


dependent manner. Only high concentration living probiotics (1010 CFUs/mL) can

inhibit the colonic smooth muscles strips contraction. The NO pathway may be partly

involved in the inhibitory effect of CFS from Streptococcus thermophilus and Enterococ-

cus faecalis.

Introduction

Gastrointestinal(GI) dysmotility is commonin GI disordersandis responsiblefor related
symptomssuchasabdominalpainanddistension[1]. Gut microbiotaplayanimportant role
in GI motility regulation[2], whicharerelatedwith intestinaltransit [3,4].Therichnessand
compositionof gutmicrobiotaarestronglyassociatedwith stoolconsistency,which isa
proxyfor colonictransit rate[5]. In arecentstudy,theantibiotic-induceddepletionof
murine microbiotadelayedthewholegutandcolonictransitandreducedspontaneouscon-
tractionsandtheresponseto acetylcholinein theileumandcolonsmoothmuscle[6].
Manipulatinggutmicrobiotamight influenceGI motility andfurther improveGI motility
disorders[7±10].

Accordingto preclinicalandclinicalstudies,probioticsregulateGI motility bymodulat-
ing thegutmicrobiota[11]. Lactobacillus paracasei obviouslyattenuatedmusclehypercon-
tractility in amurine modelof post-infectivegut dysfunction[12], andprobiotic preparation
VSL#3(e.g.,Bifidobacterium, Lactobacillus, Streptococcus) couldmodulatetheintestinal
smoothmuscleactivity[13]. Moreover,Lactobacillus rhamnosus andits supernatantsreduced
thelipopolysaccharide-inducedinhibition of humancolonicsmoothmusclestrip contractile
response[14]. However,thestrain,doseandinterventiontime weredifferentin previous
studies.

At present,theeffectsof probioticson intestinalmotility aremainly from clinicalobserva-
tion, but thereisno strongevidencefor thedirectactionsof probioticson intestinalmotor
activity[15]. Whetherprobioticsthemselvesor their metabolicproductsaffectGI smooth
muscleremainsunknown.Mostof thepreviousstudieshavefocusedon theinfluenceof probi-
oticson animalGI smoothmuscle;fewstudieshaveinvestigatedtheeffectof probioticson
humanintestinalsmoothmuscle.Differentprobioticsmight playdifferentrolesin GI motility.
Mostprobioticsin clinicalusearegenerallyselectedfrom theLactobacillus andBifidobacter-
ium genera(whicharecommonin thegutandarealsousedin probioticsdrugs),Escherichia
coli (themostcommonadditivein yogurt,whichisextensivelyenjoyedasprobiotic-contain-
ing food)andEnterococcus faecalis strains(anopportunisticpathogenwidelypresentin the
intestineandsuppliedasaprobiotic in somedrugswith complexbeneficialmicroorganisms).
[16,17]AlthoughtheseprobioticsimproveGI diseases,suchasIBS,little isknownabouttheir
effecton humansmoothmusclecontraction.[18]

Thus,theaimof thisstudywasto investigatetheeffectof four probioticscommonlyused
clinically,including Bifidobacterium longum (B. longum), Lactobacillus acidophilus (L. acidoph-
ilus), Streptococcus thermophilus (S. thermophilus) andEnterococcus faecalis (E. faecalis), and
their relatedproductson humanintestinalsmoothmusclecontractionandfurther compare
thedifferenteffectson smoothmusclecontraction.Additionally,wealsoinvestigatedthepos-
sibleroleof thenitric oxide(NO) pathwayin thisprocess.Our studywill identify thepossible
rolesof specificprobiotic strainsin humanintestinalmotility.
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Materials and methods

Bacterial preparation

Probiotics freeze-dried powder. Viablebacterialstrainsof B. longum HB55020(1.6×1012

CFUs/g),L. acidophilus HB56003(2.15×1011CFUs/g),S. thermophilus HB5621(2.78×1012

CFUs/g)andE. faecalis HB62001(3.81×1012CFUs/g)wereobtainedfrom HubeiCenterof
IndustrialCultureCollectionandResearch(HBCC).Eachstrainwasconvertedto afreeze-
driedpowderthatwasmixedwith glucoseandstoredat -20ÊCfor further use.Theviablebac-
terialcountwascalculatedbycultureandcolonycountingmethodafterdilution.

