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ABSTRACT KEYWORDS
Background: Hydroclathrus clathratus is considered to have protective Alloxan;
effects against several diseases. The hepatic dysfunction associated with Hydroclathrus clathratus;
Diabetes mellitus (DM) has been reported and was found to be associated Hepaatic dysfunction;
with oxidative damage. This study was conducted to evaluate the role of Oxidative stress;
H.clathratus to protect against alloxan -induced liver dysfunction in rats. Caspase-3;
M ethod: Alloxanwas administeredi.p. in asingle dose (150 mg/kg) to adult Tumor necrosis factor- .

malerats. Alloxan-induced diabetic ratswere orally administered hot water
extract of H.clathrus (HWHC) 400 mg/kg body weight of ratsdaily for 30
daysafter alloxaninjection. Result: Alloxan administrationto ratsresulted
in significant elevation of serum transaminases (SALT and sAST), deple-
tion of hepatic reduced glutathione (GSH), catalase (CAT) and glutathione
peroxidase (GPx), elevation of lipid peroxides (LPO) expressed as
malondialdehyde (MDA). Significant risesin liver tumor necrosis factor-
alpha (TNF-o) and caspase-3 levels were noticed in alloxan-induced dia-
betic. Treatment of the alloxan-induced diabetic rats with HWHC signifi-
cantly prevented the elevations of SALT and sAST, inhibited depletion of
hepatic GSH, GPx, CAT and inhibited MDA accumulation. Furthermore,
HWHC had normalized serum total proteins and hepatic CAT, TNF- a and
caspase-3 levels of alloxan-induced diabetic rats In addition, HWHC pre-
vented the alloxan -induced apoptosis and liver injury as indicated by the
liver histopathological analysis. Results showed significant correlation in
either alloxan HWHC group between TNF- a and each of serum ALT, AST
andliver GPX, CAT, GSH, MDA and caspase-3 levels. Conclusion: our data
indicate that HWHC protects against alloxan -induced liver injury in rats
through antioxidant, anti-inflammatory and antiapoptotic mechanisms. How-
ever, further merit investigations are needed to verify these results and to
assess the efficacy of HWHC therapy to counteract the liver dysfunction
and oxidative stress status. © 2015 Trade Sciencelnc. - INDIA
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INTRODUCTION

Although, the spread of folk traditional medicine,
recent pharmaceutica researchisasofocusngon ma
rine organismsthat have devel oped biologicaly unique
mol ecul es as sul phated poly saccharidesfor their bio-
logicdl activityl. Asaconsequence of theresearch ef-
forts, itisclear that themarine environment represents
an important source of unknown natural compounds
whosemedicina potential must be evaluated. Recent
studiesinthefield of diabetic research havereveaed
promising compounds, isol ated from natural sources,
with proven antidiabetic activity!*3.

Brown marinea gaeto berich sources of antioxi-
dant compoundswith potentia freeradical scavenging
activity that may beuseful in prevention and treatment
of various diseases caused by oxidative damage.
Fucoidans, polysacchari des containing substantial per-
centages of L-fucoseand sulfate ester groups, are con-
stituents of brown agaethat have numerous other bio-
logica propertiessuch antioxidant, anti-inflammatory
immuno-modul atory and apoptosi s-inducing activi-
tied®.

Hydroclathrus clathratus (C. Agardh) Howe is
brown marinealgae and considered to be atraditional
drug and health food in Korea, Japan and China. Hot
water extract of H. clathratus (HWHC) isrichin of
water-solublesulfated polysaccharidesthat exhibit va u-
ablebiological effectsasanticancer, anti-herpeticand
anti-coagulant activities.

Alloxan, ap-cytotoxin, has demonstrated severe
physiologica and biochemica derangementsof thedia
betic state. The dloxan ratsexhibited severe glucose
intolerance and metabolic stressaswell ashyperglyce-
miadueto aprogressive oxidativeinsult interrelated
with adecrease in endogenousinsulin secretion and
releasd?.

