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Abstract. Lactobacilli are important in intestinal homeo-
stasis, which involves the regulation of immune function,
digestive health, cholesterol absorption and intestinal tumor
growth amongst others. Our previous investigations have
suggested that oral intake of heat-killed Lactobacillus brevis
(L. brevis) SBC8803 (SBL88™) suppresses dermatitis by
modulating the immune function in an atopic dermatitis
mouse model. The aim of the present study was to inves-
tigate the effect of heat-killed L. brevis SBC8803 intake
on skin hydration conditions in humans. A randomized,
double-blind, placebo-controlled study was conducted with
volunteers with slightly higher levels of transepidermal
water loss (TEWL) on the forearm. The subjects (126 people
aged between 21 and 59 years) were randomly allocated to
three groups so that the level of TEWL and the age were
distributed equally among the groups. The subjects took
placebo or heat-killed L. brevis SBC8803 at a daily dose
of 25 or 50 mg for 12 weeks. Following the exclusion of
eight subjects for plausible reasons (two withdrawals from
the study, two for study violations, one for not meeting
exclusion criteria and three due to their physical condition),
118 subjects were subjected to the analysis. The results of
the present study revealed that following the analysis of the
whole populations, marginal differences were observed in
TEWL (for example, suppression of skin water loss) at the
neck in the 25 mg/day group at week 8 and at the lower eye
region in the 50 mg/day group at week 4 (P=0.05 and 0.09,
respectively, compared with the placebo group analyzed by
Dunnett's test). A significant increase in corneal hydration
was also observed at the neck in the 25 mg/day group at
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week 12 (P=0.06, as compared with the placebo group as
analyzed by Dunnett's test). In the analysis of the subpopula-
tions whose habitual frequency of taking lactic fermentation
products was less than once per week, the levels of corneal
hydration at the neck (in the 50 mg/day group) and lower eye
region (in the 25 mg/day group) were significantly increased
at week 12 (P<0.05). In conclusion, the results of the present
investigation suggest that oral intake of heat-killed L. brevis
SBCB8803 is effective at improving skin hydration conditions
in populations with low habitual frequency of taking lactic
fermentation products.

Introduction

Lactic acid bacteria have long been taken not only as dairy
fermented food but as various other traditionally fermented
foods worldwide. A large variety of bacteria colonize the
human gastrointestinal tract, and their interaction with the host
maintains intestinal homeostasis that affects human health (1).
Since intestinal homeostasis is maintained in a complex
manner through the interaction between intestinal floras and
the host, several lines of evidence suggest that probiotic intake
of lactic bacteria leads to competitive and/or active exclusion
of unfavorable bacteria (2-4), mucosal immune responses and
a reduction in allergic responses (5), and digestive health (6).
Among lactic bacteria, lactobacilli have additional functions
such as lowering plasma cholesterol levels (7), suppressing
intestinal tumor growth (8) and hypotension (9,10).
Previously, the intake of heat-killed Lactobacillus brevis
(L.brevis) SBC8803 was reported to be effective at ameliorating
alcoholic liver failure in mice and humans (11,12). It was also
observed that heat-killed L. brevis SBC8803 intake resulted
in beneficial effects in the T helper (Th)1/Th2 balance (13)
and ameliorated dermatitis by reducing immunoglobulin E
production in an atopic dermatitis mouse model (14). In addi-
tion, intake of heat-killed L. brevis SBC8803 was observed
to reduce transepidermal water loss (TEWL), a parameter of
the skin barrier function (15). Based on these observations, the
present study aimed to investigate the effect of oral intake of
L. brevis SBC8803 on skin hydration conditions in humans
in a randomized, double-blind, placebo-controlled study. The
strain used in the present study was L. brevis SBC8803, which


https://www.spandidos-publications.com/10.3892/etm.2016.3862
https://www.spandidos-publications.com/10.3892/etm.2016.3862

3864 OGAWA et al: EFFECTS OF HEAT-KILLED Lactobacillus ON DRY SKIN CONDITIONS IN HUMAN

Table I. Compositions of the test article.

