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Abstract

To evaluate the efficacy of orally administered heat-killed Lactobacillus johnsonii No. 1088 (HK-LJ88) on gastroesophageal
reflux disease (GERD)-related symptoms and its safety aspects, we conducted a single-blind clinical study comprising 2 dose
groups (about 10° and 10" cells/day). Thirty healthy volunteers including subjects feeling slight stomach uneasiness (22 males
and 8 females), aged 24-67, not receiving medical treatment for gastric diseases and not taking drugs for gastrointestinal care,
were randomly allocated 1:1 to low- or high-dose group, and instructed to ingest HK-LJ88 for 6 weeks. GERD-related symptoms
were evaluated by use of the “frequency scale for the symptoms of GERD” (FSSG) and found to be significantly improved after
6 weeks in both groups. Although no significant decrease in serum gastrin concentration was observed in either group as a whole,
the gastrin concentration of 7 subjects who had answered that his/her stomach condition had been improved without worsening,
significantly decreased after 6 weeks. Regarding safety aspects, blood biochemical, blood cellular, and urinary tests did not show
any worsening signs. Fourteen subjects experienced mild and temporal unwellness, but recovered soon. One subject in the
low-dose group felt discomfort in the stomach and esophagus and voluntarily discontinued the study. This subject, however,
declared afterward the tendency to feel uneasy after ingesting fermented dairy foods, which uneasiness might have reflected food
allergy to lactic acid bacteria. Taken together these results suggest that ingestion of HK-LJ88 was effective to improve
GERD-related symptoms of healthy volunteers, and was well tolerated up to 10'° cells/day.
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strongly inhibits gastric acid production
1. Introduction (potassium-competitive acid blocker; P-CAB) has recently
been proposed [2, 3]. Although the efficacy of these
therapeutic drugs has been widely recognized, some adverse
events including hypergastrinemia are of concern in the case
of their long-term usage [4-6]. So other milder ways to cope
with GERD without the risk of hypergastrinemia are
warranted, especially when the disease state is not so severe.

Gastroesophageal reflux disease (GERD) is a chronic disease
caused by the flowing of gastric acid backward into the
esophagus, and brings about a variety of symptoms including
heartburn, taste of acid in the mouth, bad breath, chest pain,
etc. Worsening of GERD results in complications including
esophagitis, esophageal strictures, and Barrett's esophagus [1].
Proton pump inhibitors (PPIs) have been recommended as the Lactobacillus johnsonii No. 1088 (LJ88) is a novel lactic acid
first choice for therapy [1]’ and an another type of drug that bacterium found in the gastric juice of healthy Japanese. LJ88
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has very strong resistance to acidity, inhibits growth of various
virulent bacteria under mixed culture conditions in vitro, and
suppresses the growth of Helicobacter pylori in the stomach
of human microbiota-associated mice [7]. Moreover, oral
administration of LJ88, not only as the live form but also as
the heat-killed one, inhibits the PPI-induced increase in the
number of gastrin-positive cells in the mouse stomach [7, §].
Also, oral administration of heat-killed LJ88 (HK-LJ88) to
germ-free mice decreases their serum concentration of gastrin,
which is a hormone that stimulates the secretion of gastric acid
[7, 8].

To examine the effect of HK-LJ88 on GERD-related
symptoms and other health conditions in healthy Japanese
volunteers including subjects feeling slight stomach
uneasiness, we conducted a pilot clinical study involving oral
administration of HK-LJ88 for 6 weeks. To quantitatively
evaluate GERD-related symptoms, we employed a “frequency
scale for the symptoms of GERD” (FSSG) scoring system,
which was earlier proposed by Kusano et al. [9, 10] and has
been widely used mainly in Japan as a rapid and convenient
tool for the diagnosis of GERD [11]. The serum gastrin
concentration was also determined to evaluate the degree of
contribution of gastrin to the possible improvement of
GERD-related symptoms effected by HK-LJ88. Blood
biochemical, blood cellular, and urinary tests were also done
to determine the safety aspects of orally administered
HK-LJ8S.

