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Abstract: In the present study effect of fucoidan on body weight, blood glucose, superoxide dismutase (SOD) and
malondialdehyde (MDA) levels in streptozotocin (STZ) induced diabetes mellitus (DM) rat model was investigated.
The animals were randomly assigned to four groups of 10 each: Normal group, diabetic group, diabetic group
treated with 50 mg/kg and diabetic group treated with 100 mg/kg body weight fucoidan. For the preparation of DM
rat model animals were fasted for 18 h and then injected with 60 mg/kg doses of STZ in citrate buffer. Induction of
DM in the rats was confirmed by determining the blood sugar level in blood samples collected from tail vein of the
rats. The results revealed that fucoidan treatment at a concentration of 100 mg/kg body weight caused a significant
increase in the weight of animals compared diabetic group. Fucoidan treatment in rats reduced the blood sugar
level which was increased by STZ administration in the diabetic group. Furthermore, fucoidan treatment promoted
the activity of SOD, reduced the fastening blood glucose (FBG) level and inhibited the MDA level in the rats. Thus,

fucoidan prevents DM in the STZ induced rat model through prevention of oxidative damage.
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Introduction

Fucoidan is the natural product possessing
highly sulfated skeleton resembling structurally
to the heparin and were isolated from the
brown macro algae present in the sea [1]. The
discovery of fucoidans is the result of efforts
made in early nineteenth century by Kylin [2].
Later on, fucoidans were also isolated from a
large number of weeds present in the British
sea [3]. Analysis of the biological activity of
fucoidan has revealed its role as a potent
antithrombotic agent in vitro [4]. Fucoidan also
acts as a strong antiproliferative agent again-
st smooth muscle cells and heparin-resistant
smooth muscle cells [5]. In addition, role of
fucoidan as an inhibitor of kidney fibroblasts
proliferation has also been identified [6].

Diabetes mellitus (DM) is a globally recognized
health problem interlinked with various compli-
cations that worsen the quality of life and influ-
ence the survival of the affected people [7]. In
various types of carcinomas like liver, breast
and pancreas the major risk factor associated
is the DM [8]. Investigation of the mechanism
for understanding role of DM in cancer risk has

led to believe that anti-apoptotic factors are
activated by insulin and associated growth
factors [9]. Studies have also revealed that
DNA of the DM patients shows damage evi-
dently caused by the oxidative processes [10].
Currently available drugs for maintaining blood
sugar level in DM patients need to be taken
regularly which induced side effects [11]. Thus
the discovery of novel molecules and deve-
lopment of treatment strategies for DM is
needed. Taking into consideration the need for
development of new treatment strategies of
DM several bioactive compounds including,
sterols, terpenoids, flavonoids, and alkanoids
have been screened [12]. In the present study
role of fucoidan in the treatment of DM was
investigated.

Materials and methods
Reagents

Fucoidan and streptozotocin were obtained
from purchased from Sigma-Aldrich (St. Louis,
MO, USA). Dimethyl sulphoxide (DMSO) and
other common were obtained from the BD
Pharmingen Inc. (San Diego, CA, USA). Kits for
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Figure 1. Fucoidan treatment prevents STZ induced inhibition in body weight increase. The animals in the control
and untreated groups were given normal saline whereas the two treatment groups received 50 and 100 mg/kg

fucoidan. The data expressed are the means + SD.

the determination of glucose, superoxide dis-
mutase (SOD) and malondialdehyde (MDA)
were purchased from Invitrogen (Carlsbad, CA,
USA).

Animals

8-week old male Sprague Dawley rats (180-
200 g) were obtained from the Laboratory
Animal Center of Sun Yat-sen University. The
animals were housed in animal house facility of
our institute under 12 h dark and light cycles at
22-25°C with 60-70% humidity and had free
access to standard diet and water. The animals
were randomly assigned to four groups of 10
each: Normal group, Diabetic group, Diabetic
group treated with 50 mg/kg and Diabetic
group treated with 100 mg/kg body weight
fucoidan. All the experiments on animals were
performed according to the guidelines of the
National Institute of Health criteria for the care
and use of laboratory animals. Approval for
the present study was taken from the Labo-
ratory Animal Care Committee of Sun Yat-sen
University (Guangzhou, China).

Preparation of diabetes mellitus rat model
For the preparation of DM rat model animals
were fasted for 18 h and then injected with 60

mg/kg doses of STZ in citrate buffer. Induction
of DM in the rats was confirmed by determining
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the blood sugar level in blood samples collect-
ed from tail vein of the rats. The blood glucose
level of the STZ injected rats rose to more than
11.0 mmol/L.

Treatment strategy

The animals in the two treatment groups were
injected with 50 and 100 mg/kg body weight of
fucoidan daily for one month. Rats in the nor-
mal and diabetic groups were given normal
saline daily for one month at the same time. For
each of the animal under study weight of the
body and blood sugar level was measured
weekly. After completion of the study, the ani-
mals were sacrificed to extract kidney, lungs,
pancreas and liver. The extracted organs were
separately washed and homogenized using
Tris-HCI buffer. The supernatant from the liver
homogenate was decanted and then used for
the determination of SOD activity and measure-
ment MDA level.

