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Abstract

Neck and shoulder stiffness is a typical subjective symptom in developed countries. This
stiffness is caused by factors such as muscle tension and poor blood flow, leading to reduce
work efficiency and diminish quality of life. NKCP®, a natto-derived dietary food
supplement whose main component is bacillopeptidase F, has antithrombotic, fibrinolytic,
and blood viscosity-lowering effects. Here, we investigated the effect of NKCP® on neck and
shoulder stiffness in a double-blind placebo-controlled randomized crossover study.

Thirty subjects with neck and shoulder stiffness were randomly divided into 2 groups and
ingested 250 mg of NKCP® or placebo daily for 4 weeks. Headache score significantly
improved in the NKCP® group compared to the placebo group. Moreover, NKCP®
significantly improved the score of visual analogue scale for neck and shoulder stiffness and
pain, reduced muscle stiffness of the neck, and increased the skin surface temperature of neck
and shoulders, compared to before ingestion. No adverse effects were observed during this
study.These results suggest that NKCP® may alleviate headaches and chronic neck and

shoulder stiffness and pain.

Keywords. shoulder pain, shoulder stiffness, headache, Bacillus subtilis, functional food

material.
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1. I ntroduction

Neck and shoulder stiffness is a typical subjective symptom felt by people in
developed countries when under physical strain. This stiffness is caused by factors such as
increased use of visual display terminals (VDTs) to perform routine tasks, lack of exercise,
and physical stress. These factors increase muscle tension and reduce blood flow around the
neck and shoulders.'™ Because chronic neck and shoulder discomfort can lead to a decrease
in work efficiency and diminished quality of life (QOL), the alleviation of this discomfort is

highly desirable in developed countries.

Natto is a traditional food made from fermented soybeans that has long been eaten in
Japan. It has a balanced nutritional value and contains proteases that lower cholesterol,
dissolve thrombi, and improve blood flow. Thus, it is an exceptional food that can help to
improve public health.”” However, natto is sticky and highly pungent, so some individuals
avoid eating it. Bacillus subtilis var. natto is a bacterium that is used to ferment soybeans to
produce natto. NKCP® is as a functional supplement that contains bacillopeptidase F, a
protease that is isolated and purified from the culture of B. subtilis var. natto.® B. subtilis var.
natto is completely removed from NKCP® to overcome difficulties related to ingestion, such
as the distinctive odor of natto. Previous in vitro, animal, and human clinical studies have
indicated that NKCP® inhibits coagulation, reduces the viscosity of blood, and dissolves
thrombi.®'° Hitosugi et al. reported that ingesting NKCP® 250 mg/day for 4 weeks alleviated
neck and shoulder stiffness and sensitivity to cold in a crossover study involving patients with
lifestyle-related diseases such as hypertension, hyperlipidemia, and diabetes mellitus."
However, that study was based on a small sample size, so it failed to show statistically
significant improvement as a result of ingesting NKCP® in comparison to a placebo.
Moreover, the study measured only subjective symptoms. The use of more objective
measures would provide greater clinical insight. In addition, as the study involved patients

with lifestyle-related diseases, it remains unclear whether or not NKCP® is effective at
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alleviating neck and shoulder symptoms in healthy individuals.

In the current study, we performed a double-blind cross-over study to examine the

effects of NKCP® on healthy subjects with neck and shoulder stiffness and pain.

2. Material and Methods

2.1. Subjects

This study was approved by the clinical research ethics committees of the University
of Shizuoka and the Seirei Health Care Division in Japan. This study was conducted in
accordance with ethical principles based on the Helsinki Declaration and registered UMIN
Clinical Trials Registry (UMIN000019824). The study was performed from November 2015
to February 2016 at the University of Shizuoka and the Seirei Healthcare Support Center

Shizuoka in Japan.