When aloxan monohydrateisinjectedinto various
laboratory animals, destruction of insulin-secreting 8
cdlsintheidetsof Langerhansoccurs, whileother cels
(0, g, d) are resistant to alloxan. Disappearance of 3
cellswithin afew daysisaccompanied by typical and
permanent hypoinsulinaemiaand hyperglycaemia. Al-
|oxan-treated anima swerecong dered asexcellent tools
to study the pathogenesi s of human diabetes, although
inaloxandiabetes, in contrast to T1D in humans, there
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ISno autoimmune component and noinsulinresistance
asinT2D. Thusdloxan diabetescan beregarded asa
pureform of hypoinsulinaemia?.

Alloxan is toxic glucose analogues that preferen-
tially accumulate in pancreatic betacellsviathe Glu-
cosetransporter -2 (GLUTZ2). Inthe presenceof intra-
cdlular thiols especidly glutathione; alloxan generates
reactive oxygen species (ROS) inacyclic redox reac-
tionwithitsreduction product, dialuric acid®. Autoxi-
dation of dia uric acid generates superoxideradicals,
hydrogen peroxide and, in afinal iron-catal ysed reac-
tion step, hydroxyl radicas. These hydroxyl radicals
areultimately responsiblefor thedeeath of thebetacdlls,
which haveaparticularly low antioxidativedefenceca-
pacity!9,

In this study, we aimed to evaluate therole of H.
clathratusintaketo aloxan-intoxicated ratsviamoni-
toringtheliver histopathologica changesandthegoin-
sight thechangesof different biochemical parameters
suchasserum daninetransaminase (SALT), aspartate
transaminase (SAST) and endogenous hepati ¢ antioxi-
dants e.g. reduced glutathione (GSH), and catalase
(CAT) enzyme levels; lipid peroxides expressed as
malondialdehyde (MDA). Moreover, the hepatictis-
sue damage marker; tumor necrosisfactor (TNF-a.)
and an apoptotic marker; caspase-3 were measured.

MATERIALSAND METHODS

Animal license

Maintenance and treatment of all theanimaswas
donein accordancewith the principlesof Institutional
Anima EthicsCommittee constituted as per thedirec-
tionsof the Committeefor the Purpose of Control and
Supervision of ExperimentsonAnimals, Egypt

Animalsand experimental design

130-190 g were used as experimental animals in
thisstudy. totd of 30 adult male Swissabinorats, weigh-
ing Theanimal swerekept inwire-floored cagesunder
standard |aboratory conditionsof 12 h/12 hlight/dark,
25+2 °Cwith free accessto food and water.. Therats
wererandomly divided into three groups of ten ani-
mals, each asfollows:

. Group 1: NCrats: normal control untreated
ratsreceived orally an equivalent volume of
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normal saline based on body weight
. Group 2: (DC)Alloxan-induced diabeticrats:
ratsweretreated with single dose of alloxan
i.p. (150 mgkg-1) dissolvedinnorma saline
. Group 3: (HWHC) H.clathrusrats. ratswere
oraly administered HWHC (400 mg kg-1 day-
1) for 30 days.

The selection of HWHC dosesused in this study,
was based on the work conducted by other investiga-
torg?U. After thelast treatment, ratswerefasted for 8
h. Animalswere subjected to light ether anesthesaand
sacrificed by cervical didocation. Theblood sample
were collected and centrifuged to obtain serumin or-
der to estimatetota proteins, SALT, SAST and SALP.
Each right hepati c | obe samplewaswashed thoroughly
inice-cold salineto removethe blood after thawing,
blotted the saline gently using filter paper. A 10% of
liver homogenatewas prepared inice-cold 0.1M po-
tassium phosphatebuffer, pH 7.5. Theobtainedrat liver
homogenate aiquoted and immediately frozen at -80
°Cfor biochemica andysis.

