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초 록

마우스에서 스쿠알렌의 방사선방호 효과

동 경 래000000000000000000

지도교수 :정 운 관

조선대학교 일반대학원 원자력공학과0

방사선치료 시 방사선피폭으로 인한 정상조직의 장해를 예방하려면 방사선조사 전이나 후

에 적절한 방사선 보호제의 처치를 받아야 하므로 본 연구 목적은 심해 상어의 간에 많이

함유된 자연산생물에서 추출한 Squalene(SQ)의 방사선 방호효과를 구명하는데 있다.이를

위해 3Gy방사선이 1회 전신 조사된 마우스에게 SQ을 투여한 후 첫째,세포 활성능을

관찰하기 위해 세포사(apoptosis)로 이어지는 세포신호경로 중 Caspase-3및 Caspase-9를

측정하였고,둘째,세포 염증반응을 관찰하기 위해 NO(nitricoxide)를 측정하였으며,셋째,

방사선 유도 사이토카인을 관찰하기 위해 TNF(tumor necrosis factor)-α,

IL(interleukin)-6과 IL(interleukin)-10을 측정하였다.아울러 SQ의 방사선 방호효과에 관한

보조자료 획득 일환으로 동일 마우스의 혈청(serum)에 대한 생화학적 분석도 함께 실시하

였다.실험그룹은 정상(normal),방사선조사대조군(irradiationcontrol),방사선조사 전처치

군(SQ treatmentgroupofbeforeirradiation),방사선조사 후처치군(SQ treatmentgroup

ofafterirradiation)으로 설정했고,다시 방사선조사대조군은 irradiation+Measurement

after3day과 irradiation + Measurementafter7day로,방사선조사 전처치군은 SQ

treatmentfor7and3days+irradiation+Measurementafter3day,SQtreatmentfor

7 and 3 days + irradiation + Measurementafter7 day로,방사선조사 후처치군은

irradiation+SQ treatmentfor3day+방사선조사 3일 후에 측정,irradiation+SQ

treatmentfor7day+방사선조사 7일 후의 측정군으로 나누웠다.방사선장해에 대한

Squalene의 방호효과를 실험하기 위해 마우스에게 10MeV급 Linac치료 장치를 사용하여

생체조직의 생화학적 변화가 가장 활발하게 발현되는 선량역인 3Gy의 선량을 적용하여

300cGy/min선량률로 1회 전신 조사하였다.세포 활성능을 관찰하기 위한 Caspase-3및

Caspase-9검사에서 Caspase-3은 소장과 간 모두 7,3일전 투여,Caspase-9는 소장에서 7

일전,간에서 7,3일전 투여 시 방사선대조군에 비해 SQ처치군에서 Caspase생성이 억제

됨을 확인하였다 (p< 0.05).세포 염증반응을 관찰하기 위한 NO 검사에서는 소장과 간

모두 7,3일전 방사선대조군에 비해 SQ처치군에서 NO생성이 증가됨을 확인하였다 (p<
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0.05).방사선 유도 사이토카인 중 TNF-α,IL-6,IL-10검사에서 소장과 간 모두 SQ을 7

일전 투여 시 방사선대조군에 비해 SQ처치군에서 TNF-α,IL-6,IL-10생성이 억제됨을

확인하였다 (p< 0.05).혈청검사에서 SQ의 투여로 인해 회복을 나타낸 경우로는 TP

(totalprotein)에서 SQ을 방사선 조사 7일전에 투여 후 방사선 조사를 마친 3일 후에서 증

가,Albumin에서 SQ을 방사선 조사 7일전에 투여 후 방사선 조사를 마친 3일 후에서 증

가,LDH에서 SQ을 방사선 조사 7일전에 투여 후 방사선 조사를 마친 3일 후에서 증가,

HDLC에서 SQ을 방사선 조사 7일전과 3일전에 투여 후 방사선 조사를 마친 3일 후에서

감소,LDHC에서 SQ을 방사선 조사 7일전에 투여 후 방사선 조사를 마친 3일 후에서 증

가,UA에서 SQ을 방사선 조사 7일전에 투여 후 방사선 조사를 마친 3일 후에서 증가하였

다.결론적으로,본 연구에서 항산화효과가 탁월한 Squalene은 Caspase생성 억제,Nitric

Oxide생성 증가,TNF-α 생성 억제,IL-6생성 억제,IL-6생성 억제 등을 유도함으로써

방사선 방호작용을 수행한다는 사실을 규명하였고,화학적 독성이 적은 방사선방호제로 활

용될 수 있음을 확인하였다.

중심어:방사선치료,방사선방호제,Squalene,마우스,Caspase-3,Caspase-9,NO,TNF-α,

IL-6,IL-10
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I.Introduction

SinceX-ray wasdiscoveredby W.C.Rõntgen in 1895,radiation hasrapidly

becomevaluableandhaswidelybeenusedinsuchfieldsasmedicine,engineering,

andscienceand,inparticular,theareaofradiationisalsoappliedtodiagnosisand

therapy inthemedicalfieldduetotheincreaseofmedicalcheck-upsandthe

developmentofradiationdiagnosticequipment;however,how helpfulorharmfulit

istoahumanlifeisverycontroversial
[1]
.Inthisrespect,therecentlyincreased

useofatomicenergyfacilities,thepotentialofregionsneighboringnuclearwaste

sitestobecontaminatedbyradioactivesubstances,andtheincreasedchancesfora

humanbodytobeexposedtoradiationforthepurposeofdiagnosisandtherapy

areincreasingtheneedofradioprotection.A radiationdoseaboveacertainlevel

maycausethreetypesofradiationinjury:sublethaldamagefrom whichonecan

recoverwithinseveralhoursafterstimulation,potentiallylethaldamagewhichis

usuallylethalbutfrom whichonecanrecoverifproperenvironmentalchangesare

made,and lethaldamagefrom which onecan neverrecover
[2]
.In particular,a

sessionofhigh-dosewhole-bodyirradiationcanresultinmoreseriousradiation

injury.Ordinary people can be exposed to radiation through naturalradiation

exposure,medicalexposure,and accidentalexposure.Naturalradiation exposure

referstoexposuretoradiationintheair,from underground,andfrom thespace

andismadein alowerdosethan permissibleone.Medicalradiation exposure

duringradiodiagnosisorradiotherapyforcancerisunavoidabletopreservehealth

butcanpossiblycauseseriousradiationinjury,therebyruininghealth.Inaddition,

sudden,accidentalexposure,forexample,duetoradioactivityleakagefrom nuclear

powerplantsinChernobyl,theformerSovietUnionin1986andnucleartestin

NorthKoreain2006isathreatthatcanbringatremendousdisastertohuman

beings.Materials which are used to reduce radiation injury through proper

treatmentofanorganism beforeorafterirradiationarecalledradioprotectors.Such

materials are classified into two functionalcategories:protection,which is a

requirementoftreatmentbefore irradiation,and repair,which is effective as
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treatmentafter irradiation.Radioprotectors include such chemicals as cyanide,

carbon monoxide,epinephrine,histamine,serotonin,cysteine,cysteamine,AET

glutathione, WR-series, and polymer compounds (e.g. dextran sulfate,

Lipopolysaccharide,carbon particle,polyacrylamide beads,etc.)[3-6].Someofthe

otherradioprotectorsarenaturalprotectiveagents,which can usually betaken

thankstolowerlevelsofchemicaltoxicity,includingginsengextracts,vitaminC,

andvitaminE.Ginsengextractshadtherepairabilityofcellsandthesurvivalrate

significantly affected by theadministration time:thegreatestprotectiveeffects

were found in case of administration 24 hours before irradiation.Polymer

compoundsgavethegreatestprotectiveeffectsincaseofadministrationoneto

threedaysbeforeirradiation
[7]
.SouthKoreanresearchershaverecentlyexamined

suchchemicalprotectiveagentstoreduceradiationinjuryasMacroGlucan,TMG

(vitamin E derivative),Guarana,propolis,extractsofediblemushrooms(EEM),

greentea,thioagents,melatonin,vitaminC,andginseng
[8,9]
.However,mostofthe

otherprotectiveagentsthanvitaminagents,greentea,andginsenghavelimitations

inusageduetohighlevelsoftoxicityintheeffectivedose(ED);inparticular,

theyneedtobetreatedbeforeradiationexposure
[10]
.Sorecentresearchhaspaid

attention to bio-response changes with radiation ofnaturalproducts,such as

epigallocathechingallote(EGCG),acorecatechincomponentofgreentea,ginseng,

andredginseng[11-13].Researchonradioprotectionisbeingverypositivelyconducted

abroadaswell.Anacidicfibroblastgrowthfactor(FGF1)makesradioprotective

effectsthroughamechanism ofstimulatingproliferationofbonemarrow stem cells

and hasbeen found tostimulatenotsimply fibroblastsbutalso diversecells,

includingbonemarrow cellsandendothelialcells[14].In-vitrotestwasperformedto

see how protective three stable nitroxides―carbamoyl(CM)-,methoxycarbonyl

(MC)-, and hydroxymethyl (HM)-PROXYL―were of a lethal X-ray (8Gy)

irradiated mousefrom having DNA damage;asaresult,radioprotectiveeffects

werefoundintheorderofHM->CM-=MC-PROXYL.Radioprotectionbythese

nitroxidesmaydependnotonlyonthepotentialforoxidation-reductionreaction

andreactivitybutalsoondynamicactions,suchasabsorptionandexcretionof

medicine
[15]
.Ithasrecentlybeenreportedthatammonium trichloro-tellurate(AS101)
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hassignificantradioprotectiveandchemicallyprotectiveeffectsonhematopoiesisin

amouseexposedtoradiationortreatedwithvariouschemicals.Treatmentwith

AS101hasbeenfoundtobeveryeffectiveinrecoveringhematopoiesisinpatients

suffering from excessive oraccidentalexposure to radiation by reducing the

amountofsemi-acuteproteinandalbumin
[16]
.IL-1β nonapeptidesinhumanbeings

are palmitoylresidues,which perform immunostimulation of innate molecules

withoutinflammation orfebrility and significantly protecta mouseexposed to

ionizingradiationinthepotentiallethaldose.Thisresultnotonlysuggeststhe

importanceofsmallpeptidederivatizationinradioprotectionbutalsoimpliesthat

toxin cytokineisgenerated to increaseradioprotectiveactivities
[17]
.In amouse

exposed to a sublethalorlethaldoseofradiation,IRS-19 administration may

promotetheregenerationofhematopoieticcellsinthespleenandbonemarrow.

Suchhematopoieticcolonystimulationmayleadtoradioprotectionincombination

withstep-by-stepreactionofcytokine
[18]
.Besides,manganoussuperoxidedismutase

(MnSOD),which is enzyme generated from mitochondria and is excellentin

antioxidant protective functions,reportedly has radioprotective effects and a

cytokineapproachmethod,whichcanalsobeappliedtoradiationinjuryinclinical

practice,hasbeenpresented
[19,20]
.Squalene(SQ;hexamethyltetracosahexane;C30H50)

isformedbythirtyhydrocarbonchains,includingsixdoublebonds,hasmolecular

weightof410.70,and isstructurally similarto β-carotene.Asan intermediate

generatedduringtheprocessofcholesterolsynthesisinvivo,SQ ishydrocarbon

synthesized in vertebrates and plants;in particular,a largeamountofSQ is

containedintheliverofcentrophorusatromarginatus
[21]
.SQ issynthesizedthrough

farnesylpyrophosphataseaftermevalonatephosphorylation during theprocessof

cholesterol synthesis; cholesterol is synthesized through SQ epoxidase and

lanosterolandhydrocarbon chainsareunstableandarevulnerabletooxidation.

Oliveoilamong plantscontainsthelargestamountofSQ,whichisprincipally

synthesizedintheliverofanimalsandalargeamountofwhichiscontainedin

diverse regions,including blood plasma,the skin,subcutaneous fatty tissues,

abdominalfattytissues,lymphnodes,arterialwalls,adrenalglands,thepancreas,

andthemyocardium.SQ isnotoilbecauseitcontainsnohydroxycarboxylgroup
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butisparticularlycharacterizedbyeasycombinationwithoxygenions.Itactsina

similarwaytoozone,iseffectiveincuringawound,increasescardiacactivity,and

inhibitsvasodilatationandatherosclerosis.SQ haslongbeenusedasahealthfood

inJapanandKoreaandisreportedlyeffectiveagainsthyperlipemla,atherosclerosis,

myocardialinfarction,liverdiseases,andgastrointestinaldiseases
[22]
.Ithasbeen

foundthatSQsynthesisandsynthetasearelocatedattheendoplasmicreticulum in

livercellsofawhitemouseandthatSQsynthesisinamicrosomalfractionvaries

withafew low-fatmedicinesordiet[23,24].Whileanaccuratemechanism ofSQhas

notbeendiscoveredyet,dietarySQ intakemayactivatecholesterolsynthesisand

low densitylipoprotein(LDL)apoBmetabolism inhumanbeings(Miettinenetal.,

1986)andreduce3-hydroxy-3-methylglutarylcoenzymeA (HMG CoA)reductase

activityintheliverofawhitemouse[25].AnSQ inducer,2-aza-2-dihydrosqualene,

servesasacholesterolsynthesisinhibitor,facilitatescelldivisioninthestratum

basaleoftheskinwithaburn
[26]
,andmakesskinregenerationeffectsbyremoving

harmfuloxygencausedbyaburn
[27]
.Storm etal.foundthatSQ notonlyremoved

reactiveoxygenspecies,promotedcellularimmuneresponses,facilitatedrecoveryof

damagedcellsandcellproliferationbutalsowaseffectiveinprotectingtissuesand

extending lifespan by stabilizing reactiveoxygen and activating antioxidants
[28]
.

Bennettetal.notedthattissuerecoveryorregeneration,inflammatoryresponses,

mitosis,angiogenesis,synthesis,andextracellularmatrixaswellasdelayofaging

were performed through a complicated biologicalprocess
[29]
.A peptide growth

factor,whichplaysacrucialroleininitiatingandmaintainingregenerationofthese

tissues,reportedlycontrolssuchaprocessinvitroandinducesgenerationofa

peptidegrowthfactor,whichcontrolsanimportantphaseincuringawound,in

vivo. Typical factors include a platelet derived growth factor (PDGF), a

transforming growth factor-β (TGF-β),an epidermalgrowth factor(EGF),an

insulin likegrowth factorI(IGF-I),and a fibroblastgrowth factor(FGF).A

mechanism ofthegrowthfactorsisperformingitsfunctionintargetcellsthrough

internal secretion, iso-secretion, autocrine, and receptor coupling; EGF is

polypeptide,whichisstablewithheat,issafefrom dialysis,andconsistsof53

aminoacidswithmolecularweightof6,045andthreeintramoleculardisulfidebonds
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necessary forbiologicalactivity
[30]
.Inparticular,EGF,which isassociatedwith

epidermalregeneration,forms TGF-α,amphiregulin,and heparin-binding EGF

families,which have similar structuralfunctions.Human EGF has a similar

molecularstructure,antigens,andbiologicalpropertiestothatofamouse,hasno

speciesspecificitybecauseitactsequallyonareceptorofcellmembranes,andhas

alowerlevelofactivitythanmurineEGF
[31]
.EGFiscoupledwithanepidermal

growthfactorreceptor(EGFR)toactivatetyrosinkinaseofthereceptorandto

facilitate cellproliferation and differentiation and DNA,mRNA,and protein

synthesis
[32,33]
.EGFhasmetaboliceffects:itfacilitatesproteinandRNA synthesis,

facilitates protein synthesis in ribosome,induces ornithine decaboxylase,and

accumulatespolyamineintracellularly
[34]
.EGFissecretedfrom kidneys,thelacrimal

gland,the submandibular gland,the Brunner gland,and megakeryocyte and

excretedthroughsaliva,lachrymalfluid,andurine,andisdischargedbyplatelet

activationintheinitialstageoftissueregenerationwithbloodEGFconcentration

ofapproximately130pmol/L,whichistheamountofsecretionthatcanfacilitate

cellmovementanddivision[35].NanneyfoundthatEGFplayedaroleinactiveskin

regeneration by increasing the number of fibroblasts, by increasing

neovascularization,andbyaccumulatingcollagenousfibersintheprocessofcuring

awoundintheporcineskin
[36]
.Neilletal.notedthatEGFanditsreceptorsplayed

a crucialrole in restoring softand hard tissues to cure a wound and that

treatmentwithEGFcouldacceleraterecoveryofnormaltissuesandfacilitatecure

ofawound
[29]
.Topreventanyinjuryfrom radiationexposure,itisnecessaryto

receivetreatmentwithaproperradioprotectorbeforeorafterirradiation.However,

mostradioprotectorscannotbeeffectiveprotectorsfrom radiationinjurybecause

theyarechemicalsaccompaniedbyhighlevelsoftoxicity,canhardlybetaken

usually,andarerarely availabletoordinary people.Itisthereforeessentialto

conductresearchontheradioprotectiveeffectsofnaturalproducts,suchasSQ,

whichdonoharm tohumanhealthandwhichanyonecantakeatanytime(Fig.

