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ABSTRACT

Hepatocellular carcinoma (HCC) is a serious hea#tte problem worldwide because of its increasing Ity
and high mortality rates. The present study ain@éhvestigate the chemopreventive effects of pexpaulfated
oligosaccharide compounds(Maltose SRaffinose S§) Stachyose SQChondroitin-6-sulfate and Maltohexaose
SQ)by studying their ability to inhibit, reverse oestrict the development of cancer through inhilgjtithe
metastasis and angiogenesis of tumor in diethydadmine (DENA) induced hepatocarcinogenesis in. rats
elucidate the mechanism by which the prepared wmdfaligosaccharidesexert their antitumor activstin the
animals-bearing tumor the following parameters weretermined including:aspartate and alanine
aminotransferases (AST & ALT), alkaline phosphai@ddP), total bilirubinas liver function test;hepattyrosine
kinase (TRK) and cytochrome P450 2E1 (CYP 2E1)akean for tumor progression;vascular endotheliabgith
factor (VEGF) and sialic acid (TSA) as markers nfmgenesis;heparanase and elastase as marker tafstasis.
Liver histopathological analysis was also evaluat€drcinogenic rats recorded drastic elevation Ihgarameters
under investigation whichconfirmed by histopathaday distortion in the tissue organization with
hyperchromatism, hyperplasia, proliferating hepates.Prepared sulfated oligosaccharides supplentiemteat
1/10 of theirmedian lethal dose, k4D significantly improved the biochemical and histtwlogical changes
induced by DENA in the order of Maltose S®altohexaose SgrStachyose SgRaffinose S@> Chondroitin-6-
sulfate. Taken together, our results demonstratat tthe tested compounds especially Maltose, &6d
Maltohexaose SOmay be potent anticancer agents for inclusion adern clinical trials after more investigations
on higher animals.

Keywords: Hepatocellular carcinoma, Chemoprevention, Sulfategsaccharides, Angiogenesis, Metastasis.

INTRODUCTION

Hepatocellular carcinoma (HCC)or liver cancer is #ixth most common cancer and the third leadingeaf
cancer mortality worldwide [1,2]. The majority ofG€ cases are attributable to underlying infectioassed by
hepatitis B and C viruses [3]. However, severaleottisk factors, including alcohol consumption, sibg iron
overload, environmental pollutants, as well as s®\wdietary carcinogens, such as aflatoxins amdsatmines, have
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been shown to be involved in its etiology [4]. Gantly, there is no proven effective systemic chéraapy for
HCC. Considering the limited treatment and grawegposis of liver cancer, chemoprevention has beesidered
to be the best strategy in lowering the currenthitity and mortality associated with this diseask Egypt has the
highest prevalence of HCV in the world with 20%tleé population infected and seven million with e¢ticoHCV
liver disease [6]. Up to 90% of HCC cases in thggdfign population were attributed to HCV. Once luiisis has
developed, retrospective studies have suggestégdkiants will develop either hepatic decompensatir HCC at
a rate of 2% to 7% per year [7].

It is now well established that solid tumor growthcritically dependent on the growth of new vessiebm
preexisting blood vessels surrounding the tumqmomess called angiogenesis[8]. On the basis sffthiling, the
development of drugs that inhibit angiogenesisbeme an attractive approach to cancer therapyr@ddition,
metastasis of cancer cells to distant sites isobtiee major deciding factors in cancer outcomdabt, prognosis of
cancer is mainly determined by the invasivenesth@ftumors and its ability to metastasize. There ascade of
events leading to the metastasis of tumors. Thedede separation from the primary site, circulatibrough blood
or lymph, adhesive to the basement membrane (caedposinly of heparan sulfate, elastin, and colljgerasion
and proliferation at distant sites [10]. Any compduvhich can inhibit one of the steps in the casaaill be useful
in the inhibition of tumor metastasis and tumonagia

Clinically important antitumor substances such awnstine, camptothecin analogues, doxorubicimpeside,

taxol, bleomycin, and folic acid analogues (metbxate), are all of natural origin, and consideradiferts have
been made to improve their biological activitiesotigh structural modification. However, such effoiave been
little rewarded from a viewpoint of dramatic altéoa of the key biological characters, such astamntor spectrum,
type of action, and drug resistance except fortamior potency and toxicity. This means that thedamental

biological characters originally present in thegrarcomplexes are difficult to alter by simple clemhmodification

[11]. We therefore aimed to produce new kinds aghpounds by creating new structures artificiallytthay have
anticancer effects.

