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Abstract

Diet-inducedhypercholesterolemiaisamajorriskfactorofadultdisease.Acommonlyusedclassofdrugsforthe

treatmentofhypercholesterolemiaisstatinsthatdecreaseplasmacholesterollevelsbyinhibitingthecellularactivity

of3-hydroxy-3-methyl-glutaryl-CoAreductase,arate-limitingenzymeofcholesterolbiosynthesis.Sincetheuseof

statinsresultinseveralsideeffects,itisalternativelybeneficialtopreventhypercholesterolemiabyhabitualintake

ofnaturalmedicinesorcrudedrugs.Inthisstudy,weaimedtoclarifytheeffectsofthecombinedextractofSasa

albo-marginataleaves(SasakurinensisMakino),Japanseredpineleaves(PinusdensifloraSieb.etZucc)andginseng

roots(PanaxginsengC.A.Meyer)(SJG)oncholesterolhomeostasisbyusinggenome-wideexpressionanalysisin

theliverofdiet-inducedhypercholesterolemicrats.Foraperiodof3weeks,experimentalanimalgroupsweregiven

foodandwaterasfollows:standarddietandwater,standarddietand50%(v/v)SJG,high-cholesteroldiet(HCD)and

water,andHCDand50%SJG.Wethenperformedgenome-wideexpressionanalysesusingmicroarraytoobtaina

geneexpressionprofileoftheliver.Venndiagramwasdrawntoextractcholesterol-regulatedgeneswhoseexpres-

sionswerealteredbySJG.Wealsoperformedprincipalcomponentanalysistovisualizethemicroarraydata.We

foundthattheexpressionofgenesinvolvedincholesterolmetabolism,suchasP4507A1and8B1werestatistically

increasedbytreatmentofSJGinthepresenceofcholesterol.AlthoughSJGupregulatedtheexpressionofP4507A1,

plasmacholesterollevelswerenotimprovedbySJG.FurtherstudiesareneededtoclarifytheeffectsofSJGoncho-

lesterolhomeostasis.
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Introduction

Theprevalenceofcardiovasculardiseaseandmyo-

cardialinfarctionhasrecentlyrisen.Arteriosclerosisisa

majorcauseofmyocardialinfarction,withatherosclerosis

representingthemostcommonformofthecondition.

Elevatedplasmacholesterollevels,especiallylow-

densitylipoprotein(LDL)cholesterollevel,havebeen

regardedasanimportantriskfactorforthedevelopment

ofatherosclerosis.Indeed,manyyoungpeoplesuffering

from acutemyocardialinfarctionhavepreexisting

hypercholesterolemia.Nonetheless,therelationshipbe-

tweencholesterollevelsandmyocardialinfarctionre-

mainsunclear.

Statinsarethemostwidelyuseddrugsforlowering

plasmacholesterollevels.Theseagentsselectivelyin-

hibittheactivityof3-hydroxy-3-methyl-glutaryl-CoA

reductase(HMGCR),therate-limitingenzymeofcho-

lesterolbiosynthesis,resultingindecreasedcellularcho-

lesterollevelsandincreasedexpressionofLDLreceptors

(LDLR)onthecellmembrane.IncreasedLDLRprotein

expressionmaypotentiallylowerplasmacholesterolby

promotingpositiveabsorptionofplasmacholesterolinto

thecell.Althoughstatinsrepresentpowerfultoolsto

lowerplasmacholesterol,thismedicinehasseveralside

effectssuchasmusclecramping,soreness,fatigue,

weakness,andskeletalmyopathy.1,2)Thus,itisbenefi-

cialtopreventdiet-inducedhypercholesterolemiaby

improvementoflifestyleorwithmildnaturalmedicine(s)

andcrudedrug(s)obtainedfromplants.Recently,many

groupshavereportedthatseveralplantpolyphenolscan

reducetheriskofarteriosclerosis.3-7)TheSasaalbo-

marginataextracts,whicharecommonlyusedascom-

ponentsofnaturalmedicines,werereportedtolower

cytokinelevelsandimproveinsulinresistance.8,9)These

extractswerealsoreportedtocontainseveralantioxi-

dants.10)However,whetherSasaalbo-marginataextracts

canpreventdevelopmentofcardiovasculardiseaseis

unclear.

