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Abstract

Introduction: The purpose was to investigate the effects of lactotripeptides (LTP)
immediately after training.

Methods: This randomized, placebo-controlled, double-blind, parallel-group
comparison study included males who undertook leg strength training every 2 weeks
for 23 months. Thirty-six participants received placebo, low-dose (LD) (Val-Pro-Pro
0.7 mg/Ile-Pro-Pro 1.0 mg) or high-dose (HD) (Val-Pro-Pro 1.4 mg/Ile-Pro-Pro 2.0
mg) lactotripeptides daily for 4 weeks. Muscle pump, muscle hypertrophy, fatigue, and
training motivation were evaluated.

Results: In the HD group, thigh circumference before exercise, lean body mass versus
baseline and thigh circumference after exercise versus placebo significantly increased
(p=0.002, 0.031, 0.032). In the LD group, subjective questionnaire scores related to
muscle pump versus placebo significantly improved (p=0.042). Thigh circumference
changes, before and after exercise, and subjective questionnaire scores, regardless of
dosage, significantly correlated (p=0.026). Individuals with flow-mediated dilation
(FMD) <7% showed a trend toward increased FMD in the HD group (p=0.081).
Significant positive correlation occurred between FMD changes and thigh
circumference, before and after exercise (p=0.021). In the HD group, fatigue scores
after exercise and motivation for training scores the morning after exercise versus
placebo significantly improved (p=0.020, 0.043).

Conclusions: LTP intake may be beneficial for muscle pump after training and muscle
hypertrophy, reduce training-induced fatigue, and enhance strength training
motivation.
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Introduction

Muscle pump refers to the temporary swelling of muscles during resistance training. This occurs due to an increase in
blood flow to the muscle through the arteries, aimed at supplying the necessary nutrients. As a result, plasma leaks out
from the capillaries and, due to muscle contraction, metabolic byproducts such as lactic acid and inorganic phosphate
accumulate in the muscle. The increase in osmotic pressure within the muscle cells draws more plasma into these cells,
causing the muscle to temporarily expand.! This phenomenon is thought to induce metabolic stress on the muscles,
potentially stimulating hypertrophic signaling pathways.>~* For bodybuilders, muscle pump is not merely a physical
expansion of muscles but also a physically demanding and pleasurable self-discipline that provides a sense of
satisfaction.>® Concentric exercises are generally reported to be more effective than eccentric exercises for achieving
muscle pump.”

Recently, pre-workout supplements containing ingredients that enhance nitric oxide (NO) production and increase
blood flow have become popular among resistance-trained individuals. These supplements are consumed prior to an
acute training bout to improve focus, motivation, performance, and muscle pump. While ingredients such as citrulline
and arginine enhance NO production, there are few examples of these ingredients significantly improving muscle
pump during strength training.8-12

The term lactotripeptides (LTP) refers to two types of tripeptides [Val-Pro-Pro (VPP) and Ile-Pro-Pro (IPP)]
discovered in fermented milk using Lactobacillus helveticus, known for their angiotensin-converting enzyme (ACE)
inhibitory activity. VPP is derived from B-casein in milk, while IPP is derived from both B-casein and k-casein in milk
by enzymes originating from Lactobacillus helveticus.!® It has been reported that LTP promote NO production
through endothelial nitric oxide synthase (eNOS) activation and exert vasodilatory effects in humans.!*!6 Additionally,
LTP have been shown to inhibit vascular contraction through ACE inhibition, with antihypertensive effects confirmed
in clinical trials.!”'® Improvements in endothelial function from LTP ingestion, via enhanced flow-mediated dilation
(FMD) and pulse wave velocity, have also been observed in clinical studies.!%2

Therefore, LTP are expected to promote and maintain vasodilation through dual mechanisms of NO production
enhancement and ACE inhibition, leading to a more efficient increase in blood flow. Although there are no studies
that have directly evaluated muscle pump, clinical trials have revealed arterial vasodilation one day after training with
several instances of LTP intake over 2 days,?' suggesting a direct effect on enhancing muscle pump. The effect of LTP
on muscle pump has not been directly assessed. Moreover, no study conducted thus far has rigorously examined
whether long-term, continuous intake of LTP, in combination with sustained resistance training, induces changes in
muscle mass. The primary objective of this exploratory study was to investigate whether LTP intake improves muscle
pump after ergometer training, a concentric exercise effective for muscle pump, in individuals with a history of strength
training. In addition, the study aimed to examine whether long-term, continuous intake of LTP, when combined with
sustained resistance training, induces measurable changes in muscle size.

Methods

Participants

The study included men aged 20—49 years who had been performing lower body strength training (e.g., leg extensions,
leg curls, dumbbell squats, deadlifts, bodyweight squats) aimed at muscle hypertrophy at least once every 2 weeks for
a minimum of 3 months. Participants were excluded if they consumed supplements that affect blood flow, recently
started taking supplements with health claims to improve exercise performance, were heavy alcohol drinkers (defined
as consuming more than 60 g of alcohol per day), had irregular lifestyles (such as night shift workers or those with
rotating shifts), or had history of severe medical diseases/conditions (including setious heart, liver, kidney, ot
gastrointestinal diseases)/allergies to medications and foods.

