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ABSTRACT

Selenium (Se) nanopatrticle is a novel Se specisaniinique biological activity and low toxicityhi§ experiment
was constructed to explore new approach in recessfohepatocellular carcinoma using selenium namtiplas.
Biochemical and immunohistochemical markers werelaoted to prove our hypothesis. Seventy adult adaiao
rats were randomly assigned into seven groups. tiegaontrol, Nano-Se, HCC, HCC + Doxo, HCC + NaBe-
(therapeutic), HCC + Nano- Se (protection), HCC ®X» + Nano-Se. The biochemical results revealedifsognt
ameliorative effect of Nano-Se administration arelienzymes (ALT, AST and ALP) in serum. Circugdénel of
a-fucosidase and-fetoprotein and carcinoembryonic antigen were Bigantly depleted upon administration of
Nano-Se. Regarding immunohistochemical findings, ékpression of-catenin, survivin and Ki-67 was down-
regulated as a result of Nano-Se administratioropor post induction ofHCC. The present study sheds light on

| the potent role of Nano-Se in retrogression of hepatocellular carcimom the experimental model. This study
represented a new modality in the treatment of HISIBg the aspect of nanotechnology.

Keywords: Selenium nanoparticle, hepatocellular carcinaimaor markers, apoptosis, proliferation, rats.

INTRODUCTION

The trace element selenium, an essential elemeniimals and humans, has been shown to affedtittetions of
several specific intracellular selenoproteins bingea component of their essential constituentremgsteine. It
was first suggested in the late 1960s that Se ntiglanticarcinogenic, based on an inverse reldtipraf Se status
and risks of some kinds of cancer. Since thenpatantial body of evidence indicates that Se cdred play a role
in cancer prevention [1].

It is well known that selenium has a narrow mar@etween beneficial and toxic effects. As a prongjsin
chemopreventive agent, its use requires consumptien the long term, so the toxicity of Se is al&aycrucial
concern [2].Nanotechnology gives a new hope for medication mmtiition because materials at the nanometer
dimension exhibit novel properties different togbmf both isolated atoms and bulk material. Is tegard, it has
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been suggested by Zhang et al. [3] that Nano-Seeam as a potential chemopreventive agent withaed risk of
Se toxicity.

Accumulating evidences have led to several mecheniseing proposed for the anticancer activity of Beese
include antioxidant defense mechanism, alteratforaccinogen metabolism, enhancement of immuneedilaxice,
regulation of cell proliferation and tumor cell asion as well as inhibition of neoangiogenesis [4].

Cancer of the liver is the fifth most common cantethe world. The incidence of liver cancer varigglely
throughout the world, with high rates in sub—Sahak&ica, eastern and southeastern Asia, and Mslarend low
incidence in Northern and Western Europe and theroas. The incidence among men is over twice d@hatng
women [5].

Primary cancers of the liver in adults are of twaimmhistological types: hepatocellular carcinom&(J, which is
derived from hepatocytes, and cholangiocarcinontdghvis derived from the epithelial lining of thetiahepatic
bile ducts. Among primary liver cancers, HCC is thest common type occurring worldwide. The nomenicéof
this subtype was revised by WHO [6, 7]. Hepatodatigarcinoma is a frequently occurring tumor idiinduals in
many developing countries, where several importésk factors have been demonstrated, including rdbro
infection with hepatitis B and C viruses and otbevironmental factors, such as exposure to aflaf@ansumption
of alcohol, and cigarette smoking [5].

The present research study goaled to explore tleeafoNano-Se in regression of hepatocellular cemtia in
chemically induced animal model.

MATERIALSAND METHODS

a. Preparation of nano-seenium (Nano-Se)

Nano-selenium was prepared by a simple wet chemietthod according to Dwivedi et al. [8]. Brieflypdium
selenosulphate precursor was reacted with diffeoegéinic acids in aqueous medium, under ambienditons.
Polyvinyl alcohol has been used to stabilize tHersem nanoparticles. Then, the synthesized natiofes (Nano-
Se) 50 - 90 nm in siz@Fig. 1) were separated from their sol by using a high-spesdrifuge and redispersed in
agueous medium with a sonicator.