TheJapaneseherbalcrudedrug,combinedextract

ofSasaalbo-marginataleaves(SasakurinensisMakino),

Japaneseredpineleaves(PinusdensifloraSieb.et

Zucc.)andginsengroots(PanaxginsengC.A.Meyer)

(SJG),isaliquidpreparation.Itisoftentakenasadi-

lutedsolutioninwaterandisreportedtohaveantide-

pressantandanxiolyticeffectsinmice.11,12) Inthe

presentstudy,weaimedtoexaminetheeffectsofSJG

oncholesterolhomeostasisandtoclarifythemolecular

mechanismofitseffects.Weperformedgenome-wide

expressionanalysisintheliverofdiet-inducedhyper-

cholesterolemicratsbyusingthemicroarraytechnique

andfoundthatadministrationofSJGincreasesexpres-

sionofthecholesterol-metabolizingenzymesP4507A1

(CYP7A1)and8B1(CYP8B1)inthepresenceofcho-

lesterol.

MaterialsandMethods

Reagents:Allchemicalsusedinthisstudywereofthe

highestgradeavailableandwerepurchasedfromWako

(Osaka,Japan),NacalaiTesque(Kyoto,Japan),or

Kanto(Tokyo,Japan).TheherbalcrudedrugSJGwas

prepared by Wakanyaku MedicalInstitute,Ltd.

(Maebashi,Japan).SJGiscomposedofawaterextract

ofSasaalbo-marginataleaves(SasakurinensisMakino)

andethanolextractsofJapaneseredpineleaves(Pinus

densifloraSieb.etZucc.)andginsengroots(Panaxgin-

sengC.A.Meyer)intheratio8:1:1.12)Sasaalbo-

marginataextractcontainsseveralactivecompounds,

suchasluteolin,tricin,andtricin-glycosides.10)Pineleaf

extractcontainsproanthocyanidins13)andkaempferols.14)

Additionally,ginsengextractisknowntocontain

ginsenosides.15)SJGwassuppliedasliquidpreparation

anddilutedintapwaterto50%(v/v).Severalratswere

given50%SJGinsteadofwater.

HPLCanalysis:ThechromatographicprofilesofSJG

weredeterminedusingHPLCwithaphotodiodearray

systemusingaWaters600pumpandcontroller,2996

photodiodearraydetector,and2487duallabsorbance

detector(Waters,Milford,MA,USA).SJGandstandard

compoundswereseparatedinareverse-phaseC18ana-

lyticalcolumn(MightysilRP-18,250mm×4.6mm,5

mmparticlediameter;KantoChemical,Tokyo,Japan).

Thecolumntemperaturewas40℃.Themobilephase

consistedof30:70(v/v)acetonitrile-water.TheUVde-

tectionrangewassetfrom195nmto400nm.Theflow

ratewas1.0ml/minandtheinjectionvolumewas20

mlof90%acetonitrileextractsofSJG.

Animalsandtreatment:SixteenmaleWistarrats,aged
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13weeks,wereplacedinaroomwithcontrolledlight-

ing(12hourslight/darkcycle),temperature(23±1℃)

andhumidity(55±10%).Allratsweregivenfoodand

tapwateror50%SJGadlibitumthroughexperiment.

Wedividedequallytheratsintofourgroups(Group1,

2,3,and4).After1weekhabituation,allratswerefed

astandarddiet(protein23%,fat5%,andnitrogen-free

extract55%;MF,OrientalYeastCo.,Tokyo,Japan)and

givenwater(Groups1and3)or50%SJG(Groups2

and4)for12weeks.Theratswerethengivenfoodand

waterasfollows:standarddietandwater(Group1),

standarddietand50%SJG(Group2),high-cholesterol

diet(HCD)andwater(Group3),andHCDand50%

SJG(Group4)forthreeweeks.Theexperimentalsched-

uleandconditionsoffoodandwateraresummarizedin

Fig.1andTable1,respectively.TheHCDwasstandard

dietsupplementedwith0.5% cholesteroland0.5%

cholicacid.AfterHCDorstandarddietfeedingfor

threeweeks,theratswereanesthetizedwithdiethyl

etherandsacrificed.Theplasmawerecollectedfor

measurementofcholesterollevelsandtheliverswere

collectedforRNAextraction.Throughoutthestudy,

bodyweightsweremeasured.Animalexperimentswere

approved by theAnimalResearch Committeeof

WakanyakuMedicalInstitute,Ltd.(PermissionNumber:

WA-2011-03),andperformedinaccordancewiththe

GuidelinesforCareandUseofLaboratoryAnimalsat

WakanyakuMedicalInstitute,Ltd.andtheGuidelines

forProperConductofAnimalExperimentsfrom

ScienceCouncilofJapan.