1).
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Fig.1.Cellsignaling.

The purposeofthisstudy is to determinetheradioprotective effectsofSQ

extractedfrom naturalproducts,alargeamountofwhichiscontainedintheliver

ofcentrophorusatromarginatus.Forthis purpose,SQ wasadministered to mice

exposedtoasessionof3Gywhole-bodyirradiation;then,first,Caspase-3and

Caspase-9inthecellsignalingpathways,whichledtoapoptosis,weremeasuredto

examine cellactivity; second,nitric oxide (NO) was measured to observe

inflammatory responses in cells;and third,a tumornecrosis factor(TNF)-α,

interleukin (IL)-6, and interleukin (IL)-10 were measured to observe

radiation-inducedcytokine.Inaddition,biochemicalanalysesoftheserum from the

samemiceweremadeaspartofanattempttoobtainsupplementarydataabout

theradioprotectiveeffectsofSQ.
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II.MaterialsandMethods

A.Materials

1.ExperimentalAnimals

TheexperimentalanimalsinthisstudywereC57BL/6mice(weighing25-35

g)producedandsuppliedbyDamulLaboratoryAnimalCenter(SouthKorea).

Theywereraisedinacagemadeofpolycarbonate(40×25×17cm)ina

breedingroom withtemperaturekeptat23±2℃ andhumidityat45±5%

andwereallowedtohavefeed(manufacturedbyCheiljedang)andwaterfreely.

A totalof49mice,7perexperimentalgroup,wereusedinthisstudy.

Theanimalswereusedwiththeaim ofpromotingandprotectinghealthof

mankindtomeetthepurportoftheDeclarationofHelsinki;propermeasures

weretakentominimizeadverseenvironmentaleffects;andeveryeffortwas

madetocreatetheoptimumwelfareenvironmentforthemthroughouttheperi-

odofexperiment.

2.Reagents

ThereagentsinthisstudyincludedBicincchoninicacid(BCA)protein

assay kit(Pierce,U.S.A.),Sodium nitrate(Sigma,U.S.A.),sulfanilamide

(Sigma,U.S.A.),N-(naphthyethylene)diamine(Sigma,U.S.A.),Tris (Bio

Basic, U.S.A.), Ethylenediaminetetraaceticacid (EDTA, Sigma, U.S.A.),

Sdoium chloride (NaCl,Junsei,Japan),Triton-X 100 (Junsei,Japan),

Sodium nitrate(Sigma,U.S.A.),ELISA Kitsofmonoclonalantibodiesfor

TNF-α, IL-6, and IL-10 (R&D systems, MIN, U.S.A), and

Caspase-3/CPP32& Caspase-9/Mch6ColorimetricAssayKit(Biovision,

U.S.A.),andSQwasaproductofSemo(SouthKorea).

3.Serum Analyzer

Serum centrifuged from murine blood was analyzed using an auto

analyser(7170,Hitachi,2004).
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4.Irradiator

A 10MeV LinacX-rayradiationtherapysystem (Clinac21Ex,Varian,

2004)wasusedforirradiation.

B.GroupingforExperiment

Theexperimentalgroupsweredividedintonormal,irradiationcontrol,SQ

treatmentbeforeirradiation,andSQtreatmentafterirradiationgroups;then,the

irradiationcontrolgroupwassubdividedintoirradiation+measurementafter

3daysandirradiation+measurementafter7daysgroups,theSQtreatment

beforeirradiationgroupintoSQtreatmentfor7and3days+irradiation+meas-

urementafter3daysandSQtreatmentfor7and3days+irradiation+meas-

urementafter7daysgroups,andtheSQtreatmentafterirradiationgroupinto

irradiation+SQtreatmentfor3days+irradiation+measurementafter3days

andirradiation+SQtreatmentfor7days+irradiation+measurementafter7

daysgroups.Therewereatotalofsevenexperimentalgroups;consideringthe

factthatitmighttakethespecimenslongtobeabsorbedintolivingtissues,

seven-andthree-dayfactorswereappliedtothepretreatmentgroupsand

three-andseven-dayfactorswereappliedtotheposttreatmentgroups.

C.Methods

1.Irradiation

TodeterminetheradioprotectiveeffectsofSQ,a10MeVLINACradiation

therapysystemwasusedtoexposemicetoasessionofwhole-bodyirradiation

inadoseof3Gy,whichinducesthegreatestbiochemicalchangesinliving

tissues,atthedoserateof300cGy/min(Fig.2).
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Fig.2.Irradiationinmiceusingthe10MeVLinacX-ray.

2.SpecimenAdministration

8mL/kgSQ,whichwasaspecimeninthisstudy,wasabdominallyinjected

toC57BL/6mice.Itwasadministeredforsevendaysbeforeirradiationinthe

SQtreatmentfor7days+irradiationgroup,forthreedaysbeforeirradiation

intheSQtreatmentfor3days+irradiationgroup,forthreedaysafterirradi-

ationintheirradiation+SQtreatmentfor3daysgroup,andforsevendays

afterirradiationintheirradiation+SQtreatmentfor7daysgroup(Table1).
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Table1.Classificationofexperimentalgroups

Measuredafter

irradiation

Group N

Normal 7

3day

Irradiationcontrol(3day) 7

SQ(pre7day)+Rad 7

SQ(pre3day)+Rad 7

Rad+SQ 7

7day

Irradiationcontrol(7day) 7

SQ(pre7day)+Rad 7

SQ(pre3day)+Rad 7

Rad+SQ 7

3.AnimalSacrificeandTissueCollection

Theanimalsweresimultaneouslysacrificedthreedaysafterirradiationinthe

normal,irradiationcontrol,andSQ treatmentbeforeirradiationgroupsand

threedaysafterthefinalspecimenadministrationintheSQtreatmentafter

irradiationgroupsandtheexperimentaltissuesfrom thesmallintestinesand

theliverandserumwerecollectedrightafterthesacrifice.Cervicaldislocation

wasusedtosacrificethem.

4.Measurement

a.Caspase-3andCaspase-9:CellActivityMeasurement

Provide100μgoftissuesfromtheliverand100μgfromthesmallintestines

withcelllysisina100μLcelllysisbufferandincubateitiniceforten

minutes.Afterone-minutecentrifugalin10,000g,transfersupernatanttoa

newtubeandkeepitinice.Performquantitativeanalysisofprotein.Dilute

a50μLcelllysisbuffertocontain100-200μgproteinandtransferitto96

wellplates.Puta50μL2XReactionbuffer(reactionreagentcontaining10
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mM DTT)ineachtube.Add5μL4mM LEHD-pNAsubstratetoeachtube

andincubateitat37℃ for1-2hours.Then,performmeasurementinami-

croplatereader(microreader:405nm,U.S.A.).

b.NitricOxide(NO):InflammatoryResponseMeasurement

Thetissuesfrom thesmallintestinesandtheliverwerecompletelydis-

solvedinalysisbuffertomeasureNO.Theexperimentwascarriedoutas

follows:UseaGriessreagentinaformofNO2-tomeasuretheamountof

NOgeneratedinthetissuesfrom thesmallintestinesandtheliver.Elute

thesupernatantto96wellplatesandadda100μLGriessreagent(0.8% sul-

fanilamide/0.75% N-(naphthyethylene)diaminein0.5NHCl,Sigma)toeach

ofthem.Leavetheplatesatroom temperaturefor15minutes;then,usea

microplatereader(MolecularDevices,Sunnyvale,CA,U.S.A)tomeasurethe

concentrationofnitriteat540nm wavelength.Usesodium nitrate(0.5-100

M)asstandardnitrite.

c.Cytokines:(TNF-α:tumornecrosisfactor;IL-6andIL-10:

immunefactors)

Cytokines,suchasTNF-α,IL-6,andIL-10,weremeasuredaccordingto

themanufacturer'sinstruction.First,puta50μLassaydiluentineachwell,

add50μLofastandardsolutionand50μLofanexperimentalsolutionto

thecenterofthewellforeachcytokine,hittheplategentlyonthefloorto

mixwell,coverthemwithairtighttapes,andleavethematroomtemperature

fortwohourstomakeareaction.Then,removethetapesandgivefiveses-

sionsofwashingwiththewashingbuffer.Puta100μLconjugatesolution

ofcytokinetomeasureineachwellandcoveritwithairtighttapestomake

areactionfortwohours;then,givefivesessionsofwashingwiththewash-

ingbuffer.Puta100μLsubstratesolutionineachwellandkeepitatroom

temperatureinalight-shieldedenvironmentforthirtyminutestomakea

reaction.Then,puta100μLstopsolutionineachwellandperformmeasure-
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mentwithinthirtyminutes(microreader:450nm,wavelengthcorrection:570

nm,U.S.A.).

d.ProteinContent(Serum Measurement)

TheproteinconcentrationwasmeasuredusingaBCA proteinassaykit.

UseBCAasastandardtoelute25μLofeachproteinspecimento96well

plates,adda200μLBCAagentcomposedofreagentsAandB(50:1)to

eachoftheplates,andincubateitat37℃ foronehour.Aftertheincubation,

useamicroplatereader(MolecularDevices,Sunnyvale,CA,USA)tomeas-

ureabsorbanceat540mm.

D.StatisticalAnalysis

Theresultsofeachexperimentwerepresentedinthemeanandstandard

deviation.Sincetherewereonlyafewsamplesthatconstitutedtheexperimental

groups,significancewastestedamongexperimentalgroupsbyusingaboot-

strapmethodtoestimateanasymptotic95% confidenceinterval.Thebootstrap

methoddevelopedbyB.Efron,whichistoestimateaconfidenceinterval

throughsamplingwithoutspecificsuppositionofaprobabilitymodel,isuseful

inestimatingamorerobustandaccurateconfidenceintervalincaseofasym-

metricaldata,ascomparedwithtraditionalmethodsreliantondistribution.

Typicalmethodstoestimateaconfidenceintervalbybootstrapincludeaper-

centilemethodandaBias-correctedandaccelerated(BCa)method.Sincethe

latter,whichgivescorrectionofskewness,hasaproblem withestimationof

aconfidenceintervalwithanasymmetricaltypeoflargedistribution,theformer

wasusedinthisstudy.Kruskal-Wallistestwascarriedouttogetthemean

betweengroupsonthebasisofordinalvariablesintestinghypotheses.The

statisticaltestwasprocessedatthep<0.05significancelevel.
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III.Results

A.CellSignalingPathwaysLeadingtoApoptosis

1.Caspase-3 Observation in CellSignaling Pathways

LeadingtoApoptosis

a.Smallintestines

SQ wasadministeredtoirradiatedmicetoobserveCaspase-3inthe

tissuesfrom thesmallintestines.AsfortheO.D.valueat405㎚,

Caspase-3wasestimatedtobe0.020in thenormalsmallintestines.

Caspase-3wasestimatedtobe0.720and0.779―higherthanthenormal

levelof0.020―in theirradiation controlgroup threedaysand seven

days after 3 Gy irradiation to normalmice,respectively.It was

estimatedtobe0.505and0.688threedaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and0.642incaseofSQ administrationafterirradiation,allofwhich

werelowerthanthatofthegroupreceivingirradiationalone(M=0.720).

Itwasestimated to be0.610 and 0.652seven daysafterirradiation

following SQ administration seven days and three days before

irradiation,respectively,and 0.622in caseofSQ administration after

irradiation,allofwhichwerelowerthanthatofthegroupreceiving

irradiationalone(M=0.779).Atthe95% confidenceinterval,therewere

statistically significant differences between both the group with

measurementthreedays afterirradiation following SQ administration

seven days before irradiation (SQ(pre-seven days)) and the group

receiving SQ administration forthreedaysafterirradiation (Rad+SQ)

andthegroupreceivingirradiationalone(Radcontrolgroup)(p<0.05)

butnotbetweenthegroupwithmeasurementthreedaysafterirradiation

followingSQ administrationthreedaysbeforeirradiation(SQ(pre-three

days))and theRad controlgroup.Statistically significantdifferences

werefoundbetweenboththegroupswithmeasurementthreedaysafter
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irradiationfollowingSQadministrationsevendaysandthreedaysbefore

irradiation(SQ(pre-sevendays)andSQ(pre-threedays))andthegroup

receiving SQ administrationforsevendaysafterirradiation(Rad+SQ)

and the Rad controlgroup (p < 0.05).In particular,radioprotective

effectsofCaspase-3inthesmallintestineswerefoundtobegreatestin

thegroupreceivingSQ administrationforsevendaysbeforeirradiation

(Table2,Fig.3).

Table2.Caspase-3inSmallintestineof3GyirradiatedmicewithSQ

treatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.020 0.009 (0.012 0.024)

3day

Irradiationcontrol 7 0.720 0.046 (0.675 0.755)

SQ(pre7day)+Rad 7 0.505 0.005 (0.501 0.508)
*

SQ(pre3day)+Rad 7 0.688 0.016 (0.672 0.706)

Rad+SQ 7 0.642 0.013 (0.633 0.653)
*

7day

Irradiationcontrol 7 0.779 0.008 (0.775 0.786)

SQ(pre7day)+Rad 7 0.610 0.004 (0.606 0.614)
*

SQ(pre3day)+Rad 7 0.652 0.009 (0.642 0.659)
*

Rad+SQ 7 0.622 0.011 (0.612 0.627)
*

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofO.D.405nm.
*
p<0.05.
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b.Liver

SQ wasadministeredtoirradiatedmicetoobserveCaspase-3inthe

tissuesfrom theliver.AsfortheO.D.valueat405nm,Caspase-3was

estimatedtobe0.201inthenormalliver.Caspase-3wasestimatedto

be 0.676 and 0.683―higher than the normallevelof0.201―in the

irradiation controlgroup three days and seven days after 3 Gy

irradiation to normalmice,respectively.Three days afterirradiation

following SQ administration seven days and three days before

irradiation,itwasestimatedtobe0.395and0.606,respectively,bothof

which werelowerthan thatofthegroup receiving irradiation alone

(M=0.676).In contrast,itwasestimated tobe0.697in caseofSQ

administrationafterirradiation,whichwashigherthanthatofthegroup

receiving irradiation alone (M=0.676). Seven days after irradiation

following SQ administration seven days and three days before

irradiation,itwasestimatedtobe0.527and0.613,respectively,bothof

which werelowerthan thatofthegroup receiving irradiation alone

(M=0.676).In contrast,itwasestimated tobe0.718in caseofSQ

administrationafterirradiation,whichwashigherthanthatofthegroup

receiving irradiation alone(M=0.779).Atthe95% confidenceinterval,

therewerestatisticallysignificantdifferencesbetweenthegroupswith

measurementthreedays afterirradiation following SQ administration

sevendaysandthreedaysbeforeirradiation(SQ(pre-sevendays)and

SQ(pre-threedays))and theRad controlgroup (p < 0.05)butnot

between the group receiving SQ administration forthreedays after

irradiation(Rad+SQ)andtheRadcontrolgroup.Statisticallysignificant

differenceswerefoundbetweenthegroupwithmeasurementsevendays

after irradiation following SQ administration seven days before

irradiation(SQ(pre-sevendays))andtheRadcontrolgroup(p< 0.05)

but not between the group with measurement seven days after

irradiation following SQ administration three days before irradiation
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(SQ(pre-threedays))orthegroupreceivingSQadministrationforseven

daysafterirradiation(Rad+SQ)andtheRadcontrolgroup.Inparticular,

radioprotective effects ofCaspase-3 in the liverwere found to be

greatestinthegroupreceivingSQ administrationforsevendaysbefore

irradiation(Table3,Fig.3).