Our ongoing research program is to discover anéldevtumor growthinhibitors and apoptosis indu@s otential
new anticancer agents. In our previous research Wegynthesized and characterized sulfated oligisaades
including Maltose S§ Raffinose S@ Stachyose S Chondroitin-6-sulfate and Maltohexaose
SOuwhichhadantitumor activity in liver HepG2; breasiCH-7 and lung A549 cancer cell lines and our result
revealed that the synthesized compounds can beassgdod candidate for novel therapeutic stratefgiesancer
through regulation angiogenesis and metastasisudesr. The present study dealt with evaluationeffiect of the
previously prepared sulfated oligosaccharide comgsMaltose Sg) Raffinose S@Q Stachyose SQChondroitin-
6-sulfate, Maltohexaose QJfbr inhibiting, reversing or restricting the dewpment of cancer and inhibitionits
metastasis and angiogenesis in the experimentalahoarrying liver cancer induced by diethylnitrosae.

MATERIALS AND METHODS

Animals

The animal care and handling was done accorditge@uidelines set by the World Health Organizati®eneva,
Switzerland, and according to approval from theécstbommittee for animals care at the National BegeCentre,
Egypt (ethic No. 10-230). Adult male Sprague-Dawtays (180+20 g, body weight), were purchased ftbm
animal house of National Research Centre, Egype. diimals were housed under standard laboratonyitomms
(constant temperature 25-27 °C, with 12 h ligh#daycle) during the experimental period. The ratsevprovided
with tap water and commercial diets. The rats wacelimatized to laboratory condition for 10 daysfobe
commencement of the experiment.

Assessment ofn vivo cytotoxicity of prepared sulfated oligosaccharides

The median lethal doses (kfp of the prepared compounds (Maltose ,S®affinose S@Q Stachyose SO
Chondroitin-6-sulfate, Maltohexaose §Qvas determinedn vivo according to Ghosh [13]. Briefly, adult male
Sprague-Dawley rats fasted for 12 h were randornvigled into groups of 10 per group. Each group sgsarately
administrated once daily for a period of 4 weekshwidoses ranging from 0-2000 pg/kg b.w. of the conmuls by
oral gavagingin a value of 1 ml/kg body weight. @ohanimals received the vehicle alone. The fasteiinals
were then provided with food and water immediatefyer the administration. The mortality of the aalmmwas
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observed up to one month post-treatment. Theg,bbDthe prepared compounds was calculated by usoareguter
program of probit analysis.

Experimental design

Diethylnitrosamine (DENA) and carbon tetrachlori@Cl,) were purchased from Sigma Chemical Co. (St. Louis
MO, USA). DENA was dissolved in saline and injecteda single dose (200 mg/kg, i.p.) to initiate &ip
carcinogenesis, while Cg£vas used in a single dose (2 ml/kg) by gavage: hglilution in corn oil to stimulate
liver cell proliferation and regeneration [14]. Teeperiment continued for 32 weeks.

Adult male Sprague-Dawley rats were divided intougs with 10 animals in each group. Group 1 (utdcka
control group): animals were fed on a standard aliet given water throughout the course of the énymt. Group

2 (DENA treated group): Rats were injected withngke dose of DENA (200 mg/kg, i.p.) and 2 weeletatceived

a single dose of C¢(2 ml/kg) by gavage as 1:1 dilution in corn oil 82 weeks. Group 3 (DENA and sulfated
oligosaccharides group): Rats from Group 2 weratéa daily with sulfated oligosaccharide compougiMaltose
SO, Raffinose S@ Stachyose S Chondroitin-6-sulfate or Maltohexaose 6y oral gavaging at dose of 1/10 of
their LDsg values and continued for 32 weeks.

At the end of the treatment protocol (32 weeks)mails were anesthetized with ether and blood sanpiere
drawn from the orbital venous plexus.Serum wasrsépd by centrifugation for 5 min at 1500 g andexcat -20C
until analysis.

