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Accumulation of reactive oxygen species resulting from hyperglycemia and inadequate endogenous
antioxidants are responsible for the complications of diabetes. Accumulation of reactive oxygen species in
the cells stimulates apoptosis, which hampers the cell architecture and functions of vital organs. This study
investigates the effect of fucoidan from Sargassum wightii, a potent antioxidant with a regulatory effect
on blood glucose homeostasis, in the liver and kidney of diabetic rats. Diabetes was induced in rats by
administrating streptozotocin 50 mg/kg for 3 consecutive days through intraperitoneal injection. 30 male
Wistar rats were divided into five groups consisting of six animals in each group and they were Group A:
Control group, Group B: Diabetic group, Group C: Diabetic rats treated with metformin hydrochloride
250 mg/kg, Group D: Diabetic rats treated with fucoidan 50 mg/kg, and Group E: Diabetic rats treated
with fucoidan 100 mg/kg. Fucoidan was administrated orally for 4 w after the induction of diabetes.
Superoxide dismutase activity was low in the liver of the diabetic group and it showed 58.5 % activity,
compared with the control group. Fucoidan administration elevated superoxide dismutase and it was
66.5 % and 80.6 % respectively in fucoidan 50 mg/kg and fucoidan 100 mg/kg groups, compared with
the control group while in the metformin group 93.4 % activity was seen. A similar variation in the
superoxide dismutase was observed in the kidney; wherein, administration of fucoidan restored the
superoxide dismutase activity and it was 62.9 % in the fucoidan 50 mg/kg group and 79.5 % in the fucoidan
100 mg/kg group, compared with the control group while in diabetic group 49.4 % and metformin
group 94.2 % activity were observed. The other tested antioxidant enzymes such as catalase, glutathione
peroxidase and glutathione S transferase also showed marked regain in a dose-dependent manner upon
administration of fucoidan. This study inferred that the administration of fucoidan in streptozotocin-
induced diabetic rats improved the antioxidant enzyme activity by moderating the accumulation of
reactive oxygen species and reduced the pathophysiology.
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Diabetes mellitus (DM) causes various complications
and has become the major cause of mortality. DM is
prone to hyperglycemic pathology due to defects in
the vital organs and the associated antioxidant defense
system, oxidative stress, damage of cell membranes and
subcellular organelles, DNA damage and cell death!!-*,
Increased level of free radicals and initiation of oxidative
stress leads to the onset of disorders of various organs and
body systems. The organs with antioxidant protection
are primarily exposed to oxidative damage!™!. Natural
antioxidants from herbal plants, micro and macroalgae
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protect these damages and may be an effective, safe
and economical alternative therapy for the management
of diabetes and organ protection®. Marine algae are
rich in polysaccharides, which account for more than
50 % of the dry weight. Studies have demonstrated
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that marine algal polysaccharides are predominantly
sulfated polysaccharides. The antioxidant activity of the
sulfated glucan is greater than that of regular glucan(®"..

Polysaccharides, which belong to a class of essential
organic compounds that form the basis of all
living creatures are generated by the combination
of monosaccharides®. With advancements in
pharmacological research, the activity of the marine
algal polysaccharides has become a significant research
topicl1%. Polysaccharides are generally extracted from
dietary materials by various physical, chemical or
enzymatic methods and are reported to have an anti-
diabetic effect. Consumption of polysaccharides could
alleviate diabetes through actions on gastrointestinal
viscosity, gastrointestinal satiety, colon fermentation
and prevention of gastrointestinal inflammation!!,
Various in vivo and in vitro trials demonstrated that
dietary polysaccharides have hypoglycemic, antioxidant
and anti-inflammatory effects!'?.

