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The purpose of the study was to evaluate the effects of Lactoba-
cillus pentosus strain b240 (b240) intake and appropriate physical
training on salivary secretory immunoglobulin A secretion in
elderly adults with low physical fitness. Elderly adults with low
physical fitness (daily step count below 3,500 steps) were divided
into 2 groups: a b240 intake + exercise group (b240 group) and a
placebo intake + exercise group (placebo group). Each subject
continued intake of b240 or placebo and moderate-intensity resis-
tance exercise for 12 weeks. Before and 4, 8, and 12 weeks after
the start of intervention, each subject underwent saliva sampling.
Before and after intervention, physical fitness tests and step
count were measured. Our results showed that secretory immu-
noglobulin A secretion in 57 subjects during the b240/placebo
intake period was significantly greater in the b240 group than in
the placebo group (p<0.05). There were no significant changes in
physical fitness tests before and after intervention in the 2
groups. The daily amount of walking increased significantly after
intervention in both groups (p<0.05). These results suggest that in
elderly adults with low physical activity and fitness, intake of
b240 with appropriate physical exercise elevate salivary secretory
immunoglobulin A secretion.
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A ging compromises the immune system, potentially leading to
an increase in the incidence of infection, cancer, malignant
neoplasm, and autoimmune disease.) Respiratory tract infection
(RTI) is a major disease for elderly people, and individuals over
70 years of age have shown high incidences of influenza or
pneumonia and a high death rate from these diseases.??
Secretory immunoglobulin A (SIgA) contained in saliva serves
as a major effector in mucosal immunity by preventing sub-
mucosal invasion of pathogens. These pathogens enter through the
oral cavity, specifically binding to the bacteria, viruses, etc.®
Decreased SIgA secretion is thought to elevate the incidence of
RTI.G® Salivary SIgA secretion has been reported to decrease
with age.” Aging-related decrease in salivary SIgA secretion is
thought to facilitate submucosal invasion of pathogens, leading to
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an increased incidence of infection. Thus, potentiation of mucosal
immune function in elderly people may lead to prevention of
infection and thus seems to be very important in maintaining and
facilitating the health of elderly people.

Recently, lactobacilli were shown to reinforce immune func-
tion, and that intake of lactobacilli by elderly adults resulted in an
increase in blood T-helper (Th) cell count and natural killer (NK)
cell count and enhancement of NK cell/phagocytic activity.®
Lactobacillus pentosus strain b240 (b240) is an anaerobic, non-
sporulating, gram-positive bacterium originally isolated from
fermented tea leaves.” Oral administration of b240 to mice
resulted in increased synthesis of IgA from mucosal tissue and
increased serum IgG level.19 Intake of b240 increases the secre-
tion of salivary SIgA in healthy adult women and healthy elderly
adults.""'? These findings suggest that intake of lactobacilli may
enhance the mucosal immune function in elderly people, leading
to a reduced risk of infection. Oral intake of b240 for 20 weeks
significantly reduced the incidence rate of the common cold in
elderly adults."®

Moderate physical exercise also elevates immune function.!¥
In a study of young adults, appropriate physical exercise elevated
salivary SIgA secretion, accompanied by a reduced incidence of
RTL® In our previous study in elderly people, salivary SIgA
secretion was higher in individuals who walked approximately
7,000 steps per day than in those who walked approximately 3,000
steps per day.('® Additionally, salivary SIgA secretion in elderly
people walking approximately 7,000 steps per day was further
elevated by moderate physical training (endurance and resistance
training).!® Therefore, maintaining appropriate physical activity
and physical training is expected to elevate mucosal immune
function in elderly people.