Plasmabiochemicalparameters:Bloodsampleswere

takenfrompostcavalveinwithvacuumbloodcollection

tubecontainingheparin.Plasmalevelsoftotalcholes-

terol,freecholesterol,andcholesterylesterweredeter-

minedbyusingL-typeWakocholesterol,andL-type

Wakofreecholesterol,andL-typeWakocholesteroland

L-typeWakofreecholesterol,respectively(Wako).

Plasmalevelsofhigh-densitylipoprotein(HDL)choles-

terol,andLDLcholesterolweremeasuredbyusing

CholestestN HDL,andCholestestLDL (Sekisui

MedicalCo.,Ltd,Tokyo,Japan).

RNAisolationandmicroarrayanalysis:TotalRNA

wasextractedfromfrozenratliversusingaHighPure

RNAIsolationKit(Roche,Mannheim,Germany)and
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(week) 0 1 13 16 

Sacrifice, plasma collection, 
RNA extraction from liver 

Experimental Phase II 
Water or SJG 
Standard diet or High cholesterol diet 

Experimental Phase I 
Water or SJG 
Standard diet 

Habituation 

body weight (g) Liver (mg/100g)

drink food drink food (at sacrifice) Total cholesterol LDL cholesterol HDL cholesterol Free cholesterol cholesteryl esters Total cholesterol

1 Water Standard Water Standard 387.8 ± 7.6 
a

66.0 ± 0.8 
a

5.8 ± 0.2 
a

17.6 ± 0.4 
a

9.8 ± 0.4 
a

56.2 ± 0.6 
a

506.8 ± 9.8 
a

2 SJG Standard SJG Standard 391.9 ± 5.4 
a

63.8 ± 3.0 
a

6.0 ± 0.4 
a

17.8 ± 0.4 
ac

9.4 ± 0.7 
ac

54.4 ± 2.3 
a

488.0 ± 8.8 
a

3 Water Standard Water Cholesterol 381.9 ± 10.1 
a

93.8 ± 5.1 
b

18.4 ± 1.7 
b

22.0 ± 0.5 
b

14.0 ± 0.8 
b

79.8 ± 4.3 
b

3582.5 ± 271.0 
b

4 SJG Standard SJG Cholesterol 386.0 ± 10.4 
a

91.2 ± 5.2 
b

21.4 ± 2.0 
b

19.2 ± 0.6 
c

12.8 ± 0.7 
bc

78.4 ± 4.5 
b

4119.3 ± 298.5 
b

Group
Experimental PhaseI Experimental Phase II Plasma (mg/dl)

Each value is the mean ± S. E. of four indivisuals. Different letters (a, b, and c) denote a statistically significant difference in means (p  < 0.05; one-way ANOVA with Bonferroni’s multiple-
comparison post-tests for multiple comparisons).

Table1Experimentalconditions,bodyweight,andcholesterollevelsinplasmaorliver.

Fig.1ExperimentalscheduletoevaluatetheeffectsofSJGondiet-inducedhypercholesterolemia.
Allratswereacclimatizedforaweekandfedastandarddietthroughhabituationandexperimental
phaseI.Afterhabituation,ratsweredividedintofourgroups.Group1andgroup3receivedwater
throughouttheexperimentalphase,whilegroups2and4received50%SJG.Inexperimental
phaseII,groups3and4werefedahigh-cholesteroldiet.
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subjectedtooligonucleotidearray(AgilentMicroarray

DesignID028279;Agilent,SantaClara,CA,USA)

analysisbyusingasingle-colorlabelingsystem(Low

InputQuickAmpLabelingKitforonecolor;Agilent).

Weperformedtteststocomparesignalsbetweentwo

groupsandaVenndiagramwasdrawntoextractcho-

lesterol-regulatedgeneswhoseexpressionswerealtered

bySJGwithSubioplatform software.Wealsoper-

formedaprincipalcomponentanalysis(PCA)tovisual-

izethegeneexpressionprofileforeachsamplebyusing

thesignificantlyselectedgenesetasanalyzingparame-

terwithSubioplatformsoftware.

