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ABSTRACT

In this study, we investigate the protective and therapeutic effect of fucoidan ex-
tract from Laminaria species against liver damage induced by CCly in Guinea pigs by
monitoring the hepatic m-RNA expression of TGFj-1, some serwm biochemical pa-
rameters and some oxidative stress biomarker. The CCly was orally administrated at
dose I mi/kg bw twice a week for 8 weeks. Fucoidan orally administrated at a dose
rate 200 mg/kg bw/day. We found that fucoidan treatment improved elevated m-
RNA expression of TGFS-1, T.Bi, D.Bil, Ind.Bil. MDA and 50D serum levels induced
by CCly4 at 821 week post treatment. Meanwhile ALT, AST and AP are not improved by
fucoidan treatment. Finally, we concluded that crud fucoidan is less effective as hep-
atoprotective agent, and had a mid effect in the protective treatment at 8% week

Ppost treatment,

INTRODUCTION

Liver diseases are some of the fatal disease
in the world today, they pose a serious chal-
lenge to internatlonal public health. Hepatic
fibrosis is a wound healing response to chron-
lc liver injury which characterized by net
accumulation of extracellular matrix (ECM)
including collagen, glycoproteins and proto-
glycan. Hepatic stellate cell (HSC) which pre-
viously known as tto cell that under physto-
logical condition store 80% of retinoids
(vitamin A} is the cytological base of the he-
patie flbrosis. The quiescent HSC are trans-
formed with progressive injury into myofibro-
blast llke cells that characterized by the
appearance of cytoskeleton protein o smooth
muscle actn (@ SMA) which consider a blo-
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marker for HSC activation {Yong et al.,
20056). TGFB-1 I1s a key molecule or most fl-
brogenic cytokines facilitate the activation of
HSC and convert it from static HSC into phe-
notypc of myofibroblast to express ¢ SMA and
posses the character of contraction (Semiha
et al., 2006).

Carbon tetrachloride, CCly is a frequently
used chemical to experimentally induced he-
patlc flbrosis. Depending on the dose and
duration the effect of CCly on hepatocytes
are manifested histologically as hepatic steto-
sis, fibrosis, hepatocellular death and car-
cinogenicity (Heekyoung et al., 20058). The
hepatotoxic effect of CCl, Involved in immedi-
ate cleavage of CCly by cytochrome P450
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(CYP2E1) In hepatocytes which generate tri-
chloromethyle radical leading to lipid peroxi-
dation and membrane damage subsequently .
Activated Kupfler cell produce toxic metabo-
lites {inflammatory cytokines and reactive ox-
ygen intermedlates) resulting In the injury of
hepatie parenchymal cells (Chun et al.,
2009).

Fucoidans, s sulfated polysaccharide ex-
tracted from cell wall of brown algae and
some marine invertebrates. Firstly isolated by
Kylin almost one eentury ago, contaln sub-
stantial percentages of L-fucose and sulfate
ester groups also called fucan, fuecosan or
sulfated fucan, Reeently fueoldan has been
extensively studied due to its numerous bilo-
logical activities including antiecagulant, an-
tithrombotic, antitumor, antiviral, ant-
complemerit, antioxidant and anti-
Inflammatory activities, Also used as immu-
nomodulatory, bloed lpid reducing, has ac-
tivity against hepatopathy, renalpathy and
gastric protective effect {Bo et al.,, 2008).
The brown seaweed Laminaria japonica is
the most Important economlic seaweed cul-
tured in China. The utilization of L. japoni-
ca as a drug has been documented in Tradi-
tional Chinese Medicine (TCM) for over one
thousand years. Fucoidan of L. japonica had
a hepatoprotective eflect (NIng et al., 2000).

226

This study was aimed to, evaluate hepatopro-
tective effect of fucoidan on liver flbrosis in-
duced by CCly in guinea pigs through detec-
tion of gene expression of TGFf-1 by RT-PCR,,
oxidatlve stress reaction through estimation
of MDA, SOD, GSH and CAT enzymes, as well
as some blochemical parameters .

MATERIAL AND METHODS

Experimental Animals :

Fifty Guinea pigs of 1-2 month old of both
sexes were obtained from Helwan farm of la-
boratory Animals (Ministry of Public health).
The animals were kept in galvanized zinc
plate cages under striet hygienic conditions.
The animals were ensured free from any infec-
tlon. The Guinea plgs were maintained on pel-
leted diet and water ad Libitam. The daily re-
quirement of ascorbic acid (50 mg / liter of
drinking water) was supplied allover the ex-
periment aceording to S8arah and Magdle
{2003).

