0
= A % Sortie

PorLYyMEpica | o R,
: INDUSTRIES, e , S0

Dy BNC.

e
‘e o
-

M g,
Tuly 24, 1995 L .

 FOOD & DRUG ADMINISTRATION
Office of Special Nutritionals :
200 “C" Street S.W.
Washington, DC 20204

RE: Notification of Intention to make a Statement of Nutritional Support for
AZO-CRANBERRY™ Cranberry Juice Powder Capsules

Pursuant to the “Dietary Supplement Health and Education Act of 1994, (DSHEA),
this letter represents totification that our company intends to-make a statement of
nutmmnal support for our AZO-CRANBERRY capsules. :

Tlns statement will read as follows: “Cranberry helps blocIc the attachment of E.
coli bacteria to the urinary bladder wall.* In addition, the label will carry a bold
disclaimer which will read “This statement has not been evaluated by the Food &
Drug Adminjstration. This product is not intended to diagnose, treat, cure or
prevent any disease.” These statements will be added to the existing packaging, a

;'epreseﬂtaﬁon of which can be seen in Exhibit A.

Ihe above structure/function clann is supported by the followmg mformatlon.

E:dn’blt-B - Paper entitled "Reducﬁd’n of Bacteriuria and Pyuria Afier Ingesuon of
Cranberry Juice," J. Avom, et aI, JAMA 271, 751 (1994).

Exhibit C:  Paper entitled “Inhibition of Bactenal Adherence.by Cranberry Juice:
Potential Use for the Treatment of Urinary Tract Infecuons A.E.
Sobow, J. Urol. 131, 1013 (1984). o

' Exhiblt D: Arucle preprint entitled “Cranberry - America's Healthful Frmt, A. A
Siciliano. .

£

Massachusetts: 11 Stdte Streat, Wobum, MA 01801 « (617) 933-2020 - FAX (617) 933-7992
Colocado: 581 Coafecence Place, Goldeq, CO 80401 < (303) 271-0300 « FAX (303) 271-0397
Unltted Kingdom: Tarvin Sands Comgplex, Tacvia, Cheshire CH3 8JF, UK ~ 0829-741515 < FAX 0829-740456
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‘ E:dlibxtE. Paperennded ‘Inhﬂ:ﬁozyAcﬁvhyonanbeuyImoc onAdherence of;
Type 1 and Type P Fimbriated Escherichia coli to Eucaryotic Cells,"

D. Zaftiri, et al, AnﬁmicrobxalAgenis and Glemoﬂletapy,.SB 92 .

(1989).
Sincerely, i
@ - @/"/&
Arthur A. Siciliano, Ph.D.
. Executive Vice President
Enclosures *
_TMDW‘I\WPSI\LMYQS\PDA ’
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Inhibitory Aétivity of ‘Cranberry Juice on Adherence of Type'll and
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' - Type P Fimbriated Escherichia calito Eucaryotic Cells"
DINA ZAFRIRL! ITZHAK OFEK.' RIVKA ADAR. MARISOL POCINO.S axp NATHAN SHARON™

Deparment of Huaan Micrabloluges, Sactler Facudts of Mcdiclac, Tel Aviv Unlversity. Tel Aviv-aiid
. - Department of Biuplysics, The Welmana Iastitute af Sclcace. Relavat” Isvacl~ - ,‘

“Received & Juae 19€-Accepied 30 October 1¥8K

Inkibition of bacterial adherence te bladder cdlis has been assumed to socount for the beneficial action
ssctibed to crauberry julce and cranberry Julce cocktalf in the prevention of urinary (ract alections (A. E.
Sobota. J! Urol. 131:1013-1016. 1984). We have examined the effect of the cocktall and julce on the adherence
of Escherichia coli expressing surface lecting of defined sugar specificity (o yeasts, tissue culture cefls,
erythrocytes, and mouse peritoneal macrophages. Cranberry juice cocktal! inhibited the adhicrence of urinary
Isolates expressing type I fimbriae (mannose specifict and P fimbriae [specific for a-0-Gal(I—41-p-0-Gal] but
had no effect oa a diarrheal ksolate expressing & CFA/l adhesin. The cocktail also inhibited yeast agglutination
by purified (yvpe 1 fimbriac. The inhiblory sctivity for type I fimbriated £, coli was dialyzable and could be
ascribed ta the fructose present in the cocktails this sugar was ahout 1/10 as active as methyl a-v-maaaoside
in fabibiting the adherence of (ype 1 fimbeiated bacteria. The inbiblory activity for the P fimbriated bacteria
was nondialyzable and was detected only after preincubation of the bacteria with the cocktail. Cranberry Juice,
ocange Julce, and pincapple julce also Inhibited adherence of (ype 1 mbristed E. coli, most likely because of
thelr fructose content.’ However, the two latter Julces did not Inhibi¢ the P fimbriated bacteria. We coududg
that'cranberry juice contalns af feast two {nhibltors of lectin-mediated adherence of uropathogens to eucaryolic