Quantitativereal-timepolymerasechainreaction

(PCR):AftertheRNAsamplesweretreatedwithre-

versetranscriptase(TaqMan ReverseTranscription

Reagents;AppliedBiosystems,FosterCity,CA,USA),

specificRNAtranscriptswerequantifiedbyquantitative

real-timePCRbyusingPowerSYBRGreenMaster

MixandanABIPrism 7000real-timePCRsystem

(AppliedBiosystems).Tostandardizeeachexperiment,

theamountofeachgenetranscriptwasexpressedasa

percentageofRNAfortheubiquitouslydistributedtran-

scriptionfactorYY1inthesamesample.Theprimerse-

quencesusedtoamplifyeachgeneincluded:CYP7A1,

forward5'-TTGGCGGCTGAGAGTCATC-3',reverse

5'-TCGCTAGGGCGCATCAGT-3';CYP8B1,forward

5'-ACGCAGAAAGTGCTAGACTTCGT-3',reverse5'-

TGGTACCCAAACACCTTGAACA-3';andYY1,for-

ward5'-CCAAGCAACTGGCAGAATTT-3',reverse5'-

CCTTTATGAGGGCAAGCTATTG-3'.

Statisticalanalysis:Thereal-timePCRdataarepre-

sentedasmeans±S.E.Differencesbetweenthegroups

wereanalyzedbyone-wayanalysisofvariance(ANOVA)

withBonferroni・smultiple-comparisonpost-teststo

evaluatethesignificanceofthedifferences.Avalueof

p<0.05wasconsideredstatisticallysignificant.

Results

HPLCanalysisofSJG:SJGisamixtureofextractsof

Sasaalbo-marginataleaves,pineleaves,andginseng

roots,whichareknowntocontaintricin,p-coumaric

acid and catechin,and ginsenosides,respectively.

Accordingly,weperformedHPLCanalysistoexamine

theSJGcomponentsandfoundthatitmaycontainsev-

eralcompoundssuchasp-coumaricacid,(+)-catechin,

ginsenosideRb1,andtricin(Fig.2).

EffectsofSJGonbodyweightandcholesterollevels

inplasmaandliver:After1-weekhabituation,therats

weredividedintofourgroups.Duringexperimental

phaseII(Fig.1),theanimalsweretreatedwitheither

waterandstandarddiet(group1),SJGandstandarddiet

(group2),waterandHCD(group3),orSJGandHCD

(group4).Nosignificantdifferencesinthebodyweight

(Table1)andtheintakeoffoodandwaterbetween

groupswereobserved(datanotshown).Theplasmaand

livercholesterollevelsforeachgroupareshownin

Table1.Inplasma,elevatedlevelsoftotalcholesterol,

LDLcholesterol,HDLcholesterol,freecholesterol,and

cholesterylesterwereobservedasaresultofHCDin-

take.TheHCD-inducedhypercholesterolemiawasnot

improvedbytreatmentwithSJG(group3vs.group4).

Similarly,diet-inducedelevatedtotalcholesterollevels

intheliverwerenotalteredbytreatmentofSJG.

EffectsofSJGonthegenome-wideexpressionpro-

file:Weexamined theeffectsofSJG on gene
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Fig.2AnalyticalHPLCchromatogramsofSJG.Three-dimensio-
nalphotodiodearraychromatogramofthesamelotofSJGused
inthisstudyispresented.Severalstandardcompounds,suchas
p-coumaricacid,(+)-catechin,ginsenosideRb1,andtricinwere
separatedusingthesameconditionsasSJG,andthepeakfor
eachcompoundisrepresentedinthefigure.ThedetailedHPLC
conditionsaredescribedintheMaterialsandmethodssection.

Effectsofcrudedrugonhepaticgeneexpression
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expression profilesin theliverofHCD-induced

hypercholesterolemicratsbyusingthemicroarraytech-

nique.First,weevaluatedtheexpressionofseveral

genesrelatedtothesynthesisofcholesterol,suchas

HMGCR,CYP51,NAD(P)-dependentsteroiddehydro-

genase-like,24-dehydrocholesterolreductase,squalene

epoxidase,farnesyldiphosphatefarnesyltransferase1,

transmembrane7superfamilymember2,hydroxysteroid

(17-beta)dehydrogenase7,andlanosterolsynthase.We

alsoevaluatedtheexpressionofsterolregulatoryele-

mentbindingtranscriptionfactor2,whichregulatesthe

expressionofcholesterolsynthesizingenzymes,and

LDLR.Thetranscriptsofallgenesweredecreasedby

HCDandSJGhadlittleornoeffectonthealteredex-

pressionofthesegenes(Fig.3).