E J - -

Fig. (1): High-resolution transmission electron microscopy image of Nano-Se
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b. Characterization of Nano-Se

The synthesized Nano-Se was characterized by JEM-21L00 high resolution transmission electron nscape
(TEM) at an accelerating voltage of 200 kV. TEM g@s were prepared by suspending the obtained aatiwps
in phosphate buffer and applying one drop of thispension on copper grids coated by thin film aboa.

c. Animals

Seventy adult male albino rats (140+£10g) obtairmednfthe Animal House Colony of National Researcimt@e
Giza, Egypt, were enrolled in the present studye @&himals were housed in transparent plastic catiewood
shavings at a freely ventilated and naturally ilimated room with controlled temperature (25+5°CYl dnumidity
(50+10%). Animals were fed with standard laborat@tydiet consisting of casein 10%, salts mixtufé dvitamins
mixture 1%, corn oil 10 % and cellulose 5% commlete 100 g with corn stard®] and water providedd libitum
Animals were allowed to adapt to their environmfentat least 10 days before the initiation of tkperiment.

The experimental protocol complied with the guide§ for animals experiment which were approvechiygthical
Committee of the Medical Research of the Natioreddarch Centre.

d. Experimental design

After the acclimatization period, the rats weredamly assigned into seven groups (10 rats ea@hdpup (1)
Healthy group set as negative control received l5saline daily during the experimental peridatoup (2)
Healthy group treated with Nano-Se (5mg/kg b.wtin&s/week for 3 weeks) according to Zhang ef2dl(Nano-
Se).Group (3) Healthy group orally administered with N-nitroseidiylamine (NDEA) at a dose of 20 mg/kg b.wt.
five times a week during a period of 4 weeks, th®nmg/kg b.wt. for another week [18hd set as HCC group
(HCC).Group (4) HCC bearing group treated with doxorubicin in @elof 0.072 mg/rat which is equivalent to the
human dose 20 mgfaccording to Barnes and Paget [11] once weeklBfareeks (HCC + DOXO)Group (5)
HCC bearing group treated with Nano-Se (5 mg/kg.b 3vtimes/week) for 3 weeks (HCC + Nano-Se theudip).
Group (6) Healthy group treated with Nano-Se (5 mg/kg b.@times/week) for 3 weeks then orally administered
with NDEA for a period of 5 weeks for induction BiCC (HCC + Nano-Se protectior(iroup (7) HCC bearing
group treated with Nano-Se (5 mg/kg b.wt., 3 timesk) and doxorubicin (0.072 mg/rat once weekly)¥aveeks
(HCC + Nano-Se + DOXO).

At the end of the experimental period, rats westeféh overnight and subjected to diethylether aesg&hThe blood
samples were immediately withdrawn from the retrioital venous plexus and stored at *@Qpending further
analysis. Then, the rats were sacrificed by cehdiglocation and the liver specimens were excisgtsed with
saline solution and fixed in formalin saline (10f&) immunohistochemical examination.

e. Biochemical analyses

Routine liver function tests (ALT and AST) were agsd according to Reitman and Frankel [48H serum ALP
was estimated following the method describedBejfield and Goldberg [13]. Serumfucosidase (AFU) and-

fetoprotein (AFP) were determined by enzyme linkachunosorbent assay (ELISA) according to the masiufa
instructions of Glory Science Co., assay kit, TXS@&). Serum carcinoembryonic antigen (CEA) was deteby
ELISA using CEA assay kit according to the methb&chwartz [14].

f. Immunohistochemical examination

The fixed liver tissues were washed in tap wated then serial dilutions of alcohol (methyl, etlayld absolute
ethyl) were used for dehydration. Liver specimemsre cleared in xylene and embedded in parat 56°C
in hot air oven for 24 h. Paraffin bees wiague blocks were prepared for sectioning trasebgrat 4 um by
sledge microtome. Sections were fixed in 65°C ofgnlh. Rabbit polyclonal primary antibody ficatenin
(Thermoscientific, CA-USA, Cat# RB-9041-R7), wuin (Thermoscientific, CA-USA, Cat# RB-9245-Rand

Ki-67 (Lab Vision Co., Fremont, California, USA, &a RB-9043-R7) were used in immunohistochemicabgs
Henceforward, poly horseradish peroxidase (HRRyyme conjugate was applied to each slide 2@ min.

3,3' Diaminobenzidine (DAB) chromogen was predaand 2to 3 drops were applied on each &id& min.

DAB was washed, rinsed, after which counterstgniith Mayer hematoxylin and cover slipping wererfprmed
as the final steps before slides were exadimnder the light microscope. Image J softwaréH(Nfersion
v1.45e, USA) was calibrated and the imageopgned on the computer screen for image asalysi
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Statistical analysis

Data of the present study were expressed as metandard error (SE) of the mean. Data were andlyzg one
way analysis of variance (ANOVA) using the tftical Package for the Social Sciences (SRB&)ram,
version 11. Difference was considered significahemP value was <0.05.

