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Effect of Partially Hydrolyzed Guar Gum
on Postprandial Hyperglycemia

—A Randomized Double-blind, Placebo-controlled
Crossover-study—

|
Makoto Tokunagal) Zenta Yasukawa!
Makoto Ozeki!! Tiro Saito?
ABSTRACT

Objectives The aim of this study was to evaluate the efficacy of partially hydrolyzed guar gum
(PHGG) ~containing supplement on the postprandial increase in blood glucose level in subjects
with moderate postprandial hyperglycemia,

Methods Volunteers (70 subjects) with their fasting blood glucose levels of 71-118 mg/dL and
postprandial blood glucose levels of 141-194 mg/dL were enrolled in a randomized, double-
blind, placebo-controlled, crossover-study. Subjects ingested high-carbohydrate meal (1156 ¢
carbohydrate) together with either test supplement containing 4 g PHGG as 3 g dietary fiber or
placebo supplement. Blood glucose and insulin levels were determined before and 30, 60, 90 and
120 minutes after the meal ingestion.

Results  The intake of PHGG supplement resulted in a significant decrease in postprandial blood
glucose level compared to the level in placebo gronp. The area under the curve (AUC) for blood
glucose level was 277.8+5.3 mg-h/dL. (mean®=SE) for PHGG group and 285.3£6.0 mg*h/dL
for placebo group (P=0.043) . Furthermore C, for blood glucose level was 168.11£3.0 mg/dL
(mean=SE) for PHGG group and 174.1 3.3 mg/dL for placebo group (P=0.004).
Conclusions The ingestion of PHGG supplement alleviates postprandial hyperglycemia.

(Jpn Pharmacol Ther 2016 ; 44 : 85-91)

KEY WORDS  Partially hydrolyzed goar gum, Postprandial hypefglycexnia, Insulin
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INTRODUCTION

Recently, the number of diabetic patients has been
increasing in Japan as a result of lifestyle changes, such
as westernized diets and lack of exercise, which accom-
panies an increase in obesity. In fact, 16.2% of males
and 9.2% of females are strongly suspected to be dia-
betic, and the possibility of diabetes cannot be ruled out
in the additional 10% in both male and female."
Diabetes is one of the lifestyle diseases and it may
trigger complications such as retinopathy, ischemic dis-

ease, and hyperlipidemia. These diseases significantly
decrease patients’ QOL, which leads to an increase in
national health care costs.

For this reason, food materials that have a suppres-
sive effect on postprandial blood glucose levels have
been studied to prevent the onset of diabetes. To date, the
followings food materials have been reported to have
suppressive effects on postprandial blood glucose levels:
guava leaf polyphenol, indigestible dexirin, fermented
black bean extract, and guar gum.z'S)

Guar gum is a polymer obtained from the endo-

DTaiyo Kagaku Co, Ltd.  “Medical Station Clinic
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sperm of guar beans grown in India and Pakistan
regions.é) The dietary fibers in guar gum cannot be
digested by human digestive enzymes, and therefore can-
not be consumed in large quantities. The physical proper-

ties of guar gum, such as low solubility and high viscos-

ity, have been an obstacle for food application. Thus, we
developed partially hydrolyzed guar gum (PHGG) by
partly hydrolyzing guar gum enzymatically. This heiped
alleviate some of the weaknesses associated with guar
gum to food application. In this study, we examined the
suppressive effects of PHGG ingestion on an increase in
postprandial blood glucose levels in both male and
female. This was a randomized double-blind, placebo-
controlled cross-over study. The subjects recruited
showed a tendency of baving an increased level of post-
prandial blood glucose.

SUBJECTS AND METHODS

1 Subjects

Subjects were recruited on November 2014. Subjects
were healthy volunteers, 20-64 (44.7+1.4) years old male
and female, who were paid for participation. They
received explanatory documents and consent forms
approved by the ethics committee. In accordance with
Helsinki Declaration, the purpose of the study, advantage
and disadvantage of participating in the study, and com-
pensation were fully explained to participants. They vol-
untarily provided written consent prior to their prelimi-
nary checkup.

