market size of FFC

is expected to expand further in the future.
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Figure B-1 The total number of FFC.

It was prepared with the information available on the CAA website as of March 31, 2017 (from
notification number Al to B513 excluding 8 withdrawn products). The total number of FFC
was 815. FFC, Foods with Function Claims; CAA, Consumer Affairs Agency.

B.3  Food Business Operators
The food business operators of FFC were analyzed. As of March 31, 2017, the number of food
business operators of FFC was 236 companies (excluding two withdrawn companies). By

prefecture, Tokyo had the largest number of food business operators of FFC, followed by Osaka
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and Fukuoka (Figure B-2). In addition, food business operators in 32 prefectures have submitted
notifications, and the FFC system has been used by food business operators nationwide. Food
business operators of FFC were categorized by capitalization (Table B-1). The result showed
that even excluding food business operators with unknown capital, 58.9% of all had a capital
of less than 300 million yen. In addition, 46.2% of all had a capital of less than 100 million yen.

Thus, the FFC system has been widely used by small and medium-sized companies.

Table B-1 The number of food business operators of FFC by capital size.

Capital size Number %
> 500 million JPY 68 28.8
> 300 million JPY to < 500 million JPY 8 34
> 100 million JPY to < 300 million JPY 30 12.7
> 50 million JPY to < 100 million JPY 37 15.7
< 50 million JPY 72 30.5
Unknown 21 8.9

It was prepared with the information available on the CAA website as of March 31, 2017 (from
notification number Al to B513 excluding 8 withdrawn products). The information on capital
size was obtained from the food business operator’s website. The total number of food business
operators is 236 (excluding 2 food business operators that have withdrawn FFC notification).

FFC, Foods with Function Claims; JPY, Japanese yen; CAA, Consumer Affairs Agency.
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Figure B-2 The number of food business operators of FFC by prefecture.

It was prepared with the information available on the CAA website as of March 31, 2017 (from notification number A1 to B513 excluding 8
withdrawn products). The total number of food business operators was 236 (excluding 2 food business operators that have withdrawn FFC
notification). FFC, Foods with Function Claims; CAA, Consumer Affairs Agency.



B.4  Food Categories

The food categories of FFC were analyzed. Of the total 815 products (excluding 8 withdrawn
products), 358 (43.9%) were processed foods (supplement form), 451 (55.3%) were processed
foods (others), and 6 (0.7%) were fresh foods (Table B-2). The reason for the small number of
fresh foods in FFC could be that it is difficult to guarantee the content of functional substances.
The quality of fresh foods is greatly affected by the place of origin, variety, climate, and so on.
In addition, if there is a large difference in the quality of each piece, a full inspection may be
necessary. Another reason could be that there is little scientific evidence for the physiological
functions of fresh foods. These obstacles may have prevented fresh foods from entering the
market for FFC. Therefore, support from the government and other experts is necessary. Based
on these backgrounds, the Ministry of Agriculture, Forestry and Fisheries [4] and the National
Agriculture and Food Research Organization [5,6] has released support materials regarding

FFC of fresh foods.

Table B-2 The number of FFC by food types.

Type of food Number %
Processed food (supplement form) 358 43.9
Processed food (others) 451 55.4
Fresh food 6 0.7

It was prepared with the information available on the CAA website as of March 31, 2017 (from
notification number Al to B513 excluding 8 withdrawn products). The total number of FFC
was 815. FFC, Foods with Function Claims; CAA, Consumer Affairs Agency.
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B.5 Scientific Evidence

Under the FFC system, food business operators must submit scientific evidence for the
proposed function claims either by the clinical trial of the finished product or by the systematic
review (SR) of the finished product or its functional substance. It is also possible to submit a
combination of these scientific pieces of evidence. Of the total 815 products (excluding 8
withdrawn products), 44 (5.4%) used the clinical trial of the finished product, 1 (0.1%) used the
SR of the finished product, and 766 (94.0%) used the SR of the functional substance (Table B-
3). Four products (0.5%) combined clinical trial of the finished product with SR of functional
substance (Table B-3). One possible reason why many notifications used the SR on functional
substance may be that almost the same SR can be used in various products, if there is a rational
reason. This unique regulation of the FFC system contributes to reducing the cost and time

burden of food business operators required to obtain scientific evidence.

