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Abstract
Diabetes mellitus (DM) is a chronic metabolic disorder of the endocrine system. The rapid increase in the incidence of DM is a

serious public health concern worldwide. The treatment of DM and its complications mainly involves the use of chemically or

biochemically synthesized drugs, but these drugs also have adverse side effects. Therefore, there is an urgent need to search for

drugs from natural sources that would cause fewer side effects. This study aimed to determine whether polysaccharides from

Laminaria japonica (LJP) exert hypoglycemic and hypolipidemic effects in mice with alloxan-induced diabetes. To this end, dia-

betes was induced by alloxan injection (200 mg/kg body weight [bw], intraperitoneal [ip]). After induction of diabetes, diabetic mice

were randomly divided into five groups: diabetic control (DC) group, glibenclamide-treated (DG) group, low-dose LJP-treated

(DLL) group, moderate-dose LJP-treated (DML) group, and high-dose LJP-treated (DHL) group, with normal mice used as the

control group (NC group). After treatment for 28 days, body weight, fasting blood glucose (FBG), serum insulin, total cholesterol

(TC), triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C), and low-density lipoprotein-cholesterol (LDL-C) levels were

measured. The results revealed that LJP administration prevented body-weight loss, decreased FBG levels, and increased serum

insulin levels in diabetic mice. Furthermore, it decreased TC, TG, and LDL-C levels, and increased HDL-C levels in these mice.

Thus, the results indicate that LJP possesses hypoglycemic and hypolipidemic activities and polysaccharides from LJP may hold

promise for the development of a drug of natural origin for the treatment of DM.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder char-
acterized by abnormalities in carbohydrate, lipid, and lipo-
protein metabolism, which not only lead to hyperglycemia
but also cause many complications, such as hyperlipidemia,
hyperinsulinemia, hypertension, and atherosclerosis.1–3

Thus, DM and its associated complications significantly
affect health, quality of life, and life expectancy.
Worldwide, the prevalence of DM in adults was estimated
to be 135 million (4.0%) in 1995 and is predicted to increase
to 300 million (5.4%) by the year 2025, with the prevalence
being higher in developed countries than in developing
countries. Furthermore, the major proportion of this
increase is predicted to occur in developing countries.4,5

Insulin and oral hypoglycemic agents, including biguan-
ides, sulfonylureas, and thiazolidinediones, are the main
treatment choices for DM, and they are effective in control-
ling hyperglycemia, but they also have major side effects.

Therefore, there is an urgent need to search for the drugs of
a natural origin with fewer side effects.6,7

The brown seaweed Laminaria japonica is the most
important economic seaweed cultured in China and other

countries such as Japan and Korea.8 In East Asia, it is widely

consumed as a vegetable. Furthermore, the use of L. japonica
as a drug has been documented in traditional Chinese medi-

cine (TCM) for over a thousand years. It has been used for

its weight-reducing, detumescent, and expectorant proper-

ties in TCM.9–11 Recent studies have shown that polysac-

charides are the major biologically active components of

L. japonica. It is well documented that L. japonica polysac-

charides (LJP), natural macromolecular substances found in

the intercellular or intracellular compartment of the sea-

weed, are composed of algin, laminarin, fucoidan, and dif-

ferent proportions of galactose, xylose, glucuronic acid, and

limited protein content.12.13 Several studies have shown that

some bioactive polysaccharides isolated from marine algae
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have hypoglycemic and hypolipidemic activities. For exam-
ple, Yang et al.14 found that polysaccharides from Sargassum
fusiforme could decrease blood glucose, total cholesterol
(TC), triglyceride (TG), and low-density lipoprotein-
cholesterol (LDL-C) levels in high-fat-diet-fed rats with
streptozotocin-induced diabetes. Huang et al.15 reported
that polysaccharides of Spirulina platensis and Sargassum
thunbergii could decrease blood glucose level and could pro-
tect the vascular systems of rats with alloxan-induced
diabetes. Yu et al.16 found that sulfated polysaccharides
of different molecular weights from Ulva pertusa
(Chlorophyta) exhibit hypolipidemic activity. Chen et al.17

reported that polysaccharides from Ulva conglobata Kjellm.
Significantly decrease blood glucose levels in diabetic mice
and restore them to normal levels, indicating an obvious
dose–effect relationship. Recently, LJP has attracted consid-
erable attention owing to its antitumor, antioxidant, antith-
rombotic, antiaging, antiviral, antiradiation, antifatigue,
antianoxia, and hepatoprotective effects.8,10,13,18–20

However, few studies have examined the therapeutic
effects of LJP on DM. We hypothesized that LJP might
have hypoglycemic and hypolipidemic effects based on
the activities of other polysaccharides from marine algae.
The present study was therefore designed to elucidate the
hypoglycemic and hypolipidemic effects of LJP in mice
with alloxan-induced diabetes.

