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The antidiabetic activity of Thea sinensis was
investigated in KK-Ay mice, an animal model of ge-
netically type 2 diabetes with hyperinsulinemia. The
water extract of Thea sinensis (green tea cold ext)
(100 mg/kg body weight) reduced the blood glucose of
KK-Ay mice4 and 8 weeksafter repeated administra-
tion and tended to decreasethe plasmainsulin level of
KK-Ay miceunder similar conditions. However, green
tea cold ext did not affect blood glucose levelsin nor-
mal mice. Green tea cold ext decreased blood glucose
levels in an insulin tolerance test. These results sug-
gest that the antidiabetic activity of green tea cold ext
isderived, at least in part, from a decrease in plasma
insulin, due to decreased insulin resistance.
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INTRODUCTION

Insulin resistance in peripheral tissues, together
with the impairment of glucose-induced insulin se-
cretion from pancreatic beta cells, is known as one
of the major pathogenic factors of type 2 diabetes.
Almost all cases of diabetes mellitus are type 2.
Therapeutic agentsto stimulate insulin secretion (for
example, sulfonylureas) have been used to treat
type 2 diabetic patients. However, from thefirst stage
of this condition, diet and exercise therapy are pre-
scribed.

Thea sinensis (T. sinensis), which contains cat-
echin, has been used in Japan as atraditional luxury.
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It isknown that catechin improves hyperglycemia.?
Shimizu et al. reported on the hypoglycemic activ-
ity of Japanese teain normal and streptozotocin-in-
duced diabetic rats, and one of the hypoglycemic
components in normal rats was identified as a
polysaccharide.? However, few studies have been
performed in type 2 diabetes models. In the present
study, we examined the effects of T. sinensison blood
glucose levels in type 2 diabetic mice, along with
the effects of insulin resistance, to clarify the an-
tidiabetic mechanism. It is known that polysaccha-
ridesimprove glucose metabolism and that they are
not heat resistant.? Therefore we used the cold ex-
tract of green tea.

MATERIALS AND METHODS

T. sinensis provided by JA Mie Keizairen
Hokusei-cha Center Co., Ltd. (Suzuka, Mie, Japan)
as used in the present experiment. One hundred
grams of thiswas extracted with 0.7 | of water (20°C,
1 hr, twice). After filtration (filter paper no. 51B),
the water extracts were lyophilized (green tea cold
ext) and stored at room temperature until use. The
yield was 12.9% of cold ext.

Animals Adult male ddY mice (SLC,
Shizuoka, Japan) weighing 22-25 g and KK-Ay mice
(Clea, Tokyo, Japan), 5 weeks old, were used. KK-
Ay mice with blood glucose levels > 250 mg/100 ml
(ad libitum) were considered to be diabetic and used
in this study. The mice were housed in an air-condi-
tioned room at 22 + 2°C with a 12-hr light-12-hr
dark cycle (light: 09:00 am to 21:00). The animals
were kept in an experimental animal room for 7 days
with free access to food (CE-2, Clea) and water (tap
water). Blood samples were drawn from the cavern-
ous sinus with a capillary to determine blood glu-
cose levelsunder nonanesthetized conditions. Green
tea extracts were dissolved in distilled water. The
distilled water was administered to the control mice.
The studies were started at 10:00-11:00, and blood
samples after repeated administration of extract were
taken at 10:00-11:00. The extract was administered
oraly on a compulsory basis (repeated administra-
tion, once aday). Animalswere treated in accodance
with the Guidelines for the Care and Use of Labora-
tory Animals (Prime Minister’s Office no. 6, 1980).
Insulin Tolerance Test Insulin tolerance tests
were performed at the end of the repeated adminis-
tration. After overnight (18-hr) fasting, insulin
(0.5 U/kg body weight) solution was administered
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Fig. 1. Effectsof Green Tea Cold Ext on Blood Glucose Levels
in KK-Ay Mice (Repeated Administrations)

Green tea cold ext 100 mg/kg was administered orally to KK-Ay
diabetic mice. After 4 and 8 weeks, blood samples were taken to
determine blood glucose levels. Each value represents the mean + S.E.
of 3-5 mice. Significantly different from pre administration value,
##p < 0.01. Significantly different from control, *p < 0.05, **p < 0.01.

subcutaneously. Blood samples were collected be-
fore administration of the insulin and 30, 60, and
120 min later.

