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Effects of a Butanol Fraction of Alisma canaliculatum
and of Selenium on Blood Glucose Levels and Lipid Metabolism
in Streptozotocin—Induced Diabetic Rats’
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University, 419 Ssangmoon-dong, Dobong-gu, Seoul 132-714, Korea

The purpose of this study was to investigate the effects of a butanol fraction of Alisma canaliculatum
All. Braun et Bouche (Ac), and of selenium (Se), on plasma glucose and lipid levels in streptozotocin (STZ)-induced
diabetic rats. Male Sprague-Dawley rats, fed the AIN-93 recommended diet, were divided into five groups:
a non-diabetic control group (no STZ treatment), and four STZ-induced diabetic groups which consisted
of a diabetic-control group, an Ac-treated group, an Ac-Se treated group, and a Se-treated group. Diabetes
was induced in the rats by an injection of STZ into the tail vein at a dose of 45 mg/kg body weight.
The butanol (BuOH) fraction of Ac was orally administered at a rate of 400 mg/kg body weight for 21
days to both the Ac and Ac-Se groups. The supplementation of selenium in the Se and Ac-Se groups
was achieved by adding (freshly, every day) 2 mg of Se as Na;SeOs per kg of feed. The rats' body weights
and hematocrit (Hct) levels were measured, along with plasma levels of glucose, insulin, cholesterol,
HDL-~cholesterol, triglyceride (TG), and free fatty acids (FFA). Aminotransferase activities were also analyzed.
The non-diabetic rats gained weight, while the diabetic rats lost weight - except in the Ac-Se group, which
maintained their initial weight. The blood glucose levels of the Ac group and the Se group were significantly
lower than for the diabetic-control group. The plasma triglyceride levels were lowered when both Ac and
Se were administered to diabetic rats. The concentrations of plasma FFA in the Ac-Se group were significantly
lower compared with the diabetic-control group. Plasma cholesterol levels and alanine aminotransferase
activity in the Ac, Ac-Se, and Se groups were significantly lower when compared with the diabetic-control
group. Aspartate aminotransferase activity was significantly lower in the Se group compared to the other
diabetic groups. These data show that treatment with a butanol fraction of Ac in combination with Se
has no synergistic effect. Plasma glucose levels tended to be low when Se was administered to diabetic
rats. Supplementation of Se in diabetic rats did not elicit a significant increase in plasma insulin levels
or result in hypolipemic effects.
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INTRODUCTION

Diabetes mellitus has become the most significant
chronic disease and cause of death in modern society.
In Korea, diabetes was a very rare disease. In 1983 the
incidence of diabetes in the population aged between 20
to 29 years and 40 to 49 years was less than 1% and
2%, respectively. However, in 1998 the incidence of
diabetes among the population aged 20 to 29 years
quadrupled and 40 to 49 years doubled to 2% and 5.1%,
respectively”. These figures far exceeds the levels among
other races and countries such as the Pima Indian and
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the Nauru tribc™® who are known to have the highest
incidence outside of Korea (1.8%). In Korea the death
rate from diabetes has increased by 124.5% in the last
10 years” and the incidence of diabetes is increasing
even in young children due to increases in obesity. Thus,
the cause, prevention, and treatment of diabetes has
become a very serious public health problem in Korea.

The cause of diabetes is attributed to the westernization
of food practices, lack of exercise, and nutritional imbalance
of food compositions. Recent westernization of the Korean
diet, and the changed food behavior such as fast foods and
processed foods prompted the accumulation of reactive
oxygen species (ROS) in the body, and the resulting reactive
oxygen radicals damage cells and may be directly
responsible for increases in diabetes. In diabetes the tissues
have more peroxidative damage, and a stimulated free
radical production system, compared to non-diabetic tissues.
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In order to resist free radical formation, antioxidative
enzymes, as well as nutrients such as vitamin C and
selenium which play a role in non-enzymatic protection
against lipid peroxidation*®, are needed.

Selenium, an antioxidant nutrient, is a mineral which
combines with a metalloenzyme, glutathione peroxidase,
and controls hydroperoxides and H,O, levels. Selenium
is a very important mineral whose characteristics are
similar to insulin™"®. The addition of Se in diabetes results
in lowered blood sugar, and a recovery in the functions
and structure of the pancreatic P-cells. Antioxidant
supplementation also delays onset of symptoms of
diabetes'™"”. Se is a catalyst in thyroid hormone pro-
duction, protects inner endothelial cells, facilitates
immunological functions, and protects the body against
diseases. Selenium prevents apoptosis caused by ROS, and
suppresses initial carcinogenic processes

Prevention and management of complications caused by
diabetes could be achieved by improved food habits,
reductions in obesity, and more physical exercise. However,
a prolonged regime of drug treatment could raise questions
of toxicity, of safety-efficacy, and of cost-effectiveness. In
order to prevent such problems and the side effects of
chemicals, renewed efforts are being made to use traditional
or natural remedies. Recently, research has focused on
foods which could increase insulin secretion, on the
extraction of naturally occurring antioxidant vitamins, the
effects of extraction on antioxidation and antiperoxidation,
and on the testing of anticarcinogenic effects” . In Far
Eastern countries such as Korea, research has also focused
on pharmaceutical plants which have traditionally been
used as folk remedies'; research on the mutation-inhibiting
effects of plants, and a search for new functional foods,
are emerging as important areas of inquiry.

