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Abstract

The present study was designed to investigate the hypoglycemic activity and lipid metabolism of ethanol (EtOH)
extract from the aleurone layer of anthocyanin-pigmented (AP) rice in streptozotocin (STZ)-induced diabetic rats.
Sprague-Dawley male rats weighing 210~240 g were divided into 4 groups, normal, diabetic control, and two
experimental groups, and diabetes in rats was induced by injection of STZ (45 mg/kg, body weight) into tail vein.
The EtOH extract of the powdered aleurone layer of AP rice was administered orally in diabetic rats for 14 days.
In order to find the hypoglycemic effects in the animal model, the body weight, plasma glucose levels, cholesterol,
HDL-cholesterol, triglyceride (TG), free fatty acid (FFA), aspartate aminotransferase (AST) and alanine amino-
transferase activities (ALT) were determined. Oral administration of 1.0 g/kg on the EtOH extract for 14 days
resulted in a significant reduction in blood glucose, ALT, TG and FFA. However, in the case of 2.0 g/kg, the hypo-
glycemic effects were not considerable. This results suggest that the EtOH extract might induce hypoglycemic effects
in STZ-induced diabetic rats due to some phytochemical components in the aleurone layer of AP rice.
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INTRODUCTION

Rice (Oryza sativa 1.) is the staple food in many Asian
countries. Varieties of rice include long-grain white, long-
grain brown, glutinous brown, wild, basmati, brown basm-
ati, jasmine and rosotto. Cultivation of pigmented rice through
genetic engineering in the early 1970’s began a surge in world
production of various kinds of rice grains (1). Extraction
and industrial use of new bioactive compounds from crops
have been accomplished for the added-value of agricultural
products. The anthocyanin-pigmented (AP) rice (Oryza sativa
cv. Heugjinmi) having dark purple-colored grains, is broadly
known as an enriched rice for taste, color and nutrient im-
provement.

Diabetes mellitus is a major disease affecting nearly 10%
of the population. In spite of the introduction of hypogly-
cemic agents, diabetes and related complications continue to
be a critical medical problem. Clinically, it is a heterogene-
ous disease, characterized by a low glycemic control, due
to impairment of the balance between p-cell secretion of insu-
lin, peripheral insulin action and hepatic glucose produc-
tion. However, the mechanism which leads to increased plas-
ma glucose level has not been confirmed so far (2). One of
the well-known symptoms of diabetes is hyperglycemia,
which is associated with an increased incidence of micro-
and macro-vascular complications in diabetes (3). Though
synthetic drugs can inhibit and reduce the symptoms, synthetic
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hypoglycemic agents can give rise to serious side effects
including hematoma, coma and disturbances of liver and
kidney function (4). Therefore, the development of hypo-
glycemic agents from natural resources has been needed. The
plant-derived drugs are frequently considered to be less toxic
and more free from side effects than synthetics (5). For these
reasons, the potent hypoglycemic effects of some natural plants
has been reported (6-8). In addition, many traditional plants
and herbs were used throughout the world for the care of
diabetes (9-17).

In the present study, the improving effects of EtOH extract
from the aleurone layer of AP rice in STZ-induced oxidative
damaged and diabetic rats was investigated.

MATERIALS AND METHODS

Plant material

The fully ground aleurone layer of AP rice was supplied
by National Crop Experiment Station, Rural Development
Administration (RDA), Suwon, Gyeonggi-do, Korea, in Feb-
ruary 1999. A voucher specimen has been deposited at the
RDA. The ground sample was kept in airtight and deep freeze
containers until the time of use.

Extraction of sample
The fully ground aleurone layer of AP rice (5.0 kg) was
extracted with 15 L of EtOH in the dark, at room temper-
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ature five times overnight. The supernatant was collected
and evaporated to dryness at 40°C under pressure in a rotary
evaporator to yield the EtOH extract (35.6 g).

Animals and experimental induction for diabetes

Male Sprague-Dawley rats were used for this study. Rats
were fed a standard pellet laboratory diet and provided with
water ad libitum. They were fasted for 16 hr before STZ in-
jection but were allowed free access to water. Diabetes was
induced in experimental diabetic rats by a single STZ (Sig-
ma Chemical Co., 45 mg/kg, in 10 mM sodium citrate buff-
er, pH 4.5) into the tail vein. The rats with blood glucose
levels greater than 300 mg/dL. were considered diabetes.
Normal rats received citrate buffer alone. The rats were di-
vided into four groups; group 1 (5% tween 80) was served
as normal; group 2, which served as a STZ-induced diabet-
ic group, received 5% tween 80 instead of EtOH extract; The
rats of groups 3 and 4 received two different concentrations
of the EtOH extract of the aleurone layer of AP rice, 1.0 g
and 2.0 g/kg, b.w. for 14 days, respectively.