Cell-free supernatant (CFS) preparation. Themethodusedto obtainCFSwasdescribed
elsewhere[19]. Simply,theisolatedprobiotic strainsB. longum HB55020,L. acidophilus
HB56003,S. thermophilus HB5621andE. faecalis HB62001wereculturedanaerobicallyin De
Man-Rogosa-Sharpe(MRS)mediumuntil plateau.TherespectiveCFSwasobtainedbycentri-
fugationat12,000×gfor 10min, adjustedwith 1 M NaOHto apH of 7.0,andfilteredthrough
a0.22-mmfilter. TheCFSwasstoredat -20ÊCfor further use.

Preparation of bacterial cytoplasm crude extracts. Themethodwasperformedaccord-
ing to apreviousstudy[20]. Thefreeze-driedpowdersof isolatedprobiotic strainsB. longum
HB55020,L. acidophilus HB56003,S. thermophilus HB5621andE. faecalis HB62001were
resuspendedin sterilePBS,andthefinal bacterialconcentrationwas109−1010colonyforming
units (CFUs/mL).Thebacterialsuspensionsweresonicatedatpowerlevel8 in anicebath.
Theduty time andintervaltime were45sand15s,respectively.Therewere30cycles,andthe
total time was30min. After ultrasonicdispersion,thebacterialsuspensionswerecentrifuged
at4000×gfor 10min, andtheCFScontainingtheprobiotic crudeextractswascollected.

Patients

Twenty-fivepatientssufferingfrom coloniccarcinomaandundergoingsurgerytreatment
wererecruitedfrom theGI SurgeryDepartmentatUnion Hospitalof Tongji MedicalCollege
of HuazhongUniversityof ScienceandTechnology.Exclusioncriteria includedno IBD, IBS
or otherfunctionalGI disease;no hyperthyroidism;no diabetesmellitusor otherchronicdis-
ease;no historyof abdominaloperationor trauma;no historyof druguse;andno radiotherapy
or chemotherapybeforeoperation.Thestudyprotocolwasapprovedby theEthicsCommittee
of Tongji MedicalCollege,HuazhongUniversityof ScienceandTechnology(2010(72)).

Tissue preparation

Humancolonspecimenswereobtainedfrom disease-freemarginsof resectedsegmentsfrom
thecolonsof patientswith coloncancer.Normalcolorectaltissueat least5 cmfrom thecarci-
nomalesionwasobtainedaftertheoperation.Freshspecimenswereplacedin oxygenated
(95%O2+5%CO2) Krebssolution.After cutting thebowelalongthemesenteryandremoving
themucosaandsubmucosalayer,asmoothmusclestrip approximately3×10mm from circu-
lar layerwasmadebyahandmadedoubleblade.Then,themusclestrip wasligatedateachend
byasilk suture.

Recording of muscle strip tension

Themethodusedto recordmusclestrip tensionwasdescribedelsewhere[13,21].In brief, the
preparedmusclestrip wassuspendedin a37ÊCconstant-temperaturetissuebathcontaining
25mL of oxygenatedKrebssolution.Theinferior extremityof themusclestrip wasfixedwith
ahanger,andthesuperiorextremitywasconnectedto atonotransducer(Fort-10,WPI com-
pany,American).Thesmoothmusclestrip wasbalancedby2 gof preload.FreshKrebs
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solutionwasreplacedevery20min. Thespontaneouscontractionactivityof thesmoothmus-
clestrip wasstablefor 1h beforeanyexperimentalproceduresbegan.

The effect of viable probiotics on human colonic smooth muscle strips

from circular layer contraction

After stabilizationfor 1h, thesmoothmusclespontaneousactivitywasrecordedasthebaseline
musclestrip contractionactivity.ThenviableB. longum, L. acidophilus, S. thermophilus or E.
faecalis resuspensionswith final concentrations(in thebath)at107 CFUs/mL,108 CFUs/mL,
109 CFUs/mLand1010CFUs/mLwereaddedcumulativelyinto theorganbathat intervalsof 5
min, andthecontractilecurvewasconsecutivelyrecorded.Thechangesin thesmoothmuscle
strip contractionactivitybeforeandafterviableprobiotic administrationwasdetermined.

The effect of crude probiotic extract on human colonic muscle strips from

circular layer contraction

After stabilizationfor 1 h, thebaselinesmoothmusclespontaneousactivitywasrecordedfor
5min. Then,thecontractionactivityof themusclestripswasrecordingfor 5 min afterthe
sequentialadditionof 10μL, 50μL, 100μL, 200μL and300μL of crudeextractof differentpro-
biotics,respectively.Thedifferencein thesmoothmusclestrip contractionactivitybeforeand
aftercrudeextractadministrationwasdetermined.

