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摘要:目的 提取并纯化苦瓜多糖,对其结构特征进行解析并研究其免疫调节和抗肿瘤活性。方法 热水提取苦瓜多糖,透

析后纤维素阴离子交换色谱和凝胶过滤层析纯化得到多糖产物。利用高效凝胶渗透色谱法测定多糖分子量,并采用FTIR
和NMR法对其局部结构特征进行解析。利用细胞分子生物学技术和药理学等手段测定苦瓜多糖的免疫调节作用和抗肿瘤

活性。结果 分离纯化获得分子量为745kDa的杂多糖 MCP2,测定其单糖组成为鼠李糖、半乳糖醛酸、半乳糖、木糖和阿拉

伯糖,对应的摩尔比为1.19∶15.97∶3.40∶0.73∶0.94。此外,还发现 MCP2能够促进正常小鼠淋巴细胞增殖,提高巨噬细

胞RAW264.7中炎症因子NO、IL1β和TNFα的表达量。MCP2还具有体内抑制S180肿瘤细胞的活性。结论 本研究表

明 MCP2具有显著的免疫增强和肿瘤抑制的活性。
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ABSTRACT OBJECTIVE ToisolateandpurifyanactivepolysaccharideofMomordicacharantiaL andinvestigateitsstruc-
turalcharacterizationandimmunomodulatoryandantitumoractivities METHODS ApolysaccharideswasisolatedfromMo-
mordicacharantiaL inhotwaterextractionfollowedbydialysisandpurificationthroughanionexchangecellulosechromatog-
raphyandgelfiltrationchromatography anditsmolecularweightwasmeasuredbyhighperformancegelpermeationchroma-
tography Additionally Fouriertransforminfraredspectroscopy FTIR andnuclearmagneticresonance NMR wereusedto
determineitspartialstructuralcharacterization anditsimmunomodulatoryandantitumoractivitiesweremeasuredbycelland
molecularbiologicaltechniquesandpharmacologicalmethods RESULTS AheteropolysaccharidenamedMCP2withmolecu-
larweightof745kDawasisolatedandpurified whichwasshowntobeconsistedofrhamnose galacturonicacid galactose 
xylose andarabinosewithcorrespondingmolarratiobeing1 19∶15 97∶3 40∶0 73∶0 94 Furthermore MCP2was
foundtopromotethelymphocyteproliferationofnormalmiceandtoraisethelevelsofNO IL1βandTNFαproducedby
macrophageRAW264 7 Intriguingly MCP2presentedtheantitumoractivityagainstS180cellsinvivoaswell CONCLU-
SION AllexperimentaldatashowedthatMCP2hadapparentimmunologicenhancementandantitumoractivities 
KEYWORDS polysaccharidefromMomordicacharantiaL  purification structuralcharacterization immunomodulatoryac-
tivity antitumor

  Momordicacharantia MC  aclimberandbittermelon
belongingtofamilyCucurbitaceae widelygrowsinAsia 
Africaandotherdevelopingareas MChasbeenusedprima-
rilyasavegetableandtraditionalChinesemedicineaswell 

Withtheapplicationofmodernexperimentalmethodology 
thefunctionofMCasamedicinecanbeexplored Many
studieshavebeenperformedtodocumentthepharmacologi-
calpropertiesofMCanditsextractionsinantidiabetic anti-
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bacterial antiviral anticancer andimmunomodulatoryac-
tivities andsoon 13  Sinceinfectionandcancerdiseases
presentsignificantchallengestohealthcareproviderstoday 
researchesontheimmunomodulatoryandantitumoreffects
ofMCareofparticularimportance 

ManystudieshaveshownthatMCcomponentsexertdu-
aleffectsonimmunesystemasimmunostimulatoryandim-
munosuppressiveagents Bothinvivo andinvitro data
showedthatMomordicacharantiainhibitoryproteincoulda-
melioratetheimmuneresponsetoconcanavalinA Incon-
trast CunnicketalalsoreportedthatMCresultedininter-
feronproductionandnaturalkillercellactivity 4  Because
MCisalivingorganismwithcomplicatedmixturesofvarious
components itisnothardtounderstandthesecontradictory
results Withmultipleandvariedhypothesesandclaimsbe-
ingputforward identificationofthespecificcomponentsin
MCwhichmayhavemedicinalpropertiesbecomeanurgent
needforthescientificcommunity 

