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Chestnut Astringent Skin Extract, an a-Amylase Inhibitor, Retards
Carbohydrate Absorption in Rats and Humans
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Summary Inhibitors of carbohydrate-hydrolyzing enzyme play an important role to con-
trol postprandial blood glucose levels. In this paper, we investigated the effect of an ethanol
extract from chestnut astringent skin (CAS) on alpha-amylase. Chestnut astringent skin
extract strongly inhibited human and porcine pancreatic alpha-amylase. We also investi-
gated the effect of CAS extract on carbohydrate absorption in rats and humans. Oral admin-
istration of CAS extract to normal rats fed corn starch (2 g/kg body weight), significantly
suppressed the increase of blood glucose levels after starch loading in a dose-dependent
manner. The effective dose of CAS extract required to achieve 20 and 40% suppression of
the rise in blood glucose level was estimated to be 40 and 155 mg/kg body weight, respec-
tively. Chestnut astringent skin extract also suppressed the rise in plasma insulin level and
the fall in plasma non-esterified fatty acid level. In the type 2 diabetic rat model, CAS extract
significantly suppressed the rise in blood glucose level after starch loading in a dose-depen-
dent manner. Chestnut astringent skin extract also suppressed the rise in plasma glucose
level after boiled rice loading in a dose-dependent manner in humans. The amount of CAS
extract required to achieve 11 and 23% suppression in the rise in plasma glucose level was
300 and 600 mg/person, respectively. These results suggest that CAS extract retards absorp-

tion of carbohydrate and reduces post-prandial hyperglycemia.
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The prevalence of diabetes is increasing worldwide
due to changes in modern lifestyles (1, 2). Most diabetic
patients suffer from type 2 diabetes which is closely
related to obesity (3, 4). Diet and exercise therapy are
key factors for preventing and treating type 2 diabetes.
Maintenance of healthy blood glucose levels is of partic-
ular importance and is greatly affected by dietary
polysaccharides such as starches and glycogen. These
polysaccharides are broken down by digestive enzymes
such as a-amylase, a key enzyme in polysaccharide
digestion. a-Amylase catalyzes the first step in the
digestion of polysaccharides, hydrolyzing the a-1,4-glu-
coside linkages. The amylases are contained in the
saliva and pancreatic fluid of mammals and transform
polysaccharides into oligosaccharides in the alimentary
canal. Control of a-amylase activity is important in
order to inhibit excess energy supply and to regulate
blood glucose levels.

Inhibitors of a-amylase derived from various sources
have been reported and their effects have been investi-
gated. Ali et al. reported that extracts of six selected
Malaysian plants strongly inhibited a-amylase activity
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Abbreviations: AUC, area under the curve; CAS, chestnut
astringent skin; ICso, concentration of inhibitor to inhibit 50%
of its activity; NEFA, non-esterified fatty acid.
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(5). Tormo et al. reported that a-amylase inhibitor from
white beans reduced glycemia in both non-diabetic and
diabetic animals and reduced the intake of food and
water (6). DiMagno et al. reported that an «-amylase
inhibitor from wheat might be useful for treatment of
type 2 diabetes mellitus (7-9).

In the screening of inhibitors of carbohydrate-hydro-
lyzing enzyme from plant, we discovered CAS inhibited
a-amylase. The chestnut is a deciduous timber tree of
the genus Castanea, in the beech family. Native chest-
nuts are distributed in the temperate regions of the
Northern Hemisphere. They bear burrlike fruits that
contain two or three edible nuts. The nuts are impor-
tant as food and are exported in large quantities. They
are cultivated over large area of East Asia such as
China, Korea and Japan. We investigated the potential
dietary use of CAS as an a-amylase inhibitor because
industrial CAS-free pea processing of chestnuts gener-
ates a significant quantity of CAS as a chestnut waste
material. In this paper, we report that CAS extract is a
strong inhibitor of a-amylase and may retard absorp-
tion of carbohydrates and reduce post-prandial hyper-
glycemia in rats and humans.

MATERIALS AND METHOD

Materials. a-Amylases from porcine pancreas,
human pancreas and human saliva were obtained from
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Sigma-Aldrich Japan (Tokyo, Japan). Soluble starch was
obtained from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). Dried chestnut astringent skin (CAS)
powder and raw CAS were obtained from Chuon Co.
Ltd. (Matsuyama, Japan) .

