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Abstract

The hypoglycemic effects of red ginsgeng-chungkukjang plus seaweeds, green laver and sea tangle, in streptozo-
tocin (STZ)-induced diabetic rats were investigated. Five groups of male Sprague-Dawley rats weighing 14010
¢ (10 animals/group) were fed for four weeks with the following: nondiabetic control (NC group); STZ-induced
diabetic (D group); diabetic rats fed 3% red ginseng (20%, w/w)-chungkukjang (D-RC group); diabetic rats fed
RC containing 10% (w/w) green laver powder (D-RCG group); diabetic rats fed RC containing 10% (w/w) sea
tangle powder (D-RCS group). Partially normalized body weight gain, FER, and blood glucose levels were ob-
served in the D-RC, D-RCG and D-RCS groups as compared to the D group. In these three groups, serum levels
of triglycerides, total cholesterol, and LDL-cholesterol were found to be lower than in the D group, whereas
HDL-cholesterol levels increased. Serum insulin level in D was significantly lower than that of NC, although
D-RC, D-RCG, and D-RCS almost recovered to the NC. Serum ALT activity was markedly increased in the
D group, while the serum ALT levels in the D-RC, D-RCG, and D-RCS were almost the same as the NC group.
Due to diabetes, hepatic xanthine oxidase (XQO) activity was significantly increased and administration of red gin-
seng-chungkukjang or seaweeds resulted in decreased levels of the XO activity. Activity of hepatic antioxidant
enzymes (superoxide dismutase and glutathione peroxidase) were significantly decreased in the D group, but the
activity in the D-RC, D-RCG, and D-RCS groups were similar to that of the NC group. Results of the present
study indicate that supplementation of red ginseng-chungkukjang with seaweed after the onset of diabetes amelio-
rated hyperglycemia via an increase in serum insulin.
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INTRODUCTION

Diabetes is a chronic metabolic disease with serious
complications, and its incidence in Korea has increased
rapidly. In diabetic patients, the metabolism of carbohy-
drate, protein, and lipid due to the imbalance of hor-
mones via excessive caloric intake, a lack of physical
activity, and oxidative stress is abnormal and thus hyper-
glycemia and hyperlipidemia develop (1,2). In addition,
hyperglycemia is an essential factor in the development
and progression of diabetic complications such as neuro-
pathy, nephropathy, cardiopathy and retinopathy (3-5).
Generally, dietary management, exercise, and/or drug
therapy are recommended in combination as treatment for
diabetes. Unfortunately, therapeutic modes for the com-
plete normalization of diabetes have not thus far been
established. The primary objective of diabetes treatment
is to maintain normal blood glucose levels, so the devel-
opment of diabetic complications is prevent or alleviate
(6,7).
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Presently, the use of medicinal and dietary plants is
increasing, largely because of the development of several
successful healthy functional foods and chemotherapeutic
drugs derived from natural products (8-10).

It is well known that red ginseng can improve diabetic
hyperglycemia and hyperlipidemia (11-13). Additionally,
chungkukjang may prevent or alleviate hyperglycemia,
hyperlipidemia (14,15) etc. Recently, Shin et al. (16) re-
ported that blood glucose levels in diabetic rats fed
red-ginseng with chungkukjang powder were significantly
lower than that of diabetic rats fed red ginseng or chung-
kukjang only.

Seaweed is widely used as food and as a seasoning
in Korea. It is well documented that seaweeds such as
green laver and sea tangle may regulate hyperglycemia
(17-19), hyperlipidemia (18,19) and oxidative stress (20)
etc. Furthermore, it is well accepted that dietary fibers
of edible seaweeds may regulate hyperglycemia and hy-
perlipidemia due to inhibited absorption of glucose and
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lipid in the intestine (21-23).

However, no reports are available on the effect of red
ginseng-chungkukjang with either green laver or sea tan-
gle on diabetes. Therefore, this study was designed to
evaluate the hypoglycemic effect of red ginseng-chung-
kukjang with either green laver or sea tangle powder
for use as a healthy functional food. We observed im-
provements in the body weight gain, feed efficiency ra-
tio, blood glucose, serum insulin, lipid profile, and ROS
generating and scavenging enzyme activity in STZ-in-
duced diabetic rats.

MATERIALS AND METHODS

Materials

Green laver, sea tangle, red ginseng powder (100
mesh) which was made from six year old dried ginseng,
and soybeans (Glycine max Enha) used to prepare chung-
kukjang were all purchased from the Agricultural Coop-
eratives located in Wando, Kumsan, and Kyungsan,
Korea.