The details of the study were explained to potential subjects verbally and in writing
prior to the start of the study. Consent for study participation was obtained in writing.
Inclusion criteria were subjects (men or women aged 20-80 years) with the physical
symptoms of neck and shoulder stiffness and pain who routinely worked at a desk. Exclusion
criteria were subjects with an underlying illness, pregnant or nursing, dementia, taking
pharmaceuticals or supplements or consuming foods that might affect this study, and
participating in other clinical studies. No specific restrictions were placed on receiving

massages or on routinely applying a poultice to the neck and shoulders.

2.2. Power analysis

Power analysis was performed using G*Power 3.1.9.2 software. A previous
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cross-over study examined the effects of NKCP™ in 17 patients (dropout rate: 0%) with
lifestyle-related diseases (Hitosugi et al, 2015). Based on the results of that study, a power
analysis was performed with an effective dose of 0.5, a power of 0.7, and a significance level
of 0.05. Assuming a dropout rate of 5%, the sample size for the current study was determined

to be 30 subjects.

2.3. Test supplements

NKCP® and placebo were obtained from Daiwa Pharmaceutical Co., Ltd. The
components of NKCP® and placebo are shown in Table 1. The placebo was filled with
dextrin in place of NKCP®. Representative photo images of packed and tablets are indicated
in Figure 1. The two were identical in packaging and appearance, so they could not be

distinguished from each other.

24. Study design

The study was a double-blind placebo-controlled crossover comparative study
(Figure 2). Subjects were divided into 2 groups, in which they were equally distributed by
age and sex. Subjects ingested 250 mg of NKCP® or a placebo once a day before bedtime.
After ingesting one test supplement for 4 weeks, subjects had a 4-week washout period, after
which they ingested the other test supplement for 4 weeks. Neck and shoulder stiffness was
assessed prior to ingestion, at 4 weeks (after the ingestion of the first test supplement), at 8
weeks (prior to the ingestion of the second test supplement), and at 12 weeks (after the
ingestion of the second test supplement). During the study period, subjects continued with

their usual activities and lifestyle.

2.5. Primary endpoints
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25.1. Visual analogue scale score for neck and shoulder stiffnessand pain

Neck and shoulder stiffness and pain were evaluated using a visual analogue scale
(VAS) with a 10-cm line ranging from “no pain” or “no stiffness” on the left to “worst pain”

or “worst stiffness” (any more would be intolerable) on the right.

25.2. Subjective symptoms

Headaches, lower back pain, cold hands and feet, eyestrain, and dry eye were
evaluated as subjective symptoms on a 5-point scale.'” On the scale, 1 point indicated that
there was “no feeling” of the symptom, 2 points indicated “feeling a little bit,” 3 points
indicated “moderate feeling,” 4 points indicated “severe feeling,” and 5 points indicated

“unbearable feeling.”

25.3. Musclestiffness

A muscle hardness meter, PEK-MP (Imoto Machinery, Tokyo, Japan), was used to
measure muscle stiffness. During measurement, subjects sat on a chair with a back but no
elbow rests and kept their backs straight. The positions on the neck and shoulders where
subjects felt stiffness (the left and right side of the neck and left and right shoulders) were
recorded as shown in Figure 3. At the initial measurement, the locations where measurements
were carried out were photographed, and all subsequent measurements were carried out at the
same location. The muscle hardness meter was placed perpendicular to the spot, and then the

measurement was carried out. An average was calculated based on three measurements.

2.6. Secondary endpoints
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2.6.1. Surfacetemperature of the skin of the neck and shoulders

A FLIR C2 thermal imaging system (FLIR Systems, USA) was used to measure skin
surface temperature. Subjects first waited in a room with a temperature of 22+2°C, then sat in
a chair, where the imaging system was used to measure skin surface temperature at 4

locations, as shown in Figure 3.

2.6.2 Blood flow velocity at the neck, shoulders, and fingertips

A LDF MBF-11A blood flow meter (JMS Co., Hiroshima, Japan) was used to
measure blood flow velocity. Subjects sat in a chair, and blood flow velocity was measured at
4 spots, as shown in Figure 3, and at the tip of both index fingers. Measurements were taken
3 times, and then the average blood flow velocity at the neck, shoulders, and tips of the index

fingers was calculated.

