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dependent manner. Only high concentration living probiotics (10'° 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

Gastrointestina(Gl) dysmotilityiscommonin Gl disordersandis responsibldor related
symptomssuchasabdominalpain anddistension1]. Gut microbiotaplayanimportantrole
in Gl motility regulation[2], which arerelatedwith intestinaltransit[3,4]. Therichnessand
compositionof gut microbiotaarestronglyassociatewith stoolconsistencywhichisa
proxyfor colonictransitrate[5]. In arecentstudy,the antibiotic-induceddepletionof
murine microbiotadelayedhewholegutandcolonictransitandreducedspontaneouson-
tractionsandtheresponséo acetylcholinen theileum andcolonsmoothmuscle6].
Manipulatinggut microbiotamight influenceGI motility andfurtherimprove Gl motility
disorderq7+10].

Accordingto preclinicalandclinical studiesprobioticsregulateGl motility by modulat-
ing thegut microbiota[11]. Lactobacillus paracasei obviouslyattenuatednusclehypercon-
tractility in amurine modelof post-infectivegut dysfunction[12], and probiotic preparation
VSL#3(e.q. Bifidobacterium, Lactobacillus, Streptococcus) couldmodulatetheintestinal
smoothmuscleactivity[13]. Moreover,Lactobacillus rhamnosus andits supernatantseduced
thelipopolysaccharideinducedinhibition of humancolonicsmoothmusclestrip contractile
responsé€l4]. However the strain,doseandinterventiontime weredifferentin previous
studies.

At presentthe effectf probioticson intestinalmotility aremainly from clinical observa-
tion, but thereis no strongevidencdor the directactionsof probioticson intestinalmotor
activity[15]. Whetherprobioticsthemselvesr their metabolicproductsaffectGl smooth
muscleremainsunknown.Most of the previousstudieshavefocusedn theinfluenceof probi-
oticson animal Gl smoothmuscle fewstudieshaveinvestigatedhe effectof probioticson
humanintestinalsmoothmuscle Different probioticsmight play differentrolesin GI motility.
Most probioticsin clinical usearegenerallyselectedrom the Lactobacillus and Bifidobacter-
ium genergwhich arecommonin the gutandarealsousedin probioticsdrugs),Escherichia
coli (themostcommonadditivein yogurt,whichis extensivelyenjoyedasprobiotic-contain-
ing food) and Enterococcus faecalis Strains(an opportunisticpathogerwidely presentin the
intestineand suppliedasa probioticin somedrugswith complexbeneficiaimicroorganisms).
[16,17]Althoughtheseprobioticsimprove Gl diseasesuchaslIBS little is known abouttheir
effecton humansmoothmusclecontraction.[18]

Thus,the aim of this studywasto investigatehe effectof four probioticscommonlyused
clinically,including Bifidobacterium longum (B. longum), Lactobacillus acidophilus (L. acidoph-
ilus), Streptococcus thermophilus (S. thermophilus) and Enterococcus faecalis (E. faecalis), and
their relatedproductson humanintestinalsmoothmusclecontractionandfurther compare
thedifferenteffectson smoothmusclecontraction.Additionally, wealsoinvestigatedhe pos-
siblerole of thenitric oxide(NO) pathwayin this processOur studywill identify the possible
rolesof specificprobiotic strainsin humanintestinalmotility.
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Materials and methods
Bacterial preparation

Probiotics freeze-dried powder. Viablebacterialstrainsof B. longum HB55020(1.6x10?
CFUs/g) L. acidophilus HB560032.15x16" CFUs/Q).S. thermophilus HB5621(2.78x162
CFUs/g)andE. faecalis HB62001(3.81x164? CFUs/g)wereobtainedfrom Hubei Centerof
Industrial Culture CollectionandResearcliHBCC).Eachstrainwasconvertedo afreeze-
dried powderthat wasmixedwith glucoseandstoredat-20ECor further use Theviablebac-
terial countwascalculatedy cultureand colonycountingmethodafterdilution.