Inthecurrentpaper wereportedtheimmunostimulato-
ryandantitumoreffectsofaspecificpolysaccharideisolated
from MC WebelievethatthefurtherevaluationofMCP2
willprovideauniqueopportunityforthediscoveryofnovel
therapeuticagentsandadjuvantsthatexhibitbeneficialim-
munomodulatoryandantitumorproperties 
1 Materialsandmethods
1 1 Materialsandreagents

ThedriedpiecesofMomordicacharantia werepur-
chasedfromtheZhenJiangLvJianNaturalHealthProducts
Co  Ltd  Jiangsu China  Mannose rhamnose glucose 
galactose arabinose xylose glucuronicacid galacturonic
acid ribose fucose trifluoroaceticacid TFA  1Phenyl3
methyl5pyrazolone PMP  lipopolysacccharide LPS  
concanavalinA ConA  tumornecrosisfactorα TNFα  
actinomycinDand MTT Thiazolylblue werepurchased
fromSigma St Louis MO USA  Dextranstandards
 MW2000000 133800 84400 10000 4600 180 were
purchasedfromNationalInstitutefortheControlofPharma-
ceuticalandBiologicalProducts Beijing China  RPMI
1640medium DMEM HG medium andfetalcalfserum
 FCS weretheproductsofGibco GrandIsland NY 
USA  PenicillinandstreptomycinwerepurchasedfromIn-
vitrogen Carlsbad CA USA  Allotherreagentswereof
analyticalgradeandobtainedlocally 
1 2 Animalsandcellcultures

MaleICR micebetween6and8weeksold weight 
20 0±1 0g werepurchasedfromtheExperimentalAnimal
CenterofQinglongMountain Jiangning Nanjing China 
QualityCertificateNumber SCXK 20070001  Themice
werehousedundernormallaboratoryconditions i e room
temperature 12 12hlightdarkcyclewithfreeaccessto
standardrodentchowandwater 

RAW264 7mousemacrophagelikecells ATCCTIB
71 weregenerouslydonatedbyProf XiangdongGaoofChi-
napharmaceuticalUniversityandculturedinDMEM HG
medium Gibco USA supplementedwith10%fetalcalfse-
rum Gibco USA  100U mLofpenicillin and100μg 

mLofstreptomycininahumidified5% CO2atmosphereat
37℃ 
1 3 Extraction isolation purificationofMCP

ThedriedpiecesofMomordicacharantia werepulver-
izedbyagitation Afterpassingthrougha40meshstainless
steelsieve thecollectedbittermelonpowderwasdegreased
by80%ethanolat80℃ underreflux thenextractedwith
distilledwater g mL=1∶50 pH=8 for5hat95℃ 
thenthewaterextractwascollectedandconcentratedto20%
oftheoriginalvolumeunderareducedpressure Afour
timesdilutionwith95% ethanolwasmadebyadding95%
ethanolslowlyandstirringtoprecipitatethepolysaccharide 
andthenthemixturewasstoredovernightat4℃andfinally
thepolysaccharidepelletwasobtainedbycentrifugationat4
000r minfor15min Thepolysaccharidepelletwascom-
pletelydissolvedinanappropriatevolumeofdistilledwater
andexhaustivelydialyzedfor2daysagainstdistilledwateru-
singdialyticmembranes cutoffMW14000Da  andthe
nondialysablephasewasconcentratedandfreezedriedtosup-
plycrudepolysaccharide Thecrudepolysaccharide 1 5g 
wasredissolvedindistilledwaterandappliedtoDEAECellu-
lose32anionexchangechromatographycolumn 3 5cm×30
cm  followedbystepwiseelutionwith0 15 0 2 0 25 
and0 3mol Lsodiumchloridesolutionsataflowrateof60
mL h Theeluates 1 5mL tube werecollectedautomati-
callyandthecarbohydratesweredeterminedbythephenol
sulfuricacidmethodusingglucoseasstandard Themain
peakeluatedby0 2mol Lsodiumchloridesolutionswas
fractionatedonaSephacrylS400column 1 6cm×100cm 
elutedwithdistilledwaterataflowrateof6mL h andtwo
completelyseparatedfractionswereobtained Themainfrac-
tion MCP2 wascollectedandlyophilizedforfurtherstud-
y 
1 4 Molecularweightmeasurement