RESULTS

Biochemical results

a- Liver enzymesanalysis

The data illustrated iffable (1) show the therapeutic and protective potentiaNano-Se on serum activity of liver
enzymes in HCC rat model. In comparison with thgatiee control group, there was significant incee§e<0.05)
in serum ALT, AST and ALP activity in HCC group.tB¢r post-treatment or pre-treatment of HCC grotith w
Nano-Se elicited a significant decreapeQ.05) in serum ALT, AST and ALP activity as comga@uto the untreated
HCC group. Interestingly, there was significant lddpn (<0.05) in serum ALT, AST and ALP activity in both
Nano-Se-treated and Nano-Se-protected groups ipa&aeson with doxorubicin-treated group.

Table (1): Therapeutic and protective effect of Nano-Seon liver functionsin the different experimental groups

Groups ALT (U/L) | AST (U/L) | ALP(ULL)
Negative control 26.7 £ 0.5 42.8+0.6 143.2 + 2.7
Nano-Se 287+ 17 469+1]1 1450+34
HCC 52.7+0.7 | 80.3+15 | 281.8+5.1
HCC + DOXO 50.1+20| 786+1.4 2748+4[
HCC + Nanc-Se (therapeutic | 37.€+25™ | 56.6+ 1.7 | 1520+ 1.8™
HCC + Nano-Se (protective)] 458 +8.4 58.2+2.8 | 1652+ 2.1
HCC + Nano-Se + DOXO 50.8+0.4 78.9+0|8 279%B%

Data are expressed as means + standard error (SE)
a: Significance change at P< 0.05 in comparisorhwiite negative control group.
b: Significance change at P< 0.05 in comparisorniiCC group.
c¢: Significance change at P< 0.05 in comparisoriMitOXO-treated group.

b- Tumor markersanalysis

The data presented ifable (2) reveal the therapeutic and protective effect of N&e on tumor markers serum
levels in HCC rat model. The present results demnatesl that there was significant elevatiga.05) in serum
levels of AFU, AFP and CEA in HCC group when congaawith the negative control group. Post-treatnuergre-
treatment of HCC group with Nano-Se caused sigmificlepletion§<0.05) in AFU, AFP and CEA serum levels as
compared to the untreated HCC group. Similarlyatirent of HCC group with doxorubicin experienceghgficant
decreasep<0.05) in serum levels of AFU, AFP and CEA as coragdo the untreated HCC group. Of note, HCC
groups post-treated or pre-treated with Nano-Sevetosignificant decreas@<0.05) in serum level of AFP in
comparison with the group treated with doxorubiétegarding CEA, post-treatment of HCC group witmdl&e
caused significant decreage<(.05) in CEA serum level, relative to the groupated with doxorubicin. On the
other hand, treatment of HCC group with Nano-Seambination with doxorubicin elicited significamadrease
(p<0.05) in serum levels of AFU and CEA versus trmugrtreated with doxorubicin.

Table (2): Therapeutic and protective effect of Nano-Se on tumor markers serum levelsin the different experimental groups

Groups o-Fucosidase (pg/ml) | a-Fetoprotein (ng/ml) | CEA (ng/ml)
Negative control 55.8+2.4 23.7+0.8 0.12+0.01
Nano-Se 522+1.2 209+1.3 0.14 +0.01
HCC 90.7+49 41.9+1.7 0.72 +0.05
HCC + DOXO 80.5+1% 36.0+1.7 0.58 +0.08
HCC + Nano-Se (therapeutid) 7404”5 29.1+ 1.6 0.37 +0.0%
HCC + Nan-Se (protective 784+ 1.7 30.6+ 1.8 0.5310.02°
HCC + Nano-Se + DOXO 88.1+0.9 39.7+0.8 0.68+0.02

Data are expressed as means + standard error (SE)
a: Significance change at P< 0.05 in comparisorhwiite negative control group.

b: Significance change at P < 0.05 in comparisothidCC group.

c¢: Significance change at P< 0.05 in comparisoriMitOXO-treated group.