All animals were sacrificed by decapitation andrthigers were rapidly excised, weighed, washedchvgalineand
blotted with a piece of filter paper.Portion of thieer was immediately fixed in 10% formalin fordgtological
analysis according to Conn et al.[15] using a saashdnethod of hematoxylin and eosin. Another partd liver
was homogenized using a Branson Sonifier (250 VVeRrBific, Danbury, Conn., USA) in cold sucrose feuaf
(0.25 M). All the investigation will carry out imrdsh 10% homogenate. The freshly prepared homogenatre
then centrifuged at 30,000 xg for 30 min &40 obtain the supernatant, which used for biodbahassays and the
protein level was determined as described by Loetral.[16]. Aspartate and alanin-aminotransferas®T( and
ALT), alkaline phosphatase (ALP) activities as wal the level of total bilirubin (Bili) were deteimed
spectrophotometrically according to the manufaetsinastructions, using reagent kits obtained frBramerieux
(France).

Cytochrome P450 2E1 assay

The effect of synthesized compounds on the levatypbchrome P450 2E1 (CYP 2E1)was determined Budis
homogenates based on a double-antibody sandwigimentinked immunosorbent assay (ELISA) of cytocheom
P450 2E1 kit purchase from Cloud-Clone Crop. (HousTX 77082, USA). The microtiter plate providedlis kit
has been pre-coated with an antibody specific t¢®> @QE1. Standards or samples are then added tggnepaiate
microtiter plate wells with a biotin-conjugated iody specific to CYP 2E1. Next, Avidin conjugated
Horseradish Peroxidase (HRP) is added to each plateowell and incubated. After TMB substrate Solutis
added, only those wells that contain CYP 2E1, hiotinjugated antibody and enzyme-conjugated Aviglith
exhibit a change in color. The enzyme-substrateti@ais terminated by the addition of sulphuriedesolution and
the color change is measured spectrophotometriealywavelength of 450 nm. The concentration oPQEL1 in
the samples is then determined by comparing the &f.ihe samples to the standard curve.

Tyrosine kinase assay

The effect of synthesized compounds on the leveltyodsine kinase (TRK) was determined in the tissue
homogenates based on a double-antibody sandwicpmentinked immunosorbent assay (ELISA) of tyrosine
kinase kit purchase from Glory Science Co., LtdI(B&@, TX 78840, USA) according to the manufactiger
instructions. In brief, add TRK to monoclonal aotly enzyme well which is pre-coated with human TRK
monoclonal antibody, incubate; then, add TRK artibs labeled with biotin, and combined with Streften-HRP

to form immune complex; then carry out incubatiow avashing again to remove the uncombined enzyrhen T
add Chromogen solution A, B, the color of the lijahanges into the blue, and at the effect of db&l color finally
becomes yellow. The chroma of color and the comagah of the human TRK of sample were positivedyrelated
and the optical density was determined at 450 nhe [Evel of TRK in samples was calculated as taté
determinations from the standard curve and thegpg¢age of TRK inhibition for each compound was alated.
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Estimation of vascular endothelial growth factor cacentration

Vascular endothelial growth factor(VEGF) concendratin the serum was determined using ELISA kitaiied
from Koma Biotech Inc., Korea. This assay depemdbiading VEGF antigen to a specific immobilizedibady.
The formed immune complex binds to avidin-perox@asnjugate, and a color developed in proportionhto
amount of VEGF bound which was measured at 450 nm.

Total sialic acid (TSA)

Total sialic acid (TSA) was estimated in the setwrperiodate-resorcinol microassay as describeS8urgngkul et
al.[17]. Briefly, 40ul of standard NANA (2-1Qug/well) or serum samples were added to the wella 86-well
microtiter plate. Then, 50l of 1.3 mM periodic acid was added to each wetl arixed by shaking. The plate was
placed on an ice box for 60 min, then 10®f 0.6 g/dl of resorcinol reagent was added atixkthagain. The plate
was covered with a glass plate and heate@C8fbr 60 min in a water bath then removed until toatents cooled
down to room temperature. Then, 1@0of 95% tert-butanol was added and the content® waéxed once again.
The absorbance at 620 nm was measured immediat@ybcrotiter plate reader.

Determination of heparanase (HPSE) activity

Determination of heparanase activity in tissue hgemates was determined in cell homogenates basadionble-
antibody sandwich enzyme-linked immunosorbent aggajSA) of heparanase kit purchase from Glory Scee
Co., Ltd (Del Rio, TX 78840, USA) according to ttmanufacturer’s instructions. The kit assay HPSkviagtin the
sample, use purified HPSE to coat mictotiter platlsy make solid-phase antibody, then add HPSE etisw
combined HPSE which with enzyme labeled, becoméaay-antigen-enzyme-antibody complex, after waghin
completely, add substrate solution, substrate besdstue color and the reaction is terminated byatdition of a
sulphuric acid and the color change is measuredisghotometrically at a wavelength of 450 nm. Heévity of
HPSE in the samples is then determined by compahagbsorbance of the samples to the standare.clihe
activity was determined as U/mg protein.

