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1  | INTRODUC TION

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 
(World Health Organization, 2019). Therefore, prevention and care 
for cognitive decline are issues that need to be addressed worldwide. 
Alzheimer's disease (AD) is the most common cause of dementia, 
which impairs memory, thinking skills, and behavior. The physio-
logical changes leading to AD begin to develop decades before the 

earliest clinical symptoms appear, and when symptoms become clin-
ically apparent, disease progression is too advanced for treatment 
(Jack et al., 2010). Therefore, current research has focused on inter-
vention in cognitively healthy individuals at risk of developing AD to 
reduce its incidence and prevalence (Crous-Bou et al., 2017).

Recently, centrally active angiotensin I-converting enzyme (ACE) 
inhibitors have gained attention as a new therapy for AD (O'Caoimh 
et al., 2014). ACE activity in the brains of patients with AD is elevated 
compared with that in the brains of nondementia patients (Arregui 
et al., 1982; Miners et al., 2008). In addition, ACE generates elevated 
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Abstract
Met-Lys-Pro (MKP) is a casein-derived angiotensin I-converting enzyme inhibitory 
peptide with the potential to cross the blood–brain barrier. It has shown preventive 
effects against high blood pressure (BP) and cognitive decline in animal models and 
human studies. MKP shows good water solubility and can be blended into a variety 
of foods. However, its ease of intake may contribute to the possibility of overdose. 
Therefore, we aimed to evaluate the safety of high-dose intake of MKP in healthy 
adults by conducting a randomized controlled trial with 30 subjects. Participants were 
randomly allocated to the MKP (n = 15) or placebo (n = 15) group. Over 4 weeks, the 
MKP group received test powder containing a daily dose of 1,000 μg of MKP, five 
times the minimum effective dose for cognitive improvement, whereas the placebo 
group received dextrin powder containing no detectable MKP. No clinical problems 
were observed in anthropometric and BP measurements or in blood and urine pa-
rameters. No adverse events owing to MKP intake were observed. These findings 
suggest that consumption of MKP is safe, and that it may be applicable as a safe 
preventive measure against hypertension and cognitive decline in future.
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levels of angiotensin II in the brains of patients with AD (Savaskan 
et  al.,  2001), which promotes neurodegeneration and brain aging 
(Dong et al., 2011; Labandeira-Garcia et al., 2017). 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 poten-
tially protect against the development of AD (Fazal et al., 2017; Gao 
et al., 2013; O'Caoimh et al., 2014; Sink et al., 2009).

Food-derived bioactive peptides have been considered for 
human health applications beyond their caloric value (Aluko, 2015; 
Cicero et  al.,  2017; Manzanares et al., 2019; Mills et  al.,  2011; 
Udenigwe & Aluko,  2012). For example, these peptides have po-
tential antihypertensive, antioxidant, lipid-lowering, immunomod-
ulatory, antimicrobial, anticancer, antidiabetic, and mineral binding 
activities. The antihypertensive effect of ACE inhibition is one of 
the most studied properties of food-derived bioactive peptides 
(Udenigwe & Aluko, 2012).

We previously identified the bovine casein-derived tripeptide 
Met-Lys-Pro (MKP) as having a relatively strong ACE inhibitory 
activity (IC50  =  0.43  μM) and antihypertensive effect in sponta-
neously hypertensive rats (Yamada et  al.,  2013, 2015). In a ran-
domized controlled trial, 100 μg of MKP daily for 12 weeks safely 
lowered systolic blood pressure (SBP) in humans with high-normal 
blood pressure (BP) or grade 1 hypertension (Yuda et  al.,  2018). 
Furthermore, orally administered MKP is distributed in the brain and 
significantly attenuates cognitive decline in vivo (Min et al., 2017). In 
stroke-prone spontaneously hypertensive rats, MKP administration 
showed neuroprotective effects by regulating cerebral circulation 
and corticoid secretion (Tada et al., 2020). A clinical trial for commu-
nity-dwelling adults without dementia demonstrated that daily oral 
intake of 200  μg of MKP over 24  weeks can improve orientation, 
with good tolerability and without treatment-related adverse effects 
(Yuda et al., 2020). Therefore, MKP intake may be a safe preventive 
measure against not only hypertension but also cognitive decline.

