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Abstract: Urinary tract infections(UTIs) are relatively commonin womenand may be
classifiedasuncomplicatedr complicateddependinguponthe urinary tractanatomyand
physiology Acute uncomplicateccystitis (AUC) occurswhenurinary pathogengrom the
bowel or vaginacolonizethe periurethraimucosaandreachthe bladder.The vastmajority
of episodesn healthywomeninvolving the samebacterialstrain that causedthe initial
infection arethoughtto be reinfections. About 90% of AUC are causedby uropathogenic
Escherichiacoli (UPEC), but Proteus mirabilis also plays an important role. Several
studiessupportthe importanceof cranberry(Vacciniummacrocarpom proanthocyanidins
in preventingadhesionof P-fimbriated UPEC to uroepithelial cells. In this study, we
evaluatedhein vitro antradhesioractivity of A2-linked proanthocyanidinfom cranberry
on a UPECandProteusmirabilis strainsandtheir possibleinfluenceon ureaseactivity of
the latter. A significant reductionof UPECadhesion(up to 75%) on the HT1376cell line
was observedvs control For the strainsof P. mirabilis there was also a reduction of
adhesion(up to 75%) comparedo controls aswell asa reductionin motility andurease
activity. Theseresults suggestthat A2-type cranberry proanthocyanidinsould aid in
maintainingurinarytracthealth.
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1. Introduction

Theinfectionsof the urinary tract (UTI) arevery commonpathologieshothin hospitalsandin the
community[1]. Communityinfectionsaredefinedasuncomplicatedvhenthey arelimited to only the
lower urinary tract without anomaliesthesemainly affect youngwomendueto their anatomy(short
urethrawith respecto menandeasycolonizationof the periurethralzoneby intestinalbacteria) From
25% to 50% of youngwomenhaveat leastone episodeof UTIs in their lives. Of these,about27%
havea relapseduring the six monthsfollowing the first infection, while about3% havetwo relapses
duringthe sameperiod[2].

The symptomatologys the sameasthefirst infection: frequentandintenseneedto urinate,burning
and/orpainon urination.Theurineis oftencloudy,sometime®venpink dueto the presencef blood.

Among the risk factorsthat predisposevomento contractrecurrentcystitis are frequentsexual
relations,having contracteaheir first UTI at lessthan 15 yearsof ageanda family history of UTlIs.
Some studies have also shown that when the first infection is due to E. coli, thereis a greater
probability of having a relapsein the following six monthsthan when the infection is due to other
microorganismg3]. Numerousdata suggestthat an alterationof the normal vaginal microbiotg in
particularwhenthereis a reductionof the lactobacilluspopulationwith consequentowering of the
guantity of hydrogen peroxide produce, can be considereda predisposingfactor for E. coli
colonization.Also, for this reason postmenopaual women can developrecurrentcystitis. The risk
factors are the sameas thosefor youngerwomen,with the addition that the lowering of estrogens
following menopauseausesotablemodificationsof the vaginal microbiotg in particulara loss of
lactobacilli [4]. Recurrenturinary infections have a negative impact on the quality of life of
ipr edi wgnersbetdim psychologicalandeconomicaterms.A womanwith recurrentcystitis
hasto havefrequenturinetests,antibiotictreatmentaind,whenprescribedalsopreventivetherapy.

Preventiveantibiotic treatmentwhich shouldbe startedonly after having eradicatedhe pre-existing
infection, is carried out, following guidelines,with trimethoprim-sulfamehoxazole nitrofurantoin,
cefacloror cefalexin,ciprofloxacinor norfloxacin andfosfomycin Theseantibioticsareusedat lower
doseswith respectto thoserecommendedor the treatmentof the full-blown infection [5]. Most
clinicians recommendcontinuing therapyfor at leastsix months.Evenif theseantibiotics are well
toleratedover the long-term, the emergencef resistantstrainsis alwaysa big problem,especiallyas
regardsthe widely-usedbroad spectrumantibiotics such as fluoroquinolones|[6]. There are, in fact,
many on-going studiestrying to establishthe real contributionof long-term antibiotic therapyto the
emergencef multi-resistanstrains.

UropathogenicEscherichiacoli (UPEC) is the etiological agentin about 90% of community
acquiredinfectionsandmorethan50% of thoseacquiredin hospitals,including thoseassociateavith
the presenceof a catheter.The uropathogenictrainsof E. coli canbe classifiedin four phylogentic
groupscalledA, B1, B2 andD. Principally, B2 andD causemostextraintestinalinfections,including
UTIs. Thesestrainsdiffer from thosebelievedto be harmlesscommensal®f the intestinedueto the
expressiorof particularvirulencefactorsthat specifically enhanceheir ability to causeinfectionsof
the humanurinary tract. Most strainsexpressiumeroudimbriae (alsocalledadhesinsyiffusedon the
cell surface pelongingprincipally to two groups:type 1 fimbriae, mannosesensitive(MS), which bind
to the glycoproteinsin the mannosgthe virulencefactorsmostfrequentlyexpressedby 80% to 100%
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of the UPEC straing, and P fimbriag mannoseesistant (MR), which, instead, bind to the
UD-Gal(1,4}b-D-Gal, a disaccharideof galactose Adhesinsare necessaryor the UPEC strainsto

bind to uroepithelialcells or, eventually,to cathetersurfacesType 1 fimbriae arethosethat mediate
theinitial phase®f urinaryinfectionin asmuchastheyusethe propertyof the vesiclemucousyich in

mannoseeceptorsilt is believedthattheseadhesinarealsoableto recognizethe extracellular matrix
proteins (collagen, fibronectin, laminin and TammHorsifall proteirs) thus distinguishingepithelia
from otherstructureslt alsoappearshattheseadheinscanmediatebacterialautoaggregatiorandthe
formation of biofilm that are inducersof the inflammatoryresponseassociatedvith adhesiorandto

the colonizationof UPECstrains.

