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ABSTRACT KEYWORDS
Background: Cystoseira myrica is considered to have protective effects Alloxan;
against several diseases. The hepatic dysfunction associated with Diabe- Cystoseira myrica;
tes mellitus (DM) has been reported and was found to be associated with Hepaatic dysfunction;
oxidative damage. This study was conducted to evaluate the role of Oxidative stress;
Cystoseira myrica to protect against alloxan -induced liver dysfunction in Caspase-3;
rats. M ethod: Alloxan wasadministeredi.p. inasingledose (150 mg/kg) to Tumor necrosisfactor- .

adult malerats. Alloxan-induced diabetic ratswere orally administered hot
water extract of Cystoseira myrica (HWCM) 400 mg/kg body weight of rats
daily for 30 days after alloxan injection. Result: Alloxan administration to
rats resulted in non significant elevation of serum transaminases (SALT
and sAST), depletion of hepatic reduced glutathione (GSH), catalase (CAT)
and glutathione peroxidase (GPx), elevation of lipid peroxides (LPO) ex-
pressed as malondialdehyde (MDA). Significant risesin liver tumor necro-
sis factor-alpha (TNF-o) and caspase-3 levels were noticed in aloxan-in-
duced diabetic. Treatment of the alloxan-induced diabetic rats with HWCM
not significantly prevented the elevations of SALT and sAST nor inhibited
depletion of hepatic GSH, GPx, CAT and MDA accumul ation. Furthermore,
HWCM had normalized hepatic TNF-o. and caspase-3 levels of alloxan-
induced diabetic rats In addition, HWCM prevented the alloxan -induced
apoptosisand liver injury asindicated by the liver histopathological analy-
sis. Conclusion: our data indicate that HWCM protects against alloxan -
induced liver injury in rats through anti-inflammatory and antiapoptotic
mechanisms. However, further merit investigations are needed to verify
these results and to assess the efficacy of HWCM therapy to counteract
the liver dysfunction and oxidative stress status.
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INTRODUCTION rine organismsthat have devel oped biologicaly unique

mol ecules as sul phated poly saccharidesfor their bio-

Although, the spread of folk traditional medicine, logical activity!™ Asaconsequence of theresearch ef-
recent pharmaceutica researchisasofocusngonma  forts, itisclear that themarine environment represents
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an important source of unknown natural compounds
whosemedicina potentia must be eval uated. Recent
studiesinthefield of diabetic research haverevealed
promising compounds, isol ated from natural sources,
with proven antidiabetic activity™*?.

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

Cystosairamyrica (S. G. Gmelin) C. Agardh (Gulf
of Suez) isbrown marinealgeethat canbeclassfied as
one of the more advanced species (phytochemically)
of the Cystosa ragenus based on the complexity of the
terpenes produced. Hot water extract of C. myrica
(HWCM) isrichinbioactive metabolitesderived from
algeeareassulfated polysaccharidesthat have antioxi-
dant activity.

Alloxan, aa-cytotoxin, hasdemonstrated severe
physiologica and biochemica derangementsof thedia-
betic state. Thealloxan rats exhibited severe glucose
intolerance and metabolic stressaswell ashyperglyce-
miadueto aprogressive oxidativeinsult interrelated
with adecrease in endogenousinsulin secretion and
release?.

When aloxan monohydrateisinjectedinto various
laboratory animals, destruction of insulin-secreting 3
cdlsintheidetsof Langerhansoccurs, whileother cells
(B, g, d) areresistant to alloxan . Disappearance of 3
cellswithin afew daysisaccompanied by typical and
permanent hypoinsulinaemiaand hyperglycaemia Al-
loxan-treated anima swerecong dered asexcellent tools
to study the pathogenesi s of human diabetes, athough
inaloxandiabetes, in contrast to T1D in humans, there
iSno autoimmune component and noinsulinresistance
asin T2D. Thusaloxan diabetes can beregarded asa
pureform of hypoinsulinagmia®.

Alloxan is toxic glucose analogues that preferen-
tially accumulatein pancreatic betacellsviathe Glu-
cosetrangporter -2 (GLUT2). Inthe presenceof intra-
cdlular thiols, especidly glutathione; alloxan generates
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reactive oxygen species (ROS) in acyclic redox reac-
tionwithitsreduction product, dialuric acid®. Autoxi-
dation of dia uric acid generates superoxideradicals,
hydrogen peroxide and, inafinal iron-catal ysed reac-
tion step, hydroxyl radicals. These hydroxyl radicals
areultimately responsiblefor the death of the betacdlls,
which haveaparticularly low antioxidativedefenceca-
pacity??,

In this study, we aimed to evaluate therole of H.
clathratus intaketo aoxan-intoxicated ratsviamoni-
toringtheliver histopathologica changesandthegoin-
sight thechanges of different biochemica parameters
such asserum aaninetransaminase (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-o)
and an apoptotic marker; caspase-3 were measured.