Alisma canaliculatum All. Braun et Bouche (Ac), which
is used for the prevention and treatment of diabetes, is
a plant belonging to a Family with approximately 13
genuses and 90 species around the world; the Korean
Alisma is called Alisma plantago-aquatica L. var.
orientale Samuels. In Korean, this Alisma is called
soguinamul, soitaenamul or mooltaecksa, and is used,
cultured and produced as a drug. The dried subterranean
stem of this plant, grown as a perennial in marshy areas
around ponds, is called Alisma canaliculatum All. Braun
et Bouche. The water plantain, Rhizoma Alismatis (Ac’s
pharmacological Latin name or prescription name) has
been used as a food or drug in folk medicine; its roots
were used against diarthea, hypertension, acute intestinal
infection, dryness of mucous membranes, dizziness, and
Jaundice. The Ac, a harmless anti-mutational plant food
which suppresses DNA damage, has diuretic properties
and cholesterol lowering activities. The Ac consists of
23% starch, 7% protein, triperpene chemicals such as
alisol A, alisol B, alisol A monoacetate, alisol B

monoacetate, and epialisol A, which belong to the
furfurol and triterpenoid branches of refined oil. The Ac
contains D-glucose, D-fructose, sucrose, p-sitosterol and
choline, with small amounts of alkaloids, aspartic acid,
and phytosterols and their derivatives, palmitic acid,
stearic acid, oleic acid, and linoleic acid”®*".

Prior to this study, the effects of Ac were investigated
through its supplementation in the diet’”, and throu;h
the oral administration of a methanol extract of Ac>*"
In the present experiment, Ac, Se, or Ac-Se were given
to STZ-induced diabetic rats for 21 days, and blood
plasma was collected to study the effects of antioxidants
on glucose and lipid metabolism.

MATERIALS AND METHODS

1. Materials

Dry Ac was purchased in the Kyoung-dong market and
pulverized. The resulting powder was added to methanol
and was then placed in a water bath which was attached
to a device for circulating cold air. The extract was
filtlered in warm temperature conditions. This process
was repeated three times. All methanol filtrates were
added together, decompressed, and then concentrated.
The methanol extracts were fractionated with hexane,
chloroform, ethylacetate, butanol, and H,O. The butanol
fraction, which is known to reduce blood glucose, was
used for the present experiment. Selenium as the
compound Na,SeO; (BDH Laboratory, England) was
used in the experiment.

2. Experimental animals, diets and diabetes
inducement

Sprague-Dawley rats weighing approximately 230g
(Sam-Yook experimental animals) were raised in the
laboratory and fed a solid chow (Sam-Yang Animal Feed
Co.) for a week prior to the experiment. The rats were
then divided into 5 groups. Animals assigned to the 4
diabetic groups were injected with STZ into the tail vein
in order to induce diabetes; one group was used as the
diabetic control group, with the remaining three groups
being designated as the Ac, Ac-Se, and Se groups. STZ
was used to induce diabetes in rats, as it is known to
specifically affect pancreatic B-cells, induce diabetes, and
cause high blood sugar and mild weight reduction. A
concentration of 45mg STZ in 0.01M citrate buffer (pH
4.5)/kg body weight™ was injected into the rats. It is
reported that, within 7 hours of STZ injection, insulin
secretion increases, but insulin secretion then gradually
decreases due to B-cell destruction within 24 hours, and
causes high blood sugar levels’®. Blood was obtained
from the eye vein of the animals treated with STZ and
centrifuged at 3,000 rpm for 15 minutes (HA300, Hanil
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Centrifuge Co., Ltd). If the glucose concentration in
plasma was higher than 300mg/dL, the rats were
considered to be diabetic. The non-diabetic control
animals were injected with the same amount of citrate
buffer. All animals were given the AIN-93 ration’” and
water ad libitum. The Ac group was given 400mg Ac
in 5% Tween 80 solution per kg body weight at a fixed
time of the day for 21 days. The Se group was given
2mg Se per kg body weight, mixed into the AIN-93
ration. The Ac-Se group was given Ac and Se together;
the non-diabetic control group and the diabetic control
group were given 5% Tween 80 solution orally.

Food intakes and body weights were measured daily
at a fixed time of the day, and average daily food intakes
in each week were calculated. The feed efficiency ratio
(FER) was also calculated.

3. Biochemical Analysis

During the experimental period, animals were
anaesthesized with ether after food intake, and blood was
obtained from the eye vein. The blood was collected in
heparinized tubes and was centrifuged at 3,000 rpm for
15 minutes at 4 C. Plasma glucose and cholesterol
concentrations were determined. After the blood was
collected, the liver, heart, kidneys, lungs, and spleen
were excised and weighed. The plasma was rapidly
frozen at-70 T until further analysis.

Hematocrit levels were determined by using the
micro-hematocrit method™ and the packed red cell
volume was measured by using the microcapillary
reader. The glucose kit from Young-Dong pharmacy (an
adapted the glucose oxidase method®™) was used to
measure the plasma glucose levels by determining the
absorbancy at 505 nm. Levels of plasma insulin were
determined by using a radioimmunoassay kit (Diagnostic
products Co., U.S.A) in a gamma counter (Peckard, USA).
Plasma cholesterol’”? was measured using the cholesterol
kit (Young-dong pharmaceutical Co.) by measuring
absorbancy at 500nm; plasma triglyceride was measured
using a triglyceride kit (Young-Dong pharmaceutical Co.)
by measuring absorbancy at 545nm, which is an adapted
method of Trinder”. HDL-cholesterol was measured by
the enzymatic method™. The activities of aspartate amino-
transferase (AST) and alanine aminotransferase(ALT), the

activities of AST and ALT were measured by using the
Reitman-Frankel method™.