Item (mg) Group P Group L Group H
Heat-killed L. brevis SBC8803 0 25 50
Caramel pigment 100 50 0
Finely powdered silica 4 4 4
Calcium stearate 20 20 20
Starch 256 256 256
Cellulose 20 45 70

Group P, placebo group; group L, 25 mg/day heat-killed L. brevis SBC8803 group; group H, 50 mg/day heat-killed L. brevis SBC8803 group;

L. brevis, Lactobacillus brevis.

was selected from in-house L. brevis isolated from barley that
had preliminarily been tested in humans for its effectiveness at
improving skin barrier functions.

Materials and methods

Test articles. Subjects consumed two capsules of the test articles
per day. The composition of the capsulated test articles (per
two capsules) was as follows: Heat-killed L. brevis SBC8803,
of which 0 g was included for the placebo group (group P),
0.025 g for the 25 mg/day heat-killed L. brevis SBC8803
group (group L), and 0.050 g for the 50 mg/day heat-killed
L. brevis SBC8803 group (group H). The carbohydrate content
was 0.376 g for group P, 0.351 g for group L and 0.326 g for
group H. There was also fat and sodium at trace amounts in all
test articles. Heat-killed L. brevis SBC8803 was manufactured
by Sapporo Breweries Ltd. (Tokyo, Japan). The ingredients of
each test article are summarized in Table I.

Study design. A double-blinded, placebo-controlled study was
conducted with the aid of a fund from Sapporo Holdings Ltd.
at the Kenshokai Fukushima Health Care Center (Osaka,
Japan) and the Go Clinic (Osaka, Japan) under supervision
by the principle investigator at the Kenshokai Fukushima
Health Care Center. The study period lasted 12 weeks between
February 28, 2014 and June 24, 2014. This study conformed to
the principles of the Declaration of Helsinki and was approved
by the Institutional Review Board of the Incorporated Medical
Institution of Kenshokai (Osaka, Japan) on the basis of the
protocol and information on the test article. In addition, the
present study was registered with the ID no. UMIN000014327
(A study on the effects of Lactobacillus brevis SBC8803
intake on skin in adults) at the UMIN Clinical Trials Registry
in Japan. The study subjects were recruited between February
and March 2014 and the details of the study were disclosed to
the subjects prior to the start of the study. The investigators
obtained informed consent from each subject.

The TEWL value for the forearm at the screening test
was used as one of the major inclusion criteria, and subjects
whose TEWL value was >6.2 g/m*h were included (see
below for measurement of TEWL). The inclusion and exclu-
sion criteria are summarized in Table II. As shown in Fig. 1,
the subjects (126 people) included 34 males and 92 females
aged between 21 and 59 years (40.8+8.5) who fulfilled the

eligibility criteria and were free of skin diseases, including
atopic dermatitis, psoriasis and other systemic diseases
that may contribute to skin conditions. The inclusion of the
subjects was judged by the principle investigator (Dr Sumio
Kondo). All subjects were sequentially assigned based on
random number tables to one of the three masked products
and randomly assigned (1:1:1) to group P (placebo; n=42),
group L (25 mg heat-killed L. brevis SBC8803 per day;
n=42) and group H (50 mg heat-killed L. brevis SBC8803 per
day; n=42). Following randomization, it was confirmed that
the subjects were distributed almost equally among the three
groups in terms of their levels of TEWL and their age. Alloca-
tion was pre-assigned on the basis of randomization numbers
and was concealed from the subjects, the investigators, and
the researchers who recruited and assessed the participating
subjects. The dose of L. brevis SBC8803 was defined based
on our previous open-label clinical trial of its effect on skin
conditions (unpublished observations). According to the
schedule shown in Table III, various parameters on safety
and efficacy were measured and are summarized in Table V.

The primary and secondary endpoints of the present study
were decreased in TEWL and increased in corneal hydration,
respectively. Until the completion of the study, the subjects,
care providers, doctors and the managing team were blinded.
Data were analyzed regarding the whole subject groups as
well as the subdivided subject populations whose habitual
frequency of taking lactic fermentation products was less than
once a week.