Estimation of serum hepatic enzymes(sAST and
SALT)

To assesstheliver function, theserum activity (U/l)
of SAST and SALT wereanalyzed. The SAST wasde-
termined spectrophotometrically at 340 nmin presence
of a-ketoglutarate, aspartate, NADHand malate dehy-
drogenase. The SALT was assayed in presence of a-
ketoglutarate, pyruvate, NADH and | actate dehydro-
genaseat 340 nm7,

Determination of MDA in liver homogenate

Thelipid peroxidationlevd inrat liver homogenate
was measured as MDA which isthe end product of
lipid peroxidation that reactswith thiobarbituric acid
(TBA) asaTBA reactivesubstance (TBARS) to pro-
duce ared colored complex which has peak absor-
bance at 532 nm!*°l, Phosphoric acid 1% (3 ml) and
TBA 0.6% (1 ml) was added to 0.5 ml of liver homo-
genatein acentrifugetube and the mixturewas heated
for 45 mininboiling water bath. After cooling, 4ml of
n-butanol was added to themixture and vortexed for 1
min followed by centrifugation at 20,000 rpm for 20
min. Organiclayer wastransferred tofreshtubeandits
absorbance was measured at 532 nm'®,
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Deter mination of GPx and CAT activitiesin liver
homogenate

Determination of GPx activity inrat liver homoge-
nateisbased on the oxidation of GSH by GPx, usingt-
butyl hydroperoxideasasubstrate, coupled tothedis-
appearanceof NADPH by glutathionereductasé™. The
resultsexpressed asmuU/mg protein. The CAT activity
was measured using H202 as substrate that can be
decomposed by CAT enzyme. A mixture of
50mM phosphate buffer (pH 7.0), 20mMH202 and
0.1 ml liver homogenatein afina volumeof 3ml was
incubated at room temperaturefor 2 min. Thechange
inabsorbanceat 240 nmin 2 minwascalculated. One
unit of CAT isdefined asthe amount needed to decom-
pose 1 nmol H202 of per minute and the specific ac-
tivity isexpressed as . molesH202 decomposed/min/
mg protein,

Estimation of GSH in liver homogenate

Toesimatethe GSH liver homogenatecontent, liver
homogenate (0.5 ml) was mixed with 0.5 ml of 10%
trichloroacetic acid. The contentswere mixed well for
complete precipitation of proteins and centrifuged at
2000 rpm for 5 min. An aliquot of clear supernatant
(0.1 ml) was mixed with 1.7 ml of 0.1M potassium
phosphate buffer (pH 8). A 0.1 ml of DTNB wasadded.
After 5min, the absorbance was measured at 412 nm
againgt blank®. The GSH vad uewas expressed asmg/
gmtissue.

Determination of TNF-a in liver homogenate

Thedetermination of TNF-a in rat liver homoge-
nateinvolved solid phase sandwich ELIZA usingtwo
kinds of high specific antibodies. Tetramethyl benzi-
dine was used as chromogen. The strength of color
measured at 450 nmisproportional to the quantities of
rat TNF-a that expressed as pg/gm liver.

Estimation of caspase-3level in liver homogenate

The caspase-3 colorimetric assay in liver rat ho-
mogenate (U/mg protein) based on the spectrophoto-
metric detection of the chromophore p-nitroanilide
(PNA) after deavagefromthelabel ed subsirate DEVD-
PNA (acetyl-Asp-Glu-Val-Asp p-nitroanilide). The
PNA can be quantified using spectrophotometer at 405
nm.
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Liver histological examination

Theliver tissueswere removed, plotted with nor-
mal salinebetweenfilter paper and fixedin 10% neutra
buffered formalin and subsequently embedded in par-
affinanddicedintodicesof 5 mthicknessfollowed by
staining with hematoxylin and eosin and examined un-
der light microscope (Olympus BX-200, Tokyo, Ja-
pan).

Satistical analysis

Statistica andysiswascarried out using GraphPad
Instat software (version 3, ISS-Rome, Italy). Unless
differently specified, groups of datawere compared
with un-pairedt-test and one-way analysisof variance
(ANOVA) followed by Tukey-kramer (TK) multiple
comparisonspost-test. Vauesof P<0.05wereregarded
assgnificant. Thedata, asclearly indicated arereported

TABLE 1: Effect of treatmentson SALT and SAST in alloxan
induced diabeticrats.

SALT SAST
Group
uil Uil
Normal (N) 19.51+0.84 23.17+0.75
Diabetic Control (DC) 62.39+0.87*%%3  84,20+( 94%**3
Diabetic+ HWHC (DC + HWHC) 30.58+0.81° 32.89+0.69"

*Values significantly different compared to normal
P***<0.001; * Values are expressed as means + SE.Means
not sharing common letter aresignificantly differ ent (p<0.05)
based on one —way ANOVA with Tukey’s post —hoc test.
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intablesand figures asmean =+ standard error (S.E).