The influence of the cultured CFS of probiotics on human colonic smooth

muscle strips from circular layer contraction

Aspreviouslydescribed,thesmoothmusclestripswerestablefor 60min, andthebaselinewas
recordedfor 5min. After sequentiallyadding10μL, 50μL, 100μL, 200μL and300μL of the
culturedprobioticCFS,respectively,theactivityof thesmoothmusclestripswasrecordedfor
5min. Thecontrol groupincludedtheadditionof thesamevolumeof MRSculturemedium.

The role of L-NNA in the effect of cultured CFS on human colonic smooth

muscle strips from circular layer contraction

After spontaneouscontractionstabilizationfor 60min, thebaselinewasrecordedfor 5min.
L-NNA wasaddedto thetissuebathatafinal concentrationof 10−5 mol/L, andtheactivityof
thesmoothmusclestrip wasrecorded.Then,theculturedprobioticCFSswereaddedto the
tissuebathatdifferentconcentrationsasin theabovementionedprotocol.Themusclestrip
activitywasrecordedfor 5 min.

Data processing

Theareaunderthecontractilecurve(AUC) couldbeconsideredascomprehensiveevaluation
of themuscleactivitycontainingthemuscletension,amplitudeandfrequency.Thealteration
of musclestrip contractionactivityis representedby%inhibition of AUC to thecontrol,
whichcalculatedas(effectvalue±controlvalue)/controlvalue.Theeffectvaluerepresentsthe
AUC of thesmoothmuscletrip contractionafterintervention,while thecontrol valuerepre-
sentstheAUC of thesmoothmusclestrip baselinecontraction.

Statistical analysis

Thedataareexpressedwith asthemean± SE.GLM repeatedmeasuresanalysisof variance
(ANOVA) wasappliedto investigatethedifferencesamongthedifferentgroups.One-way
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ANOVA wasperformedusingtheleastsignificantdifference(LSD)of thehomogeneityof var-
iance;otherwise,Dunnett'stestwasused.Thepairedt testwasusedto comparethedifferences
betweentwo groups,suchastheinhibitory effectsof B. longum, L. acidophilus, S. thermophilus
or E. faecalis on themuscleactivitieswith andwithout L-NNA pretreated.SPSS18.0(SPSS,
Inc.,Chicago,IL, USA)wasusedfor all of thestatisticalanalyses,andGraphPadPrism5 soft-
ware(GraphPad,SanDiego,CA,USA)wasusedto createall of therelatedgraphs.P<0.05was
consideredstatisticallysignificant.

Fig 1. Typical human colonic smooth muscle contraction response to different viable probiotics at different concentrations. With higher

concentrations (1010 CFUs/ml), human colonic smooth muscle contraction was obviously inhibited. The Kreb’s solution was used as vacuity control.

https://doi.org/10.1371/journal.pone.0189257.g001
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Results

Effects of living bacteria of human colonic smooth muscle contraction

Thehumancolonicsmoothmusclecontractionwasnot obviouslychangedaftertheaddition
of four viableprobioticsatconcentrationsof 107 to 109 CFUs/mL,exceptfor E. faecalis at109

CFUs/mL.Fourviableprobioticsat1010CFUs/mLobviouslyinhibited smoothmusclestrip
contractionin vitro. The%inhibition of AUC were31.63±13.06,40.24±23.40,24.63±4.33and
58.82±6.63for B. longum, L. acidophilus, S. thermophilus andE. faecalis at1010CFUs/mL,
respectively,whichwassignificantlyhigherthanthatat107 CFUs/mL(all P<0.05).Theinhibi-
tion effectof E. faecalis at1010CFUs/mLon muscleactivitywasstrongestcomparedwith that
of theprobioticsat thecorrespondingconcentrations(P<0.05;Figs1and2).Detailswasseen
in S1andS2Files.

Effects of crude extract of probiotics on human colonic smooth muscle

contraction

Thecrudeextractsfrom four typesof probioticsobviouslyinhibited coloniccircularmuscle
strip contractionin vitro in adose-dependentmanner.Thestripswerecompletelyinhibited
afteradding300μL of crudeextractsfrom differentgroups.The%inhibition of AUC induced
by300μL of crudeextractswas74.15±12.74,80.4±14.89,82.88±5.15and56.81±7.33from B.
longum, L. acidophilus, S. thermophilus andE. faecalis, respectively,whichwasobviouslyhigher
thanthat inducedby10μL of crudeextracts(-2.84±24.92,9.78±7.41,0.64±4.42and3.06
±10.38,respectively;all P<0.05).Theinhibition effectof thecrudeextractsfrom E.faecalis on
muscleactivitywastheweakestcomparedwith othersat100μL,200μLand300μLdose(all
p<0.05;Figs3 and4).Detailswasseenin S1andS2Files.