Measurement of TEWL. TEWL is recognized as one of the
parameters that predicts skin barrier functions (16). The skin
region of interest was cleansed with a cleansing agent (DRC
cleansing liquid; DRC Co., Ltd., Osaka, Japan) and rinsed
with warm water, prior to washing with another cleansing
agent (DRC face wash; DRC Co., Ltd.) and rinsing with warm
water. The TEWL was measured using a Tewameter TM300
(Courage + Khazaka Electronic GmbH, Kéln, Germany) and
measurements were taken after an acclimatization period of
20 min. The measurements were taken from the left forearm
(inner side located 5 cm above the wrist), the neck (the inter-
section between the chin and the left earlobe) and the lower
eye region (1 cm below the left eye). The measurements
were performed under constant temperature (20.0+1°C) and
humidity (relative humidity, 50.0+5%). Furthermore, a 1 min
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Inclusion criteria

1) Male and female whose ages are between 20 and 59
2) Those with relatively higher level of TEWL at the forearm

Exclusion criteria

1) Those who have been ingesting any article rich in lactic bacteria (such as yogurt, beverages, health foods, supplements, or
pharmaceuticals that contained lactic acid bacteria) more than three times a week (or more than 13 times per month)
2) Those who have been ingesting any article (such as health food, internal medicine, or quasi-pharmaceutical products) more

than three times a week (or more than 13 times per month)

3) Those who have experienced any cosmetic medical treatment (such as photofacial or injections of Botox, hyaluronic acid, or

collagen) at the sites to be examined in this study

4) Those who have experienced any cosmetic medical treatment or hormone replacement therapy (including taking oral contra-
ceptives) at the site other than those to be examined in this study in the past one year

5) Those who have experienced beauty treatment on the skin, scrubbing, or depilation at the site to be examined in this study in
the past one month, or who are planning to conduct such during this study period

6) Those who are using prescription drug regularly

7) Those who have experienced sunburn during long outdoor work, recreation, or sports in the past one month, or who are
planning to conduct such during this study period, excepting daily short exposure to sunshine
8) Those who are habitually washing their body using materials (such as nylon towels excepting soft ones) that affect the skin

conditions at the sites to be examined in this study

9) Those who have skin failures (such as wound, inflammation, or pimples) that may affect examination in this study

10) Those who are suffering from atopic dermatitis or skin failure that needs medical treatment

11) Those who are suffering from asthma or who are to be liable to develop such during this study

12) Those who are to be liable to develop pollinosis that needs medication or to emerge allergic skin diseases during this study
13) Those who are to be liable, after menstruation, to develop rough skin conditions at the sites to be examined in this study
14) Those who are taking shift work or who are going to take multiple night shift during this study

15) Those who have suffering from serious diseases (such as diabetes mellitus or failure of the liver, kidney, or heart) or dis-
eases that affect sex hormone secretion, or who with a case history of such

16) Those who are participating in any other clinical trial or who are planning to do such after agreeing informed consent of

joining this study

17) Those who with values considerably different from reference ranges in the examination of the screening tests

18) Those who are planning to get pregnant or nurse a baby during this study

19) Those who are planning to make a foreign travel during this study

20) Those who have experienced significant amounts of blood drawing or blood donation that exceed the level defined by the

Japanese Red Cross in the past one year

21) Those who are executing any matter that may affect the progress of this study or who may violate guideline of this study
22) Those who are judged inappropriate as participants from answers to the lifestyle questionnaire
23) Those who are judged inappropriate as participants from the view of principle investigator

measurement was performed resulting in 7 reliable values.
From the 7 values, the mid-5 values were used to calculate the
mean value, which was expressed as g/m?h.

Measurement of the corneal hydration status. The level of
corneal hydration was assessed as skin conductance using a
Corneometer CM825 (Courage + Khazaka Electronic GmbH),
which measures the reactive capacitance of the skin, using the
stratum corneum as a dielectric membrane (17). The positions
and conditions of the measurements were the same as those
for the TEWL measurement. The measurement was repeated
7 times, and the mid-5 values obtained were used to calculate
the mean value,. Each value was expressed as an arbitrary unit.

Evaluation of subjective and objective recognition of skin
conditions. Subjective overall skin conditions were evaluated
based on a questionnaire on the skin conditions of the face
and body for each subject prior to and following the intake
of test articles (at weeks 4, 8 and 12). Data are expressed as a
7-grade score that represents 1 as being a poor or problematic
skin condition and 7 as skin in good condition. In addition, an
objective evaluation was performed based on a comparison of
the photograph of the face and forearm skin surfaces taken
prior to and following the intake of test articles (at weeks 8
and 12). The data are expressed as a 7-grade score that repre-
sents the changes from the initial status (prior to test article
intake): -3, aggravated by >60%; -2, aggravated by 30-60%;
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Table III. Schedule for the study.

