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ABSTRACT
BackgroundandObjective:LuffaeFructusRetinervus(LFR)isusedforinvestigatingsymptomsofinflammation.We

haveevaluatedtheanti-inflammatoryeffectofLFRbyanalyzingtheexpressionofpro-inflammatorycytokines.

MaterialsandMethods:Wedifferentiated THP-1cellsintomacrophage-likecellsby treatmentwith PMA.
InflammationwasinducedbytreatmentwithLPSandPMA.WedeterminedthesafeconcentrationofLFRbyusingtheMTS
andMTTassaysandusingPD98059asanegativecontrolforcomparisonoftheanti-inflammatoryeffectofLFR.

Results:TheMTSandMTTanalysisshowedthatthecellsurvivalratewas>80% withintheLFRconcentrationrange
of10-100ng/mlandbegantodecreaseto<80% at1μg/ml.ByRT-PCRanalysis,thegeneexpressionofTNF-α,IL-8,TGF-
β,IL-6,IL-1β,andIL-10levelsweredown-regulatedwhenmonocyte-derivedmacrophagesweretreatedwithconcentrationsof
LFRbetween10ng/mLand100ng/mL.

Conclusion:Weconcludethat LFRexertsananti-inflammatoryeffectbyinhibitingtheexpressionofpro-inflammatory
activity.Theresultssuggestapromisingwaytotreatgeneralinflammatorydiseases.

Keywords:LuffaeFructusRetinervus,TNF-α,TGF-β,,IL-6,IL-10

Ⅰ.Introduction

Inflammationisabiologicaldefensethatremoves

ordilutesthecausativefactorsforcellularinjury.

Inflammationisacomplexresponsethatoccursin

vascularizedconnectivetissue.Theinflammatory

responseisabeneficialdefensemechanism that

restoresdamagedtissues,butitsometimescauses

detrimentaloutcomestothebody
1
.

Themostimportantfactorforinflammatory

responsesinvolvesmacrophagespresentingantigens

toT-lymphocytesintherecognitionandactivation

stageofadaptiveimmunity.Macrophagesalso
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playaroleasaccessorycellsthatproducethe

membranousandsecretoryproteinsforactivation

ofT-lymphocytes.This accessory function of

macrophages is enhanced by cytokines when

microorganismsareencounteredorduringinnate

immunityagainstmicroorganisms
1
.

LuffaeFructusRetinervus(LFR) hasbeen

usedtotreatinflammatorydiseasesinthefieldof

Orientalmedicine.Therehasbeenafew studies

showingthatherbalmedicinehasanti-inflammation

effects,usingLPS-stimulatedTHP-1cellsandand

inflammation related cytokines.But the only

studiesthathavebeenpublishedaboutLFR are

thoseusingherbal-acupuncture
2.3.4.5
.

Giventheabovebackground,weadministered

anextractofLFRtoexperimentallydemonstrate

theanti-inflammatory effectivenessofLFR in

macrophagesinwhichinflammationwasinduced

byLPS.Then,wemeasuredandanalyzedchanges

inrepresentativepro-inflammatorycytokines,such

asIL-1β,IL-6,IL-8,andtumornecrosisfactor

(TNF)-α,and pro-fibrotic cytokines,such as

transforminggrowthfactor(TGF)-β,andanti-

inflammatorycytokines,suchasIL-10,usinga

reverse transcriptase polymerase chain reaction

(RT-PCR).

Ⅱ.Materialsandmethods

1.PreparationoftheLFRextract

TheLFRwhichwasusedinthecurrentstudy

waspurchasedfrom KyoungheeUniversitySchool

ofOrientalMedicineHospital.LFR (100g)was

placedinavesselcontainingsterilizedwaterand

heatedfor2h.TheLFR extractwascollected

andthenconcentratedusingarefluxconcentrator.

TheLFR extractwasfrozenat-80
o
C for24h.

Throughafreezedryingprocess(Eyela,Japan),

thedehydratedLFR extractwas10g(yield=

10%).

ToexaminetheeffectofLFRoncellsurvival,

cellviabilitywasanalyzed.