Wethenaimedtoselectthegenes,whichexhibited

alteredexpressionfollowingintakeofHCDandwhich

werefurthermodifiedbytreatmentofSJG.Thus,we

usedaVenndiagramtoselecttheoverlappedgenesof

threecomparisons,group1vs.group2toexcludethe

drugpotencyintheabsenceofcholesterol,group1vs.

group3toselectthegenesthatrespondtothecholes-

terol,andgroup3vs.group4toselectthegeneswith

expressionsthatweresensitivetoSJGinthepresenceof

cholesterol.Asaresult,weselected44overlapping

genes(Fig.4A).WeconductedPCAtoexaminetheva-

lidityofthese44genesandtovisualizetheresultsofthe
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Fig.3Linegraphoftheexpressionlevelsofgenesassociated
withcholesterolsynthesis.Datafromthemicroarrayanalysis
areshown.Theverticalaxisrepresentsthelog2normalizedex-
pressionofcytochromeP450,family51(CYP51);NAD(P)-
dependentsteroiddehydrogenase-like(NSDHL);3-hydroxy-3-
methylglutaryl-CoAreductase(HMGCR);24-dehydrocholesterol
reductase(DHCR24);squaleneepoxidase(SQLE);lowdensity
lipoproteinreceptor(LDLR);farnesyldiphosphatefarnesyl
transferase1(FDFT1);transmembrane7superfamilymember
2(TM7SF2);sterolregulatoryelementbindingtranscription
factor2(SREBF2);hydroxysteroid(17-beta)dehydrogenase7
(HSD17B7);lanosterolsynthase(LSS).Legendsofeachline
areshowninthefigure.

Fig.4 Theresultsofgenome-wideexpressionanalysisinthe
liverofdiet-inducedhypercholesterolemicrats.(A)Venndia-
gramsshowingthenumberofgenesalteredbycholesterolora
combinationofcholesterolandSJG.Atotalof28,025genes
werenotalteredinresponsetoSJGonly.Amongthesegenes,
865(821+44)or708(664+44)geneswerealteredinre-
sponsetocholesteroloracombinationofcholesterolandSJG,
respectively.Fortyfourcommonlyalteredgeneswereselected
asgoodparameterstodistinguisheachtreatmentgroup.(B)
Principalcomponentanalysis(PCA)ofgeneexpressioninall
samplesusingthesignificantlyselectedgenesetasanalyzing
parameter.ThemicroarraydatawereanalyzedwithPCAby
usingSubioplatformsoftware.Thetwo-dimensionalplotview
ofgeneexpressiondataisshownwithrespecttotheircorrela-
tiontothefirsttwoprincipalcomponents.Approximately
68.5%variationwasrevealedinthesamplesinthefirsttwo
principalcomponents.Eachsampleusedformicroarraywas
plottedwiththesamesymbolforeachgroup(opencircle,
group1,waterandstandarddiet;solidcircle,group2,SJGand
standarddiet;opensquare,group3,waterandhigh-cholesterol
diet;solidsquare,group4,SJGandhigh-cholesteroldiet).

J.Trad.Med.(Vol.30No.5/62013)



microarrayanalysis.PCAisthestatisticalmethodto

visualizehighdimensionaldata.Asetofobservationsof

possiblycorrelatedvariablesisconvertedintoasetof

valuesofuncorrelatedvariables,whichiscalledprinci-

palcomponents,byorthogonaltransformation.There-

sultswereplottedontwo-dimensionalaxes(principal

components1and2),and68.5%(57.9%+10.6%)sam-

plevariationwasrevealedinthetwoprincipalcompo-

nents(Fig.4B).Ontheplot,threeclustersconsistingof

group1and2,group3,andgroup4wereobserved.The

group4clusterwasplottedclosertothegroup1and2

clusterthantothegroup3cluster.Theseresultssuggest

thattheselected44genesmightbeanappropriate

markertoexaminetheeffectsofSJGoncholesterol

homeostasis.Furthermore,expressionoftheselected

geneswasalteredbyHCD,aneffectthatmayberecov-

eredbytreatmentofSJG.Theselectedgenesarelisted

inTable2.