RESULTS

Alloxanintaketo normal rats showed significant
elevationsof SALT and SAST levelscompared to the
normal control rats, p<0.001. Theora administration
of HWHC to diabetic rats at adose of 400 mg/kg body
welght of ratsfor 30 daysblocked theAll oxan-induced
elevationsof SALT and SAST asnoticed by significant
decrease compared to diabetic rats, p < 0.001.
(TABLE1).

Alloxan—induced diabetic rats produced significant
increment in hepatic MDA level sascompared to nor-
mal control rats, p<0.001. HWHC administration re-
duced significantly theliver MDA level by comparedto
diabeticrats, p<0.001(TABLE.2).

Alloxansgnificantly decreased the GSH level com-
pared to control rats, p < 0.001 (TABLE. 3C). The
HWHC intaketo diabetic ratsproduced significant eic-
ited anincreasein hepatic GSH level comparedto dia-
betic, p<0.001 (TABLE. 2).

HWHC exhibited sgnificantincreaseinliver CAT
level comparedtothecontrol rats, p<0.001 (TABLE
3). Alloxan significantly decreased hepatic diabeestic
rats produced significant increasein liver CAT level
compared to diuabeticrats, p<0.001 (TABLE. 3).

Ontheother hand, aloxan significantly decreased

TABLE 2: Effect of treatmentson level of hepatic M DA and hepatic GSH in alloxaninduced diabeticrats.

Group Hepatic TBARS Hepatic GSH
nM TBARS/mg protein mg/gm tissue
Normal (N) 46.39+5.2 16.23+1.23
Diabetic Control (DC) 1248+133***2 10.23£0.69%**2
Diabetic+ HWHC (DC + HWHC) 542.36+29.8 " 24.89+1.88"

*Valuessignificantly different compared tonormal P***<0.001; * Values are expressed as means = SE.Means not sharing
common letter aresignificantly different (p<0.05) based on one —way ANOVA with Tukey’s post—hoc test.

TABLE 3: Effect of treatmentson activity of hepatic CAT, hepatic GSH-Px and hepatic SOD in alloxan induced diabeticrats.

Hepatic CAT Hepatic GSH-Px Hepatic SOD
Group p moles H202 decomposed/min/mg protein, pg GSH consumed/min/mg protein  Units/min/mg protein
Normal (N) 234.25+9.58 681.23+26.36 308.23+30.25
Diabetic Control (DC) 174.36+11.89%**+2 453.69+33.26***2 235.164+23.06%**2
Diabetic+ HWHC (DC + HWHC) 248.69:17.06° 648.32+30.41°" 299.324+23.28"°

*Valuessignificantly different compared tonormal P***<0.001; * Values are expressed as means = SE.Means not sharing
common letter aresignificantly different (p<0.05) based on one —way ANOVA with Tukey’s post—hoc test.
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TABLE 4: Effect of treatmentson activity of hepatic caspase-3and level of hepatic TNF-a in alloxan induced diabetic rats.

Group Hepatic caspase-3 Hepatic TNF-a
(U/mg protein) (pg/gm liver)
Normal (N) 0.6+0.06 86+7.5
Diabetic control (DC) 1.8+0.05%**2 498+4().25%**2
Diabetic+ HWHC (DC + HWHC) 0.7+0.06"° 189+9.84°

*Valuessignificantly different compared to normal P***<0.001; * Values are expressed as means = SE.Means not sharing
common letter aresignificantly different (p<0.05) based on one —way ANOVA with Tukey’s post—hoc test.

theliver GPx level compared to control rats, p<0.001
(TABLE. 3A). HWHC intaketo alloxan—induced dia-
betic rats produced significant increasein GPx |level
compared to alloxan-intoxicated rats, p < 0.001
(TABLE. 3).

Cagpase-3-activity wass gnificantly increased upon
adminigtration of alloxan to norma ratsas compared to
diabeticrats(Figure4B). Thisincressewass gnificantly
declined upon HWHC intake to diabetic compared to
alloxan—induced diabetic rats, p<0.001 (TABLE. 4).

