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Abstract:Recentstudieshaveindicatedthatoxidativedamageisinvolvedinthetoxicityofmicrocystinsinani-

mals.Inthepresentstudy, theinductionofoxidativestressbyMicrocystiscellextractintheliverofmiceafter

prolongedexposuretocellextractsofMicrocystisaeruginosawasinvestigated.Theextractswereadministeredby

intraperitonealinjectiontoKunmingmiceatadailydoseof3.3 μgmicrocystins/kgfor28 days.Toxin-induced

damageoftheliverwasfoundbyhistologicalobservation.Determinationoflipidperoxidationdemonstratedasig-

nificantincreaseinmalondiadehydeinthetoxin-treatedmicecomparedtothecontrolgroup.Theactivitiesofan-

tioxidantenzymes(superoxidedismutase, catalase, andglutathioneperoxidase)andthedetoxificationenzyme

glutathioneS-transferaseintheliverofmicrocystin-treatedmiceweresignificantlyincreasedcomparedtothe

control.TheseresultsshowedthatprolongedexposuretoMicrocystiscellextractledtooxidativestressinmouse

liver, andoxidativestressmightplayanimportantroleinthepathogenesisofmicrocystin-inducedtoxicity
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　　Toxicbloomsofcyanobacteria, especiallyMicrocys-

tis, poseahealththreattohumansandanimalsdueto

theirabilitytoproducehepatotoxinheptapeptidescalled

microcystins
[ 1]
.Deathofdomesticandwildanimalsasso-

ciatedwithmicrocystinshasbeenreportedalloverthe

world
[ 2— 4]
.Ithasalsobeenreportedthatdevelopmentof

primarylivercancerinhumanscanbeattributedtolong-

termchronicexposuretomicrocystins
[ 5]
.

Microcystinsaretakenupintohepatocytesviamulti-

specificbileacidtransportersandcanpotentlyinhibit

proteinphosophatasetype-1 and2A, leadingtothedis-

ruptionofnormalcellmetabolismandfunction
[ 4, 6— 8]

.It

hasbeenreportedthatacutepoisoningbymicrocystins

resultsinrapiddisorganizationofthehepaticarchitec-

ture, causingintrahepatichemorrhageandevendeath

inmammals
[ 9— 13]

.Chronicuptakeofmicrocystinsre-

sultedingeneralizedhepatocytedegeneration, single-

cellnecrosis, fibrosis, neutrophilinfiltration, and

tumorpromotion
[ 14— 16]

.

Recentstudiesindicatedthatmicrocystinscouldin-

duceoxidativestressinanimalsandcells
[ 17— 24]

.Oxidative

stressinprimaryculturesofrathepatocytestreatedwith

cyanobacteriaextractsresultedinlactatedehydrogenase

leakage, lipidperoxidation, andreactiveoxygenspe-

ciesaccumulation
[ 25]
.Substantialalterationinlipid

peroxidationinratliverduetomicrocystinadministra-

tionwasalsofoundbyGuzmanandSolter
[ 26]
.Addition-

ally, anti-oxidantssuchasVitaminEandselenium

werefoundtoprovidesomeprotectionagainstlipidper-

oxidationinducedbymicrocystins
[ 27, 28]

.
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GlutathioneS-transferases(GSTs)areanimpor-

tantpartofthecellulardetoxificationsystem, andcata-

lyzetheconjugationofeletrophilicxenobioticstogluta-

thione(GSH)
[ 29]
.Pflugmacher, etal.

[ 30]
foundthe

existenceofamicrocystin-LR-GSH conjugatethat

formedenzymaticallyviasolubleGSTinvariousaquatic

organismsrangingfromplants(Ceratophyllumdemer-

sum)toinvertebrates(Dreissenapolymorpha, Daphnia

magna)uptofish(Danioretio).