Table B-3 The number of FFC by methods of evaluating function claims.

Methods of evaluating function claim Number %
A: Clinical trial of the finished product 44 54
B: Systematic review on the finished product 1 0.1
C: Systematic review on functional substance 766 94.0
D: Combination of A and C 4 0.5

It was prepared with the information available on the CAA website as of March 31, 2017 (from
notification number Al to B513 excluding 8 withdrawn products). The total number of FFC
was 815. FFC, Foods with Function Claims; CAA, Consumer Affairs Agency.
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B.6  Functional Substances

The functional substances contained a total of 815 FFC (excluding 8 withdrawn products) were
listed along with the number and percentage of the products (Table B-4). The result showed that
there were 83 functional substances (excluding one withdrawn). Because there were some FFC
that contained multiple functional substances, the total number of functional substances did not
match the number of FFC. Indigestible dextrin (114 products, 12.1%) had the largest number
of FFC, followed by gamma-amino butyric acid (86 products, 9.1%) and docosahexaenoic acid
(78 products, 8.3%). The functional substances selected by food business operators are probably
influenced not only by marketability but also by the availability of scientific evidence and the
processing characteristics. Based on these backgrounds, ingredients that have been widely used
in FOSHU, such as non-digestible dextrin, gamma-amino-butyric acid, and bifidobacteria, as
well as docosahexaenoic acid and eicosapentaenoic acid, which have many scientific evidence

worldwide, could have been used in FFC.
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Table B-4 The number of FFC by functional substances.

Functional substance Number %
Indigestable dextrin 114 12.1
Gamma-amino-butyric acid 86 9.1
Docosahexaenoic acid 78 8.3
Eicosapentaenoic acid 70 7.4
Sodium hyaluronate 51 54
Bifidobacterium 47 5.0
Pueraria thomsonii flower isoflavone 39 4.1
L-Theanine 39 4.1
Lutein 35 3.7
Glucosamine 28 3.0
Acetic acid 27 2.9
Soy isoflavone 23 2.4
Ginkgo flavone glycosides. terpene lactones 23 24
Undenatured type II collagen 19 2.0
Astaxanthin 15 1.6
Rice glucosylceramide 15 1.6
Zeaxanthin 14 1.5
Bilberry anthocyanin 14 1.5
Salacinol 12 1.3
Barley beta-glucan 12 1.3
Monoglucosyl hesperidin 12 1.3
Lactic acid bacteria 11 1.2
Reduced coenzyme Q10 11 1.2
Lycopene 10 1.1
Grabridin 9 1.0
Lactotripeptide 8 0.8
Methylated catechin 7 0.7
Beta-cryptoxanthin 7 0.7
Others 109 11.5

It was prepared with the information available on the CAA website as of March 31, 2017 (from
notification number Al to B513 excluding 8 withdrawn products). There were 83 functional
substances listed on the CAA website (excluding 1 withdrawn substance). Although the total
number of FFC was 815, the cumulative number of the functional substances was 945 because
some of the FFC designated two or more functional substances. FFC, Foods with Function

Claims; CAA, Consumer Affairs Agency.
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B.7  Function Claims

Both the FOSHU and the FFC systems are the food labeling regulations for functional foods in
Japan. In FFC, there are not only health claims in FOSHU, but also various other health claims.
Then, the function claims of FFC were categorized. FFC could be categorized into 22 types,
triglyceride, blood glucose level, intestine, visceral fat/body fat, skin, BP, eyes, joints, mental
stress, cognitive function, sleep, bones, physical fatigue, cholesterol, body temperature, eye and
nose discomfort, muscles, walking ability, blood lipid oxidation, liver, lower back, and fat
metabolism (Table B-5). The most frequent function claims were triglycerides (161 products,
16.8%), followed by blood glucose level (103 products, 10.7%) and intestine (102 products,
10.6%). Function claims categorized as eyes, joints, mental stress, cognitive function, sleep,
physical fatigue, body temperature, eye and nose discomfort, muscles, walking ability, blood
lipid oxidation, liver, and lower back were not included in FOSHU. Thus, the FFC system has

greatly expanded the area of health claims that can be labeled.
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Table B-5 The number of FFC by category of function claim.