Preparation of CAS extract. One hundred grams of
the dried CAS powder were added to 2 L of 50% v/v
aqueous acetonitrile, followed by stirring at 37°C for
12 h. The mixture was filtered and the filtrate was con-
centrated and lyophilized, to generate CAS extract pow-
der, designated CAS-ex1. A large-scale extract was pre-
pared from raw CAS to mimic industrial-scale produc-
tion. One thousand kilograms of raw CAS was added to
2,000 kg of 75% aqueous ethanol and subjected to the
same procedure described above. The large-scale CAS
extract powder was designated CAS-ex2.

Assay methods. o-Amylase activity was determined
by measuring the reducing power of released oligosac-
charide from soluble starch by the method of Miller (10)
with the following minor modifications. The assay sys-
tem comprised the following components in a total vol-
ume of 1mL: 100 mMm sodium phosphate, pH 6.8,
17 mm NaCl, 5 mg soluble starch, 100 uL of inhibitor
solution, and 10 uL of enzyme solution. After incuba-
tion at 37°C for 30 min, the reaction was stopped by
addition of 0.1 mL 2 N NaOH and 0.1 mL color reagent
(4.4 pmol of 3,5-dinitrosalicylic acid, 106 wmol of
potassium sodium (+)-tartrate tetrahydrate and 40
pmol of NaOH), followed by a 5-min incubation, at
100°C and subsequent Assp measurement.

Polyphenols (total phenolics) in the CAS extract were
determined by the method of Folin-Denis (11, 12).

Oral carbohydrate tolerance test in rats. The experi-
mental animal protocol was approved by the Animal
Study Committee of Ehime University. Male Wistar King
rats, weighing 190-230g were starved overnight
(15 h), and divided into two groups. The test group
received 2 mL of corn starch suspension (2 g/kg body
weight) containing 1 mL of CAS extract powder solu-
tion while the control group received corn starch sus-
pension and 1 mL of water. After administration, blood
samples were collected from the tail vein or artery at
regular intervals. Blood glucose was measured using a
blood glucose test meter, GLUCOCARD (Arkray Inc.,
Kyoto, Japan). After a 1-wk interval, the test and con-
trol groups were switched and the experiment was
repeated.

Type II diabetic model rats (GK/jcl) obtained from
CLEA Japan, Inc. (Tokyo, Japan), weighing 310-360 g
were starved overnight (15 h), and subjected to the car-
bohydrate tolerance test as described above.

Plasma insulin and free fatty acids were assayed in
normal rats subjected to the carbohydrate tolerance test
as follows. Male Wistar King rats, weighing 190-230 g
were starved overnight (15h) and divided into three
groups. The test group received 2 mL of corn starch sus-
pension (2 g/kg body weight) containing 1 mL of CAS
extract powder solution (300 mg/kg body weight). Con-
trol group 1 received corn starch suspension (2 g/kg
body weight) and 1 mL water and control group 2

received only water. After administration, blood sam-
ples were collected from the inferior vena cava using a
heparinized syringe at regular intervals, and centri-
fuged immediately at 2,000 Xg for 5 min. Plasma glu-
cose, insulin and non-esterified fatty acids (NEFA) were
determined using the Glucose C-II test Wako (Wako
Pure Chemical Industries, Ltd.), the Morinaga insulin
assay kit (Morinaga Institute of Biological Science Inc.,
Yokohama, Japan), and the NEFA C-test Wako (Wako
Pure Chemical Industries, Ltd.), respectively.

Oral carbohydrate tolerance test in human subjects. The
human study protocol was approved by the Ethics Com-
mittee of Kimura Hospital and was carried out in Genki
Plaza Medical Center for Healthcare (Tokyo, Japan), in
accordance with the principles of the Helsinki Declara-
tion as revised in 2000. All subjects gave informed con-
sent. Eleven healthy Japanese volunteers (male : fe-
male=8:3; age 30-59y (average age 46.6+9.3y;
fasting blood glucose level <126 mg/dl; HbAlc
<6.5%) were starved overnight. Studies were done on
three separate mornings at least 3 d apart. The first day,
subjects ingested 200 g of boiled rice and 200 mL of wa-
ter and venous blood samples were taken for determina-
tion of plasma glucose level before, and 30, 60, 90 and
120 min after eating. The second day, subjects ingested
200 g of boiled rice and 200 mL of water containing
300 mg of CAS extract. On the third day, they ingested
200 g of boiled rice and 200 mL of water containing
600 mg of CAS extract, after which blood samples were
taken. The blood samples were centrifuged immediately
at 2,000 Xg for 5 min and plasma glucose was deter-
mined.