OGAWA et al: EFFECTS OF HEAT-KILLED Lactobacillus ON DRY SKIN CONDITIONS IN HUMAN

Item Screening Week 4 Week 8 Week 12
Informed consent .

Questionnaire on life style o

Selection and allocation o

Medical interview o . . o
Somatometry o . . .
Physical examination o

Corneal hydration o . . .
TEWL . . . .
Photography of the skin surface o J J
Evaluation of the skin surface ° .
Questionnaire on skin conditions o o . o
Laboratory examination o

Stool examination . .
Ingestion of test article < =
Log < >

The symbol ¢ denotes items tested; two-way arrow denotes the test period during which the subject should do the indicated task every day.

TEWL, transepidermal water loss.

-1, aggravated by <30%; 0, no change; +1, improved by <30%;
+2, improved by 30-60% and +3, improved by >60%.

Statistical analysis. All of the measured values and changes
are expressed as the mean + standard deviation. The methods
of statistical analysis are described in each Table. Statistical
analyses were performed using SPSS version 18 (SPSS, Inc.,
Chicago, IL, USA) and Microsoft Excel (Microsoft Corpora-
tion, Tokyo, Japan). P<0.05 was used to indicate a statistically
significant difference. Where indicated, P-values of statistical
significance (P<0.01) are shown, which suggest the effect of
the test article.

Results

Subjects. A total of 126 subjects, aged between 21 and 59 years,
were enrolled and 42 subjects were randomly allocated to each
of the 3 groups. It was confirmed that the level of TEWL and
the age of the subjects were distributed almost equally among
the groups. The subjects took the test article [placebo (group P)
or heat-killed L. brevis SBC8803 at a daily dose of 25 mg
(group L) or 50 mg (group H)] for a total of 12 weeks. Following
the exclusion of 8 subjects for plausible reasons (Fig. 1),
118 subjects completed the trial and were subjected to analysis.
The background data for each group are shown in Table V.

Effects on TEWL and skin hydration status, as analyzed
in the whole population. As shown in Table VI, there was
no significant change in TEWL at the left forearm after 4, 8
and 12 weeks of the intake of heat-killed L. brevis SBC8803.
However, there was a significant decrease (-15.1%) in TEWL
(for instance suppression of water loss from the skin) at the neck
after 8 weeks in group L (P=0.05 compared with the change
in group P, as determined by Dunnett's test). In addition, at the

lower eye region the decrease in TEWL at week 4 in group H was
somewhat decreased compared with that in group P (P=0.09) as
determined by Dunnett's test.

The level of corneal hydration was measured based on the
skin conductance. The hydration levels of the forearm and
lower eye region remained unaffected by heat-killed L. brevis
SBC8803 intake, whereas the levels increased by 24% at the
neck in group L at week 12 (Table VII). This change was some-
what increased compared with that observed in group P (11%j;
P=0.06), as determined by Dunnett's test.

Effects on TEWL and skin hydration status, as analyzed in the
subject populations with low habitual frequency of taking lactic
fermentation products. Since the dose of heat-killed L. brevis
SBC8803 was relatively low, the intake of lactic fermentation
products during the test period was considered to be capable of
affecting skin conditions. Therefore, the data for the subdivided
subject populations (39 people) whose habitual frequency of
taking lactic fermentation products was less than once a week
(their background data is shown in Table VIII) were analyzed.
As shown in Table IX, the level of TEWL did not improved in
groups L and H. However, the levels of corneal hydration at the
neck in group H and lower eye region in group L were observed
to be significantly increased at week 12 (Table X).

Effects on subjective and objective recognition of skin
conditions. Based on a questionnaire on the skin conditions,
there was no improvement of subjective recognitions observed
on the face and body. The objective examinations of skin surface
on the face and forearm did not identify any differences among
the three groups.