2. Materials and Methods
2.1. Study Design and Subjects

This was a 6-week, randomized, single-blind, parallel-group
(low- and high-dose groups) study conducted between May
and September 2016. This clinical study was done in

compliance with the Declaration of Helsinki and the Ethical
Guidelines for Medical and Health Research Involving
Human Subjects (2014; Ministry of Education, Culture,
Sports, Science and Technology, Japan; Ministry of Health,
Labour and Welfare, Japan), and was approved by the
institutional review board of Snowden Co., Ltd. Since this was
a pilot clinical study conducted for the first time preliminarily
to know whether HK-LJ88 was effective and safe for humans,
we had not registered the study in a public database prior to
the start of the study according to the exemption statement
included in Part 9 of the Ethical Guidelines for Medical and
Health Research Involving Human Subjects. All subjects
provided written informed consent prior to participating in the
study.

A total of 30 healthy Japanese peoples, who were employees
of Snowden Co., Ltd., were recruited for this study. The
eligibility criteria were (1) 20 - 70 years of age; (2) male or
female; (3) not receiving medical treatment for gastric
diseases; (4) not taking drugs for gastrointestinal care; (5)
FSSG total score < 20; (6) agreement to participate in the
study and afford written informed consent; (7) not pregnant,
not breast-feeding, or not possibly pregnant in the very near
future; (8) not routinely using drugs possibly affecting the
result of the study, e.g., acid reducers including H,-blockers,
PPIs, P-CABs, etc.; (9) not participating in other clinical
studies; and (10) not inappropriate as subjects by the decision
of the study director. Regarding the eligibility criterion “5,”
Kusano et al. originally proposed that an FSSG total score of >
8 might be used as a cut-off value for probable GERD. But in
this present study, since all subjects should have had no
mediations or medical treatment with respect to the stomach,
we considered them as healthy subjects but feeling slight
stomach uneasiness.

Subjects satisfying
inclusion criteria (n = 30)

v

I Randomized (n = 30) I

|AIIocation| | Low-dose group (n = 15) |

| High-dose group (n = 15) |

A 4
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A 4
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Figure 1. Flow diagram of the study.
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The randomization was performed in secret to any subject
based on random numbers generated by a computer, and the
subjects were allocated 1:1 to a low- or high-dose group. After
randomization, both groups started to ingest test samples
containing about 10° and 10" cells of HK-LJ88, respectively.
One out of 15 subjects in the low-dose group voluntarily
discontinued the study because of feeling discomfort in the
stomach and esophagus. Finally, 29 subjects (14 and 15 for
low- and high-dose groups, respectively) completed the study
and were used for data analysis (Figure 1).

2.2. Materials

We used sachets each containing about 5 x 10% and 5 x 10’
cells of HK-LJ88 to attain 10° and 10" cells/day for low- and
high-dose groups, respectively, by ingestion of 2 sachets/day.
LJ88 was cultured in a stirred tank fermenter, washed with
water, autoclaved, lyophilized with excipients, and finally
triturated and diluted to afford HK-LJ88 raw material powder
guaranteeing a cell number > 10" cells/g (determined to be
1.36 x 10'%/g). The low-dose sachet contained 50 mg of
HL-LJ88 raw material powder, 450 mg of diluent (potato
starch: reduced malt sugar syrup = 8:2), 338 mg of lactose,
350 mg of B-cyclodextrin, and 12 mg of silicon dioxide
powder; and the high-dose one, 500 mg of HL-LJ88 raw
material powder, 338 mg of lactose, 350 mg of B-cyclodextrin,
and 12 mg of silicon dioxide powder.