Influence of CFS on human colonic smooth muscle activity

ThesterileCFSfrom four living probioticsobviouslyinhibited humancolonicsmoothmuscle
contractionin aconcentration-dependentmanner.The%inhibition of AUC inducedby the

Fig 2. Living bacteria inhibited human colonic smooth muscle contraction. The higher concentration

(1010 CFUs/mL) obviously inhibited human colonic smooth muscle contraction compared with lower

contractions (all P<0.05). E. faecalis had the strongest inhibition compared with other probiotics (P<0.05).

N = 6 for each group.

https://doi.org/10.1371/journal.pone.0189257.g002
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CFSfrom four probioticsatdifferentconcentrationswassignificantlyhigherthanthatof
control groupexceptfor the10μLCFSgroup(all P<0.001).TheAUC changerateinduced
by300μL of sterileCFSfrom B. longum, L. acidophilus, S. thermophilus andE. faecalis was
37.63±16.52,47.27±11.54,55.78±12.54and36.79±10.10,respectively,whichwasobviously
higherthanthat inducedby10μL of sterileCFSfrom thecorrespondingprobiotics(8.98
±10.91,6.08±6.32,5.46±2.46and3.94±2.89;all P<0.05).Therewasno obviousdifference
betweentheCFSsfrom differentprobiotics(Figs5and6).Detailswasseenin S1andS2Files.

Fig 3. The typical human colonic smooth muscle contraction response to crude extracts. Higher crude extract concentrations produced a

stronger inhibition of smooth muscle contraction. The Kreb’s solution was used as vacuity control.

https://doi.org/10.1371/journal.pone.0189257.g003

Inhibition effect of four probiotics on human colonic smooth muscle

PLOS ONE | https://doi.org/10.1371/journal.pone.0189257 December 7, 2017 7 / 15

https://doi.org/10.1371/journal.pone.0189257.g003
https://doi.org/10.1371/journal.pone.0189257


Role of L-NNA in the action of CFS on human colonic smooth muscle

contraction

Theadministrationof 10−5 mol/L L-NNA hadno significanteffecton humancolonicsmooth
musclestripscomparedwith thebaseline(AUC 615.86±85.14vs.600.52±48.40;P>0.05).
However,theinhibition effectof differentdosesof CFSfrom S. thermophilus andE. faecalis on
humancolonicsmoothmusclecontractionwasobviouslyreversedafterL-NNA pretreatment.
The%inhibition of AUC inducedby300μL of sterileCFSfrom S. thermophilus andE. faecalis
was55.78±12.54and36.79±10.10,whichwasobviouslyhigherthanthatwhenpretreatedwith
10−5 mol/L L-NNA (-2.03±21.13and-5.18±33.08;all P<0.05).However,therewasno obvious
differencein theinhibition effectof 300μL sterileCFSfrom B. longum andL. acidophilus
whenpretreatedwith L-NNA (37.63±16.52vs.22.15±41.44;47.27±11.54vs. 47.32±36.37;
P>0.05)(Figs7and8).Detailswasseenin S1andS2Files.

Discussion

This is thefirst studyto investigatethedirecteffectof four strains,including B. longum, L. aci-
dophilus, S. thermophilus andE. faecalis, andrelatedmetabolicproductson humancolonic
smoothmusclecontraction.Thefour living probioticsinhibited thecontractilityof human
colonicmusclestripsonly athighconcentration(1010CFUs/mL).ThecrudeextractandCFS
from thefour strainsinhibited colonicsmoothmusclestripsin adose-dependentmanner.The
NO pathwaymaybepartly involvedin theinhibitory effectof metabolicproductsof some
strainson humancolonicsmoothmuscle.