Study Design

This was a randomized, placebo-controlled, double-blind, parallel-group comparison trial. The 36 participants were
randomly assigned to three groups based on allocation factors such as exercise capacity (anaerobic power test using an
ergometer), changes in thigh circumference before and after exercise, and age. Participants consumed three tablets of
the investigational product daily for 4 weeks. Compliance with test food intake was confirmed through the diary records
of participants and the remaining number of test food packets collected after the trial. Participants maintained their
usual lifestyle, recording medication intake, exercise habits, and types of exercise in their diaries. Furthermore,
participants were instructed not to alter their usual dietary intake before and during the intervention period. To ensure
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adherence, they were required to record their daily eating habits in a dietary log, which confirmed that no changes
occurred throughout the study. They visited the clinic thrice (i.e., for a pre-test prior to the intervention, on the first
day of test food intake, and after 4 weeks) for medical interviews, physical examinations, blood tests, and exercise tests
(Figure 1).

Pre-test day Ow The day 4w The day
before intake The 1st day of intake  after Ow The final day after 4w
[ A | B .|A|—j|‘ l B [ e | [ |

i i ! i

A : Measurement of thigh circumference
A : Physical examination, blood test
‘ : Questionnaires to assess physical condition

. : Ingestion of test sample

: Anaerobic exercise

Figure 1. Schedule. Ow and 4w denote the first day and 4 weeks of test food intake, respectively.

Participants were instructed to abstain from alcohol consumption, dieting, overeating, and exercise on the day before
testing. They were required to complete all food and beverage intake by 9:00 PM and to refrain from consuming
anything other than water until the completion of the tests the following day. On the test day, all participants were
provided with a standardized meal at the clinic at the same scheduled time. Smoking was prohibited from waking on
the test day until the end of the testing session.

The trial was conducted from April 10, 2024 to May 11, 2024. The study was approved by the Ethics Committee of
Chiyoda Paramedical Care Clinic on January 19, 2024. The trial adhered to the ethical principles stipulated in the
Declaration of Helsinki, the “Ethical Guidelines for Medical and Health Research Involving Human Subjects”
(Ministry of Education, Culture, Sports, Science and Technology; Ministry of Health, Labour and Welfare; Ministry of
Economy, Trade and Industry), and the study protocol, ensuring the protection of participants’ rights. The trial was
pre-registered with the University Hospital Medical Information Network (UMIN) (Registration Date: February 20,
2024, UMIN Trial ID: UMIN000053655).

Supplementary Tablets (Test Samples)

To conduct an exploratory investigation, we used two dosage levels for which prior studies have demonstrated efficacy
in vascular function and post-exercise fatigue.!%?%22 The investigational product with two dosages (low-dose
lactotripeptides [LD] and high-dose lactotripeptides [HD]) were manufactured as follows. Initially, casein enzymatic
hydrolysate was produced according to the method described by Mizuno et al.?? This casein enzymatic hydrolysate was
subsequently mixed with excipients and lubricants, followed by tableting to obtain tablets. These tablets were further
coated with a coating agent to produce tablets containing Val-Pro-Pro (VPP) and Ile-Pro-Pro (IPP) (referred to as LD
and HD). The difference in VPP and IPP dosages in the test foods (LD and HD) was adjusted by varying the amount
of casein hydrolysate. Placebo tablets (referred to as placebo) were manufactured by replacing the casein enzymatic
hydrolysate with casein sodium. The compositions of the test foods and placebo are shown in Table 1.

Analysis by liquid chromatography-tandem mass spectrometry revealed that the three test tablets (722.4+15 mg)
contained 0.7 mg VPP and 1.0 mg IPP in the LD group, and 1.4 mg VPP and 2.0 mg IPP in the HD group, whereas
the placebo contained none. Nutritional analysis showed no differences in energy or sodium content among the test
foods. To conduct a double-blind study, the manufactured active and placebo tablets were indistinguishable in terms
of appearance, taste, and smell. Adherence was monitored by tablet count (i.e., number of tablets dispensed and
returned) and the participants' daily records. Participants were instructed to consume the test foods daily, preferably
prior to exercise. If pre-exercise intake was not feasible, they were permitted to consume it at any convenient time
during the day. At week 0, the test food was administered before exercise upon arrival at the facility.
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Table 1. Composition of test and placebo tablets used in the study by daily dose (three tablets).

Component Unit Placebo group LD group HD group
Energy (kcal) 2.8 2.7 2.8
Protein ) 0.4 0.4 0.3

Val-Pro-Pro (mg) 0 0.7 1.4

Ile-Pro-Pro (mg) 0 1.0 2.0
Fat © <0.1 <0.1 <0.1

Carbohydrate () 0.3 0.3 0.3

Sodium (mg) 4.6 4.9 5.2
Ash © <0.1 <0.1 <0.1

HD, high-dose lactotripeptides; LD, low-dose lactotripeptides.

Exercise Procedure

Measurements of thigh circumference, subjective questionnaires, and other assessments were conducted during the
preliminary examination, on the first day of investigational product intake (Ow), and after 4 weeks (4w).