2.Cellcultureconditions

Thehumanmonocyticleukemiacellline,THP-1,

wasobtainedfrom theKoreanCellLineBank

(KCLB;Seoul,Korea).Cellswerepreparedand

resuspendedinRPMI1640medium(Gibco,USA)

supplemented with 10% (v/v)heat-inactivated

fetal bovine serum (FBS; Gibco),and 1%

antibacterialantifungalsolution(Gibco).Thecells

weremaintainedinahumidifiedincubator(Sanyo,

Japan)at37
o
Cina5%CO2+95%O2atmosphere.

3.PMAtreatment

THP-1 cells were differentiated in phorbol

12-myristate13-acetate(PMA,160nM;  Sigma,

St.Louis,MO,USA)inRPMImedium for72h

at37
o
C,,asdeterminedinpreliminarydose-response

experiments.Thecriteriaforthedifferentiationof

THP-1 cells were adherence,changes in cell

morphology,andchangesin theprofileofcell

surfacemakerexpression(integrin,FcγRI,CD4,

andMHCclassIIantigens).ThePMAsolution

was prepared by dissolving PMA in sterile

dimethylsulfoxide(DMSO) (Sigma).Thestock

solutionwasstoredat-20
o
C.Immediatelyprior

touse,thePMA stocksolutionwasdilutedin

RPMImediumto160nM.

 

4.Macrophagedifferentiationandstimulation

THP-1cellswereseededontomacrophages(1x

10
6
cells)in100mm

2
dishesforexperiments.The

cellswerepretreatedwith160nM ofPMAfor72
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handsubsequentlystimulatedwith5µg/mlof

LPS from E.colifor2 h in a humidified

incubator(Sanyo)at37
o
Cina5% CO2+95%

O2atmosphere.PMAandLPSweredissolvedin

DMSOandRPMI1640medium.

 

5.Reagents

The following reagents were used in the

experimentsherein:PMA,5µl/50ml(5µg/50

ml)media(P1585– 1µg,dissolvedinDMSO);

polymycinB,0.1µl/mlmedia(50mg/ml);LPS

(1mg/ml),5µl/mlor(5µg/ml)media;LFR

extract,(10ngand100ng/ml)media;polymycin

B,stock(50mg/ml)à(0.1µl/ml)à5µg/mlof

media;andPD098059,(dissolvedinDMSO)100

µM à106.92µl(1mg/ml).

6.Cellviabilityassay

Cellviability was determined by using a

3-(4,5-dimethylthiazol-2-yl)-5(3-carboxymethonyp

henol)-2-(4-sulfophenyl)-2H-tetrazolium (MTS)

kit(Promega,Madison,WI,USA and 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide(MTT)assay,accordingtothemanufacturer's

protocol(Promega).Foranalysisofcelltoxicity

bytheLFR extract,cellswerepre-treatedwith

PMAfor72handtreatingtheLFR extractat

1-1000ugfor3h.Thecontrolgroupwastreated

withthesameamountofPBSandtheMTSand

MTTlabelingreagents(20µl)wereaddedtoeach

group and incubated for2h at37o C.The

absorbanceofthewellswasmeasuredat490and

670nm usinga SoftMaxELISA (Molecular

Devices,USA).Theopticaldensity(OD)was

calculatedasthedifferencebetweenthereference

wavelengthandthetestwavelength.Thepercent

cellviability= (A490orA670/nmofdrug-treated

cells/A490orA670/nmofcontrolcells)x100.

7.Experiment

This experiment studied the expression of

cytokinesbyRT-PCRmethodsfortheanalysisof

thelevelofmRNA.Foranalysisoftheanti-

inflammatory effect ofthe LFR extract,we

determinedtheexpressionofinflammation-related

cytokine mRNA by RT-PCR analysis.After

THP-1cellswereexposedtoPMAfor72h,the

cellsweretreatedwithLPSandLFR extractat

thesametime.Atthispoint,theTNF-α pathway

inhibitorydrug(PD98059)wasusedasanegative

control.