Chemicals :

CCly was purchased from ADWIA Co,
Egypt.. Primer sequences for PCR amplifica-
Hon : Transforming growth factor §1 [(TGF-
B1).

Obtained from metabion international AG.,
Lend-Christ-Strasse 44 \ 1, Martinsried \
Deutschland.

Antisense 5\ TGC TGT CAC AGG AGC AGT G 3\

Gene Primer sequence Base pair
TGF-p1 | Sense 5 TAT AGC AAC AAT TCC TGG CG 3 162

Mansoura, Vet. Med. J,

Vol. XII, No. 2, 2010



El-Boshy, M. E.; et al...

Fucoidan :

Fueoldan exteraet of Laminaria speeles ob-
tained as powder that used as freshly pre-
pared solution dissolved In normal saline.
Provided by (Bijing Lilli Agrochemistry CO.
LTD, Chtna).

Fibroais induction and treatment:

Guinea pigs were divided into 5 groups
as follow:

Group I (10) served as normal control
recelve only the vehicle (1ml/kg bw olive
oll twiee a week for 8 weeks) Group I
{10) treatcd with fucoldan {200 mg/kg bw/
day allover the experiment) and olive oll.
Group I (15) receive 1ml/kg bw of CCly di-
luted 20% in olive oil twice a week for 8
weeks. Group IV (10) pretreated with fucol-
dan for one week before CCly administration
then treated with CCl, and fucoidan (protec-
tive fucoldan treated group}. GroupV (5) al-
ter 4 weeks of CCly administration and en-
sure occurrence of fibrosis (5 animals) further
treated with CCly for 4 weeks and at the same
time treated with fucoidan {therapeutic fucol-
dan treated group). At the end of 48 and 8th
week of CCly treatment randomly flve Guinea
pigs were picked up from each group. Blood
samples were collected individually from heart
puncture for serum chemistry, Guinea pigs
were then sacrificed and specimen from lver
were kept in liquid nitrogen for reverse tran-
scriptase polymerase chain reaetion (RT-PCR)
analyses.

RT-PCR analysis:

Total RNA was isolated from Guinea pigs
livers using QlAamp extractlon mcthod. Prep-
aration of the RNA / primer mix by add the
following (RNA template,Forward Primer and
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Reverse Primer) to a nucleasc-free microtube
and mix by pipetting gently up and down.
Ineubate the mixture at 70-75°C for 5-10
min and place it at room temperature for 5-
10 min for denaturatton and primer anneal-
ing. Prepare the RT-PCR mix and complete it
by addinglO ul RNA/primer mix then pipettc
on ice and mix by pipetting gently up and
down. The thermal profilc that was used con-
sistcd of denaturation at 95°C, anncaling at
55-65°C, clongatlon at 72°C and Final elonga-
tlon at 72°C. The PCR product was eleciro-
phoresed on 2% agarosc gel electrophoresis.
RT-PCR analysls was performed in Biotech-
nology Center for Service and Researches
(BCSR), Faculty of Vet. Medicine, Cairo Uni-
versity.

Serum biochemical analysis:

Prepared frozen serum samples were an-
alyzed for alanine aminotransferase (ALT),
asprtate aminotransferase (AST), alkalin
phosphatase (ALP), total (T. Bill.) and direct
biltrubin (D.Bil1.}, glucose, total protein, albu-
min {Alb), urca, crealinine (Cre.) and some
oxidative stress marker malondialdehyde
(MDA) superoxide dismutase (SOD), cata-
lase (CAT) and reduccd glutathione (GSH)
were determined with seml-automatic spec-
trophotometer (BM-Germany 5010) using
commercial test kits (Randox Co. UK and
Biodiagnostic, Egypt.) aceording to enclosed
pamphlets.

Statistical analyais:

Qur results were analyzed by (ANOVA) us-
Ing SPSS software statistical program (SPSS
for windows (ver.15.00, USA). Two groups
were signlficantly different if P value was sta-
tistically lower than 0.05 .

Val. XII, No. 2, 2010



El-Boshy, M. E.; ct al...