Adverse effects. There was no adverse effect that was
considered to be caused by the intake of heat-killed L. brevis
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Item

Details

Informed consent
Questionnaire on lifestyle

Inclusion
Medical interview

Somatometry

Physical examination

Corneal hydration
Transepidermal water loss
Photography of the skin surface
Evaluation of the skin surface

Questionnaire on skin conditions
Laboratory examination

Informed consent was obtained by free will using a written form

Anamnesis, intake of pharmaceutical products and health food,

allergies, smoking, use of skin care products and topical agents, alcohol intake
Included subjects that provided written informed consent, fulfilled the
incorporation criteria and did not conflict with the exclusion criteria
Confirmation of the physical conditions and the presence or absence of adverse
events

Height (only in the screening test), body weight and body mass index
Systolic and diastolic blood pressure, pulse count

Measured on the left forearm, neck and lower eye region

Measured on the left forearm, neck and lower eye region

Taken for the left forearm and lower eye region

Examined by a responsible doctor based on the photographs taken as described
above

Subjective recognition of skin conditions

Fasting levels of white blood cells, red blood cells, hemoglobin, hematocrit,

platelets, total protein, albumin, total billirubin, alkaline phosphatase,
aspartate transaminase, alanine transaminase, lactate dehydrogenase,
v-glutamyltranspeptidase, total cholesterol, triglycerides, high-density
lipoprotein-cholesterol, low density lipoprotein-cholesterol, urea nitrogen,
creatinine, uric acid, Na*, K*, Cl, glucose

Stool examination

Testing of intestinal flora

Log Status of test article ingestion, physical condition, medicine taking

SBC8803 based on the judgment of the principal investigator
of the present clinical study.

Discussion

The present study was conducted in order to investigate
whether oral intake of heat-killed L. brevis SBC8803 is
effective at improving skin conditions in human subjects with
slightly higher TEWL levels. A randomized, double-blind,
placebo-controlled protocol was used in which the subjects'
level of TEWL and their age was distributed almost equally
among the groups. The subjects received either a placebo
or heat-killed L. brevis SBC8803 at a daily dose of 25 or
50 mg/day for 12 weeks. No clear statistically significant
differences were observed between the objective or subjective
recognition of skin conditions, although marginal decreases
in TEWL at the neck and lower eye region (Table VI) and
an increase in corneal hydration at the neck (Table VII)
were observed. These results suggested that the intake of
heat-killed L. brevis SBC8803 has some beneficial effects on
the skin.

The subjects enrolled in the present study were males and
females with a wide age range and the initial skin hydration
levels were determined using TEWL and corneal hydration.
In addition, the subjects' background of habitual intake of
lactic fermentation products differed (79 of the 118 analyzed
subjects consumed lactic fermentation products more than
twice a week). Since the dose of heat-killed L. brevis SBC8803
was relatively small (25 and 50 mg/day), the intake of lactic

fermentation products during the test period may bias the
results. Therefore, 39 subjects were selected whose habitual
frequency of taking lactic fermentation products was less than
once a week for additional analysis. The results indicated that
the levels of corneal hydration at the neck in the 50 mg/day
group and lower eye region in the 25 mg/day group were
significantly increased following 12 weeks of heat-killed
L. brevis SBC8803 intake. Therefore, the intake of heat-killed
L. brevis SBC8803 may be beneficial to skin moisturization
in subjects who do not habitually consume lactic fermentation
foods.

In experiments with rats, we previously reported that the
administration of L. brevis SBC8803 suppressed cutaneous
arterial sympathetic nerve activity, and thereby increased
cutaneous blood flow, which led to the amelioration of dry
skin (15). The mechanism underlying this effect is suggested
to be the following: i) L. brevis SBC8803 stimulates sero-
tonin release from intestinal cells such as enterochromaffin
cells (18); ii) the resulting serotonin elevates afferent intestinal
vagal nerve activity (19), which in turn iii) enhances efferent
gastric vagal nerve activity (19) and iv) cutaneous arterial
sympathetic nerve activity (15). Therefore, in addition to the
habitual consumption of lactic fermentation foods, the use of
cutaneous blood flow as a marker for normalization of subject
populations may help design future studies that test skin mois-
turization conditions.

Studies by other groups, as well as ourselves, suggest
that probiotic intake of lactobacilli alleviates allergic derma-
titis or reactive skin in animals and humans (5,14,20-24).
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Table V. Background data of the subject populations.

Item Group P Group L Group H P-value®
Number of subjects (gender®) 41 M 12,F 29) 38 (M 12, F 26) 39 (M 9, F 30) 0.71
Age (years) 422489 40.4+9.2 40.6£7.5 0.57
Height (cm) 162.1+6.2 163.4+8.2 163.2+6.7 0.65
Body weight (kg) 579495 60.0+£13.1 57.7+9.2 0.58
Body mass index (kg/m?) 220433 223+3.2 21.6+2.8 0.64
TEWL (g/m’h)

Forearm 94+2.1 94+2.1 9.5+1.7 0.93

Neck 9.6+4.0 10.6£7.0 10.0+4.1 0.69

Lower eye region 24.5+8.0 25.1+8.0 23.1+£7.2 0.52
Corneal hydration (a.u.)