Table3.Caspase-3inLiverof3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.201 0.057 (0.164 0.239)

3day

Irradiationcontrol 7 0.676 0.047 (0.644 0.686)

SQ(pre7day)+Rad 7 0.395 0.035 (0.355 0.418)
*

SQ(pre3day)+Rad 7 0.606 0.018 (0.588 0.627)
*

Rad+SQ 7 0.697 0.113 (0.614 0.694)

7day

Irradiationcontrol 7 0.683 0.038 (0.648 0.727)

SQ(pre7day)+Rad 7 0.527 0.058 (0.456 0.586)
*

SQ(pre3day)+Rad 7 0.613 0.044 (0.567 0.656)

Rad+SQ 7 0.718 0.062 (0.664 0.800)

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofO.D.405nm.
*
p<0.05.
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Fig.3.Caspase-3insmallintestineandliverof3Gyirradiatedmicewith

SQtreatment.
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2.Caspase-9 Observation in CellSignaling Pathways

LeadingtoApoptosis

a.Smallintestines

SQ wasadministeredtoirradiatedmicetoobserveCaspase-9inthe

tissuesfrom thesmallintestines.AsfortheO.D.valueat405nm,

Caspase-9wasestimatedtobe0.088in thenormalsmallintestines.

Caspase-9wasestimatedtobe0.725and0.786―higherthanthenormal

levelof0.088―in theirradiation controlgroup threedaysand seven

days after 3 Gy irradiation to normalmice,respectively.It was

estimatedtobe0.065and0.090threedaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and0.096incaseofSQ administrationafterirradiation,allofwhich

werelowerthanthatofthegroupreceivingirradiationalone(M=0.725).

Itwasestimated to be0.079 and 0.099seven daysafterirradiation

following SQ administration seven days and three days before

irradiation,respectively,and 0.090in caseofSQ administration after

irradiation,allofwhichwerelowerthanthatofthegroupreceiving

irradiationalone(M=0.779).Atthe95% confidenceinterval,therewere

statistically significant differences between both the groups with

measurementthreedays afterirradiation following SQ administration

sevendaysandthreedaysbeforeirradiation(SQ(pre-sevendays)and

SQ(pre-threedays))andthegroupreceivingSQ administrationforthree

daysafterirradiation(Rad+SQ)andtheRadcontrolgroup(p< 0.05).

Statisticallysignificantdifferenceswerefoundbetweenboththegroups

with measurement seven days after irradiation following SQ

administration seven days and three days before irradiation

(SQ(pre-sevendays)andSQ(pre-threedays))andthegroupreceiving

SQadministrationforsevendaysafterirradiation(Rad+SQ)andtheRad

control group (p < 0.05).In particular,radioprotective effects of

Caspase-9inthesmallintestineswerefoundtobegreatestinthegroup
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receivingSQ administrationforsevendaysbeforeirradiation(Table4,

Fig.4).

Table4.Caspase-9inSmallintestineof3GyirradiatedmicewithSQ

treatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.088 0.004 (0.084 0.090)

3day

Irradiationcontrol 7 0.725 0.025 (0.700 0.753)

SQ(pre7day)+Rad 7 0.065 0.002 (0.063 0.067)
*

SQ(pre3day)+Rad 7 0.090 0.007 (0.090 0.093)
*

Rad+SQ 7 0.096 0.002 (0.094 0.098)
*

7day

Irradiationcontrol 7 0.786 0.003 (0.784 0.789)

SQ(pre7day)+Rad 7 0.079 0.006 (0.073 0.084)
*

SQ(pre3day)+Rad 7 0.099 0.012 (0.088 0.115)
*

Rad+SQ 7 0.090 0.004 (0.087 0.092)
*

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofO.D.405nm.
*
p<0.05.
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b.Liver

SQ wasadministeredtoirradiatedmicetoobserveCaspase-9inthe

tissuesfrom theliver.AsfortheO.D.valueat405nm,Caspase-9was

estimatedtobe0.150inthenormalliver.Caspase-9wasestimatedto

be 0.801 and 0.750―higher than the normallevelof0.150―in the

irradiation controlgroup three days and seven days after 3 Gy

irradiation to normalmice,respectively.Three days afterirradiation

following SQ administration seven days and three days before

irradiation,itwasestimatedtobelowerthanthatofthegroupreceiving

irradiationalone(M=0.801):0.382and0.791,respectively.Incontrast,it

wasestimatedtobe0.870,whichwashigherthanthatofthegroup

receivingirradiationalone(M=0.801),incaseofSQ administrationafter

irradiation.Itwasestimated tobe0.734and 0.622seven daysafter

irradiationfollowingSQadministrationsevendaysandthreedaysbefore

irradiation,respectively,and 0.602in caseofSQ administration after

irradiation,allofwhichwerelowerthanthatofthegroupreceiving

irradiationalone(M=0.750).Atthe95% confidenceinterval,therewere

statisticallysignificantdifferencesbetweenthegroupwithmeasurement

three days afterirradiation following SQ administration seven days

beforeirradiation(SQ(pre-sevendays))andtheRadcontrolgroup(p<

0.05)butnotbetween thegroup with measurementthreedaysafter

irradiation following SQ administration three days before irradiation

(SQ(pre-threedays))orthegroupreceivingSQ administrationforthree

daysafterirradiation(Rad+SQ)andtheRadcontrolgroup.Statistically

significant differences were found between both the group with

measurementseven daysafterirradiation following SQ administration

three days before irradiation (SQ(pre-three days)) and the group

receiving SQ administrationforsevendaysafterirradiation(Rad+SQ)

andtheRadcontrolgroup(p< 0.05)butnotbetweenthegroupwith

measurementseven daysafterirradiation following SQ administration
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sevendaysbeforeirradiation(SQ(pre-sevendays))andtheRadcontrol

group.In particular,radioprotectiveeffectsofCaspase-9in theliver

werefoundtobegreatestinthegroupwithmeasurementthreedays

after irradiation following SQ administration seven days before

irradiationandinthegroupreceivingSQadministrationsevendaysafter

irradiation(Table5,Fig.4).

Table5.Caspase-9inLiverof3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.150 0.030 (0.120 0.182)

3day

Irradiationcontrol 7 0.801 0.091 (0.702 0.850)

SQ(pre7day)+Rad 7 0.382 0.129 (0.274 0.501)
*

SQ(pre3day)+Rad 7 0.791 0.050 (0.753 0.857)

Rad+SQ 7 0.870 0.070 (0.798 0.936)

7day

Irradiationcontrol 7 0.750 0.034 (0.721 0.783)

SQ(pre7day)+Rad 7 0.734 0.090 (0.650 0.832)

SQ(pre3day)+Rad 7 0.622 0.026 (0.596 0.650)
*

Rad+SQ 7 0.602 0.008 (0.596 0.609)
*

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofO.D.405nm.
*
p<0.05.
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Fig.4.Caspase-9insmallintestineandliverof3Gyirradiatedmicewith

SQtreatment.
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B.InflammatoryResponseMeasurement

1.NitricOxide(NO)

a.Smallintestines

SQ wasadministeredtoirradiatedmicetoobserveNO inthetissues

from thesmallintestines.NO wasestimatedtobe6.064inthenormal

smallintestines.NO wasestimatedtobe1.652and3.802―lowerthan

thenormallevelof6.064―intheirradiationcontrolgroupthreedaysand

sevendaysafter3Gyirradiationtonormalmice,respectively.Itwas

estimatedtobe3.835and2.492threedaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and2.291incaseofSQ administrationafterirradiation,allofwhich

werehigherthanthatofthegroupreceivingirradiationalone(M=1.652).

Itwasestimated to be2.873 and 2.136seven daysafterirradiation

following SQ administration seven days and three days before

irradiation,respectively,and 1.414in caseofSQ administration after

irradiation,allofwhichwerelowerthanthatofthegroupreceiving

irradiationalone(M=3.802).Atthe95% confidenceinterval,therewere

statistically significant differences between both the groups with

measurementthreedays afterirradiation following SQ administration

sevendaysandthreedaysbeforeirradiation(SQ(pre-sevendays)and

SQ(pre-threedays))andthegroupreceivingSQ administrationforthree

daysafterirradiation(Rad+SQ)andtheRadcontrolgroup(p<0.05).In

contrast,therewasno statistically significantdifferencebetween the

groups with measurementseven days afterirradiation following SQ

administration seven days and three days before irradiation

(SQ(pre-sevendays)andSQ(pre-threedays))orthegroupreceivingSQ

administrationforsevendaysafterirradiation(Rad+SQ)andtheRad

controlgroup.Inparticular,radioprotectiveeffectsofNO inthesmall

intestineswerefoundtobegreatestthreedaysafterirradiationfollowing

SQadministrationsevendaysbeforeirradiation(Table6,Fig.5).
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Table6.NO(NitricOxide)inSmallintestineof3Gyirradiatedmicewith

SQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 6.064 0.559 (5.596 6.863)

3day

Irradiationcontrol 7 1.652 0.035 (1.606 1.693)

SQ(pre7day)+Rad 7 3.835 0.949 (2.514 4.744)
*

SQ(pre3day)+Rad 7 2.492 0.473 (2.034 2.970)
*

Rad+SQ 7 2.291 0.426 (1.835 2.660)
*

7day

Irradiationcontrol 7 3.802 0.440 (3.439 4.439)

SQ(pre7day)+Rad 7 2.873 0.853 (2.315 4.125)

SQ(pre3day)+Rad 7 2.136 0.276 (1.835 2.505)

Rad+SQ 7 1.414 0.096 (1.328 1.520)

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofnM/μg.
*
p<0.05.
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b.Liver

SQ wasadministeredtoirradiatedmicetoobserveNO inthetissues

from theliver.NO wasestimatedtobe3.044inthenormalliver.NO

wasestimatedtobe2.232and2.034―lowerthanthenormallevelof

3.044―intheirradiationcontrolgroupthreedaysandsevendaysafter3

Gyirradiationtonormalmice,respectively.Itwasestimatedtobe2.626

and2.593threedaysafterirradiationfollowingSQ administrationthree

daysbeforeirradiationandincaseofSQadministrationafterirradiation,

respectively,bothofwhichwerehigherthanthatofthegroupreceiving

irradiation alone(M=2.232).In contrast,itwasestimatedtobe2.100

three days afterirradiation following SQ administration seven days

beforeirradiation,which waslowerthan thatofthegroupreceiving

irradiationalone(M=2.232).Itwasestimatedtobe2.649and2.107seven

days afterirradiation following SQ administration seven days before

irradiationandincaseofSQadministrationafterirradiation,respectively,

bothofwhichwerehigherthanthatofthegroupreceivingirradiation

alone(M=2.034).Incontrast,itwasestimatedtobe1.965sevendays

afterirradiationfollowingSQadministrationthreedaysbeforeirradiation,

which was lowerthan thatofthegroup receiving irradiation alone

(M=2.034).At the 95% confidence interval,there were statistically

significantdifferencesbetweenthegroupreceivingSQadministrationfor

threedaysafterirradiation(Rad+SQ)andtheRadcontrolgroup(p<

0.05).In contrast,no statistically significant difference was found

between the group with measurement three days after irradiation

followingSQ administrationsevendaysorthreedaysbeforeirradiation

(SQ(pre-sevendays)orSQ(pre-threedays))andtheRadcontrolgroup.

Therewerestatisticallysignificantdifferencesbetweenthegroupwith

measurementseven daysafterirradiation following SQ administration

sevendaysbeforeirradiation(SQ(pre-sevendays))andtheRadcontrol

group(p< 0.05).Incontrast,nostatisticallysignificantdifferencewas
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foundbetweenthegroupwithmeasurementsevendaysafterirradiation

followingSQ administrationthreedaysbeforeirradiation(SQ(pre-three

days))orthegroupreceiving SQ administrationforsevendaysafter

irradiation (Rad+SQ) and the Rad control group. In particular,

radioprotectiveeffectsofNO intheliverwerefoundtobegreatestin

the group receiving SQ administration after irradiation in case of

measurement three days after irradiation and in the group with

measurementseven daysafterirradiation following SQ administration

sevendaysbeforeirradiation(Table7,Fig.5).

Table 7.NO(Nitric Oxide)in Liverof3 Gy irradiated mice with SQ

treatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 3.044 0.222 (2.788 3.324)

3day

Irradiationcontrol 7 2.232 0.167 (2.067 2.416)

SQ(pre7day)+Rad 7 2.100 0.127 (1.934 2.222)

SQ(pre3day)+Rad 7 2.626 0.305 (2.173 2.822)

Rad+SQ 7 2.593 0.154 (2.455 2.737)
*

7day

Irradiationcontrol 7 2.034 0.083 (1.917 2.101)

SQ(pre7day)+Rad 7 2.649 0.163 (2.524 2.890)
*

SQ(pre3day)+Rad 7 1.965 0.169 (1.766 2.179)

Rad+SQ 7 2.107 0.088 (1.989 2.190)

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofnM/μg.
*
p<0.05.
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Fig.5.NO(NitricOxide)insmallintestineandliverof3Gyirradiatedmice

withSQtreatment.
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C.CytokineMeasurement

1.TNF-α (Tumornecrosisfactor-α)

a.Smallintestines

SQ was administered to irradiated mice to observe TNF-α in the

tissuesfrom thesmallintestines.TNF-α wasestimatedtobe0.046in

thenormalsmallintestines.TNF-α wasestimatedtobe0.454and0.550

―higherthanthenormallevelof0.046―intheirradiationcontrolgroup

three days and seven days after3 Gy irradiation to normalmice,

respectively.Itwasestimatedtobe0.295threedaysafterirradiation

following SQ administration seven daysbeforeirradiation,which was

lowerthanthatofthegroupreceivingirradiationalone(M=0.454).In

contrast,itwas estimated to be 0.504 and 0.475 three days after

irradiationfollowingSQ administrationthreedaysbeforeirradiationand

incaseofSQadministrationafterirradiation,respectively,bothofwhich

werehigherthanthatofthegroupreceivingirradiationalone(M=0.454).

Itwasestimated to be0.305 and 0.472seven daysafterirradiation

following SQ administration seven days and three days before

irradiation,respectively,and 0.412in caseofSQ administration after

irradiation,allofwhichwerelowerthanthatofthegroupreceiving

irradiationalone(M=0.550).Atthe95% confidenceinterval,therewere

statisticallysignificantdifferencesbetweenthegroupwithmeasurement

three days afterirradiation following SQ administration seven days

beforeirradiation(SQ(pre-sevendays))andtheRadcontrolgroup(p<

0.05).In contrast,no statistically significant difference was found

between the group with measurement three days after irradiation

followingSQ administrationthreedaysbeforeirradiation(SQ(pre-three

days))orthegroupreceiving SQ administration forthreedaysafter

irradiation(Rad+SQ)andtheRadcontrolgroup.Therewerestatistically

significantdifferencesbetweenthegroupswithmeasurementsevendays

afterirradiationfollowingSQ administrationsevendaysandthreedays
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beforeirradiation(SQ(pre-sevendays)andSQ(pre-threedays))andthe

group receiving SQ administration for seven days after irradiation

(Rad+SQ) and the Rad control group (p < 0.05). In particular,

radioprotectiveeffectsofTNF-α inthesmallintestineswerefoundto

begreatestin thegroupreceiving SQ administration forseven days

beforeirradiation(Table8,Fig.6).

Table8.TNF-alphainSmallintestineof3GyirradiatedmicewithSQ

treatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.046 0.016 (0.036 0.064)

3day

Irradiationcontrol 7 0.454 0.108 (0.385 0.542)

SQ(pre7day)+Rad 7 0.295 0.037 (0.264 0.317)
*

SQ(pre3day)+Rad 7 0.504 0.039 (0.502 0.528)

Rad+SQ 7 0.475 0.017 (0.461 0.493)

7day

Irradiationcontrol 7 0.550 0.080 (0.526 0.601)

SQ(pre7day)+Rad 7 0.305 0.040 (0.265 0.352)
*

SQ(pre3day)+Rad 7 0.472 0.035 (0.433 0.501)
*

Rad+SQ 7 0.412 0.018 (0.397 0.429)
*

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofpg/mG.
*
p<0.05.
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b.Liver

SQ was administered to irradiated mice to observe TNF-α in the

tissuesfrom theliver.TNF-α wasestimatedtobe0.014inthenormal

liver.TNF-α wasestimated to be0.329and 0.280―higherthan the

normallevelof0.014―intheirradiationcontrolgroupthreedaysand

sevendaysafter3Gyirradiationtonormalmice,respectively.Itwas

estimatedtobe0.169and0.239threedaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and0.319incaseofSQ administrationafterirradiation,allofwhich

werelowerthanthatofthegroupreceivingirradiationalone(M=0.014).