4. Statistical Analysis

Means and standard deviations were calculated from all
data. Significance between experimental groups was
determined by the L.S.D. testing method following the
application of the ANOVA test using the PC-Stat program.

RESULTS AND DISCUSSION

1. Body weight

Table 1 presents the body weights of the animals
according to the experimental treatments. At the end of
the experimental period the non-diabetic control group
gained weight (+60.4+11.8 g), while the diabetic control
group lost weight (-25.6+17.7 g). Among the diabetic
groups treated with Ac and Se, the Ac-Se group gained
weight (+3.0£29.6 g) compared to the Ac and the Se
group. The Ac-Se group appeared to begin gaining
weight after 7 days of the treatment, unlike the Ac and
Se group.

The rats with STZ-induced diabetes are reported to
incur drastic weight reductions and to recover weight
only with difficulty, unlike rats with alloxan-induced
diabetes™. Diabetes is induced by STZ by destroying
the P-cells of the pancreas, and the resulting lack of
insulin affects the growth and development of the
animals due to a reduced energy production from glucose
metabolism. Sexton’” rteported that weight reduction
occurs in rats treated with STZ because of a reduction
in the surface area of blood capillaries where exchange
of materials and solutes occurs, and this subsequently
results in the shrinkage of skeletal muscles. Se supple-
mentation alone did not affect the weight gain®;
however the Ac-Se group’s weight gain was due to a
higher feed efficiency ratio which might be attributed
to a slight normalization of glucose metabolism caused
by an activation of the Ac aided by Se supplementation.

Average daily food intakes in the non-diabetic control
and diabetic-control groups were 18.5g and 30.3g,
respectively; thus, the diabetic group showed a very high
food intake. Food intake was significantly higher in all

Table 1. Changes in body weight of normal and diabetic rats fed on the butanol fraction of Alisma canaliculatum with selenium®

Group Initial(0 day) 7 day 14 day Final(21 day) Weight gain
Normal 232.7+3.4°%9 253.7+ 4.6%7 268.7+ 9.6* 293,1+15.0° +60,4+11.8°
Diabetic-control 231.247.5 211.6+ 9.6° 200.0+13.0° 205.6+18.7° 25.6+17.7°
Ac 232.1+8.3 2174+ 7.2™ 218.7+16.6™ 210.1+31.0™ -22.0432.9™
Ac-Se 230.4+6.3 2233+11.3° 228.1+24.2° 233.4229.0° +3.0429.6°
Se 232.916.3 221.6+ 88° 217.7+19.9% 222.3+22.3% -10.0+22.9%

1) Values are mean + S.D., n=7.
2) NS : not significant at the p<0.05

3) Values with different superscript within the same column are significantly different at the p<0.05 by LSD
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diabetic rats compared to the non-diabetic rats, and the
feed efficiency ratio in the Ac-Se group (+0.00410.042)
was slightly higher than other diabetic groups (Table 2).
The continuous loss of body weight in diabetic rats
despite the higher food intakes, compared to the
non-diabetic control group, might have been due to a
regressive change in body metabolism due to diabetes.

2. Organ weight

Table 3 shows the relative weights of the liver,
kidneys, lungs, heart, pancreas, and spleen per 100g body
weight. The relative weights of the heart, lungs, and
pancreas were not significantly different in all groups.
However, the relative weight of the liver was
significantly higher in all diabetic rats compared to the
non-diabetic control group. It was reported that the
increased hepatic weight in diabetic rats can be attributed
to the lowered function of insulin causing a breakdown
of body fat which in turn increases free fatty acids that
are utilized for hepatic triglyceride synthesis and are
eventually accumulated in the liver”. The weights of
the kidneys were significantly higher in all diabetic
groups compared to the non-diabetic control group.
There were no significant differences between the
diabetic control group and the experimental diabetic
groups in the weight of the kidney. This may be
attributed to the increased glomerular filtration of the
large quantity of plasma glucose generated after the
inducement of diabetes, which would in turn increase
the volume and the size of the kidneys; the increased
plasma glucose concentration would induce an increased
pentose phosphate pathway, causing increased DNA and

RNA synthesis, and consequently increased cell division of
the kidneys. Thus, the kidneys become large and heavy™.
Se supplementation did not affect organ Weights“).
Overall nutritional status rather than Se status affects
liver diseases, but the Se-supple- mented diet improved
hepatic enzyme activities as well as functional
improvement of the kidneys and lipid peroxidation. In
the present study the liver and the kidneys were the most
affected organs; however, 3 weeks of supplementation
with the Ac extract and Se did not reduce the size of
the enlarged liver and kidneys. The amount of Se
supplementation and the length of the supplementation
could have made a difference, and also there could have
been differences in the biochemical activities of the
organs even though the sizes were not changed.