MATERIALSAND METHODS

Animal license

Maintenance and treatment of all theanima swas
donein accordancewith the principlesof Institutiona
Anima EthicsCommittee constituted as per thedirec-
tionsof the Committeefor the Purpose of Control and
Supervison of ExperimentsonAnimals, Egypt

Animalsand experimental design

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

e Group 1. NCrats: normal control untreated rats
received ordly an equivadent volumeof norma sa-
line based on body weight

e Group2 (DC)Alloxan-induceddigbeticrats: rats
weretreated with singledoseof dloxan i.p. (150
mg kg-1) dissolved innorma saine

e Group 3: (HWCM) Cystoseira myrica rats: rats
wereorally administered HWHC (400 mg kg-1
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day-1) for 30 days.

Thesdection of HWCM dosesused inthisstudy,
was based on thework conducted by other investiga-
torg?y, After thelast treatment, ratswerefasted for 8
h. Anima swere subjected to light ether anesthesaand
sacrificed by cervical didocation. Theblood sample
were collected and centrifuged to obtain serumin or-
der to estimatetotal proteins, SALT, SAST and SALP.
Each right hepatic | 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
homogenateaiquoted andimmediately frozen &-80°C
for biochemicd anayss.

Estimation of serum hepatic enzymes(sAST and
SALT)

To assesstheliver function, theserum activity (U/l)
of SAST and SALT were analyzed. The SAST was
determined spectrophotometrically at 340 nmin pres-
enceof a-ketoglutarate, aspartate, NADHand mal ate
dehydrogenase. ThesALT wasassayed in presence of
o-ketoglutarate, pyruvate, NADH and lactate dehy-
drogenase at 340 nm,

Deter mination 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'®,

Deter mination of GPx and CAT activitiesin liver
homogenate

Determination of GPx activity inrat liver homoge-
nateishbased on the oxidation of GSH by GPx, usingt-
butyl hydroperoxideasasubstrate, coupledtothedis-
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appearanceof NADPH by glutathionereductasg™. 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 asi 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 preci pitation 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-ain liver homogenate

Thedetermination of TNF-ainrat 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-o that expressed aspg/gm liver.

Estimation of caspase-3level in liver homogenate

The caspase-3 colorimetric assay in liver rat
homogenate(U/mg protein) based on the spectropho-
tometric 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.

Liver histological examination

Theliver tissueswereremoved, plotted with nor-
mal salinebetweenfilter paper and fixedin 10% neutra
buffered formalin and subsequently embedded in par-
affinanddicedintodicesof 5 mthicknessfollowed by
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stainingwithhematoxylinand eosinandexaminedun-  TABLE 1: Effect of treatmentson sALT and sSAST in alloxan
der light microscope (Olympus BX-200, Tokyo, Ja-  'nduced diabeticrats

SALT SAST
pm) Group

L . u/l u/l
Statistical analysis Normal (N) 19.51+0.84  23.17+0.75

Statigtica andysswascarriedout usngGrgphPad  Diabetic Control (DC)  62.3920.87#%*2 84.29+(0.94%**2
Instat software (version 3, ISS-Rome, Italy). Unless fiﬂbﬁt@f& HWHCM (DC  £5 19,0742  55.95:0 712
differently specified, groupsof datawere compared )

. i . : . * Values significantly different compared to normal
withun paredt testand one-way anaIySSOf varlance P***<0.001; * Values are expressed as means + SE.Means

(ANO\(A) followed by Tukey-kramer (TK) multiple ot sharing common letter aresignificantly differen (p<0.05)
comparisonspost-test. Valuesof P<O.05wereregarded  based on one—way ANOVA with Tukey’s post —hoc test.

TABLE 2: Effect of Cystoseira myrica on level of hepatic M DA and hepatic GSH in alloxan induced diabeticrats

Group Hepatic TBARS Hepatic GSH
nM TBARSmg protein mg/gm tissue
Normal (N) 46.39+5.2 16.23+1.23
Diabetic Contral (DC) 1248+133%*%*2 10.23+0.69%**2
Diabetict HWCM (DC + HWCM) 1020.36+23.69 2 15.45+1.772

* 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.