Increasedlipidperoxidationanddecreasedlevelsof

theanti-oxidantenzymesglutathioneperoxidase(GPX),

superoxidedismutase(SOD), andcatalase(CAT)were

observedintheliverandkidneyofratsafteracuteexpo-

suretomicrocystin-LRfollowingintraperitoneal(i.p.)

injection
[ 22]
.Furthermore, Jayaraj, etal.

[ 31]
foundsimilar

resultsintheliverofmice.Nevertheless, mostofthese

studiesexaminedacuteexposuretomicrocystinsinmam-

malstohighdosesofmicrocystins.Thepossibleoxidative

damagecausedbysubchronicexposuretomicrocystins

hasnotbeenwellstudied
[ 26]
.

TheNanwanReservoirislocatedinSouthof

HenanProvince, China.Itisanimportantsourcefor

agriculture, industrialdevelopment, anddrinkingwa-

ter.Algalsampleswerecollectedfromthereservoirand

thepredominantspeciesidentifiedweretoxicMicrocys-

tisaeruginosa and non-toxic Aphanizomenon flos-

aquae.Thepresenceoftoxiccyanobacteriainwaterisa

potentialhealthriskforthelocalhabitants.

Theaimofthisstudyistoevaluatetheprolonged

effectsofmicrocystinsontheanti-oxidantdefensesys-

temintheliverofmice.Tothisend, anti-oxidant

GPX, SOD, andCATactivities, detoxificationenzyme

GSTactivity, andlipidperoxidationlevelsweredeter-

mined.Inaddition, thepathologyinducedbymicro-

cystinswasinvestigated.

1　Materialsandmethods

1.1　Chemicals　DiagnosticreagentkitsforSOD,

CAT, GPX, malondiadehyde(MDA), andGSTwere

purchasedfromNanjingJianchengBioengineeringInstitu-

te(China).OtherchemicalswereobtainedfromSigma

(St.Louis, MO, USA)andwereanalyticalgrade.

1.2　CultureofM.aeruginosaanddetermination

ofmicrocystins　Algalsampleswerecollectedfrom

theNanwanReservoirusinga64 μmmeshplankton

net.Microscopic examination revealed that

M.aeruginosaandA.flos-aquaewerethedominating

alga.Thesestrainswereisolatedaccordingtothemeth-

odofWatanabe
[ 32]
.Mousebioassayrevealedthat

M.aeruginosawastoxictomicewhileA.flos-aquae

wasnon-toxic.ThestrainofM.aeruginosahasbeen

storedinFACHB(FreshwaterAlgaeCultureCollec-

tion, InstituteofHydrobiology, ChineseAcademyof

Sciences)andCCTCCNo.isFACHB-1125.

M.aeruginosawereculturedinMAmedium
[ 33]
at

(25±1)℃ andemployedasatoxinsource.Microcystis

cellextractsfromthecultureswerepreparedaspreviously

described
[ 34]
.Briefly, cellswereincubatedinboilingwa-

terfor15 min, andthensampleswereremoved, cooled

onice, andcentrifugedat12, 000×gfor10min.Thesu-

pernatantwascollectedandstoredat-20℃.

Microcystincontentintheextractswasdetermined

byHPLCaccordingtothemethodofHarada, etal.
[ 35]

bycomparisonwithauthenticstandards.Theconcentra-

tionsofmicrocystin-LR and microcystin-RR were

1.510μg/mgand0.008μg/mgdryweightsofcellex-

tracts, respectively.Microcystin-YRwasbelowthelim-

itsofdetectionbyHPLCanalysis.Therefore, thetotal

concentrationoftoxininthecellextractswasconsid-

eredtobe1.518 μgmicrocystins/mgdryweights.

1.3　Animals　MaleKunming(KM)mice(body

weightfrom 20— 22g)wereprovidedbytheExperi-

mentalAnimalCenterofHenanProvince, China.The

animalswerehousedingroups(4— 5 micepercage)

withwoodshavingsasbedding, inaconstanttempera-

tureof21— 22℃ andhumidityof55±5% throughout

alltests.Theanimalswereallowedfreeaccesstoa

standardrodentpelletdietandtapwaterundera12h

light-darkcycle.