Forearm 25.7+5.8 22.843.9 235453 0.04¢

Neck 49.248.8 46.1£11.0 48.1£9.3 0.37

Lower eye region 46.5+11.7 449+12.6 499+11.7 0.19

“P-values were obtained by comparison among the three groups using a x> test (for gender) or one-way analysis of variance (for the other
parameters). "M, male; F, female. “Statistically significant difference. Values are presented as the mean + standard deviation. TEWL, transepi-
dermal water loss; group P, placebo group; group L, 25 mg/day heat-killed L. brevis SBC8803 group; group H, 50 mg/day heat-killed L. brevis

SBC8803 group; L. brevis, Lactobacillus brevis; a.u., arbitrary unit.

Table VI. Effects of the intake of heat-killed L. brevis SBC8803 on the levels of TEWL.

Position Group Screening Week 4 Week 8 Week 12
Forearm P 9.4+2.1 8.8+2.3" 8.6+2.8 9.2+2.1
(-0.5£1.6) (-0.7£2.4) (-0.1£2.0)
L 94+2.1 9.5+2.2 8.7+2.0° 99+2.3
(0.1+2.2) (-0.7£2.1) (0.4+2.1)
H 9.5+1.7 9.6+£1.9 8.8+2.0° 94+2.1
(0.1+1.5) (-0.8+1.5) (-0.1£1.8)
Neck P 9.6+4.0 10.0£3.7 9.9+4 .8 9.5+3.1
(0.3+2.7) (0.3+3.8) (-0.1£4.0)
L 10.6+7.0 10.7£5.7 9.0+3.7 99+34
(0.1+4.7) (-1.7+4.8% (-0.8+54)
H 10.0+4.1 10.0+3.3 9.1£3.4 10.1+4.1
(0.0+3.2) (-0.9+3.2) (0.1£34)
Lower eye region P 245480 20.8+5.3° 20.4+4.8° 20.0£5.2°
(-3.6+£8.0) (-4.1£7.8) (-4.5£8.8)
L 25.1£8.0 21.0£6.4° 21.2+6.0° 19.7£5.8°
(-4.0£6.5) (-3.8+6.7) (-5.3£7.7)
H 23.1£7.2 22.5+6.9 21.1£5.6 20.6+4.8*
(-0.6+6.1°) (-2.0£6.5) (-2.5£6.1)

Each value (g/m*h) represents the mean + standard deviation, and the difference from the screening value is shown in parenthesis. “P<0.05 and
"P<0.01 by intragroup comparison using paired Student's t-test. °P<0.1 by intergroup comparison using Dunnett's test using the value of group P
as a reference. Group P, placebo group; group L, 25 mg/day heat-killed L. brevis SBC8803 group; group H, 50 mg/day heat-killed L. brevis
SBC8803 group; L. brevis, Lactobacillus brevis.

Furthermore, modulation of the immune reaction is
suggested to be involved in these activities in inflammatory
skin failures. Regarding skin moisturization however, intes-
tinal serotonin release and the neurotransmission system

may be important. Such phenomena are only reported with
heat-killed L. brevis SBC8803.

In conclusion, the results of the present study demon-
strated that intake of heat-killed L. brevis SBC8803 is safe
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Table VII. Effects of the intake of heat-killed L. brevis SBC8803 on the levels of corneal hydration.

Position Group Screening Week 4 Week 8 Week 12
Forearm p 25.7+5.8 26.2+6.0 26.5+6.2 29.7+6.0°
(0.5+4.0) (0.8+4 .4) (4.1+6.3)
L 22.843.9 23.8+4.7 24 .8+5.2° 29.0+5.1°
(1.1£3.3) (2.1£4.2) (6.2+£5.4)
H 235453 23.74£5.2 243455 27.8+6.1°
(0.2+£3.4) (0.8+£3.2) (43+£54)
Neck P 49.2+8.8 52.1£9.1° 54.949.6" 55.5+9.7°
(3.0£8.6) (5.8£104) (6.3£10.3)
L 46.1£11.0 49.4+10.7 54.1+10.5° 57.3+9.8°
(3.3+10.6) (8.0+9.0) (11.2+10.1°)
H 48.1+9.3 50.1+10.5 53.8+10.6° 54.8+11.4°
(2.0+8.1) (5.7£8.3) (6.7£9.8)
Lower eye region P 46.5+11.7 49.4+104* 48.3+11.3 51.4+10.8°
(2.9+8.8) (1.8+8.4) (4.8+11.9)
L 449+12.6 50.0£14.3° 46.4+16 4 50.7£12.5°
(5.1+6.1) (1.5+8.9) (5.7£6.1)
H 499+11.7 52.049.5 52.4+£10.7 53.0+11.4
(2.1£9.8) (2.5£10.5) (3.1£11.3)