ThemolecularweightofMCP2wasdeterminedbygel
chromatographictechnique 5 incombinationwithanAgilent
1100HPLCsystemequippedwithShodexOHpakSB802and
SB804columns 8mm×300mm andarefractiveindex
 RI detector An80μLof1%samplesolutionwasinjected
intherunfollowedbyprecalibrationwithTseriesDextran
standards molecularweight180 4600 21400 41100 
133800 2000000 andelutedwithdistilledwateratthe
mobilephaseat0 5mL min TheGPCsoftwarewasusedto
drawthestandardcurveandcalculatethemolecularweight 
1 5 Analysisofmonosaccharides

Monosaccharidecompositionwasanalyzedaccordingto
thePMPlabelingprocedure 6  Inbrief 1mLofMCP2
 2 5mg mL mixedwith1mLTFA 2mol L washydro-
lyzedat120℃for2h Theresultingsolutionwasconcen-
tratedinvacuumandtheexcessacidwasremovedbyrepeat-
edcodistillationswithdistilledwater Thesolutionwasdi-
rectlylabeledwithPMPbyadding25μLNaOH 0 6mol 
L and50μLPMP 0 4mol Linmethanol  vortexingand
incubatingat70℃for120min 50μLHCl 0 3mol L was
addedtoneutralizethemixture togetherwith850μLofwa-
terand1mLofchloroformbeingaddedandmixedthorough-
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lybyvortexingfor3min Theorganicphase upperlayer 
wascarefullyremovedanddiscarded Aftertheextraction
wasrepeatedfortwo moretimes theresultingaqueous
phasewasreadyforHPLCanalysis AnAgilentEclipseXDB
C18 4 6mm×250mm columnwiththemobilephase ace-
tonitrile 0 1mol Lphosphatebuffer=17∶83 atthedetec-
tionwavelengthof254nmwasutilized Tenkindsofmono-
saccharideswerelabeledbythesameprocedure 
1 6 UVspectrumanalysisofMCP2

OnemilligramofMCP2wasdissolvedin10mLofdis-
tilledwater Thesamplesolutionwasscannedfrom200to
400nmviausinganELISAreader Thermo USA when
thespectrawererecorded 
1 7 InfraredspectrumanalysisofMCP2

Theinfraredspectrum of MCP2 wasdetermined
throughusingaFouriertransforminfraredspectrophotome-
ter Bruker Karlsruhe Germany equippedwithOPUS3 1
software Thechromatographicallypurified MCP2 was
groundedwithKBrpowderandthenpressedintopelletfor
Fouriertransforminfraredspectrum measurementinafre-
quencyrangeof4000~500cm-1 7  
1 8 Assayofmitogenicandcomitogenicactivities

Themitogenicandcomitogenicactivitiesweretestedac-
cordingtoaslightly modified methoddescribedprevious-
ly 8  SpleenscollectedfromsacrificedICRmiceunderasep-
ticconditionsweremincedusingapairofscissorsandpassed
througha200meshNylonssievetoobtainahomogeneous
cellsuspension andtheerythrocyteswerelysedwithsterile
distilledwaterand1 8% sodiumchloridesolution After
centrifugation 1000×gfor5min  thepelletedcellswere
washedthreetimesinPBSandresuspendedinRPMI1640
completemedium Cellnumberswerecountedwithahaemo-
cytometerbytrypanbluedyeexclusiontechnique andcell
viabilityexceeded95% Splenocytes seededintoa96well
flatbottommicrotiterplateusedataconcentrationof5×105