The candidates were requested to record life docu-
ments 3 days prior to the preliminary checkup. Lifestyle
survey, physical condition check, measurements, fasting
clinical test (blood/uxine), placebo food ingestion, and
meal tolerance tests were conducted. Among the candi-
dates with fasting blood glucose level of below 126 mg/dL,
140 mg/dL or above, and below 200 mg/dl. 30 minutes
after meal ingestion, 70 subjects {32-male, 38-female)
were selected by the principle investigator. Based on an
exclusion criteria implemented prior to the test, the fol-
lowing subjects were excluded from the test: those who
participated in other clinical tests within 1 month of
obtaining consent or scheduled to participate in other
clinical test after obtaining the consent; pregnant woman
or lactating woman (including those who are expecting a
child); those who regularly ingest food or pharmaceuati-
cal products that are rich in related dietary fiber; those
who use pharmaceutical products or desipnated health
foods that may influence glycolysis; those who currently
have serious diseases such as diabetes, liver disease, kid-
ney disease, heart disease, of with a history of such dis-
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eases; those who are cutrently under treatment of with a
medical history of serious disease which requires medi-
cation; those who may have an allergic reaction against
the test supplement; those who were determined to be
unfit for the test based on clinical test, physical examina-
tion, and survey results; those who were determined to be
unfit for the test by the principle investigator.

During the test period, subjects were Tequested fo
maintain the same lifestyle as before part'ic;ipating in the
test, and advised not to overly exceed the normal range of
exercise, abstemious diet, or overeating. They were also
requested to eliminate the intake of health foods and
supplements during the test period. No alcohol consump-
tion was allowed one day and two days prior to the test.
Subjects were requested to complete supper by 8 pm the
day before the test, and they were only allowed to drink
water or tepid water after supper. Subjects were
requested to consume 4 designated meal for supper the
day before the ingestion test. Subjects were also
requested to keep life records, including the change of
their physical condition and the use of pharmacentical
products 7 days prior to the test, along with meal records
3 days prior to the test.

The termination criteria were as follows: When the
safety of subjects is not warranted; when the continua-
tion of the test is difficult due to the occurrence of seri-
ous clinical abnormality or accidents; when subjects dis-
obey the study guidance significantly; when the principle
investigator determines the termination of the test to be
appropriate. Under these circumstances, the case was
regarded as a terminated case. When a subject decided to
dropout at his/her own free will, the case was treated as a
dropout case.

Among 70 subjects, there were no terminated cases.
Two subjects dropped out during the test period. One was
for his/her own convenience and the other was a decision
made by the principle investigator due to the subject’s
aggravated health condition. A total of 68 subjects com-
pleted the test. Among them, 2 subjects displayed behav-
jor or events that may deteriorate the reliability of the test
results, 4 subjects failed to follow restrictions, and 7 sub-
jects displayed large fluctuation in test values. These 12
subjects (1 redundant subject) were excluded from the
analysis because of the exclusion criteria set prior to the
study. Thus, we only analyzed 56 subjects for validity
analysis. All 70 subjects, those who consumed the test
supplement at least once, were targeted for safety analy-
sis (Fig. 1.
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| Screening test (257) |

Not eligible (177)
Declined the participation (10)

[ Enoliment{(70) |
I

| Randomized (70) |
— |
Group A (35) Group B (35)
Placebo supplement PHGG suppiement
!
| Interval of 1 week |
Declined the
participation (1)
Group A Group B
PHGG supplement Placebo supplement

Premature termination (1)

Completion of the study (68) i

|| Excluded for analysis for efficacy {12) (group A, 6 ; group B, 6)
conflicted with the exclusion criteria 1:group B (2)

conflicted with the exclusion criteria 2:group A (3), group B{1)
confficted with the exclusion criteria 3:group A (4), group B (3}
{1 subject in group A conflicted with two exclusion criteria)