Estimation of elastinolytic activity

The elastase activity is determined in the tissomdgenates by its catalytic effect on theuccinyl-trialanylp-
nitroanilide substrate releasipgnitroaniline PNA) which is measured photometrically at 405 nm][T®e elastase
activity was determined as U/mg protein.

Statistical analysis
The results are reported as Mean + Standard e8rfr)( Statistical differences were analyzed bywag ANOVA
test followed by studenttstest wherein the differences were considered tsidr@ficant atp < 0.05

RESULTS

The LDy (the median lethal dose resulted in 50% mortalftyhe animals) of each compound was determined.
Compounds Maltose SQORaffinose SQ Stachyose Sf) Chondroitin-6-sulfate andMaltohexaose ,Séhowed
marked acute toxicity (Table 1). The concentratioeguired by Maltose SQ Raffinose S Stachyose SO
Chondroitin-6-sulfate, Maltohexaose $for 50% mortality of the animals were found to6®0, 1006, 800, 1210
and 680 ng/kg body weight, respectively.

Table 1: In vivo the median lethal dose (L) of sulfated oligosaccharides

LD 5o
Compounds g/kg bw.)
Maltose SQ 600
Raffinose SQ 1006
Stachyose S 80C
Chondroitin-6-sulfate 1210
Maltohexaose SQ 680

The effect of prepared sulfated oligosaccharides diver tissues

DENA-treated rats showed significant (p<0.05) iase in serum AST, ALT and ALP activities, along hwit
significant (p<0.05) increase in total bilirubinvid compared to control. The administration of atdfl
oligosaccharide compounds (Maltose sSBaffinose S@ Stachyose S{ Chondroitin-6-sulfate, Maltohexaose
SQy)at a dose of 1/10 of the Ispvalues in the DENA-treated rats resulted in nornagibn in AST, ALT and ALP
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activities as well as the total bilirubin level cpared to DENA-treated group (Table 2). The treatnveth the
tested compounds has resulted in decreasing inlebel of liver function test follows the order Madie
SO,>Maltohexaose S Stachyose S Raffinose S@> Chondroitin-6-sulfate. It is clear that, MaltdSé, was the
best compound in this series.

Table 2: Effect of prepared sulfated oligosaccharies on serum AST, ALT, ALP activities and bilirubinlevel in different studied groups

Groups AST ALT ALP Bili
(U/L) (U/L) (U/L) (mg/dI)

Control 56.00+5.20  38.00+3.70 110.00+9.30 1.40+0.11
DENA 110.00+7.8°  95.00+#7.0°  215.00+15.7°  2.90+0.2¢
Maltose SQ 62.00+6.30  41.00+4.00  120.00+11.00  1.60+0.1%
Raffinose SQ 92.00+8.06* 72.00+5.2G* 180.00+16.00* 2.60+0.19*
Stachyose SQ 85.0027.50* 66.00+5.40" 166.00+12.60" 2.50+0.20'*
Chondroitin-6-sulfate  100.00+8.66  82.00+6.56  195.00+16.00  2.80+0.23
Maltohexaose SQ 70.00+6.96G"* 50.00+4.70* 125.00+13.20"* 2.00+0.2C0'*

Results expressed as Mean + S?Significantly different from normal control at pG<05.;® Significantly different from DENA - treated rats a
p <0.05.

In this study histological examination of rat livaactions was consistent with the results obtaireed biochemical

studies. Liver of control animals as presentedrigyre 1a) revealed normal architecture of hepstt@nds around
the central veins. The liver showed intact hepaescywith normal sinusoids in between. The hepatits care

polygonal in shape with one or two rounded nudlaier of rats treated with DENA alone showed distor in the

tissue organization with hyperchromatism, hypeiplaproliferating hepatocytes (Figure 1b), both dtep and

portal with significant tumor thrombi within portaéssels, tumor cells are slightly larger have niwegular nuclei

and numerous mitotic figures with malignant nuci@igure 1c). Some section showed megalocytosis,
hyperchromatic nuclei as well as nuclear vacuofetial nuclear prominence, dissolution of hepatidsavhich
appeared as empty vacuoles aligned by strandscobtrehepatocytes (Figure 1d).