Cell-free supernatant (CFS) preparation. Themethodusedto obtain CFSwasdescribed
elsewher¢l9]. Simply,theisolatedprobiotic strainsB. longum HB55020L. acidophilus
HB56003S. thermophilus HB5621andE. faecalis HB6200Iwereculturedanaerobicallyn De
Man-Rogosa-ShargRS)mediumuntil plateauTherespectiveCFSwasobtainedby centri-
fugationat12,000xdor 10min, adjustedwith 1 M NaOHto apH of 7.0,andfiltered through
a0.22-mmfilter. The CFSwasstoredat-20EJor further use.

Preparation of bacterial cytoplasm crude extracts. Themethodwasperformedaccord-
ing to apreviousstudy[20]. Thefreeze-driepbowdersof isolatedprobiotic strainsB. longum
HB55020L. acidophilus HB56003S. thermophilus HB5621andE. faecalis HB6200Iwere
resuspendeth sterilePBSandthefinal bacteriakconcentrationwas10°-10*° colonyforming
units (CFUs/mL).Thebacterialsuspensiong/eresonicatecht powerlevel8in anicebath.
Theduty time andintervaltime were45sand 15s,respectivelyTherewere30cyclesandthe
total time was30min. After ultrasonicdispersionthe bacterialsuspensiongerecentrifuged
at4000xdor 10min, andthe CFScontainingthe probiotic crudeextractavascollected.

Patients

Twenty-fivepatientssufferingfrom coloniccarcinomaandundergoingsurgerytreatment
wererecruitedfrom the Gl SurgeryDepartmentat Union Hospitalof Tongji MedicalCollege
of HuazhongUniversityof Scienceand TechnologyExclusioncriteriaincludedno IBD, IBS
or otherfunctional Gl diseaseno hyperthyroidism;no diabetesnellitusor otherchronicdis-
easeno history of abdominaloperationor trauma;no history of drug use;andno radiotherapy
or chemotherapyeforeoperation.The studyprotocolwasapprovedy the EthicsCommittee
of Tongji MedicalCollegeHuazhongUniversity of Scienceand Technology(2010(72)).

Tissue preparation

Human colonspecimensvereobtainedfrom disease-fremarginsof resectedegmentfrom
the colonsof patientswith coloncancerNormal colorectatissueatleasts cm from the carci-
nomalesionwasobtainedafterthe operation.Freshspecimensvereplacedn oxygenated
(95%0,+5%C0,) Krebssolution.After cutting the bowelalongthe mesenteryandremoving
themucosaand submucosdayer,asmoothmusclestrip approximately3x10mm from circu-
lar layerwasmadeby ahandmadedoubleblade.Then,the musclestrip wasligatedat eachend
by asilk suture.

Recording of muscle strip tension

Themethodusedto recordmusclestrip tensionwasdescribectlsewher§l 3,21].In brief, the
preparednusclestrip wassuspendeéh a37EQonstant-temperaturéissuebathcontaining
25mL of oxygenatedrebssolution. Theinferior extremityof the musclestrip wasfixed with
ahangerandthe superiorextremitywasconnectedo atonotransducefFort-10,WPI com-
pany,American).Thesmoothmusclestrip wasbalancedy 2 g of preload FreshKrebs
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solutionwasreplacedevery20min. The spontaneousontractionactivity of the smoothmus-
clestrip wasstablefor 1 h beforeanyexperimentaprocedurebegan.

The effect of viable probiotics on human colonic smooth muscle strips
from circular layer contraction

After stabilizationfor 1 h, the smoothmusclespontaneousctivity wasrecordedasthe baseline
musclestrip contractionactivity. ThenviableB. longum, L. acidophilus, S. thermophilus or E.
faecalis resuspensionwith final concentrationgin the bath)at 10" CFUs/mL,1¢° CFUs/mL,
10° CFUs/mLand 10'° CFUs/mLwereaddedcumulativelyinto the organbathatintervalsof 5
min, andthe contractilecurvewasconsecutivelyecorded The changesn the smoothmuscle
strip contractionactivity beforeand afterviableprobiotic administrationwasdetermined.