Analysis for efficacy and testing values {56) |

Analysis for safety (70)
Fig.1 QOutline of the study

2  Test supplement and test methods

1} Test supplement (PHGG and placebo supplement)
In the present study, PHGG 4 g {containing 3 g dietary
fiber) and dextrin 4 g were chosen as the PHGG and pla-
cebo supplement, respectively. Prior to the test, we con-
firmed that the two supplements could not be distin-
guished by appearance or flavor,

2) Loading food
Cooked rice 300 g (brand name: Sato no Gohan, a large
serving of Koshihikari from Niigata, Sato Hoods Indus-
tries Co., Ltd) was used as a loading food whereas mate-
rials for Oyako—don, a bowl of rice with chicken, egg,
and vegetables (brand name: Donburi-tei, Oyako-don,
Ezaki Glico Co., Ltd) was used as supplement food. Total
components of the loading food and supplement food
consisted of 18.7 g protein, 3.2 g lipid and [15.6 g carbo-
hydrate, providing 575 keal of energy.

3} Ingestion methods
One package of the PHGG supplement or placebo sup-
plement (4 g) was ingested with the loading food within

10 minutes.
4) Ingestion test

The present study was conducted in accordance with the
Helsinki Declaration and based on the ethics guideline
for epidemiological study (Notice from the Ministry of
Education, Cnlture, Spoits, Science and Technology and
the Ministry of Health, Labor, and Welfare, partially
revised on December 1%, 2008) . The test plan was exam-
ined by the ethics committee of Ueno Clinic, Aisei Hos-
pital, Public Interest Incorporated Foundation, and
approved on October 30™, 2014. The test was conducted
as a randomized, double-blind, placebo—controlled,
crossover-study at the Medical Station Clinic (Minato—
ku, Tokyo, conducted in Meguro—ku after 2015) between
November 2014 and March 2015,

Allocaticn table was prepared using random num-
bering. Bach test supplement was assigned with an allo-
cation number. The allocation table was sealed and the
data was disclosed after fixing the targets for analysis
and data. The person in charge at Taiyo Kagaku Co. Lid
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blinded samples.

Subjects were randomly assigned into 2 groups
(Group A and Group B) before starting the test. The per-
son in charge at Total Technological Consultant Co., Ltd.
{(TTC Co., Ltd.)conducted enroflments and assignments.
The placebo supplement was ingested together with the
loading food in Group A, whereas the PHGG food was
ingested during ingestion period I in Group B. During
ingestion period II, the PHGG food was ingested in
Group A and placebo food was ingested in Group B in
the same manner. The washout period was one week
between ingestion periods I and II. Each Group con-
sisted of 28 subjects.

On the day of the test, subjects were requested to
fast for at least 10 hours before visiting the testing insti-
tute. After a physical checkup, measurement, and fasting
blood collection, subjects were requested to ingest load-
ing food with the PHGG supplement or placebo supple-
ment within 10 minutes. No drinking and eating were
allowed except for water or tepid water, and they were
requested to rest in a sitting position. Blood was col-
lected 30, 60, 90, and 120 min after the start of the meal
tolerance test. The levels of blood glucose and insulin
were measured at BML Inc. according to a routine
method.

3 Evaluation ifems and metheds

1) Validity evaluation
(1) Primary endpoints: arca under the curve (AUC) and
the maximum value (Ch.) of the blood glucose aftex
ingesting the loading food.
(2) Secondary endpoints: fast blood glucose/insulin
level, and after 30, 60, 90, and 120 min after ingesting
loading food.

2) Safety evaluation
The principle investigator determined the occurrence of
adverse events (all medically unfavored events, newly
discovered or aggravated in subjects after the ingestion of
the test supplement, such as subjective symptoms, objec-
tive symptoms, and abnormal fluctuations of test values) .
Adverse events were evaluated regardless of the associa-
tion with the test supplement, and determined according
to the following criteria: seriousness (serious or non—
serious), degree {mild, medium or severe), association
{absent, likely absent, maybe present or present) and
outcome (recovery, improvement, without change, aggra-
vation, death, unknown). When the association of the
symptom with the PHGG supplement could be fully
ruled out, the event was considered to be a secondary
effect.
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4 Statistical analysis