Materials and methods
Materials

L. japonica was collected from Dalian, China, during August
2010. The material was identified by Professor Li M, a bot-
anist of Harbin Medical University (Harbin, China). A vou-
cher specimen has been deposited in the herbarium of
Harbin Medical University. The collected L. japonica was
washed with fresh water in order to remove salt, sand,
and epiphytes, dried at 40�C, and ground into a moderately
coarse powder by using a mechanical grinder.

Chemicals

Alloxan was purchased from Sigma Chemical Co. (USA).
Glibenclamide was purchased from Tianjing Lisheng
Pharmaceutical Co. (Tianjing, China). The kits for measur-
ing TC (No. F002-2), TG (No. F001-2), high-density lipopro-
tein-cholesterol (HDL-C) (No. F003-1), and LDL-C (No.
F004-2) levels were purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). The diagnostic
kit for serum insulin (No. KMS-B05071) was purchased
from Beijing Beifang Pharmaceutical Co. (Beijing, China).
All other chemicals were of the highest commercial grade
available on the domestic market. Freshly prepared redis-
tilled water was used in the present study.

Preparation of LJP

LJP was prepared as previously described21–23 with slight
modifications. Briefly, L. japonica powder was extracted
with hot water (90�C) thrice (1:40, w/v). The insoluble resi-
due was separated from the aqueous extract by centrifuga-
tion (10,640 �g for 15 min), and the supernatant was

precipitated with three volumes of 95% (v/v) ethanol at
4�C for 24 h. The precipitate was filtered and dried in an
oven at 50�C for 24 h. The dried crude polysaccharides were
refluxed thrice with acetone and chloroform to remove
lipids. The resultant product was extracted in hot water
and then filtered, and the combined filtrate was precipi-
tated again using ethanol. The precipitate was collected
and vacuum-dried to yield the desired LJP. The polysac-
charide contents were determined using the anthrone–sul-
furic acid reaction with glucose as a standard,24 and the
polysaccharide content of the crude extract was 26.41%.
The dried LJP was dissolved in saline solution just
before use.

Animals

All experiments were performed in accordance with the
Guide for the Care and Use of Laboratory Animals of the
Chinese National Institutes of Health. Male Kunming mice
(weight, 18–22 g) were purchased from the animal labora-
tory of Harbin Medical University. The animals were
housed with free access to standard laboratory chow and
water at 23� 2�C with a dark and light cycle of 12 h each.
The study was approved by the Institutional Ethical
Committee of Harbin Medical University.

Establishing a mouse model of alloxan-induced
diabetes

The mice were adapted to the test environment by feeding
standard experimental diet for one week. After fasting for
24 h, the mice were injected with a freshly prepared aque-
ous solution of alloxan (200 mg/kg body weight [bw], intra-
peritoneal [ip]), as described previously.25–27 Diabetes in
mice was identified by polydipsia and polyuria, and by
measuring fasting serum glucose levels 72 h after injection
of alloxan. Mice having blood glucose levels higher than
11.1 mmol/L were considered diabetic and were used for
the study.

Experimental design and treatment

After confirmation of the diabetic state, the mice with
alloxan-induced diabetes were randomly divided into five
groups (8 mice per group), and normal mice were used as
the control group.

(i) Normal control (NC) group: normal mice were
allowed free access to a normal diet and were trea-
ted with saline solution.

(ii) Diabetic control (DC) group: diabetic mice were
allowed free access to a normal diet and treated
with saline solution.

(iii) Glibenclamide-treated (DG) group: diabetic mice
were put on a normal diet and treated with
4 mg/kg bw of glibenclamide.

(iv) Low-dose LJP-treated (DLL) group: diabetic mice
were put on a normal diet and treated with
50 mg/kg bw of LJP.
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(v) Moderate-dose LJP-treated (DML) group: diabetic
mice were put on a normal diet and treated with
100 mg/kg bw of LJP.