2.3. Measurements

To quantitatively evaluate GERD-related symptoms, we
employed the FSSG scoring system proposed by Kusano et al.
[9, 10]. This system consists of 12 questions on a 5-point scale
(never, occasionally, sometimes, often, and always), and
scores of 0 to 4 were assigned to each of them. Since 7 [Do
you get heartburn?; Do you sometimes subconsciously rub
your chest with your hand?; Do you get heartburn after meals?;
Do you have an unusual (e.g., burning) sensation in your
throat?; Do some things get stuck when you swallow?; Do you
get bitter liquid (acid) coming up into your throat?; Do you get
heartburn if you bend over?] and 5 [Does your stomach get
bloated?; Does your stomach ever feel heavy after meals?; Do
you ever feel sick after meals?; Do you feel full while eating
meals?; Do you burp a lot?] questions are related to acid reflux
and acid-related dyspeptic symptoms, respectively [10], we
also used these subscores in addition to total score to evaluate
the effect of HK-LJ88. FSSG scoring was done before and 3
and 6 weeks after the onset of HK-LJ88 administration.

In addition to the FSSG scoring system, 3 fundamental
questions concerning the stomach condition were asked
before the onset of HL-LJ88 ingestion and 1 day, 3 weeks, and
6 weeks after it: “stomach condition (good, normal, not bad,

bad)”; “heartburn (not suffered, occasionally, frequently, at all
times)”; and “change in stomach condition after ingestion of
HK-LJ88 [Yes (improved, worsened), No]”, which was not
asked before HK-LJ88 ingestion.

Since previously reported animal experiments suggested that
oral administration of HK-LJ88 decreases the serum gastrin
concentration in germ-free mice [7], we determined the
fasting serum gastrin concentration before and 6 weeks after
the onset of HK-LJ88 ingestion to know the extent of the
contribution of gastrin to the possible improvement of the
subjects’ stomach condition.

To examine the safety aspects of HK-LJ88 ingestion, we also
performed blood biochemical, blood cellular, and urinary tests
before and 6 weeks after the onset of HK-LJ88 ingestion under
the fasting condition. As blood biochemical tests, total protein,
albumin, total bilirubin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), y-glutamyltransferase
(y-GTP), amylase, total cholesterol, high-density lipoprotein
(HDL) cholesterol, low-density lipoprotein (LDL) cholesterol,
triglyceride, urea nitrogen, creatinine, uric acid, sodium (Na),
chloride (Cl), potassium (K), glucose, and C-reactive protein
(CRP) levels were determined. As blood cellular tests, white
blood cell count, red blood cell count, hemoglobin content,
hematocrit, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), platelet count, and
leukocyte counts (neutrophil, eosinophil, basophil, monocyte,
and lymphocyte) were determined. For the urinary tests,
urobilinogen, urine protein, pH, uric blood, ketone body,
bilirubin, and glucose were determined. Furthermore, subjects
were advised to keep a diary about their health condition every
day throughout the study period.

2.4. Statistical Analysis

Significance of difference between groups was determined by
performing the Mann Whitney U test. Significance of a
change from baseline values was determined by use of the
Wilcoxon signed-rank test with the Bonferroni correction.
Chi-squared test was used for analyzing the rate of occurrence
data. Statistical analyses were performed by using R statistical
software [12] (Mann Whitney U test and Wilcoxon
signed-rank test) or Microsoft Excel (Chi-squared test).

3. Results

3.1. Baseline Characteristics of the Subjects

Table 1 summarizes the baseline characteristics of the subjects
who participated in this study. Each group consisted of 15
subjects, where the ratios of sex and age were not significantly
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different from each other (p = 0.409 and 0.814, respectively).
Answers to the questions about the stomach (i.e., stomach
condition, heartburn, and H. pylori infection) were also not
significantly different from each other (p = 0.298, 0.713, and

0.055, respectively). Regarding H. pylori infection, totally 67%
of the subjects answered as “not tested”, and so we did not
take the states of infection by H. pylori into account for the
bases of data analyses in this study.

Table 1. Baseline characteristics at screening.