2.6.3. Swelling of the feet

To assess swelling of the feet, subjects sat in a chair, and calf circumference, instep
circumference, and forefoot circumference were measured (Figure 4). Instep circumference
was defined as the circumference of the foot from the highest point of the instep to the
dorsum of the foot. Forefoot circumference was defined as the circumference of the foot at a

line connecting the hallux and the fifth toe.

2.7. Statistical analysis

Measurements are expressed as the mean + standard deviation (SD). A paired t-test
was used to statistically analyze measurements and the extent of changes in those

measurements. The level of significance was set to p<0.05.
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3. Results

3.1. Subjects

Thirty healthy volunteers with neck and shoulder stiffness and pain were enrolled in
this study. One subject withdrew consent. The results for 29 subjects were analyzed (Fig. 1).
The characteristics of the 29 subjects prior to the study are shown in Table 2. The subjects
consisted of 8 males and 21 females with an age of 39.0 £ 7.7 years, a body mass index
(BMI) of 20.6 £+ 2.4, a systolic blood pressure (SBP) of 117 +£ 18 mmHg, a diastolic blood
pressure (DBP) of 73 £ 11 mmHg, and a pulse rate (PR) of 73 £ 10 bpm. Adverse effects
were not observed during the study period. Changes in SBP, DBP, and PR were not

observed during the study period (data not shown).

3.2. Primary endpoints

3.2.1. VASscorefor neck and shoulder stiffnessand pain

The results for the primary endpoints are shown in Table 3. Changes in the VAS
score for neck and shoulder stiffness and pain did not differ between the NKCP® group and
the placebo group. NKCP® group had a significantly lower VAS score for neck and shoulder
stiffness (3.95 + 2.27, p = 0.008) and pain (2.38 = 1.75, p = 0.004) compared to the VAS
score prior to ingestion (4.70 = 2.10, 3.16 + 2.44). Significant changes were not observed in

the VAS score after the ingestion of the placebo.

3.2.2. Subjective symptoms

The headache score for the NKCP® group was significantly decreased in comparison

to that for the placebo group (p = 0.041). Significant changes were not observed in the scores
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for lower back pain, cold hands and feet, eyestrain, and dry eye.

3.2.3. Measurement of muscle stiffnessin the neck and shoulders

Changes in the stiffness of muscles in the neck and shoulders did not differ between
the NKCP® group and the placebo group. Muscle stiffness in the neck was significantly lower
in the NKCP® group after ingestion (before ingestion: 6.45 + 0.82; after ingestion: 6.15 =+

0.81, p=0.009). This change was not observed in the ingestion of the placebo.

3.3. Secondary endpoints

3.3.1. Skin surfacetemperature of the neck and shoulders

The results for the secondary endpoints are shown in Table 4. Changes in the skin
surface temperature of the neck and shoulders did not differ between the NKCP® group and
the placebo group. The skin surface temperature of the neck and shoulders was significantly
higher (35.7 + 0.8, p< 0.001, 35.4 + 0.8, p = 0.001) after the ingestion of NKCP® than prior
to ingestion (35.0 £ 1.1, 34.6 = 1.2). These changes were not observed in the ingestion of the

placebo.

3.3.2. Blood flow velocity at the neck, shoulders, and tips of the index fingers

Significant changes were not observed in blood flow velocity at the neck, shoulders,

or tips of the index fingers after taking NKCP® or the placebo.

3.3.3. Swelling of the feet

Significant differences in changes in the swelling of the feet were not observed in the
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NKCP® group or the placebo group. Significant increases were found in calf and forefoot
circumference after ingestion of the placebo (35.6 = 2.6, p = 0.011, and 22.1 = 1.20, p =
0.018, respectively) compared to prior to ingestion (35.2 + 2.6, and 21.7 + 1.0, respectively).

Increased foot swelling was not observed after the ingestion of NKCP®.