Itwasestimated to be0.205 and 0.248seven daysafterirradiation

following SQ administration seven days and three days before

irradiation,respectively,and 0.258in caseofSQ administration after

irradiation,allofwhichwerelowerthanthatofthegroupreceiving

irradiationalone(M=0.280).Atthe95% confidenceinterval,therewere

statisticallysignificantdifferencesbetweenthegroupswithmeasurement

threedaysafterirradiationfollowingSQ administrationsevendaysand

three days before irradiation (SQ(pre-seven days)and SQ(pre-three

days))andtheRadcontrolgroup(p< 0.05).Incontrast,therewasno

statistically significant difference between the group receiving SQ

administration forthreedaysafterirradiation (Rad+SQ)and theRad

controlgroup.Statisticallysignificantdifferenceswerefoundbetweenthe

group with measurementseven days after irradiation following SQ

administrationsevendaysbeforeirradiation (SQ(pre-sevendays))and

theRadcontrolgroup(p< 0.05).Incontrast,nostatisticallysignificant

differencewasfoundbetweenthegroupwithmeasurementsevendays

afterirradiationfollowingSQ administrationthreedaysbeforeirradiation

(SQ(pre-threedays))orthegroupreceivingSQadministrationforseven

daysafterirradiation(Rad+SQ)andtheRadcontrolgroup.Inparticular,

radioprotectiveeffectsofTNF-α intheliverwerefoundtobegreatest
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in the group receiving SQ administration for seven days before

irradiation(Table9,Fig.6).

Table9.TNF-alphainLiverof3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.014 0.010 (0.006 0.022)

3day

Irradiationcontrol 7 0.329 0.045 (0.281 0.371)

SQ(pre7day)+Rad 7 0.169 0.016 (0.154 0.180)
*

SQ(pre3day)+Rad 7 0.239 0.042 (0.197 0.265)
*

Rad+SQ 7 0.319 0.049 (0.264 0.361)

7day

Irradiationcontrol 7 0.280 0.031 (0.249 0.315)

SQ(pre7day)+Rad 7 0.205 0.050 (0.155 0.234)
*

SQ(pre3day)+Rad 7 0.248 0.024 (0.236 0.260)

Rad+SQ 7 0.258 0.114 (0.281 0.299)

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofpg/mG.
*
p<0.05.

Fig.6.TNF-alphainsmallintestineandliverof3Gyirradiatedmicewith

SQtreatment.
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2.IL-6(Interleukin-6)

a.Smallintestines

SQ wasadministeredtoirradiatedmicetoobserveIL-6inthetissues

from thesmallintestines.IL-6wasestimatedtobe0.0051inthenormal

smallintestines.IL-6wasestimated tobe0.0328and 0.0401―higher

thanthenormallevelof0.0051―intheirradiationcontrolgroupthree

daysandsevendaysafter3Gyirradiationtonormalmice,respectively.

Itwasestimatedtobe0.0205threedaysafterirradiationfollowingSQ

administrationsevendaysbeforeirradiation,whichwaslowerthanthat

ofthegroupreceivingirradiationalone(M=0.0328).Incontrast,itwas

estimatedtobe0.0369and0.0367threedaysafterirradiationfollowing

SQ administration three days before irradiation and in case ofSQ

administrationafterirradiation,respectively,bothofwhichwerehigher

than thatofthegroupreceiving irradiation alone(M=0.0328).Itwas

estimatedtobe0.0228and0.0360sevendaysafterirradiationfollowing

SQ administration seven days and three days before irradiation,

respectively,and0.0350incaseofSQadministrationafterirradiation,all

ofwhichwerelowerthanthatofthegroupreceivingirradiationalone

(M=0.0401).Atthe 95% confidence interval,there were statistically

significantdifferencesbetweenthegroupwithmeasurementthreedays

after irradiation following SQ administration seven days before

irradiation(SQ(pre-sevendays))andtheRadcontrolgroup(p< 0.05).

Incontrast,nostatisticallysignificantdifferencewasfoundbetweenthe

group with measurement three days after irradiation following SQ

administrationthreedaysbeforeirradiation(SQ(pre-threedays))orthe

group receiving SQ administration for three days after irradiation

(Rad+SQ)andtheRadcontrolgroup.Therewerestatisticallysignificant

differences between the group with measurementseven days after

irradiation following SQ administration seven days before irradiation

(SQ(pre-sevendays))andtheRadcontrolgroup(p<0.05).Incontrast,
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nostatisticallysignificantdifferencewasfoundbetweenthegroupwith

measurementseven daysafterirradiation following SQ administration

threedaysbeforeirradiation(SQ(pre-threedays))orthegroupreceiving

SQadministrationforsevendaysafterirradiation(Rad+SQ)andtheRad

controlgroup.Inparticular,radioprotectiveeffectsofIL-6inthesmall

intestines were found to be greatest in the group receiving SQ

administrationforsevendaysbeforeirradiation(Table10,Fig.7).

Table10.IL-6inSmallintestineof3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.0051 0.0030 (0.0020 0.0074)

3day

Irradiationcontrol 7 0.0328 0.0067 (0.0264 0.0389)

SQ(pre7day)+Rad 7 0.0205 0.0050 (0.0158 0.0256)
*

SQ(pre3day)+Rad 7 0.0369 0.0034 (0.0333 0.0396)

Rad+SQ 7 0.0367 0.0053 (0.0305 0.0404)

7day

Irradiationcontrol 7 0.0401 0.0081 (0.0326 0.0443)

SQ(pre7day)+Rad 7 0.0228 0.0043 (0.0217 0.0249)
*

SQ(pre3day)+Rad 7 0.0360 0.0036 (0.0332 0.0390)

Rad+SQ 7 0.0350 0.0046 (0.0306 0.0388)

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofpg/mG.
*
p<0.05.
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b.Liver

SQ wasadministeredtoirradiatedmicetoobserveIL-6inthetissues

from theliver.IL-6wasestimatedtobe0.0088inthenormalliver.IL-6

wasestimatedtobe0.0160and0.0303―higherthanthenormallevelof

0.0088―intheirradiationcontrolgroupthreedaysandsevendaysafter

3Gyirradiationtonormalmice,respectively.Itwasestimatedtobe

0.0096 threedaysafterirradiation following SQ administration seven

daysafterirradiation,whichwaslowerthanthatofthegroupreceiving

irradiationalone(M=0.0160).Incontrast,itwasestimatedtobe0.0237

and0.0272threedaysafterirradiationfollowingSQ administrationthree

daysbeforeirradiationandincaseofSQadministrationafterirradiation,

respectively,bothofwhichwerehigherthanthatofthegroupreceiving

irradiationalone(M=0.0160).Itwasestimatedtobe0.0147and0.0251

sevendaysafterirradiationfollowingSQ administrationsevendaysand

threedaysbeforeirradiation,respectively,and 0.0232in caseofSQ

administrationafterirradiation,allofwhichwerelowerthanthatofthe

group receiving irradiation alone (M=0.0303).Atthe 95% confidence

interval,therewerestatisticallysignificantdifferencesbetweenboththe

groups with measurementthree days after irradiation following SQ

administration seven days and three days before irradiation

(SQ(pre-sevendays)andSQ(pre-threedays))andthegroupreceiving

SQ administrationforthreedaysafterirradiation(Rad+SQ)andtheRad

controlgroup(p< 0.05).Therewerestatisticallysignificantdifferences

betweenboththegroupwithmeasurementsevendaysafterirradiation

followingSQ administrationsevendaysbeforeirradiation(SQ(pre-seven

days))andthegroupreceivingSQ administrationforsevendaysafter

irradiation(Rad+SQ)andtheRadcontrolgroup(p< 0.05).Incontrast,

nostatisticallysignificantdifferencewasfoundbetweenthegroupwith

measurementseven daysafterirradiation following SQ administration

threedaysbeforeirradiation(SQ(pre-threedays))andtheRadcontrol



- 35 -

group.In particular,radioprotectiveeffectsofIL-6in theliverwere

foundtobegreatestinthegroupreceivingSQ administrationforseven

daysbeforeirradiation(Table11,Fig.7).

Table11.IL-6inLiverof3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.0088 0.0017 (0.0079 0.0102)

3day

Irradiationcontrol 7 0.0160 0.0036 (0.0122 0.0187

SQ(pre7day)+Rad 7 0.0096 0.0016 (0.0075 0.0113)
*

SQ(pre3day)+Rad 7 0.0237 0.0028 (0.0208 0.0262)
*

Rad+SQ 7 0.0272 0.0047 (0.0236 0.0294)
*

7day

Irradiationcontrol 7 0.0303 0.0036 (0.0268 0.0319

SQ(pre7day)+Rad 7 0.0147 0.0021 (0.0124 0.0164)
*

SQ(pre3day)+Rad 7 0.0251 0.0022 (0.0228 0.0277)

Rad+SQ 7 0.0232 0.0008 (0.0224 0.0238)
*

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofpg/mG.
*
p<0.05.

Fig.7.IL-6insmallintestineandliverof3GyirradiatedmicewithSQ

treatment.
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3.IL-10(Interleukin-10)

a.Smallintestines

SQ wasadministeredtoirradiatedmicetoobserveIL-10inthetissues

from thesmallintestines.IL-10 wasestimated to be0.0124 in the

normalsmallintestines.IL-10wasestimatedtobe0.0460and0.0242―

higherthanthenormallevelof0.0124―intheirradiationcontrolgroup

three days and seven days after3 Gy irradiation to normalmice,

respectively.Itwasestimatedtobe0.0166and0.0308threedaysafter

irradiationfollowingSQadministrationsevendaysandthreedaysbefore

irradiation,respectively,and0.0412incaseofSQ administrationafter

irradiation,allofwhichwerelowerthanthatofthegroupreceiving

irradiationalone(M=0.0460).Itwasestimatedtobe0.0207and0.0211

sevendaysafterirradiationfollowingSQ administrationsevendaysand

threedaysbeforeirradiation,respectively,and 0.0240in caseofSQ

administrationafterirradiation,allofwhichwerelowerthanthatofthe

group receiving irradiation alone (M=0.0242).Atthe 95% confidence

interval,therewerestatisticallysignificantdifferencebetweenboththe

groups with measurementthree days after irradiation following SQ

administration seven days and three days before irradiation

(SQ(pre-sevendays)andSQ(pre-threedays))andthegroupreceiving

SQ administrationforthreedaysafterirradiation(Rad+SQ)andtheRad

controlgroup(p<0.05).Nostatisticallysignificantdifferencewasfound

between the group with measurement seven days after irradiation

followingSQ administrationsevendaysorthreedaysbeforeirradiation

(SQ(pre-sevendays)orSQ(pre-threedays))orthegroupreceivingSQ

administrationforsevendaysafterirradiation(Rad+SQ)andtheRad

controlgroup.Inparticular,radioprotectiveeffectsofIL-10inthesmall

intestines were found to be greatest in the group receiving SQ

administrationforsevendaysbeforeirradiation(Table12,Fig.8).
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Table 12.IL-10 in Smallintestine of3 Gy irradiated mice with SQ

treatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.0124 0.0024 (0.0092 0.0149)

3day

Irradiationcontrol 7 0.0460 0.0005 (0.0454 0.0466)

SQ(pre7day)+Rad 7 0.0166 0.0033 (0.0126 0.0198)
*

SQ(pre3day)+Rad 7 0.0308 0.0028 (0.0267 0.0327)
*

Rad+SQ 7 0.0412 0.0019 (0.0391 0.0432)
*

7day

Irradiationcontrol 7 0.0242 0.0033 (0.0194 0.0265)

SQ(pre7day)+Rad 7 0.0207 0.0032 (0.0183 0.0255)

SQ(pre3day)+Rad 7 0.0211 0.0018 (0.0188 0.0229)

Rad+SQ 7 0.0240 0.0034 (0.0199 0.0281)

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofpg/mG.
*
p<0.05.
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b.Liver

SQ wasadministeredtoirradiatedmicetoobserveIL-10inthetissues

from theliver.IL-10wasestimatedtobe0.0070inthenormalliver.

IL-10wasestimatedtobe0.0131and0.0132―higherthanthenormal

levelof0.0070―intheirradiationcontrolgroupthreedaysandseven

days after 3 Gy irradiation to normalmice,respectively.It was

estimated to be 0.0127 three days after irradiation following SQ

administrationsevendaysbeforeirradiation,whichwaslowerthanthat

ofthegroupreceivingirradiationalone(M=0.0070).Incontrast,itwas

estimatedtobe0.0149and0.0160threedaysafterirradiationfollowing

SQ administration three days before irradiation and in case ofSQ

administrationafterirradiation,respectively,bothofwhichwerehigher

than thatofthegroupreceiving irradiation alone(M=0.0131).Itwas

estimatedtobe0.0134and0.0192sevendaysafterirradiationfollowing

SQ administration seven days and three days before irradiation,

respectively,and0.0163incaseofSQadministrationafterirradiation,all

ofwhichwerehigherthanthatofthegroupreceivingirradiationalone

(M=0.0132).Atthe 95% confidence interval,there were statistically

significantdifferencesbetweenthegroupwithmeasurementthreedays

afterirradiation (Rad+SQ)and theRad controlgroup (p< 0.05).In

contrast,nostatistically significantdifferencewasfound between the

group with measurementfollowing SQ administration seven days or

threedaysbeforeirradiation(SQ(pre-sevendays)orSQ(pre-threedays))

and the Rad controlgroup.There was no statistically significant

difference between the group with measurement seven days after

irradiationfollowingSQ administrationsevendaysorthreedaysbefore

irradiation (SQ(pre-seven days)orSQ(pre-threedays))orthegroup

receiving SQ administrationforsevendaysafterirradiation(Rad+SQ)

andtheRadcontrolgroup.Inparticular,radioprotectiveeffectsofIL-10

in the liverwere found to be greatestin the group receiving SQ
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administrationforsevendaysbeforeirradiation(Table13,Fig.8).

Table13.IL-10inLiverof3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.0070 0.0013 (0.0054 0.0084)

3day

Irradiationcontrol 7 0.0131 0.0007 (0.0122 0.0139)

SQ(pre7day)+Rad 7 0.0127 0.0014 (0.0118 0.0147)

SQ(pre3day)+Rad 7 0.0149 0.0017 (0.0127 0.0167)

Rad+SQ 7 0.0160 0.0017 (0.0139 0.0180)
*

7day

Irradiationcontrol 7 0.0132 0.0019 (0.0114 0.0158)

SQ(pre7day)+Rad 7 0.0134 0.0017 (0.0118 0.0151)

SQ(pre3day)+Rad 7 0.0192 0.0010 (0.0183 0.0203)
*

Rad+SQ 7 0.0163 0.0011 (0.0150 0.0175)

Note:Theinteractioneffectwasdeterminedusing boostrapmethod.The

unitisthenumberofpg/mG.
*
p<0.05.

Fig.8.IL-10insmallintestineandliverof3GyirradiatedmicewithSQ

treatment.
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D.Serum Analysis

ToobtainsupplementarydataabouttheradioprotectiveeffectsofSQ,the

followingfourteenbio-chemicaltestswiththeserum from miceexposedto

onesessionof3Gywhole-bodyirradiation:

1.TotalProtein(TP)

SQ wasadministeredtoirradiatedmicetoobserveTPintheserum.TP

wasestimatedtobe4.14inthenormalstateand4.04and4.16―similarto

thenormallevel―intheirradiationcontrolgroupthreedaysandseven

daysafter3Gyirradiationtonormalmice,respectively.Itwasestimated

tobe4.45and4.12threedaysafterirradiationfollowingSQadministration

sevendaysandthreedaysbeforeirradiation,respectively,and4.08incase

ofSQ administrationforthreedaysafterirradiation,allofwhichwere

higherthanthatofthegroupreceivingirradiationalone(M=4.04).Itwas

estimatedtobe4.42and4.06sevendaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and4.15incaseofSQ administrationforsevendaysafterirradiation,all

ofwhichwerelowerthanthatofthegroupreceiving irradiationalone

(M=4.16). At the 95% confidence interval, there were statistically

significantdifferencesbetweenthegroupswithmeasurementthreedays

afterirradiationfollowing SQ administrationsevendaysandthreedays

beforeirradiation(SQ(pre-sevendays)andSQ(pre-threedays))andthe

Radcontrolgroup(p<0.05).Inparticular,radioprotectiveeffectsofTPin

the serum were found to be greatest in the group receiving SQ

administrationforsevendaysbeforeirradiation(Table14,Fig.9).
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Table14.TPin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 4.14 0.23 (3.96 4.32)

3day

Irradiationcontrol 7 4.04 0.15 (3.92 4.16)

SQ(pre7day)+Rad 7 4.45 0.25 (4.20 4.65)
*

SQ(pre3day)+Rad 7 4.12 0.22 (4.00 4.32)

Rad+SQ 7 4.08 0.26 (3.88 4.28)

7day

Irradiationcontrol 7 4.16 0.19 (4.04 4.34)

SQ(pre7day)+Rad 7 4.42 0.28 (4.18 4.62)

SQ(pre3day)+Rad 7 4.06 0.34 (3.80 4.32)

Rad+SQ 7 4.15 0.31 (3.85 4.35)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofg/dL.
*
p<0.05.