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

After stabilizationfor 1 h, the baselinesmoothmusclespontaneousctivity wasrecordedfor
5min. Then,the contractionactivity of the musclestripswasrecordingfor 5 min afterthe
sequentiabdditionof 10pL, 50uL, 100puL, 200uL and300uL of crudeextractof differentpro-
biotics,respectivelyThedifferencein the smoothmusclestrip contractionactivity beforeand
aftercrudeextractadministrationwasdetermined.

The influence of the cultured CFS of probiotics on human colonic smooth
muscle strips from circular layer contraction

As previouslydescribedthe smoothmusclestripswerestablefor 60min, andthe baselinevas
recordedfor 5min. After sequentiallyadding10pL, 50pL, 100pL, 200pL and300pL of the
culturedprobiotic CFSrespectivelythe activity of the smoothmusclestripswasrecordedfor
5min. Thecontrol groupincludedthe addition of the samevolumeof MRSculture medium.

The role of L-NNA in the effect of cultured CFS on human colonic smooth
muscle strips from circular layer contraction

After spontaneousontractionstabilizationfor 60min, the baselinavasrecordedfor 5 min.
L-NNA wasaddedto thetissuebathatafinal concentrationof 10> mol/L, andthe activity of
the smoothmusclestrip wasrecorded.Then,the culturedprobiotic CFSsvereaddedto the
tissuebathat differentconcentrationssin the abovementionedprotocol. The musclestrip
activitywasrecordedfor 5 min.

Data processing

Theareaunderthe contractilecurve(AUC) couldbeconsiderecascomprehensivevaluation
of the muscleactivity containingthe muscletension,amplitudeandfrequencyThealteration
of musclestrip contractionactivityis representedby % inhibition of AUC to the control,
which calculatedas(effectvaluetcontrolvalue)/controlvalue. The effectvaluerepresentshe
AUC of the smoothmuscletrip contractionafterintervention,while the control valuerepre-
sentghe AUC of the smoothmusclestrip baselinecontraction.

Statistical analysis

Thedataareexpressewith asthe meant SE.GLM repeatedneasuresnalysif variance
(ANOVA) wasappliedto investigatehe differencesamongthe differentgroups.One-way
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ANOVA wasperformedusingtheleastsignificantdifference(LSD)of the homogeneityof var-
iance;otherwise Dunnett'stestwasused.The pairedt testwasusedto comparethe differences
betweerntwo groups suchastheinhibitory effectf B. longum, L. acidophilus, S. thermophilus
or E. faecalis on the muscleactivitieswith andwithout L-NNA pretreatedSPS38.0(SPSS,
Inc., Chicago]L, USA)wasusedfor all of the statisticaknalysesand GraphPadPrism5 soft-
ware(GraphPadSanDiego,CA, USA)wasusedto createall of therelatedgraphs P<0.05was
consideredstatisticallysignificant.

baseline 107 CFUs/mL 10% CFUs/mL 10°CFUs/mL 10'°CFUs/mL

o S

2min

B.longum

L. acidophilus

S. themophilus

E. faecalis

Control
( Kreb's solution) Mw

Fig 1. Typical human colonic smooth muscle contraction response to different viable probiotics at different concentrations. With higher
concentrations (10 CFUs/ml), human colonic smooth muscle contraction was obviously inhibited. The Kreb’s solution was used as vacuity control.

https://da.org/10.1371durnal.pon®189257.g0D
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Results
Effects of living bacteria of human colonic smooth muscle contraction

Thehumancolonicsmoothmusclecontractionwasnot obviouslychangedafterthe addition
of four viableprobioticsat concentrationsof 10’ to 10° CFUs/mL excepfor E. faecalis at 10°
CFUs/mL.Fourviableprobioticsat 10° CFUs/mLobviouslyinhibited smoothmusclestrip
contractionin vitro. The %inhibition of AUC were31.63+13.0640.24+23.4®4.63+4.33nd
58.82+6.630r B. longum, L. acidophilus, S. thermophilus andE. faecalis at 10"° CFUs/mL,
respectivelywhichwassignificantlyhigherthanthatat 10" CFUs/mL(all P<0.05).Theinhibi-
tion effectof E. faecalis at 10'° CFUs/mLon muscleactivitywasstrongestomparedwith that
of the probioticsat the correspondingconcentrationgP<0.05;Figs1 and 2).Detailsvasseen
in SlandS2Files.