Statistical analysis. Results are expressed as the
mean=*SE. The statistical significance of differences
with and without (control) CAS extract was assessed
using the paired Student’s t-test.

RESULTS

CAS extract powder (CAS-ex1) is a bitter-tasting dark
brown powder. It was found to strongly inhibit pig pan-
creatic a-amylase activity. A concentration of 13.1 ug/
mL was determined to result in 50% inhibition. Because
CAS extract was found to inhibit mammalian a-amy-
lase, we examined whether the CAS extract could exert
an inhibitory effect on blood glucose level increase after
starch loading in rats that had fasted 15 h. Blood glu-
cose levels increased from a baseline of 52.7+1.83 mg/
dL at O min to a peak of 113.6*3.86 mg/dL (increased
blood glucose value 60.9+3.9 mg/dL) at 60 min after
starch administration (2 g/kg body weight). The rise in
blood glucose was suppressed in a dose-dependent man-
ner when CAS extract (10, 25, 50, 100 and 300 mg/kg
body weight) was given with starch (Fig. 1A). The area
under the curve (AUCo-180 min) for CAS extract adminis-
tration was also found to decrease with the increase in
CAS extract administration in a dose-dependent man-
ner compared to administration of starch alone (Fig.
1B). Figure 1C shows % of AUC change for CAS extract
administration relative to administration of starch
alone. Based on the observed relationship between
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Effects of CAS extract (CAS-ex1) on increased blood glucose concentrations (A), the area under the curve (AUC)

values (B), and ratio of AUC (C) in normal rats. A: Rats fasted for 15 h, and CAS extract (10 (A), 25 (A), 50 (W), 100 (O)
and 300 (@) mg/kg body weight) and starch (2 g/kg body weight) were administered. As a control, rats were given only
starch (2 g/kg body weight) (O). B: AUCo-180min is the area under the curve of the incremental blood glucose level up to
180 min. C: The ratio (%) of AUCo-180min for CAS extract against AUCo_180min for the control was used to estimate 20 and
40% suppression values. Results are expressed as means=SE. n=8. *p<0.05, *p<<0.01 and **p<0.001 vs. control.
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Fig. 2. Effects of CAS extract (CAS-ex1) on increased plasma glucose (A), insulin (B), and NEFA (C) concentrations in nor-
mal rats. Rats fasted for 15 h, and CAS extract (300 mg/kg body weight) and starch (2 g/kg body weight) were adminis-
tered (®). As a control, rats were given only starch (2 g/kg body weight) (control 1, O) or only water (control 2, OJ). The
results are expressed as means*SE. n=8. *p<<0.05, **p<0.01 and ***p<0.001 vs. control 1.

the amount of CAS extract and reduction ratio of
AUCo-180 min, the effective dose of CAS extract required
to achieve 20 and 40% suppression of blood glucose
level rise was estimated to be 40 and 155 mg/kg body
weight, respectively (Fig. 1C).

For the assay of plasma insulin and NEFA on carbo-
hydrate tolerance test, blood samples were collected
from the inferior vena cava of normal rats (Fig. 2).
Plasma glucose levels were found to increase from a
baseline value of 47.3+0.84 mg/dL at O min to a peak
of 149.5+6.5 mg/dL (increased plasma glucose value
102.2+6.4 mg/dL) at 60 min after administration of
starch (2 g/kg body weight) (Fig. 2A). Plasma glucose
levels decreased slightly after administration of water
only. A similar pattern was observed in the plasma insu-
lin levels which also increased from a baseline value of
0.432+0.013 ng/mL at O min to a peak of 3.07+0.52
ng/ml at 60 min after starch administration (Fig. 2B).
Plasma insulin levels also decreased slightly after