treated with DENA showing hyperchromatism,
Figure l1a: Liver section of normal control rats sheved
normal appearance with normal appearing hepatocytes
cords, unremarkable pathological changes (H&E, 400

Figure 1b: Photomicrograph of liver section from ras

hyperplasia, proliferating hepatocytes (H&E, 200x)

Figure 1c:Section from liver section treated with EENA
revealed loss architecture, both hepatic and portakith
significant tumor thrombi within portal vessels, tumor cells
are slightly larger have more irregular nuclei andnumerous
mitotic fiaures (H&E. 400x)

Figure 1d: Liver section from animal treated with DENA
showed megalocytosis, hyperchromatic nuclei as wels
nuclear vesiculation and nuclear prominence (H&E,20x)
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Liver of the DENA-rats treated with Maltose $6howed improvement in the hepatic pattern assetiatith
normal hepatic architecture (Figure 1le). Liver mgrd from rats treated with Stachyose ,8hibited areas of
aberrant hepatocellular phenotype with variatiomuclear size, hyperchromatism, and irregular siidss(Figure
1f).Liver sections from rats treated with Raffind3@, showedmild ballooning degeneration of hepatic cefisd
infiltration of portal tract by inflammatory cellsnild parenchymal cells congestion; mild bile digury with
proliferation (Figure 1g). Liver sections from rateated with Chondroitin-6-sulfateexhibited seveedlooning
degeneration of hepatic cells; severe infiltratodrportal tract by inflammatory cells; moderate ggahymal cells
congestion; moderate bile duct injury with proldgon; severe necrosis of hepatic cells; enlargeclen with
increase number and prominence of nucleoli; fitrosas observed in surrounding central veins, fibreapta
formation and cirrhotic changes; fatty changesyFagLh).
ot Sl 7

T3
e~
*- = :

Figure 1e:Liver of the DENA-rats treated with Figure 1f:Liver of the DENA-rats treated with Stachyose

compound Maltose S@showed improvement in the SOy,showing areas of aberrant hepatocellular phenotypeith
hepatic pattern as previously seen in normal liveof variation in nuclear size, hyperchromatism, andirregular sinusoids
control rats (H&E, 200X) (H&E,250x)

Figure 1g:Liver of the DENA-rats treated with Figure 1h:Liver of the DENA-rats treated with Chondroitin-6-
Raffinose SQ, showed liver ballooning degeneration, sulfate,showed dense lymphocytic infiltration of pdal tract by
mild infiltration of portal tract by inflammatory ¢ ells inflammatory cells, moderate necrosis, moderate blloning

(H&E,250x) degeneration of hepatic cells, enlarged nuclei witimcrease

number and prominence of nucleoli (H&E, 250x)

Figure li:Liver of the DENA-rats treated with Malto hexaose
Sa,,showing hepatocytes maintaining near-
normalarchitecture (H&E, x250)
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Liver sections from rats treated wiMaltohexaose S@mproved the hepatocellular architecture with magular
and less altered hepatocytes when compared to dreaped with DENA alone (Figure liFrom the foregoing
results it is clear that, there are improvemerthi histological change in the ordd Maltose S(;>Maltohexaose
SO,>Stachyose Sg@Raffinose S@> Chondroitin-6-sulfate.

Effect of sulfated oligosaccharide:on (CYP) 2E1 and TRK expression

The effect of the prepared compounds on ICYP 2E1 and TRKvhich implicated in cancer growth willustrated
in Figure 2 and 3.The expressiohCYP 2E1 and TRKwvere significantly increased in DEMtreated as compared
to normal control. Whilehe administration osulfated oligosaccharides (Maltose S®Qaffinose S@ Stachyose
SO, Chondroitin-6-sulfateMaltohexaos SQ,) at a dose of 1/10 of the pvalues in theDENA -treated rats
resulted in significantly inhibitory potential agatboth CYP 2E1 and TRHKor all the compounds comparing w
the DENA group Maltose SO4 was theost potent inhibitor again€YP 2E1 and TRkexpression.