3. Blood glucose and insulin levels

Non-fasting plasma glucose was analyzed every 4
days, and it was significantly higher in diabetic rats
compared to the non-diabetic control rats (Table 4). The
increase in blood glucose from day O to day 21 were:
0.8% in the control group, 68.5% in the diabetic-control
group, 50% in the Ac group, 39.7% in the Ac-Se group,
and 37.7% in the Se group, respectively. The rate of
increase in blood glucose was lower in the
supplementation groups compared to the diabetic-control
group. After 21 days of supplementation, the blood
glucose levels of the Ac and Se groups were significantly
lower than the diabetic control group (p<0.05). After 14
days and 21 days, the Se supplemented group had a
significantly lower blood glucose level compared to the
other diabetic groups (p<0.05). The supplementation

Table 2. Diet intake and feed efficiency ratio(FER) in normal and diabetic rats fed on butanol fraction of Alisma canaliculatum with selenium(g/day)”

Group Ist week 2nd week 3rd week Mean FER
Normal 18.5+0.8%” 17.1£2.9° 20.0+4.7° 18.5+2.4 +0.158+0.032°
Diabetic-control 25.643.8° 33.417.6° 32.0+4.7° 30.3+5.2° -0.044+0.032%
Ac 27.5+3.6™ 35.9+5.5° 35.419.5° 33.0£5.4° -0.124+0.212°
Ac-Se 25.6+2.0° 36.9+4.2° 38.2472° 33.6+3.5" +0.004+0.042°
Se 30.3+4.0° 37.7+5.0° 34.9+4.5° 34.3+4.0° -0.172+0.035™

1) Values are mean + S.D., n=7.

2) Values with different superscript within the same column are significantly different at the p<0.05 by LSD

Table 3. Organ weight in normal and diabetic rats fed on the butanol fraction of Alisma canaliculatum with selenium(100g/body weight)"

Group Heart Kidney3) Liver Lung Pancreas Spleen
Normal 0.36£0.07"?  0.33+0.02%% 3.28+0.46" 0.55+0.05™° 0.30+0.11™ 0.24+0.03%
Diabetic-control 0.34+0.03 0.65+0.04™ 3.93+0.20° 0.66+0.04 0.24+0.05 0.25+0.05
Ac 0.34+0.02 0.69+0.12° 420+0.31° 0.68+0.09 0.25+0.07 0.25+0.03
Ac-Se 0.33+0.02 0.64+0.04™ 4.16+0.31° 0.66+0.33 0.26+0.03 0.27+0.02
Se 0.34+0.03 0.58+0.03" 3.99+0.39° 0.66+0.04 0.23+0.05 0.24+3.30

1) Values are mean + S.D., n=7.
2) NS : not significant at the p<0.05
3) Mean of two kidneys

4) Values with different superscript within the same column are significantly different at the p<0.05 by LSD
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with the butanol extract of Ac in the present experiment
showed similar results to the previous study”” in terms
of lowering blood glucose.

According to reports by Reddi and Bollinei*”, diabetic
rats induced by STZ show an increased sensitivity to
oxygen free radicals and hydrogen peroxide, the
breakdown products of the liver, which impose oxidative
stress in diabetes and would damage inner endothelial
tissue; this would eventually be directly responsible for
high blood glucose. The results of the DCCT (diabetes
control and complication trial)*> showed that high blood
sugar is directly responsible for diabetic complications
as significant hyperglycemia and hypoinsulinemia reduce
glucose absorption; the consequent increase in damaged
NADH and NAD+ would result in increased
peroxidation products, and the resulting increased free
radicals and macrophages would destroy the
self-immunity of the pancreatic cells***,

According to research on the antioxidant activities of
a hot water extract of Chinese medicine'®, Ac was
showen to have an scavenging ability and an electron
donating activity; thus the Ac was a possible candidate
for antioxidant functional foods. The exact mechanism
by which the different fractions of Ac extract lower
blood glucose is not clarified yet, but some components
of the extract have insulin-like activities and act to either
delay breakdown of insulin or catalyze the action of
insulh146’47); however, the effect of Ac on insulin level
and on glucose absorption is not clear®. The meaning
of insulin resistance is when the effect of insulin reduces
in the peripheral tissues. Because high blood sugar levels
in diabetes cause insulin resistance, glucose control is
a very important issue in diabetes”. In the treatment
of diabetes, the use of a diuretic may increase insulin
resistance. The Ac has been prescribed as a diuretic in
Chinese medicine. It is possible that the oxidative-
damaged B-cells of the Islet of Langerhans in diabetes
could be protected by the Ac and Se in the diet.

According to the rtesearch by Lizuka et al®” Se
supplementation reduces high blood sugar, achieves a
recovery in the function and structure of the pancreatic
B-cells; Se acts like insulin” in glucose catabolism,
gluconeogenesis, fatty acid synthesis, and the pentose

phosphate pathway. In our experiment, the Se group had
the lowest blood glucose levels compared to other
diabetic groups due to selenium’s action on steadying
blood glucose; although the Ac-Se group did not have
the additional blood glucose lowering effect, the Ac
would have stabilized actions lowering blood glucose.

Plasma insulin levels were significantly lower in the
diabetic control group (0.08 + 0.00 mIU/ml) compared
to the non-diabetic control group (0.64+0.75 mIU/ml).
The Ac-Se group had a slightly higher level of insulin
(0.15 + 0.18 mIU/ml), compared to the other diabetic
groups; however, there was no significant difference
between the diabetic experimental groups and the
diabetic control group (Table 5). The study by Lim and
Kim® showed that a group supplemented with hexane
and CHCl; extracts of Ac had significantly higher levels
of insulin and lower blood glucose in rats; however, there
was little correlation between insulin level and plasma
glucose level. Se supplementation markedly prevented
oxidative damage in the blood, liver and muscles in
diabetes, as well as in the blood platelets. It may be that
the experiment was done in such a short period of time
and the mechanism of Ac-Se supplementation is not clear.
Although Ac and Se did not recover the pancreatic cells
and did not change the level of insulin significantly, it
may have worked as defensive functions which helped
reduce the level of plasma glucose.