cellsper0 1mLperwell werestimulatedbyMCP2atfinal
concentrationsfrom0to500μg mL Inthecomitogenic
test MCP2wasaddedatthesameconcentrationsinthe
presenceofConA 5μg mL  Thecellswereculturedfor48
hat37℃inahumidified5% CO2atmosphere andfurther
incubatedfor4hwith20μLofMTT 5mg mL perwell 
Theplateswerecentrifuged 2000×gfor5min andthe
untransformedMTTwascarefullyremovedbypipetting To
eachwell 100μLDMSOwasaddedandtheabsorbancewas
evaluatedinanELISAreader Thermo USA at570nmaf-
ter15min Thedirectmitogeniceffectofthetestedcom-
poundswasexpressedasSImit= meanA570testcompound mean
A570control andthecomitogeniceffectwasexpressedasSI-
comit=meanA570 ConA+testcompound  meanA570ConA 
1 9 MeasurementofnitriteproductionasanassayofNO
release

NOproductionwasdeterminedindirectlybyassaying
theculturesupernatantforaccumulatednitrite thestable
endproductofNOreactedwithmolecularoxygenasprevi-
ouslydescribed 9  Briefly RAW264 7cellswereplatedinto
a96wellflatbottommicrotiterplateusedataconcentration

of1×105cellsper0 1mLperwellandadheredRAW264 7
macrophageswereculturedwithvariousconcentrationsof
MCP2from0to500μg mLorLPS 2μg mL for24hat
37℃inahumidified5%CO2atmosphere Aftertreatment 
100μLofisolatedsupernatantswereallowedtoreactwith
Griessreagent 1%sulfanilamide 0 1% N1naphthylethyl-
enediaminedihydrochlorideand2 5% phosphoricacid at
roomtemperaturefor10min Nitriteproductsweredeter-
minedbymeasuringabsorbanceat540nmversusaNaNO2
standardcurveusinganELISAreaderat540nmandthere-
sultswereshowninμmol L 
1 10 AssayforTNFαactivity

Briefly RAW264 7cellswereplatedintoa96wellflat
bottom microtiterplateusedataconcentrationof1×105

cellsper0 1mLperwell andadheredRAW264 7macro-
phageswereculturedwithvariousconcentrationsofMCP2
from0to500μg mLfor4hat37℃inahumidified5%
CO2atmosphere Afterincubation conditionedsupernatants
werecollectedforassayingTNFαreleasebydeterminingcy-
totoxicityusingabioassayofTNFαsensitiveL929cells 10  
L929cells 5×104cells 100μL wereculturedwithdiluted
supernatants 100μL orTNFαstandardpreparationinthe
presenceofactinomycinD 1μg mL for24hin96wellflat
bottom microtiterplate Thecellswerewashedoncewith
PBSandstainedwith0 1%crystalvioletfor1hat37℃ 
Theplateswereextensivelywashedwithwater andthedye
wasextractedwithmethanol ThepercentageofL929cells
inhibitionwascalculatedfromtheabsorbancevaluesat570
nm asfollows  Auntreatedcontrol - Atreated  A untreatedcontrol×
100% 
1 11 AssayforIL1activity

RAW264 7cellswereplatedintoa96wellflatbottom
microtiterplateusedataconcentrationof1×105cellsper0 
1mLperwellandadheredRAW264 7macrophageswere
culturedwithvariousconcentrationsofMCP2from0to500
μg mLorLPS 2μg mL for24hat37℃inahumidified
5%CO2atmosphere Afterincubation conditionedsuperna-
tantswerecollectedforassayingIL1activitybymodified
thymocyteproliferationassay 11  Thymocytes 2×106cells 
100μL ofICRmicewereplatedintoa96wellflatbottom
microtiterplateinRPMI1640mediumwithdilutedsuperna-
tants 100μL inthepresenceofConA finalconcentration2
μg mL  Thecellswereculturedfor68hat37℃inahu-
midified5% CO2atmosphere andfurtherincubatedfor4h
with20μLofMTT 5mg mL perwell Theplateswere
centrifuged 2000×gfor5min andtheuntransformed
MTTwascarefullyremovedbypipetting Toeachwell 100
μLDMSOwasaddedandtheabsorbancewasevaluatedinan
ELISAreader Thermo USA at570nmafter15min 
1 12 NMRanalysis