Preparation of sea tangle and green laver

The seaweeds were soaked in distilled water (2 times
the mass of the seaweed) for 4~5 hours to drain all
the salt from the seaweed. The seaweeds were then suffi-
ciently dried using a warm air dryer (GR-101, Hanyoung
Co., Ltd., Seoul, Korea) at 40°C and was then put into
a drying oven (Han Young Co., Ltd., Seoul, Korea) at
150°C for 5 minutes. They were then ground into a pow-
der (50 mesh).

Preparation of red ginseng-chungkukjang (RC), RC
with green laver (RCG) and sea tangle (RCS)

Red ginseng-chungkukjang powder (RC) was prepared
by the method of Shin et al. (16). RCG or RCS was
prepared by blending the RC powder with green laver
or sea tangle powder. Contents of red ginseng, sea tan-
gle, or green laver powders contained in RC, RCS, or
RCG were adjusted to 20%, 10%, and 10% of chungkuk-
jang, respectively.

Animals and diet

Male Sprague-Dawley rats with a mean body weight
of 14010 g were purchased from Oriental Co., Ltd
(Busan, Korea). The rats were fed a standard rodent pellet
chow (Purina Co., Seoul, Korea) and acclimatized to their
environment for 1 week before commencement of the
experiments. Five groups of rats (10 rats per group) were
fed for 4 weeks with the following; non-diabetic control
(NC), STZ-induced diabetic control (D), diabetic rats fed
diet supplemented with red ginseng-chungkukjang (D-
RC), diabetic rats fed diet supplemented (RC) with green
laver (D-RCG), diabetic rats fed diet supplemented RC
with sea tangle (D-RCS) (Table 1). The rats were in-
dividually housed in stainless steel wire bottom cages
in a room maintained at 20+2°C and 60+ 5% relative
humidity. The room was exposed to alternating 12 hr
periods of light and dark.

To confirm hyperglycemia, fasting blood (12 hr after
feed withdrawal) was sampled from the tails, and blood
glucose levels were determined using Smart Scan™ (Inc

Table 1. Composition of experimental diets (g/kg diet)
. Groupsl)

Ingredients D D-RC D-RCG D-RCS
Casein 200 200 190 190 190
Corn starch 150 150 142.5 142.5 142.5
Sucrose 500 500 500 500 500
Cellulose 50 50 40 40 40
Corn oil 50 50 48 48 48
AIN mineral mix.” 35 35 34.5 34.5 34.5
AIN vitamin mix.” 10 10 10 10 10
DL-methionine 3 3 3 3 3
Choline bitartrate 2 2 2 2 2
Red ginseng-chungkukjang powder (RC) - 30 - -
RC with green laver (RCG) - - 30 -
RC with sea tangle (RCS) - - - 30

Total 1,000 1,000 1,000 1,000 1,000

YNC: normal control, D: streptozotocin-induced diabetic, D-RC: 3% red ginseng-chungkukjang powder diet, D-RCG: 3% red
ginseng-chungkukjang powder with green laver diet, D-RCS: 3% red ginseng-chungkukjang powder with sea tangle diet.

Y AIN mineral mixture (g/kg): calcium lactate 620.0, sodium chloride 74.0, potassium phosphate di-basic 220.0, potassium sulfate
52.0, magnesium oxide 23.0, manganous carbonate 3.3, ferric citrate 6.0, zinc carbonate 1.0, cupric carbonate 0.2, potassium
iodate 0.01, sodium selenite 0.01, chromium potassium sulfate 0.5, finely powdered to make 1,000 g.

YAIN vitamin mixture (mg/kg): thiamin-HCI 600, riboflavin 600, pyridoxine-HCI 700, nicotinic acid 3,000, D-calcium panto-
thenate 1,600, folic acid 200, D-biotin 20, vitamin B12 2.5, vitamin A400,000 IU, vitamin D3 100,000 IU, vitamin E 7,500

IU, vitamin K 75, finely powdered to make 1,000 g.
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2000, IFD/KR/HK/TW/OB/SMT; Lifescan, Milpitas,
CA, USA) on the 3rd day after streptozotocin (Sigma-
Aldrich Chemical Co., St. Louis, MO, USA) intra-
muscular injection (55 mg/kg body weight in 0.1 M cit-
rate buffer, pH 4.3). The normal control rats received
an isovolumetric dose of citrate buffer as a vehicle. Rats
with blood glucose levels above 300 mg/dL were consid-
ered diabetic and used in the study. All rats were allowed
free access to diets and drinking water. The experimental
protocols were conducted in accordance with internation-
ally accepted principles for laboratory animal use and
care as found in KFDA guidelines.