To evaluate exercise performance (including explosive power, strength, and endurance), an anaerobic power test was
conducted using a cycle ergometer POWER MAX V3 Pro, Konami Sports Co., Ltd., Tokyo, Japan). The test involved
three sets of pedaling a weighted pedal with maximum effort for 10 s, with a 120-s rest between sets. The weight load
on the pedal for the first set was automatically adjusted based on the participants' sex and body weight. For the second
and third sets, the weight load was automatically adjusted according to the pedal cadence (rpm) of the previous set.
The load was set so that the peak of the power curve (force X velocity) occurred between the load of the first set and
the third set. Additionally, the load increased progressively from the first to the third set, ensuring that the pedal
cadence decreased accordingly when participants exerted maximum effort. The weight load for each set ranged from
0.1 (kp) to 12 (kp) and was set in increments of 0.1 (kp). The top of the peak of the power curve, calculated from the
results of weight load and pedal cadence for three sets, was defined as "anaerobic power." Notably, the exercise
protocol used in this study offers an advantage for evaluating concentric lower-limb contractions, as it allows the load
to be appropriately adjusted according to individual exercise capacity to ensure maximal effort across all participants.
Furthermore, previous comparisons between leg press and cycle ergometer exercises have reported that no significant
differences in objective indicators of post-exercise muscle pump or muscle response.?*

Measurements of Thigh Circumference

The method and timing of thigh circumference measurements were based on previous reports.?>?¢ Measurements were
taken at the midpoint of the femur (from the greater trochanter to the femoral condyle) using a tape measure.
Measurements were performed immediately before and after the exercise load (within 1 minute after the anaerobic
power test). Each measurement was conducted twice or thrice, and the arithmetic mean of the two measurements with
a difference <0.3 cm was adopted as the thigh circumference measurement.

Questionnaires to Assess Physical Condition

To subjectively evaluate the physical condition of the participants, a five-point Likert scale was used to assess muscle
pump, fatigue, and motivation for training. The scale options were: 1: Feel very strongly, 2: Feel moderately, 3: Feel
the same as before, 4: Feel less than before, 5: Feel nothing at all. The muscle pump effect was evaluated immediately
after the exercise load, while fatigue and motivation for training were assessed before the exercise load, immediately
after the exercise load, and upon waking the next day.

FMD

FMD was measured using the UNEX EF18VG (UNEX Corporation, Aichi, Japan). A cuff was placed on the arm of
the participant for occlusion, and ultrasound gel was applied to the ultrasound probe, which was subsequently placed
on the arm to obtain ultrasound images. The probe was moved in parallel until the short-axis image of the blood vessel
appeared on the display, at which point the probe was fixed. The center of the blood vessel's short-axis image on the
screen was tapped to adjust the position of the vessel, and the baseline measurement was initiated. Next, the occlusion
button on the screen was tapped to initiate a 5-min occlusion, followed by a 2-min post-release measurement.
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Blood and Urine Tests

Blood tests were performed to measure the following parameters: total protein, albumin, total bilirubin, alkaline
phosphatase/International ~ Federation of  Clinical ~Chemistty and  Laboratory  Medicine, lactate
dehydrogenase/International Federation of Clinical Chemistry and Laboratory Medicine, aspartate aminotransferase,
alanine aminotransferase, gamma glutamyltransferase, creatine kinase, total cholesterol, triglycerides, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, urea nitrogen, creatinine, uric acid, sodium, potassium,
chlorine, calcium, dehydroepiandrosterone sulfate, glucose, white blood cells, red blood cells, hemoglobin, hematocrit,
and platelets. Urine tests were performed to measure the following parameters: protein, glucose, urobilinogen,
bilirubin, and occult blood.

Body Measurements

Height was measured during the preliminary examination. Weight, body mass index (BMI), and body fat percentage
were measured using the InBody570 (InBody Japan Inc., Tokyo, Japan) during the preliminary examination, on the
first day of test food intake (Ow), and after 4 weeks (4w). Lean body mass was calculated based on total body fat
percentage and body weight.

Physiological Tests
The blood pressure (systolic and diastolic) and pulse rate were measured using the TM-2656 (A&D Company, Limited,
Tokyo, Japan).

Statistical Analysis

The measured values were expressed as the mean * standard error. Inter-group comparisons between the placebo
group and each test food group, using the actual values and changes from Ow to 4w (A0O—4w), were evaluated by
Dunnett’s test. Temporal comparisons between Ow and 4w using actual values were evaluated by the paired #test.
Inter-group comparisons of questionnaire responses between the placebo group and each test food group were
evaluated by Steel’s test. Temporal comparisons of questionnaire responses between Ow and 4w were evaluated by the
Wilcoxon signed-rank test. Correlations between various parameters, including actual values and changes from Ow to
4w (A0—4w), were evaluated using Pearson’s product-moment correlation coefficient. Correlations involving
questionnaire responses and changes were evaluated using Spearman’s rank correlation coefficient. Statistical analysis
software used in this study included Microsoft Excel (Microsoft Corporation, Redmond, WA, USA), IBM SPSS
Statistics (IBM Japan, Ltd., Tokyo, Japan), and Excel Statistics (Social Survey Research Information Co., Ltd., Tokyo,
Japan). P < 0.05 was considered statistically significant.

Results

Subyjects

A flow chart of participant selection is shown in Figure 2. Preliminary examinations were conducted on 111 individuals.
Subjects provided informed consent to participate in the study. Of the 96 individuals who completed the preliminary
examinations, those who met the inclusion criteria, did not meet the exclusion criteria, and showed no clinical
abnormalities were considered eligible for the study. From these candidates, individuals with an FMD 210.0, a thigh
circumference change of 1.0 cm or more compared to the overall average before and after exercise using PowerMax
V3 Pro, or who selected the highest rating (“1: Feel very strongly”) on a five-point questionnaire immediately after
exercise were excluded. Regarding changes in thigh circumference, the present study involved a limited sample size.
To minimize measurement variability, participants whose changes in thigh circumference deviated substantially from
the mean were excluded. Likewise, for FMD, in order to reduce variability and to accurately assess the effect of LTP—
which is known to exert its benefits through improvement of vascular endothelial function—participants with
excessively high baseline FMD values were excluded. Among the remaining candidates, those with relatively high
exercise frequency, not taking functional supplements contributing to muscle mass increase, and not experiencing
health issues after exercise that would hinder immediate thigh circumference measurement were prioritized, resulting
in the selection of 36 participants.
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Figure 2. Flow chart of this study. HD, high-dose lactotripeptides; LD, low-dose lactotripeptides.
Of the 36 participants who entered the study, two were excluded (one for taking medication that reduces blood flow
during the study period and one for not performing the exercise load with full effort after 4 weeks of test food intake),

leaving 34 participants for analysis (Table 2).