Fig.9.TPin3GyirradiatedmicewithSQtreatment.
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2.Albumin

SQwasadministeredtoirradiatedmicetoobservealbuminintheserum.

Albuminwasestimatedtobe3.18inthenormalstateand2.88and3.08―

similartothenormallevel―intheirradiationcontrolgroupthreedaysand

seven daysafter3Gy irradiation tonormalmice,respectively.Itwas

estimatedtobe3.70and2.92threedaysafterirradiationfollowing SQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and3.32incaseofSQ administrationforthreedaysafterirradiation,all

ofwhichwerehigherthanthatofthegroupreceivingirradiationalone

(M=2.88).Itwasestimatedtobe3.08and3.46sevendaysafterirradiation

followingSQ administrationsevendaysandthreedaysbeforeirradiation,

respectively,and3.30incaseofSQ administrationforsevendaysafter

irradiation,allofwhich werelowerthan thatofthegroup receiving

irradiation alone (M=2.70).Atthe95% confidenceinterval,there were

statisticallysignificantdifferencesbetweenthegroupswithmeasurement

threedaysafterirradiationfollowing SQ administrationsevendaysand

threedaysbeforeirradiation(SQ(pre-sevendays)andSQ(pre-threedays))

andtheRadcontrolgroup(p< 0.05).Therewerestatisticallysignificant

differencesbetweenboththegroupswithmeasurementsevendaysafter

irradiationfollowingSQ administrationsevendaysandthreedaysbefore

irradiation (SQ(pre-seven days)andSQ(pre-threedays))andthegroup

receivingSQ administrationforsevendaysafterirradiation(Rad+SQ)and

theRadcontrolgroup(p< 0.05).Inparticular,radioprotectiveeffectsof

albuminintheserum werefoundtobegreatestinthegroupreceivingSQ

administrationforsevendaysbeforeirradiation(Table15,Fig.10).
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Table15.ALBin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 3.18 0.41 (2.88 3.54)

3day

Irradiationcontrol 7 2.88 0.31 (2.64 3.12)

SQ(pre7day)+Rad 7 3.70 0.70 (3.15 4.25)
*

SQ(pre3day)+Rad 7 2.92 0.22 (2.76 3.10)

Rad+SQ 7 3.32 0.47 (2.96 3.66)

7day

Irradiationcontrol 7 2.70 0.12 (2.62 2.80)

SQ(pre7day)+Rad 7 3.08 0.13 (2.98 3.18)
*

SQ(pre3day)+Rad 7 3.46 0.68 (2.94 3.96)
*

Rad+SQ 7 3.30 0.62 (2.90 3.88)
*

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofg/dL.
*
p<0.05.

Fig.10.ALBin3GyirradiatedmicewithSQtreatment.
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3.GlutamineOxaloaceticAcidTransaminase(GOT)

SQ wasadministeredtoirradiatedmicetoobserveGOT intheserum.

GOTwasestimatedtobe170.60inthenormalstateand250.00and170.20

―similartothenormallevel―intheirradiationcontrolgroupthreedays

andsevendaysafter3Gyirradiationtonormalmice,respectively.Itwas

estimatedtobe135.25and215.60threedaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and243.00incaseofSQadministrationforthreedaysafterirradiation,all

ofwhichwerelowerthanthatofthegroupreceiving irradiationalone

(M=250.00).Itwasestimatedtobe192.40and242.40sevendaysafter

irradiationfollowingSQ administrationsevendaysandthreedaysbefore

irradiation,respectively,bothofwhichwerelowerthanthatofthegroup

receivingirradiationalone(M=170).Itwasestimatedtobe116.75incase

ofSQ administrationforsevendaysafterirradiation,whichwashigher

thanthatofthegroupreceivingirradiationalone(M=170.20).Atthe95%

confidenceinterval,nostatisticallysignificantdifferencewasfoundinthe

radioprotectiveeffectsofGOTintheserum withSQadministration(Table

16,Fig.11).
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Table16.GOTin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 170.60 66.33 (124.40 230.20)

3day

Irradiationcontrol 7 250.00 229.17 (80.60 427.12)

SQ(pre7day)+Rad 7 135.25 51.24 (91.50 179.00)

SQ(pre3day)+Rad 7 215.60 129.19 (129.40 323.40)

Rad+SQ 7 243.00 83.53 (168.80 302.00)

7day

Irradiationcontrol 7 170.20 132.79 (86.40 274.40)

SQ(pre7day)+Rad 7 192.40 138.53 (90.80 311.40)

SQ(pre3day)+Rad 7 242.40 198.90 (133.00 419.80)

Rad+SQ 7 116.75 21.70 (104.00 138.00)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofIU/L
*
p<0.05.

Fig.11.GOTin3GyirradiatedmicewithSQtreatment.
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4.GlutaminePyruvicAcidTransaminase(GPT)

SQ wasadministeredtoirradiatedmicetoobserveGPT intheserum.

GPT wasestimatedtobe25.71inthenormalstateand23.00and26.86―

similartothenormallevel―intheirradiationcontrolgroupthreedaysand

seven daysafter3Gy irradiation tonormalmice,respectively.Itwas

estimatedtobe24.17and28.29threedaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

bothofwhichwerehigherthanthatofthegroupreceivingirradiation

alone(M=23.00).Itwasestimatedtobe20.86incaseofSQadministration

forthreedaysafterirradiation,whichwaslowerthanthatofthegroup

receiving irradiation alone(M=23.00).Itwasestimatedtobe25.71and

19.00sevendaysafterirradiationfollowingSQ administrationsevendays

beforeirradiationandincaseofSQ administrationforsevendaysafter

irradiation,respectively,bothofwhichwerelowerthanthatofthegroup

receivingirradiationalone(M=26.86).Itwasestimatedtobe29.86seven

days after irradiation following SQ administration three days before

irradiation,whichwashigherthanthatofthegroupreceivingirradiation

alone(M=26.86).Atthe95% confidenceinterval,therewerestatistically

significantdifferencesintheradioprotectiveeffectsofGPT intheserum

withSQ administrationforsevendaysafterirradiation(P< 0.05)(Table

17,Fig.12).
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Table17.GPTin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 25.71 5.96 (21.71 30.00)

3day

Irradiationcontrol 7 23.00 7.75 (18.57 29.14)

SQ(pre7day)+Rad 7 24.17 4.36 (21.17 27.33)

SQ(pre3day)+Rad 7 28.29 15.64 (20.00 40.86)

Rad+SQ 7 20.86 6.49 (16.43 25.43)

7day

Irradiationcontrol 7 26.86 6.23 (22.57 31.00)

SQ(pre7day)+Rad 7 25.71 5.77 (22.14 30.00)

SQ(pre3day)+Rad 7 29.86 10.61 (23.29 37.57)

Rad+SQ 7 19.00 1.83 (17.86 20.28)
*

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofIU/L
*
p<0.05.

Fig.12.GPTin3GyirradiatedmicewithSQtreatment.
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5.AlkalinePhospatase(ALP)

SQ wasadministeredtoirradiatedmicetoobserveALP intheserum.

ALPwasestimatedtobe466.29inthenormalstateand476.86and406.71

―similartothenormallevel―intheirradiationcontrolgroupthreedays

andsevendaysafter3Gyirradiationtonormalmice,respectively.Itwas

estimatedtobe441.83and463.71threedaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and381.14incaseofSQadministrationforthreedaysafterirradiation,all

ofwhichwerelowerthanthatofthegroupreceiving irradiationalone

(M=476.86).Itwasestimatedtobe376.29and376.29sevendaysafter

irradiationfollowingSQ administrationsevendaysandthreedaysbefore

irradiation,respectively,and388.71incaseofSQ administrationforseven

daysafterirradiation,allofwhichwerelowerthan thatofthegroup

receivingirradiationalone(M=406.71).Atthe95% confidenceinterval,no

statisticallysignificantdifferencewasfoundintheradioprotectiveeffects

ofALPintheserum withSQadministration(Table18,Fig.13).
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Table18.ALPin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 466.29 68.73 (422.87 516.85)

3day

Irradiationcontrol 7 476.86 43.49 (446.44 506.57)

SQ(pre7day)+Rad 7 441.83 29.06 (421.00 464.17)

SQ(pre3day)+Rad 7 463.71 45.32 (433.43 496.00)

Rad+SQ 7 381.14 58.16 (340.57 419.14)

7day

Irradiationcontrol 7 406.71 74.24 (353.57 455.69)

SQ(pre7day)+Rad 7 376.29 97.00 (307.01 436.69)

SQ(pre3day)+Rad 7 280.00 102.81 (205.00 347.84)

Rad+SQ 7 388.71 31.71 (368.00 411.14)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofIU/L
*
p<0.05.

Fig.13.ALPin3GyirradiatedmicewithSQtreatment.
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6.LactateDehydronase(LDH)

SQ wasadministeredtoirradiatedmicetoobserveLDH intheserum.

LDH wasestimatedtobe1436.86inthenormalstateand1446.29and

820.57―lowerthanthenormallevel―intheirradiationcontrolgroupthree

daysandsevendaysafter3Gyirradiationtonormalmice,respectively.It

was estimated to be 2363.00 and 1657.86 three days afterirradiation

followingSQ administrationsevendaysbeforeirradiationandincaseof

SQ administration forthreedaysafterirradiation,respectively,both of

which were higherthan thatofthe group receiving irradiation alone

(M=1446.29).Itwasestimatedtobe1375.00threedaysafterirradiation

followingSQadministrationthreedaysbeforeirradiation,whichwaslower

than thatofthegroup receiving irradiation alone(M=1446.29).Itwas

estimatedtobe1093.00and1193.14sevendaysafterirradiationfollowing

SQ administration seven days and three days before irradiation,

respectively,bothofwhichwerelowerthanthatofthegroupreceiving

irradiationalone(M=1446.29).Itwasestimatedtobe583.86incaseofSQ

administrationforsevendaysafterirradiation,whichwaslowerthanthat

ofthegroupreceivingirradiationalone(M=820.57).Atthe95% confidence

interval, no statistically significant difference was found in the

radioprotective effects ofLDH in the serum with SQ administration.

However,radioprotectiveeffectsofLDA intheserum werefoundtobe

greatestinthegroupreceivingSQ administrationforsevendaysbefore

irradiation(Table19,Fig.14).
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Table19.LDHin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 1436.86 398.13 (1138.59 1677.13)

3day

Irradiationcontrol 7 1446.29 647.82 (1042.91 1906.00)

SQ(pre7day)+Rad 7 2363.00 525.87 (2002.37 2774.00)

SQ(pre3day)+Rad 7 1375.00 307.22 (1171.31 1576.28)

Rad+SQ 7 1657.86 333.04 (1436.15 1890.14)

7day

Irradiationcontrol 7 820.57 381.30 (586.43 1086.84)

SQ(pre7day)+Rad 7 1093.00 593.16 (707.72 1520.10)

SQ(pre3day)+Rad 7 1193.14 683.95 (775.87 1689.11)

Rad+SQ 7 583.86 131.47 (506.32 684.57)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofIU/L
*
p<0.05.

Fig.14.LDHin3GyirradiatedmicewithSQtreatment.
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7.TotalCholesterol(TC)

SQwasadministeredtoirradiatedmicetoobserveTCintheserum.TC

wasestimatedtobe86.00inthenormalstateand88.00and89.14―similar

tothenormallevel―intheirradiationcontrolgroupthreedaysandseven

daysafter3Gyirradiationtonormalmice,respectively.Itwasestimated

to be 89.83 and 118.29 three days after irradiation following SQ

administration seven days before irradiation and in case of SQ

administrationforthreedaysafterirradiation,respectively,bothofwhich

werehigherthanthatofthegroupreceivingirradiationalone(M=88.00).It

was estimated to be 74.00 seven days afterirradiation following SQ

administrationthreedaysbeforeirradiation,whichwaslowerthanthatof

thegroupreceiving irradiation alone(M=88.00).Itwasestimatedtobe

77.86and73.71sevendaysafterirradiationfollowingSQ administration

sevendaysandthreedaysbeforeirradiation,respectively,and81.14in

caseofSQ administrationforsevendaysafterirradiation,allofwhich

werelowerthanthatofthegroupreceivingirradiationalone(M=89.14).At

the 95% confidence interval,no statistically significantdifference was

found in the radioprotective effects of TC in the serum with SQ

administration(Table20,Fig.15).
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Table20.T.CHOin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 86.00 7.35 (80.86 90.71)

3day

Irradiationcontrol 7 88.00 3.65 (85.58 90.57)

SQ(pre7day)+Rad 7 89.83 5.81 (85.67 94.33)

SQ(pre3day)+Rad 7 74.00 11.80 (65.57 81.29)

Rad+SQ 7 118.29 67.31 (83.29 171.43)

7day

Irradiationcontrol 7 89.14 5.43 (84.86 92.29)

SQ(pre7day)+Rad 7 77.86 3.58 (75.71 80.57)

SQ(pre3day)+Rad 7 73.71 6.10 (69.57 78.00)

Rad+SQ 7 81.14 4.95 (77.71 84.85)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofmg/dL
*
p<0.05.

Fig.15.T.CHOin3GyirradiatedmicewithSQtreatment.
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8.Triglycerides(TG)

SQwasadministeredtoirradiatedmicetoobserveTG intheserum.TP

wasestimatedtobe31.29inthenormalstateand39.71and50.71―higher

than thenormallevel―in theirradiation controlgroup threedaysand

seven daysafter3Gy irradiation tonormalmice,respectively.Itwas

estimated to be 42.67 three days after irradiation following SQ

administrationsevendaysbeforeirradiation,whichwashigherthanthat

ofthegroupreceivingirradiationalone(M=39.71).Itwasestimatedtobe

18.29and37.29threedaysafterirradiation following SQ administration

threedaysbeforeirradiationandincaseofSQ administrationforthree

daysafterirradiation,respectively,allofwhichwerelowerthanthatof

thegroupreceiving irradiation alone(M=39.71).Itwasestimatedtobe

76.29and70.29sevendaysafterirradiationfollowingSQ administration

sevendaysandthreedaysbeforeirradiation,respectively,and55.14in

caseofSQ administrationforsevendaysafterirradiation,allofwhich

werehigherthanthatofthegroupreceivingirradiationalone(M=50.71).

At the 95% confidence interval, there were statistically significant

differencesintheradioprotectiveeffectsofTGintheserum incaseofSQ

administrationforthreedaysafterirradiationfollowingtheadministration

threedaysbeforeirradiation(p<0.05)(Table21,Fig.16).
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Table21.TGin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 31.29 11.51 (23.43 39.00)

3day

Irradiationcontrol 7 39.71 20.59 (27.15 54.29)

SQ(pre7day)+Rad 7 42.67 11.98 (34.17 52.16)

SQ(pre3day)+Rad 7 18.29 8.22 (13.29 24.43)
*

Rad+SQ 7 37.29 26.81 (20.86 57.00)

7day

Irradiationcontrol 7 50.71 15.40 (40.43 61.14)

SQ(pre7day)+Rad 7 76.29 27.75 (55.43 93.86)

SQ(pre3day)+Rad 7 70.29 21.89 (54.72 83.71)

Rad+SQ 7 55.14 16.73 (44.00 66.71)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofmg/dL
*
p<0.05.

Fig.16.TGin3GyirradiatedmicewithSQtreatment.
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9.HighDensityLipoproteinCholesterol(HDLC)

SQ wasadministeredtoirradiatedmicetoobserveHDLCintheserum.