MKP shows good water solubility and can be blended into a va-
riety of foods; however, the ease of intake may contribute to the 
possibility of overdose. Therefore, we conducted a 4-week, ran-
domized, double-blind, placebo-controlled trial in healthy adults to 
evaluate the safety of daily intake of 1,000 μg of MKP, which is five 
times the minimum effective dose for cognitive improvement (Yuda 
et al., 2020).

2  | MATERIAL S AND METHODS

2.1 | Subjects

Healthy adult volunteers aged ≥20 years living in Maebashi and the 
surrounding areas were recruited in January 2020. Exclusion criteria 
included a history of serious illness, treatment with medication for 
lifestyle-related disease (e.g., diabetes, hypertension, dyslipidemia), 
digestive tract diseases or history of gastrointestinal surgery, seri-
ous 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, or pregnancy, lactation, or in-
tent to become 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 subjects 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 as 
UMIN000038963 prior to subject enrollment.

2.2 | Study products

Morinaga Milk Industry (Tokyo, Japan) prepared the placebo along 
with the test product containing the equivalent of five times the min-
imum effective dose for cognitive improvement (Yuda et al., 2020). 
Specifically, the test powder contained 1,000  μg of MKP in 5.0  g 
of casein hydrolysate, and the placebo powder contained 5.0 g of 
dextrin with no detectable MKP. The two different products were 
matched for appearance.

2.3 | Procedures

The study was designed as a randomized, double-blind, placebo-
controlled trial, conducted at Maebashi North Hospital in Gunma, 
Japan between January and March 2020. As this was the first clinical 
trial to evaluate the safety of high-dose intake of MKP, the sample 
size was determined by referring to a similar trial on food ingredient 
(Akazome et al., 2010). Eligible subjects were randomly allocated to 
receive either MKP or placebo 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. Subjects, physi-
cians, 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 preintake period, a 4-week in-
take period, and a 2-week follow-up period. During the intake period, 
subjects were instructed to consume MKP or placebo powder with 
150–200 ml of water daily for 4 weeks. All subjects were instructed 
to avoid marked alterations to diet or lifestyle and excessive drinking 
or eating throughout the study period. The subjects were also asked 
to maintain diary records of items related to study products, illness, 
use of medications, and hospital visits. Treatment compliance was 
assessed by inspecting diaries. Subjects were instructed to visit the 
clinic for screening 3 weeks prior to commencing the experiment, 
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at week 0 at the beginning of the experimental period, at weeks 2 
and 4 during the experiment, and at week 6 after a follow-up pe-
riod. At these visits, subjects were interviewed, anthropometric and 
BP measurements were made, and blood and urine samples were 
collected. Physicians interviewed subjects throughout the study to 
assess the physical condition, subjective symptoms, and any adverse 
events (AEs).

2.4 | Anthropometric and BP measurements

Height was measured only during screening. Body weight (BW), SBP, 
diastolic BP (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 subjects wore light clothes and no shoes. Body 
mass index (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) in a seated 
position.

2.5 | Blood and urine analysis

Blood and urine analyses were performed at all clinic visits. White 
blood cell count, red blood cell count, hemoglobin, hematocrit, plate-
let count, mean corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin concentration, and 
leukocyte differentiation (percentage of neutrophils, lymphocytes, 
monocytes, eosinophils, and basophils) were recorded. Aspartate 
aminotransferase, alanine aminotransferase, lactic dehydrogenase, 
total bilirubin, alkaline phosphatase, γ-glutamyl transpeptidase, cre-
atine kinase (CK), fasting blood glucose, hemoglobin A1c (HbA1c), 
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.

2.6 | AEs and side effects

All subjects 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 subjects’ diaries at weeks 
0, 2, 4, and 6, and determined relationships between any AEs and 

ingestion of study products while remaining blinded to group 
allocation.