TenmilligramsofMCP2wasdissolvedin0 5mLof
D2Oat333Kin5mminternaldiametertubes 1Hand13C
NMRspectrawererecorded operatingfrequencyof500 00
MHz byaBrukerAVANCEAV500spectrometer Bruk-
er Switzerland at25 ℃ Thechemicalshiftswereex-
pressedinppmrelativetotheresonanceoftheinternalstand-
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ardtetramethylsilane 
1 13 MCP2TreatmentofS180Tumorinvivo

ToexaminethetherapeuticeffectsofMCP2onthe
growthofS180Tumorsinvivo eachkindoftumorcellwas
injectedsubcutaneouslyintomiceatadoseof1×107cells 
mouseseparately Sixty mice wererandomizedintosix
groups eachgroupcontaining10 mice  controlgroup 
modelgroup positivecontrolgroup and MCP2treated
groups oflow middleandhighdoses  Miceinpolysaccha-
ridetreatedgroups low middleandhighdoses wereorally
fedwithMCP2 5 10 20mg kgB W  onceeveryday 
miceincontrolgroupandmodelgroupweretreatedwithve-
hiclealoneandmiceinpositivecontrolgroupwereinjected
withcyclophosphamideonceaday 20mg kg  Theexperi-
mentlastedfor2weeks Attheendoftheexperiment mice
weresacrificedandspleenandthymusglandofeachmouse
weretakenandweighed Theindexesofspleenandthymus
glandwerecalculatedasfollows Inhibitoryrateoftumor
 % =1- Averagetumorweightoftreatedmice   Aver-
agetumorweightofmodelgroupmice  Spleenindex =
Spleenweight mg  Wholebodyweight g  Thymusgland
index= Thymusglandweight mg  Wholebodywight
 g  
1 14 Statisticalanalysis

Allexperimentswereperformedwitheachassayintrip-
licate Datawerepresentedasx±s Statisticaldifferencesa-
mongdifferentgroupswereassessedbytheStudentttestin
Excel2007 ThelevelofsignificancewasataPvalueless
than0 05or0 01 
2 Results
2 1 IsolationandpurificationofMCP2

ThecrudepolysaccharidewasobtainedfromMomordica
charantiabyhotwaterextractionfollowedbyethanolprecip-
itationwithyieldsbeing17 2% AfterfractionationonDE-
AECellulose32andSephacrylS400gelpermeationchroma-
tography MCP2 52mg wasobtained Thehomogeneity
ofMCP2waselucidatedasasingleandhomogeneouspeak
byhighperformanceliquidchromatography HPLC  Pro-
fileofMCP2inShodexsugarKS804columnappearedasin-
gleelutionpeak Fig 1  

Fig 1 ElutionprofileofMCP2withHPLCusing
arefractiveindexdetector

2 2 MonosecompositionsandMWofpurifiedMCP2
Highperformancegelpermeationchromatographyisof-

tenemployedtodeterminethe MW ofapolysaccharide 
Basedontheequationofthestandardcurvemadebydifferent
dextranstandardsandtheretentiontimeofMCP2 theMW
ofthepurifiedMCP2wasestimatedtobe7 45×105Da 

AccordingtoPMPlabelingprocedure MCP2wascom-
posedofrhamnose galacturonicacid galactose xylose and
arabinosewithmolarratiobeing1 34∶15 49∶3 88∶1∶1 
29 Itwasworthmentioningthatthepolysaccharideconsis-
tedmainlyofgalacturonicacid PMPprecolumnderivation
profilesofthemixturesolutionofstandardmonosaccharides
andMCP2wereshowninFig 2 