Table 2. Participant characteristics before the ingestion of test and placebo tablets.

Characteristic Unit Placebo group LD group HD group
Number of participants n 12 10 12

Age years 35 + 31 35 + 26 356 £ 29
Height cm 1707 £ 1.7 1721 + 18 1734 £ 12
Weight kg 672 £ 2 069.6 + 1.7 652 £ 28
Body mass index kg/m? 231 = 06 235 + 06 216 £ 08
Body fat % 186 £ 12 221 + 1.7 179 £ 14
Systolic blood pressure mmHg 1142 * 23 1137 £ 42 1188 =+ 3.1
Diastolic blood pressure mmHg 700 * 23 728 + 3 732 £ 25
Pulse rate bpm 70.6 £ 24 775 + 33 0657 * 36
FMD % 4.7 * 06 53 * 05 o1 + 06
Anaerobic power W/kg 9.5 + 04 93 + 04 95 + 05
Difference in thigh circumference pre- and om 0.6 + 04 0.6 + 01 06 Y 01

post-exercise

Values are presented as the mean * standard error, unless otherwise indicated. FMD, flow-mediated dilation; HD,
high-dose lactotripeptides; LD, low-dose lactotripeptides.
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Training type and frequency, as well as adherence to the test food intake, were confirmed through lifestyle diaries.
During the 4-week study period, participants performed leg training aimed at muscle hypertrophy at least once every
2 weeks. There were no statistical differences in training frequency of whole-body resistance training between the study
groups (placebo group: 3.1 £0.4, LD group: 2.4+0.4, HD group: 2.610.4 sessions/week) and frequency of leg
resistance training between the study groups (placebo group: 2.3%£0.4, LD group: 1.7+0.3, HD group: 2.5+0.4
sessions/week). The mean adherence rate was 100% in all groups, and there was no significant difference in the
ingestion rate between the groups.

Anaerobic Power
The results of anaerobic power per body weight obtained from the anaerobic power test using the POWER MAX V3
Pro are shown in Table 3. There were no statistically significant changes over time from Ow to 4w or between the

groups.

Table 3. Anaerobic power.

Group Ow 4w A0—4w

Anaerobic power Placebo (n=12) 94 £ 04 9.7 £ 04# 03 =+ 01
(W/ke) LD (n=10) 95 £ 04 95 £ 03 00 =* 01
HD (n=12) 9.6 £ 05 98 £ 0.5 02 * 0.1

Values are presented as the mean T standard etror. # A trend towards significance compared to Ow (p < 0.1). Ow and
4w denote the first day and 4 weeks of test food intake, respectively. HD, high-dose lactotripeptides; LD, low-dose
lactotripeptides.

Thigh Circumference
The results of thigh circumference measurements taken before and after training using the POWER MAX V3 Pro,
as well as the changes in thigh circumference before and after exercise, are shown in Table 4.

Table 4. Thigh circumference.

Group Ow 4w A0—4w

Pre-exercise thigh Placebo (n=12) 530 = 1.2 534 % 1.2 03 £ 03

circumference (cm) LD (n=10) 544 = 09 547 % 1.0 03 = 04

HD (n=12) 511+ 1.2 523 £ 1.2%# 1.1 £ 03

Immediately post- Placebo (n=12) 540 £ 1.2 541 £ 1.1 01 £ 03

exercise thigh LD (n=10) 551 + 0091t 556 = 0091t 0.5 * 03
circumference (cm) HD (n=12) 520 £ 1.2# 531 + 1.3fh## 1.1+ 0.2%

Difference in thigh Placebo (n=12) 1.0 + 01 0.8 £ 0.1 02 £ 02

circumference pre- and LD (n=10) 08 £ 0.1 0.9 + 0.2 01 £ 02

post-exercise (cm) HD (n=12) 09 £ 0.2 0.9 + 0.1 00 £ 02

Values are presented as the mean * standard error. ## Significant difference compared to Ow (p < 0.05). Tt Significant
difference compared to pre-exercise (p < 0.05). ** Significant difference compared to the placebo group (p < 0.05). Ow
and 4w denote the first day and 4 weeks of test food intake, respectively. HD, high-dose lactotripeptides; LD, low-
dose lactotripeptides.

At Ow, there were no statistically significant differences observed between the groups. In the HD group, thigh
circumference before exercise significantly increased at 4w compared to Ow (p=0.002), whereas there were no changes
observed in the placebo group. Additionally, the change in thigh circumference immediately after exercise (AO—4w)
significantly increased in the HD group compared to the placebo group (p=0.032) (Figure 3).
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0.5 1

[immediately post exercise]
A0-4w thigh circumference (cm)

Placebo group LD group HD group
(n=12) (n=10) (n=12)
Figure 3. Comparison of mean thigh circumference immediately after exercise from Ow to 4w. ** Significant difference
compared to the placebo group (p < 0.05). Ow and 4w denote the first day and 4 weeks of test food intake, respectively.
HD, high-dose lactotripeptides; LD, low-dose lactotripeptides.