Effects of crude extract of probiotics on human colonic smooth muscle
contraction

Thecrudeextractdrom four typesof probioticsobviouslyinhibited coloniccircularmuscle
strip contractionin vitro in adose-dependemnanner.Thestripswerecompletelyinhibited
afteradding300uL of crudeextractsrom differentgroups.The %inhibition of AUC induced
by 300uL of crudeextractsvas74.15+12.7480.4+14.8982.88+5.18nd56.81+7.3%om B.
longum, L. acidophilus, S. thermophilus andE. faecalis, respectivelywhichwasobviouslyhigher
thanthatinducedby 10puL of crudeextracty-2.84+24.929.78+7.41,0.64+4.4nd 3.06
+10.38respectivelyall P<0.05).Theinhibition effectof the crudeextractsrom E.faecalis on
muscleactivity wasthe weakestomparedwith othersat 100uL,200uLand300uLdose(all
p<0.05JFigs3 and4). Detailswasseenn Sland S2Files.

Influence of CFS on human colonic smooth muscle activity

ThesterileCFSfrom four living probioticsobviouslyinhibited humancolonicsmoothmuscle
contractionin aconcentration-dependenmhanner.The %inhibition of AUC inducedby the
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Fig 2. Living bacteria inhibited human colonic smooth muscle contraction. The higher concentration
(10'° 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://cbi.org/10.1371djurnal.por.0189257.¢02
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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:/Hoi.org/10.137/ournal.pon€®189257.g003

CFSfrom four probioticsat differentconcentrationavassignificantlyhigherthan that of
control groupexceptor the 10uL CFSgroup (all P<0.001) The AUC changeateinduced
by 300uL of sterileCFSfrom B. longum, L. acidophilus, S. thermophilus and E. faecalis was
37.63+16.5247.27+11.545.78+12.54nd 36.79+10.10espectivelywhich wasobviously
higherthanthatinducedby 10pL of sterileCFSfrom the correspondingprobiotics(8.98
+10.916.08+6.325.46+2.4@ind 3.94+2.8%ll P<0.05).Therewasno obviousdifference
betweerthe CFSdrom differentprobiotics(Figs5 and 6). Detailswasseenin Sland S2Files.
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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 100uL, 200uL
and 300pL dose (all p<0.05). N = 6 for each group.

https://i.org/10.1371durnal.por.0189257.g4

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

Theadministrationof 10~> mol/L L-NNA hadno significanteffecton humancolonicsmooth
musclestripscomparedwith the baselind AUC 615.86+85.14s.600.52+48.4®>0.05).
However theinhibition effectof differentdosesf CFSfrom S. thermophilus andE. faecalis on
humancolonicsmoothmusclecontractionwasobviouslyreversedafterL-NNA pretreatment.
The%inhibition of AUC inducedby 300uL of sterileCFSfrom S. thermophilus andE. faecalis
wasb5.78+12.54nd 36.79+10.1Qyhich wasobviouslyhigherthanthat whenpretreatedwith
10°° mol/L L-NNA (-2.03+21.12&nd-5.18+33.08ll P<0.05).However therewasno obvious
differencein theinhibition effectof 300uL sterileCFSfrom B. longum and L. acidophilus
whenpretreatedvith L-NNA (37.63+16.525.22.15+41.44t7.27+11.54s. 47.32+36.37,
P>0.05)(Figs7 and8). Detailswasseenn Sland S2Files.