(vi) High-dose LJP-treated (DHL) group: diabetic
mice were put on a normal diet and treated with
200 mg/kg bw of LJP.

LJP and glibenclamide were dissolved in 2.0 mL of saline
solution, and the control (NC and DC) groups received the
same volume of saline solution. Treatments were adminis-
tered orally by gavage using a feeding needle, once a day
for 28 consecutive days. The rationale for the selection of the
doses was based on our previous work.

Biochemical assays

The body weights and FBG levels were measured at 0 (pre-
trial), 7, 14, 21, and 28 days after the administration of LJP,
and blood was collected from the tip of the tail vein after a
12 - to 14-h overnight fast, starting from 9:00 a.m. On the last
day, the animals were not given food overnight and blood
samples were collected in the test tube by quickly removing
the eyeball from the socket under general anesthesia with
sodium pentobarbital (40 mg/kg bw, ip) by using a pair of
tissue forceps. Blood samples were allowed to clot at room
temperature and then serum was immediately separated by
centrifugation at 956� g at room temperature for 10 min.
Samples were stored at �70�C for the assay of serum insu-
lin, TC, TG, LDL-C, and HDL-C levels. Upon completion of
blood collection, the mice were sacrificed by cervical
dislocation.

Method of measurements

Plasma glucose was measured using a Kyoto blood sugar
test meter and test strip (Arkray Inc., Kyoto, Japan). The
levels of TC, TG, LDL-C, and HDL-C were determined by
enzyme methods.28,29 The levels of insulin were estimated
by enzyme-linked immunosorbent assay (ELISA) method.30

TC level was determined using cholesterol oxidase
phenol 4-aminoantipyrine peroxidase (CHOD-PAP)
method; optical density was measured at 500 nm. TG level
was measured using glycerol-3-phosphate oxidase p-ami-
nophenol (GOP-PAP) method; optical density was mea-
sured at 546 nm. LDL-C level was determined using
polyvinyl sulfate (PVS) method; optical density was mea-
sured at 500 nm. HDL-C level was measured using phos-
pho-wolframic acid magnesium (PTA-Mg2þ) precipitation
method; optical density was measured at 500 nm. Insulin
level was measured using ELISA.

Acute toxicity test

The acute toxicity test was carried out according to the
guidelines of the Organization for Economic Co-operation
and Development (OECD).31 Healthy Kunming mice (18–
22 g) of either sex, fasted overnight were divided into two
groups (8 mice per group) and were orally administered
with LJP in increasing dose levels of 2000 and 5000 mg/kg
bw. The mice were monitored for 14 days, for mortality and
general behavior.

Statistical analysis

Data were expressed as mean� standard deviation (SD),
and assessed with one-way analysis of variance (ANOVA)
followed by Fisher’s least-significant difference (LSD) by
using SPSS 15.0 software. The difference between groups
was considered to be significant at P< 0.05.

Results
Acute toxicity studies

The various observations showed the normal behavior of
the mice. No toxic effects were observed at a higher dose
of 5000 g/kg bw. Hence, there were no lethal effects in any
of the groups during the experimental period. Therefore,
LJPs were considered practically non-toxic substances.

Effects of LJP on body weights in mice

Effects of LJP on body weights in mice are shown in
Figure 1. As shown in Figure 1, before embarking on the
experiments, all the groups had no significant difference in
body weights (P< 0.05). After seven days of treatment with
LJP, the body weights of the diabetic groups (DC, DG, DLL,
DML, and DHL groups) were significantly lower (P< 0.05)
than that of the NC group, 34.4%, 19.6%, 24.5%, 21.3%, and
17.3% lower, respectively. After 14 days of treatment with
LJP, the body weights of the DG, DML, and DHL groups
were significantly higher (P< 0.05) than that of the DC
group. After 28 days of treatment with LJP, body weights
of the DG, DLL, DML, and DHL groups were significantly
higher (P< 0.05) than that of the DC group, 52.1%, 40.2%,
57.6%, and 63.1% higher, respectively. Thus, a clear dose-
dependent increase in body weights after LJP treatment was
observed.