Compared to pre-exercise measurements, thigh circumference post exercise significantly increased at both Ow and 4w
across all groups, indicating that the exercise using the POWER MAX V3 Pro effectively induced muscle pump (Table
4). However, there were no significant differences observed between the groups in the changes in thigh circumference
before and after exercise, or in those from Ow to 4w.

Subjective Evaluation of Muscle Pump Effect Immediately After Exercise
The results of the average scores from the five-point Likert scale are shown in Table 5.

Table 5. Five-point Likert scale “post-exercise muscle pump”.

Group Ow 4w AQ—4w
R , Placebo (n=12) 24 + 01 26 + 02 02 * 02
ost-exercise LD (n=10) 24+ 03 19 £ 028F  —05 £ (2%
muscle pump
HD (n=12) 22+ 02 21 + 02 -01 * 01

Values are presented as the mean * standard error. # A trend towards significance compared to Ow (p < 0.1). * A
trend towards significance compared to the placebo group (p < 0.1). ** Significant difference compared to the placebo
group (p < 0.05). Ow and 4w denote the first day and 4 weeks of test food intake, respectively. HD, high-dose
lactotripeptides; LD, low-dose lactotripeptides.

In the LD group, the score for the muscle pump effect after training significantly improved after 4 weeks compared
to the placebo group (p=0.042). There was also a trend towards the change in the difference scores of LD group before
and after exercise from Ow to 4w compared to the score of the placebo group (p=0.053) (Figure 4a). Although there
were no significant differences between groups in the objective measure of thigh circumference change before and
after exercise, a significant negative correlation was found between the change in thigh circumference before and after
exercise (AO—4w) and the change in the five-point Likert scale scores (AO—4w) (p=0.026) (Figure 4b). This indicates
that participants who showed improved muscle pump effects in the subjective five-point questionnaire also showed
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A0-4w 5 pt Likert scale score of

"post-exercise muscle pump”

improvements in the objective measure of thigh circumference change before and after exercise (lower scores on the
five-point questionnaire indicate greater effect).

Placebo group LD group HD group
(n=12) (n=10) (n=12)

*

|
I

in

*_

r'
|

in

@ (b)
Figure 4. (a) Changes in the difference in muscle pump scores of five-point Likert scale before and after exercise
from Ow to 4w. Lower scores indicate a greater effect. * A trend toward significance compared to the placebo group
(» < 0.1). (b) Correlation between changes in thigh circumference before and after exercise (AO—4w) and changes in
five-point Likert scale scores (A0—4w). Ow and 4w denote the first day and 4 weeks of test food intake, respectively.
HD, high-dose lactotripeptides; LD, low-dose lactotripeptides.

Body Composition
The results for body weight, BMI, body fat mass, and lean body mass are shown in Table 6.

Table 6. Body composition parameters.

Parameter Group Ow 4w A0—4w

Placebo (n=12) 674 £ 21 670 £ 21 -03 £ 03

Body weight (kg) LD (n=10) 699 £ 19 697 £ 19 -02 = 04
HD (n=12) 653 £ 28 660 £ 29% 07 & 0.2

Placebo (n=12) 231 £ 0.6 230 = 06 -01 £ 01

BMI (kg/m?) LD (n=10) 236 £ 07 236 = 07 00 = 01
HD (n=12) 217 £ 08 219 £ 08% 03 & 0.1%

Placebo (n=12) 128 + 1.2 124 + 12%# -04 £ 02

Body fat (kg) LD (n=10) 154 + 15 149 * 14 -05 £ 03

HD (n=12) 118 + 1.2 117 = 13 -01 £ 03

Placebo (n=12) 546 * 1.3 546 + 14 00 = 02

Lean body mass (kg) LD (n=10) 545 £ 1.9 548 + 1.9 0.3 + 05

HD (n=12) 535 £ 2.3 543 £ 23% 09 £ 04

Values are presented as the mean * standard etror. #A trend towatds significance compared to Ow (p < 0.1). ##
Significant difference compared to Ow (p < 0.05). ** Significant difference compared to the placebo group (p<0.05).
Ow and 4w denote the first day and 4 weeks of test food intake, respectively. BMI, body mass index; HD, high-dose
lactotripeptides; LD, low-dose lactotripeptides.

In the HD group, body weight (p=0.035), BMI (p=0.031), and lean body mass (p=0.031) significantly increased after
4 weeks compared to Ow, whereas there were no changes observed in the placebo group. Additionally, the changes in
body weight (p=0.015) and BMI (p=0.009) (AO—4w) significantly improved in the HD group compared to the placebo

group.
Vascular Function

There were no significant differences observed in FMD, blood pressure, or pulse rate among the participants in this
study (Table 7).

Journal of Exercise and Nutrition 9



Table 7. Vascular function parameters.