administration of water only. When a CAS extract (300
mg/kg body weight) was given with starch, the rise in
plasma glucose (peak 106.7*=6.8 mg/dL, increased
55.2*+6.7mg/dL., at 60min) and insulin (peak
2.04+0.61 ng/mL at 90 min) levels were suppressed
significantly. While plasma NEFA levels were high upon
fasting (0.68=0.023 mEq/L at O min), they decreased
significantly after starch administration (0.48+:0.029
mEq/L at 40 min) (Fig. 2C). Plasma NEFA Ilevels
remained at a high level (0.69=0.016 mEq/L at 180
min) after administration of water only. The drop in
plasma NEFA levels by administration of starch were
suppressed significantly by administration of starch
with CAS extract. The area under the curve (AUCo-1s0
min) Of plasma glucose rise and plasma insulin level
decreased significantly with administration of CAS
extract: 45% suppression of plasma glucose rise and
27% suppression of plasma insulin increase. Conversely,
AUCo-180min Of plasma NEFA level increased significantly
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(about 12%) with administration of CAS extract (Table
1).

In diabetic rats (GK/jcl), blood glucose levels
increased from a baseline of 96=8.08 mg/dL at O min
to a peak of 406+19.4 mg/dL at 60 min after adminis-
tration of starch (2 g/kg body weight). The rise of the
blood glucose levels were suppressed significantly in a
dose-dependent manner when CAS extract was given
with starch. Peak increased blood glucose levels were
310%x18.1, 256*14.7 and 197*+14.2 mg/dL at 60
min for CAS extract administered at doses of 0, 100
and 300 mg/kg body weight, respectively (Fig. 3A).
AUCo-180min for CAS extract administration also de-
creased with the increase in CAS extract administration
in a dose-dependent manner compared to administra-
tion of starch alone (Fig. 3B): 22 and 46% suppression
for CAS extract administration of 100 and 300 mg/kg
body weight, respectively.

The large-scale extraction was done to mimic indus-
trial production for potential human application. Etha-
nol was used as an extraction solvent instead of acetoni-
trile, because the toxicity of ethanol is lower than that
of acetonitrile. A typical aqueous ethanolic CAS extract
(CAS-ex2) is shown in Table 2. It contains a high con-

Table 1. Effects of CAS extract (CAS-ex1) on increased
plasma glucose, plasma insulin and plasma NEFA
AUCp-180 min' in normal rats.”

Grou Glucose Insulin NEFA
TOUP T (mgxmin/dL)  (ngXmin/mlL) (mEqXmin/L)
Control 1 13,000%2,000 369+6.03  94.0+1.70

105£2.97**
124+1.44%*

CAS extract 7,940%1,550%* 269=+9.7 7%
Control 2 —550+1,700%* 59,5+2 24%**

1 AUCo-180 min is the area under the curve up to 180 min
in Fig. 2.

Results are expressed as means+SE. n=8. **p<0.01
and ***p<<0.001 vs. control 1.
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centration of polyphenols, about 20%. Heavy metal
content and bacterial contents were very low. The
extract was found to inhibit a-amylase activity in a
dose-dependent manner with a relatively low 50% inhi-
bition value (ICsp). Human pancreatic amylase was
strongly inhibited. The ICso value for human pancreatic
amylase was about two times lower than that for pig
pancreatic amylase (Table 2). Based on the carbohy-
drate tolerance test in normal rats, 33% suppression of
the blood glucose level rise was observed with adminis-
tration of the CAS extract (CAS-ex2) at 100 mg/kg body
weight (data not shown).

Prior to performing the test on human subjects, the
CAS extract powder was assayed for subchronic toxicity
using SD rats (6 males and 6 females). CAS extract pow-
der (1,000mg or 2,000 mg/kg body weight/d) was
administered to rats via a stomach tube for 28 d. Dur-

Table 2. Characterization of a typical CAS extract
(CAS-ex2).!
Parameter Value

Amylase inhibition (ICs0)?
Human pancreas
Human saliva
Porcine pancreas

7.5%1.2 pg/mL
9.4*+1.3 ug/mL
18.2%3.2 pg/mL

Polyphenol content 20.7%0.53%
Ash content 3.320.14%
Water content 7.4%£0.64%
Arsenic content <2 ppm
Lead content <10 ppm
Live bacteria <1,000 /g
Live fungi

<100 /g
Colibacillus group —

IThe results are expressed as means+SE of six CAS
extracts.