EffectsofSJGontheexpressionofCYP7A1and

8B1:Bileacidsynthesisisthemostimportantpathway

ofcholesterolmetabolism.Thelistofgenes(Table2)

containsCYP8B1,whichisrequiredforthesynthesisof

cholicacidanddeterminestheratioofcholicacidto

chenodeoxycholicacid.Thus,weexaminedgeneex-

pressionofCYP8B1andCYP7A1,therate-limitingen-

zymesofcholesterolmetabolism,byusingquantitative

real-timePCR(Fig.5).WefoundthatSJGsignificantly
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Agilent ProbeID Genbank UniGene Symbol Name
A_44_P427695 NM_001009683 Rn.2164 Tor3a torsin family 3, member A
A_64_P050979 GTAATAAATTCTGGACATTTGTTATTCCTAAACAGGCATTTCACAGGCTCTACCCACTCT
A_44_P357870 NM_031559 Rn.2856 Cpt1a carnitine palmitoyltransferase 1a, liver
A_64_P312191 XM_001078700 Rn.19449 Zfc3h1 zinc finger, C3H1-type containing, transcript variant 2
A_64_P003176 AGTCTAAATACAGAAAGGAGAACCACCATAATGGGAGAGACTCTACCAAAGGCAGACACC
A_44_P238424 NM_133515 Rn.122003 Akap5 A kinase (PRKA) anchor protein 5
A_64_P060302 ATTGTCCAGCCGCAGCTTCCTGTTAAGGTGGGATTCTGCCAAGGGGAAGCAGATGATGTG
A_64_P150519 NM_012944 Rn.10159 Drd4 dopamine receptor D4
A_64_P084836 XM_576721 LOC501308 hypothetical gene 2 supported by BC059164
A_64_P035261 TAAAAACAAGGATATCAGAAAGGTTTTGGATGGCATCCATGTGTCTGAGAGGGGAACCGT
A_64_P038847 X62889 FAS FAS gene for fatty acid synthase
A_64_P147385 ATTTCCAAAGACCCTTTCCCGGGTGACAGCTTCTTCCAGGAAGTCCCCCAAGAACTGCCA
A_64_P122795 NM_001109546 Rn.199531 Vsx1 visual system homeobox 1
A_64_P076057 XM_001064969 Rn.225484 LOC685716 similar to OX-2 membrane glycoprotein precursor (MRC OX-2 antigen) (CD200 antigen)
A_64_P008874 AAGCCATCTGGGCCAAAGGAATAAGGAATGTTAAGGAATGTTCCATACCACATCGGAGTA
A_64_P013324 NM_001107865 Rn.33103 Tcf3 transcription factor 3
A_64_P045807 NM_001108562 Rn.17547 Cyb561d1 cytochrome b-561 domain containing 1
A_64_P080846 AAGCTAAATTTACTAGACTAAAGGTTTCACTATGCAACCCAGGCTATCCCGGAACTCTAT
A_44_P387780 NM_031241 Rn.23013 Cyp8b1 cytochrome P450, family 8, subfamily b, polypeptide 1
A_64_P112429 NM_001037549 Rn.155416 Defb5 defensin beta 5
A_64_P020506 NM_001106813 Rn.153173 Crtam cytotoxic and regulatory T cell molecule
A_64_P153674 NM_001106949 Rn.105030 Mbnl3 muscleblind-like 3 (Drosophila)
A_44_P388801 NM_001000080 Rn.142343 Olr1583 olfactory receptor 1583
A_44_P791030 XM_575656 Rn.225874 Cecr6 cat eye syndrome chromosome region, candidate 6 homolog (human)
A_44_P461291 NM_001177817 Rn.220343 LOC100362040 Ac2-143-like
A_44_P421391 NM_198763 Rn.52251 Slc1a4 solute carrier family 1 (glutamate/neutral amino acid transporter), member 4
A_64_P004622 AAGAAGAAGAAGAAGAGAAGGAAAGAAAAAAGAAAAGAAAAGAAAGTTTATAAGCGCAAC
A_64_P139078 NM_017265 Rn.109394 Hsd3b6 hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid delta-isomerase 6
A_64_P034094 NM_001000121 Rn.103618 Olr35 olfactory receptor 35
A_44_P369825 NM_023956 Rn.209304 Gucy1a2 guanylate cyclase 1, soluble, alpha 2
A_64_P021104 ATATTAGGAAAATGTAAGGTTACAGAGACAGAGACAGAGACAGAGACAGAGAGAGAGAGA
A_44_P989658 AGCAGCTGTCTATTTCGGCCAGAAACTTGGAGCCCGCCCAGAAGCTGTCTACTGCAAGCA
A_44_P471270 XM_232762 similar to ribosomal protein L23a
A_64_P133502 TACCCTGGCATGCTGACTTAGAATGTTAATAAGGATCTGTTCGTCTTTCCAGCCCAACCT
A_64_P091128 NM_001109521 Rn.130189 LOC689065 hypothetical protein LOC689065
A_64_P133421 XM_002725600 Eid2b EP300 interacting inhibitor of differentiation 2B
A_64_P078017 TGTACAAATTGATTCTGACATGACTCATGTACCAGGGGGTTTGTGTTCCAGGAACTCGGA
A_44_P832019 NM_001014235 Rn.140721 Phf11l PHD finger protein 11-like
A_64_P114970 XM_001065185 Rn.201707 OX-2 membrane glycoprotein homolog
A_43_P16284 NM_001135249 Rn.198797 Rarg retinoic acid receptor, gamma
A_44_P384389 AGTATTTGGAGATTCCCAGAAAGTACATCCCTGAAACAAAAATGATCTTCACTGGAATTA
A_64_P155039 XM_342445 Rn.214587 Slc25a12 solute carrier family 25 (mitochondrial carrier, Aralar), member 12
A_64_P120694 ATGAGCTGTAGTCTTGGCATGGGGTCACTGTCAGACATAACTTTTATTAGTCCTTGGGGT
A_64_P010052 CATATCAGGAGGCTCACAATAACCTGTAAGGGATCCAGCATCTTAATCTAGTTTAAAAAA