Immunohistochemical results

The expression d¥-catenin, survivin and Ki-67 in the liver tissuerafs in the different experimental groups were
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investigated by immunohistochemical assay.

a- p-catenin expression

Representative photomicrographs @fcatenin immunohistochemical staining are illustdatin Figs [2a-g].
Immunohistochemical staining of liver tissue settdd rat in the negative control group using andippagainsf}-
catenin showed negative reaction in the nucleivefrIcells Fig. 2a). Photomicrograph for immunohistochemical
staining of liver tissue section of rat treatedhalitano-Se alone showed slight positive reactiorgfoatenin in the
nuclei of liver cells Eig. 2b). Meanwhile, photomicrograph for immunohistocheshitaining of liver tissue section
of rat in HCC group showed severe positive reaction B-catenin in the nuclei of liver cellsFig. 2c).
Photomicrograph for immunohistochemical stainingligér tissue section of rat in HCC group treateithw
doxorubicin showed mild positive reaction fdcatenin in the nuclei of liver cell$ig. 2d). Photomicrograph for
immunohistochemical staining of liver tissue sectiof rat in HCC group post-treated with Nano-Se vatob
negative reaction fop-catenin in the nuclei of liver cells=ig. 2€). Photomicrograph for immunohistochemical
staining of liver tissue section of rat in HCC gpopre-treated with Nano-Se showed faint positivactien forp-
catenin in the nuclei of liver cell§i(g. 2f). Photomicrograph for immunohistochemical stainofgiver tissue
section of rat in HCC group treated with Nano-Se daxorubicin showed moderate positive reactiorpfoatenin

in the nuclei of liver cellsKig. 2g).

Fig. [2] Immunohistochemical resultsfor B-catenin expression in liver tissue of ratsin the different experimental groups
Fig. (2a): Photomicrograph for immunohistochemistdining of liver tissue section of rat in the néga control group rats using antibody
againstg-catenin showed negative reaction in the nucldivef cells (100x).
Fig. (2b): Photomicrograph for immunohistochemistlining of liver tissue section of rat treatedlwiMano-Se alone using antibody agajfst
catenin showed slight positive reaction in the ruof liver cells (100x).
Fig. (2c¢): Photomicrograph for immunohistochemistdining of liver tissue section of rat in HCC gpousing antibody againgtcatenin
showed severe positive reaction in the nucleiefIcells (100x).
Fig. (2d): Photomicrograph for immunohistochemistdining of liver tissue section of rat in HCC gpotreated with doxorubicin using
antibody againsf-catenin showed mild positive reaction in the nuefdiver cells (100x).
Fig. (2e): Photomicrograph for immunohistochemistdining of liver tissue section of rat in HCC gpopost-treated with Nano-Se using
antibody againsg-catenin showed negative reaction in the nucléivef cells (100x).
Fig. (2f): Photomicrograph for immunohistochenticdaining of liver tissue section of rat in H@@up pre-treated with Nano-Se using
antibody againsf-catenin showed faint positive reaction in thelauef liver cells (100x).
Fig. (29): Photomicrograph for immunohistochenhictaining of liver tissue section of rat in H&®up treated with Nano-Se and
doxorubicin using antibody againgtcatenin showed moderate positive reaction inntheei of liver cells (100x).

b- Survivin expression

Representative photomicrographs of survivin immustoichemical staining are depicted in thegs [3a-g].
Immunohistochemical staining of liver tissue settf rat in the negative control group using amdijp@gainst
survivin showed negative reaction in the nucleiiadr cells Eig. 3a). Photomicrograph for immunohistochemical
staining of liver tissue section of rat treatedhalitano-Se alone showed slight positive reactiorstovivin in the
nuclei of liver cells Fig. 3b). However, photomicrograph for immunohistochemgtalining of liver tissue section
of rat in HCC group showed severe positive reaction survivin in the nuclei of liver cellsF{g. 3c).
Photomicrograph for immunohistochemical stainingligér tissue section of rat in HCC group treateithw
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doxorubicin showed mild positive reaction for swiwiin the nuclei of liver cellsKig. 3d). Photomicrograph for
immunohistochemical staining of liver tissue settaf rat in HCC group post treated with Nano-Sevaob faint
positive reaction for survivin in the nuclei of éiv cells Fig. 3€). Photomicrograph for immunohistochemical
staining of liver tissue section of rat in HCC gpopre-treated with Nano-Se showed mild positivectiea for
survivin in the nuclei of liver cellsHg. 3f). Photomicrograph for the immunohistochemical stajrof liver tissue
section of rat in HCC group treated with Nano-Seé doxorubicin showed moderate positive reactiorstowivin in
the nuclei of liver cellsKig. 3g).