8.RT-PCRanalysis

TotalcellularRNA wasisolatedfrom THP-1

cellsusingtheTrizolreagent(Gibco).ThecDNA

wassynthesizedfrom 1µgofRNAusing200U

Moloneymurineleukemiavirus(M-MLV)reverse

transcriptase(Invitrogen,Carlsbad,CA,USA)in

atotalreactionvolumeof20µl.ThecDNAwas

amplified using gene-specificprimers.Amplified

productswereanalyzedusinganImageDocumentation

System(GelDoc2000;Bio-Rad,USA)withimage

analysissoftware(QuantityOne;Bio-Rad).DNA

size markers (Fermentas,USA) were run in

paralleltovalidatethepredicted sizesofthe

amplifiedbands.Theprimersequencesarelisted

inTable1.

 

9.StatisticalAnalysis

Thevaluesareexpressedasthemean±S.E.M.

Thedifferencesbetweenthegroupsweredetermined

byone-wayANOVA,followedbyTukey’sHSD

testforallpairwisemultiplecomparisons.The

followingP valueswereconsidered statistically

significant:*,P<0.05;**,P<0.01;and***,P<0.001.
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Name Oligonucleotidesequence(5'-3') Productsize(bp)

Glyceraldehyde-3-phosphatedehydrogenase(GAPDH)
sense GGTGAAGGTCGGAGTCAACGG

500
a)

anti-sense GGTCATGAGTCCTTCCACGAT

Interleukin-1β (IL-1β)
sense GGGCCTCAAGGAAAAGAATC

470
b)

anti-sense AGCTGACTGTCCTGGCTGAT

Interleukin-6(IL-6)
sense AAAGAGGCACTGGCAGAAAA

408
b)

anti-sense GAGGTGCCCATGCTACATTT

Interleukin-8(IL-8)
sense AGGGTTGCCAGATGCAATAC

378
c)

anti-sense AGACTAGGGTTGCCAGA

Tumornecrosisfactor-α (TNF-α)
sense AGCCCATGTTGTAGCAAACC

424
d)

anti-sense CCAAAGTAGACCTGCCCAGA

Transformationgrowthfactor-β (TGF-β)
sense GACTGCGGATCTCTGTGTCA

480
anti-sense CTGGTCTCAAATGCCTGGAT

Interleukin-10(IL-10)
sense AAGCCTGACCACGCTTTCTA

463
anti-senseTTCCATCTCCTGGGTTCAAG

a)Dixonetal.,1999;b)Glueetal.,2002;c)Naetal.,2001;d)deGroot-Krusemanetal.,2003

Table1.PrimersequencesandPCRproductsizes

Ⅲ.Results

 

1.Anti-inflammatoryeffectsoftheLFRextract

onTHP-1cells

CellviabilitywasmeasuredusingtheMTSand

MTT assays.Asaresult,macrophages,which

weredifferentiatedintowhitebloodcellshadacell

viabilityof>80% withLFR(10ng/ml).However,

thecellviabilitywasnotedtomarkedlydecrease

ataconcentrationof>1μg/ml(Figs.1and2).

Fig.1.EffectsofLFRoncellviabilityofTHP-1

cellsafter72hofPMAactivationbythe
MTSassay.

Valuesrepresentthe% ofcontrol.Experiments
wereperformedintriplicateandeachvalueis
themeanofthreeindependentexperiments.

Fig.2.EffectsofLFRoncellviabilityofTHP-1
cellsafter72hofPMAactivationbythe
MTTassay.

Valuesrepresentthe% ofcontrol.Experiments
wereperformedintriplicateandeachvalueis
themeanofthreeindependentexperiments.

2.Transcriptionalactivitiesofcytokinesbythe

LFRextract
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To examine theanti-inflammatory effectof

LFR,LFR andLPSweresynchronouslytreated.

Thedegreeoftheinhibitedexpressionofcytokines

wasmeasuredusingRT-PCR.Acomparisonwith

PD 98059wasalsomade.LFR hadacytotoxic

effect at concentrations >1μg/ml.The current

experiment was therefore performed at two

concentrations(10ng/mland100ng/ml).

3.TheeffectofLFRontheexpressionofTNF-α 

andIL-8mRNA

TheexpressionofTNF-α andIL-8mRNAwas

suppressed.TheexpressionofTNF-α mRNAwas

significantlysuppressedatbothconcentrations(10

ng/ml[p<0.001]and100ng/ml[p<0.001]).The

expressionofIL-8mRNAwassignificantlysuppressed

onlyataconcentration100ng(p<0.001;Fig.3

and4)

100bp
ladder

Control LPS
LPS+
10ng

LPS+
100ng

LPS+
PD98059

GAPDH
(500bp)

TNF-α
(424bp)

TNF-α

Fig.3.TranscriptionalactivitiesofTNF-α.