Among polysaccharides, sulfated polysaccharides
are considered to be an essential class of compounds
having innumerable pharmaceutical applications!'*!*.
Fucoidans are sulfated cell-wall polysaccharides
(2351 kDa molecular weight) found mainly in various
species of brown seaweeds such as Saccharina
japonica, Undaria pinnatifida and Sargassum spp.
A variant form of fucoidans has also been found in
animal species including sea cucumber!'”. Fucoidan
has been reported to possess diverse biological
activities with potential medicinal values, such as
anticoagulant, antitumor, anti-inflammatory, antiviral,
anti-aggregation and antioxidant activities!!!8],
The principal chemical components of fucoidan
polysaccharide are fucose, sulfate along with uronic
acid and a small amount of protein. The efficiency of
fucoidan as a potential drug depends on its components
and its molecular weight. Therefore, they may prevent
DM by varied mechanisms. DM is associated with
the increased production of Reactive Oxygen Species
(ROS), resulting from reduced activity of Superoxide
Dismutase (SOD), Catalase (CAT), Glutathione
Peroxidase (GPx), Glutathione S-Transferase (GST)
and increased activity of lipid hydroperoxidase!'”.
Therefore, it has been established that a single therapy
addressing to control DM-associated hyperglycemia
and hyperlipidemia is not sufficient. The addition of
antioxidants has added benefits on DM pathogenesis
as ROS is profoundly involved in the development of
DM, hypertension, hyperglycemia, hyperlipidemia and
atherosclerosisi?®?!!, Considering the above facts, in
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the present work, the protective effect of fucoidan on
antioxidant enzyme markers in Streptozotocin (STZ)-
induced diabetic rats was investigated.

MATERIALS AND METHODS

Collection of seaweeds and preparation of seaweed
powder:

The brown seaweed Sargassum wightii (S. wightii)
was collected from Mandapam coastal region (Latitude
9.28°N and Longitude 79.12°E), Tamil Nadu, India.
Soon after collection, the seaweeds were washed in
seawater to remove epiphytes and other dust materials.
It was transported to the laboratory in a sterile polythene
bag, washed with tap water followed by deionized water
and dried at room temperature. The dried seaweeds
were cut into small pieces of 2 to 3 cm, converted into a
fine powder using an electric blender, sieved and stored
in an airtight container. The collected seaweed was
identified as S. wightii by using the seaweed manual™®?,

Isolation and purification of fucoidan:

Fucoidan was isolated and purified following the
method described by Yang et a/'*!. The dried brown
seaweed, S. wightii powder weighing 20.0 g was
treated with 1 1 of 85 % ethanol with constant stirring
and incubated for 12 h at room temperature to remove
pigments and proteins. Then this mixture was washed
with acetone and centrifuged at 1800 xg for 10 min.
The supernatant was discarded and the residue was
dried at room temperature. From this dried biomass,
5.0 g was dissolved in 100 ml of distilled water, boiled
at 65° for 1 h with stirring and the extract was collected.
This was done twice and all the collected extracts were
pooled. This combined extract was centrifuged at
18 500 xg for 10 min and the supernatant was collected.
To this supernatant, 99 % ethanol was added till 30 %
concentration is reached and was incubated at 4° for
4 h. Then this solution was centrifuged at 18 500 xg
for 10 min and the supernatant was collected. Again
90 % ethanol was added to the supernatant to get a
final concentration of 70 % ethanol and reincubated
overnight at 4°. Then the solution was filtered through a
0.45 pum pore size nylon membrane and the filtrate was
washed with 99 % ethanol and acetone, dried at room
temperature. The fucoidan thus obtained was stored in
an airtight container at room temperature.

The yield of fucoidan obtained was 2.8+0.2 %. Further,
the fucose content was analysed by the phenol sulphuric
acid method and the sulfate content was analysed
by the barium chloride method®**!. The fucose and
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sulfate contents of fucoidan showed were; 70.5£2.1 %
and 45.0£1.20 respectively. A second purification of
fucoidan was carried out. For this, 250 mg of extracted
fucoidan was dissolved in 25 ml of distilled water and
heated under reflux with 0.75 ml of 3.0 M HCI for 3 h.
After cooling, the mixture was centrifuged at 3000 xg
and the supernatant was neutralized with 1.0 M Sodium
Hydroxide (NaOH) and poured over 100 ml of ethanol.
The resultant precipitate was dissolved in distilled
water, freeze-dried, stored in a labeled vial and used for
further experimentation.

Experimental animals:

Wistar rats were procured from Tamil Nadu Veterinary
and Animal Sciences University (Chennai, India)
weighing about 180-200 g. The rats were housed
in standard environmental conditions (24.0£1° and
humidity of 40 to 60) and were exposed to natural day
and night cycles. The animals were fed with a standard
rodent pellet diet with water ad libitum. All the animals
were maintained as per the guidelines of the Institutional
Animal Ethics Committee (IAEC) of Sri Manakula
Vinayagar Medical College and Hospital (Pondicherry,
India) (Approval No: IAEC/SMVMCH/025/2018). All
the animal cages were marked and labeled appropriately.