Category Number of food type
Total
of % Supplement Fresh
number Others
function claim form food
Triglyceride 161 16.8 31 130 0
Blood glucose level 103 10.7 19 84 0
Intestine 102 10.6 18 84 0
Visceral fat/Body fat 93 9.7 35 58 0
Skin 79 8.2 37 42 0
Blood pressure 75 7.8 20 55 0
Eyes 58 6.0 55 3 0
Joints 50 52 48 2 0
Mental stress 49 5.1 18 31 0
Cognitive function 39 4.1 29 10 0
Sleep 34 3.5 28 6 0
Bones 30 3.1 12 12 6
Physical fatigue 24 2.5 16 8 0
Cholesterol 22 23 5 17 0
Body temperature 14 1.5 | 13 0
Eye and nose discomfort 10 1.0 3 7 0
Muscles 6 0.6 4 2 0
Walking ability 5 0.5 4 1 0
Blood lipid oxidation 2 0.2 2 0 0
Liver 1 0.1 1 0 0
Lower back 1 0.1 1 0 0
Fat metabolism 1 0.1 1 0 0

It was prepared by the information available on the CAA website as of March 31, 2017 (from
notification number Al to B513 excluding 8 withdrawn products). Although the total number
of FFC was 815, the cumulative number of the functional claims was 959 because some of FFC
designated two or more function claims. FFC, Foods with Function Claims; CAA, Consumer
Affairs Agency.
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B.8  Perspectives

The number of FFC disclosed on the CAA website has been increasing progressively over time.
Therefore, the market of FFC is expected to expand further. On the other hand, differentiation
from competitors will be a challenge for food business operators. In the future, more food
business operators may conduct clinical trials to develop new areas of health claims.

Under these circumstances, it is necessary to protect the results obtained through research
and development as the rights of the inventor. The Japan Patent Office has revised its
examination standards and began examining inventions for the use of food on April 1, 2016 [7].
Consequently, use inventions are now permitted for foods as well as for pharmaceuticals.
Therefore, it may be important to develop patent strategies that consider not only claims for
objects but also uses.

FFC are intended for people who do not suffer from diseases. Therefore, in principle, the
evidence must be clinical trials conducted on individuals who do not have the disease. However,
most of the clinical trials conducted in the world have been on diseased individuals. Some food
business operators may have declined to submit notifications because they are unable to adopt
previously reported evidence. This may be a particularly difficult problem for small and
medium-sized companies and producers of fresh foods who are unable to conduct clinical trials
themselves due to cost and technical reasons.

The FFC system accepts not only unpublished SRs but also published SRs as scientific
evidence. Published SRs are more reliable in that they have been validated by experts in clinical
trials and statistical analysis. However, published SRs have not been used much in the FFC

system. One of the reasons for this could be the lack of published SRs of the functional
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substances. Another possible reason could be that the SRs included people who are not eligible
for the FFC system (e.g., diseased or underage people). For example, the SR, which verified
how DHA affects the memory of healthy people, includes underage people [8]. Therefore, it
would be difficult to apply it directly to the FFC system. If someone with expertise in clinical
trials, statistical analysis, SRs, and meta-analysis is available, stratified analysis with
appropriate exclusion of out-of-scope literature can be considered. However, this may be
difficult for small and medium-sized companies and producers of fresh foods who have no
experience in conducting clinical trials. Modification of the system to facilitate the use of
existing evidence may encourage small and medium-sized companies and producers of fresh
foods to develop FFC.

With the launch of the FFC system, food business operators than ever need to obtain
appropriate scientific evidence to promote the health benefits of foods. It is hoped that
consumers and food business operators will increasingly understand the FFC system and that

this system will contribute to healthy life.
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