HDLCwasestimatedtobe57.57inthenormalstateand55.14and55.29

―lowerthanthenormallevel―intheirradiationcontrolgroupthreedays

andsevendaysafter3Gyirradiationtonormalmice,respectively.Itwas

estimatedtobe52.00and43.00threedaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and48.29incaseofSQ administrationforthreedaysafterirradiation,all

ofwhichwerelowerthanthatofthegroupreceiving irradiationalone

(M=55.14).Itwas estimated to be 46.29 and 46.00 seven days after

irradiationfollowingSQ administrationsevendaysandthreedaysbefore

irradiation,respectively,bothofwhichwerelowerthanthatofthegroup

receivingirradiationalone(M=55.29).Itwasestimatedtobe54.86incase

ofSQ administrationforsevendaysafterirradiation,whichwashigher

thanthatofthegroupreceivingirradiationalone(M=55.29).Atthe95%

confidenceinterval,therewerestatisticallysignificantdifferencesbetween

boththegroupwithmeasurementthreedaysafterirradiationfollowingSQ

administrationthreedaysbeforeirradiation(SQ(pre-threedays))andthe

group receiving SQ administration for three days after irradiation

(Rad+SQ)andtheRadcontrolgroup(p< 0.05).Therewerestatistically

significantdifferencesbetweenthegroupswithmeasurementthreedays

afterirradiationfollowing SQ administrationsevendaysandthreedays

beforeirradiation(SQ(pre-sevendays)andSQ(pre-threedays))andthe

Radcontrolgroup(p<0.05).Inparticular,radioprotectiveeffectsofHDLC

in the serum were found to be greatestin the group receiving SQ

administrationsevendaysandthreedaysbeforeirradiation(Table22,Fig.

17).
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Table22.HDL.CHOin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 57.57 4.12 (54.71 60.00)

3day

Irradiationcontrol 7 55.14 3.72 (52.57 57.71)

SQ(pre7day)+Rad 6 52.00 1.41 (51.00 53.00)

SQ(pre3day)+Rad 7 43.00 5.42 (39.29 46.57)
*

Rad+SQ 7 48.29 3.20 (45.86 50.29)
*

7day

Irradiationcontrol 7 55.29 3.68 (52.71 57.86)

SQ(pre7day)+Rad 7 46.29 3.59 (44.00 48.86)
*

SQ(pre3day)+Rad 7 46.00 7.81 (40.43 51.29)
*

Rad+SQ 7 54.86 5.27 (51.43 58.43)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofmg/dL
*
p<0.05.

Fig.17.HDL.CHOin3GyirradiatedmicewithSQtreatment.
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10.Low DensityLipoproteinCholesterol(LDLC)

SQ wasadministeredtoirradiatedmicetoobserveLDLC intheserum.

LDLC wasestimatedtobe5.86inthenormalstateand6.00and5.29―

similartothenormallevel―intheirradiationcontrolgroupthreedaysand

seven daysafter3Gy irradiation tonormalmice,respectively.Itwas

estimatedtobe9.83and6.14threedaysafterirradiationfollowing SQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and8.29incaseofSQ administrationforthreedaysafterirradiation,all

ofwhichwerehigherthanthatofthegroupreceivingirradiationalone

(M=6.00).Itwasestimatedtobe7.00and5.86sevendaysafterirradiation

followingSQ administrationsevendaysbeforeirradiationandincaseof

SQ administration forsevendaysafterirradiation,respectively,bothof

which were higherthan thatofthe group receiving irradiation alone

(M=5.29).Itwas estimated to be lowerseven days after irradiation

followingSQ administrationthreedaysbeforeirradiationthanthatofthe

groupreceivingirradiationalone(M=5.29).Atthe95% confidenceinterval,

therewerestatisticallysignificantdifferencesbetweenboththegroupwith

measurementthreedaysafterirradiationfollowingSQadministrationseven

daysbeforeirradiation(SQ(pre-sevendays))andthegroupreceivingSQ

administration forthree days afterirradiation (Rad+SQ)and the Rad

controlgroup(p< 0.05).Inparticular,radioprotectiveeffectsofLDLCin

the serum were found to be greatest in the group receiving SQ

administrationsevendaysbeforeirradiation(Table23,Fig.18).
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Table23.LDL.CHOin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 5.86 1.68 (4.86 7.14)

3day

Irradiationcontrol 7 6.00 0.82 (5.43 6.57)

SQ(pre7day)+Rad 7 9.83 1.17 (9.00 10.67)
*

SQ(pre3day)+Rad 7 6.14 1.68 (4.86 7.14)

Rad+SQ 7 8.29 1.80 (7.29 9.57)
*

7day

Irradiationcontrol 7 5.29 1.11 (4.57 6.00)

SQ(pre7day)+Rad 7 7.00 3.74 (5.00 9.86)

SQ(pre3day)+Rad 7 4.86 1.07 (4.29 5.71)

Rad+SQ 7 5.86 1.35 (5.00 6.86)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofmg/dL
*
p<0.05.

Fig.18.LDL.CHOin3GyirradiatedmicewithSQtreatment.
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11.Glucose

SQ wasadministeredtoirradiatedmicetoobserveglucoseintheserum.

Glucosewasestimatedtobe185.29inthenormalstateand208.57and

215.00―higherthanthenormallevel―intheirradiationcontrolgroupthree

daysandsevendaysafter3Gyirradiationtonormalmice,respectively.It

was estimated to be 208.83 three days afterirradiation following SQ

administration seven daysbeforeirradiation,which wasslightly higher

than thatofthe group receiving irradiation alone (M=208.57).Itwas

estimatedtobe193.29and184.14threedaysafterirradiationfollowingSQ

administration three days before irradiation and in case of SQ

administrationforthreedaysafterirradiation,respectively,bothofwhich

werelowerthanthatofthegroupreceivingirradiationalone(M=208.57).

Itwasestimated tobe205.71and 179.14seven daysafterirradiation

followingSQ administrationsevendaysandthreedaysbeforeirradiation,

respectively,and210.14incaseofSQ administrationforsevendaysafter

irradiation,allofwhich werelowerthan thatofthegroup receiving

irradiation alone (M=215.00). At the 95% confidence interval, no

statisticallysignificantdifferencewasfoundintheradioprotectiveeffects

ofglucoseintheserum withSQadministration(Table24,Fig.19).
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Table24.GLUin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 185.29 16.22 (174.71 196.57)

3day

Irradiationcontrol 7 208.57 27.02 (190.14 227.43)

SQ(pre7day)+Rad 7 208.83 24.56 (192.84 227.66)

SQ(pre3day)+Rad 7 193.29 65.83 (142.71 228.57)

Rad+SQ 7 184.14 20.70 (169.00 197.71)

7day

Irradiationcontrol 7 215.00 32.06 (194.43 239.42)

SQ(pre7day)+Rad 7 205.71 32.35 (185.14 228.00)

SQ(pre3day)+Rad 7 179.14 32.63 (157.72 201.71)

Rad+SQ 7 210.14 23.15 (194.01 225.86)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofmg/dL
*
p<0.05.

Fig.19.GLUin3GyirradiatedmicewithSQtreatment.
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12.BloodUreaNitrogen(BUN)

SQ wasadministeredtoirradiatedmicetoobserveBUN intheserum.

BUN wasestimatedtobe19.73inthenormalstateand15.79and20.34―

similartothenormallevel―intheirradiationcontrolgroupthreedaysand

seven daysafter3Gy irradiation tonormalmice,respectively.Itwas

estimatedtobe16.17and16.76threedaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and16.94incaseofSQ administrationforthreedaysafterirradiation,all

ofwhichwerehigherthanthatofthegroupreceivingirradiationalone

(M=15.79).Itwas estimated to be 17.06 and 16.79 seven days after

irradiationfollowingSQ administrationsevendaysandthreedaysbefore

irradiation,respectively,and17.77incaseofSQ administrationforseven

daysafterirradiation,allofwhichwerelowerthan thatofthegroup

receivingirradiationalone(M=20.34).Atthe95% confidenceinterval,there

were statistically significant differences between the groups with

measurementthreedaysafterirradiationfollowingSQadministrationseven

days and three days before irradiation (SQ(pre-seven days) and

SQ(pre-threedays))andtheRadcontrolgroup(p< 0.05).Inparticular,

radioprotectiveeffectsofBUN intheserum werefoundtobegreatestin

thegroupreceivingSQ administrationsevendaysandthreedaysbefore

irradiation(Table25,Fig.20).
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Table25.BUNin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 19.73 1.66 (18.66 20.80)

3day

Irradiationcontrol 7 15.79 1.47 (14.60 16.67)

SQ(pre7day)+Rad 7 16.17 0.81 (15.53 16.73)

SQ(pre3day)+Rad 7 16.76 0.70 (16.31 17.29)

Rad+SQ 7 16.94 1.45 (16.03 17.99)

7day

Irradiationcontrol 7 20.34 2.15 (18.87 21.83)

SQ(pre7day)+Rad 7 17.06 0.99 (16.43 17.77)
*

SQ(pre3day)+Rad 7 16.79 1.90 (15.51 18.06)
*

Rad+SQ 7 17.77 2.24 (16.19 19.24)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofmg/dL
*
p<0.05.

Fig.20.BUNin3GyirradiatedmicewithSQtreatment.
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13.Creatinine

SQ wasadministered to irradiated mice to observecreatinine in the

serum.Creatininewasestimatedtobe0.29inthenormalstateand0.30

and0.31―similartothenormallevel―intheirradiationcontrolgroupthree

daysandsevendaysafter3Gyirradiationtonormalmice,respectively.It

wasestimatedtobe0.32and0.29threedaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and0.30incaseofSQ administrationforthreedaysafterirradiation,all

ofwhich weresimilartothatofthegroup receiving irradiation alone

(M=0.30).Itwasestimatedtobe0.33and0.30sevendaysafterirradiation

followingSQ administrationsevendaysandthreedaysbeforeirradiation,

respectively,and0.31incaseofSQ administrationforsevendaysafter

irradiation,allofwhich were similarto thatofthe group receiving

irradiationalone(M=0.31).Atthe95% confidenceinterval,nostatistically

significantdifferencewasfoundintheradioprotectiveeffectsofcreatinine

intheserum withSQadministration(Table26,Fig.21).
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Table26.CREAin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 0.29 0.07 (0.24 0.33)

3day

Irradiationcontrol 7 0.30 0.08 (0.24 0.36)

SQ(pre7day)+Rad 7 0.32 0.08 (0.27 0.37)

SQ(pre3day)+Rad 7 0.29 0.07 (0.24 0.33)

Rad+SQ 7 0.30 0.08 (0.24 0.36)

7day

Irradiationcontrol 7 0.31 0.07 (0.27 0.36)

SQ(pre7day)+Rad 7 0.33 0.08 (0.29 0.39)

SQ(pre3day)+Rad 7 0.30 0.06 (0.26 0.34)

Rad+SQ 7 0.31 0.07 (0.27 0.36)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofmg/dL
*
p<0.05.

Fig.21.CREAin3GyirradiatedmicewithSQtreatment.
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14.UricAcid(UA)

SQ wasadministeredtoirradiatedmicetoobserveUA intheserum.UA

wasestimatedtobe1.89inthenormalstateand1.97and1.57―similarto

thenormallevel―intheirradiationcontrolgroupthreedaysandseven

daysafter3Gyirradiationtonormalmice,respectively.Itwasestimated

tobe3.67and2.37threedaysafterirradiationfollowingSQadministration

sevendaysandthreedaysbeforeirradiation,respectively,and2.57incase

ofSQ administrationforthreedaysafterirradiation,allofwhichwere

higherthanthatofthegroupreceivingirradiationalone(M=1.97).Itwas

estimatedtobe3.29and2.09sevendaysafterirradiationfollowingSQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,

and2.00incaseofSQ administrationforsevendaysafterirradiation,all

ofwhichwerehigherthanthatofthegroupreceivingirradiationalone

(M=1.57).At the 95% confidence interval,no statistically significant

differencewasfoundintheradioprotectiveeffectsofUA intheserum

with SQ administration.However,radioprotectiveeffectsofUA in the

serum werefoundtobegreatestinthegroupreceivingSQ administration

forsevendaysbeforeirradiation(Table27,Fig.22).



- 67 -

Table27.UAin3GyirradiatedmicewithSQtreatment

Measured

after

irradiation

Group N Mean S.D.
95% confidence
intervalusing
boostrapmethod

Normal(Intestine) 7 1.89 0.56 (1.46 2.26)

3day

Irradiationcontrol 7 1.97 0.31 (1.73 2.17)

SQ(pre7day)+Rad 7 3.67 1.09 (2.98 4.58)

SQ(pre3day)+Rad 7 2.37 0.63 (1.93 2.79)

Rad+SQ 7 2.57 0.43 (2.26 2.84)

7day

Irradiationcontrol 7 1.57 0.77 (1.04 2.07)

SQ(pre7day)+Rad 7 3.29 1.07 (2.53 4.03)

SQ(pre3day)+Rad 7 2.09 0.62 (1.71 2.56)

Rad+SQ 7 2.00 0.98 (1.33 2.71)

Note:Theinteractioneffectwasdeterminedusingboostrapmethod.Theunit

isthenumberofmg/dL
*
p<0.05.

Fig.22.UAin3GyirradiatedmicewithSQtreatment.
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IV.Discussion

Georgeetal.notedthatSQisanisoprenoidcompoundwithasimilarstructureto

β-carotenewith six doublebondsand thirty carbons,passesthrough farnselyl

pyrophophatase following phosphorylation of mevalonate during cholesterol

synthesis,isanintermediategeneratedduringtheprocessofcholesterolsynthesis

throughsqualeneepoxidaseandlanosterol,isdistributedoveradiposetissues,the

skin,lymphatictissues,kidneys,skeletalmuscles,cardiacmuscles,andarteries,

withthedryweightof475μg/gper1μg/gintheskin,about275μg/ginadipose

tissues,75μg/gintheliverwithactivecholesterolsynthesis,andabout42μg/gin

thesmallintestines,isunsaturatedfattyacidwidelydistributedamonganimalsand

plants,andismostabundantinoliveoil―7mg/gper1μg/g―amongplantsandin

theliverofcentrophorusatromarginatusamong animalsandisalsocontainedin

foods[21].IthasbeenfoundthatSQ synthesisandsynthetasearelocatedatthe

endoplasmicreticulum andmicrosomeinlivercellsofawhitemouseandvaryby

afew low-fatmedicinesordiets
[23]
.Whenapersonhada900mgdailyintakeof

SQ inthreedosesof300mgforfourweeks,itwasfound,onthebasisofthe

sterolbalanceaswellastheserum SQ level,thecholesterollevel,andcholesterol

synthesis,that60% ofitwasabsorbed from intakeand theserum SQ level

increased by 17 times but there was no change in serum triglyceride or

cholesterol
[25]
;SQ intakeincreasedcholesterolsynthesisandLDL apoB metabolic

activity[37];anditreducedHMG CoA reductaseactivityintheliverofawhite

mouse
[25]
.SQ isknowntoactantioxidativelyandhaveamechanism tosuppress

freeradicalsandreactiveoxygengeneratedfrom variousstimuliandcanbean

effectiveprotectorofaliving body by rapidly eliminating malignantneoplasms

generatedbyionizationandexcitationrightafterexposuretoirradiationincaseof

goodtreatmentbeforeorafterirradiation
[38]
.Intermsofcellsignalingpathways

throughwhichirradiationleadstoapoptosis,Wangetal.reportedthatNF-kB,an

importantsignaltransmitterintheprocessofinflammatoryresponsegeneration,is

an essentialelementthatleadstoapoptosisorcellsurvivalin atransduction

pathwaysignalscausedbyionizingradiation
[39]
;Zaidietal.foundthattreatment
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withgentlewhole-bodythermotherapy(39°C,1h)twentyhoursbeforewhole-body

irradiation of8 Gy could preventmuch ofapoptosis from being caused by

whole-bodyirradiation
[40]
,andKim notedthattreatmentwithchitosancouldinhibit

lots ofchromosomalabnormalities from being induced by contamination with

radioactivemercury
[41]
.Hongetal.reportedthatc-fosandjunB,acutelyexpressed

protein genes in brain neurons,made a reaction through brain tissues which

reacted toirradiation
[42]
and Claudiaetal.noted thatsuch enzymesasprotein

kinase C known to cause radiation injury and stress response protein kinase

delayedcelldivisionintheG1phasebyinducingacuteresponsegenes
[43]
.Ithas

been reported thatan activeprocessrequiring energy,apoptosisiscaused by

severalstimulito cells,such as ultravioletrays,lack ofcellgrowth factors,

connectionofliganswithareceptor,reactiveoxygenmetabolites,andDNA damage

byionizedradiation,thatdegradationofactinandactin-bindingprotein,fordrin,

forms airbubbles in plasma membranes,which leads to apoptosis,thatitis

possibletocauseorinhibitartificialapoptosisbygettingagoodunderstandingof

theprocessofsignaltransmissionforapoptosis,andthatitispossibletofind

pharmacologicalandphysicalmeanstoinhibitapoptosis
[44-46]