Discussion

Thisis thefirst studyto investigatehe directeffectof four strains,including B. longum, L. aci-
dophilus, S. thermophilus andE. faecalis, andrelatedmetabolicproductson humancolonic
smoothmusclecontraction.Thefour living probioticsinhibited the contractility of human
colonicmusclestripsonly athigh concentration(10'° CFUs/mL).Thecrudeextractand CFS
from thefour strainsinhibited colonicsmoothmusclestripsin adose-dependenhanner.The
NO pathwaymaybepartly involvedin theinhibitory effectof metabolicproductsof some
strainson humancolonicsmoothmuscle.

Probioticsarewidelyusedto preventandtreatavarietyof digestivedisease$oweverthe
mechanisnfor the direct effectof probioticson gut motility is not wellknown, especiallyor
the effecton humancolonicsmoothmusclelt reportedthat L. paracasei attenuatednuscle
hypercontractilityin amurine modelof post-infectivegut dysfunctioninfectedwith Trichi-
nella spiralis [12]. It found that L. rhamnosus GG (LGG) shortenedhe humancolonsmooth
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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://cbi.org/10.137/ournal.pon®189257.9g005

musclecellin adose-dependerdndtime-dependenmannerandinhibited the maximalAch-
inducedhumancolonsmoothmusclecellcontraction[22]. Our studyalsofound thatfour via-
blestrains,including B. longum, L. acidophilus, S. thermophilus and E. faecalis, obviouslyand
directlyinhibited humansmoothmusclecontractionat 10"° CFUs/mL.Massiet al found that
viableVSL#3probiotic cocktailhadno effecton guineapig gut maotility whendifferentviable
probioticswith 10°-10° CFUs/mLstimulatedguineapig ileocolicsmoothmusclestrips[20],
similarto our study.Only viablestrainsat a higherconcentrationinhibited smoothmuscle
contractionsfrom the coloniccircularlayer.Our resultsand previousstudiesmaypartly
explaintheinefficiencyof someprobioticsin treatingdigestivediseasedueto insufficient
concentrationslncreasinghe concentrationf probioticsin the colonmayenhanceheir
effectiveness.

Howeveraconsiderabldody of evidencéhasconfirmedthat probioticsindeedimprove
thesymptomsof Gl diseasep?3+27].Thus,the aforementionedesultsalsomight suggesthat
theviableprobioticsthemselvearenot responsibldor inhibiting humancolonicsmooth
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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 pL (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://abi.org/10.1371durnal.por.0189257.906

muscle Theinhibitory role might be mediatedby metabolite®f the probiotics.Oncethe
metabolitef the probioticsreacha certainthresholdconcentrationtheymayplayrolesin
modulatingGI motility. Indeed,our studyfound that both the crudeextractsand CFSof the
four strainsinhibited the spontaneousontractionof humancolonicsmoothmusclestrips
from thecircularlayerin vitro in adose-dependerthanner.The higherconcentrationof
crudeextractsand CFSfrom thefour strainsproducedastrongerinhibition of humancolonic
smoothmusclestrips.Massiet al alsofound that crudeextractof VSL#3strainsincreased
both spontaneouphasicandtonic contractionsof the guinea-pigleumin adose-dependent
manner[13]. Our humanstudywasconsistentvith this animalobservationThe human
colonicsmoothmusclestripsin our studyweredissectedavithout mucosaandsubmucosa,
whichmeanghatthe alteredcontractileresponsef the smoothmusclestripswasdueto the
directinfluenceof crudeextractsand CFSfrom the four strains.Takentogetherthe metabo-
litesof thefour strainscoulddirectlyinhibit the humancolonicsmoothmusclefrom the circu-
lar layerandfurther modulatethe intestinalmotility. Themechanismf theseprocesses
requirefurther investigation.