2The ICsg value is defined as the concentration of inhibi-
tor to inhibit 50% of its activity under the assayed condi-
tions.
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Fig. 3. Effects of CAS extract (CAS-ex1) on increased blood glucose concentrations (A) and AUCy-180 min (B) in diabetic rats
(GK/jcl). Rats fasted for 15 h, and CAS extract (100 mg/kg body weight (A), 300 mg/kg body weight (@) and starch (2 g/
kg body weight) were administered. As a control, rats were given only starch (2 g/kg body weight) (control (O). The results
are expressed as means=SE. n=8. *p<0.05, **p<0.01 and **p<0.001 vs. control.
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Fig. 4. Effects of CAS extract (CAS-ex2) on increased plasma glucose concentrations (A) and AUCo-120min (B) in healthy
volunteers. Plasma glucose levels were measured after ingestion of 200 g of boiled rice with CAS extract (300 mg/person
(®) and 600 mg/person (A)). As a control, volunteers were given only boiled rice (O). The results are expressed as

means=SE. n=11. *p<0.05 vs. control.

ing the study, the treatment induced no noticeable
effects on clinical signs, survival or ophthalmology.
Body weight gain, food intake, water intake, urinalysis,
hematology, blood biochemistry, gross pathology and
organ weights exhibited no differences of toxicological
significance between control and treated rats (data not
shown). Thus, these results indicated a no-observed-
adverse-effect level of CAS extract to be over 2,000 mg/
kg body weight/d. The effect of CAS extract taken with
boiled rice (200 g) on plasma glucose level in healthy
Japanese volunteers is shown in Fig. 4. Following
administration of boiled rice with water (control),
plasma glucose levels increased from a baseline of
100.3+5.01 mg/dL. at Omin to a peak of 166.8*
11.67 mg/dL at 60 min. The rise in plasma glucose was
suppressed in a dose-dependent manner when CAS
extract was given with the boiled rice. Peak levels of
increased plasma glucose were 66.5x12.1, 60.5*
11.2, and 52.3+11.7 mg/dL at 60 min for CAS extract
doses of 0, 300, and 600 mg/person, respectively (Fig.
4A). Starch absorption (AUCq-120 min) for administration
of CAS extract also decreased with the increase in dose
in a dose-dependent manner compared to ingestion of
rice alone (Fig. 4B). Suppression by 11 and 23% was
observed by CAS extracts administered at doses of 300
and 600 mg/person, respectively.

DISCUSSION

In this paper, we report a potent a-amylase inhibi-
tor(s) in CAS. Many a-amylase inhibitors have been iso-
lated from plants and microorganisms (13, 14). a-Amy-
lase inhibitors are roughly divided into two classes,
proteinaceous and non-proteinaceous. We presume
that the a-amylase inhibitor(s) in the CAS extract is not
proteinaceous, because the inhibitory activity was heat
stable: over 90% of the inhibitory activity was main-
tained following a 1h incubation at 100°C (data not
shown). The inhibitory activity was slightly extracted in
water or in hot water (data not shown). Therefore we

also presume that the a-amylase inhibitor(s) is not a
carbohydrate derivative. The inhibitory activity was
extractable in 50% aqueous acetonitrile, a solvent com-
monly used to extract polyphenols. The inhibitory
activity was also extractable in aqueous acetone and
aqueous ethanol, but not in 100% acetonitrile, acetone,
ethanol or hexane. The CAS extract contained about
20% polyphenolic material (Table 2). Furthermore,
when CAS extract powder was re-extracted with aque-
ous ethanol, the content of polyphenolic material
increased about 3-fold (about 60%) and the amylase
inhibitory activity also increased about 2.6-fold (data
not shown). These results suggest that an active compo-
nent(s) of the CAS extract may be a polyphenol. Kandra
et al. have reported that tannic acid, a polyphenol,
exhibited mixed non-competitive type inhibition of a-
amylase activity (15). We compared the inhibitory
activity of tannic acid with that of the CAS extract and
found that the former had an ICso toward porcine pan-
creatic a-amylase of greater than 1 mg/mL, which was
over 50 times higher than that of the CAS extract (Table
2). Therefore, we speculate that the major active com-
ponents of the CAS extract may not include tannic acid.
Purification of the active components from the CAS
extract could lead to development of an antihyperglyce-
mic drug.