Low-dose group High-dose group p-value (method)
Number enrolled 15 15
female 3 > 0.409 (Chi-squared test)
male 12 10
Age (years) 479+ 11.1 472+125 0.814 (Mann Whitney U test)
(range) (24 - 67) (24 - 65)
Stomach condition
good 5 2
normal 8 12 0.298 (Chi-squared test)
not bad 2 1
bad 0 0
Heartburn
not suffered s i 0.713 (Chi-squared test)
occasionally 7 6
frequently 0 0
at all times 0 0
H. pylori infection
not tested 8 12
::;;;icefd : (1) 0.055 (Chi-squared test)
infected 0 2

3.2. Effect of HK-L188 on GERD-Related
Symptoms

Table 2 summarizes the answers to the 3 fundamental
questions before and 1 day, 3 weeks, and 6 weeks after the
onset of HK-LJ88 ingestion. No significant changes were
observed in the answers to the question about the “stomach
condition” itself. However, the answers to the question about
“heartburn” significantly changed in the low-dose group (p =
0.00017), i.e., a decrease in “occasionally” (from 7 to 2) and
an increase in “not suffered” (from 7 to 12). In the high-dose

group, though no significant changes were observed, the
number answered “occasionally” decreased from 6 to 3
compensating “not suffered”. Regarding the answers to the
question about “change in stomach condition after ingestion”,
5 and 3 subjects of low- and high-dose groups, respectively,
answered “improved” after 6 weeks. Since 1 of them
(high-dose group) answered “worsened” after 3 weeks, totally
7 subjects (5 and 2 of low- and high-dose groups, respectively)
answered that his/her stomach condition had been improved
without worsening.

Table 2. Questionnaire.

Low-dose group

Test items p-value"
Before 1 day 3 weeks 6 weeks
4 3 2 5
good 0.248
. normal 8 10 12 9
Stomach condition
not bad 0 0 0 0
bad 0 0 0 0
t suffe 10 13 12
no su. ered 7 0.00017
occasionally 7 4 1 2
Heartburn
frequently 0 0 0 0
at all times 0 0 0 0
Yes 1 6 5
i d 1 5 5
Change in stomach condition vs. before ELI:;I;::ZZ d; EO; 21; EO;
No 13 8 9
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Table 2. Continued.

High-dose group

Test items p-value”
Before 1 day 3 weeks 6 weeks
2 1 1 3
e 0.590
St h conditi normal 12 13 14 12
mach condition
© onditio not bad 0 0 0 0
bad 0 0 0 0
not su.ffered 9 11 1 12 0.193
occasionally 6 4 4 3
Heartburn
frequently 0 0 0 0
at all times 0 0 0 0
Yes 0 2 3
i d 0 1 3
Change in stomach condition vs. before (improved) o < )
(worsened) 0) 1) (0)
No 15 13 12

1) Chi-squared test (p-values < 0.05 are in bold type).

Figure 2 shows the changes in the FSSG total score (Figure
2A), FSSG subscores concerning acid reflux (Figure 2B), and
acid-related dyspeptic symptoms (Figure 2C). As shown in
these figures, in both groups the FSSG total score and the
subscore concerning dyspeptic symptoms significantly
decreased after 6 weeks (indicated as 6W) compared with the
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scores before ingestion (indicated as OW). Table 3 summarizes
the results with all p-values among the time points, indicating
that no significant differences were observed between groups
at other time points. Moreover, no significant differences in
changes in scores were observed between groups.

B

Acid reflux-related symptoms

- 7 .

£

[]

a 6} i

£

> 5| i

g _

R 1

®

T 2 i

s

o 1 /

(7]

(72

[T'S 0 1 1 1
ow 3w 6w O0W 3W 6W

Low-dose High-dose

Figure 2. Effects of oral administration of heat-killed LJ88 on FSSG scores. (A) FSSG total scores, (B) FSSG subscores concerning acid reflux-related
symptoms, and (C) FSSG subscores concerning acid-related dyspeptic symptoms. Each bar represents mean with S.D.
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Table 3. Frequency scale for the symptoms of GERD (FSSG).