.In thisstudy,we

examinedCaspase-3andCaspase-9among cellsignaling pathwaystoapoptosis

afterirradiation:whilebothofthem hadtheO.D.valueincreasedsignificantlyin

theirradiationcontrolgroup,theformerwasestimatedtobe0.505and0.688three

daysafterirradiationfollowingSQadministrationsevendaysandthreedaysbefore

irradiation,respectively,and0.642incaseofSQ administrationafterirradiation,all

ofwhichwerelowerthanthatofthegroupreceivingirradiationalone(M=0.720).It

wasestimatedtobe0.610and0.652seven daysafterirradiation following SQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,and0.622

incaseofSQadministrationafterirradiation,allofwhichwerelowerthanthatof

thegroupreceivingirradiationalone(M=0.779).Caspase-3ofLiverwasestimated

tobe0.676and0.683―higherthanthenormallevelof0.201―intheirradiation

controlgroupthreedaysandsevendaysafter3Gyirradiationtonormalmice,

respectively.ThreedaysafterirradiationfollowingSQ administrationsevendays

and three days before irradiation,itwas estimated to be 0.395 and 0.606,
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respectively,bothofwhichwerelowerthanthatofthegroupreceivingirradiation

alone (M=0.676).In contrast,itwas estimated to be 0.697 in case ofSQ

administrationafterirradiation,whichwashigherthanthatofthegroupreceiving

irradiationalone(M=0.676).SevendaysafterirradiationfollowingSQadministration

sevendaysandthreedaysbeforeirradiation,itwasestimatedtobe0.527and

0.613,respectively,both ofwhichwerelowerthan thatofthegroupreceiving

irradiationalone(M=0.676).Incontrast,itwasestimatedtobe0.718incaseofSQ

administrationafterirradiation,whichwashigherthanthatofthegroupreceiving

irradiationalone(M=0.779).Caspase-9ofSmallintestinewasestimatedtobe0.725

and0.786―higherthanthenormallevelof0.088―intheirradiationcontrolgroup

threedaysandsevendaysafter3Gyirradiationtonormalmice,respectively.It

wasestimated tobe0.065and 0.090threedaysafterirradiation following SQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,and0.096

incaseofSQadministrationafterirradiation,allofwhichwerelowerthanthatof

thegroupreceivingirradiationalone(M=0.725).Itwasestimatedtobe0.079and

0.099sevendaysafterirradiationfollowingSQadministrationsevendaysandthree

daysbeforeirradiation,respectively,and0.090incaseofSQ administrationafter

irradiation,allofwhichwerelowerthanthatofthegroupreceiving irradiation

alone(M=0.779).Caspase-9ofLiverwasestimatedtobe0.801and0.750―higher

thanthenormallevelof0.150―intheirradiationcontrolgroupthreedaysand

sevendaysafter3Gyirradiationtonormalmice,respectively.Threedaysafter

irradiation following SQ administration seven days and three days before

irradiation,itwasestimatedtobelowerthanthatofthegroupreceivingirradiation

alone(M=0.801):0.382and0.791,respectively.Incontrast,itwasestimatedtobe

0.870,which was higher than thatofthe group receiving irradiation alone

(M=0.801),incaseofSQ administrationafterirradiation.Itwasestimatedtobe

0.734and0.622sevendaysafterirradiationfollowingSQadministrationsevendays

and three days before irradiation, respectively, and 0.602 in case of SQ

administrationafterirradiation,allofwhichwerelowerthanthatofthegroup

receiving irradiation alone (M=0.750).In particular,radioprotective effects of

Caspase-9inthesmallintestineandliverwerefoundtobegreatestinthegroup
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withmeasurementthreedaysafterirradiationfollowingSQ administrationseven

daysbeforeirradiationandinthegroupreceivingSQ administrationsevendays

afterirradiation.Inthosecellswithapoptosisbeingcausedbyirradiation,Caspase

servestoinduceapoptosisofseverelydamagedcellsbydegradingandeliminating

intranuclearanti-apoptosisproteinanditisassumedthattheSQ treatmentgroups

had the Caspase O.D.value decreased by SQ,which provided radioprotection

throughantioxidation
[47-49]

.Intermsofaninflammatoryresponsefactor,nitricoxide

(NO),Sethiet al.reported that abdominalmacrophage activation facilitated

generationofNO,whichwasgreatest24hoursafteramousewasexposedto

ultravioletrays(50mJ/cm
2
)
[50]
andNakagawaetal.notedthatNOwasinducedin

lotsoforgansbyionizingradiationincaseofwhole-bodyirradiationtoamouse
[51]
.

Inthisstudy,weadministeredSQ to3Gy-irradiatedmiceandexaminedNO:

whiletheirradiationcontrolgrouphadNOgenerationdecreasedinthetissuesboth

from thesmallintestinesand from theliver,NO in thesmallintestineswas

estimated to be 3.835 and 2.492 three days after irradiation following SQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,and2.291

incaseofSQadministrationafterirradiation,allofwhichwerehigherthanthatof

the group receiving irradiation alone (M=1.652).NO of smallintestine was

estimated to be 2.873 and 2.136 seven days after irradiation following SQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,and1.414

incaseofSQadministrationafterirradiation,allofwhichwerelowerthanthatof

thegroupreceivingirradiationalone(M=3.802).NoofLiverwasestimatedtobe

2.626and2.593threedaysafterirradiationfollowingSQ administrationthreedays

beforeirradiationandincaseofSQ administrationafterirradiation,respectively,

both ofwhich werehigherthan thatofthegroup receiving irradiation alone

(M=2.232).Incontrast,itwasestimatedtobe2.100threedaysafterirradiation

followingSQ administrationsevendaysbeforeirradiation,whichwaslowerthan

thatofthegroupreceiving irradiation alone(M=2.232).Itwasestimatedtobe

2.649and2.107sevendaysafterirradiationfollowingSQadministrationsevendays

beforeirradiationandincaseofSQ administrationafterirradiation,respectively,

both ofwhich werehigherthan thatofthegroup receiving irradiation alone
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(M=2.034).Incontrast,itwasestimatedtobe1.965sevendaysafterirradiation

followingSQ administrationthreedaysbeforeirradiation,whichwaslowerthan

thatofthegroupreceivingirradiationalone(M=2.034).nparticular,radioprotective

effectsofNO inthesmallintestineswerefoundtobegreatestthreedaysafter

irradiationfollowingSQ administrationsevendaysbeforeirradiation.Afterbeing

generatedincells,NOpassesthroughothercellmembranestoinhibitinflammatory

responsesthereandgiveafunctionofimmuneregulationtoconfrontinfectionand

itisassumed thatSQ increasesNO generation,thereby giving radioprotection

throughinflammatoryresponseinhibition,intheSQtreatmentgroups
[52-54]

.Interms

ofTNF-α among radiation-induced cytokines,Kyrkanides etal.reported that

ionizingradiationgeneratedseriouslevelsofTNF-α andICAM-1inanexperiment

withthebrainofirradiatedmice[55-60]andFagioloetal.,whogaveirradiationtoa

pouchofbloodwithactivemitosisandexaminedthetime-responserelationsin

monocytes,reported thatcellproliferation began tobeinhibited 24hoursafter

irradiation and TNF-α generation increased significantly[61-65].Rube etal.,who

analyzedcytokinesexpressedaftertreatmentwithananticanceragentandthoracic

radiotherapy, reported that the experimental group receiving both thoracic

radiotherapy
[66,67]

andtreatmentusing gemcitabinehadahigherlevelofTNF-α 

expressioninalltimeslotsthanthegrouptreatedwithananticanceragentalone

orthegroup receiving radiotherapy aloneand Akmansu etal.,who measured

TNF-α beforeandafterfive-week radiotherapy in theserum from 34persons

receivinglocalradiotherapyagainstheadandneckcancer,foundthatthelevelof

TNF-α was drastically raised in allthe patients receiving radiotherapy alone

withoutsurgicaltreatment[68-70].Rubeetal.,whoexaminedTNF-α generationwhen

animmunomodulator,pentoxifylline,wasadministeredtolungtissuesafter12Gy

thoracicirradiation,reportedthatwhilethegroupreceivingirradiationalonesaw

TNF-α generationfacilitated,theexperimentalgroupreceivingbothpentoxifylline

administration[70-73] and irradiation had a low levelofTNF-α generation since

pentoxifyllineloweredthelevelofTNF-α generationandGrandjean-Laquerriereet

al.notedthatifcellsexposedtoultravioletraysweretreatedwithkinaseA,TNF-

α wassignificantlyinhibited[74-77].Inthisstudy,weexaminedTNF-α inthetissues
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from micetreatedwithSQafterasessionof3Gywhole-bodyirradiation,TNF-α 

in thesmallintestines was estimated to be0.295threedaysafterirradiation

followingSQ administrationsevendaysbeforeirradiation,whichwaslowerthan

thatofthe group receiving irradiation alone (M=0.454).In contrast,itwas

estimated to be 0.504 and 0.475 three days after irradiation following SQ

administrationthreedaysbeforeirradiationandincaseofSQ administrationafter

irradiation,respectively,bothofwhichwerehigherthanthatofthegroupreceiving

irradiationalone(M=0.454).Itwasestimatedtobe0.305and0.472sevendaysafter

irradiation following SQ administration seven days and three days before

irradiation,respectively,and0.412incaseofSQ administrationafterirradiation,all

ofwhichwerelowerthanthatofthegroupreceivingirradiationalone(M=0.550).

TNF-α ofLiverwasestimatedtobe0.169and0.239threedaysafterirradiation

following SQ administration seven days and three days before irradiation,

respectively,and0.319incaseofSQ administrationafterirradiation,allofwhich

werelowerthanthatofthegroupreceivingirradiationalone(M=0.014).Itwas

estimated to be 0.205 and 0.248 seven days after irradiation following SQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,and0.258

incaseofSQadministrationafterirradiation,allofwhichwerelowerthanthatof

thegroupreceivingirradiationalone(M=0.280).Inparticular,radioprotectiveeffects

ofTNF-α in theliverwerefound to begreatestin thegroup receiving SQ

administrationforsevendaysbeforeirradiation.

Biologicalcontrolproteinwithantitumoreffects,TNF-α isinducedby stimuli,

suchasradiation,andprotectscellsfrom beinginjuredanditisassumedthatthe

SQ treatmentgroup had thelevelofTNF-α lowered by SQ,which provided

radioprotection through antioxidation
[78-80]

. In terms of interleukin among

radiation-inducedcytokines,Sekietal.reportedthattheimmunefactorsofIL-4

and IL-7 as well as IL-2 saved both CD+4 and CD+8 T cells from

radiation-inducedapoptosis[81-83];Legueetal.notedthatinjectionofcytokines,such

asIL-6,beforewhole-bodyirradiationhadradioprotectiveeffectswithincreased

cellsurvivalandhadradioprotectiveeffectsobservedinsertolicells
[84]
;andFrasca

etal.,whoexaminedtheeffectsofcytokinesgeneratedinDNA-bindingprocessof
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eukaryoticcellkuinmonocytesofperipheralbloodexposedtox-rayradiationin

youngandmiddle-agedgroups,reportedthatDNA-bindingactivityofkuincreased

drastically,thereby generating IL-6 modified cytokine,K-7/D-6,and inducing

unscheduledDNA restoration,intheyounggroup[85].Meerenetal.reportedthat

irradiationtohumanendothelialcellsincreasedIL-6generation
[86]
;Rossetal.noted

thatgeneration ofIL-6 mRNA in glioblastoma celllineswasmorepositively

facilitated by low orvery low dosesthan by high ormoderatedoses
[87]
;and

Grandjean-Laquerriere etal.reported thatwhen the human skin exposed to

ultravioletrayswastreatedwithPMA,apharmacologicallyactiveagentofprotein

kinaseC,theleveloftheimmunefactorIL-8wasraisedinNCTC2544celllines

ofkeratinocyte
[88]
.Inthisstudy,weadministeredSQ tomiceexposedtoasession

of3Gywhole-bodyirradiationandexaminedIL-6,whichwasestimatedinthe

small intestines to be 0.0205 three days after irradiation following SQ

administrationseven daysbeforeirradiation,which waslowerthan thatofthe

groupreceivingirradiationalone(M=0.0328).IL-6ofsmallintestinewasestimated

tobe0.0369and0.0367threedaysafterirradiationfollowingSQ administration

threedaysbeforeirradiation andincaseofSQ administrationafterirradiation,

respectively,bothofwhichwerehigherthanthatofthegroupreceivingirradiation

alone (M=0.0328).Itwas estimated to be 0.0228 and 0.0360 seven daysafter

irradiation following SQ administration seven days and three days before

irradiation,respectively,and0.0350incaseofSQadministrationafterirradiation,all

ofwhichwerelowerthanthatofthegroupreceivingirradiationalone(M=0.0401).

It was estimated to be 0.0096 three days after irradiation following SQ

administrationsevendaysafterirradiation,whichwaslowerthanthatofthegroup

receivingirradiationalone(M=0.0160).IL-6ofLiverwasestimatedtobe0.0237

and 0.0272 three days afterirradiation following SQ administration threedays

beforeirradiationandincaseofSQ administrationafterirradiation,respectively,

both ofwhich werehigherthan thatofthegroup receiving irradiation alone

(M=0.0160).Itwasestimatedtobe0.0147and0.0251sevendaysafterirradiation

following SQ administration seven days and three days before irradiation,

respectively,and0.0232incaseofSQ administrationafterirradiation,allofwhich
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were lowerthan thatofthe group receiving irradiation alone (M=0.0303).In

particular,radioprotectiveeffectsofIL-6inthesmallintestineswerefoundtobe

greatestinthegroupreceivingSQ administrationforsevendaysbeforeirradiation.

In this study,we administered SQ to mice exposed to a session of3 Gy

whole-body irradiation and examined IL-10,which wasestimated in thesmall

intestines to be 0.0166 and 0.0308 three days after irradiation following SQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,and0.0412

incaseofSQadministrationafterirradiation,allofwhichwerelowerthanthatof

thegroup receiving irradiation alone(M=0.0460).IL-10 ofSmallintestinewas

estimated to be 0.0207 and 0.0211 seven days afterirradiation following SQ

administrationsevendaysandthreedaysbeforeirradiation,respectively,and0.0240

incaseofSQadministrationafterirradiation,allofwhichwerelowerthanthatof

thegroupreceivingirradiationalone(M=0.0242).IL-10ofLiverwasestimatedto

be0.0127threedaysafterirradiationfollowingSQadministrationsevendaysbefore

irradiation,which waslowerthan thatofthegroupreceiving irradiation alone

(M=0.0070).Incontrast,itwasestimatedtobe0.0149and0.0160threedaysafter

irradiationfollowingSQ administrationthreedaysbeforeirradiationandincaseof

SQ administrationafterirradiation,respectively,bothofwhichwerehigherthan

thatofthegroupreceivingirradiationalone(M=0.0131).Itwasestimatedtobe

0.0134and0.0192sevendaysafterirradiationfollowingSQ administrationseven

daysand threedaysbeforeirradiation,respectively,and 0.0163in caseofSQ

administrationafterirradiation,allofwhichwerehigherthanthatofthegroup

receivingirradiationalone(M=0.0132).Inparticular,radioprotectiveeffectsofIL-10

intheliverwerefoundtobegreatestinthegroupreceivingSQadministrationfor

seven days before irradiation.An active substance with an immunomediatory

function between cells,such as blood cells,immunocytes,endocrine cells,and

neurons,IL-6isinducedbystimuli,suchasradiation,andgiveradioprotectionto

cellsanditisassumedthattheSQ treatmentgroupshadthevaluesofIL-6and

IL-10decreasedbySQ,whichprovidedradioprotectionthroughantioxidation.Kim,

whoadministered0.1% chitosanoligosaccharidetoseehow chitosanoligosaccharide

intakeaffectedchangesinthechemicalcompositionofbloodinirradiatedmice,
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found thatthealkalinephosphatase(ALP)and aspartateaminotransferase(AST)

groupsrecoveredmorequicklyincaseoftreatmentwithchitosanoligosaccharide

for14daysbeforeirradiationthantheirradiationcontrolgroup
[89]
.Inthisstudy,we

centrifuged serum from mice exposed to one session of 3 Gy whole-body

irradiationandperformed14biochemicalteststoobtainsupplementarydataabout

theradioprotectiveeffectsofSQ,theadministrationofwhichledtorecoveryin

somecases:TPincreasedthreedaysafterirradiationfollowingSQ administration

seven days before irradiation;albumin increased three days after irradiation

following SQ administration seven daysbeforeirradiation;LDH increased three

daysafterirradiation following SQ administration seven daysbeforeirradiation;

HDLC decreased threedaysafterirradiation following SQ administration seven

daysandthreedaysbeforeirradiation;LDHCincreasedthreedaysafterirradiation

followingSQ administrationsevendaysbeforeirradiation;andUA increasedthree

daysafterirradiationfollowingSQadministrationsevendaysbeforeirradiation.



