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ABSTRACT KEYWORDS

Background: Oxidative stress associated with insulin —dependent diabe- Hydroclathrusclathratus;
tesmellitusisarisk for inflammatory disorders that induce renal dysfunc- Diabetesmellitus;
tion. Hydroclathrus clathratus is used for its antioxidant and antiinflamma- Ot:glai 5;0;;:;
tory effects. This study aims to evaluate antihyperglycemic, Inflammation.
antihyperlipidemic, antioxidant and anti inflammatory effects of agueous

Hydroclathrus clathratus extract (HCE) against alloxan induced diabetes

inmalealbinoratsand explore possible effects of HCE oninsulin and oxida

tive stress profile. Biochemical observations were further substantiated

with histological examination of pancreas and kidney. M ethod: This study

wascarried on 30 male abino ratsweighing 190+10, 90 days old, classified

into 3 groups, control (NC), diabetic (DC) and treated diabetic group (HCE).

Alloxan was given in a dose of 300 mg/kg body weight intraperitoneally

(IP). Result: Alloxan produced significant increasein serumglucose, Trig-

lyceride (TG), Total cholesterol (TC), Low density lipoprotein cholesterol

(LDL-C), ureaand creatinine (Cr), renal reduced glutathione (GSH), renal

nitrotyrosing, renal TNF-o. On other hand, alloxan produced significant

decrease in insulin levels and activity of renal catalase (CAT), rena glu-

tathione peroxidase (GSH-Px) and renal superoxide oxide dismutase (SOD).

Ora HCE (300 mg/kg body weight of rats daily for 30 days) significantly

ameliorated these effects. Conclusion: Treatment with HCE ameliorated DM

and its related late consequences. Furthermore, it has antioxidant and anti-

inflammatory effects. Commonly, HCE is a way to surmount the diabetic

state and it has antioxidant and antiinflammatory effects. It may be aprom-

ising adjuvant to anti diabetic therapy.
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INTRODUCTION (insulinresistance), followed by theinability of B-cells
to compensate for insulin resistance (pancrestic beta
DiabetesMéllitus(DM) isaheterogeneousdisor- ¢l dysfunction.
der characterized by aprogressvededineininsulinaction Diabeticsand experimenta anima mode sexhibit
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high oxidative stressdueto persistent and chronic hy-
perglycemia, which thereby depletes the activity of
antioxidative defense system and thus promotesdenovo
freeradicalsgeneration*”.

The source of oxidative stressisacascade of ROS
leaking from the mitochondria Thisprocesshasbeen
associated with the onset of type 1 diabetes(T1DM)
viathe apoptosis of pancreatic -cells, and the onset
of (T2D) viainsulinresistance®.

Chronic and sustained high toxiclevelsof ROSare
associ ated with severd pathological conditionsinclud-
inginiammatory diseases and the complications of dia-
betes®. Tumor necrosisfactor-o. (TNF-a) is an impor-
tant proinflammatory cytokineinvolvedin the patho-
genesisof autoimmune T1D. Low-gradeinflammation
isacommon featurein subjectswith T2D. Heart dis-
ease, themetabolic syndromeand T2D dl haveincom-
mon theincreased concentration of circulatory cytokines
asaresult of inflammation(*2.

Nitrotyrosine (N-tyr) wasinitially proposed to be
aspecitic marker of increased oxidative stress related
to the generation of peroxynitritefromnitricoxidein
vascular endothelial cellsand other tissues. Although
several non-nitric oxide biosynthetic pathwaysfor N-
tyr havea so been described, inal casestyrosinenitra-
tionisbdievedtoinvolvefreeradica chemistry reac-
tiongd”.

DM isassociated with alarge number of lipid ab-
normalities. which inturn depend on theextent of insu-
lin deficiency, insulin resistance, obesity, diet and the
presenceof concomitant primary and other secondary
causesof hyperlipemia. Indiabetic hyperlipemia, ase-
riesof bizarrelipoproteinsand other lipids appear and
interaction of thiswith oxidativestressand freeradicas
leadsto enhanced lipid peroxidationin plasma, tissues
and membranes, causing extensivetissuedamage®.

Diabeticrend dysfunctionwhoseincidenceisupto
47.66% isthemost common and difficult diabetic mi-
crovascular complication to treat and has become
thefirst causeof end-stagerend disease. Itisreported
that about 43% of the chronic renal failure (CRF) pa-
tientsondialysisare DN, 60% casefatality of diabetes
mellitus (DM) patientsare DN, DM patientswho died
of rena failure are 17 times more than non-DM pa-
tientg?4.