Effect of Heat-Killed Lactobacillus johnsonii No. 1088 on Gastroesophageal Reflux

Condition Before” 3 weeks” E;szl‘;f, Vs 6 weeks" E;szl‘;f, Vs SV-:;:;IZ? vs.3
Low-dose group

Total points 6.79 £5.35 436+4.52 0.101 3.00 £ 2.80 0.010 0.234

Acid reflux related symptom 329+3.17 1.79 £ 2.04 0.100 1.29+1.54 0.088 0.938

Dyspeptic (Dysmotility) symptom 3.50+2.74 2.57+3.18 0.199 1.71+1.94 0.006 0.633
High-dose group

Total points 6.00 +5.84 4.60 +5.90 0.182 3.13+£4.58 0.016 0.398

Acid reflux related symptom 3.00 +3.44 2.00 + 3.66 0.223 1.60 +3.29 0.141 1

Dyspeptic (Dysmotility) symptom 3.00 +£2.75 2.60+2.72 0.803 1.93+2.19 0.008 0.234

1) mean £+ S.D.

2) Wilcoxon signed-rank test with Bonferroni correction (p-values < 0.05 are in bold type).

3.3. Effect of HK-LJ88 on Serum Gastrin
Concentration

Figure 3 shows the serum gastrin concentrations before
(indicated as OW) and 6 weeks (indicated as 6W) after the onset
of HK-LJ88 ingestion. When data from all subjects who
completed the study (n = 14 and 15 for low- and high-dose
groups, respectively) were analyzed, no significant changes in
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serum gastrin concentrations were observed in either group
(Figure 3A). However, in the 7 subjects who answered that
his/her stomach condition had been improved without worsening
(see the 1st paragraph of the previous section and Table 1), their
serum gastrin concentration significantly decreased after 6 weeks
compared with that before ingestion (Figure 3B; p = 0.0469). No
significant differences in changes in serum gastrin concentration
were observed between groups as were FSSG scores.
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Figure 3. Effects of oral administration of heat-killed LJ88 on serum gastrin concentration. (A) Data obtained from all subjects completed the study (n = 14 and
15 for low- and high-dose groups, respectively). (B) Data obtained from 7 subjects (5 and 2 from low- and high-dose groups, respectively) who answered that
his/her stomach condition had been improved without worsening. Each bar represents mean with S.D.

3.4. Evaluation of Safety Aspects of Oral
Administration of HK-L188

Tables 4, 5, and 6 summarize the results of blood biochemical,
blood cellular, and urinary tests, respectively, determined
before and 6 weeks after the onset of HK-LJ88 ingestion.
Among them, blood triglyceride, potassium, glucose, MCHC,
platelets, and monocytes (%) were significantly changed after
6 weeks compared with their values before ingestion in the
low-dose group. In the high-dose group, only blood glucose
was significantly decreased after 6 weeks compared with the
value before ingestion. Although these changes were
statistically significant, the extents of changes other than in
triglycerides was very small (0.60-11%) and within normal
ranges. On the other hand, the blood triglyceride level of the

low-dose group before ingestion of HK-LJ88 was higher than
that of high-dose group (204 + 163 vs. 84 = 40; p =0.00133),
and the change was not small (about 28%). Moreover, the
extents of changes in triglyceride levels were significantly
different between groups (-58.6 £ 119.8 vs. 8.3 £ 29.1; p =
0.0359). However, since such a decrease in triglyceride level
is not a sign of worsening of health condition, this could not be
thought as an adverse effect of HK-LJ88. Fourteen subjects
experienced mild and temporal unwellness (e.g., stomachache,
heartburn, loose stool, headache, and/or
common cold), but all recovered soon (within several days)
and completed the study without further problems. One
subject in the low-dose group, who declared afterward the
tendency to feel uneasiness by ingestion of fermented dairy

constipation,
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foods, felt discomfort in the stomach and esophagus and
voluntarily discontinued the study. This might be the
exceptional case of a kind of suspicious food allergy to lactic

182

acid bacteria, because ingestion of a test sample prepared
without HK-LJ88 did not cause such a discomfort, but a health

food containing other lactic acid bacteria did.

Table 4. Blood biochemical test.