Measurements of body weight, feed intake, and feed
efficiency ratio

Body weight and feed intake were measured at the
designated times once a week during the experimental
period. The feed efficiency ratio (FER) was calculated
by dividing total weight gain with total feed intake dur-
ing the experimental period.

Preparation of biochemical samples

After 4 weeks on the experimental diets, rats were
fasted for 12 hr, and blood was collected from the ab-
dominal aorta under anesthesia with ether. The liver was
exhaustively perfused with cold physiological saline sol-
ution through the portal vein and quickly removed. The
liver was then homogenized with 4 volumes of 0.25 M
sucrose, centrifuged at 1,000 X g for 10 min and the su-
pernatant recentrifuged at 10,000 X g for 20 min. The
pellet was resuspended with 0.25 M sucrose to use as
mitochondrial fraction, and the supernatant was used as
postmitochondrial fraction. The collected blood was cen-
trifuged at 2,000 X g for 10 min at room temperature and
the serum was stored in a cryogenic freezer at -70°C.

Analysis of serum insulin level, lipid profiles, and
alanine aminotransferase (ALT) activity

Serum insulin levels were evaluated by radioimmuno-
assay using an insulin IRMA kit (Biosource Co., San
Diego, CA, USA). Triglyceride, total cholesterol, and
HDL-cholesterol in serum were measured by using kit

reagents (AM 157S-K, AM 202-K, AM 203-K, Asan
Pharmaceutical Co., Korea). LDL-cholesterol was calcu-
lated by the method of Friedewald et al. (24). ALT activ-
ity was assayed by a commercial kit (Asan Pharmaceut-
ical Co.) as described previously (25).

Analysis of hepatic xanthine oxidase (XO), superoxide
dismutase (SOD), and glutathione peroxidase (GPX)
activities

XO activity was measured by the method of Stirpe
and Della (26) and the activity was expressed as uric
acid nmol/min/mg protein. SOD activity was estimated
by a method of Martin et al. (27). One unit of the activity
represented the amount of enzyme that inhibits the rate
of hematoxylin oxidation by 50%. GPX activity was
measured by the method of Paglia and Valentine (28)
and the activity was defined as the amount of NADPH
oxidized/min/mg protein. Protein content was determined
by the Lowry method (29) with bovine serum albumin
as a standard.

Statistical analysis

The results were expressed as mean + standard devia-
tion (SD) of 10 animals. Statistical comparisons of dif-
ferences between the different groups were carried out
by two-way ANOVA test followed by Duncan's multiple
range test using SPSS statistical software package (Ver-
sion 12.0, SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION

Weight gains, feed and water intake and FER

After the induction of diabetes, animals were fed the
experimental diets for 4 weeks, and the subsequent body
weight gain, the amount of feed intake, and the FER
were examined (Table 2). At the beginning of the experi-
ment, the average body weights of the animals among
the five groups were not significantly different (178.03
~184.98 g). Final body weight, weight gain and FER
were significantly lower in the diabetic groups than in
the NC group; however, they were significantly higher
in the red ginseng-chungkukjang supplemented diets

Table 2. Changes in weight again, feed intake, and FER in STZ-induced diabetic rats fed different experimental diets for 4

weeks
Groupsl) Initial body weight (g) Final body weight (g) Weight gain (g/week) Food intake (g/week) FER”
NC 184.98 +9.23N2 397.10+17.80* 53.03 +5.88" 181.10+7.96" 0.29+0.04"
D 176.96+8.45 208.08+10.61° 7.78412.54° 206.50 +9.44 0.04+0.01°
D-RC 178.98+6.98 242.70+16.18° 15.93+2.41° 209.36+8.92° 0.08+0.01°
D-RCG 181.37+10.86 260.89+25.72° 19.88+4.63" 208.20+7.80" 0.10+0.02°
D-RCS 178.03+8.90 233.49+26.17" 13.85+2.45° 207.62+8.38° 0.07+0.01°

YSee Table 1 for abbreviations. ”Not significant. YFER (food efficiency ratio) =total weight gain/ total food intake.
Values are means=SD of 10 rats. Values with different superscripts within the same column indicate significant differences

(p<0.05).
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groups (RC, RCG and RCS) than in the D group during
the experimental periods. While, food intakes in all dia-
betic groups were significantly higher than that of the
NC group, there was no significant difference among
all diabetic groups. In diabetes, body weight decreases,
because of the abnormal metabolism of glucose caused
by the imbalance of hormones, and polyphagia and pol-
yuria occur (1,2,30). Our results suggest that a diet with
RC, RCG, or RCS has a positive effect on weight gain
in diabetes.