Probioticsarewidelyusedto preventandtreatavarietyof digestivediseases,however,the
mechanismfor thedirecteffectof probioticson gutmotility isnot wellknown,especiallyfor
theeffecton humancolonicsmoothmuscle.It reportedthatL. paracasei attenuatedmuscle
hypercontractilityin amurinemodelof post-infectivegutdysfunctioninfectedwith Trichi-
nella spiralis [12]. It found thatL. rhamnosus GG(LGG)shortenedthehumancolonsmooth

Fig 4. Crude extracts inhibited human colonic smooth muscle contraction in a dose-dependent

manner. % inhibition of AUC increased with the increased concentration of crude extracts (all P<0.05). The

inhibition effect of the crude extracts from E.faecalis was the weakest compared with others at 100μL, 200μL

and 300μL dose (all p<0.05). N = 6 for each group.

https://doi.org/10.1371/journal.pone.0189257.g004
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musclecellin adose-dependentandtime-dependentmannerandinhibited themaximalAch-
inducedhumancolonsmoothmusclecellcontraction[22]. Our studyalsofound that four via-
blestrains,including B. longum, L. acidophilus, S. thermophilus andE. faecalis, obviouslyand
directlyinhibited humansmoothmusclecontractionat1010CFUs/mL.Massietal found that
viableVSL#3probiotic cocktailhadno effecton guineapig gutmotility whendifferentviable
probioticswith 105−109 CFUs/mLstimulatedguineapig ileocolicsmoothmusclestrips[20],
similar to our study.Only viablestrainsatahigherconcentrationinhibited smoothmuscle
contractionsfrom thecoloniccircularlayer.Our resultsandpreviousstudiesmaypartly
explaintheinefficiencyof someprobioticsin treatingdigestivediseasesdueto insufficient
concentrations.Increasingtheconcentrationsof probioticsin thecolonmayenhancetheir
effectiveness.

However,aconsiderablebodyof evidencehasconfirmedthatprobioticsindeedimprove
thesymptomsof GI diseases[23±27].Thus,theaforementionedresultsalsomight suggestthat
theviableprobioticsthemselvesarenot responsiblefor inhibiting humancolonicsmooth

Fig 5. The typical human colonic smooth muscle contraction response to the sterile CFS. Higher CFS concentrations produced a stronger

inhibition of smooth muscle contraction. The MRS (de Man-Rogosa-Sharpe broth-sodium nitrite medium) was used as vacuity control.

https://doi.org/10.1371/journal.pone.0189257.g005
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muscle.Theinhibitory rolemight bemediatedbymetabolitesof theprobiotics.Oncethe
metabolitesof theprobioticsreachacertainthresholdconcentration,theymayplayrolesin
modulatingGI motility. Indeed,our studyfound thatboth thecrudeextractsandCFSof the
four strainsinhibited thespontaneouscontractionof humancolonicsmoothmusclestrips
from thecircularlayerin vitro in adose-dependentmanner.Thehigherconcentrationsof
crudeextractsandCFSfrom thefour strainsproducedastrongerinhibition of humancolonic
smoothmusclestrips.Massietalalsofound thatcrudeextractsof VSL#3strainsincreased
bothspontaneousphasicandtonic contractionsof theguinea-pigileum in adose-dependent
manner[13]. Our humanstudywasconsistentwith thisanimalobservation.Thehuman
colonicsmoothmusclestripsin our studyweredissectedwithout mucosaandsubmucosa,
whichmeansthat thealteredcontractileresponseof thesmoothmusclestripswasdueto the
direct influenceof crudeextractsandCFSfrom thefour strains.Takentogether,themetabo-
litesof thefour strainscoulddirectlyinhibit thehumancolonicsmoothmusclefrom thecircu-
lar layerandfurther modulatetheintestinalmotility. Themechanismsof theseprocesses
requirefurther investigation.

Another intriguing resultof our studyis thedifferencebetweenthefour strainsin modulat-
ing humancolonmotility. E. faecalis hadthestrongestinhibition effecton humancoloniccir-
cularsmoothmusclestripscomparedto B. longum, L. acidophilus, andS. thermophilus. The
inhibition of crudeextractsfrom L. acidophilus, S. thermophilus andB. longum wasstronger
thanthat from E. faecalis at300μLdose.BaÈr etal found that theCFSof E. coli Nissle1917
enhancedthecontractilityof humancoloniccircularsmoothmusclestripsbydirectlystimu-
latingsmoothmusclecells[21]. Theseresultsareoppositethoseof our study.It reportedthe
L. paracasei but not L. johnsonii, B. lactis, or B. longum attenuatedmusclehypercontractilityin
aPI-IBSmodelinfectedwith Trichinella spiralis [12]. It alsofound thatcrudeextractsfrom dif-
ferentbacterialgroupsprovokedifferentmotility responsepatterns,i.e.,Bifidobacterium and

Fig 6. CFS inhibited human colonic smooth muscle contraction in a dose-dependent manner. %

inhibition of AUC increased with the increased concentration of crude extracts except for at 10 μL (P<0.05).