Test items

Low-dose group

High-dose group

Before” 6 weeks" p-value? Before" 6 weeks" p-value?
Total protein (g/dL) 7.54 £ 0.43 7.41 £ 0.50 0.188 7.41 £0.49 7.32+£0.38 0.224
Albumin (g/dL) 4.65+0.27 4.18+1.21 0.148 4.64+0.28 424+1.17 0.100
Total bilirubin (mg/dL) 0.486 +0.211 0.550 £ 0.134 0.383 0.660 + 0.280 0.633 £0.229 0.965
AST (GOT) (U/L) 25.1+6.35 24.1+7.29 0.921 21.4+£2.77 22.3+3.06 0.644
ALT (GPT) (U/L) 21.2+83 22.1+8.1 0.401 20.0+7.6 20.8+7.0 0.605
v-GT (y-GTP) (U/L) 44.5+32.6 49.6 £41.0 0.084 423 +£38.7 35.7+183 0.798
Amylase (U/L) 89.1+£45.6 78.6+£29.3 0.245 71.1+£14.4 69.3+£13.8 0.367
Total cholesterol (mg/dL) 222427 213+28 0.114 199 +34 199 +£29 0.940
HDL cholesterol (mg/dL) 67.6+17.3 70.8 +19.0 0.056 64.7+14.5 67.5+182 0.363
LDL cholesterol (mg/dL) 121 +£23 121 £26 0.843 118 £35 115+33 0.246
Triglyceride (mg/dL) 204 + 163 145 +79 0.049 84 +40 92 +42 0.413
Urea nitrogen (mg/dL) 13.1+£5.5 11.6+2.5 0.436 13.9+2.8 13.1+3.6 0.252
Creatinine (mg/dL) 0.819+0.110 0.814+0.116 0.639 0.828 £0.174 0.802 +0.161 0.100
Uric acid (mg/dL) 573 +1.49 5.92+1.45 0.385 5.73 £ 1.41 551+1.15 0.335
Na (mEg/L) 142 +£2 142 £1 0.844 142 £2 142 £1 0.372
Cl (mEq/L) 104 +3 104+3 0.803 104+2 103 +2 0.100
K (mEqg/L) 3.99 +0.37 421+022 0.015 3.89+0.16 4.03+0.26 0.095
Glucose (mg/dL) 93.8 9.4 90.2£9.5 0.035 99.3+£14.7 95.9+15.0 0.005
CRP (mg/dL) 0.106 +0.158 0.147 £ 0.248 0.719 0.088 + 0.092 0.117 £0.153 0.547
1) mean = S.D.
2) Wilcoxon signed-rank test (p-values < 0.05 are in bold type).
Table 5. Blood Cellular test.
. Low-dose group High-dose group
Testitems Before” 6 weeks -value” ___ Before” 6 weeks ~value”
efore wee p-value efore wee p-value
White blood cells (count/uL) 6543 + 1823 6357 £ 1993 0.685 5153 £ 1121 5100 + 1427 0.589
Red blood cells (count/uL) 467 + 38 463 +48 0.404 453 +54 452+49 0.608
Hemoglobin content (g/dL) 146+14 145+15 0.635 143+14 143+1.3 0.721
Hematocrit (%) 43.9+3.7 434+4.1 0.287 43.0+3.7 429+33 0.772
MCV (fL) 94.1+5.1 93.9+4.8 0.436 952+5.0 95.4+5.1 0.473
MCH (pg) 31.3+2.1 314+1.7 0.640 31.6+1.7 31.7+1.8 0.600
MCHC (%) 332+0.7 33.4+£0.7 0.046 332+0.8 333+0.8 0.864
Platelet (counts/uL) 254+75 27.7+72 0.047 25.0+7.2 242 +5.7 0.599
Neutrophil (%) 57.8+9.1 56.0+11.1 0.502 59.5+5.8 57.5+7.6 0.463
Eosinophil (%) 3.30+1.95 3.24+£227 0.626 2.15+1.38 2.13 +£1.56 0.719
Basophil (%) 0.664 + 0.303 0.614 + 0.335 0.422 0.553 +0.350 0.693 +0.570 0.180
Monocyte (%) 5.00+£0.75 5.55+1.14 0.040 5.59+1.15 5.88+1.32 0.367
Lymphocyte (%) 332492 34.6+11.0 0.326 322463 33.8 7.6 0.463
1) mean = S.D.
2) Wilcoxon signed-rank test (p-values < 0.05 are in bold type).
Table 6. Urinary test.
. Low-dose group® High-dose grou
Testitems Before" e 6 weeks" p-value? Be%ore” e 6 weeks" p-value?
Urobilinogen 0.100 + 0.000 0.100 + 0.000 1 0.100 + 0.000 0.100 + 0.000 1
Protein 8) ;1 }2 0.442 ;3 (1)5 0.129
pH 6.269 £ 0.60 6.154 +0.32 0.563 5.90 +0.54 6.10+0.21 0.273
) 8 8 9 7
@) 1 3 3 4
Uric blood +) 2 0 0.092 0 0 0.260
++) 1 0 2 1
(+++) 1 2 1 3
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. Low-dose group® High-dose group
Testitems Before” 6 weeks" p-value? Before" 6 weeks" p-value?
© 13 13 1 14 15