Organ weight

Organ weights (as percent per body weight) after feed-
ing of the experimental diets for 4 weeks to diabetic
animals are shown in Table 3. Spleen weights in all ex-
perimental groups were similar. The weight percentages
of liver, kidney, heart, and testis in all diabetes groups
were significantly higher than that of NC group. On the
other hand, liver weight in RC, RCS, and RCG group
was significantly lower than that of D group. Especially,
kidney weight in RCG group was significantly lower
than that of NC group.

Generally, liver, kidney, heart and testis in rats with
diabetes induced by STZ are enlarged because of abnor-
mal glucose metabolism and the accumulation of lipid
caused by reduced insulin formation and insulin resist-
ance (31). The current results suggest that RC, RCG,
and RCS may ameliorate the organ damage resulting
from hyperglycemia as typically seen in liver. Further-
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more, RCG may be more protective against organ dam-
age than RC and RCS.

Levels of blood glucose and serum insulin

The changes in blood glucose levels during the 4
weeks after induction of diabetes and in the level of in-
sulin at 4 weeks are shown in Table 4 and Table 5.

The levels of blood glucose in normal control group
(NC) were 93.00~113.0 mg/dL. While blood glucose
levels in the D group were markedly enhanced compared
with the NC group during experimental periods, they de-
creased gradually from 528.01~512.04 to 243.56, 167.23,
208.63 mg/dL in the RC, RCG, or RCS group, respec-
tively. Especially, fasting blood glucose levels in rats fed
RCG or RGS diet after 4 weeks were significantly lower
than those of D and RC groups (Table 4).

The level of serum insulin was significantly decreased
in the D group. However, the decreased insulin levels
following the injection of STZ was completely restored
to the NC group level by supplementation of the diet
with RC, RCG, or RCS (Table 5).

It is well known that red ginseng has hypoglycemic
effects in diabetic animals (32) and ginsenoside Rbl and
Rb2 of red ginseng appears to have an anti-diabetic ac-
tivity (33). Furthermore, it is reported that fermented red
ginseng-chungkukjang may have more potent hypo-
glycemic effects and ability to normalize serum insulin
levels compared to the red ginseng or chungkukjang only
in diabetic animals (34). Moreover, hyperglycemia and

Table 3. Changes in relative organ weights in STZ-induced diabetic rats fed different experimental diet for 4 weeks

(g/100 g BW)

Groupsl) Liver Kidney Heart Spleen Testis

NC 2.77+0.15% 0.65+0.03¢ 0.27+0.12° 0.18 £0.02™Y 0.76+0.10°
D 420+0.36" 1.44+0.09° 0.41+0.03" 0.18+0.02 1.59+0.03"
D-RC 3.68+0.15" 1.27+0.05® 0.37+0.03" 0.19+0.02 1.54+0.11°
D-RCG 3.62+0.08" 1.14+0.11° 0.34+0.06 0.18+0.02 1.28+0.21°
D-RCS 3.74+0.36" 1.28+0.14" 0.36+0.04° 0.17+£0.02 1.44+0.30°

USee Table 1 for abbreviations.

?Values are means+SD of 10 rats and values with different superscripts within the same column indicate significant differences

(p<0.05).
'NS: not significant.

Table 4. Changes in blood glucose levels in STZ-induced diabetic rats for 4 weeks (mg/dL)
I Time (weeks)
Groups
0 1 2 3 4
NC 113.05+9.78"? 101.95+5.10° 98.23 +4.87° 99.18 +4.95¢ 93.12+4.65°
D 525.80+26.10° 464.34+23.20° 448.11+21.04° 435.30+32.75" 397.77+19.83"

D-RC 528.01+33.42° 426.04+27.28" 400.44+19.95 332.26+16.48" 243.56+22.15°
D-RCG 512.04+39.40" 402.78 +32.05° 387.36+23.20° 280.17423.78° 167.23+25.45°
D-RCS 517.36 £40.05" 413.12+36.13° 394.13 +25.54° 304.02+33.15% 208.63 +21.34°

USee Table 1 for abbreviations.
*Values are means+SD of 10 rats and values with different superscripts within the same column indicate significant differences
(p<0.05).
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Table 5. Serum insulin levels in STZ-induced diabetic rats fed different experimental diets for 4 weeks

Groups NC D

D-RC D-RCG D-RCS

Serum insulin (uIU/mL) 5.39+0.78"

3.01+0.31°

5.09+1.07° 5.68+0.90" 6.47+1.21°

USee Table 1 for abbreviations.