Statistical analysis

The data presented are the mean of + SD.
SPSS software, version 12.0 (SPSS, Inc.,
Chicago, IL, USA) was used for the analysis of
the data. Differences between the groups were
analyzed by one-way analysis of variance and
Tukey post hoc comparisons. P<0.05 was con-
sidered to indicate a statistically significant
difference.
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Figure 2. Fucoidan treatment reduced STZ induced increase in the FBS in rats. The data expressed are the means

+ SD. The P<0.03 compared to the normal groups.
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Figure 3. Fucoidan treatment prevented STZ induced increase in the blood sugar level in the rats. The data ex-
pressed are the means + SD. Compared to the control group P<0.03.

Results

Fucoidan treatment resulted normal increase
in the body weight of diabetic rats

Comparison of the body weights of the ani-
mals under study on day 10, 20 and 30 after
induction of diabetes revealed a constant
weight in diabetic rats but the body weight
of the animals in the control group increased
significantly (P>0.03) (Figure 1). Treatment of
the diabetic rats with fucoidan prevented the
diabetes mediated inhibition of increase in
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the body weight. Body weight of the animals in
the 100 uM treatment group showed similar
increase to that of the normal group. However,
increase in the body weight of animals in 50
MM treatment group was lower compared to
the 100 uM treatment (P<0.03).

Fucoidan treatment inhibited increase in the
fastening blood glucose (FBG) levels

In the diabetic rats level of FBG was incre-
ased significantly compared to normal group.
However, fucoidan treatment exhibited inhibi-
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Figure 4. Fucoidan treatment (A) promoted STZ induced inhibition in superox-
ide dismutase (SOD) activity and (B) reduced MDA level which was increased
by STZ in the rats. The data expressed are the means + SD. Compared to the

control group P<0.03.

tory effect on the diabetic increase in the
level of FBG. The decrease in FBG level was
significant at 100 uM doses of fucoidan from
day 5 of the treatment (Figure 2).

Fucoidan treatment inhibited increase in blood
glucose level in diabetic rats

Examination of the level of glucose in blood
following 20, 40, 80 and 120 min revealed sig-
nificant increase in the diabetic group of rats
compared to the normal group. However, treat-
ment of the rats with fucoidan inhibited the
increase in the level of blood glucose. The inhi-
bition of increased blood glucose level was sig-
nificant in 100 uM fucoidan treatment group
compared to the 50 uM treatment group (P<
0.03) (Figure 3).
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Fucoidan treatment en-
hanced activity of SOD

In the diabetic group of rats,
activity of SOD was decre-
ased significantly compared
to normal group (P<0.03).
Treat-ment of the diabetic
rats with fucoidan promoted
the activity of SOD and the
activity was similar among
the animals in normal con-
trol and 100 pM fucoidan
treatment groups. However,
SOD activity in the animals
of 50 yM fucoidan treatment
group was lower than those
in the 100 pM treatment
group (Figure 4A).

Fucoidan treatment inhibited
increase in the MDA level in
diabetic rats

Fucoidan exhibited inhibitory
effect on the level of MDA
production in various tissues
of the rats compared to the
control group. Reduction in
the level of MDA by fucoi-
dan was concentration de-
pendent. In the untreated
group, MDA level was signifi-
cantly (P<0.02) higher com-
pared to the rats treated with
100 pM doses of fucoidan.
The rats in the 50 uM fucoid-
an treatment group showed higher level of MDA
than those in the 100 uM treatment group
(Figure 4B). MDA level was similar in the rats of
100 uM fucoidan treatment and the normal
groups.

Discussion

Fucoidan resembles heparin structurally and is
a sulfated glycosaminoglycan which exhibits
antithrombotic effects in vitro [1, 3]. Fucoidan
has been shown to act as a potent anti-prolifer-
ative agent against smooth muscle cells ad
heparin-resistant SMCs [4, 5]. Present study
demonstrates the role of fucoidan in the treat-
ment of STZ induced diabetes mellitus in the
rat model. DM causes a marked reduction in
the body weight of the animals because of the
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degeneration of proteins associated with stru-
ctural frame work [13].

In many studies it has been observed that body
weight of the diabetic animals continues to
decrease during study period. Results from the
present study demonstrated that fucoidan
treatment inhibited the STZ induced reduction
in the body weight. Animals in the fucoidan
treatment group showed increase in the body
weight similar to those of the normal rats. In
the patients with DM, blood glucose incre-
ases significantly which then worsens the
health and induces several side effects [14,
15]. Our results revealed significant increase
in the blood glucose in STZ induced diabetic
rats consistent with the earlier reports. How-
ever, fucoidan treatment inhibited STZ indu-
ced increase in the blood sugar level and
maintained it constant in the rats. DM has
been found to be associated with the produc-
tion of large quantity of oxidative species and
suppression in the formation of radical scav-
enging agents because of the intervention of
sugar molecules [16, 17]. Results from the
present study revealed that fucoidan treat
ment in the STZ-induced diabetic rats pro-
moted the activity of SOD significantly. In addi-
tion, the level of MDA was reduced significant-
ly compared to the untreated rats.

In conclusion, current study demonstrates that
fucoidan treatment exhibits protective effect
against STZ induced reduction in body weight,
increase in blood sugar, reduction in SOD ac-
tivity and increase in MDA level in the rats.
Therefore, fuoidan has a scope for being evalu-
ated further against DM.
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