; - il
Fig. [3] Immunohistochemical resultsfor
Fig. (3a): Photomicrograph for immunohistochemistdining of liver tissue section of rat in the ntiga control group using antibody against
survivin showed negative reaction in the nucléiva cells (100x).
Fig. (3b): Photomicrograph for immunohistochemistdining of liver tissue section of rat treatediwNano-Se alone using antibody against
survivin showed slight positive reaction in the leuof liver cells (100x).
Fig. (3c): Photomicrograph for immunohistochenhictaining of liver tissue section of rat in H@®up using antibody against survivin
showed severe positive reaction in the nucleivef kcells (100x).
Fig. (3d): Photomicrograph for immunohistochenhictaining of liver tissue section of rat in H&@up treated with doxorubicin using
antibody against survivin showed mild positiveatean in the nuclei of liver cells (100x).
Fig. (3e): Photomicrograph for immunohistochemistining of liver tissue section of rat in HCC gpopost-treated with Nano-Se using
antibody against survivin showed faint positiveatéan in the nuclei of liver cells (100x).
Fig. (3f): Photomicrograph for immunohistochenticaaining of liver tissue section of rat in H@®up pre-treated with Nano-Se using
antibody against survivin showed mild positive teacin the nuclei of liver cells (100x).
Fig. (39): Photomicrograph for immunohistochenhictaining of liver tissue section of rat in H@@up treated with Nano-Se and
doxorubcin using antibody against survivin showedienate positive reaction in the nuclei of liveHs€100x).

c- Ki-67 expression

Photomicrographs of Ki-67 immunohistochemical stainare represented iRigs [4a-g]. Photomicrograph for
immunohistochemical staining of liver tissue settdd rat in the negative control group using andipagainst Ki-
67 showed negative reaction in the nuclei of liveells Fig. 4a). Similarly, photomicrograph for
immunohistochemical staining of liver tissue settid rat treated with Nano-Se alone showed negatigetion for
survivin in the nuclei of liver cellsHg. 4b). Whereas, photomicrograph for immunohistochenstaihing of liver
tissue section of rat in HCC group showed very sey@sitive reaction for Ki-67 in the nuclei of divcells Fig.
4c). Photomicrograph for immunohistochemical stainofdiver tissue section of rat in HCC group trehigith
doxorubicin showed mild positive reaction for Ki-&¥ the nuclei of liver cellsKig. 4d). Photomicrograph for
immunohistochemical staining of liver tissue sactad rat in HCC group post-treated with Nano-Sevatb mild
positive reaction for Ki-67 in the nuclei of liveells Fig. 4e). Photomicrograph for immunohistochemical staining
of liver tissue section of rat in HCC group preaterl with Nano-Se showed moderate positive reaéioKi-67 in
the nuclei of liver cellsKig. 4f). Photomicrograph for immunohistochemical stainifigjver tissue section of rat in
HCC group treated with Nano-Se and doxorubicin sftbsevere positive reaction for Ki-67 in the nudgliver

cells Fig. 49).
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Fig. [4] Immunohistochemical resultsfor Ki-67 expression in liver tissue of ratsin the different experimental groups
Fig. (4a): Photomicrograph for immunohistochenhictaining of liver tissue section of rat in thegative control group using antibody
against Ki-67 showed negative reaction in the nuafiéiver cells (100x).
Fig. (4b): Photomicrograph for immunohistochemistdining of liver tissue section of rat treatedlwiMano-Se alone using antibody against Ki-
67 showed negative reaction in the nuclei of liwets (100x).
Fig. (4c): Photomicrograph for immunohistochentictaining of liver tissue section of rat in H@@up using antibody against Ki-67
showed very severe positive reaction in the nudlgver cells (100x).
Fig. (4d): Photomicrograph for immunohistochenhictiaining of liver tissue section of rat in H@@up treated with doxorubicin using
antibody against Ki-67 showed mild positive reactin the nuclei of liver cells (100x).
Fig. (4e): Photomicrograph for immunohistochenhistaining of liver tissue section of rat in H@@up post-treated with Nano-Se using
antibody against Ki-67 showed mild positive reactio the nuclei of liver cells (100x).
Fig. (4f): Photomicrograph for immunohistochenicaaining of liver tissue section of rat in H@@up pre-treated with Nano-Se using
antibody against Ki-67 showed moderate positivetiea in the nuclei of liver cells (100x).
Fig. (49): Photomicrograph for immunohistochenhictiaining of liver tissue section of rat in H@@up treated with Nano-Se and
doxorubicin using antibody against Ki-67 showedkese positive reaction in the nuclei of liver sg[100Xx).