1.4　Toxinexposure　Micewererandomlydivided

intotwoequalgroups, oneofwhichreceivedtreatment

(n=6)andanotherasacontrol(n=6).Toxin-

treatedmicewereadministeredani.p.injectionofMi-

crocystiscellextractsdailyfor28daysatadoseof3.3

μgmicrocystins/kgbodyweight.Thedosewasbased

onourpreviousresult
[ 36]
whichwasapproximatelyone-

tenthoftheintraperitonealLD50 forMicrocystiscellex-

tractsinmice.Thecontrolgroupwasinjectedwiththe
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samevolumeof0.9% salinesolution.Allanimalsre-

ceivedhumanecare.Theanimalswereeuthanizedby

etherinhalationafter24hattheendoftoxinexpo-

sure.Theliversofmicewerequicklyremoved, andthe

bloodimmediatelywashedoutwithice-cold0.9% sa-

linesolution.Liverswereweighedandsectionswere

takenforhistologicalobservation.Theremaindersofthe

liverswerestoredat-70℃.

1.5　Lipidperoxidation　Theconcentrationofthio-

barbituricacidreactivesubstances(TBARS), ex-

pressedasMDAconcentration(nmol/mgprotein),

wasdeterminedusingthediagnosticreagentkit.Liver

homogenatesweremadeincoldphosphatebufferedsa-

line(PBS, pH7.4).

1.6　Enzymeassays　Liverhomogenateswerepre-

paredat10%(w/v)in4℃PBS(pH7.4).Thehomoge-

nateswerethencentrifugedat12, 000×gfor20 minat

4℃ toremovenucleiandcellulardebris.Theresulting

supernatantswerecollectedandstoredat-70℃ until

antioxidantenzymeactivitywasdetermined.

SOD(U/mgprotein), CAT(U/mgprotein), GPX

(U/mgprotein), andGST(U/mgprotein)inthelivers

ofmiceweredeterminedusingthediagnosticreagentkit.

Totalproteincontentintheliverofmicewas

measuredusingthediagnosticreagentkit(Coomassie

proteinassaydye)

1.7　Histopathology　Liversectionswerefixedin

10% neutral-bufferedformalinfor24h, andthende-

hydratedandembeddedinparaffin.Thesesections(5—

6 μmthick)werestainedwithhematoxylinandeosin

(H＆E)forexaminationunderalightmicroscope.

1.8　Statistics　SPSS11.0 forWindowswasusedfor

allstatisticalanalysis.Differencesbetweenthetreatedand

controlgroupswereevaluatedbyStudentst-test.Alevel

ofP<0.05wasusedtoindicatestatisticalsignificance.

2　Results

2.1　Bodyweight, hepatosomaticindex, andliver

protein　

Aftertheexperimentalperiodof28 days, nosig-

nificantdifferenceinfinalbodyweightwasfoundbe-

tweenthetreatedandcontrolgroupsofmice.Hepatos-

omaticindexwasincreasedsignificantlyintoxin-treated

micecomparedtocontrol.Theproteincontentinliver

wasreducedsignificantlyinthetoxin-treatedmice

comparedtocontrolmice(Tab.1).

Tab.1　EffectsofMicrocystiscellextractadministrationonbody

weight, hepatosomaticindexinmice

Bodyweight(g) HSI(%)
Liverprotein

(mgprotein/gliver)

Control

Treatment

37.60±2.50

34.15±2.96

5.06±0.78

6.39±0.70＊

152.10±5.90

116.70±10.70＊＊

　　Datashownasmean±standarddeviation.Asteriskdenotesare-

sponsethatissignificantlydifferentfrom thecontrol(＊ P<0.05,

＊＊P<0.01).HSI, hepatosomaticindex:(liverweight/bodyweight)×100

2.2　Lipidperoxidation　

Lipidperoxidationlevelsintheliversoftoxin-

treatedmiceweresignificantlyincreasedafter28 days

ofexposureascomparedtothecontrolgroup(Tab.2).