- 77 -

V.Conclusion

Todeterminetheradioprotectiveeffectsofsqualene,theexperimentalgroupsof

mice exposed to one session of3 Gy irradiation were divided into normal,

irradiation control,SQ treatment before irradiation,and SQ treatment after

irradiationgroups;then,theirradiationcontrolgroupwassubdividedintoirradiation

+measurementafter3daysandirradiation+measurementafter7daysgroups,

theSQ treatmentbeforeirradiationgroupintoSQ treatmentfor7and3days+

irradiation+ measurementafter3daysandSQ treatmentfor7and3days+

irradiation + measurementafter 7 days groups,and the SQ treatmentafter

irradiationgroupintoirradiation+SQ treatmentfor3days+measurement3days

afterirradiationandirradiation+SQ treatmentfor7days+measurement7days

afterirradiationgroups.Therewereatotalofsevenexperimentalgroupsanda

totalof49 mice,7 perexperimentalgroup,were used in this study.First,

Caspase-3andCaspase-9inthecellsignalingpathways,whichledtoapoptosis,

weremeasuredtoexaminecellactivity;second,nitricoxide(NO)wasmeasuredto

observeinflammatoryresponsesincells;andthird,TNF-α,IL-6,andIL-10were

measuredtoobserveradiation-inducedcytokine.Inaddition,biochemicalanalysesof

the serum from the same mice weremade as partofan attemptto obtain

supplementarydataabouttheradioprotectiveeffectsofSQ.

InCaspase-3andCaspase-9teststoexaminecellactivity,whilebothofthem

had the O.D.value increased significantly in the irradiation controlgroup,

Caspase-3ofSmallintestinewasstatisticallysignificantdifferencesbetweenboth

the group with measurement three days after irradiation following SQ

administrationsevendaysbeforeirradiation(SQ(pre-sevendays))andthegroup

receivingSQadministrationforthreedaysafterirradiation(Rad+SQ)andthegroup

receiving irradiation alone(Radcontrolgroup)(p< 0.05)butnotbetween the

groupwithmeasurementthreedaysafterirradiationfollowingSQ administration

threedays before irradiation (SQ(pre-three days))and the Rad controlgroup.

Statistically significantdifferences were found between both the groups with

measurementthreedaysafterirradiationfollowingSQ administrationsevendays
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andthreedaysbeforeirradiation(SQ(pre-sevendays)andSQ(pre-threedays))and

thegroupreceivingSQ administrationforsevendaysafterirradiation(Rad+SQ)

and the Rad controlgroup (p < 0.05).Caspase-3 ofLiverwas statistically

significantdifferences between the groups with measurementthree days after

irradiationfollowingSQadministrationsevendaysandthreedaysbeforeirradiation

(SQ(pre-seven days)andSQ(pre-threedays))andtheRadcontrolgroup(p<

0.05)butnotbetweenthegroupreceivingSQ administrationforthreedaysafter

irradiation(Rad+SQ)andtheRadcontrolgroup.Statisticallysignificantdifferences

werefound between thegroup with measurementseven daysafterirradiation

followingSQadministrationsevendaysbeforeirradiation(SQ(pre-sevendays))and

theRadcontrolgroup(p< 0.05)butnotbetweenthegroupwithmeasurement

seven days after irradiation following SQ administration three days before

irradiation(SQ(pre-threedays))orthegroupreceivingSQadministrationforseven

daysafterirradiation(Rad+SQ)andtheRadcontrolgroup.Caspase-9ofsmall

intestinewasstatistically significantdifferences between both thegroupswith

measurementthreedaysafterirradiationfollowingSQ administrationsevendays

andthreedaysbeforeirradiation(SQ(pre-sevendays)andSQ(pre-threedays))and

thegroupreceivingSQadministrationforthreedaysafterirradiation(Rad+SQ)and

theRadcontrolgroup(p< 0.05).Statisticallysignificantdifferenceswerefound

betweenboththegroupswithmeasurementsevendaysafterirradiationfollowing

SQ administration seven daysand three days beforeirradiation (SQ(pre-seven

days)andSQ(pre-threedays))andthegroupreceivingSQadministrationforseven

daysafterirradiation(Rad+SQ)andtheRadcontrolgroup(p<0.05).Caspase-9of

Liverwasstatisticallysignificantdifferencesbetweenthegroupwithmeasurement

three days after irradiation following SQ administration seven days before

irradiation(SQ(pre-sevendays))andtheRadcontrolgroup(p< 0.05)butnot

between thegroupwith measurementthreedaysafterirradiation following SQ

administration three days before irradiation (SQ(pre-three days))orthe group

receivingSQ administrationforthreedaysafterirradiation(Rad+SQ)andtheRad

controlgroup.Statistically significantdifferenceswerefound between both the

groupwithmeasurementsevendaysafterirradiationfollowingSQ administration
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threedaysbeforeirradiation (SQ(pre-threedays))and thegroup receiving SQ

administrationforsevendaysafterirradiation(Rad+SQ)andtheRadcontrolgroup

(p < 0.05)butnotbetween the group with measurementseven days after

irradiationfollowingSQ administrationsevendaysbeforeirradiation(SQ(pre-seven

days))and theRad controlgroup.On thebasisofCaspase-3and Caspase-9,

therefore,CaspasegenerationwasinhibitedintheSQadministrationgroup.

IntheNO testtoobserveinflammatoryresponsesincells,statisticallysignificant

differenceswerefoundbetweenboththegroupswithmeasurementthreedaysafter

irradiationfollowingSQadministrationsevendaysandthreedaysbeforeirradiation

(SQ(pre-seven days) and SQ(pre-three days)) and the group receiving SQ

administrationforthreedaysafterirradiation(Rad+SQ)andtheRadcontrolgroup

(p< 0.05).NO ofsmallIntestinewasstatisticallysignificantdifferencesbetween

both the groups with measurementthree days afterirradiation following SQ

administrationsevendaysandthreedaysbeforeirradiation(SQ(pre-sevendays)

andSQ(pre-threedays))andthegroupreceivingSQ administrationforthreedays

afterirradiation(Rad+SQ)andtheRadcontrolgroup(p< 0.05).Incontrast,there

wasnostatisticallysignificantdifferencebetweenthegroupswithmeasurement

sevendaysafterirradiationfollowingSQadministrationsevendaysandthreedays

before irradiation (SQ(pre-seven days)and SQ(pre-three days))orthe group

receivingSQ administrationforsevendaysafterirradiation(Rad+SQ)andtheRad

controlgroup.NO ofLiverwasstatistically significantdifferencesbetween the

groupreceivingSQadministrationforthreedaysafterirradiation(Rad+SQ)andthe

Radcontrolgroup(p<0.05).Incontrast,nostatisticallysignificantdifferencewas

foundbetweenthegroupwithmeasurementthreedaysafterirradiationfollowing

SQ administrationsevendaysorthreedaysbeforeirradiation(SQ(pre-sevendays)

or SQ(pre-three days)) and the Rad controlgroup.There were statistically

significantdifferences between the group with measurementseven days after

irradiationfollowingSQ administrationsevendaysbeforeirradiation(SQ(pre-seven

days))andtheRadcontrolgroup(p<0.05).Incontrast,nostatisticallysignificant

difference was found between the group with measurementseven days after

irradiationfollowingSQ administrationthreedaysbeforeirradiation(SQ(pre-three
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days))orthegroupreceivingSQ administrationforsevendaysafterirradiation

(Rad+SQ)and the Rad controlgroup.Itwas confirmed,therefore,thatSQ

promotedNO generation.InthetestofTNF-α amongradiation-inducedcytokines,

therewerestatisticallysignificantdifferencesbetweenthegroupwithmeasurement

three days after irradiation following SQ administration seven days before

irradiation(SQ(pre-sevendays))andtheRadcontrolgroup(p<0.05).

TNF-α ofsmallintestinewasstatisticallysignificantdifferencesbetweenthegroup

withmeasurementthreedaysafterirradiationfollowingSQ administrationseven

daysbeforeirradiation(SQ(pre-sevendays))andtheRadcontrolgroup(p<0.05).

Incontrast,nostatisticallysignificantdifferencewasfoundbetweenthegroupwith

measurementthreedaysafterirradiationfollowing SQ administrationthreedays

beforeirradiation(SQ(pre-threedays))orthegroupreceivingSQadministrationfor

threedaysafterirradiation (Rad+SQ)and theRad controlgroup.Therewere

statistically significantdifferencesbetween thegroupswith measurementseven

daysafterirradiationfollowingSQadministrationsevendaysandthreedaysbefore

irradiation(SQ(pre-sevendays)andSQ(pre-threedays))andthegroupreceiving

SQ administrationforsevendaysafterirradiation(Rad+SQ)andtheRadcontrol

group(p< 0.05).TNF-α ofLiverwasstatisticallysignificantdifferencesbetween

the groups with measurement three days after irradiation following SQ

administrationsevendaysandthreedaysbeforeirradiation(SQ(pre-sevendays)

andSQ(pre-threedays))andtheRadcontrolgroup(p< 0.05).Incontrast,there

was no statistically significant difference between the group receiving SQ

administrationforthreedaysafterirradiation(Rad+SQ)andtheRadcontrolgroup.

Statistically significant differences were found between the group with

measurementsevendaysafterirradiationfollowingSQ administrationsevendays

beforeirradiation(SQ(pre-sevendays))andtheRadcontrolgroup(p< 0.05).In

contrast,nostatisticallysignificantdifferencewasfoundbetweenthegroupwith

measurementsevendaysafterirradiationfollowingSQ administrationthreedays

beforeirradiation(SQ(pre-threedays))orthegroupreceivingSQadministrationfor

sevendaysafterirradiation(Rad+SQ)andtheRadcontrolgroup.Itwasconfirmed,

therefore,thatTNF-α generationwasinhibitedintheSQ administrationgroup.In
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the test of IL-6 among radiation-induced cytokines,there were statistically

significantdifferences between the group with measurementthree days after

irradiationfollowingSQ administrationsevendaysbeforeirradiation(SQ(pre-seven

days))and the Rad controlgroup (p < 0.05).IL-6 ofsmallintestine was

statisticallysignificantdifferencesbetweenthegroupwithmeasurementthreedays

after irradiation following SQ administration seven days before irradiation

(SQ(pre-seven days))and the Rad controlgroup (p < 0.05).In contrast,no

statisticallysignificantdifferencewasfoundbetweenthegroupwithmeasurement

threedaysafterirradiationfollowingSQadministrationthreedaysbeforeirradiation

(SQ(pre-threedays))orthegroupreceivingSQ administrationforthreedaysafter

irradiation(Rad+SQ)andtheRadcontrolgroup.Therewerestatisticallysignificant

differences between the group with measurementseven days afterirradiation

followingSQadministrationsevendaysbeforeirradiation(SQ(pre-sevendays))and

theRadcontrolgroup(p< 0.05).Incontrast,nostatisticallysignificantdifference

was found between the group with measurementseven days afterirradiation

followingSQ administrationthreedaysbeforeirradiation(SQ(pre-threedays))or

thegroupreceivingSQ administrationforsevendaysafterirradiation(Rad+SQ)

andtheRadcontrolgroup.IL-6ofLiverwasstatisticallysignificantdifferences

betweenboththegroupswithmeasurementthreedaysafterirradiationfollowing

SQ administration seven daysand three days beforeirradiation (SQ(pre-seven

days)andSQ(pre-threedays))andthegroupreceivingSQadministrationforthree

daysafterirradiation(Rad+SQ)andtheRadcontrolgroup(p<0.05).Therewere

statisticallysignificantdifferencesbetweenboththegroupwithmeasurementseven

daysafterirradiation following SQ administration seven daysbeforeirradiation

(SQ(pre-sevendays))andthegroupreceivingSQ administrationforsevendays

afterirradiation(Rad+SQ)andtheRadcontrolgroup(p< 0.05).Incontrast,no

statisticallysignificantdifferencewasfoundbetweenthegroupwithmeasurement

seven days after irradiation following SQ administration three days before

irradiation(SQ(pre-threedays))andtheRadcontrolgroup.IL-10ofsmallintestine

wasstatisticallysignificantdifferencebetweenboththegroupswithmeasurement

threedaysafterirradiationfollowingSQ administrationsevendaysandthreedays
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beforeirradiation (SQ(pre-seven days)and SQ(pre-threedays))and thegroup

receivingSQ administrationforthreedaysafterirradiation(Rad+SQ)andtheRad

controlgroup(p< 0.05).Nostatisticallysignificantdifferencewasfoundbetween

the group with measurement seven days after irradiation following SQ

administrationsevendaysorthreedaysbeforeirradiation(SQ(pre-sevendays)or

SQ(pre-threedays))orthegroupreceivingSQ administrationforsevendaysafter

irradiation(Rad+SQ)andtheRadcontrolgroup.IL-10ofLiverwasstatistically

significantdifferences between the group with measurementthree days after

irradiation (Rad+SQ)and the Rad controlgroup (p < 0.05).In contrast,no

statisticallysignificantdifferencewasfoundbetweenthegroupwithmeasurement

following SQ administration seven days or three days before irradiation

(SQ(pre-sevendays)orSQ(pre-threedays))andtheRadcontrolgroup.Therewas

nostatisticallysignificantdifferencebetweenthegroupwithmeasurementseven

daysafterirradiationfollowingSQ administrationsevendaysorthreedaysbefore

irradiation(SQ(pre-sevendays)orSQ(pre-threedays))orthegroupreceivingSQ

administrationforsevendaysafterirradiation(Rad+SQ)andtheRadcontrolgroup.

Itwas confirmed,therefore,thatIL-6 generation was inhibited in the SQ

administrationgroup.InthetestofIL-10amongradiation-inducedcytokinesinthe

smallintestines,therewerestatistically significantdifferencesbetweenboththe

groupswithmeasurementthreedaysafterirradiationfollowingSQ administration

seven days and three days before irradiation (SQ(pre-seven days) and

SQ(pre-threedays))andthegroupreceivingSQadministrationforthreedaysafter

irradiation(Rad+SQ)andtheRadcontrolgroup(p< 0.05). Itwasconfirmed,

therefore,thatIL-10generationwasinhibitedintheSQ administrationgroup.In

theserum test,SQadministrationledtorecoveryinsomecases:totalprotein(TP)

increasedthreedaysafterirradiationfollowingSQadministrationsevendaysbefore

irradiation; albumin increased three days after irradiation following SQ

administration seven days before irradiation;LDH increased three days after

irradiation following SQ administration seven days before irradiation; HDLC

decreasedthreedaysafterirradiationfollowingSQ administrationsevendaysand

threedaysbeforeirradiation;LDHCincreasedthreedaysafterirradiationfollowing
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SQadministrationsevendaysbeforeirradiation;andUA increasedthreedaysafter

irradiationfollowingSQadministrationsevendaysbeforeirradiation.

Inconclusion,ithasbeenconfirmedthatsqualenewithgoodantioxidanteffects

givesradioprotectionbypromotingNOgenerationandbyinhibitingCaspase,TNF-

α,IL-6,andIL-10generationandthatanaturalproductwithalowerlevelof

chemicaltoxicitycanbeusedasaradioprotector.
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