4. Hematocrit levels and aminotransferase
activities

Hematocrit levels were slightly lower in the non-
diabetic control group compared to the diabetic groups,
even though the difference was not significant (Table
5). According to Dai and McNeill’” the level of
hematocrit for control rats and diabetic rats were 47 -
53% and 46 - 55%, respectively. Brooks™® also reported
that the level of hematocrit in control rats and
STZ-induced diabetic rats were 40% and 42%, res-
pectively. In the study of diabetic patients®”, high level
of hematocrit were associated with increased insulin
resistance and increased risk of non-insulin-dependent
diabetes. Hu et al™ reported that Se supplementation did
not affect hematocrit levels and other hematologic

Table 4. Plasma glucose levels in normal and diabetic rats fed on the butanol fraction of Alisma canaliculatum with selenium(mg/dl)”

Group 0 day 3 day 7 day 10 day 14 day 17 day 21 day
Normal 156.9124.4%%  123.1x 90° 1410+ 12.9° 1739+ 169° 1421+ 8.6  149.1% 24.6°  158.1% 12.5°
Diabetic-control ~ 479.1+44.0° 574.6+110.3° 5473+ 81.5°  636.6+105.1°  713.1+ 97.2°  698.8+ 91.8°  807.2+ 74.4°
Ac 445.8+28.2° 498.0+ 46.4° 5453+ 715" 6319+ 834"  738.8+ 52.9°  632.9+104.0° 668.5:147.3°
Ac-Se 487.5+23.8" 407.4:1029°  586.1+170.7°  606.8+ 87.0°  687.3: 844"  638.9:1062"  680.8+138.6"
Se 4754+522" 3796+ 96.9°  456.6+ 60.3°  615.5:1449°  5582+193.9°  3548.1x1384°  654.7+154.3"

1) Values are mean + S.D., n=7.

2) Values with different superscript within the same column are significantly different at the p<0.05 by LSD
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indices. Thus the results of previous studies support this
research that Se supple- mentation did not affect
hematocrit levels.

Liver and heart diseases are associated with diabetic
complications. Increased activities of aspartate amino-
transferase (AST) and alanine aminotransferase (ALT)
are used as indices of liver damage, and the results for
these enzymes are presented in Table 5.

The ALT activity was significantly lower in the non-
diabetic control group compared to the diabetic control
group. AST activity was lower in the non-diabetic
control group compared to diabetic experimental groups,
even though the difference was not significant. Only in
the Se supplementation group were both AST and ALT
activities significantly lower than in the diabetic control
group. The weight of the liver was similar in all groups,
but the activities of AST and ALT are normally high
in damaged liver cells causing a fatty liver and liver
toxicity. The Se-supplemented group, rather than the
Ac-Se supplementation group, showed low ALT and
AST activities, and AST activity in particular was very
similar to the non-diabetic control group. It appears that
Ac and Se both improve the liver functions.

5. Effect on lipid concentrations

Table 6 shows the results for plasma cholesterol levels.
Plasma cholesterol levels fluctuated during the
experimental period. In the beginning of the experiment
plasma cholesterol levels were similar between the

different groups. On the fourth day, plasma cholesterol
significantly increased in all diabetes-induced rats
compared to the non-diabetic control. On the seventh day
the Ac-Se group and Ac group showed significantly
lower plasma cholesterol levels compared to the
diabetic-control group. When diabetes is not under
control, there is a hepatic hydroxymethyl glutaryl-CoA
(HMG-CoA) reductase and an increase in intestinal
HMG-CoA reductase activities which enhances the
mobilization of intestinal cholesterol, resulting in
hypercholesterolemia and hyperlipidemia®. Hsu et al®
found out that isoflavone reduced total cholesterol. As
previous mentioned by study of Nam and Kang'®, Ac
is one of antioxidative foods. This present experiment
showed that the butanol fraction of Ac, and Se, which
is antioxidative could be used effectively to reduce
plasma cholesterol.

Table 7 shows that plasma triglyceride levels were
lower in the Ac and Se supplemented groups compared
to the diabetic control group. The reason why plasma
triglyceride increases in diabetes is because blood free
fatty acid is converted to triglyceride more rapidly than
normal®®. The results of the present experiment agree
with previous research’” where plasma cholesterol levels
increased significantly in the diabetic-control group
compared to the non-diabetic control group; this may be
attributed to the abnormal glucose metabolism which
induced impairment in lipid metabolism.

Plasma HDL-cholesterol levels were significantly

54)

Table §. Insulin and hematocrit levels, ALT and AST activities in normal and diabetic rats fed on the butanol fraction of Alisma canaliculatum

with selenium

Group Insulin(mIU/ml) HU(%) ALT(KA unit/L) AST(KA unit/L)
Normal 0.64+0.75° 44.9+1.9™ 35.5+ 5.1° 90.6+20.4"
Diabetic-control 0.08+0.00° 46.3+2.0° 131.4275.3° 124.7+37.6®
Ac 0.08:0.00" 47.6+2.6" 83.6+ 9.9° 103.8+12.5™
Ac-Se 0.15+0.18" 473+1.6° 91.4127.2° 144.6+58.3"
Se 0.110.06 47.6+2.4° 77.3£10.7° 83.5424.1°

1) Values are mean + S.D., n=7.