Herba remediesthat semfrom egyptientraditiona
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medecine hold a great promise against DM.
Hydroclathrusclathratus (C. Agardh) Howe is brown
marine algae and considered to be atraditional drug
and healthfood in K orea, Japan and China. Hot water
extract of H. clathratus(HCE) isrichin of water-soluble
sulfated polysaccharidesthat exhibit val uablebiol ogi-
cal effectsasanticancer, anti-herpetic and anti-coagu-
lant activities?.

The present work was conducted to eval uate the
possi ble hypoglycemic, hypolipidemic, antioxidant and
anti inflammatory properties of HCE onaloxan - in-
duced typell diabetesmellitus (DM).

MATERIALAND METHODS

Materials
(a) Experimental animals

30Whitemal eabino ratsweighting about 190+10
gwereused asexperimental animalsinthepresentin-
vestigation. The animals were housed in standard
polypropylene cages and maintai ned under controlled
room temperature (2242 &%C) and humidity (55+5%)
with 12 hlight and 12 h dark cycle and were fed a
standard diet of known compostion, and water adlibi-
tum. Thechow waspurchased from El-GomhoriaCom-
pany, Cairo, Egypt. They were housed for two weeks
for accommodation. Our work was carried out in ac-
cordancewiththeguiddinesof El MiniaUniversity for
animal use. These animalswere used for induction of
Diabetesmellitus.

Plant material preparation of HCE

About 100 g of thefresh dga, correspondingto 10
—12 g of dry alga material was homogenized in 500 ml
hot doubledistilled water. Themixturewasclarified by
filtration usngWhatman No.1 filter paper andthelight
brown extract resulted. The water extract of H.
clathratuswere serilized by filtration and autoclaving,
respectively.

The extract was prepared at the Department of
agriculturechemidiry, Faculty of Agriculture, MiniaUni-
versty.

Experimental design and animal grouping

Experimental Diabeteswasinducedin20ratsby a
adose of 150 mg/kg intraperitoneally (IP)=Y. Above
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200 mg/dI blood glucoselevel were considered dia-
beticrats. TheseDM anima sweredividedinto 2 groups,
oneserved asuntrested DM group, the other astreated
DM group, which was given HCE as 300 mg/kg body
weight of ratsdaily for 30 days. Control ratswerein-
jected with samevolume of vehicle (sdinebuffer). At
theend of the experiment, all groupswerebled by vein
puncture, fasting blood sampleswere centrifuged, sera
were kept at -80°C right the time of analysis, mean-
while, kidney and brain were collected, bl otted between
2filter papers, frozendirectly intoliquid Nitrogen, then
kept at -80°C till tissue biochemical investigations.

Methods
(a) Biochemical investigationsin blood and tissue

Biochemicd estimationsinblood and seruminsulin:
Fasting blood glucose (FBG) concentration of al the
three experimental groups was determined by
glucometer during different phases of the experiment
by withdrawing blood fromthetail vein. Seruminsulin
was assayed in the Radioactive Isotopes Unit, Central
Department of Scinentificia Analyssand Tet, Nationd
Research Center (Dokki, Giza) by radioimmunoassay
kits of DPC (Diagnostic Products Corporation, Los
Angees, (USA). For estimating serumlipid profile, se-
rumwasisolated from the blood collected by cardiac
puncture under mild ether anesthesiafrom overnight
fasted rats on day 30th of MCD treatment and serum
total cholesterol (TC)®. and triglyceride (TG)®. using
diagnostic kits (Erba Mannheim Cholesterol Kit,
TransasiaBio-MedicalsLtd., Daman). Resultswere
expressed in mg/dl. On other hand, serum ureaand
creatinine®. werea so measured.

For determination of tissuebiochemicd parameters,
ratswere sacrificed by decapitation andincisonswere

immediately donefor separation of thekidney. Theiso-
lated kidney was quickly weighted and dissected into
pieces, homogenizedin volumesof icecold de-ionized
water to yield 20% W/V homogenate using ice cold
Teflon homogenizer (Potter Elvehjem type). Also, rend
reduced glutathione (GSH)™, nitrotyrosing®, TNF-
alt® and activity of renal (CAT)[28, GSH-Px[?3
(SOD)!,

(b) Histopathological examination of pancreas

Some pancreas were cleaned and fixed in 10%
neutra buffered formalin solution. After dehydrationin
graded ethanol solutionsand intoluene, they wereem-
bedded in paraffin Sections of 3-5um thickness were
stained with hematoxylin and eosin (H.E.) for histo-
pathol ogica examination.