Control:non-treatedgroup,LPS:PMAandLPS-treatedgroup,LPS+10ng:LPSandLFR-treated(10ng/
㎖)group,LPS+100ng:LPSandLFR-treated(100ng/㎖)group,LPS+PD :LPSandPD 98059-treated
group.EachofthePCRproductswasanalyzedagainstGAPDH.Theobservedbandswerecorrelatedwiththe
predictedsizeforGAPDH(500bp)andTNF-α (424bp).Datawerepresentedasthemean±SEM.Statistical
analysiswasperformedusingone-wayANOVA.***p<0.001comparedtoLPS.

100bp
ladder

Control LPS
LPS+
10ng

LPS+
100ng

LPS+
PD98059

GAPDH
(500bp)

IL-8
(378bp)

IL-8

Fig.4.TranscriptionalactivitiesofIL-8.

Control:non-treatedgroup,LPS:PMAandLPS-treatedgroup,LPS+10ng:LPSandLFR-treated(10ng/
㎖)group,LPS+100ng:LPSandLFR-treated(100ng/㎖)group,LPS+PD :LPSandPD 98059-treated
group.EachofthePCRproductswasanalyzedagainstGAPDH.Theobservedbandswerecorrelatedwiththe
predictedsizeforGAPDH (500bp)andIL-8(378bp).Datawerepresentedasthemean±SEM.Statistical
analysiswasperformedusingone-wayANOVA.***p<0.001comparedtoLPS.

4.TheeffectofLFRontheexpressionofTGF-β 

andIL-6mRNA

TheexpressionofTGF-β andIL-6mRNAwas

suppressed.TheexpressionofTGF-β mRNAwas
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significantlysuppressedatbothconcentrations(10

ng/ml[p<0.01]and100ng/ml[p<0.001]).The

expressionofIL-6mRNAwassignificantlysuppressed

atbothconcentrations(10ng/ml[p<0.001]and

100ng/ml[p<0.001;Figs.5and6).

100bp
ladder Control LPS

LPS+
10ng

LPS+
100ng

LPS+
PD98059

GAPDH
(500bp)

TGF-β
(480bp)

TGF-β

Fig.5.TranscriptionalactivitiesofTGF-β.

Control:non-treatedgroup,LPS:PMAandLPS-treatedgroup,LPS+10ng:LPSandLFR-treated(10ng/
㎖)group,LPS+100ng:LPSandLFR-treated(100ng/㎖)group,LPS+PD :LPSandPD 98059-treated
group.EachofthePCRproductswasanalyzedagainstGAPDH.Theobservedbandswerecorrelatedwiththe
predictedsizeforGAPDH (500bp)andTGF-β (480bp).Statisticalanalysiswasperformedusingone-way
ANOVA.**p<0.01,***p<0.001comparedtoLPS.

100bp
ladder Control LPS

LPS+
10ng

LPS+
100ng

LPS+
PD98059

GAPDH
(500bp)

IL-6
(408bp)

IL-6

Fig.6.TranscriptionalactivitiesofIL-6.

Control:non-treatedgroup,LPS:PMAandLPS-treatedgroup,LPS+10ng:LPSandLFR-treated(10ng/㎖)
group,LPS+100ng:LPSandLFR-treated(100ng/㎖)group,LPS+PD:LPSandPD98059-treatedgroup.
EachofthePCR productswasanalyzedagainstGAPDH.Theobservedbandswerecorrelatedwiththe
predictedsizeforGAPDH (500bp)andIL-6(408bp).Datawerepresentedasthemean±SEM.Statistical
analysiswasperformedusingone-wayANOVA.***p<0.001comparedtoLPS.

5.TheeffectofLFRontheexpressionofIL-1β 

andIL-10mRNA

TheexpressionofIL-1β andIL-10mRNAwas

suppressed.TheexpressionofIL-1β mRNA was

significantlysuppressedonlyat100ng/ml(p<0.001).