However, there was no obvious difference between the different probiotics (all P>0.05). N = 6 for each group.

MRS, de Man-Rogosa-Sharpe broth-sodium nitrite medium.

https://doi.org/10.1371/journal.pone.0189257.g006
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Streptococcus strainsdid not changethebasaltoneof theguineapig ileumtissue,whileLacto-
bacillus strainsinducedrelevantguineapig ileumcontractions[13]. Ammoscatoetalalso
found that theCFSsof L. rhamnosus GGsignificantlyreducedtheLPS-inducedmorpho-func-
tional alterationsof humancolonicsmoothmusclecells,suchascellshorteningandcontractile
responseinhibition [28].Thedifferenteffectsof differentstrainson animalandhumancolonic
stripsmeansthat theroleof probioticsin intestinalmotility differsbetweenspecies.Probiotics
showedstrain-dependentmodulationof intestinalmotility, anddifferentactivemetabolites,
suchasaceticacid,from variousprobioticsmight beresponsibleto thisdistinction.Thus,the
exactroleof eachstrainandits metabolitesin humanGI motility requirefurther investigation
in orderto guideclinical individualizedtreatmentusingprobiotics.

Our studyfound that theNO synthaseinhibitor, L-NNA, abolishedthesuppressioneffects
of CFSfrom S. thermophilus andE. faecalis but not B. longum andL. acidophilus. Theresults

Fig 7. The typical human colonic smooth muscle contraction response to the sterile CFS after L-NNA pretreatment. The inhibition by the CFS

from S. thermophilus and E. faecalis was obviously reversed after L-NNA intervention. The Kreb’s solution was used as vacuity control.

https://doi.org/10.1371/journal.pone.0189257.g007
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indicatethatNO is involvedin themodulationby themetabolitesof somestainson intestinal
motility. ProbioticscanaffecttheNO metabolismof theGI tract.Sobkoetal foundthatdietary
supplementationwith Lactobacilli resultedin a3- to 8-foldNO increasein thesmallintestine
andcaecumof rats.TheNO levelsin thecoloncorrelatedwith thenitrite contentof breast
milk andfecesfrom neonates,andLactobacilli andBifidobacteria isolatedfrom thestoolsof
neonatesgeneratedNO from nitrite in vitro. In contrast,S. aureus andE. coli wereconsumed
NO rapidly.Theseresultsindicatethat intestinalNO generationcouldbesimulatedbydietary
supplementationwith substrateandLactobacilli [29]. In addition to affectingintestinalNO
metabolism,probioticsalsoaffectendogenousNO generationin thegut.Forexample,L.
rhamnosus GGinducedNO productionin J774macrophagesandhumanT84colonepithelial
cellsby inducinginducibleNOS(iNOS)throughamechanisminvolving theactivationof the
transcriptionfactorNF-kappaBpathway.Theresultsindicatedthat theinduction of iNOS
andthelow-levelsynthesisof NO maybeinvolvedin theprotectiveactionsof LGGin theGI
tract [30]. Thetissueusedin our studydid not containmucosalconstituents.Thereversalby
L-NNA of theinhibition byCFSfrom S. thermophilus andE. faecalis of humancolonicsmooth
musclestripsindicatedthat themetabolitesfrom somestrainscouldinduceNO productionin
othercolonictissues,suchassmoothmusclecellsandneuronalcells,but not epithelialcells
throughtheinduction of iNOS.

Conclusions

Our studyconfirmsthat four probiotic strainsandtheir metabolitesdirectlymodulatehuman
colonmotility in vitro, althoughthedifferentstrainsplayedvariousroles.Theserolesare
mainlymediatedby thesmall-moleculemetabolitesor bacterialcomponentsof probiotics,
whichcancrosstheepithelialcellbarrier.Themechanismspartly includetheproductionof
NO andrequirefurther research.

Fig 8. L-NNA pretreatment partly inhibited the response of human colonic smooth muscle to CFS.

After L-NNA pretreatment, there was no obvious difference between various concentrations of CFS in S.

thermophilus and E. faecalis (all P>0.05). However, there was no obvious effect of L-NNA pretreatment on the

inhibition of B. longum and L. acidophilus. There was an obvious difference between the various concentrations

of CFS in B. longum and L. acidophilus after pretreatment with L-NNA (all P<0.05). N = 6 for each group.

https://doi.org/10.1371/journal.pone.0189257.g008
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