The CAS extract also inhibited a-glucosidase activity
of the rat small intestine. However, the ICso values of the
CAS extract (CAS-ex2) were 50 to 100 times higher
than that for a-amylase: 640 and 940 ug/mL towards
maltase and sucrase activity, respectively. The extract
also inhibited rat pancreatic lipase activity with an ICsg
value of 510 ug/ml. Protease inhibitory activity to-
wards trypsin and chymotrypsin was very weak. ICso
values were over 2 mg/mL. These results suggest the
CAS extract specifically and strongly inhibited c-amy-
lase activity.

When CAS extract was given with starch to the nor-
mal rat, the rise in plasma glucose and insulin, and the
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fall in plasma NEFA levels were significantly suppressed
(Fig. 2, Table 1). One explanation for the suppression of
the drop in plasma NEFA level is as follows. Plasma
NEFA levels are affected by adipose tissue lipolysis,
which is regulated by hormones such as insulin and
catecholamines, and by dietary intake of nutrition such
as glucose (16-18). One of the important metabolic
actions of insulin is the inhibition of lipolysis in adipose
tissue (19, 20). Insulin secretion from islet B-cells is
stimulated by a rise in blood glucose level (21). There-
fore, after eating, blood glucose levels increase stimulat-
ing insulin secretion, which in turn causes a decrease
in plasma NEFA levels due to the antilipolytic action of
insulin. When CAS extract was given with food, the
normal rise in blood glucose level was suppressed, and
insulin secretion was also suppressed. Therefore, lipoly-
sis in adipose tissue was not suppressed and plasma
NEFA levels remained high.

a-Amylase inhibitors have been used in human
health to inhibit excess energy supply, to control blood
glucose levels, and to prevent or treat obesity and diabe-
tes. A significant body of research has led to the discov-
ery of many a-amylase inhibitors. Several have been
reported in various plants, especially grains (22, 23),
legumes (24, 25) and root vegetables (26, 27). In the
present study, we discovered that a CAS extract was a
strong inhibitor of a-amylase and could attenuate the
rapid increase in blood glucose following consumption
of a carbohydrate-containing meal by delaying or block-
ing absorption of carbohydrates. Chestnuts have been
eaten since ancient times and CAS has also been eaten
as an associated material. As an example, “Shibukawa-
ni” is a processed food, made by boiling the CAS-associ-
ated material with sugar. CAS is generated in large
quantities as a waste product during CAS-free pea pro-
cessing of chestnuts. Therefore, the use of CAS extract
as a safe and inexpensive functional food or therapeutic
agent adds potential value to chestnut processing.

In conclusion, this investigation suggests that CAS
extract might exert an anti-diabetic effect by inhibiting
a-amylase, and suppressing carbohydrate absorption
from the intestine, thereby reducing post-prandial
increase in blood glucose. Therefore, CAS extract may
be useful as a potential additive to foods and beverages
to inhibit carbohydrate adsorption.

Acknowledgments

This study was supported by Research Grants from
Rohto Pharmaceutical Co. Ltd. (Osaka, Japan) and
Chuon Co. Ltd. (Matsuyama, Japan).

REFERENCES

1) Zimmer P, Alberti KG, Shaw J. 2001. Global and societal
implications of the diabetes epidemic. Nature 414: 782—
787.

2) King H, Aubert RE, Herman WH. 1998. Global burden
of diabetes, 1995-2025; prevalence, numerical esti-
mates. and projections. Diabetes Care 21: 1414-1431.

3)  Felber JP, Golay A. 2002. Pathways from obesity to dia-
betes. Int ] Obes Metab Disord 26: $39-545.

4)

v

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

[N}
N
=

23)

Yoon KH, Lee JH, Kim JW, Cho JH, Choi YH, Ko SH, Zim-
met P, Son HY. 2006. Epidemic obesity and type 2 diabe-
tes in Asia. Lancet 368:1681-1688.

Ali H, Houghton PJ], Soumyanath A. 2006. Alpha-amy-
lase inhibitory activity of some Malaysian plants used to
treat diabetes; with particular reference to Phyllanthus
amrus. | Ethnopharmacol 107: 449-455.

Tormo MA, Gil-Exojo I, Romero-de-Tejada A, Campillo
JE. 2006. White bean amylase inhibitor administered
orally reduces glycemia in type 2 diabetic rats. Br ] Nutr
96: 539-544.

Layer P, Zinsmeister AR, DiMagno RP. 1986. Effect of
decreasing intraluminal amylase activity on starch
digestion and postprandial gastrointestinal function in
human. Gastroenterology 91: 41-48.