TABLE 3: Effect of Cystosaira myrica on activity of hepatic CAT, hepatic GSH-Px and hepatic SOD in alloxan induced diabetic
rats

Group Hepatic CAT Hepatic GSH-Px
p moles H202 decomposed/min/mg protein, pg GSH consumed/min/mg protein
Normal (N) 234.25+9.58 681.23+£26.36
Diabetic Control (DC) 174.36+11.89%**2 453.69+33.26%**2
Diabetict HWCM (DC + HWCM) 187.98+14.262 480.36+26.96 %

* 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.

assgnificant. Thedata, asclearly indicated arereported  but not sgnificantly theliver MDA level by compared
intablesand figures as mean + standard error (S.E). todiabetic rats, p<0.001(TABLE.2).
Alloxan sgnificantly decreased the GSH level com-
RESULTS pared to control rats, p < 0.001 (TABLE. 2). The
HWHC intaketo diabetic rats not produced signifi-
Alloxan intaketo normal ratsshowed significantel-  cant elicited anincreasein hepatic GSH level compared
evationsof SALT and SAST levelscompared tothenor- to diabetic, p<0.001 (TABLE. 2).
mal control rats, p < 0.001. Theoral administration of HWCM exhibited significantincreaseinliver CAT
HWCM to diabetic rats at adose of 400 mg/kg body |evel comparedtothecontrol rats, p<0.001(TABLE
weight of ratsfor 30days blockedtheAlloxan-induced 3)-Alloxan significantly decreased hepatic diabeeetic
devationsof SALT and SAST asnoticed but not signifi- retsproduced significantincreasein liver CAT level com-
cantly as compared to diabetic rats, p<0.001. (TABLE Paredtodiuabeticrats, p<0.001 (TABLE. 3).
1). Qn theother hand , dloxan significantly decreased
Alloxan—induced diabetic rats produced significant theliver GPx |level compared to control rats, p<0.001

increment inhepatic MDA levelsascomparedtonorma  (TABLE. 3A). HWCM inteketo dloxan—induced dia-
control rats, p< 0.001. HWHC administration reduced PetiC ratsproduced non significant increasein GPx
level comparedto aloxan-intoxicatedrats, p < 0.001
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TABLE 4: Effect of Cystoseira myrica on activity of hepatic
caspase-3and level of hepatic TNF-o in alloxan induced dia-
beticrats

Hepatic Hepatic TNF-
Group caspase-3 o
(U/mg .

orotein) (pg/gm liver)
Norma (N) 0.6+0.06 86+7.5
(DD'?:t;e“C control 1.8£0.05%5%2  49840,25%%+2
Diabetic+ HWCM b b
(DC + HWCM) 1.3+0.09 402+38.14

* Values significantly 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.

(TABLE. 3).

Cagpase-3-activity wass gnificantly increased upon
administration of alloxan to normal ratsas compared
todiabetic rats(Figure4B). Thisincreasewas signifi-
cantly declined upon HWHC intaketo diabetic com-
pared to alloxan —induced diabetic rats, p < 0.001
(TABLE. 4).

Additiondly, dloxan significantly incressed thehe-
paticlevel of TNF-o.comparedto control rats(TABLE.
4A). Administration HWCM to alloxan -treated rats
decreased the hepatic TNF-a. level significantly com-
pared tothediabeticrats, p<0.001 (TABLE. 4).

To confirmthe protective effect of HWCM onal-
loxan-induced liver tissuedamage, weperformed his-
tological examinations. Thenormal control rat liver
showed normal architectureof hepaticlobulesand hepa-
tocytes. The hepatocytesform columnsof cellsadher-
ent to each other by one or moresurfaces. Thesinuso-
idswerevariablein diameter and lined with discontinu-
oussheet of endothdlia cdlswithflat nucle (Figurel).
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However, Alloxan-trestedrat liver eicited decrease
inthenumber of hepatocytesand widely dilated centra
veins. Thecytoplasm showed areaof hemorrhageand
inflammeatory cdll infiltration around theblood Snusoids
which appeared widdly dilated (Figure 2).
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Alloxan—treated rats administered HWCM re-
veal ed degeneration of some hepatocytesand normal
architectureof theothers. Theblood sinusoidsaretill
widely dilated and appeared congested and showed
inflammeatory cdl infiltration. Thedigbetic raisadminis-
tered HWCM kupffer cellsactivation and congestion
of centra vein with preservation of thenormal hepatic
architecture (Figure 3).
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DM causesadisturbancein the uptake of glucose,
aswell asglucose metabolism. Theliver playsanim-
portant rolein the maintenance of blood glucoselevels
by regulatingitsmetabolism.