Fig 2 PMPprecolumnderivationprofilesofmonosaccharide
compositionofMCP2

Theupperprofile A representsthesugarstandards
 Fromlefttoright Man Rib Rham GlcUA GalUA 
Glc Gal Xyl Ara Fuc  Thebottomprofile B repre-
sentstheMCP2tested 
2 3 StructuraldeterminationofMCP2

AsshowninFig 3A theUVabsorptionspectraof
MCP2showednoabsorbanceat280nmand260nm impl-
yingthatproteinandnucleicacidwereabsentinthispolysac-
charide 

AsshowninFig 3B theIRspectrumofMCP2dis-
playedabroadstretchingintensecharacteristicpeakata-
round3442 59cm-1forthehydroxylgroup andaweakC-
Hstretchingbandwasobservedat2935 54cm-1 12  Uronic
acidswerecharacterizedbythecarboxylicgroupwhichcould
leadtotwoabsorbancepeaks Thebandat1744 36cm-1

wasattributedtothestretchingvibrationofC=Oinproto-
natedcarboxylicacid Twopeaksat1628 99and1425 13
cm-1wereattributedtotheabsorbanceofCOO-deprotonat-
edcarboxylicgroup 13  Twodistinctabsorbancepeaksat1
744 36and1628 99cm-1intheIRspectraofMCP2resul-
tedfromthepresenceofuronicacids Theabsorbanceofpol-
ysaccharideintherangeof950~1200cm-1wasC-O-C
andC-O-Hlinkbandpositions Threestretchingpeaksat
1145 48 1102 39 and1016 29cm-1intheIRspectrum
ofMCP2suggestedthepresenceofC-Obonds Astretc-
hingpeakat916 16cm-1intheIRspectrumsuggestedthe
presenceofDgalactose Thepeakat639 71cm-1wasdueto
O-Houtofplanevibration 14  

The1Hand13CNMRspectraofMCP2wereshownin
Fig 4 The1H NMRspectrum Fig 4A showedreso-
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nancescorrespondingtoCmethylprotonat1 137andano-
mericprotonatd5 08duetotheaRhapresidues 15  The
intensitysignalsatd2 016 werecharacteristicofacetyl
groupswithchemicalshiftsfrom 3 435to4 425ppm 
showingtheoverlappingpeaksassignedtoprotonsofcarbons
C-2toC-5 orC-6 oftheglycosidicring Theprotons
 1 93ppm wererelatedthroughtwobondstoacarbonyl
groupthatresonancesat173 47ppm 16  The 1H NMR
spectrumshowedthecharacteristicprotonsofβXylpresi-
dues 4 66ppm  andtherelative13CspectrumsignalofC
-1ofβXylpwasshownat102 8ppm The13Csignalat
55 592ppmconfirmedtheexistenceof-O-CH3 16  

Fig 3 A UVspectraofMCP2from200to400nm
 B InfraredspectrumofMCP2

Fromtheprofileof13CNMRspectrum Fig 4B  the
signalsat103 080 70 739 81 404 71 351 76 037 and
173 460ppminthe13CspectrumofMCP2wererelatedtoC
-1 C-2 C-3 C-4 C-5andC-6ofβDGalA The
chemicalshiftat173 460ppmshowedtheexistenceofuronic
acid 17  Thegalactansidechainswerecharacterizedbythe
minorsignalsat102 825 72 013 74 147and75 595as-
signedtoC-1 C-2 C-3andC-5 respectively 18  The
chemicalshiftat5 045ppmofanomericH-1indicateda
formofLarabinofuranosylunit 17  Theanomericregion
showedsignalsduetotheanomericcarbonofthereducing
sugarresidues 94 915ppm  
2 4 EffectsofMCP2onsplenocyteproliferationinvitro