500
450 - a
400 -
a,b
xS 350 ab I
9 i i 7
58 ™ 7
— 9 250 - a,b
S
2 E 200 - L a,b
(O T
£ 2 150 -
= a,b
100 - 5
50 - E
0 N sl
{1 Control 1 DENA
{71 DENA + Maltose SO4 I DENA + Raffinose SO4
£ DENA + Stachyose SO4 DENA + Chondroitin-6-sulfate
E DENA + Maltohexaose SO4

Figure 2: Effect of treatment with the sulfated oligosacchades on the level of hepatic protein kinase(TR}
Data were expressed as mean = S'and” is significant difference from control and DEN#&eated rats respectively at (p < 0.(
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< L r T

|_

50 - b
0 Dirriiiiiiiis E

{zi Control EIDENA
3 DENA + Maltose SO4 {1 DENA + Raffinose SO4
E3 DENA + Stachyose SO4 DENA + Chondroitin-6-sulfate
1 DENA + Maltohexaose SO4

Figure 3: Effect of treatment with the prepared sulfated oligpsacclarides on the level of hepaticytochrome P450 2E1 (CYP 2E:
Data were expressed as mean + SEnd® is significant difference from control and DEN&eated rats respectively at (p < 0.(

Effect of sulfated oligosaccharidecon VEGF and TSA

The effect of the prepared compounds on VEand TSA as markers ahgiogenesis w. illustrated in Figure 4 and
5. In this study, it was found th#te leves of both VEGF and TSA in the DENtheated group was very higr
significant increase as compared to control grotnilerthe treatment with sulfated oligosaccharcompounds
(Maltose SQ, Raffinose S@ Stachyose S,;, Chondroitin-6-sulfate, Maltohexaose $@ the DENA-treated rats,
causes decrease in the leveV&GF and TSA as compared with DENAeated rats,while the VECand TSA level
showed significant decreaseMaltose S(;and Maltohexaose S@reated group reaching to its control le.
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The level of VEGF

3 Control I DENA

DENA + Maltose SO4 {1 DENA + Raffinose SO4

B DENA + Stachyose SO4 DENA + Chondroitin-6-sulfate
H DENA + Maltohexaose SO4

Figure 4: Effect of treatment with the prepared sulfated oliggsaccharides on the level of VECG
Data were expressed as mean + SEnd® is significant difference from control and DEN#&eated rats respectively at (p < 0.(
30
27.5 -
25 -
22.5 -
20 -
17.5 -
15 -
12,5 -
10 -
7.5 -
5 .
2.5 -
0

a,b

=
S

~~
()]
3

=

The level of TSA

N

{71 Control CIDENA
[® DENA + Maltose SO4 [l DENA + Raffinose SO4
EIDENA + Stachyose SO4 2 DENA + Chondroitin-6-sulfate
{1 DENA + Maltohexaose SO4

Figure 5:Effect of treatment with the prepared sulfated oliggsaccharides on the level of sialic acid (TS
Data were expressed as mean = S*and” is significant difference from control and DEN#&eated rats respectively at (p < 0.(

Effect of sulfated oligosaccharide:on heparanase and elastase activity

In the present study the activity of heparanaseeastase as marker fmetastasis of tumor was investigated,
results showed that the activity of heparanase elastase enzymes was very highly significantly eased ir
DENA-treated group. The treatment with sulfated oligobadde compount (Maltose S(, Raffinose SQ
Stachyose Sg) Chondroitin-6sulfate, Maltohexaose Sg) in the DENA treated rats, resulted in decrease in
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activity of heparanase and elastase enzymes asatethwith DEN/-treated group especialMaltose SQ and
Maltohexaose SQ (Figure 6).

a,b

&

—
N

G
o

Activity (U/mg protein)
w
(02}

‘et bbboss T

pu :-,'l" .
| y—jrzﬁy ||E}

Heparanase Elastase

m Contrel E DENA mDEMA + Maliose SD4
m DENA + Raffinese 504 E DENA + Stachyose S04 ra DEMA + Chondroitin-5-wulfate
O DENA + Maltohexaose 504

Figure 6: Effect of treatment with the prepared sulfated oligorsaccharides on the activity of heparanase and etase
Data were expressed as mean = S’and” is significant difference from control and DEN#&eated rats respectively at (p < 0.(

DISCUSSION

Sulfated oligosaccharides, such as heparan, hepauHiate, chondroitin -sulfate, chondroitin -sulfate and
dermatan sulfate, are important ingredients ofaeditular matrix(ECM)Many sufated polysaccharides have be

extracted fron bacteria, plantsand animals[19]. Our group has recentlyreported thpreparedsulfated
polysaccharides (Maltose gCRaffinose S, Stachyose Sf) Chondroitin-6sulfate, Maltohexaose Sgexhibit

significant anticancesigainst HepG2 liver cancer ce[12].