2) Values with different superscript within the same column are significantly different at the p<0.05 by LSD

Table 6. Plasma cholesterol levels in normal and diabetic rats fed on the butanol fraction of Alisma canaliculatum with selenium(mg/g)‘)

Group 0 day 3 day 7 day 10 day 14 day 17 day 21 day
Normal 67.0£12.4™P  803x11.9°  77.7+16.5° 75.516.0° 85.1£15.9° 72.8+10.7° 62.7¢ 6.7°
Diabetic-control ~ 71.4+ 4.3 111.0£11.0° 121.6£19.9" 115.0£21.5" 119.6+14.5" 115.4+11.8" 122.3+39.4°
Ac 67.6+ 8.2 121.8+43.0° 98.6+13.9° 100.8+12.0° 124.0£30.2" 102.9+15.6" 90.5+ 8.1°
Ac-Se 94.3+45.6 101.7+15.5®  100.1+12.3° 104.1+13.8* 129.1£33.1° 114.2+17.6" 91.6+29.0°
Se 76.0£31.3 105.9+18.4° 116.1+26.8°  101.2+12.4 120.3+28.6" 103.0+ 6.9° 88.6+14.5°

1) Values are mean * S.D., n=7.
2) NS : not significant at the p<0.05

3) Values with different superscript within the same column are significantly different at the p<0.05 by LSD
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higher in the diabetic-control group, and this difference
was not observed between the diabetic-control group and
other diabetic groups (Table 7). The Ac group showed
somewhat reduced plasma HDL-cholesterol Ilevels
compared to the diabetic-control group and other groups.
Although the reduction in blood glucose could have led
to a reduction in triglycerides, this did not affect the
levels of HDL-cholesterol. The presence of higher levels
of HDL-cholesterol is associated with a lower incidence
of atherosclerosis™.

The level of free fatty acids was significantly higher
in the diabetic-control group, and significantly lower in
the Ac-Se group, compared to the diabetic-control group;
levels of free fatty acids in the Ac-Se group were at
the level of the non-diabetic control group. According
to a previous reportsg), increased free fatty acid levels
increase resistance to insulin, and the accumulation of
triglycerides in B-cells inhibits insulin production by
increased fat oxidation and increased fatty acyl-CoA
(even though the mechanism is not clear). Free fatty
acids and triglycerides stimulate ROS production in
white blood cells and increase oxidation stress. But Se
and the butanol fraction of Ac supplementation may
carry phytochemicals which could have inhibited the
production of active oxygen, and resulted in the changed
level of lipid metabolism.

CONCLUSION

This experiment is a study related to the prevention
and treatment of diabetes. The effects of the butanol
fraction of Alisma canaliculam (AC), a plant which has
been used as a folk remedy to reduce plasma glucose
level, and selenium (Se, Na;SeOs;) which functions as
an antioxidant in diabetes, were studied. Ac and Se were
supplemented to the diet of rats for 3 weeks and the
effects on plasma glucose and lipids were determined.

The experimental animals were Sprague-Dawely rats
weighing approximately 230 g. In some rats, streptozotocin
(45mg/kg body weight) was injected into the tail vein
in order to induce diabetes. The rats treated with

streptozotocin - were divided into 4 groups: the
diabetic-contol group, the Ac group, the Ac-Se group
and the Se group. These four groups were compared with
the streptozotocin-untreated group (non-diabetic control).
Animals were given the AIN-93 diet and water ad
libitum. The Ac groups were orally given 400mg of a
butanol fraction of Ac/kg body weight, once a day. The
groups treated with Se were given 2mg Se/kg of feed.
The AC-Se group was given both Ac and Se. Food
intakes and body weight were measured at a fixed time
every day. After sacrifice, hematocrit levels, and plasma
levels of glucose, insulin, cholesterol, HDL-cholesterol,
triglycerides and free fatty acids were determined; AST
and ALT activities were also measured.

During the 3 weeks experimental period, weight gain
was significantly higher in the Ac-Se group compared
to the diabetic control group. and plasma glucose levels
were shown to be significantly lower in the Ac and Se
group compared to the diabetic control group. Plasma
cholesterol levels were significantly lower in the Ac, Se,
and Ac-Se groups compared to the diabetic control
group. Plasma triglyceride levels were not shown to be
different between the diabetic-control group and other
treated groups, but tended to be lower in the Ac group
and the Se group compared to Ac-Se group. Plasma free
fatty acid levels were significantly lower in the Ac-Se
group. AST activity was the lowest in the Se group

The results have shown that the butanol fraction of
Ac, and Se, could improve plasma lipid metabolism.

Literature cited

1) Cho NH. Prevention of type II diabetes: Overview of
diabetes prevention trial. J Korean Diabetes Assoc 26: 26-37,
2002

2) King H, Zimmet P, Raper LR, Balkau B. The natural history
of impaired glucose tolerance in the Micronecian population
of Nauru: A six-year follow-up study. Diabetologia 26:
39-43, 1984

3) National statistical office, 98 The cause of death statistics,
1999

4) Halliwell B, Gutteridge JM, Cross CE. Free radicals,

Table 7. HDL-cholesterol, free fatty acid(FFA) and triglyceride(TG) levels in normal and diabetic rats fed on the butanol fraction of Alisma

canaliculatum with selenium

Group HDL-cholesterol FFA TG
(mg/d]) (UEq/L) (mg/dl)
Normal 44.0+ 7.2> 695.7+136.6° 52.91425.0°
Diabetic-control 65.3+14.4" 954.6240.9° 80.2423.5°
Ac 57.8+ 9.2° 776.6£195.4* 62.9+19.2%°
Ac-Se 64.0+ 8.9° 688.8+147.5° 83.2429.4°
Se 61.7+ 7.1° 787.7+103.6™ 74.7£14.0°

1) Values are mean + S.D., n=7.