4. Discussion

In order to examine whether or not the natto-derived dietary food supplement
NKCP® alleviates symptoms such as neck and shoulder stiffness, a double-blind
placebo-controlled randomized crossover study was performed. The subjects were healthy
volunteers suffering from neck and shoulder stiffness and pain. The results showed that
NKCP® significantly alleviated headaches in comparison to placebo although significant
differences in VAS score for neck and shoulder stiffness and pain, muscle stiffness, and skin
surface temperature were not observed between the NKCP® group and the placebo group.
Moreover, shoulder disorders, including the VAS score of neck and shoulder stiffness and
pain, muscle stiffness in the neck, and skin surface temperature of the shoulders and neck,
were significantly improved after NKCP® ingestion compared with prior to ingestion. These

results suggest that NKCP™ alleviated the symptom of neck and shoulder stiffness.

In developed countries, subjective symptoms such as neck and shoulder stiffness and
pain have become more prevalent with the increased use of VDTs to perform routine tasks,
along with chronic lack of exercise.! However, neck and shoulder stiffness is difficult to
define, and it is often determined subjectively, so assessing its severity has been difficult.
Although the Visual Analogue Scale is commonly used for subjective assessment, it is not
appropriate for comparing subjects. Accordingly, the VAS needs to be combined with some
objective assessment methods to accurately assess the effects of treatment on neck and

shoulder stiffhess.
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Recently, convenient muscle hardness meters have been developed, and these
devices are widely used in fields such as sports medicine and rehabilitation.'*'* Hardness
meters allow simple and easy measurement of muscle stiffness at various sites, and therefore
allow quantitative assessment of changes in the stiffness of muscles in the shoulders as a
result of treatment.'>'® Thus, in the present study, muscle stiffness as measured by muscle
hardness meter was a primary endpoint, along with the VAS score for neck and shoulder
stiffness and pain. The results indicate that ingestion of NKCP® reduced the VAS score for
neck and shoulder stiffness and pain, as well as neck muscle stiffness, compared to prior to
ingestion. Using the VAS score as a subjective assessment and muscle stiffness as an
objective assessment, the current study has confirmed that NKCP® alleviated neck and
shoulder stiffness. Other studies have reported that massage, acupuncture, and moxibustion
alter muscle stiffness.'” However, this study is the first to report that intake of a functional
food alters muscle stiffness. NKCP® may help to alleviate symptoms and improve QOL for

individuals suffering from neck and shoulder stiffness and pain.

In neck and shoulder stiffness, the muscle that stiffens is primarily the trapezius,
which runs from the occipital region to the scapula. Veins running beneath the trapezius do
not have accompanying arteries, and the trapezius has 1.5 times as many venous junctions as
it has arterial bifurcations.!” Unlike veins around other muscles, the veins around the
trapezius lack valves to prevent the backward flow of blood and congestion. These factors
explain why the underside of the trapezius is readily susceptible to congestion. In addition,
poor posture and sitting for a prolonged period can cause excessive tension in the shoulders
and neck. This tension induces local congestion and causes the accumulation of waste
products and endogenous algesic substances. Thus, it has been reported that excessive tension
in the shoulders and neck is significantly related to the onset of shoulder stiffness and tension
headaches.'® Thus, NKCP may alleviated muscle stiffness in the neck and headache score

because NKCP® improved peripheral circulation around the trapezius.
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Skin surface temperature and blood flow are also used to assess neck and shoulder
pain and dysfunction.”® In order to assess blood flow near the shoulders and neck, the
current study also measured skin surface temperature and blood flow. NKCP® did not
increase blood flow in the shoulders and neck, but it increased skin surface temperature in
those areas. These results suggest that muscle stiffness in the neck was reduced due to an
increase in skin surface temperature resulting from improved peripheral circulation.
Moreover, they suggest that congestion in the neck and shoulders was reduced, and the
amount of waste products and endogenous algesic substances in the neck and shoulders also
decreased as a result of improved peripheral circulation. This improvement in peripheral

circulation and its benefits presumably led to a lower headache score.