RESULTS & DISCUSSION

The liver plays a central role in metabolic
homeostasis, as it is responsible for the me-
tabolism, synthesls, storage and redistribu-
tion of nutrients, carbohydrates, fats and vita-
mins. Importantly, it is the main detoxifying
organ of the body, which removes wastes and
xenobiotles by metabolie conversion and bil-
lary excretion {Joan et al.,, 2010). CCl; me-
tabolism is an established model of liver ne-
crosls and fibrosis. The lver damage Is
created by this metabolism is free radical de-
pendent as CCly is oxddized by cytochrome
P450 to highly reactive trichloromethyle
(CCI3) radieal that being generated by reduc-
tlve cleavage of CCly bond and generated oxy-
gen radicals and phospholipid pcroxides in
abundance (Sreedevi et al., 2006) and {Go-
pal et al., 2001). The generated trichloro-
methyle free radical caused liver necrosis, de-
struction of ECM and lipid pcroxidation of
membranes. Qur stndy showed that TGF-B1
m RNA expression Increased as fibrosis devel-
oped in CCly induced liver fibrosis in Guinea
plgs (82.68 % and 88.66 at 4th and Bth week
respectively]. As TGF-B1 activity Is enhanced
by proteolytic release and activation of latent
TGF-B1 by HSC also other cell such as kupf-
fer cells, invading mononuclear cells, myofib-
roblast cells and endothelial cells can synthe-
sls and releasc TGF-f1 (Shi-ling et al.,
2005).

Fucoidans, a famlly of sulphated polyfu-
cose polysaccharides, exhibit different blo-
logical properties. The biological effects of
fucoldan are rclated to their polysaccha-
ride backbones and sulfate content. Recently
the antifibrotic activity of fucoldan was report-
ed in an antmal model of hepatic fibrosis
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(Eyoumi et al., 2000). The TGF-B1 m RNA ex-
pression was redueed by fucoldan treatment
especlally In {(GP.IV) at 8t week post treat-
ment. The TGF-f1 m RNA expression was
77.32% in GP.IV at 48 week and (41.24% and
48.45%) in (GP. IV and GP.V respectively) at
8t week post treatment with CCl, and fucol-
dan. This 1s agreeing with Shinfi et al.,
(2008) who mentioned that fucoldan treat-
ment attenuate HSC activatlon by inhibiting
TGF-B1.

CCly administration, causes severe liver
damage dcmonstrated by remarkable eleva-
tion of scrum AST and ALT levels till the end
of the experiment as shown in (table,1,2). This
clevation may be attributed to ihe cellular
leakage and damaged of structural integrity of
the liver cells (Robert et al., 2008). Also CCl,
treatment Induced elcvation of serum ALP
with high level of total bilirubin, direct and
indirect billrubin (table,1,2). Which are con-
sidered indlcator of cholestasis and pathologi-
cal allcrations of the billary flow (Lalitsingh
et al., 2010). The high concentration of Indi-
rect bllirubln and direct bilirubin In the ser-
um is an indication for increased erythrocyte
degeneration rate and liver injury caused by
CCly (Sathesh et al., 2000).

In our work fucoidan not have any toxic ef-
fect either on liver or kidney function as ALT,
AST, ALP, BUN and creatinine level are (n
normal level in GP.II (table.1,2). The elevated
liver cnzyme (ALT, AST & ALP) induced by
CCly not improved by fucoldan treatment el-
ther at 4th or 8t week elther In protective
(GP.IV) or therapeutic treatment (GP.V) (ta-
ble.1,2}. This is in accordance with Kyoumi et
al., (2009) who observed that crude fucoldan
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extract not improved elevated ALT and AST
serum levels in liver injury induced by N-
nitroscdiethylamine and concluded that crude
Tucolidan  showed  unremarkable ant-
fibrogenesis activity. On other hand Shinji et
al., (2008) reported that administrated fucoi-
dan by I/V injection in chronle liver injury in-
duced by CCly in mice reduce clevation in
serum AST & ALT. The diffcrences may be
due to molecular weight of fucoldan that was
reported in the anti-tumor activity, pro-
angiogenesis and antioxidant activitles of fu-
coldan and rout of administration as anti-
fibrogenic effect of fucoidan by oral adminis-
tration not studied {Kyoumi et al., 2009).
The T.Bll. (table.1,2) improved by fucoldan
ireatment either protecttve or therapeutic one
but Ind. Bill. return to normal level in PF
group could be due to decrease erythrocyte
damage induced by CCly as fucoidan has
strong antfoxidant activity (Bo et al., 2008}.
In the present study, serum glucose (ta-
ble.1,2) was reduced in CCly treated animal
along of the experiment as hepatic glycogen
content was decreased reflecting decreased
gluconeogenesis by the liver (Omar et al.,
2007). In addition, Rul et al., (2002) record-
ed that gluconeogenesis and Krebs cycle flux-
es are altered in rat livers following CCly in-
toxdcation. Meanwhile Bhatia and Ahujaral,
(1984) suggested that hypoglycemia may be
due to depletion of glucose-6-phosphatase in
the liver of CCly treated animal. Fueoidan
treatment not relive hypoglycemia induced by
CCly (table.1,2). TP and albumin blood level
Insignificantly changed by CCly treatment ex-
eept at 8th week post treatment albumin level
was Inereased {table.1,2). This is may be due
to dehydration as a result of diarrhea caused
by CCly treatment. Globulin level fn our work
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was increased by CCl, treatment at 4!P week
but decreased at 8'" week post treatment.
The increased globulin level occurred due to
inflammation and liver disease. Meanwhile
CCl, signiflcantly decrease globulin at 8th
week post treatment which attributed to re-
duce immunoglobulin IgM, IgA and specially
IgG by CClgy in a dosc and time dependant
manner {Usarpa, 2000). In fuccidan treatcd
groups (GP. II, IV &V) total protcin, albumin,
globulin and A/G ratio Insignificantly change
in comparing with control (table.1,2). Except
globulin level increase in (GP.II) at 4N week
post treatment. Fuecoldan has both humoral
and cell-medjated immune responses as It en-
hance B cell blastogenesis. Therefore, the fu-
coldan was expected to promote maturation of
B cells that might result in the stimulation of
antibody secreting activity (Kyoko et al.,
2008). Presently administration of CCl, to
normal Guinea pigs induced renal toxicity re-
vealed by elevation of urea at 4th week post
treatment and creatinine level which occurred
at 8th week post treatment only (table.1,2). As
CCly administration mediated peroxidation of
lipid structures and protein conteant of renal
tissues, resulting in sub cellular damages
(Muhammad et al.,, 2008). Malondialdehyde
is a reactive aldehyde, used as an indicator of
the amount of Ilpid peroxidation (Shana et
al., 2008). In the present study, the signifi-
cant Increase in serum MDA concentration
observed in the CCl, treated group (GP.III} as
Lipid peroxdation (LPQ), is accepted to be one
of the princlpal causes of CCly induced liver
injury, the reaction resulting irom the attack
by reactive iree radicals on the polyunsaturat-
ed fatty acids (PUFAs) to generate different
products, including volatile alkanes, aldehyd-
ic products that are relatively stable resultlng
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ultimately In a loss in mcmbrane integrity
(Robert et al., 2009).