2.7 | Statistical analysis

Statistical analysis was based on the full dataset, defined as all rand-
omized participants receiving study treatment with at least one test 
result after treatment. Values are presented as means  ±  standard 
deviations. For continuous variables, statistically significant differ-
ences between the study groups were examined using Student's 
t-test, and changes from baseline values within the same groups 
were analyzed using a paired t-test. For categorical data, statistically 
significant differences between 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, then expressed as a matrix of the number of subjects 
and codes and analyzed using Fisher's exact test. Findings were re-
garded as significant at p  <  .05 according to a two-tailed test. All 
statistical analyses were performed using IBM SPSS Statistics ver-
sion 23 (IBM Corp.).

3  | RESULTS

3.1 | Subjects

Of a total of 90 participants screened for the study, 30 subjects 
(40.3  ±  12.1  years, 15 males, 15 females) were enrolled and ran-
domly allocated into the MKP (n = 15) or placebo (n = 15) groups 
(Figure 1). All subjects completed the study. Table 1 shows the char-
acteristics of the subjects at the screening period. The two groups 
did not differ significantly in demographic variables, including blood 
and urine analysis (data not shown). Demographic means of both 
groups were within the reference range. The treatment compliance 
rate of both groups was 100%.

3.2 | Anthropometric and BP measurements

A summary of the anthropometric and BP measurements at base-
line (week 0), during treatment (week 2 and 4), and post-treatment 
(week 6) is presented in Table 2. 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 = .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 = .005). The pulse rate in the placebo group was sig-
nificantly increased at week 2 compared with that at week 0 (mean 
difference with 95% CI: 1.60 [0.01, 3.19] beats/min, p = .049). BW, 
BMI, and SBP did not significantly vary between groups or within 
each group. No clinical problems were noted in anthropometric or 
BP measurements.
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3.3 | Blood and urine analysis

No clinical problems were apparent in the blood and urine analysis. 
Table  3 and 4 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 = .003). MCV in the MKP group was significantly 
decreased at week 2, 4, and 6 compared with that at week 0 (mean dif-
ference with 95% CI: −0.87 [−1.45, −0.28], −0.87 [−1.59, −0.15], −1.20 
[−1.76, −0.64] fl, p = .007, p = .022, and p < .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 = .048). In the placebo group, the eosinophils/leukocytes ratio 
was significantly increased at week 6 compared with that at week 0 
(mean difference with 95% CI: 0.52 [0.02, 1.02] %, p = .042). The baso-
phils/leukocytes ratio was significantly lower in the MKP group than 
in the placebo group at week 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 = .034, p = .032, and p = .012, respectively). Moreover, in the pla-
cebo 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 = .005). The other blood test variables did not 
significantly differ between groups or within each group.

Table  5, 6, and 7 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 (2,296 U/L). A re-examination was performed one week 
later, and as this yielded a normal value (154 U/L), the subject was 
allowed to continue the experiment. CK in the MKP group was sig-
nificantly increased at week 2 compared with that at week 0 (mean 
difference with 95% CI: 23.73 [3.62, 43.9] U/L, p =  .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 = .030). HbA1c 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 = .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 = .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 = .011). 
Magnesium in the MKP group was significantly decreased at week 4 
compared with that at week 0 (mean difference with 95% CI: −0.16 
[−0.28, −0.04] mg/dl, p =  .028). Other blood biochemistry variables 
did not significantly differ between groups or within each group.

Table 8 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 = .029). Moreover, the U-pH in the placebo group was significantly 
increased at week 6 compared with that at week 0 (mean differ-
ence with 95% CI: 0.57 [0.09, 1.04], p  =  .023). The U-pH did not 

F I G U R E  1   Study flow diagram. MKP, 
Met-Lys-Pro
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significantly differ at any other time point, and the USG test results 
did not significantly vary at all between groups or within each group. 
Similarly, U-pro, U-glu, U-uro, U-bil, U-ket, and OBR did not signifi-
cantly vary between groups (Table 9).

3.4 | AEs and side effects

Nine AEs were reported by seven subjects throughout the study, 
with one reported by one subject in the MKP group and eight 
reported by six subjects in the placebo group. These included 

elevated serum iron (two subjects in the placebo group), muscle 
pain (two subjects in the placebo group), elevated CK (one sub-
ject in the MKP group and three subjects in the placebo group), 
and elevated total bilirubin (one subject in the placebo group). All 
reported AEs were mild and judged to be unrelated to intake of 
study products.