According to Spirduso et al.,('” the physical fitness level among
elderly adults is not uniform, but varies from individual to indi-
vidual, allowing elderly adults to be stratified according to phys-
ical fitness level, ranging from individuals with high to low fitness
levels. Elderly adults with low fitness levels may also exhibit low
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daily physical activity, and salivary SIgA secretion in relatively
inactive elderly adults may be lower than that in more active
elderly adults.!® Long-term continuation of moderate physical
exercise is necessary to reinforce immune function.!' However,
it is not always easy for individuals with low physical fitness to
practice such moderate physical exercise because of the high
intensity of exercise and inability to practice some kinds of
exercise. Potentiation of immune function may be achieved more
efficiently if the effects of nutrient intake and other factors are
combined with the effects of physical training. Intake of lacto-
bacilli in addition to physical exercise is expected to manifest
additional effects in elevating the immune function. However, no
report has been published evaluating the influence of lactobacillus
intake on immune responses in elderly people practicing physical
exercise. This study was designed to test whether a combination of
lactobacillus intake and physical training can elevate salivary
SIgA secretion more markedly in elderly adults with low physical
fitness than physical training without lactobacillus intake.

Materials and Methods

Participants. The research protocol was approved by the
Ethics Committee of University of Tsukuba. Sedentary low active
(<3,500 steps/day) elderly volunteers were recruited from a local
nursing home. A total of 98 medical screenings were conducted
(Fig. 1). Individuals who were smokers, consuming medicines
(e.g., antibiotics, antiflatulent agents, antidiarrheals, gastrointes-
tinal prokinetic agents, steroids, and immunosuppressive agents),

or had a disease (e.g., hepatitis, cancer, inflammatory bowel dis-
ease, rheumatism, and dementia) were excluded from the study.
Eligible participants completed a health questionnaire and wore an
electrical pedometer to establish sufficient inactivity before being
randomly allocated to 2 groups. Eighty-two participants were
randomly assigned to the b240 group (b240) and the placebo
group (placebo) on the basis of age, sex, physical activity (step
count per day), and salivary SIgA secretion rate in a double-blind
manner (Fig. 1). Potential participants were given a detailed
explanation of the risks, stress, and potential benefits of the study
before signing an informed consent form. The study conformed to
the principles outlined in the Declaration of Helsinki in 2008.

Experimental design. All subjects participated in an exercise
training session. Subjects in the b240 group took 125 mL of lacto-
bacillus beverage (heat-killed b240, 2 x 10° cells containing sterile
water) in the every morning after breakfast for 12 weeks. Subjects
in the placebo group consumed placebo beverage (125 mL of
water without b240) for the same duration. Both the b240 and
placebo beverage were identical in appearance. Assessments
(anthropometric measurements and saliva and blood samples)
were performed in the morning (6:00 a.m. to 9:30 a.m.) before
(0 week) and after 4 weeks, 8 weeks, and 12 weeks of beverage
intake and exercise training and intake. The status of test beverage
intake was assessed daily by the nursing staff and was recorded in
a diary.

Composition of b240 beverage. The b240 beverages used
in this study were provided by the Otsuka Pharmaceutical Co., Ltd
(Tokyo, Japan). Each beverage contained heat-killed b240, 2 x 10°
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cells in 125 ml of sterile water. Placebo beverages were the same,
except these beverages did not contain lactobacillus.

Exercise program. Subjects in the both groups participated
in an exercise program 5 days per week for 12 weeks. The exercise
program was supervised and conducted by experienced instruc-
tors. The training program involved stretching and resistance
training. Resistance training included 6 exercises (sit-up, leg-
extension, hip-extension, trunk flexion, hip extension, and getting
out of a chair) without the use of weights.

Anthropometric measurements. Body mass, percent of fat
mass, and percent of muscle mass were recorded using a digital
scale (bioelectrical impedance analysis, HBF-354-1T2; Omron
Co., Ltd., Kyoto, Japan) with each subject wearing light clothing
and no footwear.

Measurement of daily physical activity. To assess physical
activity, we used an electrical pedometer (HJ-720IT; Omron Co.,
Ltd.). Participants were instructed to wear an electrical pedometer
for 14 consecutive days during all walking hours, except during
bathing. Participants were instructed to go about their normal
lives unrestricted and were asked to not look at the electrical
pedometer to observe how many steps they had taken each day.
Electrical pedometer placement was standardized on the belt or
waistband according to the manufacturer’s recommendation.