Each value represents the mean + standard deviation, and the difference from the screening value is shown in parenthesis. “P<0.05 and "P<0.01
by intragroup comparison using paired Student's t-test. ‘P<0.1 by by intergroup comparison using Dunnett's test using the value of group P
as a reference. Group P, placebo group; group L, 25 mg/day heat-killed L. brevis SBC8803 group; group H, 50 mg/day heat-killed L. brevis
SBC8803 group; L. brevis, Lactobacillus brevis.

Table VIII. Background of the subdivided subject populations whose habitual frequency of taking lactic fermentation products
was less than once a week.

Item Group P Group L Group H P-value®
Number of subjects (gender®) 13M5,F8) 15 (M 5,F 10) 11 (M3,F8) 0.91
Age (years) 41.1£109 42.6+8.3 38.9+9.2 0.62
Height (cm) 163.0+4.6 163.1+8.9 165.3+6.7 0.68
Body weight (kg) 57.6£10.3 62.0+£12.9 61.3+10.1 0.56
Body mass index (kg/m?) 21.6£3.1 23.1+33 22.3+2.6 043
TEWL (g/m’h)

Forearm 10.3£2.8 9.7+14 10.0+£0.8 0.72

Neck 11.2+5.7 114453 10.4+3.7 0.89

Lower eye region 24.8+8.2 26.4+6.8 24.6+8.5 0.81
Corneal hydration (a.u.)

Forearm 254472 234451 23.1+£5.3 0.58

Neck 47.5+7.2 45.0£8.9 45.6+9.8 0.74

Lower eye region 483+11.4 40.2+10.9 53.2+10.2 0.01¢

*P-values were obtained by comparison among the three groups using a % test (for gender) or one-way analysis of variance (for other parameters).
M, male; F, female. “Statistically significant differences. Values are presented as the mean + standard deviation. TEWL, transepidermal water loss;
group P, placebo group; group L, 25 mg/day heat-killed L. brevis SBC8803 group; group H, 50 mg/day heat-killed L. brevis SBC8803 group;
a.u., arbitrary unit.

and is suggested to be effective at improving skin hydra- fermentation products. Further investigations are required
tion conditions. In particular, this effect is prominent in  in order to determine the appropriate dose that is applicable
populations with low habitual frequency of taking lactic  to a variety of subjects who have varying backgrounds with
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Table IX. Analysis of transepidermal water loss levels in subdivided subject populations whose habitual frequency of taking
lactic fermentation products was less than once a week.

Position Group Screening Week 4 Week 8 Week 12
Forearm P 10.3+2.8 9.7+32 9.8+3.8 9.8+2.5
(-0.5£1.8) (-0.4£3.5) (-0.5£2.1)
L 9.7+14 10.0£2.0 9.1+2.2 10.8+£2.5°
(0.3+1.5) (-0.6x1.7) (1.1£1.99)
H 10.0+0.8 9.5+1.6 8.9+1.8" 10.6+£2.3
(-0.5£1.4) (-1.1£1.6) (0.6+2.0)
Neck P 11.2+5.7 11.7+4.6 12.0£7.5 9.9+3.8
(0.4+3.2) (0.8+5.1) (-1.4+6.3)
L 11453 12.5£7.0 9.7£3.9* 114+3.6
(1.1£3.7) (-1.7£2.9) (0.0+3.5)
H 10.4+3.7 9.6+2.2 9.9+3.5 11.0+£3.8
(-0.8+£2.7) (-0.5£3.9) (0.6+3.4)
Lower eye region P 24.8+8.2 23.2+70 22.1+6.9 21.947.1
(-1.7£7.1) (-2.7£6.7) (-2.949.5)
L 26.4+6.8 22.5+£4.8° 22.6+6.5° 19.9+4 0°
(-3.9+4 4) (-3.8+4.3) (-6.5£5.5)
H 24.6+8.5 24.6+8.0 22.3+3.6 24.0+5.6
(0.0+7.1) (-23£7.2) (-0.5£7.6)