Effects of LJP on FBG levels in mice

Effects of LJP on FBG levels in mice are shown in Figure 2.
As shown in Figure 2, FBG levels of NC group were main-
tained constant during 28 days and were significantly lower
(P< 0.05) than that of the diabetic groups (DC, DG, DLL,
DML, and DHL groups). After 14 days of treatment with
LJP, the FBG levels of the DG, DLL, DML, and DHL groups
were significantly lower (P< 0.05) than that of the DC
group. After 28 days of treatment with LJP, FBG levels of
the DG, DLL, DML, and DHL groups had decreased by
117.6%, 87.2%, 141.8%, and 160.4%, respectively, when com-
pared with that of the DC group. Thus, after LJP treatment,
a clear dose-dependent decrease in FBG levels was
observed.

Effects of LJP on serum insulin levels in mice

Effects of LJP on serum insulin levels in mice are shown in
Figure 3. As shown in Figure 3, after 28 days of treatment
with LJP, the serum insulin levels of diabetic groups (DC,
DG, DLL, DML, and DHL groups) were significantly lower
(P< 0.05) than that of the NC group. However, the serum
insulin levels of the DG, DLL, DML, and DHL groups were
significantly higher (P< 0.05) than that of the DC group,
39.5%, 26.7%, 34.9%, and 48.7% higher, respectively.

Jia et al. Polysaccharides from LJP show hypoglycemic and hypolipidemic activities in mice 1665
. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . .



Figure 1 Effects of Laminaria japonica polysaccharide (LJP) on body weights in mice. Body weights were measured at 0, 7, 14, 21, and 28 days after the admin-

istration of LJP. Data are presented as mean�SD. *P< 0.05 as compared with normal control (NC) group. #P< 0.05 as compared with the diabetic control (DC) group.

(A color version of this figure is available in the online journal)

Figure 2 Effects of Laminaria japonica polysaccharide (LJP) on fasting blood glucose levels in mice. Fasting blood glucose levels were measured at 0, 7, 14, 21, and

28 days after the administration of LJP. Data are presented as mean�SD. *P<0.05 as compared with normal control (NC) group. #P< 0.05 as compared with the

diabetic control (DC) group. (A color version of this figure is available in the online journal)
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Thus, after LJP treatment, a clear dose-dependent increase
in insulin levels was observed.

Effects of LJP on serum lipids levels in mice

Effects of LJP on serum lipids levels in mice are shown in
Figure 4. As shown in Figure 4, after 28 days of treatment
with LJP, the TC, TG, and LDL-C levels of diabetic groups
(DC, DG, DLL, DML and DHL groups) were significantly
higher (P< 0.05) than that of the NC group. However, the
TC levels of the DG, DLL, DML, and DHL groups were
significantly lower (P< 0.05) than that of the DC group,
140.3%, 85.9%, 107.8%, and 129.1% lower, respectively.
The TG levels of the DG, DLL, DML, and DHL groups
were significantly lower (P< 0.05) than that of the DC
group, 133.3%, 75.1%, 125.6%, and 111.6% lower, respect-
ively. LDL-C levels of the DG, DLL, DML and DHL
groups were significantly lower (P< 0.05) than that of the
DC group, 338.5%, 176.9%, 198.6%, and 269.3% lower,
respectively. After 28 days of treatment with LJP, the
HDL-C levels of diabetic groups (DC, DG, DLL, DML,
and DHL groups) were significantly lower (P< 0.05) than
that of the NC group. However, the HDL-C levels of the DG,
DLL, DML, and DHL groups were significantly higher
(P< 0.05) than that of the DC group, 131.7%, 80.5%,
117.1%, and 102.4% higher, respectively. Thus, a clear
dose-dependent decrease in TC and LDL-C levels after
LJP treatment was observed. However, the magnitude of
change in TG and HDL-C levels after LJP treatment was
not dose-dependent, warranting further study to elucidate
the reason.

Discussion

Alloxan is a hydrophilic and chemically unstable pyrimi-
dine derivative, which causes diabetes through its ability to
destroy the insulin-producing beta cells of the pancreas.32,33

The cytotoxic action of alloxan is mediated by reactive
oxygen species, with a simultaneous massive increase in
cytosolic calcium concentration, leading to rapid destruc-
tion of the beta cells.34–36 Alloxan-induced diabetes is char-
acterized by severe loss in body weight and similar results
were observed in the present study. This loss of body
weight, possibly owing to the degeneration of adipocytes
and muscle tissues to make up for the energy lost from the
body because of frequent urination and excessive conver-
sion of glycogen to glucose.37 In the present study, diabetic
groups showed significant loss of body weight and LJP
treatment groups were significantly protected from this
loss in body weights. The protective effect of LJP against
body-weight loss may possibly be a result of its antihyper-
glycemic activity.