Assessment of nutritional intake. Values for nutritional
intake were obtained from a straight 3-day food record kept
beginning at 0 week. Subjects were asked to be as accurate as pos-
sible in recording the amounts and types of food and fluid con-
sumed. Values of daily nutritional intake were calculated using
dietary assessment software (Excel Nutrition ver. 2.3; Kenpakusha,
Tokyo, Japan). Additionally, participants were asked to maintain
their normal dietary patterns during the study period.

Physical fitness tests. Subjects performed physical fitness
tests, which included 5 tests (isometric grip strength using a
handgrip dynamometer, muscle endurance using sit-up test during
30 s, body balance using one leg balance with eyes open, flexi-
bility of the body using the sit-and-reach test, and agility using
10-m obstacle walking time) at 0 week and 12 weeks, as described
in “Physical Fitness Test” by the Japan Ministry of Education,
Culture, Sports, Science, and Technology.('®

Saliva analysis. The subject was instructed to avoid alcohol
consumption on the day before the test and fasted from 9:00 p.m.
on the day before the test. Saliva samples were obtained between
6:00 a.m. and 9:30 a.m. after overnight fasting. Each subject in-
gested 1 bottle of prescribed food (Calorie Mate Jelly, Otsuka
Pharmaceutical Co., Ltd.) 1 h before saliva collection, after which
the oral cavity was rinsed with tap water. Next, 5 min before saliva
collection, each subject rinsed his/her oral cavity 3 times with
mineral water. Immediately before saliva collection, saliva re-
maining in the oral cavity was swallowed, and the head was
immediately inclined slightly forward, followed by gentle fixation
of posterior teeth using the tip of the tracheal tube connected to a
low pressure suction pump (low-pressure serial suction pump,
plug socket type for installment, Seastar Corporation, Tokyo,
Japan) to begin saliva collection. Immediately after the start of

saliva collection, the subject closed his’her mouth, and saliva was
collected into a tube for 5 min, with care taken to avoid contact
of the tracheal tube inlet with the cheek and tongue. Collected
saliva was stored on ice. Fifteen minutes after completing saliva
collection, saliva was again collected for 5 min using the same
procedure. The subject remained stationary during the period from
5 min before the start of saliva collection to the end of the second
session of saliva collection. SIgA concentration was measured
using an enzyme-linked immunosorbent assay (ELISA). SIgA
concentration (pg/ml) was multiplied by the amount of saliva
flow for 5 min (ml/5 min) to yield the amount of SIgA secretion
rate (ug/5 min). The mean of the 2 measurements represents the
amount of saliva flow.

Blood analysis. After saliva sampling, blood samples were
collected in vacutainers containing sodium ethylenediaminetet-
raacetic acid (EDTA). We quantified total leukocytes, lympho-
cytes, and monocytes from whole blood samples using a multi-
channel hemocyte analysis system (SE-9000; Sysmex Corp.,
Hyogo, Japan).

Data analysis and statistics. Descriptive data are presented
as means + SD. For all analysis, p<0.05 was considered statisti-
cally significant. Comparison between the Placebo and b240
groups for the baseline criterion measures was made by unpaired-
Student ¢ test. Data were subjected to repeated measures 2-way
analysis of variance (ANOVA). The Tukey-Kramer test was
employed for the post hoc test. Time effect of intervention within
each group was analyzed by a paired-Student’s ¢ test, in relation to
changes in descriptive data, physical fitness test, and hemato-
logical measurements. Changes in SlIgA-related parameters
(amount of saliva flow rate, SIgA concentration, amount of SIgA
secretion rate) were subjected to ANOVA (0—12 weeks) based on
a mixed model.

Results

Subject characteristics. During the study period, there were
no physical ailments or abnormalities resulting from b240
beverage intake. All subjects were compliant with the procedure
(non-ingestion rate was 10% or more during all periods). More-
over, no subjects were injured during the exercise program.

Physical composition of participants is summarized in Table 1.
Physical composition at 0 week showed no difference between the
b240 group and the placebo group. Body weight decreased
significantly in both the b240 group and the placebo group
(»<0.05). The b240 group showed a significant decrease in BMI
and body fat ratio and a significant increase in muscular ratio
(»<0.05).