Each value (g/m?h) represents the mean + standard deviation, and the difference from the screening value is shown in parenthesis. “P<0.05
and "P<0.01 by intragroup comparison using paired Student's t-test. °P<0.1 by by intergroup comparison using Dunnett's test using the value
of group P as a reference. Group P, placebo group; group L, 25 mg/day heat-killed L. brevis SBC8803 group; group H, 50 mg/day heat-killed
L. brevis SBC8803 group; L. brevis, Lactobacillus brevis.

Total subjects who were involved in this
study (294)

Subjects who were disqualified in the screening
test (168, involving 164 who did not satisfy the
inclusion criteria and 4 declined)

| Qualified subjects (126) |
[

| Allocation |

|
| Group P (42); group L (42); group H (42) |

|
. Discontinuation or dropout (2)
Group P (1; personal circumstances)

Group L (1; personal circumstances)
Group H (0)

Subjects who completed the study and

Group P (41); group L (41); group H (42)

Subjects excluded from the analysis (6)

~"Group P (0); group L (3); group H (3)

Il I
Group P (41); group L (38); group H (39)

Figure 1. Procedure for the selection and the analysis of subjects. Group P, subjects who received a placebo; group L, subjects who received low-dose heat-killed
L. brevis SBC8803; group H, subjects who received high-dose heat-killed L. brevis SBC8803. Values in parentheses denote the number of subjects. The reasons for
subject exclusion were: Violation of the study restrictions (n=2 in group L); conformity to the exclusion criteria (n=1 in group H); and judgement by the principle
investigator (Dr Sumio Kondo) based on the subjects' physical conditions (n=1 in group L and n=2 in group H).The subject allocation was performed by Yoshihisa
Kibune (TTC Co., Ltd., Tokyo, Japan).
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Table X. Analysis of corneal hydration levels in subdivided subject populations whose habitual frequency of taking lactic fer-

mentation products was less than once a week.

Position Group Screening Week 4 Week 8 Week 12
Forearm P 25.4+7.2 24.0+6.2 24.3+7.6 27.6+5.6
(-1.32+4.8) (-1.0+5.6) (2.2£7.5)
L 234451 23.1+4.6 24.3+4.1 29.8+5.2°
(-0.3+2.7) (0.9+£3.3) (6.5£6.5)
H 23.1+£53 22.5+4.8 224458 26.7£5.5
(-0.6+£3.4) (-0.7+2.6) (3.5+£5.9)
Neck P 47.5+7.2 48.246.8 50.9+10.3 53.2+7.7%
(0.7£7.1) (34+£10.8) (5.7£7.1)
L 45.0+8.9 48.6+7.8 53.1+9.5° 56.1+£8.3
(3.7£7.6) (8.1£10.4) (11.1£6.3)
H 45.6£9.8 50.3+£10.5° 52.9+12.8° 58.4+11.8°
(4.7£6.7) (7.3£5.5) (12.849.3°)
Lower eye region P 48.3+114 48.0+12.3 45.7£12.0 45.7£13.3
(-0.2+9.1) (-2.6+£8.4) (-2.6+11.6)
L 40.2+10.9 44.4+14.6 41.6x£164 46.7+11.5°
(4.2+8.1) (1.4+9.8) (6.5£7.1°)
H 53.2+10.2 54.7£10.3 54.6£8.2 54.8+10.4
(1.5£9.3) (1.4+£10.5) (1.5+8.1)

Each value (arbitrary unit) represents the mean + standard deviation, and the difference between the screening value is shown in parenthesis.
"P<0.05 and "P<0.01 by intragroup comparison using paired Student's t-test. ‘P<0.05 by intergroup comparison using Dunnett's test using the value
of group P as a reference. Group P, placebo group; group L, 25 mg/day heat-killed L. brevis SBC8803 group; group H, 50 mg/day heat-killed

L. brevis SBC8803 group; L. brevis, Lactobacillus brevis.

regard to skin conditions and consumption of lactic fermen-
tation foods.
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