(c) Histopathological examination of kidney

SomeKidney were cleaned and fixed in 10% neu-
tral buffered formalin solution. After dehydrationin
graded ethanol solutionsand intoluene, they wereem-
bedded in paraffin. Sectionsof 3-5um thickness were
stained with hematoxylin and eosin (H.E.) for histo-
pathol ogica examination.

Satistical analysis

Statistica andysiswascarried out using Graph Pad
Instat software (version 3, ISS-Rome, Italy). Groups
of data were compared with ANOVA, followed by
Tukey-Kramer (TK) multiple compari sons post-test.

Vauesof P<0.05wereregarded assignificant. Data
were expressed as mean + standard error (SEM).

RESULTS

Serum glucoselevelsweresignificantly increased,

TABLE 1: Effect of HCE on studied blood parameter sin diabeticrats, compar ed to nor mal control (Valuesareexpressed in

M=SE, N=10 for each group)

Par ameter NC DC HCE
Glucose (mg/dl) 112.3+9.8 465:+4].8 ¥**2 241+18.9°
Insulin (ng/ml) 1.18+0.07 0.48+0.07+%*2 1.06+0.06"°
Triglycerides (mg/dl) 74.246.8 178.2+10.4""2 103.7+8.3°
T Cholesterol (mg/dl) 87.2+8.4 163.2+7.9""2 96.4+6.3°
H.D.L-C (mg/dl) 63.2+5.7 39.3+4.5"2 50.2+3.9°
L.D.L-C (mg/dl) 13.5+7.3 53.2+4.8""2 26.3+11°

a***Significantly different from control at P < 0.001. b***Significantly different from DM at P < 0.001
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TABLE 2: Effect of HCE on studied renal parameter sin diabeticrats, compared to normal control (Valuesareexpressed in

M=SE, N=10 for each group)

Parameter NC DC HCE

Renal MDA nM MDA/mg protein 110.23+14.36  974.23£28.12%*#2 679.45+452°
Renal GSH mg/gm tissue 15.23£1.06 9.36:+£0.89%***@ 26.26+3.24°
Renal Nitrotyrosine (nM) 124.36+8.13 253.68+4.43%#*2 199.35+7.04°
Renal NO (nmol/mg protein) 1.87+0.17 4.24+0.3%%%g 3.1+1.7°
Renal CAT p moles H202 decomposed/min/mg protein 274391236  163.26+10.36****  301.36+19.68"°
Renal GSH-Px pg GSH consumed/min/mg protein 752.36+73.13  375.62+34.11%%*®  643.32+45.69"°
Renal SOD Units/min/mg protein 350.28+24.18  274.29+21.48*%*%®  31549+20.36"
rena TNF-a (pg/gm) 151+8.5 61452 9% 423.1429.97°
renal caspase-3(U/mg protein) 0.87+0.06 1.9+0.19%**@ 0.91+0.08"°
Urea (mg/d) 25.41+2.14 66.14+2.14% %%, 40.41+1.69°
Creatinine (mg/dl) 0.65+0.07 1.31+0.01***a 1.05+0.02°

a***Significantly different from control at P < 0.001. b***Significantly different from DM at P < 0.001

-
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Figurel: Pancreatictissue of normal malealbinorats. The
pancreasissubdivided by septainti pancreaticlobules. The
exocrine portion of the pancr easconsistsof pancreatic acini
whileendocrineportion consistsof idetsof Langerhans(H&
E x 400)

butinsulinlevelsweredecreasedindloxan digbeticrats
compared to control, and treatment with HCE signifi-
cantly reduced glucose but non significantly elevated
inaulininrdaiontodiabeticrats. Bothtriglycerides, tota
cholesterol and LDL-C levelsweresignificantly in-
creased, while HDL-C was significantly decreased by
induction of diabetes, thesefiguresweresignificantly
ameliorated after HCE treatment (TABLE 1). Activity
of rend (CAT), (GSH-Px) and (SOD) weresignificantly

Figure 2 : Pancreatic tissue of diabetic rats. Normal
architecture of theidetsisdisrupted idets of Langerhans
exhibited hydrophobic cdls, necrotic cdlls, vacuolizationsand
irregular hyperchromicnuclei (H& E x400)

decreased inthe alloxan group compared to control,
treatment with HCE significantly ameliorated these
changes(TABLE 2).