Biochemical analysis

During the experimental period, a small volume of blood
was withdrawn periodically from orbital veins for monitoring
plasma glucose and cholesterol levels. All rats were decap-
itated after two weeks, and blood was subsequently collect-
ed in heparinized tubes, and separated immediately for plasma
processing for further experiments. The heparinized blood
was centrifuged to obtain plasma at 3,000 rpm at 4°C for
15 min.

Rat body weights were recorded daily and hematocrit lev-
els measured by the microhematocrit method (18,19). AST
and ALT activities were analysed by the Reitman-Frankel
method (20), and plasma glucose levels were determined
by the glucose oxidase-peroxidase method (21) using a glu-
cose kit (Yeongdong Pharm. Co., Seoul). Plasma cholesterol
level was measured using an enzymatic method (22) using
a cholesterol kit (Yeongdong Pharm. Co., Seoul). TG and
FFA levels were measured using the methods of Giegel et
al., (23) and Trimble (24), respectively.

Statistical analysis

The results shown were expressed in mean = S.D. Statis-
tical analysis was done using analysis of variance (ANOVA).
As F values obtained were significant values statistically,
the L.S.D. procedure was used to determine the significant
differences at p<0.05 between treatment means (25).

RESULTS AND DISCUSSION

The EtOH extract from the aleurone layer of AP rice was
found to exhibit reducing glucose levels on plasma in STZ-
induced diabetic rats. STZ, a 2-desoxy-D-glucose derivative
of N-methyl-N-nitroso-urea (26), is a diabetogenic com-
pound and is known to specifically destroy B-cells in the
pancreas (27-29). STZ-induced hyperglycemia has been de-
scribed as a useful experimental model to study the activity

of anti-diabetic agents with or without insulin (28,30). Our
results showed that intravenous administration of STZ (45
mg/kg) induced effectively diabetes in normal fasted rats, as
reflected by glycosuria, high glycemia, poly-phagia, polydypsia
and body weight loss when compared to the normal group.
Table 1 demonstrates the changes in body weight between
normal and experimental rats. As expected, STZ-induced di-
abetic rats showed considerable weight loss compared to the
normal group, and no significant differences among the dia-
betic rats. However, the animal groups treated with EtOH
extract from the aleurone layer of AP rice, showed greater
increases in body weight than the STZ-control group. It has
already been reported that mean body weight in diabetic an-
imals was lower than the non-diabetics by Van Dam et al.
@3n.

Table 2 also shows the hematocrit levels of normal and
experimental rat groups. There were no significant differences
in normal, STZ-control and EtOH groups. However, the ac-
tivities of AST and ALT in plasma in the STZ-control group
were elevated in comparison to the normal group. The sig-
nificant difference was found between the STZ-control group
and the EtOH extract 1.0 g group (Table 3).

Table 1. Changes of body weights of normal and diabetic rats fed

on EtOH extract from aleurone layer of AP rice

» Initial BW” Final BW” Weight gain”
® @ (g/14 day)

2274+9.8 26771163 403+% 7.4°
2249165 2183+12.3° -6.6+10.0°

Experimental groups

Normal (n = 6)
STZ-control (n = 8)

EtOH extract 1.0 g 228.5:+7.8 230.1+272° 1.6+20.0°
(n=7)
EtOH exiract 2.0 g 228.0+7.1 2334+22.6° 5.4+16.8"
n=7)

"Values are mean =+ SD.
“Not significant at 5% level.
*Values with different superscript within column differ at 5% level.

Table 2. Effect of EtOH extract from aleurone layer of AP rice
on hematocrit levels in normal and diabetic rats

2)

Experimental groups” Hematocrit levels (%)

Normal (n = 6) 41.8+64
STZ-control (n = 8) 447127
EtOH extract 1.0 g (n=7) 450+1.4
EtOH extract 20 g (n=7) 453114

:)Values are mean=* SD.
“Not significant at 5% level.