DISCUSSION

Hepatocellular carcinoma is one of the most fatalignancies, with a 5-year survival rate of 10 %less.
Conventional chemo and radio-therapy play an ingmtrtole in the treatment of hepatocellular cansiap but
clinical limitations exit because of dose-limitirglde effects and drug resistance, this reitergtesneed for
alternative therapies with more efficacy [15]. Téfere, the present work was designed to exploresffieacy of
Nano-Se in suppressing hepatocellular carcinomatimodel. The results of the current study rewidat the
administration of the carcinogenic agent (NDEAYaits significantly increased the activity of livemzymes (AST,
ALT and ALP) in serum. The amount of these cell@azymes present in the blood reflects the altarati plasma
membrane integrity and/or permeability. These figdi are in conformity with those of Willimsky et §6]. The
mechanism underlying this effect seems to be atiibto the free radicals production during NDEAtabelism,
which induce oxidative damage of the hepatic cadlhmhrane. As a result, these cytoplasmic enzymesyaily

located in the cytosol, leaked into the circulatioom the hepatocytes resulting in the increasdivigc of such

enzymes in serum [17].

The present results revealed that the treatmedCa group with doxorubicin caused insignificant eha in serum
ALT, AST and ALP enzymes activity relative to thetreated HCC group. Doxorubicin has a metaboliviagthat
elicits generation of free radicals and inductidnoaidative stress leading to liver tissue injud8]. Hence,
doxorubicin causes an imbalance between free oxyagicals (ROS) and antioxidants enzymes resultingver
damage[19], as indicated by the increased serum indidekver functions including ALT, AST and ALP. The
elevated serum activity of liver enzymes as indicstfor hepatocellular damage has been previaeggrted in
doxorubicin-induced hepatoxicity model [20].

The present study showed that the administratioll @€ group with Nano-Se resulted in significant réase in
serum AST, ALT and ALP activity as compared witlogh in the untreated HCC group. The depletion mrse
enzyme activity indicates the ability of Nano-Sentaintain the normal structural and architecturglaization of
hepatocytes by restricting the leakage of thesgrneag which can be accounted for membrane-stahglighoperty
of Nano-Se. This explanation comes in line witht thla2Ahmed et al. [21] who proved the adequacyealésium to
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preserve the structural integrity of hepatocellombrane and restore hepatic functions in rats hviéeir fibrosis
induced by thioacetamide. This finding is also &rhony with that of Kumar et al. [22]ho reported a significant
reduction in the activity of liver enzymes (AST, Aland ALP) in serum of rats with hepatic damage tredted
with selenium. Moreover, Ozardali et al. [28hted that selenium could diminish the hepatotefiect of CCl,-
metabolites through its antioxidant activity whishresponsible for the modulation of hepatic celiuihjury and
improvement of liver functions.

In view of the present data, serum AFU activity vimsnd to be significantly increased in rats begi#CC as a
consequence of NDEA administration. This resulhisonsonance with the study of Chen et al. [24]hdugh the
mechanism by which AFU increases in HCC is stiknmwn, but the possible mechanism for that increaag be
attributed to the increased synthesis of protejnsumor due to the exponential growth of maligneells with a
consequent increase in fucose turnover [25].

The present findings demonstrated significant audgat®n in the serum level of AFP in HCC group indd by
NDEA administration. This finding is in accordangdth that of Song et al. [26]. AFP is a fetal glpcotein
produced mainly by the fetal liver. Normally, iterem level declines rapidly after birth and its thsis is
suppressed in adults [27]. The possible explandtio the reinitiation of AFP synthesis by neoplastepatocytes
may be due to the increased activity of nuclearofakappa B (NFe<B) which is known to be implicated in HCC
[28]. NF«B is an inducible transcription factor that regetathe expression of genes involved in inflammation
cellular proliferation, cell survival and carcinogsis [29]. Previous study of Cui et al. [30] sugigd that the
inflammation is the main cause of AFP production.

In this study, serum CEA level in the group with EiGnduced by NDEA administration showed significant
elevation. Such increase in serum CEA level wasymably associated with the progression rate oftyiibs
location, stage, size, differentiation and vasdnyd31l]. Macnab et al. [32] demonstrated that thenor could
induce a release of CEA from the damaged liverscatljacent to it. Another earlier study reporteat tBEA is
normally cleared from the circulating plasma by liver [33]. Thus, the increased serum levels ofAGiBuld be
resulted from the impaired hepatic uptake of CEABA-like glycoproteins.