Daily physical activity and physical fitness tests. The
number of steps walked was used as an indicator of daily physical
activity; results of physical fitness tests are shown in Table 2.
Significant difference between the b240 group and the placebo
group in the number of steps at 12 weeks was noted (p<0.05). In
both groups, the number of steps walked increased significantly
after 12 weeks compared to baseline levels (p<0.05), and the

Table 1. Descriptive data for placebo and b240 groups before and after 12 weeks

Placebo b240

0 week 12 weeks 0 week 12 weeks
n 30 (6 men, 24 women) 27 (7 men, 20 women)
Age (yr) 82.8+9.4 80.3+7.6
Height (cm) 1459 +9.6 147.2 +8.8
Body mass (kg) 52.0+12.3 51.1+£12.7* 52.9+6.8 51.5+6.8*
BMI (kg/m?) 24.2 +4.7 24.3+4.9 23.6 £3.1 22.9+£2.9*%
Fat mass (%) 37.0+4.8 34.6+6.2 37.6+4.9 36.3+4.7*
Muscle mass (%) 19.8+1.6 21.0+2.0 20.3+2.6 20.8 +2.5*

Values are expressed as means + SD. BMI: body mass index. *Values different from 0 week within group, p<0.05.
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Table 2. Physical fitness tests for placebo and b240 groups before and after 12 weeks

Placebo b240

0 week 12 weeks 0 week 12 weeks
Step count (steps/day)’ 1,510 + 1,083 3,203 +2,054* 1,463 + 1,153 2,171 +2,112*
Right grip strength (kg) 14.8+5.5 15.1+6.0 15.9+4.2 16.0+5.0
Left grip strength (kg) 144+45 14.7 £5.0 17.0+6.9 17.4+7.6
Sit-up (times/30 s) 6.2+1.9 44+40 4.2 +3.1 2.8+2.4
Sit-and-reach (cm) 25.3+7.9 22.8+8.3 26.8+9.9 26.4+8.4
One-leg balance (s) 6.7 £6.5 6.7 +9.6 19.0+17.2 21.6 +21.5
10-m obstacle walking (s) 19.3+16.6 19.0+13.4 15.4+10.9 15.2+11.7

Values are expressed as means + SD. *Values different from 0 week within group, p<0.05. fTreatment x time

interaction, p<0.05.

Table 3. Nutritional intake for placebo and b240 groups before intervention

Placebo b240 Reference values
Carolies (kcal/day) 1,500 + 181 1,495 + 224 1,350-1,600
Protein (g/day) 52.6+8.6 52.3+85 50-60
Fat (g/day) 39.8+9.4 40.9£8.0 23-44
Carbohydrate (g/day) 225.9+36.0 224.4 +38.3 169-236
Retinol (ng/day) 582.1 +180.1 516.0 £ 216.4 450-650
Vitamin C (mg/day) 91.5+30.7 91.6 £33.3 100

Values are expressed as means + SD. The reference values were taken from Dietary Refer-
ence Intakes for Japanese (The Japan Ministry of Health, Labour and Welfare, 2004).

Table 4. Changes in saliva flow rate, salivary secretory immunoglobulin A concentration, and salivary
secretory immunoglobulin A secretion rate during the study period

0 week 4 weeks 8 weeks 12 weeks

Saliva flow rate (ml/5 min)*

Placebo 1.1+0.8 1.2+0.8 1.2+0.8 1.2+0.7

b240 1.5+0.9 1.5+0.9 1.7 +£0.9 1.7 +£0.9
SIgA concentration (ug/ml)

Placebo 29.3+11.2 29.7+16.8 31.8+17.1 28.0+16.6

b240 26.6+11.4 30.3+16.6 29.4 +23.1 27.6 £19.0
SIgA secretion rate (pg/5 min)*

Placebo 27.1£19.0 32.2+29.4 39.2+41.2 30.8+22.3

b240 35.1+21.3 42.2 +31.0 47.0+42.4 44.5 +32.0

Values are presented as means + SD. "Treatment x time interaction, p<0.05.

increase was greater in the placebo group. There was no signifi-
cant inter-group difference in the results of any physical fitness
test. Both groups showed no significant changes in the results of
any test.