Induction of diabetes:

After 1 w of acclimatization, the rats were fasted
overnight before being injected with STZ. DM was
induced by intraperitoneal injection (for 3 d) of a
freshly prepared solution of STZ (50 mg/kg body
weight) in 0.1 M citrate buffer at pH 4.5. Rats were
treated with a 5 % glucose solution orally for 3 d to
prevent the early phase of STZ-induced hypoglycemia.
The blood glucose level in blood samples from the tail
vein was measured 48 h after STZ administration. All
experimental animals showed fasting blood glucose of
above 200 mg/dl and were considered as diabetic and
included in the study.

30 male Wistar rats were divided into five groups (n=6
in each group), Group A: Control Group (CG), Group
B: Diabetic Group (DG), Group C: Diabetic rats treated
with Metformin hydrochloride 250 mg/kg, Group D:
Diabetic rats treated with Fucoidan 50 mg/kg (FG1)
and Group E: Diabetic rats treated with fucoidan 100
mg/kg (FG2). Fucoidan was administrated daily for
4 w by the oral route.

After the treatment for 4 w, the rats were sacrificed
by intraperitoneal injection of an overdose of sodium
pentobarbital. The animals were dissected and tissue
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samples (liver and kidney) were collected and used for
further experimentation.

Antioxidant assay:

Tissues such as liver and kidney (250 mg each)
were collected, sliced into pieces and homogenized
individually in buffers (pH 7 to 8) at a low temperature
(5-10°) to give 20 % homogenate (w/v). The
homogenates were centrifuged at 3000 xg for 10 min
at 5° in a refrigerated centrifuge. The supernatant was
collected and used for antioxidants assay. The tissue
homogenates were used to determine the concentrations
of SOD, CAT, GPx and GST according to the reference
methods??, Further, the protein content present in the
liver and kidney was analyzed following the standard
method by Lowry et a/l*".

Statistical analysis:

The results obtained in the present study were
statistically analysed for mean, Standard Deviation (SD)
and Analysis of Variance (ANOVA) using Statistical
Package for the Social Sciences (SPSS) software. The
group means were compared by computing the Student-
Newman-Keuls test (SNK test). The results were
considered statistically significant if the p value is less
than 0.05 (p<0.05). For hypothesis testing significance
was tested from the CG, from the STZ group (DG) and
metformin group and denoted in the figures as ‘a’, ‘b’
and ‘¢’ respectively.

RESULTS AND DISCUSSION

The activity of SOD and CAT in the liver and kidney of
CG, DG and treatment groups (MfG, FG1 and FG2) are
shown in fig. 1. The SOD activity in the liver of CG was
14.8440.24 unit/mg protein; whereas in STZ-induced
diabetic rats (DQ), it was lowered to 7.26+0.23 unit/mg
protein. In STZ-induced diabetic rats administrated with
50 mg/kg and 100 mg/kg of fucoidan (FG1 and FG2),
the liver SOD value ameliorated to the normal level and
showed as 9.87+0.29 and 11.96+0.29 unit/mg protein
respectively. Further, in the liver of MfG, the SOD
value progressed towards the normal level (13.86+0.20
unit/mg protein). A similar finding was noticed for
SOD activity in kidney of diabetic rats treated with
fucoidan. In kidney, a minimal SOD value of 4.76+0.18
unit/mg protein was registered in DG as against the
maximum value (9.64+0.22 unit/mg protein) of CG. In
fucoidan administrated groups (FG1 and FG2) the SOD
values attenuated towards the normal condition. Also,
the metformin-administrated diabetic group displayed
higher SOD value (9.08+0.16 unit/mg protein) closer
1166



www.ijpsonline.com

F=B83 773 Liver |F=653.009 Kidney
P = 0000 P < 0001
a ab abe abe a ab abe abe -
10
= E
o b
s -
[ -e |-
- - %
S i I
= HH =
e - 1=
HH -2
HH
HH
F=3i88543 Kidrey
P < 0.001
& ab abe abe
= <D
= =
2 -
=3 =
z i [
o - =
S H 4
= H P =
= - =
1o
--
ss
o : e 3 i
2O %ﬂ?ioi*g“ﬁ\d“;\ NS a8 g\? « ﬁé‘;@“-‘; ¥
ke o2 \(.'JO ke oD \00
1:\:"«3’ td\b'-" 66&“ o:"l;'?" G‘Q’\Ep ci‘-b"}“
't W (ru\) ;¢ A ';c“['
LR SR