Ketone body @ 0 0 1 0 0.301
Bilirubin ) 13 13 1 15 15 1
Glucose (-) 13 13 1 15 15 1

1) mean + S.D (Urobilinogen and pH), counts (Others)
2) Wilcoxon signed-rank test (Urobilinogen and pH), Chi-squared test (Others)

3) Data from one female subject of low-dose group are omitted from the table, as she could not take the urinary test at 6 weeks because of menstruation.

4. Discussion

This was the first pilot clinical study to evaluate the efficacy
toward GERD-related stomach symptoms and safety of daily
ingestion of HK-LJ88. When HK-LJ88 was orally
administered for 6 weeks to healthy Japanese volunteers
including subjects feeling slight stomach uneasiness, FSSG
scores (both total score and acid-related dyspeptic one) were
significantly improved in both low- and high-dose groups
(administered about 109 and 1010 cells/day, respectively).
The stratified analysis of serum gastrin concentration in 7
subjects whose stomach conditions had been improved
without worsening showed that their serum gastrin
concentration significantly decreased after ingestion of
HK-LJ88 for 6 weeks. Furthermore, no serious adverse events
were observed related to ingestion of HK-LJ88, though one
subjects suffered from a probable food allergy reaction to
lactic acid bacteria. Therefore, HL-LJ88 can be considered to
be effective to improve the stomach condition related to
GERD at the doses > about 10° cells/day, and well tolerated up
to 10" cells/day.

Some lactic acid bacteria and bifidobacteria have been
reported to have beneficial effects on the stomach. One of the
well reported effects of lactic acid bacteria on the stomach is
their anti-H. pylori activity, exemplified by Lactobacillus
gasseri OLL2716, Lactobacillus johnsonii Lal, and our LJ88
[7, 8, 13-18]. Among them L. gasseri OLL2716 has been
reported to improve dyspeptic symptoms in H. pylori-infected
patients when administered as the living form supplement in
yogurt [19], and to prevent chronic gastric ulcer in rats by
living forms of the bacteria but not by y-ray radiated dead ones
[20]. Bifidobacterium bifidum BF-1 (or B. bifidum YIT10347)
also has been reported to improve experimental gastric injury
in rats [21, 22], to suppress inflammatory cytokine (IL-8)
production from stomach epithelial cell lines induced by H.
pylori [23], and to alleviate gastric symptoms in human
subjects taking no medication [24]. However, these studies
were all performed with live bacteria, in contrast to the present
study in which we observed that the dead form of a lactic acid
bacterium, HK-LJ88, improved the stomach condition in
humans. To our knowledge, this is the first report of such an
effect of dead bacteria.