In fucoidan treated groups (GP.IV & V)
MDA (table.3,4) elevated at 4P week post
treatment but insignificantly change at 8th
week post treatment In comparing with both
CCly and control one, This agrecs with Bo et
al., (2008) who reported that fucoidan from
L.Japonica had no effeet on lipid peroxidation
indueed by FeSO,4 in vitro. Also Kyoumli et
al., (2008) mentioned that crude fucoldan ex-
tract not rcduced high MDA lcvel in liver Inju-
ry induced by N-nitrosodlethylamine In con-
trast Eum et al, (2008) found that I/P
administration of fucoidan extract resulted in
reduced high MDA level induced by CCly
treatment in rats. Antloxddant enzyme such
as SOD, CAT and GSH constitute a suppor-
tive team of defense against ROS, Qur result
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found an elevation in SOD, CAT and GSH In
Guinea pigs treated with CCl, at 4th week (ta-
ble.1,2). The Increase in these enzyme activi-
ties was probably a response towards the in-
erease in ROS generation (Gowrl et al.,
2008). The fucoldan treatment correct SOD
level In protective group as fuceidan has
strong scavenging free radical actlvity espe-
clally against superoxide radical. This is
agreeing with Jing et al., (2008) who men-
tioned that fucoldan exhibit radical scaveng-
Ing activity in vitro and antioxidative activity
against oxidative stress in eellular model. Fi-
nally we concluded that crud fuceldan is less
effective as hepatoprotective agent, and It had
mild prophylactic hepatoprotective effect at
8th wcek post treatment. Further research
recommended for more deflnitive knowledge
about eflicacy of fucoldan as hepatoprotcctive

agent.
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Table (1, 2): Some Serum Blochemical Profiles and Oxidative Stress Biomarkers (Meen + S.E) at 4" (table, 1) and 8"
(table,2) Week Post Treatment with CCly, and Fucoidan in Guinea pigs.