Values are means=SD of 10 rats and values with different superscripts indicate significant differences (p<0.05).

mortality of diabetic rats were effectively prevented in
diabetic animals treated with ethanol by red ginseng-
chungkukjang (35). Additionally, it is well documented
that dietary fiber may decrease hyperglycemia, hyper-
insulinemia and plasma lipid profile in diabetic patients
(36,37). Seaweed, a favorite food of Koreans, is a good
source of dietary fiber and is reported to have a tendency
to improve glucose tolerance and to lower plasma cho-
lesterol levels in diabetic animals (38). Sea tangle and
sea mustard have been shown to decrease blood glucose
levels in STZ-induced diabetic rats (39,40).

This finding in RC group is in good accordance with
previous reports (34,35). Furthermore, these results sug-
gest that treatment with RCG, or RCS in diabetic rats
may have more potent hypoglycemic effect compared
to the RC group via delaying glucose absorption from
the small intestine (41,42). Although the action mecha-
nisms of the hypoglycemic effect and normalization of
serum insulin by the seaweeds are unknown, these re-
sults indicate that co-administration of seaweed and RC
may have a synergistic anti-diabetic activity.

Changes of serum lipid profile

The levels serum triglycerides (TG) levels, total cho-
lesterol, HDL- and LDL-cholesterol after induction of
diabetes are shown in Fig. 1. The levels of TG, total
cholesterol and LDL-cholesterol in D group were sig-
nificantly higher than those of the NC group, the level
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of HDL-cholesterol was significantly lower than that of
NC. TG and LDL-cholesterol in animals fed RC, RCG,
or RCS supplemented diet were normalized to levels
similar to the NC group, total cholesterol except RCS
group lower than that of D group. Additionally, HDL-
cholesterol level in all experimental diet supplemented
groups (RC, RCG, or RCS) tended to be higher than
the D group, but not significantly.

It is well known that high levels of serum TG, total
cholesterol, and LDL-cholesterol and low levels of HDL-
cholesterol due to hyperglycemia may contribute to the
development of cardiovascular disease in diabetes (43,
44). In addition, many studies report that constituents of
red ginseng (11-13), chungkukjang (14,15) and seaweeds
(18,19,21-23) may regulate hyperlipidemia. Therefore,
the above results indicate that RC improved serum TG
and LDL-cholesterol due to increased insulin secretion.
Unlike blood glucose, the addition of green laver or sea
tangle to RC resulted in no synergistic effect on serum
lipid profiles.

Hepatic ROS generating and scavenging enzyme
activities

The activities of hepatic xanthine oxidase (XO), an
ROS generating enzyme, and superoxide dismutase (SOD)
and glutathione peroxidase (GPX) in the experimental
rats after induction of diabetes by STZ are shown in
Fig. 2.
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Fig. 1. Changes of serum TG, total cholesterol, HDL- and LDL-cholesterol in STZ-induced diabetic animals. Abbreviations
for groups: See Table 1. Values are means+ SD of 10 rats. Different letters above the bar indicate significant differences between

groups by multiple comparison test (p<0.05).
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Fig. 2. Changes in hepatic xanthine oxidase (XO), superoxide dismutase (SOD) and glutathione peroxidase (GPX) activities
in STZ-induced diabetic animals. Abbreviations for groups: See Table 1. Values are means=SD of 10 rats. Different letters
above the bar indicate significant differences between groups by multiple comparison test (p<0.05).

Whereas the activity of hepatic XO in D was markedly
higher than that of NC, all experimental diet feeding
group (RC, RCG, or RCS) it was restored to levels near
that of NC (Fig. 2). On the other hand, the activity of
hepatic SOD and GPX in D was markedly lower than
that of NC. After treatment with the experimental diets,
SOD activity in the RCG was slightly higher than that
of D group. Additionally, decreased GPX activity due
to diabetes was slightly increased in all experimental diet
groups, but the differences were not significant (RC,
RCG, or RCS) (Fig. 2).

Xanthine oxidase is a non-specific enzyme involved
in the metabolism of purine, pyrimidine, aldehydes and
heterocyclic compounds; in vivo, it oxidizes primarily
hypoxanthine via xanthine into uric acid. It has been re-
ported that XO activity of diabetic rats is increased in
liver and plasma (45). Generally, with low XO activity
there is a decrease in the generation of ROS such as
superoxide, hydroxyl radical, and hydrogen peroxide
(45,46). On the other hand, SOD and GPX are widely
considered to be two major intracellular antioxidant en-
zymes in mammals (47,48). Because SOD catalyses the
conversion of superoxide anion into hydrogen peroxide
which is a substrate of GPX, these enzymes are per-
ceived to function consecutively with similar roles in
coping with oxidative stress (48,49).