Fig. 1: SOD and CAT activities in the liver and kidney of control, STZ, STZ+metformin, STZ+fucoidan 50 mg/kg and STZ+fucoidan

100 mg/kg groups

Note: Values are mean+SD (n=6 each). The ‘F’and ‘p’ values are by one-way ANOVA with SNK multiple comparison test;*significantly
different from CG; "significantly different from STZ group (DG); ‘significantly different from STZ+metformin group

to CG. In both liver and kidney, the variation in SOD
activity between DG and CG, MfG, FG1 and FG2 was
statistically significant (p<0.01).

Furthermore, the CAT activity registered in the liver
of DG was very low (27.66+£0.51 unit/mg protein),
compared to CG (56.76£0.51 unit/mg protein).
Administration of fucoidan at 50 mg/kg or 100 mg/
kg (FG1 or FG2) restored the liver CAT activity
(34.33+0.50 or 42.80+0.69 unit/mg protein) compared
with DG. Further, in the liver of MfG, the CAT
activity registered obvious progress (53.50£1.02 unit/
mg protein), comparable with the values displayed by
CG. Likewise, in kidney of DG, a low CAT activity of
19.06+£0.30 unit/mg protein was recorded, compared
with CG. In the kidney of the STZ-induced DG
administrated with 50 mg/kg or 100 mg/kg of fucoidan
(FG1 or FG2), the CAT activity showed restoration
and the values recorded were: 24.80+0.25 or 31.67
+0.33 unit/mg protein, respectively. Also in the kidney
of MfG, the CAT activity almost attenuated to near
normal level (36.04+0.33 unit/mg protein), compared
with CG. The variation in CAT activity in liver and
kidney, between DG and CG, MfG, FG1 and FG2 was
statistically significant (p<0.01).
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Further, the present results inferred that the GPx
and GST activities in the liver and kidney of STZ-
induced diabetic rats positively accelerated due to the
administration of fucoidan (fig. 2). For instance, in liver
of DG, the GPx activity showed a reduction (5.74+0.11
unit/mg protein), compared with CG (9.82+0.14 unit/
mg protein). Administration of fucoidan either at
50 mg/kg (FG1) or 100 mg/kg (FG2) concentrations
brought back the activity of GPx to the normal state,
to a lesser extent (6.42+0.07 or 7.28+0.12 unit/mg
protein). As expected, the GPx activity in diabetic
rats administrated with metformin attained a normal
state (8.98+0.18 unit/mg protein). Further, in liver,
the variation in GPx activity between CG, DG, MfG
and fucoidan-administrated groups (FGland FG2) was
statistically significant (p<0.01).

The trend recorded for the GPx activity in the kidney
of control and experimental rats is similar to that
of liver (fig. 2). The GPx activity noticed in CG was
high (8.66+0.11 unit/mg protein) and a low value of
4.82+0.12 unit/mg protein was recorded in DG. In the
diabetic rats administrated with 50 mg/kg or 100 mg/
kg fucoidan (FG1 or FG2), the GPx activity resumed

November-December 2021



www.ijpsonline.com

F=BE3 773 Liver |F=&653000 KHMH
B« 0000 P = 0.0010
a ab abe abe a ab abe abe 10
16 =
= =
= g =
£ 12 - i 2
< HH i ‘.E‘;,
E Y FH [ ©
S 8- FHF H =)
S i H [+ 8
“ EH = .
4 HH H |2
e =
o i =
F = 2000066 Liver |F=3I28 545 Kldmg
P =000 P = 0001
) - & ab abe abe 3 ab abe abe
- D
§ P 5
(=] L=]
S s B H [P &
o L] -m
£ F i £
S ¥4 o - H o =2
— e s -
L= 3 - Tete - - - L=
< = EH H | o °
(o s it = o
E EH ==
T a0 NG P &AL A0 B NS
T g ™ ] | P AN s g\
o R ‘H‘i -G#‘Qsoﬂ\ Qe x@‘“"u G‘::g .
T YRR
-"I?_._*':‘ h % e 1._"’?“ e
S A