The present finding revealed that Nano-Se admatistt post or pre induction of HCC resulted in #igant
depletion in the activity of AFU in serum. The a&mthor activity of selenium has been previously régab by Jiang

et al. [34]. The capability of selenium to inhibit tumor growdlccounts for the reduction of protein synthesis by
tumor cells with consequent decrease of fucoset@mand AFU production.

The current study recorded that AFP serum levaNamo-Se administrated groups (after or before itidoncof
cancer) was significantly reduced. This resulnikéeping with that of Liu et al. [35]. These autheuggested that
selenium might deaden the lesion of the liver agldylNDEA-induced hepatocarcinogenesis in ratss Tésults in
decreased AFP production with consequent reduaifoits serum level. This indicates the antitumdieef and
antiangiogenic activity of selenium which lead lbe tdecreasing of tumor growth with observed demtetn AFP
synthesis by tumor cells.

The present results indicated that administratioNano-Se after or before induction of HCC sigrafitly reduced
CEA serum level. This result is supported by theulteobserved by Hamdy et al. [36]. The observenlali®n in
CEA serum level by Nano-Se may be attributed taiticancer potential which results in tumor voluraduction
and inhibition of protein synthesis by the malighaells. This suggestion comes in line with thedgtwof
Bhattacharya et al. [3#hich demonstrates that selenium possesses argicand antiangiogenic efficacy that
results in a significant inhibition of tumor growih an orthotopic model of human colon cancer. Moeg, other
earlier study showed that the chemoprotictive ¢fééselenium was due to its inhibitory effect aell growth, and
protein synthesis in transformed cell [38].

The current data revealed that the treatment watodubicin in HCC bearing rats resulted in sigrafit decrease in
AFU, AFP and CEA serum levels. Moustafa et al. [388ted that the treatment of HCC patients witleghr
intravenous cycles of adriamycin decreased AFPnséeuel. The possible explanation for the obsedepletion in
AFP, AFU and CEA serum levels by doxorubicin maydoe to its ability to reduce the tumor mass rasgilin
decreased protein synthesis by the tumor. Thisestgm is in agreement with that of Kusuzaki et[4Q] who
reported that doxorubicin treatment resulted irrelasing the volume of malignant soft tissue tumors.
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The results of the current study revealed thatetlhvess marked upregulation of the expressiofi-cétenin in the
liver tissue of HCC group. HCC is a multifactoridibease resulted from the dysregulation of multjd¢hways.
One of the most significant pathways in HCC is Wiet/B-catenin signaling-catenin is the central effector of the
canonical Wnt signaling, the major regulator of mamllular processes such as proliferation, difféetion,
survival and self-renewal [41]. Suzuki et al. [4@lind thatB-catenin protein expression was located mainhhin t
cell membrane of highly differentiated HCC tissughwa low Ki-67 proliferation index. While, cytoeic or
nuclearp-catenin protein expression was observed in |désrentiated HCC tissue with a high proliferatiomdeéx.
Thus, it can be hypothesized that, to some exthetchange in localization @-catenin expression reflects the
differentiation of HCC tissues.

In view of the present data, remarkable omepression of liver survivin was observed in HCOugr. This result is

in conformity with that of Zhu et al. [43]. Surviviis a novel member of the inhibitors of apoptgsisteins (IAP)
family that inhibits the activation of caspase-3laf in cells exposed to apoptotic stimuli [44]. dacancer cell
lines, including human hepatoma cells, displayed resistance toward TNF-related apoptosis-inducing
ligand (TRAIL)-mediated apoptosis [45]. There isgaowing body of evidence indicates that intracelful
antiapoptotic pathways including NéB and Akt modulate the response to TRAIL in many cancer cafid
contribute to resistance toward TRAJ46]. NF«B has been found to be upregulate the antiapoptotilecules
including survivin [47].

The current study showed detectable upregulatiogi-&7 in the liver tissue of rats bearing HCC. Umea et al.
[48] reported that high dose of NDEA administration the experimental animals induced cell prolifiena
associated with DNA mutations and induction of HQTr finding comes in line with the study of Pizetral. [49]
which showed that Ki-67 gene expression levels wagher in neoplastic liver than in non-neoplastice.
Moreover, Ogunwobi and Liu [50] recorded signifitap regulation of cyclooxygenase 2 (Cox-2) gene expoess
level in HCC. Cox-2 deletion has been found to i§igently inhibit Ki-67 expression in the HCC xenadts. This
indicates that overexpression of Cox-2 gene erdmtie expression of Ki-67 [30].