Therefore, these results suggest that RC, RCG, or RCS
may inhibit the XO activity, an ROS generator, and in-
crease the activities of the ROS scavengers, SOD and
GPX. There did not appear to be any synergistic effect
of RC with the seaweeds in the inhibition of XO activity
or induction of SOD and GPX activity.

Serum ALT activity

Fig. 3 shows the activity of serum ALT of STZ-in-
duced diabetic rats fed experimental diets for 4 weeks.
Although the activity of serum ALT in D group was
markedly higher than that of NC, all experimental diet
groups (RC, RCG, or RCS) had activities similar to the
NC group. It is well known that activity of serum ALT
is biomarker for hepatic damage (50). Therefore, these
results suggest that the experimental diets help counter-
act the damage to hepatic tissue by STZ induced hy-
perglycemia.

Considering the above results, although the exact
mechanism of the anti-hyperglycemic effects of the red

00

z

Sermun ALT activity (EA unit)
P g
o

NC D

DRC DROG DRCS

Fig. 3. Changes in serum alanine aminotransferase (ALT) ac-
tivities in STZ-induced diabetic animals. Abbreviations for
groups: See Table 1. Values are means +=SD of 10 rats. Different
letters above the bar indicate significant differences between
groups by multiple comparison test (p<0.05).
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ginseng-chungkukjang with either green laver or sea tan-
gle are known, the red ginseng-chungkukjang with either
green laver or sea tangle may have hypoglycemic and
hypolipidemic effects due to increased insulin levels.

In conclusion, our study provides experimental evi-

dence that the mixture of red ginseng-chungkukjang with
either green laver or sea tangle powder may regulate hy-
perglycemia and hyperlipidemia via an increase in
insulin. However, further study is needed to confirm
these effects in humans.

10.

11.

12.

13.

14.

15.

REFERENCES

. Robert L, Labat-Robert J. 2005. The metabolic syndrome

and the Maillard reaction. An introduction. Pathol Biol
(Paris) 54: 371-374.

. Vloke JS, Feinman RD. 2005. Carbohydrate restriction im-

proves the features of metabolic syndrome may be defined
by the response to carbohydrate restriction. Nutr Metab
(London) 2: 31.

. Gugliucci A. 2000. Glycation as the glucose link to dia-

betic complications. JA0A4 100: 621-633.

. Allen DA, Yaqoob MM, Harwood SM. 2005. Mechanisms

of high glucose-induced apoptosis and its relationship to
diabetic complication. J Nutr Biochem 16: 705-713.

. Jay D, Hitomi H, Griendling KK. 2006. Oxidative stress

and diabetic cardiovascular complications. Free Radic Biol
Med 40: 183-192.

. Maritim AC, Sanders RA, Watkims JB. 2003. Effects of

alpha lipoic acid on biomarkers of oxidative stress strepto-
zotocin-induced diabetic rats. J Nutr Biochem 14: 288-
294.

. Davi G, Falco A, Patrono C. 2005. Lipid peroxidation in

diabetic mellitus. Antioxid Redox Sign 7: 256-268.

. Kim SJ, Ko HS, Kim HS. 2008. Development of seed

culture using soybean for mass production of lovastatin
with Aspergillus terreus ATCC 20542 mutant. J Korean
Soc Food Sci Nutr 37: 666-670.

. Rudkowska I. 2009. Functional foods for health: focus on

diabetes. Maturitas 62: 263-269.

Gu Y, Zhang Y, Shi X, Li X, Hong J, Chen J, Gu W,
Lu X, Xu G, Ning G. 2010. Effect of traditional Chinese
medicine berberine on type 2 diabetes based on compre-
hensive metabonomics. Talanta 81: 766-772.

Wee JJ, Hoe JN, Kim MW, Kang DY. 1996. Protective
of Korean red ginseng against oxidative damage by carbon
tetrachloride in rat. Korean J Ginseng Sci 20: 154-158.
Cha JY, Jun BS, Cho YS. 2003. Effect of Korean ginseng
powder on the lipid concentrations and tissue lipid perox-
idation in the rats fed high fat diet. J Korean Soc Food
Sci Nutr 32: 124-130.

Shon MY, Choi SY, Cho HS, Sung NJ. 2004. Effects of
cereal and red ginseng flour on blood glucose and lipid
level in sterptozotocin-induced diabetic rats. J Korean Soc
Food Sci Nutr 33: 1463-1468.