Splenocyteproliferationhasbeenshowntobeagoodin-
dexofmeasurementwheninvestigatingtheimmunomodula-
toryactivityofdrug asshowninFig 5A thepolysaccha-
rideMCP2wasfoundtosignificantlyincreasetheprolifera-
tionofsplenocytescomparedwiththecontrolinadosede-
pendentmannerattheconcentrationsfrom100to500μg mL
 P<0 01  Consequently MCP2isdirectlymitogenicfor
mousesplenocytes Meanwhile wedetectedcomitogenic
effectsofMCP2onsplenocyteswithmitogensuchasConA
 5μg mL  AsshowninFig 5B MCP2hasnocomito-
genicactivityinlowconcentrations butshowedacomito-
genicactivityonConAstimulatedlymphocytesinadosede-

pendentmanneratconcentrationsfrom100to500μg mL P
<0 05  

Fig 4 1H A and13C B NMRspectraofMCP2

 A EffectsofMCP2onproliferationofmousesplenocytesinvitro 
 B ComitogeniceffectsofMCP2onConAstimulatedmouse

splenocytesinvitro n=5 *P<0 05vs control 
**P<0 01vs control 

Fig 5 EffectsofMCP2onmousesplenocytes
2 5 EffectsofMCP2onNOproductioninmononuclear
macrophageRAW264 7cellline

Forfurtherestimatingthepotentialofenhancingtheinnate
immuneresponsetoMCP2stimulation theconcentrationde-
pendenceofMCP2onNOproductionfrommononuclearmacro-
phageRAW264 7celllinewasinvestigated AsshowninFig 
6A MCP2wasfoundtosignificantlyincreaseNOproductionby
RAW264 7comparedwithcontrolinadosedependentmanner
attheconcentrationsfrom0to500μg mL P<0 01 andwent
throughapeakataconcentrationof500μg mL Inthisstudy 
MCP2wasprovedtobepotentactivatorofmononuclearmacro-
phageRAW264 7cellline 
2 6 EffectsofMCP2onTNFαsecretioninmononuclear
macrophageRAW264 7cellline

TofurtherconfirmtheMCP2mediatedactivationof
macrophages wealsoassessedtheeffectofMCP2onTNF
αsecretionbymacrophages AsshowninFig 6B MCP2
wasfoundtosignificantlyincrease TNFαsecretionby
RAW264 7resultingintheaugmentationofTNFαcytotox-
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icityagainstL929cellscomparedwithcontrolinadosede-
pendentmannerattheconcentrationsfrom0to500μg mL
 P<0 01  thisresultwasalsoinagreementwiththatMCP
2wasprovedtobepotentactivatorofmononuclearmacro-
phageRAW264 7cellline 

 A ConcentrationdependenceofMCP2onNOproductionby
mononuclearmacrophageRAW264 7cellline  B Inhibitionrate
ofL929cellstreatedwiththesupernatantsfrom MCP2stimulated
RAW264 7cells  C Theproliferationofthymocytestreatedwiththe
supernatantsfrom MCP2stimulatedRAW264 7cellsinthepresence
ofsuboptimalconcentrationofConA 2μg mL  n=5 *P<0 05

vs control **P<0 01vs control 
Fig 6 EffectofMCP2onmacrophagecells

2 7 EffectsofMCP2onIL1secretioninmononuclear
macrophageRAW264 7cellline

ThepresenceofIL1canstimulatethethymocytespro-
liferationassociatewithsuboptimalconcentrationofConA 2
μg mL  Inthisstudy weusedthisbioassaymethodtoin-
vestigatetheeffectsofMCP2onIL1secretioninRAW264 
7cells AsshowninFig 6C MCP2wasfoundtoincrease
theIL1secretionbyRAW264 7cellsinadosedependent
manneratconcentrationsfrom100to500μg mL P<0 05
~0 01  
2 8 MCP2treatmentofS180tumorinvivo

AsshowninTable1 itwasfoundthat comparedto
themodelgroup MCP2couldinhibitthegrowthofS180
tumorinvivoinadosedependentmanneratconcentrations
from5to20mg kg Althoughitseemedthatcyclophospha-
midewasmoreeffective thespleenandthymusglandindexs
ofthecyclophosphamidetreatedgroupweremuchlowerthan
thoseofthepolysaccharidetreatedgroups whichmeantthat
cyclophosphamidecouldpotentiallydestroytheimmunesys-
temofmicewhereasMCP2couldenhancetheimmunesys-
temofmiceespeciallyinitshighdosegroup 