The information of each genes (probe ID, genbank ID, unigene ID, symbol, and name) are represented. The sequence of probes which have no annotation is
represented in "name" column.

Table2Thelistofcholesterol-regulatedgeneswhoseexpressionswerealteredbySJG.
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increasedexpressionofCYP7A1andCYP8B1inthe

presenceofcholesterol.

Discussion

Inthepresentstudy,weperformedagenome-wide

geneexpressionanalysistoexaminethebeneficial

effectsofSJGondiet-inducedhypercholesterolemia.

First,weanalyzedthelevelsofcholesterolintheplasma

andliverandfoundnoeffectsofSJGoncholesterollev-

els(Table1).Othergroupshavepreviouslyreported

thatplasmacholesterollevelsinHCD-inducedhyper-

cholesterolemicratsreachabout200mg/dlwhilecon-

trollevelsare70-100mg/dl.16-19)Inourresults,plasma

cholesterollevelsoftheHCD-fedgroups(group3and

4)wereabout90mg/dlwhilethoseofthestandarddiet-

fedgroupswerenearlyequaltothatreportedinotherre-

ports(Table1).16-19) Wesuspectthatthemilder

hypercholesterolemiaobservedinthisstudymayhave

beenduetothelowercholesterolconcentrationinthe

HCDthatwasused,comparedwiththoseusedinother

reports.Thus,itmaybeimportanttoexaminetheeffects

ofthedrug(s)inanimalswithmoreseverehyperchole-

sterolemia.Statinsdecreaseplasmacholesterollevelsby

inhibitionofHMGCRactivity.Thisinhibitioncausesa

decreaseofcholesterollevelsandanincreaseinLDLR

mRNAintheliver.IncreasedLDLRdensityresultsin

thepositiveabsorptionofplasmacholesterol,whichde-

creasesplasmacholesterollevels.20)Inthepresentstudy,

cholesterollevelswereelevated(Table1)andthelevels

ofLDLRmRNAweredecreased(Fig.3)intheliverof

hypercholesterolemicrats,andSJGdidnotreducecho-

lesterollevelsorincreaseLDLRmRNA.Thus,elevated

plasmacholesterollevelsmaynotbedecreasedinSJG-

treatedrats.