TheexpressionofIL-10mRNAwassignificantly

suppressed at both concentrations (10 ng/ml

[p<0.001]and100ng/ml[p<0.001;Fig.7and8).
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100bp
ladder

Control LPS LPS+
10ng

LPS+
100ng

LPS+
PD98059

GAPDH
(500bp)

IL-1β
(470bp)

IL-1β

Fig.7.TranscriptionalactivitiesofIL-1β.

Control:non-treatedgroup,LPS:PMAandLPS-treatedgroup,LPS+10ng:LPSandLFR-treated(10ng/㎖)
group,LPS+100ng:LPSandLFR-treated(100ng/㎖)group,LPS+PD:LPSandPD98059-treatedgroup.
EachofthePCR productswasanalyzedagainstGAPDH.Theobservedbandswerecorrelatedwiththe
predictedsizeforGAPDH(500bp)andIL-1β (470bp).Datawerepresentedasthemean±SEM.Statistical
analysiswasperformedusingone-wayANOVA.***p<0.001comparedtoLPS.

100bp
ladder

Control LPS LPS+
10ng

LPS+
100ng

LPS+
PD98059

GAPDH
(500bp)

IL-10
(463bp)

IL-10

Fig.8.Transcriptionalactivitiesofinterleukin-10(IL-10).

Control:non-treatedgroup,LPS:PMAandLPS-treatedgroup,LPS+10ng:LPSandLFR-treated(10ng/㎖)
group,LPS+100ng:LPSandLFR-treated(100ng/㎖)group,LPS+PD:LPSandPD98059-treatedgroup.
EachofthePCR productswasanalyzedagainstGAPDH.Theobservedbandswerecorrelatedwiththe
predictedsizeforGAPDH(500bp)andIL-10(463bp).Datawerepresentedasthemean±SEM.Statistical
analysiswasperformedusingone-wayANOVA.***p<0.001comparedtoLPS.

Ⅳ.Discussion

LuffaeFructusRetinervus(LFR) hasbeen

usedtotreatinflammatorydiseasesinthefieldof

Orientalmedicine.Therehasbeenafew studies

showingthatherbalmedicinehasanti-inflammation

effects,usingLPS-stimulatedTHP-1cellsandand

inflammation related cytokines.But the only

studiesthathavebeenpublishedaboutLFR are

thoseusingherbal-acupuncture
2.3.4.5
.

In this study,we demonstrated the close

relationshipbetweenLPS-inducedinflammationin

THP-1 cells and production ofinflammatory

cytokinesbyPMA-treatedTHP-1cellsinLFR

extracttreatments.Theendotoxin(lipopolysaccharide

[LPS])ofgram-negativebacteriaisbelievedtobe

responsibleforinitiatinghostresponsesleadingto

inflammation.LPSisnotintrinsicallytoxic,but

actsbyinducingmyeloidand/ornon-myeloidcells

toexpressamultiplicityofgenesencodingproteins

withactivitiesthatproducethehemodynamicand

hematologic changes observed in inflammation.
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LPSisoneofthemostpotentbiologicalresponse

modifiers known; picomolar concentrations are

sufficient to stimulate cells of the immune

/inflammatory/vascularsystems
6
.A vastamount

ofinformationaboutthemolecularmechanism of

hostdefenseresponsesandinflammatorymediators

hasbeenderivedfrom studiesusingLPSasa

stimulus
7
. Recognition of LPS triggers gene

induction by myeloid and non-myeloid lineage

cells.Theseinduciblegenesencodeproteinsthat

includecytokines,adhesiveproteins,andenzymes

thatproducelowmolecularweightpro-inflammatory

mediators.Macrophagesarepotenteffectorcells

thatareabletoengulfandkillbacterialinvaders.

Inflammationisacomplexstereotypicalreaction

ofthebodyexpressingtheresponsetodamageof

itscellsandvascularizedtissues.Macrophagesare

activatedbyinnateimmunereceptors,suchas

CD14,whichdetectLPS,peptidoglycan,andother

moleculesdisplayedonthesurfaceofmicroorganisms
8
.

Thesecellsplayacentralroleininflammation

andtheregulationoftheimmuneresponse.LPS,a

component ofthe cellwallofgram-negative

bacteria,activatesmacrophagestoproducepro-

inflammatory cytokines,such as TNF-α and

interleukin-1 (IL-1),and secondary mediators,

suchasleukotrienesand prostaglandins(PGs).