Also, rena MDA, nitrotyrosine, NO, TNF-a, urea
and Creatinine contentsweresignificantly increased, in
thealloxan group compared to control, trestment with
HCE significantly ameliorated these changes (TABLE
2).

Onother hand, Levelsof renal GSH were signifi-
cantly decreased in the aloxan group compared to con-
trol, treatment with HCE significantly changed these
parameters (TABLE 2) In contrast, Activity of renal
casaspase was significantly increased in the alloxan
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Figure3: Pancreatictissueof diabetic ratstreated with HCE
(orally 300 mg/kg body weight of ratsdaily for 30consecutive
days) showing hypertrophy and vacuolationsof B cdlsof idets
of langerhans(H& E x 400)

Figure4: Kidney of normal rat showing nor mal histological
structureof renal parenchyma (H& Ex400)

group compared to control, treatment with HCE sig-
nificantly decreased the activity of renal casaspase
(TABLE?2).

DISCUSSION

Alloxan is toxic glucose analogues that preferen-
tially accumulatein pancregtic betacellsviathe Glu-
cosetrangporter -2 (GLUT?2). Inthe presenceof intra-
cdlular thiols, especidly glutathione; alloxan generates
reactive oxygen species (ROS) in acyclic redox reac-
tionwithitsreduction product, dia uric acid. Autoxida-
tion of dialuric acid generates superoxideradicas, hy-
drogen peroxideand, inafina iron-catalysed reaction
step, hydroxyl radicals. Thesehydroxyl radicasareul-

BIOCHEMISTRY o

Figure5: Kidney of control diabeticrat showingvacuolization
of endothelial lining glomerular tuftsand epithelial lining
renal tubules (H& Ex400)

="r . : » .
Figure6: Kidney of diabeticrat treated by HCE (orally 300
mg/kg body weight of rats daily for 30consecutive days)
showing dight vacuolization of endothelial lining glomer ular
tufts(H& Ex400)

timately respons blefor thedegth of thebetacells, which
have aparticularly low antioxidative defence capac-
ityl27,

Thepresentinvestigationindicated that asingledose
of aloxan (150 mg/kg) intraperitoneally to adult male
abinorats(190+10 g) was suitable to induce histologi-
cal changesof theidetsof Langerhans characterized
gppearance, hypoinsulinemiaand hyperglycemic state.
The present dose aswel| asthe observed histopatho-
logica and biochemica manifestationsagreewith the
literature of 13,

A gradud lossof B-cells due to apoptosis signifi-
cantly hindersinsulin production and inhibitscdl viabil-
ity. During gpoptoss, cellsshrink; chromatin condenses,
DNA iscleaved into piecesat inter nucleosomal re-
gions. A proactiveway to increase 3-cell viabilityisto
decreaseapoptosisleve inorder to retainthe cdl popu-
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lation andincreaseinsulin productionf23,

Exposureof idetsto dloxan showssignificantly in-
creased formation of peroxynitrite, NO and ROSwith
markedly el evated lipid peroxidation and reduced cell
viahility. Idetsexposedto aloxan dso show sgnificantly
increased mitochondrial membrane potentia . Appar-
ently, alloxan causes severe oxidative and cytotoxic
sresstoidetsthatislikely tocompromisetheir insulin
rel easing capacity*4.

Oral administration of HCE causessignificant de-
creaseinlevesof blood glucose athough the signifi-
cant increasein level of seruminsulinin agreement
withi*l,

Huang et al., 2005°! explained that sulphated
polysaccharides from marine algae are known to be
important free-radical scavengersand antioxidantsfor
the prevention of pancreatic oxidative damage, which
is an important contributor in DM. Further
more,reveald that Fucoidans, major component in
either HCE can decrease apoptosis and activity of
caspase-3 at lysosome-cathepsin D level.

Antidiabetic effect of HCE wasfurther examined
by histol ogica observationsmadeonthepancredtictis-
sueof HCE treated ratsthat revea ed hypertrophy and
vacuolationsof - cells of islets of langerhans.

Inour study, devated levelsof ssrum TC, TG LDL
andVLDL-cholesterol and decreased HDL cholesterol
concentration in alloxan-induced diabeticratsarein
accordance witht®2 that representsthe characteristic
features of diabetic dydlipidemiaarethat attributed to
increased flux of freefatty acidsinto theliver second-
ary toinsulin deficiency/ res stancewhichinturnresult-
inginexcessfatty acid accumulaionintheliver, which
isconvertedto triglycerides.