2.3　Enzymeactivities　

Theactivitiesofanti-oxidantenzymes(SOD,

CATandGPX)wereincreasedsignificantlyintheliver

oftoxin-exposedmice, ascomparedtothecontrol

group.Inaddition, GSTactivitywasalsoincreasedin

theliverofmiceafterexposuretomicrocystinsfor28

days(Tab.2).

Tab.2　EffectsofMicrocystiscellextractadministrationonlipid

peroxidation, anti-oxidantenzymaticactivity, andGST

activityintheliverofmice

Lipid

peroxidation

(nmolMDA/

mgprotein)

SOD

(U/mg

protein)

CAT

(U/mg

protein)

GPX

(U/mg

protein)

GST

(U/mg

protein)

Control

Treatment

1.88±

0.34

2.77±

0.38＊＊

35.92±

2.43

51.47±

5.79＊＊

2.76±

0.66

5.27±

1.98＊

47.44±

10.05

62.78±

12.58＊＊

17.36±

1.27

26.13±

3.37＊＊

　　Datashownasmean±S.D.Asteriskdenotesaresponsethatissig-

nificantlydifferentfromthecontrol(＊P<0.05, ＊＊P<0.01)

2.4　Histopathology　

Theliversofcontrolmicepresentedwithnormal

histology(Fig.1A).Liverfrom microcystin-treated

miceexhibitedadisorganizationofcellstructureanda

lossofadherencebetweenhepatocytes;inaddition,

some hepatocytes showed condensed chromatin

(Fig.1B).Cytoplasmbecamedenseandcytoplasmic

vacuolationappeared.Inflammatorycellinfiltrationwas

alsoobservedintheportalspace(Fig.1C-D).
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Fig.1　HepaticlesionsintheliverofmiceexposedintraperitoneallytoMicrocystiscellextractsfor28days(H＆E;10×40)

A.Controlliverwithnormalhepaticstructure;B.LiversfromMicrocystiscellextract-treatedmiceshowingalossofadherencebetweenhepato-

cytes　a　nd　co　nd　ensedchromatin(arrows);C, D.Microcystiscellextract-damagedliverswithinflammatorycellinfiltration(arrows)

3　Discussions

InthisstudyM.aeruginosawasculturedandMicro-

cystiscellextractswereusedasatoxinsource.Several

studiesalsohaveusedalgalextractsratherthanpuretox-

in
[ 27, 28, 37, 38]

.Anadvantageisthattheextractismore

closelytotherealenvironmentalsituation
[ 39]
.Adisadvan-

tageisthattheextractmaycontainvariousbioactivesub-

stancessuchaslipopolysaccharide.

Thetoxiceffectsofmicrocystinsonmammalshave

beenwellstudiedbothinvivoandinvitro
[ 4, 40, 41]

.A

well-studiedmechanismofmicrocystinsistheirinhibition

of serine/threonine phosphatases 1 and 2A in

animals.However, somerecentstudiesindicatedthatoxi-

dativedamagewasinvolvedinthetoxicityofmicrocystins

inanimals
[ 17, 20, 21, 25, 26]

.Toevaluatetheprolongedeffects

ofMicrocystiscellextractsexposureontheanti-oxidant

defensesinmouseliver, thisstudyexaminedthelevelsof

MDA, anti-oxidantenzymeactivities, andGSTactivi-

ty.Theseparametersarethemostcommonlyusedbiomar-

kersofoxidationinanimals
[ 13, 28]

.