( table,I)
Iﬁ "y
Groups| AT | ast | avp | rmp | Dir | IndirBi| Glucose FTP Alb. | Gloh. G FUrea Cre.
UiL UL UL B | tmpdl | mgd | pmidl | pwdl | gm/dt mp/dl | mg/dl
mydl | il
T (Cont) 20647 | 9.00" | 1092° | 047 0.22" 025 | 13480° [ 458 111 137 2.49° | s5589° | 0.8
2130 | #1062 | 2067 | 003 | £0.02 | £0.04 | £2.20 | 023 | 2030 | 001 | 2043 | £1.99 | tem
0 1978 1 2800° | 9:2° | 0.50" 0.25" 0.25 | 134.60 583 317 2.67° 128" | 6027 | 0.61
1181 | 134 | +0.51 | 20.05 | 2006 | £005 | 1452 | 1048 | 1029 | 1035 | 016 | 2142 | 1005
Tl 3419 | 390" | 16407 | 072 0.53° 019 | 97.20" | 559 2.99 259 T4 | 7155 | 0.67
(CO) | 2203 | +1d6 | 20.60 +0.1 +0.02 | £0.03 | £853 | 20744 | $025 | +0.74 | +0.27 | 2.09 | +0.06
v PR 3329 | 3730 It 0.75‘J 0.52" 0.23 9660 | 524 3D 195" | 1.78 66.67" | D.66
£2.09 | #254 | 2093 | £009 | £0.09 | 2003 | 1054 | 4039 | 027 | 4024 | 026 | 2323 | 0.2
( table,2)
! [ TP Alb, Glob. |
Groups | AUTY I AST 1 pun) g | D | PROLBI) pcose | oag | brem | cre
L UL mgid) Bil, . mgal | e gl | o) mg/dl | mgrdt
mg/dl | mpidl
1 1993 | 30.98° | 999" | 045 024" 021" | 133.65° | 4.76 pATH 1.78 136" | 5736 | 054"
(Cont) | +0.07 | #1320 | 2041 | £002 | £003 | £0.02 | +252 | 2013 | 022 | 021 | 035 | +3.76 | +0.01
() 2063 | 2099 | 97§ 047 ol | o3t 133" 507 135* nt 2.08" 5691 | 0.5¢9°
40,86 | 21.61 | +045 | +0.02 | 003 | 004 | $2.85 | 0.1 | 0.3 | £0.17 | 2026 | +4.34 | 0.02
m 41,76 | 4107 | 1593 | 0.80° 042" | 038" | 9560 4.9 391" | 098 447 | 5930 | 0.71°
€cly | 415 | £0.65 | 1053 | D06 | +0.08 | 008 | 1357 | 0.1 | £032 | 0.5 | 10.85 | +7.7 | 10.02
v @R 3696 | 37.60 18.05" 053 a3 0.22° | 1064¢ | 498 KT 168" 230 59.95 | 8.7%
+2.50 | £4.09 | +204 | 002 | 2002 | £0.02 | +10.06 | 0.3 | 019 | 028 | 054 | 932 | +0.04
- 610 | 31690 | 1584 | 0.49" | 024 | 025" | 93.35 3.91 320" 1.65" 1.95% | 5617 | 0.65
£4.49 | £2.61 | +194 | 1008 | 2009 | 2009 | £992 | 010 | 0,18 | 008 | 1009 | 268 | 10.06

Cont.( control), F {fucoidan alone), CCl, {carbon tetrachioride treatment), PF {protechve fucoidan trentment) TF (therapeutic fucoidan)

The same column not followed by the same letter differ significantly (P<0.05).
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Table (3,4): Some Serum Oxidative Stress Biomarkers (Mean + S.E) at 4™ ( table,3)
and 8™ ( table,d) Week Post Treatment with CCl,;, and Fucoeidan in
Guinea pigs.

( table,3)
MDA SOD CAT GSH
Groups amol/ml U/ml UL mg/dl
7.05" 755.60 311,25 0.53"
1(Con 10.09 +41.01 £65.36 £008 |
. 8527 882.81" 43125" 0.58"
10.64 +104.51 +22.66 +0.06
12.45° 947.88" 572.65° 0.77"
ar{cay +1.62 +59.67 +57.58 +0.03
- 10.93% 725.26" 459.98" 0.87°
+6.85 + 26.06 +36.99 +0.06
( tabled)
Groups MDA SOD CAT GSH
nmol/m} Uil U/L mgidl
I (Cont) T 744.04% 403,65 0.55"
$0.09 +39.58 +59.59 10.06
E .08 638.81" 393.01 —0.59"
11,14 +8.23 +37.53 +0.19
11 (CCl 11.30° T15.89 502.48™ 1.49°
£1.79 +59.51 +40.12 +0.18
IV (PF) 9,70" 854.60° 448.72* 1.21°
$2.19 +73.78 +49.19 $0.20
v (TF) 10.507 798367 547,58 1.25"
£1.29 +15.65 +40.3§ +0.06

Cont.{ control), F (fuccidan alone), CCl, (carbon tetrachloride treatment), PF (protective fucoidan
treatment) TF (therapeutic fucoidan).
The same column not followed by the same letier differ significantly (P<0.05).
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