2) Values with different superscript within the same column are significantly different at the p<0.05 by LSD



92 Anti-diabetic Effects of a Butanol Fraction of Alisma canaliculatum and of Selenium

antioxidants, and human disease: Where are we now? J Lab
Clin Med 119: 598-620, 1992
5) Bompart GJ, Prevot DS, Bascands JL. Rapid automated
analysis of glutathione reductase, peroxidase and
S-transferase activity: Application to cisplatin-induced
toxicity. Clin Biochem 23: 501-504, 1990
6) Adams JD, Laverburg BH, Mitchell JR. Plasma glutathione
and glutathione disulfide in the rat: Regulation and response
to oxidative stress. J Pharmacol Exp Ther 227: 749-754, 1983
7) Stapleton SA. Selenium: An insulin-mimetic. Cell Mol Life
Sci 57: 1874-1879, 2000
8) Ghosh R, Mukherjee B, Chatterjee M. A novel effect of
selenium on streptozotocin-induced diabetic mice. Diabetes
Res 25: 165-171, 1994
9) McNeill JH, Delgatty HL, Battell ML. Insulin like effects
of sodium selenate in streptozotocin-induced diabetic rats.
Diabetes 40: 1675-1678, 1991
10) Burk RF. Recent developments in trace element metabolism
and function: Newer roles of selenjum in nutrition. J Nutr
119: 1051-1054, 1989
11) Beck MA. The influence of antioxidant nutrients on viral
infection. Nutr Rev 56: S140-S146, 1998
12) Hathcock JN. Vitamins and minerals: Efficacy and safety.
Am J Clin Nutr 66: 427-437, 1997
13) Douillet C, Tabib A, Bost M, Accominotti M, Borson-
Chagot F, Ciavatti M. A selenium supplement associated
or not with vitamin E delays early renal lesions in
experimental diabetes in rats. Proc Soc Exp Biol Med 211:
323-331, 1996
14) Stapleton SR, Garlock GL, Foellmi-Adams L, Kletzien RF.
Selenium: Potent stimulator of tyrosyl phosphorylation and
activator of MAP kinase. BBA 1355: 259-269, 1997
15) Cho SY, Han YB, Shin KH. Screening for antioxidant
activity of edible plants. J Korean Soc Food Sci Nutr 30:
133-137, 2001
16) Nam SH, Kang MY. Screening of antioxidative activity of
hot-water extracts from medicinal. J Korean Soc Agric Chem
Biotechnol 43: 141-147, 2000
17) Kim MY, Kwon BM, Bae KW, Choi DH, Lee HJ, Kim
HE, Kim YK. Screening of acyl-co A: Cholesterol acyltrans-
ferase(ACAT) inhibitors from natural sources. Korean J
Pharmacogn 30: 384-396, 1999
18) Kim HK, Kim YE, Do JR, Lee YC, Lee BY. Antioxidative
and physiological activity of some Korean medical plants.
Korean J Food Sci Technol 27:. 80-85, 1995
19) Song JY, Yang HO, Pyo SN, Park SY, Kim KH, Son EH,
Kang NS, Yun YS. Screening of antineoplastic immuno-
modulator from herbal medicines. Yakhak Hoeji 42:
132-139, 1998
20) Jung PG. Vegetables of herb medicine. Hong Shin Co.,
Seoul, 1994
21) Science encyclopedia Co. East medical science ed.: A serise
of Chinese herbal medicines of east medical science 15.
Yeokang Co., Seoul, 1991
22) Lim SJ, Won SB. Effects of Korean wild vegetables on
blood glucose levels and energy metabolism induced
diabetic rats. Korean J Soc Food Sci 13: 639-647, 1997
23) Lim SJ, Kim SH. The effect of each fraction of methanol
extraction of Alisma canaliculatum on blood glucose levels
and lipid metabolism in streptozotocin induced diabetic rats.
Korean J Nutr 34: 619-625, 2001

24) Kim MW. Effects of CHCl; fraction of Alisma
canaliculatum with selenium on the plasma glucose and lipid
levels in streptozotocin-induced diabetic rats. Korean J Soc
Food Cookery Sci 34: 725-731, 2002

25) Gold G, Manning M, Heldt A, Nowlain R, Pettit JG,
Grodsky GM. Diabetes induced with multiple subdiabetogenic
doses of streptozotocin. Diabetes 30: 634-638, 1981

26) Junod A, Lambert AE, Stauffacher W. Renold AE.
Diabetogenic action of streptozotocin: Relationship of dose
to metabolic response. J Clin Invest 48: 2129-2139, 1969

27) Reeves PG. Components of the AIN-93 diets as improvements
in the AIN-76A diet. J Nutr 127: 5838-8841, 1997

28) Bauer JD. In clinical laboratory methods. 9th ed. pp.
188-189, Mosby Co., St. Louis, USA, 1982

29) Rabbo E, Terkildsen TC. On the enzymatic determination
of blood glucose. Scandinav J Lab Invest 12: 402-407, 1960

30) Desbuquois B, Aurbach GB. Use of polyehtylene glycol to
separate free and antibody-bound peptide hormones in
radioimmunoassays. Clin Endocrinol Metab 33: 732-738, 1971