Parameter Group Ow 4w AO—4w
Placebo (n=12) 5.0 * 05 59 = 0.7# 10 £ 05
FMD (%) LD (n=10) 6.0 * 08 68 = 07 08 = 038
HD (n=12) 5.3 * 06 60 * 07 07 + 07
Systolic blood Placebo (n=12) 1125 £ 24 1133 £ 25 0.8 + 28
pressure LD (n=10) 1198 = 45 1189 £ 50 -09 £ 33
(mmHg) HD (n=12) 1168 + 26 1124 £ 35 —43 £ 30
Diastolic blood Placebo (n=12) 708 & 2 711 £ 22 03 + 18
pressure LD (n=10) 753 £ 36 712 £ 28 —-41 £ 23
(mmHg) HD (n=12) 704 £ 21 687 £ 36 -18 £ 18
Pulse rate Placebo (n=12) 683 * 21 677 £ 28 —-06 £ 26
(bpm) LD (n=10) 729 £ 34 739 £ 35 10 £ 20
HD (n=12) 649 £ 36 683 £ 38 33 £ 30

Values are presented as the mean =+ standard error. # Trend towards significance compated to Ow (p < 0.1). Ow and 4w
denote the first day and 4 weeks of test food intake, respectively. FMD, flow-mediated dilation; HD, high-dose
lactotripeptides; LD, low-dose lactotripeptides.

Additionally, at Ow, there were participants with FMD <7% (i.e., borderline or endothelial dysfunction) in the placebo
group (n=10), LD group (n=06), and HD group (n=10). Subgroup analysis of these participants (Table 8) showed a
trend towards increased FMD in the HD group after 4 weeks compared to Ow (p=0.081), whereas there were no
changes observed in the placebo group.

Table 8. FMD (subgroup analysis).

Group Ow 4w A0—4w
FMD (%) Placebo (n=10) 44 + 04 53 £ 06 0.9 * 06
Participants with LD (n=0) 43 = 06 54 £ 07 1.1 * 12
FMD <7% at Ow HD (n=10) 47 = 05 60 + 0.8* 1.3 * 006

Values are presented as the mean * standard error. # Trend towards significance compated to Ow (p < 0.1). Ow and
4w denote the first day and 4 weeks of test food intake, respectively. FMD, flow-mediated dilation; HD, high-dose
lactotripeptides; LD, low-dose lactotripeptides.

Furthermore, we evaluated the relationship between FMD, an indicator of a vasodilatory effect due to the enhancement
of NO production by LTP, and muscle pump. In individuals with FMD <7%, a significant positive correlation was
found between the change in FMD over 4 weeks (AO—4w) and the change in thigh circumference before and after
exercise load (AO—4w), which is an objective indicator of muscle pump (p=0.021) (Figure 5).
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Figure 5. Correlation between changes in FMD in participants with FMD <7% (at Ow) from Ow to 4w, and changes
in thigh circumference before and after exercise from Ow to 4w. Ow and 4w denote the first day and 4 weeks of test
food intake, respectively. FMD, flow-mediated dilation; HD, high-dose lactotripeptides; LD, low-dose lactotripeptides.

Fatigue

The change in the pre-post difference in fatigue scores of the five-point Likert scale before and after exercise from
Ow to 4w ([score after exercise at 4w — score before exercise at 4w| — [score after exercise at Ow — score before
exercise at Owl]) significantly improved in the HD group compared to the placebo group (Figure 06).

Placebo group LD group HD group
(n=12) (n=10) (n=12)

-1.0 +

—

-0.5 +

0.5 1

[Pre-post difference]
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AQ-4w 5 pt Likert scale score of "Fatigue"

20+

Figure 6. Changes in the pre-post difference in fatigue scores of the five-point Likert scale before and after exercise
from Ow to 4w. ** Significant difference compared to the placebo group (p < 0.05). Ow and 4w denote the first day
and 4 weeks of test food intake, respectively. HD, high-dose lactotripeptides; LD, low-dose lactotripeptides.

Motivation for Training
The results of the average scores from the five-point Likert scale at the three time points are shown in Table 9.

Table 9. Five-point Likert scale “motivation for training”.

Motivation for training Group Ow 4w A0—4w

Placebo (n=12) 26 + 01 2.5 + 02 —-0.1 + 02

Pre-exercise LD (n=10) 26 02 2.7 * 03 0.1 + 03

HD (n=12) 28 + 02 2.4 T 0.2## —0.4 + 0.1

Placebo (n=12) 26 + 01 2.3 + 01 —-0.3 + 02

Post exercise LD (n=10) 22 = 02 2.1 + 02 —-0.1 + 02

HD (n=12) 25 02 2.3 + 027 —0.3 + 0.1

Placebo (n=12) 24 = 01 2.7 + 0.1 0.3 + 02

Post-exercise morning LD (n=10) 24 = 02 2.3 + 02 —-0.1 + 01
HD (n=12) 27 02 2.3 + 0.27% —0.3 + 0.1%F

Values are presented as the mean * standard error. # Trend towards significance compatred to Ow (p < 0.1). ##
Significant difference compared to Ow (p < 0.05). ** Significant difference compared to the placebo group (p < 0.05).
Ow and 4w denote the first day and 4 weeks of test food intake, respectively. HD, high-dose lactotripeptides; LD, low-
dose lactotripeptides.

In the HD group, scores significantly improved after 4 weeks compared to Ow before exercise (p=0.025) and upon
waking the day after exercise (p=0.046), whereas there were no improvements observed in the placebo group.
Additionally, in the HD group, there was a trend towards improvement immediately after exercise at 4w compared to
Ow (p=0.083), whereas there were no improvements observed in the placebo group. Furthermore, the change in scores
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from Ow to 4w (AO—4w) upon waking the day after exercise significantly improved in the HD group compared to the
placebo group (p=0.043) (Figure 7).
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Figure 7. Changes in motivation scores of the five-point Likert scale for training upon waking the day after exercise
from Ow to 4w. ** Significant difference compared to the placebo group (p < 0.05). Ow and 4w denote the first day
and 4 weeks of test food intake, respectively. HD, high-dose lactotripeptides; LD, low-dose lactotripeptides.