Additiondly, dloxan significantly increased thehe-
paticlevel of TNF-o compared to control rats (TABLE.
4A). Administration HWHC to alloxan -treated rats
decreased the hepatic TNF-o level significantly com-
pared to thediabeticrats, p<0.001 (TABLE. 4).

To confirmthe protective effect of HWHC on al-
loxan-induced liver tissuedamage, we performed his-
tological examinations. Thenormal control rat liver
showed normal architectureof hepaticlobulesand hepa-
tocytes. The hepatocytesform columnsof cellsadher-
ent to each other by one or more surfaces. The sinuso-
idswerevariablein diameter andlined with discontinu-

Figurel

However, Alloxan-trestedrat liver eicited decrease
inthenumber of hepatocytesand widely dilated centra
veins. Thecytoplasm showed areaof hemorrhageand

BB T W BEVTT
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Figure3

inflammatory cell infiltration around the blood Sinusoids
which appeared widdy dilated (Figure 2).

Alloxan—treated rats administered HWHC revealed
degeneration of some hepatocytesand normal archi-
tectureof theothers. Theblood snusoidsaretill widdy
dilated and appeared congested and showed inflam-
matory cell infiltration. The diabetic ratsadministered
HWHC showed marked regeneration of the hepato-
cyteswith preservation of the norma hepatic architec-
ture(Figure3).

DISCUSSION
DM causesadisturbancein the uptake of glucose,

aswell asglucose metabolism. Theliver playsanim-
portant rolein the maintenance of blood glucoselevels
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by regulating itsmetabolismZ.

Thepresent investigationindicated thet, asngledose
of aloxan (150 mg/kg) intraperitoned ly to adult male
albino rats (210-220g) was suitable to induce histo-
logicd changesintheliver of alloxaninduced diabetic
raswith characterized appearance, enlarged and swol-
len hepatocytes.

DM inducesthe growth of HSCsviaM AP kinase
pathways, which are activated by ROS produced by
the NADPH oxidase system under the regul ation of
protein kinase C. On other hand, hepatic oxidetivestress
induces proinflammatory cytokines, such as TNF-a,
transforming growth factor-g (TGF-B), interleukin-1p,
andinterleukin-6, which arecritical for HSC activation
and perpetuation'®,

Theenlarged hepatocytes showed intensecytoplas-
mic staining with PeriodicAcid-Schiff stain, and nega:
tivestainingwith PeriodicAcid-Schiff Diastase. Thisis
suggestiveof glycogen accumul ation and consstent with
glycogenic hepatopathy. The present dose aswell as
theobserved histopathologica and biochemica mani-
festationsagreewiththeliterature of .

Alloxan causessignificant increasein activity of
SAST, SALT, hepatic glycogen phosphorylase, hepatic
G6Pase, hepatic caspase-3 and levelsof hepatic MDA
and hepatic TNF-a. On other hand, Alloxan causes
significant decreasein hepatic GSH content and activ-
ity of hepatic SOD, CAT, and GPx inaccordancewith®,

Inalloxan inducd digbetic rats, thechangesinthe
levelsof SAST, SALT, aredirectly related to changesin
metabolisminwhichtheenzymesareinvolved. Thein-
creased activitiesof transaminases, whichareactivein
the absence of insulin dueto the availability of amino
acidsintheblood of DM and arealso responsiblefor
theincreased gluconeogenesis and ketogenesi§3.

On other hand?®, reveal ed that glucose-6-phos-
phataseisone of theimportant regul atory enzymes of
the gluconeogenic pathway. Theactivity of glucose-6-
phosphatase and glycogen phosphorylaseareincreased
intheliver of aloxan-induced diabeticrats. Thisresults
inadecreasein theglycolyticflux. Under normal con-
dition, insulinfunctionsasasuppressor of gluconeogenic
enzymes.

Also, Francés et al.® revedled that DM promoted
asignificant increasein hydroxyl radical production
which correlated with lipid peroxidation (LPO) levels.