Thesesubstancesareimportantregulatorsofboth

innateand adaptiveimmunity9.However,their

uncontrolledexpressioncancauseacuteorchronic

inflammatorysyndromes.Anacuteinflammatory

syndromeinducedbythesemediatorsistheseptic

shocksyndrome,whichischaracterizedbyfever,

hypotension,disseminatedintravascularcoagulation,

andmultipleorganfailure10.

Currently,corticosteroidsarethemostcommon

pharmacologicdrugstocontrolinflammationin

theclinic.But,thesedrugshavesignificantside

effects,especially when itisused chronically.

Therefore,thereistremendousinterestindeveloping

saferanti-inflammatorydrugs.ByusingLPSas

stimuli,thisstudyobservedthecontrolmechanism(s)

ofinflammation.Forcomparisonofanti-inflammatory

effect(s)oftheLFRextract,PD98059isusedas

anegativecontrol.PD98059selectivelyblocksthe

activityofMEK,inhibitingboththephosphorylation

and activation ofMAP kinasesinvitro.This

inhibitordiscoveredbyscreeningachemicallibrary

forinhibitorsoftheMAPkinasecascade
11
.

ThisstudyhadanemphasisonTHP-1cells

becausethecellsareawell-characterizedhuman

monocyticleukemiccellline;thecellsresemble

monocyteswithrespecttoseveralcriteriaandcan

bedifferentiated into macrophage-likecellsby

treatmentwithPMA.PMA-induceddifferentiation

isassociatedwithalterationsincellmorphology,

adherence,andexpressionofseveralgenes
12
.In

this way,THP-1 cells are differentiated to

examinethepatternofexpressionofcytokines.By

usingtheMTSassayandMTT,thesafetyofthe

LFRextractwasdemonstrated.Asaresult,LFR

extract  didnotaffectthecellsurvivalwithin

1-100ng/㎖ (Figs.1and2.).Therefore,theextract

doesnotaffectcellsurvivaluntilacriticalpoint.

Cytokines are usually extracellularsignaling

proteins,usually<80KD insize,andmanyare

glycosylated
13
. They are produced by many

differentcelltypesthatareinvolvedincell-to-cell

interactionsactingthroughspecificreceptorson

thesurfaceoftargetcells.Cytokinesusuallyhave

aneffectoncloselyadjacentcellsandtherefore

function in a predominantly paracrinefashion,

although they may also act at a distance

(endocrine)andmayhaveeffectsonthecellsof
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origin(autocrine).Cytokinesmayberegardedas

a mechanism forcell-cellcommunication,and

withinthisgroupmaybeincludedgrowthfactors

and cytokines with primarily chemoattractant

properties(chemokines).Theyactontargetcells

to cause a wide array ofcellularfunctions,

including activation, proliferation, chemotaxis,

immunomodulation,releaseofothercytokinesor

mediators,growth and celldifferentiation,and

apoptosis.Cytokineswereoriginallycharacterized

(andnamed)accordingtosomeaspectoftheir

functionalactivitythatwasinitiallydiscovered,

butthecloningofthegenesforthesecytokines

hasnow provided a betterinsightinto their

classificationandgrouping.Itisapparentthat

there is a wide pleiotropy and element of

redundancyinthecytokinefamilyinthateach

cytokinehasmany overlappingfunctions,with

eachfunction14.Macrophages,oneofthemyeloid

lineagecells,perform criticalfunctionsin the

immune system.They act as regulators of

homeostasisand aseffectorcellsin infection,

wounding, and tumor growth15. Macrophages

originateinthebonemarrow,andthroughthe

bloodstreamreachallthetissuesintheorganism.

Accordingtothespecificneeds,tissuemacrophages

proliferate,furtherdifferentiateintomorespecialized

macrophagepopulations,orbecomeactivated
16
.In

thisstudy,wedemonstrated thepossibility of

herbalmedicineasanalternativetreatmentfor

inflammatory-relateddiseasesandourresearchis

focused on treatmentfortheinflammation to

investigateLFRextractanti-inflammatoryproperties.