4  | DISCUSSION

A number of dietary factors have preventive effects on cognitive 
decline and AD (Solfrizzi et  al.,  2011; Wu & Sun,  2016; Yurko-
Mauro et  al.,  2015; Zhang et  al.,  2016), and bioactive peptides 
have been demonstrated to exert preventive effects on cogni-
tive decline in animal models and human studies (Katayama & 
Nakamura, 2019). MKP has the potential to improve orientation in 
community-dwelling adults without dementia, with good tolerabil-
ity, and no treatment-related adverse effects during 24 weeks of 
treatment and for 2 weeks after treatment (Yuda et al., 2020). We 
conducted a randomized, double-blind, placebo-controlled trial to 
examine the safety of high-dose intake of MKP in healthy adults 
and found that supplementation of 1,000 μg of MKP for 4 weeks 

yielded no adverse outcomes. The trial showed significant differ-
ences 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 subjects throughout the 
study. Elevated CK was the most common, occurring in one sub-
ject in the MKP group and three subjects in the placebo group. 
High levels of CK in healthy subjects may be correlated with mus-
cle damage following physical exercise (Brancaccio et  al.,  2008), 
and all subjects with elevated CK had been playing sports or doing 

TA B L E  1   Subject characteristics at the screening period

Characteristics MKP (n = 15)
Placebo 
(n = 15)

Male/Female (n) 7/8 8/7

Age (years) [range] 40.3 ± 12.8 
[21–60]

40.3 ± 11.8 
[23–62]

Height (cm) [range] 166.2 ± 4.2 
[156.4–172.0]

163.8 ± 8.0 
[146.5–177.0]

BW (kg) [range] 61.8 ± 7.8 
[53.5–85.0]

61.5 ± 10.7 
[48.0–82.1]

BMI (kg/m2) [range] 22.3 ± 2.5 
[19.1–29.8]

22.9 ± 2.8 
[19.1–28.0]

SBP (mmHg) [range] 121.8 ± 7.7 
[112–138]

123.9 ± 8.0 
[110–138]

DBP (mmHg) [range] 72.8 ± 7.1 
[64–86]

73.6 ± 9.0 
[60–87]

Pulse rate (beats/min) 
[range]

70.5 ± 8.2 
[62–85]

68.8 ± 6.8 
[58–78]

Note: Data represent number of subjects or means ± standard 
deviations.
Abbreviations: BMI, body mass index; BW, body weight; DBP, diastolic 
blood pressure; MKP, Met-Lys-Pro; SBP, systolic blood pressure.

Variables Group Week 0 Week 2 Week 4 Week 6

BW (kg) MKP 61.8 ± 7.8 61.7 ± 7.9 61.7 ± 8.0 61.6 ± 8.0

Placebo 61.5 ± 10.7 61.5 ± 10.7 61.7 ± 10.5 61.6 ± 10.5

BMI (kg/m2) MKP 22.3 ± 2.5 22.3 ± 2.5 22.3 ± 2.5 22.3 ± 2.5

Placebo 22.9 ± 2.8 22.9 ± 2.9 22.9 ± 2.8 22.9 ± 2.9

SBP (mmHg) MKP 121.8 ± 7.7 121.7 ± 6.2 119.1 ± 7.1 119.4 ± 8.1

Placebo 123.9 ± 8.0 124.2 ± 7.5 121.3 ± 9.8 120.9 ± 10.1

DBP (mmHg) MKP 72.8 ± 7.1 71.2 ± 8.1 68.5 ± 7.2**† 70.8 ± 9.2

Placebo 73.6 ± 9.0 74.3 ± 7.7 74.7 ± 6.5 73.7 ± 7.0

Pulse rate 
(beats/min)

MKP 70.5 ± 8.2 69.8 ± 7.6 69.5 ± 6.4 70.1 ± 6.6

Placebo 68.8 ± 6.8 70.4 ± 6.7* 70.0 ± 6.5 70.1 ± 6.2

Note: Data represent means ± standard deviations.
Abbreviations: BMI, body mass index; BW, body weight; DBP, diastolic blood pressure; MKP, Met-
Lys-Pro; SBP, systolic blood pressure.
*p < .05 and **p < .01 indicate significant difference compared with week 0 values according to 
paired t-test; †p < .05 indicates significant difference compared with the placebo group according 
to Student's t-test. 