Fig. 2: GPx and GST activities in the liver and kidney of control, STZ, STZ+metformin, STZ+fucoidan 50 mg/kg and STZ+fucoidan

100 mg/kg groups

Note: Values are meantSD (n=6 each). The ‘F’ and ‘p’ values are by one-way ANOVA with SNK multiple comparison test;
ssignificantly different from CG; Psignificantly different from STZ group (DG); “significantly different from STZ+metformin group

from the depleted level of DG and the values registered
was 5.86+0.09 or 6.74+0.13 unit/mg protein. The GPx
activity of diabetic rats administrated with metformin
also attenuated to the normal stage (8.40+0.15 unit/
mg protein). In the kidney, the variation in GPx
activity between DG and CG, MfG, FG1 and FG2 was
statistically significant (p<0.01).

Further, the GST activity in the liver and kidney of
STZ-induced diabetic rats was low compared with
CG and other treatment groups (M{G, FGI1 and FG2).
Accordingly, a higher GST activity (4.63+0.06 unit/
mg protein) was registered in the liver of CG; whereas,
it was very low (1.26+0.03 unit/mg protein) in DG.
However, the GST activity of fucoidan-administrated
diabetic rats progressed towards normalization and
the values registered were: 1.924+0.13 unit/mg protein
in FG1 and 2.62+0.08 unit/mg protein in FG2.
Furthermore, the GST activity in the liver of MfG was
high (3.9440.15 unit/mg protein) compared with DG
and the variation between CG, DG and experimental
groups was statistically significant (p<0.01) (fig. 2).
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More or less, a similar variation was registered in the
GST activity of kidney of control and experimental
groups. For instance, in the kidney of CG, the GST
activity registered was 4.03+0.11 unit/mg protein and
in DG, the GST activity was very low (0.96+0.05 unit/
mg protein). In fucoidan-administrated diabetic rats, the
GST activity registered was 1.34+0.06 unit/mg protein
in FG1 and 1.96+0.09 unit/mg protein in FG2. Also
in MfG, the kidney GST activity was high (3.46+0.32
unit/mg protein), compared with DG. The variation in
GST activity in the kidney of CG, DG and experimental
groups (MfG, FG1 and FG2) was statistically significant
(p<0.01) (fig. 2).

DM associated diseases induce several cellular damages
through the generation of free radicals and induction
of lipid peroxidation resulting in oxidative stress in
animals. Arora ef al. have reported that injection of rats
with STZ resulted in hyperglycemia, probably due to its
cytotoxic effect on the B-cells of the pancreas resulting
in insulin deficiency®!. Oxidative stress is implicated
in this cytotoxicity. In the present study, the activity of
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SOD in both liver and kidney of STZ-induced diabetic
rats was significantly (p<0.01) reduced when compared
to the control and other experimental groups. In specific,
in the liver of STZ-induced diabetic rats, the SOD
activity retained was 48.9 % and it was almost 50 %
low, compared with CG which was in coincidence with
the accumulated evidence that STZ caused a great loss
in the antioxidant capacity®”. However, administration
of 50 mg/kg (FG1) or 100 mg/kg (FG2) fucoidan in
diabetic rats restored the SOD activity and it was 66.5
% or 80.6 % compared with CG (fig. 3A).

Furthermore, in the kidney of DG rats, the SOD activity
retained was 49.4 % and it was 50 % less than that
of the values registered in CG. On the other hand, in
fucoidan administrated rats, the SOD activity registered
were: 62.9 % (FG1) and 79.5 % (FG2), compared with
CG. However, the amelioration of SOD activity due to
the administration of fucoidan indicated its efficiency
in the restoration of SOD activity at a higher level
(63 % in FGI1 and 80 % in FG2) when compared to a
lower level of 50 % in DG (fig. 3B). This study also
inferred that the administration of fucoidan alleviated
the antioxidant enzyme system by increasing the SOD
activity. Chen et al. have reported that low molecular
weight fucoidan has great potential as an antioxidant in
increasing SOD activity in the acute region of ischemia-

reperfusion injury®*. Yu et al. have also reported
that low molecular weight fucoidan directly inhibits
superoxidase production in high glucose-administrated
rat cardiomyocytes®. However, the antioxidant effect
of fucoidan on diabetes-associated hepatic injury
remains largely elusive.