Experimental liver cancer in rodents induced by REMnenvironmental and dietary hepatocarcino[20], has
beenconsidered as one of the best ccterized experimental models |ECC, allowing the screening of tential
anticancer compounds ovarious plases of neoplastic transformation adevelopment[21]. DENA-induced
preneoplatic foci and preneoplastic aineoplastic nodule formation in roder®sely mimics HCC developme
in humans. Moreover, a crospecies comparison gene expression patterhas established that DE-induced
liver tumors in rodents closely resemble a subclass ofanuHCC[22], which allows to extrapolate poteal
chemopreventive effects ofcandidate agent in clinical setti

In the present study, we have imigated thepreventive effect of prepared sulfated polysacdeariincluding
Maltose SQ, Raffinose SQ Stachyose S,, Chondroitin-6-sulfate, Maltohexaose S@h the appearance of early
hepaticpreneoplastic events, utilizing a t-stage model ofhepatocarcinogenesisinitiated wittNREnd promote«
by carbon tetrachloride An understanding of how cancer may be prevent one of the keyobjectives of the
recent researches. Thian be achieveco some extent by using chemopreventagents, naturally ccurring or
synthetic, that casuppress or prevent the processes of r developmentTherefore, it is esstial to identify
agents as webs to evaluate their efficacyd to elucidate their mechanisms of actibmthe present study, um
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obtained from tumor bearing rats showed significaatease in AST, ALT and ALP activities along wiignificant
increase in total bilirubin compared to controlraals.The elevation of these enzyme activities wdgative of the
toxic effect of DENA on the liver tissue associateith sever histological distortions (Figurelb-t)is known that
N-nitroso compounds act as strong carcinogens iiow& mammals including primates [23]. DENA has rbee
shown to be metabolized by cytochrome P-450 IIEYRQEZ1) to its active ethyl radical metabolite, @hicould
interact with DNA causing mutation and carcinogén§4]. Administration of sulfated oligosacchamsdgMaltose
SO, Raffinose SQ Stachyose Sf) Chondroitin-6-sulfate orMaltohexaose $Q@o DENAtreated rats showed
restoration of AST, ALT and ALP activities and tabtéirubin level towards normal especially in gmtreated with
Maltose SQ and Maltohexaose SOSuch reverse in serumenzyme activities couldttrbated to the ability of
these compounds to inhibit CYP 2E1 activity (asvalman Figure 3), presumably by serving as a contipeti
inhibitor, leading to a decrease in the formatiad/ar bioactivation of these nitrosamines.This iaygment in the
biochemical parameters were accompanied withimpnavet in the histopathological abnormalities esplcia
Maltose SQ and Maltohexaose S@igure le and i) which showing hepatocytes maiitgi near-normal
architecture while the other compounds revealed eradd improvement of hepatic histopathology oveMNBE

group.

Tyrosine kinases play a critical role in the modiola of growth factor signaling. Activated forms thlese enzymes
can cause increases in tumor cell proliferation gmmavth, induce antiapoptotic effects, and promargiogenesis
and metastasis. In addition to activation by grofabtors, protein kinase activation by somatic rtiatais a
common mechanism of tumor genesis [25]. In congisteith the above fact,our results showed that Igigh
significant increase in the expression of TRK in ND¥streated group, while the administration of stefh
oligosaccharides (Maltose $CRaffinose SQ Stachyose S{) Chondroitin-6-sulfate, Maltohexaose $an the
DENA-treated rats resulted in significantly inhdoiy potential against TRK for all the tested compasicomparing
with the DENA group. Maltose S@nd Maltohexaose S@vere the most potent inhibitor against TRK expim@ss

Tumor cell transformation is a multistage proce&s.In Situ tumor after a period of time abruptly sparks the
formation of new blood vessels from the preexistimgsculature a process termed as angiogenesis or
neovascularization. Tyrosine kinase plays an ingmtrtrole in this process [26]. This process thowgleurs
normally during embryonic development, female rejociive cycle or wound healing is found as a ciusi@ep in
tumor transition from benign to malignant form, abfe of spreading throughout the body [27].Antiagginic
drugs stops new vessels from forming around a tuandrbreak up the existing network of abnormal ltzaes that
feeds the cancerous mass, thus shrinks the tumlimtiyng blood supply[28]. To study the antiangegsis effect

of the prepared compounds we measured the lexd#EGHF and ourresults showed that there was overyatazh of
VEGF after administration DENA. This is in concurtly with Torimura et al. [29] who stated that VE®fs over
expressed intoxicated with DENA. Inhibition of tumgrowth by neutralization of VEGF has been vedfigy
treatment with the prepared sulfated compounds lwhiowed decreased amount of VEGF in the canceirigea
animals, thereby inhibiting the formation of newoddi vessel and tumor growth in the order of Maltose
SO,>Maltohexaose S Stachyose S©Raffinose S@> Chondroitin-6-sulfate.