Lee EH, Chyun JH. 2009. Effects of chongkukjang intake
on lipid metabolism and liver function in alcoholic fatty
liver rats. J Korean Soc Food Sci Nutr 38: 1506-1515.
Kwon DY, Daily JW III, Kim HJ, Park S. 2010. Antidia-
betic effects of fermented soybean products on type 2
diabetes. Nutr Res 30: 1-13.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Shin KO, Lee SI, Kim SD. 2008. Diet of red ginseng-
cheonggukjang improves strptozotocin-induced diabetes
symptoms and oxidative stress. Food Sci Biotechnol 17:
287-294.

Lee KS, Choi YS, Seo JS. 2004. Sea tangle supplementa-
tion lowers blood glucose and supports antioxidant sys-
tems in streptozotocin-induced diabetic rats. J Med Food
7: 130-135.

Park MJ, Ryu HK, Han JS. 2007. Effects of Laminaria
Japonica extract supplement on blood glucose, serum lip-
ids and antioxidant systems in type II diabetic patients.
J Korean Soc Food Sci Nutr 36: 1391-1398.

Park MY, Kim E, Kim MS, Kim KH, Kim HA. 2009.
Dietary supplementation of sea tangle (Laminaria japon-
ica) improves blood glucose and lipid metabolism in the
streptozotocin-induced diabetic rats. Food Sci Biotechnol
18: 712-716.

Kwak CS, Kim SA, Lee MS. 2005. The correlation of
antioxidative effects of 5 Korean common edible seaweeds
and total polyphenol content. J Korean Soc Food Sci Nutr
34: 1143-1150.

Ginzberg A, Cohen U, Sod-Moriah UA, Shany S, Rosen-
shtrauch A, Arad S. 2000. Chickens fed with biomass of
the red microalga Porphyridium sp. have reduced blood
cholesterol levels and modified fatty acid composition in
eggyolk. J Appl Phycol 12: 325-330.

Jimenez-Escrig A, Sanchez-Muniz FJ. 2000. Dietary fiber
from edible seaweeds: chemical structure, physicochemical
properties and effects on cholesterol metabolism. Nutr Res
20: 585-598.

Lee KS, Seo JS, Choi YS. 2007. Sea tangle supplementa-
tion alters intestinal morphology in streptozotocin-induced
diabetic rats and lowers glucose absorption. Food Sci
Biotechnol 16: 879-883.

Friedewald WT, Levy RI, Fredrickson DS. 1972. Estim-
ation of the concentration of the low-density lipoprotein
cholesterol in plasma without use of the preparative
ultracentrifuge. Clin Chem 18: 499-502.

Reitman S, Frankel S. 1957. A colorimetric method for
the determination of serum glutamic oxaloacetic pyruvic
transaminase. Am J Clin Pathol 28: 56-63.

Stirpe F, Della C. 1969. The regulation of rat liver xan-
thine oxidase. J Biol Chem 244: 3855-3860.

Martin JP, Dailey JM, Sugarmanand E. 1987. Negative
and positive assays of superoxide dismutase based on
hematoxylin autoxidation. Arch Biochem Biophys 255:
329-336.

Paglia ED, Valentine WN. 1967. Studies on the quantita-
tive and qualitative characterization of erythrocytes gluta-
thione peroxidase. J Lab Clin Med 70: 158-169.
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. 1951.
Protein measurement with the folin phenol reagent. J Biol
Chem 193: 265-275.

Maitra A, Abbas AK. 2005. The endocrine system. In
Robbins and Cotran Pathologic Basis of Disease. Tth ed.
Kumar V, Abbas AK, Fausto N, eds. Elservier Saunders,
Philadelphia, USA. p 1155-1226.

Lee SI, Kim JS, Oh SH, Park KY, Lee HG, Kim SD.
2008. Antihyperglycemic effect of Fomitopsis pinicola ex-
tracts in streptozotocin-induced diabetic rats. J Med Food
11: 518-524.

Cha JY, Jun BS, Cho YS. 2003. Effect of Korean red
ginseng powder on the lipid concentrations and tissue lipid
peroxidation in the rats fed high fat diet. J Korean Soc



33.

34.

35.

36.

37.

38.

39.

40.

41.

Anti-Diabetic Effect of Red Ginseng-Chungkukjang with Green Laver or Sea Tangle

Food Sci Nutr 32: 124-130.