Blood and Urine Tests
The results for the mean low-density lipoprotein (LDL) cholesterol levels are shown in Table 10.

Table 10. Low-density lipoprotein cholesterol.

Group Ow 4w A0—4w
e , Placebo n=12)  111.9 + 79 1136 + 91 17 * 33
ow-density ipoprotein LD (n=10) 1259 + 81 1220 + 82 -39 + 36

holesterol (mg/dL
cholesterol (mg/dL) HD (n=12) 1048 + 63 983 + 65% —64 + 24

Values ate presented as the mean + standatd etror. ## Significant difference compared to Ow (p < 0.05). Ow and 4w
denote the first day and 4 weeks of test food intake, respectively. HD, high-dose lactotripeptides; LD, low-dose
lactotripeptides.

In the HD group, LDL cholesterol levels significantly decreased at 4w compared to Ow (p=0.021), whereas there was
no decrease observed in the placebo group. Additionally, several other parameters showed significant differences
between the test food groups and significant temporal changes; nonetheless, these observations were not deemed
adverse events by the principal investigator (data not shown).

Discussion

A placebo-controlled, double-blind, parallel-group comparison study was conducted to evaluate the effects of 4 weeks
of continuous intake of tablets containing VPP and IPP on muscle pump, muscle hypertrophy, fatigue, and motivation
in individuals with a history of lower body strength training aimed at muscle hypertrophy at least once every 2 weeks.
The results showed that the intake of test food containing VPP 0.7 mg and IPP 1.0 mg per day (LD) significantly
improved the subjective evaluation of muscle pump compared to placebo. VPP 1.4 mg and IPP 2.0 mg per day (HD)
did not show significant differences in subjective evaluation. As explained below, HD demonstrated positive results in
the objective evaluation. Although there were no significant differences between groups in the objective measure of
changes in thigh circumference before and after exercise, a significant correlation was found between the subjective
evaluation results and the changes in thigh circumference over 4 weeks. Therefore, participants who felt a stronger
muscle pump subjectively also showed greater changes in thigh circumference. These findings may suggest that LTP
intake has a beneficial effect on muscle pump immediately after exercise.

LTP has been reported to promote NO production through eNOS activation and ACE inhibitory activity, and previous
studies have suggested improvements in blood flow and endothelial function.!>!¢ In this study, a positive correlation
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was observed between changes in FMD and objective muscle pump indicators in participants with low baseline FMD,
indicating that enhanced blood flow may be associated with muscle pump. This finding aligns with existing reports on
NO-promoting ingredients such as arginine and citrulline.!! However, given that this was a short-term, small-sample
exploratory study, further research is required to confirm causality. Although citrulline and arginine are widely used as
NO-promoting ingredients, previous clinical trials have rarely demonstrated objective improvements in muscle pump.
%1027 In contrast, this study showed improvements in both subjective ratings and objective measures such as thigh
circumference in the LTP group. These results suggest that LTP may exert efficacy through mechanisms distinct from
citrulline and arginine, and that combining these ingredients could potentially produce greater synergistic effects.
However, as this was an exploratory study with a small sample size, particularly the observed increase in FMD in the
HD group should be interpreted cautiously. Because this was a subgroup analysis, it is possible that the study lacked
sufficient power to detect the moderate effect (d = 0.6). Given the limited nature of this investigation, future studies
with larger sample sizes are required to confirm these findings.

This study found a potential effectiveness of training using the POWER MAX V3 Pro in some data related to muscle
pump. However, the objective data on muscle pump volume between groups showed large variability, and there were
no significant differences recorded compared to the placebo group. Increasing the number of participants and
designing trials targeting participants more sensitive to LTP effects, considering vascular function effects, may provide
clearer data on objective muscle pump volume. In the HD group (test food containing VPP 1.4 mg and IPP 2.0 mg),
there were no statistically significant results obtained for subjective muscle pump evaluation. Nonetheless, both
subjective and objective evaluations showed higher average scores at Ow and maintained similar scores after 4 weeks.
In contrast, the placebo group showed lower scores in both subjective and objective evaluations over 4 weeks. Previous
reports indicated that a single daily intake of VPP 1.4 mg and IPP 2.0 mg, the same amount as that administered to
the HD group, reduced muscle soreness after training.?? Therefore, the HD group may have shown higher scores at
Ow due to the immediate effects of a single intake, and the effects may have been maintained after 4 weeks.

Interestingly, in this study, the HD group showed significant improvements in thigh circumference and lean body mass
over time, and significant improvements in thigh circumference after training, including muscle pump effects,
compared to the placebo group. This is the first time, to our knowledge, that such positive effects of LTP have been
observed. It has been reported that muscle pump is effective for muscle hypertrophy. Hirono et al reported a significant
positive correlation between muscle pump and muscle hypertrophy in participants who performed resistance training
thrice per week for 6 weeks.* In a review, Schoenfeld and Contreras reported that muscle pump activates hypertrophic
signaling pathways, such as the mechanistic target of rapamycin (mTOR) and mitogen-activated protein kinase
(MAPK) pathways, by strengthening the structure against pressure exerted on the cytoskeleton and cell membrane.!
However, lean body mass in this study was assessed using bioelectrical impedance analysis (BIA), which does not allow
differentiation between fluid shifts and true muscle hypertrophy, representing a methodological limitation. Therefore,
these results suggest that LTP intake may improve objective muscle pump and could be effective for muscle
hypertrophy; as further verification is needed to determine whether the observed increase in lean body mass reflects
true muscle hypertrophy.