The trend noticed for the CAT activity in the liver
and kidney of experimental rats was similar to that
of SOD activity. In the liver of STZ-induced diabetic
rats, the CAT activity retained was 48.9 %, compared
with CG; whereas, in kidney, it was 49.7 %. In both
the hepatorenal tissues of diabetic rats received either
50mg/kg (FG1)or 100mg/kg (FG2)offucoidan, the CAT
showed elevated activity, compared to DG. However,
when relating with CG, the CAT activity recorded was
60.5 % or 75.0 % and 64.9 % or 81.8 %, respectively
in liver and kidney of FGI or FG2 rats (fig. 3C and
fig. 3D). Earlier, Andallu and Voradacharyulu and
Bhatia et al. have also reported a notable reduction in
CAT activities in the liver and kidney of diabetic rats
and inferred that it could be due to increased utilization
of these enzymes for scavenging free radicals that
emerged during the post-processes of DMB33¢1, Reduced
activities of SOD and CAT in plasma and tissues have
been observed during diabetes and this may result in
several deleterious effects due to the accumulation of
superoxide radicals and hydrogen peroxide (H,O,)"°l.
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Fig. 3: Percentage activity of SOD and CAT in the liver and kidney of control, STZ, STZ+metformin, STZ+fucoidan 50 mg/kg and

STZA+fucoidan 100 mg/kg groups

Note: Values are meantSD (n=6 each). The ‘F’ and ‘p’ values are by one-way ANOVA with SNK multiple comparison test;
ssignificantly different from CG; "significantly different from DG; Ssignificantly different from STZ+metformin group
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Zheng et al. have also reported higher hepatic oxidative
stress levels with increased superoxide production and
lipid peroxidation and decreased hepatic SOD and
CAT activities in diabetes-induced micel*”). Further,
they have also inferred that the administration of low
molecular weight fucoidan measured by ameliorated
oxidative stress in the liver of diabetic mice and also
accounts for one of the mechanism to protect against
liver injury during obese diabetes.

Furthermore, SOD and CAT are the two major
scavenging enzymes that remove free radicals in vivo
conditions. The decreased activity of these antioxidants
can lead to an excess accumulation of superoxide anion
(0,) and H,O,, which in turn generate hydroxyl radicals
(OH) resulting in initiation and propagation of lipid
peroxidation®®l. The SOD can catalyze the dismutation
of O, in the H,0,, which is then deactivated to H,O by
CAT or SOD. This is in parallel with selenium-dependent
GPx, which plays an important role in the reduction of
H,0, with the presence of reduced glutathione forming
oxidized glutathione, which in turn protect cell protein

and cell membranes against oxidative stresst?.

In the present study, the administration of fucoidan also
enhanced the GPx and GST activities in the hepatorenal
tissues of STZ-induced diabetic rats. The GPx activity
in the liver of DG was 58.5 %, compared with CG;
whereas, in the kidney, it was 55.7 % (fig. 4A and
fig. 4B), as such the decrease in GPx activity in the
hepatorenal tissues ranged from 42 % to 44 %. This
finding is consistent with the earlier report of Andallu
and Varadacharyulu and Bhatia et al.?>*®!. They further
inferred that the decrease in GPx and GST in STZ-
induced diabetic rats may be due to the non-availability
of its substrate reduced glutathione (GSH), which
has been depleted due to the onset of DM-associated
diseases! . DM-associated hyperglycemia and elevated
lipid level (lipid peroxidation) result in the generation of
ROS, which further promotes oxidative stress. ROS are
recognized to play a central role in the pathogenesis of
DM-associated complications including non-alcoholic
fatty liver, because of their ability to damage DNA,
protein and lipids finally resulting in liver dysfunction').
Furthermore, in this study, in hepatorenal tissues of
fucoidan administrated diabetic rats, the GPx activity
was restored to a normal level, compared with DG.
Accordingly, the GPx activity registered was 65.4 % or
74.2 % and 67.7 % or 77.8 %, respectively in liver and
kidney of fucoidan fed groups (FG1 or FG2), compared
with CG (fig. 4A and fig. 4B). However, it is inferred
that, in the fucoidan administrated rats, the restoration
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of GPx activity ranged from 65 % or 78 % in both the
tested tissues. These results inferred that administration
of fucoidan at 100 mg/kg in STZ-induced diabetic rats
elevated the GPx activity to a higher level (78 %) which
in turn indicated the positive acceleration of the free
radical scavenging process in kidney of STZ-induced
DMs. It also implies that the administration of fucoidan
favors the retrieval of GST activity towards the normal
state and thereby promoting the free radical scavenging
activity.