Severalgenesofinterest,suchasCYP8B1and

fattyacidsynthase(FAS),werelistedinthe44genes

selectedbymicroarray(Table2).Theexpressionof

CYP8B1(Fig.5B)andFAS(datanotshown)wasde-

creasedinresponsetotheHCD,aneffectthatwaspre-

ventedbytreatmentwithSJG.Numerousfattyacids

workasanagonistofperoxisomeproliferator-activated

receptor(PPAR)a.Additionally,itisreportedthat

PPARadecreasestheexpressionofCYP7A121)andin-

creasestheexpressionofCYP8B1.22)Theseresults

mightsuggestthatPPARaplaysaroleinalteringthe

expressionofCYP7A1andCYP8B1,asweobservedin

thisstudy.Cholesterol-inducedreductionofCYP8B1

wasrecoveredbytreatmentofSJG(Fig.5).CYP8B1

playsaroleinproductionofprimarybileacidcholic

acid.ThedecreaseinCYP8B1expressionmightleadto

areductionofcholicacidandincreasedchenodeoxy-

cholicacid,whichisapowerfulligandoffarnesoidX
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Fig.5EffectofSJGonhighcholesteroldiet-inducedalterations
ingeneexpressionintheratliver.TotalRNAwasextracted
from theratliversafterexperimentalphaseII.Theywere
treatedwithwaterandstandarddiet(group1),SJGandstan-
darddiet(group2),waterandhigh-cholesteroldiet(group3),
SJGandhigh-cholesteroldiet(group4).Weexaminedgene
expressionofCYP7A1(A)andCYP8B1(B).Thedatawere
analyzedusingquantitativereal-timePCR(openbarofeach
panel)ormicroarray(solidbar).Theverticalaxisrepresents
theratioofthequantityoftargetgenetranscriptforeachsam-
pletothatofgroup1samplesasamagnitudeofinduction(fold
change)afternormalizationwithYY1gene,whichisaubiqui-
touslydistributedtranscriptionfactor(quantitativereal-time
PCR)orafterglobalnormalization(microarray).Thenumber
ofreplicatesisshownineachbar.Eachvalueisthemean±
S.E.Differentletters(a,b,andc)denoteastatisticallysignifi-
cantdifferenceinmeans(p<0.05;one-wayANOVAwith
Bonferroni・smultiple-comparisonpost-testsformultiplecom-
parisons).

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n 
(fo

ld
 c

ha
ng

e 
to

 S
JG

 (-
) a

nd
 C

ho
le

st
er

ol
 (-

) )
 

0 

1 

5 

4 

3 

2 

0 

1 

0.5 

SJG 
Cholesterol 

- 
- 

+ 
- 

- 
+ 

+ 
+ 

a 
a 

a 

b 

a 
a 

b 

c 

4 

4 4 

4 4 4 

4 4 

A

B
4 4 4 4 

4 4 4 4 

J.Trad.Med.(Vol.30No.5/62013)



receptor(FXR)thatnegativelyregulatestheexpression

ofCYP7A1.23)Thus,thepreventionofcholesterol-

inducedreductionofCYP8B1bySJGcouldeffectively

resultinincreasedexpressionofCYP7A1.Furthermore,

theexpressionofCYP7A1isalsoregulatedbyother

transcriptionfactorssuchaspregnaneXreceptor,liver

Xreceptor,liverreceptor-homolog1,hepatocytenu-

clearfactor4,andsmallheterodimerpartner.24-28)Tumor

necrosisfactorandcytokines,suchasinterleukins,are

alsoreportedtocontroltheexpressionofCYP7A1.29,30)

BecausetheexpressionofCYP7A1isintricatelyregu-

latedbyseveralfactors,furtherstudiesareneededto

clarifythemechanismsofCYP7A1upregulationby

SJGinthepresenceofcholesterol.Whenconsidering

effectsoncholesterolhomeostasis,wecouldnotex-

cludethepotentialroleoftransporter(s)thatplayarole

inexcretionofcholesterolandbileacidsandin

resorptionofbileacidsintheenterohepaticcirculation.

Inparticular,thebilesaltexportpump(BSEP)and

multidrugresistanceprotein2(MRP2),whicharein-

volvedintheexcretionofbileacidsfromliver,areposi-

tivelyregulatedbyFXR.31-33)Inourmicroarrayresults,

theexpressionsofBSEPandMRP2intheliverwerein-

ducedbytheintakeofHCD,andtheinductionwasnot

alteredbythetreatmentofSJG(datanotshown).The

HCD-inducedupregulationofCYP7A1inthepresence

ofcholesterolmightresultintheincreaseofbileacids

andintheinductionofthesetransporters.Furtherstudy

isneededtoevaluatetheintestinalexpressionofthesein

ratswithseverehypercholesterolemia.

Inconclusion,weconfirmedtheusefulnessofSJG

fortheupregulationofCYP7A1inhypercholesteromic

ratsinthisstudy.Thisupregulationmaybebeneficialin

preventingseveraldiseases.Indeed,transgenicmice,

whichoverexpressCYP7A1,resisthigh-fatdiet-induced

obesity,fattyliverandinsulinresistance.34)Thus,SJG

maypotentiallyhelptopreventischemicheartdisease.
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