31) Richmond W. Preparation and properties of a cholesterol
oxidase from Nocardia sp. and its application to the
enzymatic assay of total cholesterol in serum. Clin Chem
19: 1350-1356, 1973

32) Allain CC, Poon LS, Chan CSG, Richmond W, Paul CFu.
Enzymatic determination of total serum cholesterol. Clin
Chem 20: 470-475, 1974

33) Giegel JL, Ham SB, Clema W. Serum triglyceride
determined colorimetry with an enzyme that produces
hydrogen peroxide. Clin Chem 21: 1575-1581, 1975

34) Finely PR, Schifman RB, Williams RJ, Luchti DA.
Cholesterol in high density lipoprotein: Use of Mg2+/dextran
sulfate in its measurement. Clin Chem 24: 931-933, 1978

35) Reitman S, Frankel S.A colorimetric method the
determination of serum glutamic oxalacetic and glutamic
pyruvic transaminases. Am J Clin Pathol 28: 58-63, 1957

36) Brooks DP, Nutting TF, Crofton JT, Share L. Vasopressin
in rats with genetic and streptozotocin-induced diabetes.
Diabetes 38. 54-57, 1989

37) Sexton WL. Skeletal muscle vascular transport capacity in
diabetic rats. Diabetes 43: 225-231, 1994

38) Hu Miao-Lin, Ng HP. Dietary selenium and vitamin E affect
adrenal and brain dehydroepiandrosterone levels in young
rats. J Nutritional Biochem 9: 339-343, 1998

39) Goldgerg RB. Lipid disorders in diabetes. Diabetes Care
4: 561-572, 1981

40) Sococher M, Kunjara S, Baquer NZ, Mclean P. Regulation
of glucose metabolism in livers and kidneys of NOD mice.
Diabetes 40: 1467-1471, 1991

41) Beems RB, Beek LV. Short-term(6-week) oral toxicity study
of selenium in Syrian hamsters. Food and Chemical
Toxicology 23: 945-947, 1985

42) Reddi AS, Bollineni JS. Selenium-deficient diet renal
oxidative stress and injury via TGF-beta I in normal and
diabetic rats. Kidney Int 59: 1342-1353, 2001

43) The diabetes control and complications trial research group:
The effect of intensive treatment of diabetes on the
development and progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl J Med 329:
977-986, 1993

44) Wu G, Marliss EB. Enhanced glucose metabolism and
respiratory burst in peritoneal macrophages from spontaneously



Myung Wha Kim 93

diabetic BB rats. Diabetes 42: 520-529, 1993

45) Williamson JR, Chang K, Frangos M, Hasan KS, Ido Y,
Kawamura Y, Nyengaard JR, Van. den Enden M, Kilo C,
Tilton RG. Perspectives in diabetes: Hyperglycemic
pseudohypoxia and diabetic complications. Diabetes 42:
801-813, 1993

46) Lu X]J, Chen XM, Fu DX, Cong W, Ouyang F. Effect of
Amorphophallus konjac oligosaccharides on STZ-induced
diabetes model of isolated islets. Life Sci 72: 711-719, 2002

47) Sheweita SA, Newairy AA, Mansour HA, Yousef MIL. Effect
of some hypoglycemic herbs on the activity of phase I and
I drug-metabolizing enzymes in alloxan-induced diabetic
rats. Toxicology 174: 131-139, 2002

48) Kimura Y, Okuda H, Arichi, S. Effects of the extracts of
Ganoderma lucidum on blood glucose level in rats. Planta
Med 54: 290-294, 1988

49) Cha BS. Implication of diabetes control and clinical trials.
J Korean Diabetes Assoc 26: 133-144, 2002

50) Lizuka Y, Sakurai E, Hikichi N. Effects of selenium on the
serum glucose and insulin levels in diabetic rats. Nippon
Yakurigaku Zasshi 100: 151-156, 1992

51) Dai S, McNeill JH. One year treatement of non-diabetic and
streptozotocin-diabetic rats with vanadyl sulphate did not
alter blood pressure or haematological indices. Pharmacol

Toxicol 74: 110-115, 1994

52) Wannamethee SG, Perry 1J, Shaper AG. Hematocrit and risk
of NIDDM. Diabetes 45: 576-579, 1996.

53) Hu ML, Chung C, Spallholz JE. Hematologic data of
selenium-deficient and selenium-supplemented rats. J Inorganic
Biochem 22: 165-173, 1984

54) Goldberg RB. Lipid disorders in diabetes. Diabetes Care
4: 561-572, 1981

55) Hsu CS, Chinu WC, Yeh SL. Effects of soy isoflavone
supplementation on plasma glucose, lipids, and antioxidant
enzyme activities in streptozotocin-induced diabetic rats.
Nutr Res 23: 67-75, 2003

56) Nikkila EA, Kekki M. Plasma triglyceride transport kinetics
in diabetes mellitus. Metabolism 22: 1-22, 1973

57) Kim MW, Park MH, Kim KH. Effects of mushroom
protein-bound polysaccharides on blood glucose levels and
energy metabolism in streptozotocin-induced diabetic rats.
Korean J Nutr 30: 743-750, 1997

58) American Diabetes Association: Management of dyslipidemia
in adults with diabetes. Diabetes 25: S74-877, 2002

59) Zhou YP, Grill VE. Long-term exposure of rat pancreatic
islets to fatty acids inhibits glucose-induced insulin secretion
and biosynthesis through a glucose fatty acid cycle. J Clin
Invest 94: 870-876, 1994