Nutritional intake. Table 3 shows the results of the nutri-
tional survey before the start of intervention. There was no signif-
icant inter-group difference in any nutritional parameter analyzed.
In both groups, the amount of each nutrient ingested varied little
from the recommended level.("”

Saliva analysis. Table 4 shows the changes in saliva flow
rate, salivary SIgA concentrations and salivary SIgA secretion
rate. Significant difference was noted on saliva flow rate in both
groups (p<0.05). However, saliva flow rate in both groups did
not show significant change during study period. No significant
difference was revealed by analysis of salivary SIgA concentra-
tions in any of the 2 groups. Salivary SIgA concentrations in both
groups also did not change significantly during study period.
Changes in the amount of salivary SIgA secretion rates showed a
significant difference noted in both groups (p<0.05). On the other
hand, during the period from 0 week to 12 weeks, the amount of
salivary SIgA secreted was significantly greater in the b240 group

64

than in the placebo group (p<0.05).

Leukocyte subpopulations. Hematological data is pre-
sented in Table 5. In the analysis of changes in leukocyte count,
no significant difference between b240/placebo intake and
physical exercise was noted between the 2 groups, but the b240
group showed a significant reduction in leukocyte count at 12
weeks (p<0.05). In the placebo group, leukocyte count generally
decreased after 12 weeks although this change was not statistically
significant (p = 0.06). In analyzing changes in monocyte count,
significant difference was noted in both groups (»p<0.05). Mono-
cyte count decreased significantly after 12 weeks in the b240
group (p<0.05), while this value showed no significant change in
the placebo group. Neutrophil and lymphocyte counts did not sig-
nificantly change between the 2 groups.

Discussion

The present study was designed to evaluate the effects of lacto-
bacillus intake with physical exercise on salivary SIgA secretion
in low active elderly adults and fitness. The amount of salivary
SIgA secreted was greater in the b240 group than in the placebo
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Table 5. Hematological measurements for placebo and b240 groups before and after 12 weeks

Placebo b240
0 week 12 weeks 0 week 12 weeks
Leukocyte (cells/ul) 5,585 + 1,328 5,115 + 1,089 5,928 + 1,766 5,248 +1,313*
Neutrophil (cells/ul) 3,316 £ 1,219 2,957 £ 912 3,554 + 1,467 3,007 £ 1,072
Monocyte (cells/ul)* 288.5+92.6 272.0 £66.7 330.9 +138.2 270.9 + 81.8*
Lymphocyte (cells/pl) 1,777 + 550 1,696 + 548 1,867 + 688 1,807 + 658

Values are expressed as means + SD. *Values different from 0 week within group, p<0.05. 'Treatment x time

interaction, p<0.05.

group, suggesting that b240 intake during physical training may be
involved in reinforcing mucosal immune function.

This study was conducted in elderly adults with low physical
activity (walking 3,500 steps or less per day on average). The
average rating on each physical fitness test for elderly subjects
was lower than the average for the nationwide population aged
between 75 and 79 [The Japan Ministry of Education, Culture,
Sports, Science and Technology (http://www.mext.go.jp/)],
allowing the subjects of this study to be categorized as elderly
adults with low physical fitness.

Salivary SIgA serves as a major effector in mucosal immune
function, playing the role of preventing submucosal invasion of
pathogens.” The amount of salivary SIgA secreted differed
significantly between the b240 group and the placebo group, and
this parameter during study period was higher in the b240 group
than in the placebo group, indicating that b240 intake increases
salivary SIgA secretion. This result supports the findings from
previous studies that b240 intake increases salivary SIgA secretion
in young women') and healthy elderly subjects,? and that b240
elevates SIgA secretion in mouse Peyer’s patch cells ex vivo.©®
There has been no study examining the effects of lactobacillus
intake on salivary SIgA in response to exercise training in elderly
adults. Gleeson et al.®® suggested that in athletes, lactobacillus
intake may be related to better maintenance of salivary SIgA
secretion and reduction of RTI frequency during periods of
training and competition. Therefore, lactobacillus may substan-
tially upregulate salivary SIgA secretion under the effect of
exercise training. The effect of lactobacilli as well as the influence
of nutrient ingestion has been reported in relation to SIgA secre-
tion.@"?? The present study, however, incorporated a nutritional
survey immediately before the start of intervention and did not
analyze changes in nutrients ingested during intervention. We can
rule out biases in diet between the b240 group and the placebo
group because the elderly adults lived in the same facility and
ate the same diets. Furthermore, the nursing staff ensured that the
dietary styles were unchanged during the intervention period.
Thus, the influence of varying nutrients during the intervention
period was avoided. In future studies, changes in nutrient intake
during intervention can be monitored.