The P fimbriae, the secondmost common virulence factor associatedvith UPEC strains, are
associatedvith the processof invasivity, in asmuchastheywould comeinto play laterto guarantee
mannosdandependenadhesionnecessaryo stop bacteriabeing eliminatedtogetherwith the mucous
in theurine.

Among the other Gramnegativesthereis the speciesProteus which are not includedamongthe
most common causesof UTIs but play an importantrole in catheterizedoatientsor those having
structuralanomaliesof the urinary tract. Proteus has many virulence factors that include, among
others the notablemotility providedby flagella,the productionof ureaseandadhesiorto uroepithelial
cells mediatedby fimbriae [7]. P. mirabilis expresseslifferent typesof fimbriae, amongwhich are
thosethataremannoseaesistan{8,9]. Proteus instead,s particularlyimportantfor its ability to form
calciumandmagnesiungstruvite)stonesn the bladderandkidneysfollowing hydrolysisof ureacatalyzed
by ureasd10], andbiofilm thatis particularlystabilethanksto the actionof variousfimbriae[11,12].

Numerousstudies have recently shown a correlation betweenthe consumptionof cranberries
(Vaccinummacrocarpon and the possibility of preventingUTIs [13i 17]. The mechanisnby which
cranberriesare effective in the preventionand treatmentof UTIs has not yet been definitively
establishedbut it seemsvery probablethatit interfereswith the mechanism®f bacterialadhesiorno
uroepithelialcells. If the bacteriaare not ableto adherethey arenot ableto colonizethe urinarytract.
This effectis to be attributedto two component®f cranberriesfructose,thatblocks Type 1 fimbriae
(sensitiveto mannose),and the proanthocyanidis (PACs) that, instead, inhibit the P fimbriae
(mannoseesistant) PACs canbe of type A or B, but only thoseof type A (containedn cranberriel
havebeenassociateavith antradhesiveactivity againsturopathogengl g].

Cranberriesare commerciallyavailableas: juice, syrup, capsulesand lozenges.Their preparation
canmodify the compositionandthe contentof PACs [12]. For thisreasonin this study we decidedo
usepuretype A2 PACs, in the quantitiesindicatedaseffective:50 pg/mL [19] andat higherandlower
dosagesangingfrom 15 pug/mL to 100 ug/mL.

Theaim of our studywasto evaluatethe inhibiting activity of type A2 proanthocyanidigon strains
of Proteus isolatedfrom urine,comparedo the alreadywell-known activity on uropathogenigtrains
of E. coli. We also evaluatedthe effect of type A PACs on the motility of Proteusand on the
productionof urease.
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2. Resultsand Discussion
2.1 AdhesiomAssay

Theassayof adhesiorcarriedout on the strainstreatedwith PACs showeda reductionof upto 75%
of the adhesionindex bothfor the UPEC strainsandfor the strainsof P. mirabilis, with respecto the
samestrainsculturedwithout PACs. Sucha large reductionwas obtainedonly at the concentration
of 50 ug/mL. Thelower concentrationdiada variableefficacy in reducingadhesiorof the bacteriain
the study,aswell as providing discrepantesults At the concentratiorof 15 pg/mL, E. coli showsa
decreasdetweenl3.8%and 24.1%, while P. mirabilis presentsa high variability in its values,with
percentagesangingfrom 3.3% up to 496%. With 25 pug/mL, a decreaséetween369% and53.6%
for E. coli andbetweent4.9% and68.4% for P. mirabilis occurs.With 50 ug/mL, valuesappeamore
consistentwith reductionpercentagesarying from 67.1% to 754% for E. coli andfrom 61.4%to
75.4%for P. mirabilis. With 75 pg/mL, the observeddecreasés between74.3%to 79.9%for E. coli
andfrom 66.7%to 77.4%for per P. mirabilis. At the concentratiorof 100 ug/mL, the reductiongoes
from 78% up to 84.8% for E. coli andfrom 77.6% up to 81.7% for P. mirabilis. Theseresultsare
shownin Figuresl and2 demonstratinghe constantdecreas®f adhesiorby all the strainsexamined.
The count of adheringbacteriawas carried out manually, both for controls (Figure 3) and treated
strains(Figure4).

Figure 1. Adhesionindexesfor the strainsof E. coli.
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Figure 2. Adhesionindexesfor the strainsof P.mirabilis. In both figuresthe reductionof
theadhesionndexess clear.
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Figure 3. (a)(b) P. mirabilis adherento a cell onacontrolslide.
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Figure 4. (ai c) Strainsof P. mirabilis adherento cells after treatmentwith PACs at the
concentratiorof 50 pg/mL. Thelower numberof adherenbacteriacanbeclearlyseen.
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2.2 Scanningglectron Microscopy

From the images obtainedfrom scanningelectron microscopy the cells are integral and the
adherenbacteriaarefewerthanthosein the controls(Figure5).

Figure 5. (a,b) A cell with few adheringbacteriaat the concentratiorof 50 pg/mL. In the
outer part, which is in contactwith the environment,the cells have cilia, flagella and
microvilli; (c) In the controls the cells are also integral but with a higher number of

adherenbacteria.
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