Animal studies have shown that LI88 decreases the number of
gastrin-positive cells in the stomach to bring about a reduction
in the serum gastrin concentration [7]. Since gastrin is a
hormone that stimulates gastric acid production from the
stomach, this decrease in the serum concentration of gastrin is
thought to be responsible for the reduced gastric acid
production [7]. Such an effect of LJ88 is not exclusive to its
living form, but also exerted by the heat-killed one [7, 8]. In the
present study we measured the fasting serum gastrin
concentration before and 6 weeks after the onset of HK-LJ88
ingestion, and we found no significant decrease in it in either
group as a whole, whereas the FSSG sores were significantly
improved by ingesting HK-LJ88 in both groups. However, the
gastrin concentration of the 7 subjects who had answered that
his/her stomach condition had been improved without
worsening, significantly decreased after 6 weeks. These results
suggest that although the gastrin-reducing effect of HK-LJ88
might contribute to improve stomach condition of healthy
subjects in part, other mechanisms are also possibly responsible
for the clinical effect of HK-LJ88. One possible mechanism
might be its probable anti-inflammatory activity as reported to
manifest in B. bifidum BF-1 [23]. Full understanding of the
mechanisms by which HK-LJ88 improves the stomach
condition should be elucidated in the future.

of HK-LJ88, 14 subjects
experienced mild and temporal unwellness, but recovered
soon. Blood biochemical, blood cellular, and urinary tests did
not show any sign of worsening of the health condition related
to HK-LJ88 ingestion in either low- or high-dose group. But
one subject in the low-dose group, who declared afterward the
tendency to feel uneasiness by ingestion of fermented dairy
foods, felt discomfort in the stomach and esophagus and
voluntarily discontinued the study. Since this subject is
suspected to have a kind of allergy to lactic acid bacteria, it
should be kept in mind that there might exist such people who
do not tolerate lactic acid bacteria including LJ88. However,
taken together our data indicate that orally administered
KH-LJ88 is well tolerated and safe up to 10'° cells/day.

Regarding safety aspects

There exist some limitations in this study. For example, we
allowed the inclusion of subjects having FSSG total scores of
<20, which actually ranged from 0 to 20. But since Kusano et
al. proposed that FSSG total scores of > 8 should be thought as
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probable GERD [9], subjects having baseline FSSG total
scores of > 8 might have been omitted to ensure strictly
healthy subjects. The number of such subjects was 9 in this
study. On the other hand, we also included subjects having
very low FSSG total scores, who should be thought of as
people not suffering from any stomach uneasiness related to
GERD. For example, the number of subjects having FSSG
total scores of <2 was 9 in this study. In a future clinical study,
these subjects with very low FSSG total scores should be
excluded as well. Regarding the serum gastrin concentration,
2 subjects in the high-dose group had extremely high gastrin
concentrations (230 and 730 pg/mL, respectively). Although
they had not received any medical treatment for gastric
diseases, and had not taken drugs for gastrointestinal care,
such subjects should have been excluded from the study.
Furthermore, to know the ability of HK-LJ88 to reduce the
serum gastrin level, a lower limit for its level should have been
set as inclusion criteria, e.g., > 80 pg/mL. Based on the above
considerations, both lower and upper limits for both FSSG
total score and serum gastrin concentration should be taken
into consideration in the future detailed clinical studies.
Moreover, randomized, double-blind, placebo-controlled
studies should be done by recruiting a larger number of
subjects to further confirm the effectiveness of HK-LJ88 to
improve the stomach health condition.

5. Conclusion

To evaluate the efficacy of orally administered heat-killed
HK-LJ88 on GERD-related symptoms and its safety aspects,
we conducted a single-blind clinical study comprising 2 dose
groups (about 10° and 10" cells/day). GERD-related
symptoms were evaluated by use of the FSSG and found to be
significantly improved after 6 weeks in both groups. Although
no significant decrease in serum gastrin concentration was
observed as a whole, the gastrin concentration of 7 subjects
who had answered that his/her stomach condition had been
improved without worsening, significantly decreased after 6
weeks. Regarding safety aspects, blood biochemical, blood
cellular, and urinary tests did not show any worsening signs.
Some subjects experienced mild and temporal unwellness, but
recovered soon. One subject in the low-dose group felt
discomfort in the stomach and esophagus and voluntarily
discontinued the study, whereas this uneasiness might have
reflected food allergy to lactic acid bacteria. Taken together
these results suggest that ingestion of HK-LJ88 was effective
to improve GERD-related symptoms of healthy volunteers,
and was well tolerated up to 10" cells/day.
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