Thepresentinvestigationindicated that , asingle
doseof alloxan (150 mg/kg) intraperitonea |y to adult
maleabino raty( 210-220g) wassuitableto induce his-
tologica changesintheliver of dloxaninduced digbetic
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rats with 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 oxidative
gressinducesproinflammatory cytokines, suchas TN
a, transforming growth factor-p (TGF-), interleukin-
1B, and interleukin-6, which arecritical for HSC acti-
vation and perpetuation(?,

Theenlarged hepatocytes showed intensecytoplas-
mic staining with PeriodicAcid-Schiff stain, and nega:
tivestainingwith PeriodicAcid-Schiff Diastase. Thisis
suggestiveof glycogen accumulaion and congstent with
glycogenic hepatopathy . The present doseaswell as
theobserved histopathologica and biochemica mani-
festationsagreewith theliterature oft?,

Alloxan causes significant increasein activity of
hepatic caspase-3 and levels of and hepatic TNF-a.
Onother hand, aloxan causessignificant decreasein
hepatic GSH content and activity of hepatic SOD, CAT,
and GPx in accordance with!¥.

Inaloxaninducd diabeticrats, thechangesinthe
levelsof SAST aresALT, aredirectly related to changes
inmetabolisminwhichtheenzymesareinvolved. The
increased activitiesof transaminases, which areactive
intheabsenceof insulinduetotheavailability of amino
acidsintheblood of DM and area so responsiblefor
theincreased gluconeogenesis and ketogenesis2.

Francés et al.!® revealed that DM promoted asig-
nificant increasein hydroxyl radical productionwhich
correlated withlipid peroxidation (LPO) levels Besides,
hyperglycemiasignificantly increased mitochondrial
BAX protein express on, cytosolic cytochromeclev-
els, and caspase-3 activity leading to an increasein
apoptotic index

Hamden et a [*%revealed that liver isbombarded
by ROSthat can directly causeinflammationwithinthe
liver cdlls, whichthen rdeasefurther pro-inflammeatory
cytokines, |eading to more hepatocyteinjury and ac-
celerated apoptosisthat affect theintegrity and archi-
tecture of liver cel s,

As consequence of DM, the hepatocellular accu-
mulation of triglycerides, initidly leadsto an altered
metabolism of glucoseand freefatty acidsintheliver.
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Increased expression of death receptorsin responseto
thisatered hepatic metabolism enhances the hepato-
cytes’ susceptibility for pro-apoptotic stimuli, thus elicit-
ing excessive hepatocyte apoptosis and inflammation%.

Ingaramo et al.l* explained that DM enhances
TNF-a inthe liver, which may be a fundamental key
leading to apoptotic cell death, through activation of
caspase-3, NFkB led to aninduction of INOS and con-
sequent increase in  NO production.

Ord administration of HWCM causes nonsignifi-
cant decreasein activity of SAST and SALT, incon-
trast with. Furthermore, ora administration of HWCM
causesnon significant decreasein hepatic MDA and
level of hepatic GSH and the activity of hepatic CAT,
hepatic GSH-Px and hepatic SOD in contrast with*4
who suggeststhat theantioxidant activitiesof sulphated
polysaccharides hasbeen attributed to various mecha
nismsindudingtheprevention of chaninitiation, thebind-
ing of trangtion metd ion catdysts, the decomposition
of peroxides, and the prevention of continued hydro-
gen abstraction and radical scavenging!®®.

Ora administration of HWCM causessignificant
decreasein level of hepatic TNF-o. 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
selatecellsarekey eventsinliver fibrosis, and, inter-
estingly, treatment of hepatocyteswith HWCM pre-
vented cell death and inhibited the proliferation hepatic
stellate cells. So, HWCM might beapromising anti-
fibrotic agent possessing dual functions, namely, pro-
tection of hepatocytesand inhibition of hepatic stellate
cell proliferation*,

Hepatic protective effect of HWCM wasfurther
evidenced by histol ogica observationsmadeonthehe-
patic tissue of HWCM treated rats that showing no
histological changes.

In conclusion, athough additiona studies are
needed, it could be suggested that HWCM could partly
protect hepatocytesthrough , anti-inflammatory and
antiapoptotic mechanismsagainst liver injury induced
by dloxan. Thesgnaling mechanismsassociated with
protection against theliver damage and oxidative stress
statusinduced by alloxan viaintake of HWCM still
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need merit further investigations.
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