In this study, calf circumference and forefoot circumference increased and foot
swelling increased in the placebo group. However, in the NKCP® group, foot swelling did not
increase. Swelling of the feet is often found in people who work in front of a VDT for a
prolonged period, indicating poor peripheral circulation.”* The present study suggests that
ingestion of NKCP® increased the skin surface temperature, thus improving peripheral blood
flow in the shoulders and neck as well as in the lower extremities. Thus, NKCP® may prevent

swelling of the feet in addition to improving neck and shoulder stiffness.

NKCP® is a functional food supplement containing bacillopeptidase F as a major component.
The amount of bacillopeptidase F in 250 mg of NKCP® is 37.9 + 1.1 pg and that of natto in
one package is 22.2 + 9.4 ug of bacillopeptidase F. Thus, about two packages of natto contain
the same amount of bacillopeptidase F as 1 tablet of NKCP®. Although two packages of natto
can be ingested on a daily basis, it is doubtful whether sufficient amount of bacillopeptidase F
can be obtained from natto since its amount contained in natto differs depending on the
product. In addition, as there are also many people who are difficult to take natto for their
strong smell, it might to be possible for these people to ingest its sufficient amount using

tablets. NKCP® is available commercially and is commonly taken, and serious adverse
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reactions to NKCP® have not been observed. In order to determine the safety of NKCP®, the
subjects in the current study kept a diary during the study period, and blood pressure
measurements were conducted. In addition, participants were asked about their condition
before and after ingestion. No adverse events were observed. These findings suggest that
NKCP® poses little safety risk. However, the safety of NKCP®, such as in its interaction with

drugs, needs to be examined further in the future.

The current study had several limitations. NKCP® could not show significantly
improve the neck and shoulder stiffness except headache score compared to the placebo
group. One reason for this is that the symptoms of neck and shoulder stiffness can vary
widely between individuals as they are subjective symptoms. Moreover, sample size of this
study is too small. Future studies of efficacy should use a larger sample size to assess whether
NKCP® can induce a significant improvement of shoulder disorders compared to placebo.
NKCP® could not show the improvement of blood flow by objective assessment in this study
although NKCP® possesses favorable effects, such as the inhibition of coagulation, the
decrease in viscosity of blood, and the dissolution of thrombus, resulting in the improvement
of blood flow disturbances.*'° In addition, the improvement of blood flow disturbance is
supported by the evidence that NKCP® ingestion increased skin surface temperature of neck
and shoulder. Unfortunately, the rheometer used in this study may have indicated only the
blood flow velocity at the surface of the skin and not in the veins beneath the trapezius. A
rheometer that can measure blood flow deep within muscles is required to accurately assess
blood flow velocity at sites of neck and shoulder stiffness. In the future, further studies are
needed to address these points in order to ascertain the way in which NKCP® affects blood

flow and shoulder disorders.

In this study, NKCP® ingestion was significantly correlated with improved headache
score in comparison to a placebo. It was also correlated with decreased the VAS score for

neck and shoulder stiffness and pain, reduced neck stiffness, and increased skin surface
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temperature of the neck and shoulders, which appears to have alleviated shoulder and neck
stiffness, compared to before treatment. This indicates that NKCP® has the potential to serve
as a functional food supplement that can alleviate subjective and objective symptoms of neck
and shoulder stiffness. NKCP® may be a useful functional food supplement for individuals
with those symptoms. Therefore, consuming NKCP® may increase quality of life and work

efficiency in developed countries.
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Figurelegend
Figurel The shape and package of NK CP® and placebo

The photograph of NKCP® and placebo. The tablet of NKCP® and placebo are
manufactured as same shape and packaged, respectively. It is difficult to distinguish from

each other.

Figure2 The design of this study

Thirty subjects were divided into 2 groups, Group 1 and Group 2. Group 1 ingested
250 mg of NKCP® for 4 weeks, it had a washout period of 4 weeks, and then it ingested a
placebo for 4 weeks. Group 2 ingested a placebo for 4 weeks, it had a washout period of 4
weeks, and then it ingested 250 mg of NKCP® for 4 weeks. After the start of the study, 1

subject in Group 2 dropped out.