Anotherintriguing resultof our studyis the differencebetweerthe four strainsin modulat-
ing humancolonmotility. E. faecalis hadthe strongestnhibition effecton humancoloniccir-
cularsmoothmusclestripscomparedo B. longum, L. acidophilus, andS. thermophilus. The
inhibition of crudeextractsrom L. acidophilus, S. thermophilus and B. longum wasstronger
thanthatfrom E. faecalis at 300uLdose B etalfound thatthe CFSof E. coli Nissle1917
enhancedhe contractility of humancoloniccircularsmoothmusclestripsby directly stimu-
lating smoothmusclecells[21]. Theseresultsareoppositethoseof our study.It reportedthe
L. paracasei but not L. johnsonii, B. lactis, or B. longum attenuatednusclehypercontractilityin
aPl-IBSmodelinfectedwith Trichinella spiralis [12]. It alsofound thatcrudeextractdrom dif-
ferentbacterialgroupsprovokedifferentmotility responseatternsj.e.,Bifidobacterium and
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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://doiorg/10.1371§urnal.pon®189257.g0D

Streptococcus strainsdid not changethe basatone of the guineapig ileum tissuewhile Lacto-
bacillus strainsinducedrelevantguineapig ileum contractiong13]. Ammoscatoetal also
foundthatthe CFSf L. rhamnosus GG significantlyreducedthe LPS-inducednorpho-func-
tional alterationsof humancolonicsmoothmusclecells suchascellshorteningandcontractile
responsénhibition [28]. Thedifferenteffectwof differentstrainson animalandhumancolonic
stripsmeanghattherole of probioticsin intestinalmotility differsbetweerspeciesProbiotics
showedstrain-dependeniodulationof intestinalmotility, anddifferentactivemetabolites,
suchasaceticacid,from variousprobioticsmight beresponsibléo this distinction. Thus,the
exactrole of eachstrainandits metabolitesn humanGI motility requirefurther investigation
in orderto guideclinicalindividualizedtreatmentusingprobiotics.

Our studyfound thatthe NO synthasénhibitor, L-NNA, abolishedhe suppressiomffects
of CFSfrom S. thermophilus andE. faecalis but not B. longum and L. acidophilus. Theresults
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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 CFSin 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 CFSin B. longum and L. acidophilus after pretreatment with L-NNA (all P<0.05). N = 6 for each group.

https://bi.org/10.1371durnal.por.0189257.¢08

indicatethat NO is involvedin the modulationby the metaboliteof somestainson intestinal
motility. Probioticscanaffectthe NO metabolisnof the Gl tract. Sobkoetal found that dietary
supplementatiomwith Lactobacilli resultedn a3-to 8-fold NO increasen the smallintestine
andcaecunof rats.TheNO leveldn the coloncorrelatedwith the nitrite contentof breast
milk andfecesfrom neonatesand Lactobacilli and Bifidobacteria isolatedfrom the stoolsof
neonategieneratedNO from nitrite in vitro. In contrast,S. aureus andE. coli wereconsumed
NO rapidly. TheseresultsindicatethatintestinalNO generatiorcould besimulatedby dietary
supplementatiowith substrateand Lactobacilli [29]. In addition to affectingintestinalNO
metabolismprobioticsalsoaffectendogenousNO generationn thegut. ForexampleL.
rhamnosus GGinducedNO productionin J774macrophageandhumanT84 colonepithelial
cellsby inducinginducible NOS(iNOS) throughamechanisninvolving the activationof the
transcriptionfactorNF-kappaBpathway Theresultsindicatedthat theinduction of INOS
andthelow-levelsynthesi®f NO maybeinvolvedin the protectiveactionsof LGGin the Gl
tract[30]. Thetissueusedin our studydid not containmucosakonstituentsThereversaby
L-NNA of theinhibition by CFSfrom S. thermophilus andE. faecalis of humancolonicsmooth
musclestripsindicatedthat the metabolitesrom somestrainscouldinduceNO productionin
othercolonictissuessuchassmoothmusclecellsand neuronalcells but not epithelialcells
throughtheinduction of INOS.

Conclusions

Our studyconfirmsthat four probiotic strainsandtheir metabolitesdirectly modulatehuman
colonmotility in vitro, althoughthe differentstrainsplayedvariousroles.Theserolesare
mainly mediatedby the small-moleculanetaboliteor bacteriakcomponentsf probiotics,
which cancrossthe epithelialcellbarrier. The mechanismartly includethe production of
NO andrequirefurther research.
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