Once we confirmed that the effects of both testing order
and date on the AUC of blood glucose are not statistically
significant, we conclude that the data from the crossover
design in this study is appropriate for further analysis by
ANOVA. Numerical values are shown in mean+SEM
and the level of significance was set at 5% by two-tailed
test. PASW statistics 18 (SPSS Co. Ltd.), was used for
statistical analysis, which was conducted by TTC Co.,
Ltd. g

RESULT

1 Background of subjects

Table 1 shows the baseline data (gender, age, height,
weight, BMI, fasting blood glucose level, postprandial
blood glucose level 30 min after loading food ingestion,
AUC and Cp,, of blood glucose level) of the 56 subjects
for validity analysis (28-male, 28-female) . The range of
age for the subjects were 20-64 (45.4+1.5) years old,
fasting blood glucose level was 71-118 mg/dL, and the
postprandial blood glucose level 30 min after ingesting
Joading meal was 141-194 mg/dL. A significant diffes-
ence was found between Group A and Group B for BMI,
however, no significant difference was found in other
parameters.

2 Validity of the crossover method

The effects of either order or period for testing on the
AUC from blood glucose levels were not statistically sig-
nificant, P=0.23 and P=0.74 respectively. Thus, we
conclude that carry-over effect can be ignored and the
result obtained from the crossover design in the present
study can be évaluated appropriately.

3 Evaluation of the validity
1) Blood glucose AUC and Crax

Blood glucose levels peaked at 30 min after ingesting the
loading meal, then began to decrease (Fig. 2A). The
blood glucose levels at 30 min were 159.9x2.0 mg/dL
with the PHGG supplement and 164.7::2.1 mg/dL. with
the placebo supplement. The difference between the
PHGG and placebo supplement was —4.8:1.5 mg/dL,
which was significantly lower in PHGG supplement than
the placebo supplement (P==0.002). The blood glucose
levels at 60 min were 154.1 4.2 mp/dL with the PHGG
supplement and 161.2:24.6 mg/dL with the placebo sup-
plement, The difference between the PHGG and placebo
supplement was —7.0:53.0 mg/dL, a significantly lower
upon ingestion of the PHGG than placebo supplement (P
=0.024).




Table 1 Background of the subjects
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level. (D) Change in the level of plasma insulin,

Postprandial blood glucose AUC, one of the primary
endpoints, were 277.8 5.3 mg-h/dL with the PHGG
supplement and 285.3 6.0 mg+h/dL. with the placebo
. supplement. The difference between the PHGG supple-
~ment and placebo supplement was —7.5%3.6 mg-h/dL
= (Fig, 2B). Blood glucose Cpy was 168.113.0 mg/dL

Total Group A Group B P-value
Number of subjects (male ; fernale) 36 (28;28) 28 (13;15) 28 {15 13)
Age 454+E1.5 48.14-2.0 42.6£2.2 0.065
Height (cm) 16441+1.03  164.00E146 164821149 0.70
Weight (kg) 62.5411.63 59.442.05 65.64+52.42 0.056
BMI (kg/m®) 23.07+0.50 22.00£0.55 24.1440.78 0.030 .
Fasting blood glucose level (mgfdL) 99.5+1.0 99.9+1.4 99.1£1.5 0.69
Blood glucese level 30 min after joading diet  167.2F1.5 165.112.0 [69.2-+2.1 0177
ingestion (mg/dL)
ATIC for hlood glucose level (mg-h/dL) 296.1:+4.6 296.417.0 295.8+6.2 0.95
Cpax for blood glucose level (mg/dL) 180.6+2.6 180.0:+4.2 181.1L3.2 0.85
Each value represents the mean-t SEM.
A B
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Fig. 2 Effect of the intake of PHGG on the level of postprandial blood glucose
(A) Change in the level of blood glucose. (B) AUC for blood glucose level. (C) Cpyy for blood glucose

Each value represents the mean == SEM of 56 subjects. *P<0.05 ; **P<0.01.