Moreover, “revealed that DM increase the gen-
eration of NADPH oxidase-derived reactive oxygen
species and induce apoptosis of glomerular epithelial
cells(podocytes) and loss of podocytes contributesto
progression of kidney disease.

Ord administration of either HCE causes signifi-
cant decrease in the serum levelstriglycerides, tota
cholesterol and LDL-cholesterol in contrast to signifi-
cant devationinHDI.-cholesterol and body weight gain
in accordancewith*?,

Park et al, 2011?Y revealed that sulphated poly
saccharides, major component in HCE enhance the
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negeativechargesof cdl surfaceso asto effect theaggra:
dation of cholesterol in blood, asaresult decreasing
the cholesterol in serum.

Alloxanledtoasignificant increasein serumurea,
serum cregtinine, rena MDA, rend nitrotyrosinelevels
and activity of renal caspase-3. On other hand, Alloxan
causes significant decreasein renal GSH content and
significant decreasein activity of renal SOD, CAT and
GPx. A similar effect wasrecorded by,

Santamaria et al,. 2008!?"! revealed that enhanced
protein catabolism and accel erated amino acid deami-
nation for gluconeogenesisis probably an acceptable
postulate to interpret the elevated level s of ureaand
creetinine. Furthermore, Alloxanincreased the produc-
tions of reactive oxygen species, enhanced lipid
peroxidation and protein carbonylationin association
with decreased intracel lular antioxidant defenseinthe
kidney tissue. In addition, hyperglycemiaenhanced the
levels of proinflammatory cytokins (TNF-a).

Cao et d, 20111 suggeststhat development of dia-
betic renal dysfunction may dueto activation of endo-
plasmic reticulum stressthat can mediate progressive
endothelia damagethrough growth and migration of
vascular smooth muscleand inflammatory cells, dter-
ation of extracellular matrix, apoptosis of endothelial
cells, over-expression of inflammatory cytokines as
TNF-a.

Moreover, Eid et al“ revealed that DM increase
the generation of NADPH oxidase-derived reactiveoxy-
genspeciesandinduce apoptosis of glomerular epithelial
cells(podocytes) and loss of podocytes contributesto
progression of kidney disease.

Also, Navarro and Mora-Fernandez®! reveal ed
that TNFo-pathway has a broad range of inflammatory
and apoptotic properties and dysregul ation of these
processes may contributeto injury of thediabetic kid-
ney as TNFa-pathway directly increases glomerular
vasocongtri ction and abumin permesbility. Exposure of
thekidney to TNFa increases mRNA expression of
TNF receptorsinrend tubulointerstitium and triggers
cdll death.

Ora administration of HCE causessignificant de-
creaseinlevel of serum urea, serum creatinine, rena
MDA and rena TNF-o But, HCE causes significant
sgnificant enhancementinlevel of renal GSH andthe
activity of rena CAT, renal GSH-Px and rena SOD.
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On other hand, HCE causessignificant decreasein ac-
tivity of renal caspase-3 in accordance with*?, Sul-
phated poly saccharidesin HCE alleviate cathepsin D
and caspase-3 activation, improve cell survival, and
amdiorate epithelid mesenchymd transition and rend
Obrosis in diabetic ratst3.

Fucoidan oligosaccharides show good protective
effects on renovascular diabetic rats and one of the
mechanismsunderlyingtheantihypertensveeffectsmight
be that they can inhibit the production of plasma
angiorensinll. Onother hand, Anti inflammatory effect
of HCE may dueto sul phated polysaccharides, fucoidan
whichisapotent modulator of connectivetissue pro-
teolysisthat occursduring inflammetory diseaseswhere,
continuoussupply of inflammeatory cdlsand exacerbated
production of inflammatory cytokinesis present(?8,

Reno- protective effect of HCE was further evi-
denced by histologica observationsmadeontherend
tissue of HCE treated ratsthat revealed dlight vacu-
olization of endothelid lining glomerular tufts.

CONCLUSIONS

Treatment with HCE improved associated meta-
bolic consequencesto Typel DM, showing hypogly-
cemic, insulin sensitization, and antioxidant and
hypolipidemic actions. Theresultssuggest HCE asa
beneficia adjuvant for thetreatment of typel diabetes
mellitusand possibly asaprotector against long term

nephropathy.
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