It has been shown that the influence of physical exercise on the
immune system is closely associated with the intensity, frequency,
and duration of exercise and that long-term continuation of
moderate exercise is necessary to reinforce the immune system.¥
In our previous study, salivary SIgA secretion increased markedly
following continuation of moderate composite training (durability
and resistance training) 5 times per week for 6 months, accompa-
nied by improvement in some physical fitness tests (sit-up test, sit-
and-reach test, and agility in 10-m obstacle walking). (© In the
present study, however, neither the b240 group nor the placebo
group showed significant changes in ratings for physical fitness
tests. This discrepancy between the previous and present studies
may be attributable to the following factors: (1) physical training
was performed for 12 weeks in the present study, i.e., for a period
shorter than that in the previous study; and (2) the intensity of
exercise was not equivalent to moderate exercise in the present
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study since the subjects were individuals with low physical fitness.
It therefore seems likely that the intensity and duration of exercise
in the present study were not high or long enough to stimulate
elevation in salivary SIgA levels. We reported that 8 months of
low-intensity endurance and resistance exercise training did not
change immune parameters, such as lymphocyte subpopulations,
in frail elderly nursing home residents.® It has been reported that
resistance training does not alter the immune system, while dura-
bility training appears more likely to affect the immune system.?
Walking with an intensity of 80% ventilatory threshold for 12
weeks elevated salivary SIgA secretion in elderly adults.?>
Further studies analyzing the style, intensity, frequency, and
duration of physical exercise on salivary SIgA secretion should
be conducted. Active walking during daily life was shown in our
previous study to elevate salivary SIgA secretion.(' In the present
study, the mean number of steps walked per day increased from
12 weeks in both groups.

The mechanism of immune system regulation by lactobacilli
involves many unresolved questions. In this connection, it has
been reported that lactobacillus DNA binds to the Toll-like
receptor 9 of phagocytes to activate signal transduction®®*? and
that the sugar chain structure in the lactobacillus cell wall plays the
role in its biological activity.?®39 It is known that IgA is produced
by plasma cells, which are mature IgA-producing B cells produced
in the salivary gland; IgA is secreted into the salivary gland duct
as SIgA and then binds to the polymeric immunoglobulin receptor
(pIgR) expressed on mucosal epithelial cells.®? IgA formation
and pIgR expression in epithelial cells are regulated by cytokines
secreted by Th cells.®? Some investigators reported that the
capability to produce antibodies by blood B cells decreased with
age®? and that pIgR expression in mouse small intestine decreased
with age.®¥ Antigen presenting cells, activated by lactobacillus,
may activate Th cells and stimulate antibody-producing cells
mediated by cytokines such as IL-6. Furthermore pIgR expression
activated by lactobacillus, potentially contribute to enhance SIgA
secretion. This hypothesis requires further investigation. The
responses of these systems to physical exercise appears to affect
SIgA secretion on the basis of previous reports that excessive
exercise reduced salivary SIgA secretion and pIgR mRNA expres-
sion in rats® or reduced Th cells in the mouse submandibular
gland.®® The relationship between lactobacillus intake with
moderate physical exercise and the processes of SIgA secretion
has not been studied. If these relationships are demonstrated
clearly, it would contribute to institute conditioning program for
elderly adults.

The study suggested that salivary SIgA level, an indicator of
mucosal immune function, is elevated in the individuals who
ingest lactobacillus in addition to physical exercise on the immune
systems of elderly adults with low physical fitness. The enhanced
mucosal immune function observed in the b240 group may be
primarily attributable to lactobacillus intake since the b240 group
showed no change in physical fitness test ratings and that the
magnitude of daily physical activity increase was greater in the
placebo group.
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