DM is a serious chronic disease. Effective control of the
blood glucose level is important in preventing or reversing
diabetes complications and improving the quality of life in
both type 1 and type 2 DM patients.38,39 In this study, the
hypoglycemic effects of LJP in mice with alloxan-induced
diabetes were established by the estimation of FBG levels as
the important basal parameter for monitoring diabetes.

As previously described, alloxan could damage pancre-
atic beta cells, resulting in a decrease in endogenous insulin
secretion, which decreased utilization of glucose by the tis-
sues consequently.40 The present study showed that LJP

Figure 3 Effects of Laminaria japonica polysaccharide (LJP) on serum insulin levels in mice. Serum insulin levels were measured at 28 days after the administration of

LJP. Data are presented as mean�SD. *P<0.05 as compared with normal control (NC) group. #P< 0.05 as compared with the diabetic control (DC) group. (A color

version of this figure is available in the online journal)
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increased the serum insulin levels in mice with alloxan-in-
duced diabetes. The increase in serum insulin levels may be
possibly due to an effect that either increases the pancreatic
secretion of insulin from the existing beta cells or an effect
that releases insulin from the bound form. Additional stu-
dies are needed to confirm this hypothesis.

DM is usually associated with abnormally increased
levels of serum lipids, and this increases the risk factor for
cardiovascular diseases.41 The abnormal concentration of
serum lipids in diabetic subjects is mainly due to increase
in the mobilization of free fatty acids from fat deposits since
insulin is required for the inhibition of hormone-sensitive
lipase.42,43 The present study showed that LJP not only low-
ered the TC, TG, and LDL-C, but also enhanced the HDL-C,
which is known to play an important role in the transport of
cholesterol from peripheral cells to the liver by a pathway
termed ‘‘reverse cholesterol transport’’; HDL-C is con-
sidered to be a cardio-protective lipid. The significant hypo-
lipidemic effect of LJP may be due to an increase in insulin
secretion, which, in turn, inhibits hormone-sensitive lipase
and increases the utilization of glucose, and thereby
decreases the mobilization of free fatty acids from fat
depots.

In recent years, many investigators have endeavored to
study the hypoglycemic and hypolipidemic effects of
L. japonica. Park et al.44 have discovered that L. japonica
extract can decrease blood glucose and serum lipids in
type 2 diabetic patients. Jin et al.45 investigated the prevent-
ive effects of L. japonica extract on alterations in the activity

of hepatic xanthine oxidase (XO) and oxidative stress in
streptozotocin-induced diabetic rats. Long et al.46 reported
that L. japonica powder may aid in the recovery of the islet-
cell secreting function and may reduce the level of FBG by
an antioxidant effect. Yu et al.47 found that L. japonica extract
affects the metabolism of TG, TC, LDL, and HDL to reduce
a regulation of blood lipid by enhancing the activity of lipo-
protein lipase and hepatic lipase. However, the above inves-
tigators mainly studied L. japonica extract and powder
instead of LJPs. The results of our study indicate that LJP
clearly demonstrates hypoglycemic and hypolipidemic
effects in mice with alloxan-induced diabetes. The hypogly-
cemic effect of LJP is evidenced by decreased fasting blood
glucose levels and increased serum insulin levels in diabetic
mice. The hypolipidemic effect of LJP is evidenced by
decreased TC, TG, and LDL-C levels, and elevated HDL-
C levels in diabetic mice. Although the use of LJP for dia-
betes treatment is promising, determining the precise
molecular mechanism of the hypoglycemic and hypolipi-
demic effects of LJP requires further investigation.
Besides, LJP still needs strict toxicological evaluation
(acute and subchronic toxicity studies) to determine safety
in humans.
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wrote the paper; JY, ZW, and RX performed the research;
and RL analyzed the data.

Figure 4 Effects of Laminaria japonica polysaccharide (LJP) on serum lipids levels in mice. Serum lipids levels were measured at 28 days after the administration of

LJP. Data were presented as mean�SD. *P<0.05 as compared with normal control (NC) group. #P<0.05 as compared with the diabetic control (DC) group. (A color

version of this figure is available in the online journal)
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