with PHGG supplement and 174.17%3.3 mg/dL with the
placebo supplement. The difference between the two
treatments was —5.91+ 1.9 mg/dL. (Fig. 2C). One-way
ANOQVA was significant in both blood glucose AUC (P
=0.,043) and blood glucose Crgy (P==0.004). Therefore,
we confirmed that the ingestion of the PHGG suppletnent

89




Jpn Pharmacol Ther (SEHE & 365 vol.44 no. 1 2016

has a suppressive effect on the increased postprandial
~blood glucose level (Fig. 2B, C).
2) Blood insulin level
No significant difference between with PHGG and pla-
cebo supplement was found in either fasting or postpran-
dial insulin levels (30, 60, 90, and 120 min after ingesting
loading food) (Fig. 2D).

4 Adverse events

During the test period, totat of 6 adverse events were
observed in 3 subjects, however, all the symptoms were
mild and not serious adverse events. In addition, all the
adverse events were determined to be unrelated to the
tested supplement by the principle investigator.

DISCUSSION

In the present study, we demonstrated that the ingestion
of PHGG significantly decreased the levels of postpran-
dial blood glucose AUC and blood ghicose Cppyy, both of
which are the primary endpoints. As for the postprandial
blood glucose Ievel, a secondary endpoint, significantly
fower values were found with PHGG after 30 min and 60
min ingestion than with the placebo supplement.
Although no significant difference was detected in the
level of insulin between two supplements at either time
point after the ingestion, it tended to be Jower with food
containing guar gum-degraded products than the placebo
supplement. These results agree with the previously con-
ducted test results using guar gum and guar gum-
degraded products in both animals and humans,” con-
firming that the PHGG ingestion indeed suppresses the
elevated level of postprandial blood glucose. The previ-
ous clinical study that we conducted was for an explor-
ative and smali—scale test that only aimed to confirm the
mintmum effective dose. Therefore, we did not strictly
follow the guideline for subject selection, double blind-
ing, crossover, etc.? Turthermore, a certain degree of
error was expected as a conventional instrament for self-
monitoring of blood glucose was used in the study.

In the present study, larger number of subjects were
selected based on the inclusion and exclusion criferia,
and the randomized, double-blind, placebo—controlied,
crossover test was conducted. Since we confirmed that
the order and date of testing did not affect the results
from the crossover study, we became confident that the
suppression of postprandial blood glucose levels that was
observed was caused by PHGG ingestion itself,

Sugar from a meal is absorbed through the intestine,
transferred into the blood stream, stored in the liver and
muscles by insulin, The stored glucose is utilized in
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energy production. Type II diabetes patients exhibit insu-
lin resistance and decreases in insulin secretion. Clini-
cally, an elevation of postprandial blood glucose is
observed before the onset of the disease. The combina-
tion of the fasting blood glucose level of 126 mg/dL or
above and oral glucose tolerance level of 200 mg/dl. or
above after 2 hour is sef to be one of the criteria for diag-
nosis of diabetes,S) Until recently, the suppr/f;sgion of the
fasting blood glucose level has been the midin focus for
treatment.” However, postprandial blood glucose was
recently found to increase the risk of complications, such
as retinopathy and cerebrovascular disease, more than
fast blood glucose level.!? Especially for pre-diabetic
patients, such as patients with borderline~type or in the
early stages of diabetes, it is important to control post-
prandial blood glucose levels, and food that suppresses
the level is considered to be beneficial.

Moreover, ingestion of the PHGG food in the pres-
ent study was not accompanied by any serious adverse
events. Thus, the ingestion of PHGG with a meal is con-
sidered to be beneficial by preventing the onset of diabe-
tes and improving one’s lifestyle.

CONCLUSION

We examined the suppressive effects of a single-dose of
PHGG on the elevation of postprandial blood glucose in
adult males and females, who had a tendency for higher
levels of postprandial blood glucose using a randomized,
double blind, placebo-controiled, crossover protocol. We
confirmed that PHGG ingestion indeed suppresses the
elevation of postprandial blood glacose level.
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