In line with the GPx activity, the GST activity in the
liver and kidney of STZ-induced DG rats, showed
a declining trend and it was 27.2 % in liver and
23.8 % in kidney, compared with CG. In experimental
diabetic rats that received fucoidan, the GST activity
was restored towards normalization and accordingly, in
liver, it was 52.4 % or 107.9 % more, compared with
DG. Also in the kidney, the rise in GST activity was
39.6 % or 104.2 % in FG1 or FG2, compared with DG.
Moreover, compared with CG, the GST activity was
41.5% or 56.6 % in liver and 35.3 % or 48.7 % in kidney
of FG1 or FG2 (fig. 4C and fig. 4D). The recovery of
liver GST activity was more in FG2 and it indicated the
potential role played by the fucoidan to restore the GST
activity towards normal level and thereby promoting
the free radical scavenging activity. In these groups, the
GST activity was 39.6 % (FG1) and 104.2 % (FG2)
more when compared with the values recorded in DG.
GPx is considered a biologically essential enzyme in
the reduction of H,O,. GPx detoxifies peroxides in the
presence of reduced GSH, which acts as an electron
donor in the reduction process, reducing glutathione
disulfide (GSSG) as an end product®’. Further GSH-
metabolizing enzymes, GPx and GST work in contact
with glutathione in the decomposition of H,O, and
other organic hydroperoxides to non-toxic products.
Reduction in the activities of GPx and GST in the
plasma and tissues has been reported during diabetes,
which is due to the inactivation of these enzymes by the
generation of ROS and this may result in several adverse
effects due to the accumulation of free radicals!**!.

This present study inferred that administration of STZ
inrats, induced oxidative stress in both hepatic and renal
tissues through attaining hyperglycemic condition,
which is evidenced by the reduced concentration
of SOD, CAT, GPx and GST. These results fall in
line with the earlier reports of Vipin et al. and Al-
Trad et al.***). During the hyperglycemic condition,
superoxide and nitric oxide react, in the presence of
nitric oxide synthase to generate peroxynitrite that
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Fig. 4: Percentage activity of GPx and GST in the liver and kidney of control, STZ, STZ+metformin, STZ+fucoidan 50 mg/kg and

STZ+fucoidan 100 mg/kg groups

Note: Values are mean+SD (n=6 each); The ‘F’ and ‘p’ values are by one-way ANOVA with Student-Newman-Keul’s multiple
comparison test; *significantly different from CG; "significantly different from DG; ‘significantly different from STZ+metformin

group

injures the cell membrane and cellular biomolecules® !,
Furthermore, in experimental rats, administrated with
fucoidan, antioxidant activity was elevated through
scavenging ROS such as hydroxyl, peroxyl and
superoxide radicals and stimulating the activities of
SOD, CAT, GPx and GSTB**#1 Moreover, fucoidan
has been shown to suppress the expression of nuclear
factor kappa light chain enhancer of activated B
cells (NF-kB), protein kinase B, extracellular signal-
regulating kinase, C-Jun N-terminal kinase and p38
Mitogen-activated protein kinase!*”. Also, it reduced
lipopolysaccharide-induced elevation of serum levels
of Tumour Necrosis Factor alpha (TNFa), Interleukin
1 beta (IL-1B) and Interleukin-6 (IL-6) in micel®".
Therefore, it is evident that fucoidan ameliorated DM-
induced hepatorenal damages by suppressing oxidative
stress by regulating the antioxidant enzyme system!*'..
Overall, the present results inferred that administration
of S. wightii polysaccharide; fucoidan at 100 mg/kg
efficiently suppressed the oxidative stress by enhancing
the activity of antioxidant enzymes and thus providing
a potential mechanism for relieving the pathogenesis of
diabetes.
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