Furthermore, this study suggested that daily intake of HD test food containing VPP 1.4 mg and IPP 2.0 mg for 4
weeks significantly reduced fatigue before and after training compared to placebo. Previous reports have shown effects
of a single intake of LTP on muscle soreness and fatigue.?> Hamasaki et al reported that LTP intake improved cerebral
blood oxygen levels,?® while Iwasa et al showed that LTP intake suppressed the decrease in maximal oxygen
consumption and improved glucose metabolism during resistance training.?? Therefore, LTP may enhance oxygen
transport to peripheral tissues and favor glucose metabolism, suppressing anaerobic metabolism. Additionally, it was
considered that the intake of LTP might have improved metabolism and reduced fatigue due to increased blood flow.

This study also suggested that daily intake of test food containing VPP 1.4 mg and IPP 2.0 mg improved motivation
for training before, immediately after, and the day after training. Although the detailed mechanism underlying
motivation improvement is unclear, LTP has been reported to increase cerebral blood flow velocity and improve
cognitive function related to increased cerebral blood oxygen levels.?$3 These effects of LTP on the brain may
contribute to improved focus and motivation for exercise. There are few studies evaluating the relationship between
muscle pump and motivation. However, the subjective feeling of improved muscle pump and effective muscle
hypertrophy during the study period may have led participants to feel the effects of strength training, enhancing their
motivation. Additionally, the reduction in fatigue from LTP intake may have contributed to increased motivation for
exercise. Further studies are needed to elucidate the mechanisms underlying motivation improvement.

Journal of Exercise and Nutrition 13



Moreover, this study suggested a significant reduction in LDL cholesterol with daily intake of test food containing
VPP 1.4 mg and IPP 2.0 mg. Statin therapy in patients with hypercholesterolemia has been reported to reduce LDL
cholesterol through vasodilation via NO production.?! Therefore, it is suggested that LTP intake in this study reduced
LDL cholesterol through the promotion of vasodilation.

Nevertheless, the present study had several limitations. Specifically, we were unable to rigorously monitor or control
the participants’ daily protein intake and exercise intensity. Training intensity and volume were not standardized across
participants; therefore, if differences in training volume existed between individuals, the muscular adaptations to
exercise could have varied substantially. Consequently, to enable a more definitive interpretation of changes in muscle
mass, future studies should control training volume and verify outcomes under standardized conditions. Additionally,
lean body mass was assessed using bioelectrical impedance analysis, which does not allow for the exclusion of fluid-
related influences. These methodological constraints may have affected the accuracy of the results. In future studies,
we plan to implement stricter controls regarding protein intake and physical activity levels, as well as utilize dual-energy
X-ray absorptiometry for lean body mass measurement. These improvements will enable a more precise evaluation of
the hypertrophic effects of LTP. Finally, since no previous studies have investigated the effects of LTP intake on
muscle pump or muscle mass, it was not possible to perform a sample size calculation. Therefore, this study was
positioned as an exploratory investigation with a small sample size of only 12 participants per group. Consequently,
the statistical power was limited and may not have been sufficient to detect moderate effects, increasing the risk of
false negatives for borderline results. Based on the findings of this study, further confirmatory trials should be
conducted in the future.

No adverse events attributable to the test food were observed, including dry cough—a symptom commonly associated
with ACE inhibitors. Furthermore, previous studies involving excessive intake of foods containing VPP and IPP have
not reported any adverse events.’> Based on these findings, the test food is considered to pose no safety concerns.

Conclusions

This exploratory study investigated the effects of 4 weeks of continuous intake of tablets containing VPP and IPP on
muscle pump immediately after exercise in strength trained individuals. The results suggested significant increases in
thigh circumference and lean body mass over 4 weeks in the HD group. Additionally, thigh circumference immediately
after exercise significantly increased in the HD group compared to the placebo group over 4 weeks. Subgroup analysis
of individuals with FMD <7% suggested a trend of increased FMD over 4 weeks in the HD group. A significant
positive correlation was observed between the change in FMD and the change in thigh circumference before and after
exercise. In the LD group, subjective questionnaire scores for muscle pump significantly improved, showing a
significant difference compared to the placebo group. The HD group also showed a significant reduction in subjective
fatigue scores compared to the placebo group. Furthermore, the HD group demonstrated significant improvements
in motivation for training, as indicated by subjective questionnaire scores, over 4 weeks, with significant differences
recorded compared to the placebo group. These results suggest that continuous intake of tablets containing VPP and
IPP for 4 weeks may enhance muscle pump effects, increase muscle mass, reduce training-induced fatigue, and improve
motivation for training in individuals with a habit of strength training.
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Abbreviations
The following abbreviations are used in this manuscript:

ACE Angiotensin-converting enzyme

BMI Body mass index

eNOS Endothelial nitric oxide synthase
FMD Flow-mediated dilation

HD High-dose lactotripeptides

1PP Ile-Pro-Pro

kp Kilopond

LD Low-dose lactotripeptides

LDL Low-density lipoprotein

LTP Lactotripeptides

MAPK Mitogen-activated protein kinase
mTOR Mechanistic target of rapamycin

NO Nitric oxide

VPP Val-Pro-Pro
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