Table 3. Effect of EtOH extract from aleurone layer of AP rice
on the plasma AST and ALT activities in normal and diabetic rats

Experimental groups” AST” ALT”
(KA unitL) (KA wniyL)
Normal (n = 6) 162.8+12.9° 353+ 35°
STZ-control (n = 8) 215.5+243> 615+ 96°
EiOH extract 1.0 g (n=7) 1932+23.1®° 51.6+10.3°
EtOH extract 20 g (n=7) 300.1+73.7° 495+ 58°

“Values are mean =+ SD.
?Values with different superscript within the column are signif-
icantly different at 5% level.
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Fig. 1 shows the blood glucose levels in normal and STZ-
control rats. The blood glucose level was significantly higher
by as much as four times in diabetic rats compared to normal
rats. In case of the administration of EtOH extract (1.0 g/kg)
from the aleurone layer of AP rice, the blood glucose level
was significantly lowered compared with STZ-control group.
However, at higher doses (2.0 g/kg), the significant effect
was not found. It is assumed that the hypoglycemic effects
of EtOH extract might not be a dose-dependent mechanism.
In general, the possible mechanism that brings on hypoglycemic
activity may be the increasing insulin secretion from f-cell of
islets in Langerhans by its release from the bound form (32).

Fig. 2 shows the effect of EtOH extract on plasma choles-
terol in normal and diabetic rats. The concentration of plas-
ma cholesterol was significantly higher in STZ-diabetic than
normal rats. This is the result of the decreased hydroxyme-
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Fig. 1. Plasma glucose levels in normal and diabetic rats fed on
EtOH extract of aleurone layer of AP rice (-e-: Normal;-m-:
STZ-control; -a-: EtO Hextract 1.0 g; -¢- : EtOH extract 2.0 g).
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Fig. 2. Plasma cholesterol levels in normal and diabetic rats fed on
EtOH extract of aleurone layer of AP rice (-e-: Normal; -m- :
STZ-control; -a-: EtOH extract 1.0 g; -o- : EtOH extract 2.0 g).

thyl glutaryl-CoA in the liver and increased hydroxymethyl
glutaryl-CoA in the intestine (33). In this study, cholesterol
values were decreased in the EtOH extract of 1.0 g/kg com-
pared with the STZ-control group.

Table 4 gives the concentrations of HDL-cholesterol, TG
and FFA in plasma. They noticed a slight increase of HDL-
cholesterol in STZ-diabetic rats compared with the normal
group. The concentration of plasma TG was elevated as much
as five times in diabetic compared to normal rats. The EtOH
extract, 1.0 g/kg from the aleurone layer of AP rice reduced
plasma TG levels significantly, to give the values to near nor-
mal. In the EtOH extract at a dose of 2.0 g/kg, any TG low-
ering effects as well as reduced blood glucose levels were not
evident. There was also a significant elevation in plasma
FFA during diabetes compared with normal rats. Oral admin-
istration of EtOH extract, 1.0 g/kg, decreased the FFA level
significantly. In this study, we have observed higher levels
of both cholesterol and FFA in the plasma of the STZ-
control group. Accordingly, it has been deduced that there
were higher lipid levels in plasma in the STZ-control group.
The level of plasma lipids is usually raised in diabetes and
coronary heart disease (34). On the contrary, the lowering
of lipid levels in plasma through dietary or drug therapy
seems to be associated with a decrease in the risk of vascular
disease (35). The abnormal high concentration of serum lipids
in diabetes is mainly due to the increase in the mobilization
of FFAs from the peripheral depots, since insulin inhibits
the hormone sensitive lipase (34). As a result, it shows that
EtOH extract administration suppresses the degree of tissue
damage occurring in STZ-induced diabetic rats.

Thus the study shows that EtOH extract of the aleurone
layer of AP might have a hypoglycemic effect. And the levels
of TG and FFA decreased in the EtOH extract group. The
activity was more pronounced in the administration of 1.0
g/kg. For all the parameters studied, in conclusion, EtOH
extract from the aleurone layer of AP rice at a dose of 1.0
g/kg can be indicated to regressed therapeutic effect. Further
studies are needed to identify the active nutraceuticals for
the hypoglycemic effect and evaluate its mechanism. Ulti-
mately, information pertaining to these active phytochemicals
from the AP rice may be useful in terms of diet selection

Table 4. Effect of EtOH extract from aleurone layer of AP rice
on HDL-cholesterol, triglyceride and free fatty acid (FFA) in plas-
ma of normal and diabetic rats

Experimental HDL- 5 Triglyceride” FFA?

rouns’ cholesterol d Eq/L

groups (mg/dL) (mg/dL) (UEq/L)
Normal (n=6) 45.1£5.1™ 1419+ 69.8° 3308+ 63.6°

STZ-control (n = 8) 49.8+4.5° 780.5+427.5° 1039.0+297.8°

EtOH extract 400+49"° 17681218 425.6+175.8°
10g (n=7)

EtOH extract 427+79° 607.6+464.68° 7448+3919"
20g (n=7)

YValues are mean=SD,
PValues with different superscript within the column are signif-
icantly different at 5% level.
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and/or their use as dietary supplements for diabetes treatment.
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