Inthepresentstudy, anincreaseinthelevelof

MDAshowedthatexposuretoMicrocystiscellextracts

ledtolipidperoxidationintheliverofmice, indicating

thatMicrocystiscellextractsinducedoxidativestressin

themouseliver.Thefindingwassimilartotheresults

observedinmouseliver
[ 13, 24]

, ratliver
[ 22, 26, 42]

and

primaryculturedrathepatocytes
[ 25]
.

Withrespecttoanti-oxidantenzymes, SODactivi-

tywasfoundincreasedinthisstudy, suggestingthata

riseintheO
-　
2 generationratemightoccur.Thisresult

wasconsistentwithourpreviousstudyinloach(Mis-

gurnusmizolepis)
[ 43]
.Intilapiafish(Oreochromissp.)

exposedtomicrocystinsfor21 days, anincreaseofhe-

paticSODactivitywasalsoreported
[ 44]
.

TheincreaseofSODactivityintheliverofmice

wouldresultinahighergenerationofH2O2.However,

CATandGPXareresponsibleforinactivationofH2O2 ,

convertingittoH2OandO2.Inthepresentstudy, the

activitiesofCATandGPXintheliverofmicewere

significantlyincreasedafter28 daysofmicrocystinex-

posure.Similarresultswereobservedintilapiafish
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(Oreochromssp.)
[ 44]
andloach(Misgurnusmizole-

pis)
[ 43]
.Incontrasttoourresults, usingasubchronic

prolongedexposureMoreno, etal.
[ 22]
observedthat

acuteexposuretomicrocystin-LRresultedinadecrease

intheseanti-oxidantenzymesinratliver.

GSTsparticipateinthedefenseagainstoxidative

stressbydetoxifyingeletrophilicxenobioticsand/orre-

activeintermediatesformedduringtheirbiotransforma-

tion
[ 29]
.ConjugationofmicrocystinswithGSHviathe

actionofGSTwasfoundinapreviousstudy
[ 30]
.Inthe

presentstudy, theactivityofGSTwassignificantlyin-

creasedintheliveroftoxin-treatedmice.AhigherGST

activityimpliesagreaterdetoxificationcapacitythrough

conjugationofmicrocystinswithGSH
[ 28]
.

AsMDAisconsideredavaluableindicatorofoxi-

dativedamageofcellularcomponents, thepresentre-

sultssuggestedthatmicrocystinexposureenhancedre-

activeoxygenspeciesgenerationintheliveroftoxin-

treatedmice, andcellularanti-oxidantdefenseswere

insufficienttomaintaintheseharmfulmoleculesbelow

atoxinthresholdlevel, leadingtolipidperoxida-

tion.Theseresultsindicatedthatoxidativestressmight

playanimportantroleinthepathogenesisofmicrocys-

tin-inducedtoxicity.
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微囊藻细胞抽提物亚慢性暴露导致小鼠肝脏氧化应激

张榜军　李效宇
(河南师范大学生命科学学院,新乡　 453007)

摘要:研究了微囊藻细胞抽提物亚慢性暴露对小鼠肝脏抗氧化系统的影响。采用腹腔注射进行连续染毒 28d,染毒

组剂量为 3.3μgmicrocystins/kg体重。结果显示 , 超氧化物歧化酶 、过氧化氢酶 、谷胱甘肽过氧化物酶在第 4周时

发生显著性升高 , 提示微囊藻细胞抽提物激活了小鼠肝脏抗氧化系统。谷胱甘肽-S-转移酶和对照组相比也显著提

高 , 表明谷胱甘肽-S-转移酶作为解毒Ⅰ相酶加快了对肝脏微囊藻毒素的清除。脂质过氧化产物丙二醛也显著升

高 , 说明抗氧化系统未能清除微囊藻细胞抽提物对小鼠肝脏的氧化损伤 , 导致了氧化应激的产生。结果表明低剂

量微囊藻细胞抽提物长时间暴露能够导致小鼠肝脏氧化损伤。

关键词:微囊藻细胞抽提物;抗氧化系统;脂质过氧化;氧化应激;小鼠