Table1 AntitumoractivityofMCPonS180tumor x±s n=10 
Group Tumorweight g TI SI Inhibitoryrateoftumor %

Negativecontrol 1 84±0 27 2 17±0 62 8 32±2 59 0
Positivecontrol CTX20mg 0 88±0 26** 1 20±0 37 6 23±0 77 52 17

MCP 5mg 1 32±0 38** 2 11±0 35## 9 65±1 83 ## 28 26
MCP 10mg 1 17±0 194** 2 28±0 51## 10 19±1 39## 36 41
MCP 20mg 1 08±0 292** 2 86±0 56## 10 74±1 35## 41 30

      Significantdifferencesfromnegativecontrolgroup weightoftumor evaluatedusingStudentsttest **P<0 01 
Significantdifferencesfrompositivecontrolgroup spleenandthymusglandindexes  ##P<0 01 TImeansthymus
glandindex SImeansspleenindex CTXmeanscyclophosphamide 

3 Discussion
Ourmajorfindinginthisworkisthesuccessfulisolation

andpurificationofaspecificpolysaccharide MCP2 from
MC WeidentifytheprimarystructureofMCP2anddocu-
mentthatthiscomponentcanbeusedasanimmunostimula-
toryandantitumoragent Tothebestofourknowledge this
isthefirstscientificreportthattheimmunostimulatoryactiv-
itiesofpolysaccharidefrom MC Polysaccharidesexhibita
numberofbeneficialtherapeuticpropertiesandtheirmecha-
nismsinvolvedinproducingtheseeffectsareduetothemod-
ulationofinnateimmunityandmorespecifically macrophage
function Comparedtoothercomponentsfromtheextrac-
tionssuchasproteinsandhormones thecomponentsfrom
polysaccharidescouldbeprovidedforfurtheranalysisandap-
plication Inaddition polysaccharidehaslesspossibilityto
inducethehostimmunorejectionandisconvenientinstorage
anddelivery 19  

HerewehaveobtaineddirectevidencethatMCP2con-
tributestothemitosisofsplenocytesandshowsanadditive
effectwiththepresenceofconcanavalin A thestrongest
knownmitoticpromoterofsplenocytes Thispartsupports
thatMCP2isapotentialactivatorofthehumoralimmunity 

Themacrophageisacornerstonecomponentoftheim-
munesystem Activationofthemacrophageisakeyeventin
manypathogenicdisorders Thecorrespondingeffectsofpost
activationofmacrophagesincludethesecretionofinflamma-
toryfactorsandtheenhancementofclearance endocytosis
andphagocytosis Hereweobservedthatalowconcentration
ofMCP2coulddramaticallyincreasetheproductionofNO 
Byusingtwodifferentcelllines wedocumentedthatasimi-
larpatternofTNFactivationwasachievedbyMCP2 Thus
weconcludedthatMCP2couldtriggerthecellularimmunity
byactivationofmacrophages 20  

Polysaccharidecompoundscommonlyhavenodirectcy-
totoxicityontumors buttheyplayanimportantroleasim-
munomodulators andtheycanraisethebodyspecificand
nonspecificimmunefunction TheantitumoreffectofMCP
2maybederivedfromitsimmunostimulatoryfunction and
theincreaseofthethymusglandandspleenindexesinpoly-
saccharidestreatedgroupscorrelateswellwithourhypothe-
sis 2123  
4 Conclusions

Overall theprimaryeffectofpolysaccharidesistoen-
hanceand oractivatemacrophageimmuneresponses resul-
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tinginimmunomodulation antitumoractivity woundheal-
ingandothertherapeuticeffects Basedonourexperimental
data MCP2exertssignificantimmunomodulatoryandanti-
tumoreffects Weproposethatfurtherinvestigationonther-
apeuticpotentialsandtoxicityofMCP2willshedalighton
theultimateutilizationofbittermelon 
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