Figure3 The spots of muscle stiffness, skin surface temperature, and blood flow
velocity for measurements

The spots where muscle stiffness, the skin surface temperature, and blood flow were
measured in subjects. At the initial measurement, each spot at the neck and shoulder stiffness
and pain were recorded. Measurements were made at the same spots before and after

ingestion of the test supplements.

Figure4 The positions for measurement of calf circumference, instep
circumference, and forefoot circumference

The positions where the calf circumference, instep circumference, and forefoot
circumference were measured. Three measurements were made, and the average was

calculated.
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Figure.l

Placebo NKCP®
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Figure.2
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Figure.3
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Figure.4
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Table.1l

Table.l The component of NKCP®

Content of NKCP® Component

Digestion resistant dextrin, Microcrystaline cellulose, Sucrose

125mg/tablet ¢ anid ester, silicon dioxide, shellac
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Table.2

Table.2 Basdline of the healthy volunteersin this study

n 29

Male/ female i 8 | 21
Age . 300 x 7.7
Height (cm) i 163 + 7
Body weight (ko) | 551 + 9.0
BMI (kg/m?) | 206 + 24
SBP (mmHg) | 117 + 18
DBP (mmHg) | 73 + 11
PR (bpm) | 73 + 10

BMI: Body mass index, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure, PR: Pulserate
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Table.3

Table.3 The results of primary endpoint

| Placebo i NKCP® | pvalue
i p-vaue : p-vaue : placebo
I - | g I VS
i before after before vs after i before after before vs after i NK CP®
VAS Neck and shoulder stiffness | 451+ 2.26  4.06 + 2.46 0177 | 470+210 395:227 0008 | 0540
(cm) Neck and shoulder pain | 3.08+ 228 278 + 2.42 0300 | 316+244 238175 0004 | 0164
Headache | 200+131 224%135 0270 | 221+118 186+ 119 0096 | 0041
_ ~ Low back pain | 241+ 124 248+ 130 0.752 | 2384135 252# 140 0502 | 0825
Five-grade evaluation o 4 p-n e and feet | 255+ 127 272+ 141 0445 | 272+ 144 266+ 1.34 0738 | 0387
of physical symptom ! : !
Eyestrain | 293+ 116 3.00% 110 0769 | 307+110 283+ 1.00 0199 | 0.320
Dryeye | 234+£117 255:+118 0375 | 255+135 234+114 0352 | 0201
_ Neck | 6.39+0.89 6.6+ 0.69 0288 | 645+082 6.15+ 081 0009 | 0.754
Muscle stiffness i i |
Shoulders | 716+162 7.07+043 0.781 | 723+054 7.05+ 055 0142 | 0750

Biological and Pharmaceutical Bulletin Advance Publication



Table4

Table.4 The results of secondary endpoint

i Placebo | NKCP® | pvaue

i before after p-value i before after p-value i pla\fgb °

i before vs after i before vs after i NK CP®
Skin surface temperature Neck i 353+09 356+09 0.133 i 3/0+11 357+08 <0.001 i 0.124
(°C) Shoulders | 348+ 13  353+08 0057 | 346+12 354x08 0001 | 0391
Neck | 144+110 141%57 0865 | 164+108 143+86 0143 | 0440
B('r‘:]‘l)_‘mi?]")" Shoulders i 123+81 117+51 0.540 i 123+79 137+ 117 0.542 i 0.447
Index finger | 37.2+20.8 380+ 20.8 0830 | 331:190 37.9%2L7 0186 | 0477
_ calf | 352426 356+273 0011 | 356+25 3561265 0823 | 0123
c rcu(rg‘:n?mce Instep | 224+15 226142 0187 | 225+15 226+154 0399 | 0706
Forefoot | 217410 2214120 0018 | 218+12 221139 0.146 | 0624
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