—— Regdular Peper

Besides, hyperglycemiasignificantly increased mitochon-
drid

BAX protein expression, cytosolic cytochromec
levels, and caspase-3 activity leadingto anincreasein
apoptoticindex

Hamden et d .1 revealed that liver isbombarded
by ROSthat can directly causeinflammationwithinthe
liver cdls, whichthenreeasefurther pro-inflammatory
cytokines, leading to more hepatocyteinjury and ac-
celerated apoptosisthat affect theintegrity and archi-
tecture of liver cel st

As consequence of DM, the hepatocel lular accu-
mulation of triglycerides, initially leadsto an altered
metabolism of glucoseand freefatty acidsin theliver.
Increased expression of death receptorsin responseto
thisatered hepatic metabolism enhances the hepato-
cytes’ susceptibility for pro-apoptotic stimuli, thus elic-
iting excessive hepatocyte apoptosi s and inflamma-
tion(3-16l,

Ingaramo et al.[*! explained that DM enhances
TNF-a in the liver, which may be a fundamental key
leading to apoptotic cell death, through activation of
caspase-3, NFkB led to an induction of iNOS and
consequent increase in NO production.

Oral administration of HWHC causes significant
decreasein activity of SAST, SALT, hepatic Glycogen
phpsphorylase, hepatic G6P in accordance with. Fur-
thermore, oral adminigration of HCE causessignificant
decreaseinhepatic MDA and significant enhancement
inlevel of hepatic GSH and theactivity of hepatic CAT,
hepatic GSH-Px and hepatic SOD in accordancewith®
who suggeststhat theantioxidant activitiesof sulphated
polysacchari des has been attributed to various mecha:
nismsindudingtheprevention of chaninitiation, thebind-
ing of trangition meta ion catalysts, the decomposition
of peroxides, and the prevention of continued hydro-
gen abstraction and radical scavenging*®l.

Ord administrationof HWHC causes significant
decreaseinlevel of hepatic TNF-a and activity of he-
patic caspase-3 in accordance with® who revealed
that anti apoptotic activity of HWHC may be mediated
viaboth the death receptor-mediated and mitochon-
driasmediated apoptotic pathways.

Damageto hepatocytes and activation of hepatic
sellatecellsarekey eventsinliver fibrosis, and, inter-
estingly, treatment of hepatocytes with HWHC pre-
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vented cdl| desth and inhibited theproliferation hepatic
stellate cells. So, HWHC might be apromising anti-
fibrotic agent possessing dua functions, namely, pro-
tection of hepatocytesand inhibition of hepatic stellate
cdl proliferation™.

Hepatic protective effect of HWHC wasfurther
evidenced by histological observations made on the
hepatic tissue of HCE treated ratsthat showing no his-
tological changes, moderate PAs particlesdistributed
throughout the hepatocytic cytoplasm

In conclusion, although additiona studies are
needed, it could be suggested that HWHC could partly
protect hepatocytesthrough antioxidative, anti-inflam-
matory and antigpoptotic mechanismsagainst liver in-
jury induced by dloxan. Thesignaling mechanismsas-
soci ated with protection against the liver damageand
oxidative stressstatusinduced by aloxan viaintake of
HWHC still need merit further investigations.

COMPETINGINTERESTS

Theauthorsdeclare that they have no competing
interests.

ACKNOWLEDGEMENTS

Thisstudy was supported by Beni Suef University.
We appreci ate the assi stance and advice of Prof. Dr
Bastawy M, Faculty of Science, Beni Suef University
for kind co-operation.

REFERENCES

[1] N.M.Abdel-Hamid, M.A.Nagy M.A .Bastawy; Ef-
fects of Momordica Charantia on Streptozotocin-
Induced Diabetes in Rats; Role of Insulin, Oxida-
tive Stressand Nitric Oxide. Journal of Health Sci-
ence, 2(2), 8-13 (2012).

[2] Abd El Sattar S.El Batran, S.E.El-Gengaihi, El
O.A.Shabrawy; Some toxicological studies of
Momordica charantia L. on abino rats in normal
and alloxan diabetic rats. J Ethnopharmacol. 24;
108(2), 236-42 (2006).

[3] S.A.S.Batran, S.E.EI-Gengaihi, O.A.Shabrawy;
Some toxicological studies of Momordica
charantia L. on albino rats in normal and alloxan
diabetic rats. J. Ethnopharmacol., 108, 236-242

(2006).