TA B L E  2   Summary of anthropometric 
and blood pressure measurements
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physical work immediately prior to testing. Therefore, the CK ele-
vation was unlikely to be caused by the consumption of the study 
products. Elevated serum iron, muscle pain, and elevated total bil-
irubin were also reported as AEs. However, all these AEs resolved 
without treatment and were therefore judged to be transient and 
unrelated to the study. These findings suggest that there are no 
clinical safety concerns associated with high-dose intake of MKP.

We previously found that the daily ingestion of 100 μg of MKP 
for 12 weeks is safe and effective in lowering SBP in people with 
high-normal BP or grade 1 hypertension (Yuda et  al.,  2018). In 
the present study, although DBP in the MKP group was signifi-
cantly lower at week 4 than that in the placebo group, there was 
no significant difference in SBP between the MKP and placebo 
groups. This may be because the previous study targeted people 

TA B L E  3   Summary of hematological examination (blood cell count)

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

WBC (×102/μl) 33–90 MKP 56.5 ± 13.3 57.3 ± 16.1 59.5 ± 16.2 58.1 ± 15.1

Placebo 57.3 ± 17.3 57.0 ± 17.2 57.1 ± 14.7 55.9 ± 14.8

RBC (×104/μl) M: 430–570 MKP 473.1 ± 36.4 471.0 ± 37.0 474.9 ± 36.5 468.1 ± 36.8

F: 380–500 Placebo 478.1 ± 45.1 483.3 ± 43.7 475.9 ± 45.6 476.5 ± 48.1

Hb (g/dl) M: 13.5–17.5 MKP 14.4 ± 1.4 14.2 ± 1.4 14.4 ± 1.4 14.1 ± 1.4

F: 11.5–15.0 Placebo 14.5 ± 1.6 14.6 ± 1.5 14.4 ± 1.5 14.5 ± 1.6

Ht (%) M: 39.7–52.4 MKP 45.1 ± 3.9 44.5 ± 4.0 44.8 ± 3.7 44.1 ± 3.7**

F: 34.8–45.0 Placebo 45.3 ± 4.1 45.7 ± 4.0 44.9 ± 3.9 44.9 ± 3.9

PLT (×104/μl) 14.0–34.0 MKP 27.8 ± 5.0 27.9 ± 4.8 27.7 ± 5.0 28.0 ± 5.3

Placebo 28.0 ± 5.8 28.4 ± 6.3 28.3 ± 6.4 28.0 ± 5.8

MCV (fl) 85–102 MKP 95.3 ± 4.4 94.4 ± 4.1** 94.4 ± 4.1* 94.1 ± 3.6**

Placebo 94.7 ± 4.6 94.7 ± 4.1 94.4 ± 3.8 94.4 ± 3.8

MCH (pg) 28.0–34.0 MKP 30.3 ± 1.6 30.1 ± 1.4* 30.2 ± 1.7 30.1 ± 1.6

Placebo 30.4 ± 1.4 30.2 ± 1.5 30.2 ± 1.4 30.4 ± 1.4

MCHC (%) 30.2–35.1 MKP 31.9 ± 0.8 31.9 ± 0.7 32.0 ± 0.9 32.0 ± 0.9

Placebo 32.1 ± 1.0 31.9 ± 0.9 32.0 ± 0.8 32.2 ± 0.9

Note: Data represent means ± standard deviations.
Abbreviations: F, female; Hb, hemoglobin; Ht, hematocrit; M, male; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin 
concentration; MCV, mean corpuscular volume; MKP, Met-Lys-Pro; PLT, platelet count; RBC, red blood cell count; WBC, white blood cell count.
*p < .05 and **p < .01 indicate significant difference compared with week 0 values according to paired t-test. 