Boivin M, Flourie B, Rizza RA, Go VL, DiMagno EP.
1988. Gastrointestinal and metabolic effects of amylase
inhibition in diabetics. Gastroenterology 94: 387-394.
Lankisch M, Layer P, Rizza RA, DiMagno EP. 1998.
Acute postprandial gastrointestinal and metabolic
effects of wheat amylase inhibitor (WAI) in normal,
obese and diabetic humans. Pancreas 17: 176-181.
Miller GL. 1959. Use of dinitrosalicylic acid reagent for
determination of reducing sugar. Anal Chem 31: 426—
428.

Folin O, Denis W. 1915. A colorimetric method for the
determination of phenols (and phenol derivatives) in
urine. | Biol Chem 22: 305-308.

Appel HD, Govenor HL, D’'Ascenzo M, Siska E, Schultz
JC. 2001. Limitations of Folin assays of foliar phenolics
in ecological studies. | Chem Ecol 27: 761-778.
Svemsson B, Fukuda K, Nielsen PK, Bonsager BC. 2004,
Proteinaceous a-amylase inhibitors. Biochim Biophys
Acta 1696: 145-156.

Franco OL, Rigden DJ, Melo FR, Grossi-de-Sa MF. 2002.
Plant a-amylase inhibitors and their interaction with
insect c-amylase. Structure, function and potential for
crop protection. Eur | Biochem 269: 397-412.

Kandra I, Fyémant G, Zajacz A, Batta G. 2004. Inhibi-
tory effects of tannin on human salivary a-amylase.
Biochem Biophys Res Commun 319; 1265-1271.

Okuda H, Morimoto C, Tsujita T. 1994. Role of endoge-
nous lipid droplets in lipolysis in rat adipocytes. | Lipid
Res 35: 36-44.

Wolfe RR. 1998. Metabolic interactions between glu-
cose and fatty acids in humans. Am J Clin Nutr 67
(suppl): 5198-5268.

Randle R]. 1998. Regulatory interactions between lipids
and carbohydrates: the glucose fatty acid cycle after 35
years. Diabetes Metab Rev 14: 263-283.

Manganiello V, Vaughan M. 1973. An effect of insulin
on cyclic adenosine 3’,5-monophosphate phosphodi-
esterase activity in fat cells. | Biol Chem 248: 7164—
7170.

Morimoto C, Tsujita T, Okuda H. 1998. Antilipolytic
actions of insulin on basal and hormone-induced lipoly-
sis in rat adipocytes. J Lipid Res 39: 957-962.
Meglasson MD, Matschinsky FM. 1986. Pancreatic islet
glucose metabolism and regulation of insulin secretion.
Diabetes Metab Rev 2: 163-214.

Yu YG, Chung CH, Fowler A, Suh SW. 1988. Amino
acid sequence of a probable amylase/protease inhibitor
from rice seeds. Arch Biochem Biophys 265: 466—475.
Gomez L, Sanchez-Monge R, Lopez-Otin C, Salcedo G.
1991. Wheat inhibitors of heterologous alpha-amy-

NI | -El ectronic Library Service



Center for Academ c Publications Japan

88

24)

25)

TsujiTA T et al.

lases: Characterization of major components from the
monomeric class. Plant Physiol 96: 768-774.

Tormo MA, Gil-Exojo I, Romero de Tejada A, Campillo
JE. 2006. White bean amylase inhibitor administered
orally reduces glycaemia in type 2 diabetic rats. Br |
Nutr 96: 539-544.

Koukiekolo R, Le Berre-Anton V, Desseaux V, Moreau Y,
Rouge P, Marchis-Mouren G, Santimone M. 1999.
Mechanism of porcine pancreatic alpha-amylase inhibi-

tion of amylose and maltopentaose hydrolysis by kidney
bean (Phaseolus vulgaris) inhibitor and comparison with
that by acarbose. Eur ] Biochem 265: 20-26.

Pekha MR, Padmaja G. 2002. Alpha-amylase inhibitor
changes during processing of sweet potato and taro
tubers. Plant Foods Hum Nutr 57: 285-294.

Prathiha S, Nmbian B, Leelamma S. 1995. Enzyme
inhibitors in tuber crops and their thermal stability.
Plant Foods Hum Nutr 48: 247-257.

NI | -El ectronic Library Service