TNF-α isapro-inflammatory cytokinethat

playsanimportantroleinmechanismsofhost

defense againstintracellularpathogens.Several

bacterialcomponentshavebeendescribedthatcan

affectthelevelsofTNF-α expression17.Forthe

analysis ofinflammation-induced difference we

usedLPSandPMAinTHP-1cells.Thelevelsof

TNF-α andmRNA wasanalyzedbyRT-PCR.

TNF-α isexpressedinresponsetoinflammatory

stimuli,such as LPS.THP-1 cells are the

macrophagebranchofthemyeloidlineageandcan

beinducedbyavarietyofagents,includingPMA,

todifferentiatefromapromonocytictoamonocytic

stage of development.According to previous

studies,TNF-α mRNA isnotinducedbyLPS

unlessthecellsaredifferentiated by PMA on

THP-1cells.Eventually,treatmentofPMAwith

LPSfor2hcausedsubstantialup-regulationof

TNF-α mRNA levels in THP-1 cells,while

non-treatmentofPMAandLPSisnotexpressed

thegene(Fig.3).

Macrophagesarepotenteffectorcellsthatare

abletoengulfandkillmanybacterialinvaders.

Severalfacultativeintracellularbacteria
18
infect

macrophages.Theinfected macrophagessecrete

variouspro-inflammatorycytokines,suchasIL-1,

TNF-α,andIL-6whichalertothercellsinthe

immunesystem.Pro-inflammatorycytokineslead

to activation of macrophages and killing of

intracytoplasmicbacteria.Generatedcytokinesalso

contributetoinflammatorytissuedamage18.Asa

result,inflammationisregulatedbythebalance

betweenpro-inflammatory(IL-1β,TNF-α,IL-6,

andIL-8,)andanti-inflammatory(TGF-β and

IL-10)cytokines.

Thisstudy examined theexpression ofpro-

inflammatorycytokinestocontroltheinflammation.

Fortheanalysisofanti-inflammatoryeffectin

termsoftheconcentrationoftheLFRextract,the

transcriptionalactivitiesofIL-1β,IL-6,IL-8,

TNF-α,TGF-β,andIL-10weredown-regulated
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morethan theLPS-treated group (Figs.3-8).

Thus,itispossibletouseLFRforthetreatment

ofinflammatorydiseasesdependentonthedoseof

theLFRextract.

Foranalysisoftheanti-inflammatoryeffectof

theLFR extract,theexpressionofinflammation

-relatedcytokineswasdeterminedbyRT-PCR.

AfterTHP-1cellswereexposedtoPMAfor72h,

the cellculture and LPS treatment(s) were

started.AstheconcentrationofLFRextract(10

ng/mland100ng/ml),transcriptionalactivityof

IL-1β decreasedto19% and70%.Inthecaseof

transcriptionalactivityofIL-6,itdecreasedto

35% and40%.ThetranscriptionalactivityofIL-8

also decreased to 10% and 50% againstthe

LPS-treatedgroup.Thetranscriptionalactivityof

TNF-α wasdown-regulated to22% and 45%

againsttheLPS-treatedgroup.Thetranscriptional

activityofTGF-β wasdown-regulatedto20%

and40% againsttheLPS-treatedgroup.Finally,

thetranscriptionalactivityofIL-10wasdown-

regulated to25% and 43% againsttheLPS-

treatedgroup.Inconclusion,allthecytokinelevels

weredown-regulatedbytheLFRextract(concentrations

upto100ng/ml)onmonocyte-derivedmacrophages

(Figs.3-8),whichindicatestheLFR extractis

involvedintheinflammatorymechanism(s).

Ⅴ.Conclusion

Theexpressionofvariouscytokineswasdown-

regulatedbytheMAPkinaseinhibitor,PD098059,

orLFR extracttreatmentofmacrophageswith

LPS-induced inflammation(Fig.3-8) as shown

above.InLFRextract-treatedcells,expressionof

TNF-α,IL-8,TGF-β,IL-6,IL-1β,andIL-10

mRNA weredown-regulatedcomparedtoLPS-

treated cellswhen compared to control.Asa

result,the LFR extract effectively suppressed

inflammation-related cytokines on macrophages

withLPS-inducedinflammation.
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