TA B L E  4   Summary of hematological examination (differential leukocyte ratio)

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

Neut (%) 40.0–75.0 MKP 54.0 ± 9.6 56.7 ± 5.2 56.4 ± 7.2 56.7 ± 7.8

Placebo 54.2 ± 11.0 55.0 ± 8.5 53.6 ± 4.6 52.5 ± 6.8

Lympho (%) 18.0–49.0 MKP 36.7 ± 9.8 34.6 ± 5.9 34.4 ± 7.6 34.4 ± 7.4

Placebo 36.7 ± 11.0 36.0 ± 7.7 37.4 ± 4.9 37.8 ± 6.8

Mono (%) 2.0–10.0 MKP 5.8 ± 1.3 5.7 ± 1.8 5.8 ± 1.3 5.6 ± 1.3

Placebo 5.8 ± 1.2 6.0 ± 1.4 5.5 ± 1.5 5.7 ± 1.1

Eosino (%) 0.0–8.0 MKP 3.0 ± 1.9 2.5 ± 1.2 2.9 ± 2.2 2.8 ± 1.9

Placebo 2.7 ± 0.8 2.3 ± 0.9 2.9 ± 0.9 3.2 ± 1.2*

Baso (%) 0.0–2.0 MKP 0.5 ± 0.3 0.4 ± 0.2† 0.5 ± 0.3† 0.5 ± 0.3†

Placebo 0.6 ± 0.2 0.6 ± 0.3 0.7 ± 0.2 0.8 ± 0.3**

Note: Data represent means ± standard deviations.
Abbreviations: Baso, basophils/leukocytes; Eosino, eosinophils/leukocytes; F, female; Lympho, lymphocytes/leukocytes; M, male; MKP, Met-Lys-Pro; 
Mono, monocytes/leukocytes; Neut, neutrophils/leukocytes.
*p < .05 and **p < .01 indicate significant difference compared with week 0 values according to paired t-test; †p < .05 indicates significant difference 
compared with the placebo group according to Student's t-test. 
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TA B L E  5   Summary of blood biochemistry (proteins, pigment, and enzymes)

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

TP (g/dl) 6.7–8.3 MKP 7.2 ± 0.5 7.2 ± 0.4 7.1 ± 0.5 7.1 ± 0.4

Placebo 7.2 ± 0.4 7.3 ± 0.4 7.1 ± 0.3 7.1 ± 0.3

ALB (g/dl) 3.8–5.2 MKP 4.4 ± 0.3 4.4 ± 0.3 4.4 ± 0.3 4.4 ± 0.3

Placebo 4.5 ± 0.2 4.5 ± 0.2 4.4 ± 0.3 4.5 ± 0.2

TB (mg/dl) 0.2–1.2 MKP 0.8 ± 0.3 0.8 ± 0.3 0.8 ± 0.2 0.8 ± 0.2

Placebo 0.8 ± 0.3 1.0 ± 0.5 0.8 ± 0.4 1.0 ± 0.4

AST (U/L) 10–40 MKP 19.7 ± 5.6 20.6 ± 4.0 19.0 ± 5.7 19.4 ± 5.5

Placebo 20.3 ± 11.5 18.7 ± 4.9 21.5 ± 12.5 18.5 ± 6.5

ALT (U/L) 5–45 MKP 14.0 ± 5.9 15.4 ± 5.3 14.3 ± 6.7 14.7 ± 6.5

Placebo 15.9 ± 8.2 16.5 ± 10.2 20.5 ± 19.5 20.9 ± 22.2

LD (U/L) 120–240 MKP 173.1 ± 28.5 172.7 ± 28.9 168.5 ± 28.2 170.1 ± 27.0

Placebo 178.5 ± 18.6 173.5 ± 23.2 176.1 ± 24.9 172.7 ± 16.3

ALP (U/L) 100–325 MKP 196.9 ± 54.0 191.9 ± 51.3 192.3 ± 48.8 193.1 ± 49.7

Placebo 167.9 ± 34.1 167.0 ± 33.1 166.3 ± 39.8 167.8 ± 35.4

γ-GT (U/L) M: ≤80 MKP 22.7 ± 20.6 22.0 ± 17.7 22.2 ± 20.6 22.9 ± 19.0

F: ≤30 Placebo 21.0 ± 9.4 21.4 ± 11.2 22.5 ± 9.6 22.3 ± 9.6

CK (U/L) M: 60–270 MKP 89.5 ± 45.8 113.3 ± 77.4* 97.6 ± 68.8 110.7 ± 87.4

F: 40–150 Placebo 273.4 ± 569.1 103.0 ± 25.9 173.1 ± 269.6 94.8 ± 19.4

Note: Data represent means ± standard deviations.
Abbreviations: ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate transaminase; CK, creatine kinase; F, female; 
LD, lactate dehydrogenase; M, male; MKP, Met-Lys-Pro; TB, total bilirubin; TP, total protein; γ-GT, γ-glutamyltransferase.
*p < .05 indicates significant difference compared with week 0 values according to paired t-test. 