[4] A.Clairborne; Catalaseactivity, in: R.A.Greenwald,
(Ed.); Handbook of Methods for Oxygen Radical
Research, vol. 383, CRC press, Boca Raton, FL,
USA, (1985).

[5] G.L.Ellman; Tissue sulfhydryl groups,
Arch.Biochem.Biophys., 82, 70-77 (1959).

[6] J.Fernandez, J.A.Perez-Alvarez, Fernandez-lopez;
Thiobarbituric acid test for monitoring lipid oxida
tion in meat, Food Chem., 99, 345-353 (1977).

[7] W.GunZler, H.Kremers, Flohe; Animproved coupled
test procedure for glutathione peroxidase,
Klin.Chem.Klin.Biochem., 12, 444-448 (1974).

[8] D.E.Francés, M.T.Ronco, J.A.Monti, P.I.Ingaramo,
GB.Pisani, J.PParody, J.M.Pellegrino, PM.Sanz,
M.C.Carrillo, C.E.Carnovale; Hyperglycemia
induces apoptosis in rat liver through the increase
of hydroxyl radical: new insightsinto theinsulin ef-
fect. J.Endocrinal., 205(2), 187-200 (2010).

[9] K.Hamden, F.Ayadi, K.Jamoussi, H.Masmoudi,
A.Elfeki; Therapeutic effect of phytoecdysteroids
rich extract fromAjugaivaon alloxan induced dia-
betic rats liver, kidney and pancreas. Biofactors.,
33(3), 165-75 (2008).

[10] K.Hamden, M.A.Boujbiha, H.Masmoudi,

F.M.Ayadi, K.Jamoussi, A.Elfeki; Combined vita-

mins (C and E) and insulinimprove oxidative stress

and pancrestic andhepatic injury in alloxan diabetic

rats. Biomed Pharmacother., 63(2), 95-9 (2009).

K.Hamden, S.Carreau, K.Jamoussi, S.Miladi,

S.Lami, D.Aloulou, F.Ayadi, A .Elfeki; 1Alpha, 25

dihydroxyvitamin D3: therapeutic and preventive af-

fectsagainst oxidative stress, hepatic, pancreatic and
rend injury in alloxan-induced diabetes inrats. J Nutr

Sci Vitaminol (Tokyo), 55(3), 215-22 (2009).

[12] S.Hayashi, A.ltoh, K.Isoda, M.Kondoh, M .Kawase,
K.Yagi; Fucoidan partly prevents CCl4-induced liver
fibrosis. Eur.J.Pharmacol, 580, 380-384 (2008).

[13] M.S.Hetta, S.S.Hassan, S.M.Abdel tawab,
M .Bastawy, B.S.Mahmouds; Hypolipedemic effect
of acanthophora spicifera(red alga) and cystoseira
trinode (browmn alga) on albino rats. Iranian Jour-
nal of Science & Technology, Transaction A,
ADiabetologia, 51(2), 216-26 (2009).

[14] C.Hu-Xue, Y.Fang, H.Lin, L.Chen, Z.J.Li, D.Deng,
C.X.Lu; Chemical characters and antioxidative
properties of sulfated polysaccharides from Lami-
nariajaponica. J.Appl.Phycol, 13, 67-70 (2001).

[11]

BIOCHEMISTRY (mm—
A Indéan W



BCAIJ, 9(1) 2015

M.A.Nagy 35

[15] J.F.Hu, M.Y.Geng, J.T.Zhang, H.D.Jiang; An in
vitro study of the structure-activity relations of sul-
fated polysaccharidesfrom brown algaetoitsanti-
oxidant effect. JAsian Nat Prod Reports, 3, 353-
358 (2001).

[16] Pl.Ingaramo, M.T.Ronco, D.E.Francés, J.A . Monti,
GB.Pisani, M.PCeballos, M.Galleano, M.C.Carrillo,
C.E.Carnovale; Tumor necrosis factor alpha path-
ways develops liver apoptosis in type 1 diabetes
mellitus. Mol Immunol., 48(12-13), 1397-407
(2011).

[17] Kamal A.Amin, Mohamed A.Nagy; Effect of Car-
nitineand herbal mixture extract on obesity induced
by high fat diet in rats, Journal of Diabetology &
Metabolic Syndrome, 1, 17 (2009).