The current results indicated that the adminisiratf Nano-Se post or pre induction of HCC markedijuced the
expression of-catenin in the liver tissue. This result is in @oance with the study performed byo et al. [51]
which indicated that methylseleninic acid (MSA) buweduce the protein level @f-catenin and accelerate its
degradation in esophageal squamous cell carcin@hradegradation df-catenin by MSA was probably mediated
by activation of glycogen synthase kinage(@SK-33) activity which is a key component ffcatenin destruction
complex that phosphorylat@scatenin and presents the protein for degradatyoubiguitin-proteasome system.

The current study showed that the administratioNafio-Se post or pre induction of HCC markedly cedlthe
expression of survivin in the liver tissue. Thisuk is in agreement with the study of Chun ef5#] which showed
that methylseleninc acid treatment in human esogddaggjuamous carcinoma cell line resulted in doguregion of
survivin gene. Moreover, Fang et al. [53] foundt thadium selenite inhibited intestinal carcinogénés vivo and
in vitro through activation of JNK1 and suppressiorpafatenin signaling pathway resulting in downregolatof
its target genes. One of the target genef-cdtenin/TCF (T cell factor) pathway which playatitoles in cell
apoptosis and cell cycle regulation is survivin][54

Nano-Se administration post or pre induction of H@Ghe present work has been shown to remarkalppress
the expression of Ki-67 in the liver tissue. Thesult is in harmony with that of Hu et al. [55] whishowed that
dietary selenium intake resulted in significantibition of colonic epithelial proliferation throughkignificant
reduction of Ki-67 labeling index in colonic cryp8Such decrement may be due to the inhibitory efféselenium
on Cox-2 gene expression with consequent inhibitKi-67 expression. In line with this finding Beés et al. [56]
reported that selenomethionine suppressed Cox-2 AnkRMels in HCA-7 cells (human colon cancer cefie)
which could account for decreased Cox-2 proteielevThus, the decrease in Cox-2 gene expressieh gy be
attributed to the observed decrease in Ki-67 egwadn the liver tissue of rats administered N&goas shown in
the present study. Interestingly, Luo et al. [5¥)rd that HeLa (human cervical carcinornalls treated with Nano-
Se were arrested in the S phase. When cancelacellsrested in the S phase, the mitosis and gratibn of cancer
cells are inhibited. Thus, Nano-Se could signifibaimhibit the proliferation rate of HelLa cells,itw consequent
down regulation of the proliferative markers inéhglKi-67.
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The present study demonstrated that doxorubicatrtrent in HCC bearing rats elicited remarkable degulation

in B-catenin, survivin and Ki-67 expression in the titissue. These findings might be attributed to dapeptotic

and antiproliferative effects exerted by doxorubif&8]. There are two proposed mechanisms by wtictorubicin

could act in cancer cells, (i) intercalation intd!® and disruption of topoisomerase-ll-mediated Difair and (i)

generation of free radicals with their damaging actpon cellular membranes, DNA and proteins [59k0Athe

apoptotic effect of doxorubicin is correlated witie redox activation of doxorubicin by endothelitric oxide

synthase (eNOS) [60]. Denard et al. [61] reporteat tloxorubicin inhibited proliferation throughratilating de

novo synthesis of ceramide, which in turn activates BRIEL, a transcription factor synthesized as a mambr
bound precursor. Doxorubicin stimulated proteolyieavage of CREB3L1 by site-1 protease and sipecPease,
allowing the NH2 terminal domain to enter the nusleWithin the nucleus, it could activate the tripgion of

genes encoding the inhibitors of the cell cyclee§é mechanisms might be contributed in eliciting dbserved
downregulation of the antiapoptotic and proliferatmarkers as a consequence of doxorubicin treatmadCC

bearing rats.

Of note, the combination between doxorubicin ankkréem nanoparticles revealed no treatable actigainest
hepatocellular carcinoma as shown in the data efpiesent study. The exact mechanisms behind tieist @re
presently unknown.

CONCLUSION

The present research study has brought about cngpeVidence favoring a potent role of seleniumayzarticles
in repression of hepatocellular carcinoma in theeeixnental model. The therapeutic and protectifeces afforded
by selenium nanoparticles in this concern was Yikattributable to their hepatoprotective potentihtitumor
activity, apoptotic property and antiproliferatieapacity. Thus, selenium nanoparicles may be geodlidates
against hepatocellular carcinoma. However, furthieical studies including detailed toxicity anadgsare needed to
determine the usefulness of these nanoparticlégitreatment of cancer.
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