TA B L E  6   Summary of blood biochemistry (low molecular nitrogen compounds, carbohydrates, and lipids)

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

BUN (mg/dl) 8.0–20.0 MKP 12.9 ± 4.6 13.6 ± 4.1 13.4 ± 3.4 12.8 ± 3.9

Placebo 11.8 ± 2.0 11.5 ± 1.9 11.4 ± 2.5 11.5 ± 1.8

CRE (mg/dl) M: 0.61–1.04 MKP 0.7 ± 0.1 0.7 ± 0.2 0.7 ± 0.2 0.7 ± 0.1

F: 0.47–0.79 Placebo 0.7 ± 0.1 0.7 ± 0.1 0.7 ± 0.1 0.7 ± 0.1

UA (mg/dl) M: 3.8–7.0 MKP 5.1 ± 1.5 4.8 ± 1.2 4.7 ± 1.2* 5.0 ± 1.3

F: 2.5–7.0 Placebo 5.1 ± 1.1 4.9 ± 1.2 5.0 ± 1.2 5.0 ± 1.3

FBG (mg/dl) 70–109 MKP 82.1 ± 8.6 82.7 ± 6.1 84.4 ± 8.4 80.6 ± 5.8

Placebo 83.3 ± 8.9 83.3 ± 7.2 82.9 ± 6.9 80.9 ± 9.2

HbA1c (%) 4.6–6.2 MKP 5.3 ± 0.2 5.3 ± 0.2 5.3 ± 0.2 5.3 ± 0.2

Placebo 5.4 ± 0.2 5.4 ± 0.3 5.3 ± 0.2 5.3 ± 0.2*

TC (mg/dl) 120–219 MKP 193.5 ± 30.5 194.4 ± 29.5 191.0 ± 34.2 190.9 ± 28.0

Placebo 197.1 ± 20.9 203.7 ± 25.4 193.7 ± 23.2 200.9 ± 22.5

LDL-C (mg/dl) 65–139 MKP 110.0 ± 26.0 110.4 ± 27.3 107.7 ± 30.0 109.1 ± 25.5

Placebo 109.9 ± 20.3 117.1 ± 25.4 108.4 ± 22.5 116.2 ± 23.6

HDL-C (mg/dl) M: 40–85 MKP 65.7 ± 9.6 67.7 ± 10.5 66.8 ± 9.7 67.2 ± 8.8

F: 40–95 Placebo 68.5 ± 14.1 71.5 ± 15.1 67.7 ± 13.2 71.1 ± 14.1

TG (mg/dl) 30–149 MKP 87.0 ± 39.0 80.7 ± 49.3 80.7 ± 33.0 69.8 ± 20.7

Placebo 87.6 ± 35.3 73.7 ± 29.0 85.7 ± 31.1 73.1 ± 29.7

Note: Data represent means ± standard deviations.
Abbreviations: BUN, blood urea nitrogen; CRE, creatinine; F, female; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; M, male; MKP, Met-Lys-Pro; TC, total cholesterol; TG, triglyceride; UA, uric acid.
*p < .05 indicates significant difference compared with week 0 values according to paired t-test. 
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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 the present study, sub-
jects’ mean BP before intervention was not high, although some 
subjects with high-normal BP were included (Table  1). The lack 
of effect of normotensives on BP has similarly been reported in 
casein hydrolysate containing Val-Pro-Pro and Ile-Pro-Pro with an 
ACE inhibitory effect (Ishida et al., 2011). Although further studies 
may be needed to evaluate the effect of high-dose MKP on indi-
viduals with high BP, these results suggest that high-dose intake of 
MKP does not affect normal BP.