Determination of Blood Glucose and Insulin
Blood glucose levels in the mice were deter-
mined using the glucose oxidase method,® and
plasma insulin levels were measured using the
double-antibody method.? All the data are expressed
asmean * S.E., and Student’s t-test and analysis of
variance (ANOVA) are used for statistical analysis.
The values were considered to differ significantly
when the p-value was less than 0.05.

RESULTS

The effects of the repeated administration of
green teacold ext on blood glucose levels are shown
in Fig. 1. Green tea cold ext-treated (100 mg/kg)
animals showed lower blood glucose levels from 4
to 8 weeks after the administration compared with
the controls (4 weeks p < 0.05, 8 weeks p < 0.01).
The plasmainsulin level in green tea cold ext-treated
KK-Ay mice tended to decrease 8 weeks after ad-
ministration (Fig. 2). However, green tea cold ext
did not affect blood glucose levels in normal mice

(Fig. 3).

Control Green tea cold ext

Fig. 2. Effectsof Green TeaCold Ext on Plasmalnsulin Levels
in KK-Ay Mice

Green tea cold ext 100 mg/kg was administered orally to KK-Ay

diabetic mice. After 8 weeks, blood samples were taken to determine

plasmainsulin levels. Each vaue representsthemean + S.E. of 3-5 mice.
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Fig. 3. Effectsof Green Tea Cold Ext on Blood Glucose Levels
in Normal Mice

Green tea cold ext 100 mg/kg was administered orally to normal

ddY mice. After 4 and 8 weeks, blood samples were taken to determine

blood glucose levels. Each value represents the mean + S.E. of 5 mice.

Insulin Tolerance Test

Green tea cold ext (100 mg/kg body weight p.o.)
decreased blood glucose levels after 120 min com-
pared with the controls (p < 0.05) in theinsulin tol-
erance test (Fig. 4).
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Fig. 4. Effects of Green Tea Cold Ext on Insulin Tolerance in
KK-Ay Mice

After overnight fasting, insulin solution (0.5 U/kg body weight)

was administered subcutaneously. Blood samples were collected before

the administration of insulin and 30, 60 and 120 min thereafter. Each

value represents the mean + S.E. of 6-11 mice. * Significantly different
from controls, p < 0.05.

DISCUSSION

This study clearly showed that the water extract
of green tea produces a consistent hypoglycemic
effect. In apreliminary study, we examined the dose
dependence (20, 100, 300 mg/kg) after oral admin-
istration of green tea and found that it showed hy-
poglycemic activity on maltose tolerance at 100 and
300 mg/kg (data not shown). Therefore we studied
the effects of green tea at the dosage of 100 mg/kg.

KK-Ay mice, an animal model of type 2 diabe-
tes mellitus, are known for genetically induced dia-
betes and include ob/ob mice® and KK mice,® which
have hyperinsulinemia as a result of insulin resis-
tance.” The blood glucose levels of control KK-Ay
mice were elevated at 4 and 8 weeks when compared
with 0 week. The KK-Ay mice used showed early-
stage symptoms of type 2 diabetes. Green tea cold
ext-treated KK-Ay mice showed lower blood glu-
cose levels over the period from 4 to 8 weeks after
administration. For early-stage symptoms of type 2
diabetes, diet and exercise therapy are used. These
results indicate that green tea cold ext is useful in
the treatment of type 2 diabetes.

Green tea cold ext also lowered blood glucose
levels in the insulin tolerance test and hyper-

insulinemia tended to improve. Insulin (0.5 U/kQg)-
treated KK-Ay mice did not have lower blood glu-
cose levels because of insulin resistance in the pe-
ripheral tissues, indicating that green tea cold ext
lessens this resistance. Recently, Wu et al. have re-
ported that green tea supplementation for 12 weeks
ameliorates insulin resistance and increase glucose
transporter 1V content in afructose-fed rat model.?
Insulin resistance in peripheral tissues is known to
be one of the pathogenic factors in type 2 diabetes,
together with the impairment of glucose-induced
insulin secretion from pancreatic beta cells. There-
foreit isimportant that green tea cold ext improves
insulin resistance.

Further studies should be performed to confirm
that green tea cold ext could become useful in the
treatment of diabetes through its unique therapeutic
mechanism. The above experimental results suggest
that the antidiabetic activity of green tea cold ext
supports the traditional medical treatment of type 2
diabetes.
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