Lee HA, Kwon SO, Lee HB. 1997. Hypoglycemic action
of components from red ginseng on enzymes related to
glucose metabolism in cultured rat hepatocytes. Korean
J Ginseng Sci 21: 174-186.

Shin KO, Lee SI, Kim SD. 2008. Diet of red ginseng-
Cheonggukjang improves streptozotocin-induced diabetes
symptoms and oxidative stress. Food Sci Biotechnol 17:
287-294.

Lee SI, Shin JG, Kim SD. 2005. Effect of red ginseng-
chungkukjang extracts on lipid profiles of serum in alco-
hol administered diabetes-induced rats. J Korean Soc Food
Sci Nutr 34: 1362-1366.

Chandalia M, Garg A, Lutjohann D, Bergmann K, Grundy
SM, Brinkley LJ. 2000. Beneficial effects of high dietary
fiber intake in patients with type 2 diabetes mellitus. New
Eng J Med 42: 1392-1398.

Giacco R, Parillo M, Rivellese AA, Lasorella G, Giacco
A, D'Episcopo L, Riccardi G. 2000. Long-term dietary
treatment with increased amounts of fiber-rich low-gly-
cemical index natural foods improves blood glucose con-
trol and reduces the number of hypoglycemic events in
type 1 diabetic patients. Diab Care 23: 1461-1466.
Lee HS, Choi MS, Lee YK, Park SH, Kim YJ. 1996. A
study on the development of high-fiber supplements for
the diabetic patients. Effect of seaweed supplementation
on the lipid and glucose metabolism in streptozotocin-in-
duced diabetic rats. Korean J Nutr 29: 296-306.

Cho YJ, Bang MA. 2004. Effects of dietary seaweed on
blood glucose, lipid and glutathione enzymes in streptozo-
tocine-induced diabetic rats. J Korean Soc Food Sci Nutr
33: 987-994.

Cho YJ, Bang MA. 2004. Hypoglycemic and antioxidative
effects of dietary sea-tangle extracts supplementation in
streptozotocin-induced diabetic rats. Korean J Nutr 37:
5-14.

Wong S, Trianedes K, O'Dea K. 1985. Factors affecting
the rate of hydrolysis of starch in legumes. Am J Clin Nutr

42.

43.

44,

45.

46.

47.

48.

49.

50.

183

43: 38-43.

Diabetes and Nutrition Study Group of the EASD. 1995.
Recommendations for the nutritional management of pa-
tients with diabetes mellitus. Diabetes Nutr Metab 8: 1-4.
Park L, Raman KG, Lee KJ, Lu Y, Ferran LJ Jr, Chow
WS, Stern D, Schmidt AM. 1998. Suppression of accel-
erated diabetic atherosclerosis by the soluble receptor for
advanced glycation endproducts. Natl Med 4: 1025-1031.
Otero P, Bonet B, Herrera E, Rabano A. 2005. Develop-
ment of atherosclerosis in diabetic BALB/c mice: pre-
vention with vitamin E administration. Atherosclerosis
182: 259-265.

Ali S, Diwakar G, Pawa S, Siddiqui MR, Abdin MZ,
Ahmad FJ, Jain SK. 2001. Xanthine oxidase-derived re-
active oxygen metabolites contribute to liver necrosis: pro-
tection by 4-hydroxypyrazolo[3,4-d]pyrimidine. Biochim
Biophys Acta 1536: 21-30.

Desco MC, Asensi M, Marquez R, Martinez-Valls J, Vento
M, Pallardo FV, Sastre J, Vina J. 2002. Xanthine oxidase
is involved in free radicals production in type 1 diabetes
protection by allopurinol. Diabetes 51: 1118-1128

Lei XG, Zhu JH, McClung JP, Aregullin M, Oneker CA.
2006. Mice deficient in Cu, Zn-superoxide dismutase are
resistant to acetaminophen toxicity. Biochem J 399: 455-
461.

Yoshihara D, Fujiwara N, Ookawara T, Kato S, Sakiyama
H, Yokoe S, Eguchi H, Suzuki K. 2009. Protective role
of glutathione S-transferase A4 induced in copper/zinc-
superoxide dismutase knockout mice. Free Radic Biol
Med 47: 559-567.

Brigelius-Flohe R, Flohe L. 2003. Is there a role of gluta-
thione peroxidases in signaling and differentiation? Bio-

factors 17: 93-102.

De Ritis, Giusti G, Piccinino F, Cacciatore L. 1965. Bio-
chemical laboratory tests in viral hepatitis and other hep-
atic diseases: evaluation and follow-up. Bull WHO 32:
59-72.

(Received June 9, 2010; Accepted September 9, 2010)