Our study design was a well-controlled trial to evaluate the safety 
of high-dose intake of MKP, but several limitations should be noted. 
Firstly, the intervention was limited to a 4-week period. Secondly, it 
is still unknown whether high-dose intake of MKP affects the safety 
of individuals with disease. It may be necessary to conduct an inter-
vention with a longer test period to evaluate the safety of high-dose 
intake of MKP on adults with and without disease.

In conclusion, this randomized, double-blind, placebo-con-
trolled trial assessed the safety of daily intake of 1,000 μg of MKP 
for 4 weeks to healthy adult subjects. No AEs that could be associ-
ated with the study products were observed in anthropometric and 
BP measurements, blood and urine analysis, or medical interviews. 
These findings suggest that the MKP intake is safe and that in future, 
it may be applicable as a safe preventive measure against hyperten-
sion and cognitive decline.
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TA B L E  7   Summary of blood biochemistry (electrolytes and trace element)

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

Na (mEq/L) 137–147 MKP 140.8 ± 2.0 140.5 ± 1.4 140.1 ± 1.2 140.2 ± 1.4

Placebo 140.5 ± 1.4 139.8 ± 2.1 140.3 ± 1.8 139.5 ± 2.1

Cl (mEq/L) 98–108 MKP 105.1 ± 2.5 104.3 ± 1.4 104.7 ± 1.6 105.5 ± 2.0† 

Placebo 104.1 ± 1.9 103.1 ± 1.9 104.3 ± 2.2 103.8 ± 2.3

K (mEq/L) 3.5–5.0 MKP 4.5 ± 0.4 4.3 ± 0.3 4.4 ± 0.3 4.4 ± 0.5

Placebo 4.3 ± 0.3 4.4 ± 0.5 4.3 ± 0.5 4.3 ± 0.3

Ca (mg/dl) 8.4–10.4 MKP 9.6 ± 0.4 9.5 ± 0.3 9.5 ± 0.4 9.5 ± 0.3

Placebo 9.6 ± 0.2 9.6 ± 0.3 9.4 ± 0.3 9.4 ± 0.3*

IP (mg/dl) 2.5–4.5 MKP 3.6 ± 0.5 3.5 ± 0.5 3.5 ± 0.6 3.7 ± 0.5

Placebo 3.9 ± 0.7 3.8 ± 0.5 3.8 ± 0.5 3.7 ± 0.6

Mg (mg/dl) 1.9–2.5 MKP 2.2 ± 0.1 2.1 ± 0.1 2.1 ± 0.1* 2.1 ± 0.1

Placebo 2.1 ± 0.1 2.2 ± 0.1 2.1 ± 0.1 2.1 ± 0.1

Fe (μg/dl) M: 50–200 MKP 106.8 ± 58.7 107.8 ± 36.1 122.9 ± 50.2 118.1 ± 26.0

F: 40–180 Placebo 109.9 ± 48.4 139.4 ± 71.0 103.2 ± 46.3 119.7 ± 56.0

Note: Data represent means ± standard deviations. Na, sodium; Cl, chloride; K, potassium; Ca, calcium; IP, inorganic phosphorus; Mg, magnesium; Fe, 
serum iron; M, male; F, female; MKP, Met-Lys-Pro.
*p < .05 indicates significant difference compared with week 0 values according to paired t-test. 
†p < .05 indicates significant difference compared with the placebo group according to Student's t-test. 

TA B L E  8   Summary of urine specific gravity and urine pH

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

USG 1.006–1.030 MKP 1.018 ± 0.008 1.018 ± 0.007 1.017 ± 0.008 1.014 ± 0.008

Placebo 1.015 ± 0.006 1.015 ± 0.009 1.015 ± 0.007 1.016 ± 0.008

U-pH 5.0–7.5 MKP 6.4 ± 0.7 6.7 ± 0.7 6.5 ± 0.9 6.1 ± 0.6† 

Placebo 6.1 ± 0.5 6.3 ± 0.8 6.3 ± 0.8 6.6 ± 0.7*

Note: Data indicate means ± standard deviations. USG, urine specific gravity; U-pH, urine pH; MKP, Met-Lys-Pro.
*p < .05 indicates significant difference compared with the week 0 values according to paired t-test; 
†p < .05 indicates significant difference compared with the placebo group according to Student's t-test. 
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