It has been proposed that sialic acid appears tudhdy sensitive marker for the progression of turgrowth and
its angiogenesis [30]. Previously, Rachesky e{3l] have been reported an increased level of gisateins in
animals exposed to carcinogen diethylnitrosaminghé present study, serum total sialic acid levats estimated
and found to be significantly elevated (p<0.001PIENA-treated rats (Figure5). The exact causesimgi of sialic
acid levels in tumoregenesis is not known, howevarious theories are attributed to such increrasnglterations
in the cell surface during cell transformationpailation of the liver by tumor growth to synthesglgcoproteins or
increased glycosylation [32]. Also, neoplastic sfammation could lead to sialic acid elevation tigb the shedding
of sialic acid from the tumor cell surface or pb$sias a product of the tumor itself [33]. Admimétton of sulfated
compounds leads to significant decrease in TSAllegpecially in Maltose SQOand Maltohexaose S@roups.
Consequently, this suggests that these compoundgegl an important role against DENA-induced
hepatocarcinogenesis by maintaining TSA status.

In the present study, results showed that the iieBvof heparanase and elastase enzymes were highly
significantly increased in DENA-treated group asmpared with control. The treatment with sulfated
oligosaccharide compounds (Maltose ;SRaffinose S@Q Stachyose Sf) Chondroitin-6-sulfate, Maltohexaose
SQy) resulted in decrease in the activity of both eney especially Maltose 3@nd Maltohexaose SQFigure 6).
In the meantime, several studies suggested thgettag the activity of heparanase and elastase tnbigha
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beneficial antitumor therapy for liver cancer [3Bpw studies on the potency of heparanase as eemfakHCC
were found in the literature [35]. Heparanase leparan sulfate (HS) degrading endoglycosidasécimating in
extracellular matrix degradation and remodelingapf its well-characterized enzymatic activitgparanase was
noted to exert also enzymatic-independent functiargch include enhanced adhesion of tumor-derieglts and
primary T-cells [36]. Heparanase seems to moduhate criticalsystems involved in tumor progressioamely
vascular epidermal growth factor (VEGF) expressiwh@&pidermal growth factor receptor (EGFR) activati
Neutralizing heparanase enzymatic and non-enzyfoatitons is therefore expected to profoundly affeonor
growth,angiogenesis and metastasis [37]. A largebar of publications clearly link heparanase exgimsto the
process of tumorigenesis in a wide number of canaenich were reviewed by Zhang et al. [38]. Cdliedy, they
suggest that heparanase plays a fundamental ralgstaining the pathology of malignant diseasesthaartfore it
may provide a potential target for anti-cancer apgr[39].

Elastase is another broad-range proteolytic enziimeght to be a tumor promoter involved in incraggiumor cell
invasiveness by facilitating cell motilityand tramslothelial migration as it has the ability to detg basement
membrane and ECM glycoproteins such as elastimprdrtin, aswell as adhesive molecules and junation
cadherins[40]. Moreover, elastase considered tthbeonly protease that is able to degrade insoleldstin, a
structural component of elastic tissues such asdbl@ssel, skin, lung, liver and breast tissue$. [Bdrthermore,
Taniguchi et al. [42] postulated that increasedtelse destroy the barrier between tumor and tred iculatory
system, either lymphatic or hematogenous, andtresat least loco-regional metastases.

In conclusion, the results of our study clearlyitade a beneficial effect of sulfated oligosaccth@rcompounds
onchemically-induced rat liver tumorigenesis. Ta émowledge, this is the first experimental evideraf the

chemopreventive activity of sulfated oligosaccharmbmpounds. Under our experimental conditions,tésted

compounds especially Maltose $@nd Maltohexaose SCexert their antitumor activity through affectinget
process of angiogenesis and metastasis and magtbet @nticancer agents for inclusion in modernicél trials

after more investigations on higher animals.
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