[18] Kamal Adel Amin, Ezzat Mohamed Awad,
Mohamed A.Nagy; Effects of panax
quinquefolium on streptozotocin-induced diabetic
rats: role of C-peptide,nitric oxide and oxidative
stress. Int.J.Clin.Exp.Med.1, 4(2), 136-147 (2011).

[19] S.Lenzen; The mechanisms of alloxan and
streptozotocininduced diabetes.Diabetol ogia, 51(2),
216:26 (2008).

[20] S.Lenzen, U.Panten; Alloxan: history and mecha-
nism of action. Diabetologia, 31, 337-42 (1988).

[21] M.A.Nagy, M.Ewais; Antidiabetic and antioxidative
potential of Cystoseira myrica. American Journal
of Biochemistry, 4(4), (59-67) (2014).

[22] M.A.Nagy, M.A.Bastawy; Renoprotective effects
of Egyptian herbal formuladuring experimental dia-
betes. Access Scientific Reports, 1(9), 1-9 (2012).

[23] M.A.Nagy, S.A.Mohamed; Antidiabetic effect of
Cloem Droserifolia (Cloemaceae). American
Journal of Biochemistry, 4(4), (68-75) (2014).

[24] M.A.Nagy, S.A.Mohamed; Momordica Charantia
(Cucurbitaceae) methanolic extract alleviates
aloxab-induced oxidative stressand -cell damage
in rat pancreas. Al-Azher assuit medical Journal.
10(3), (173-196) (2012).

[25] G.Principato, G.Aisa, G.Talesa, Gand Rosi,
E.Giovanini; Characterization of the soluble alka-
line phosphatase from hepatopancreas of Squilla
mantisL., Comp.Biochem.Physial., 80B, 801-804
(1985).

—— Regdular Peper

[26] S.Pugazhenthi, R.L.Khandelwal, J.FAnget; Insu-
lin like effects of vandate on malic enzymes and
glucose-6-phosphate dehydrogenase activities in
streptozotocininduced diabetic rat liver.Biochimica
et BiophysicaActa, 1083, 310-312 (1991).

[27] R.Rgj, M.Horder; Aspartate aminotransferase. |-
Aspartate: 2- oxoglutarate aminotransferase, EC 2.
6. 2. 1. Routine UV method, in: H.V.Bergmeyer
(Ed.), Methods of Enzymatic Analysis, Verlag-
Chemie, Weinheim, Germany, 416424 (1984).

[28] H.Ayano, |.Katsuhiro, K.Masuo, K.Masaya,
Y .Kiyohito; Fucoidan partly prevents CCl4-induced
liver fibrosis, European Journal of Pharmacology,
580, 380-384 (2008).

[29] R.Sugimoto, M.Enjoji, M.Kohjima, S.Turuta,
M.Fukushima, M.lwao, T.Sonta, K.Kotoh,
T.Inoguchi, M.Nakamura; High glucose stimul ates
hepatic stellate cellsto proliferate and to produce
collagen through free radical production and acti-
vation of mitogen-activated proteinkinase. Liver Int,
25, 1018-1025 (2005).

[30] M.Vanden Brand, L.D.Elving, J.PDrenth, J.H.van
Krieken; Glycogenic hepatopathy: a rare cause of
elevated serum transaminases i ndiabetes mellitus.
Neth J Med., 67(11), 394-6 (2009).

[31] C.J.Van der Kallen, M.M.van Greevenbroek,
C.D.Stehouwer, C.G.Schalkwijk; Endoplasmic
reticulum stress-induced apoptosis in the develop-
ment of diabetes: is there a role for adipose tissue
and liver? Apoptosis, 14(12), 1424-34 (2009).

[32] C.Z.Wang, S.R.Mehendale, C.S.Yuan; Commonly
used antioxidant botanicals: active constituentsand
their potential rolein cardiovascular ill ness. Ameri-
can J Chinese Med., 35, 543-558 (2007Db).

[33] H.Wang, L.C.M.Chiu, V.E.C.Oo0i, PO.Ang Jr; A
potent anti tumor polysaccharide from the edible
brown seaweed Hydroclathrus clathratus, Bot., 53,
265-274 (2010).

e, BIOCHEMISTRY
Au Tudian Yournal