cells, Further stidies are required to establish whether these Inhibltocs play & role in vivo.

Bacterial adherence to mucosal cells is an important step
in the development of infectioa (). This has beea amply
demonstrated, especially for uritiary tract infections (9. 281
Since the adherence of many bacterial species 10 epithelial
cells is mediated by lectin-sugar interactioas Q. 314. coa-

~ sumption of foods contalning lectins or carbohydrates might
affect the infection process (15, 25). .

There is a wealth of ancodotal evidence. as well as several
published reports. oa the use of cranberry juice and crun-
benry julce cockuail for the prevention of recurreat urinary

.tract infections (4. 23, 27, 35). In-an attempt (o clarify the
possible mode of action of cranberry juice. Sobota (34} hus
deawastrated thad it inhibits the adherence of urinary tract
tsolates of Escherichia cali w0 human buccal and uroepi-
dncﬁalod!s.‘fhcsuaiasusedbyswouum however, 00(
defined with respect 10 the type of finibeiae they might have
expressed or the sugar specificities of these fimbrise. E. cali
s the quost frequent .urinary isolate from patients with
urinary tract infection (19). Virtually sll £. cali isolates are
ca_pab!e of expressing 1 mannase-specific lectin associated
wtdxtgpclﬁmbriac.whichmcdiatcsmcadbcrcnccoﬂhc
badepa 10 uroepithelial cells (6. 9. 321. In «ddition to type 1
fimbriac. most pyelonephiritogenic isolutes of E. cali express
a0 a-?akl—-dlB-Gal (abbreviated as Gal-Gull-specific lectin
associated with P fimbriae, which ulse mediates the udher-
ence of the bacteriu to urocpithelial cells (0. 381 (all sugars
are ol the D configuration). We therefore undertoak this

.fnvestigation to examine the effect of cruaberry juice oc.
cockail and its coastituents on the adherence 10 eucunatic
cells of E. coli mediated by type 1 und type P fimbriac. As

. - shown in this report. the inhibitory eflect of crunberny juice

(0 two (or more] different constituents. Oae of these is the
fructose present in the juice and the cocktuil. which inhibits

* Correspandiag suthac.

the adherence of type 1 fimbriated E. coli. and the otheris &

nondialyzable substance (or substancest which inhibits biad-

ing of P fimbeiated £. culli.

MATERIALS AND METHODS

Julces. Cranberry juice cocktail and crabberryjuice (made
from the Americun cranberry, Vacclnlum macrocacpoa)
were otualned from Ocean Spray Cranberries Inc. The major
constituents of cranberry Juice are glucose G.1%¥). fructose
A%, citric acid (1.15%), quinic acid (1.1%1. and malic acid
0.8%). Cranberry juloe cocktuil is &« 25% dilution of the
aative juice to which glucose and fructose have beea added
1o concentrations of about 7 and S®. respectively. and
ascorble -acid (0 0.32 mg/ml (values are acconding 2o the
manufacturer and reference 17). Orangejuice and pineapple
Juioe were purchased fn & local supermarket. All juices and
the cockuall were adjusted to pH 7.0 by the addition of 1 M
NaOH. For some of the experd
dialyzed sguinst phosphate-buffered saliae (PBS: 150 mM
NaCl und 20 mM phosphate. pH 7.2) in dialysis bags with a
cutofl poiqt of A{,. 15.000 in the cold for 3 days sgaiast six
changes of PBS. In other experiments. the cockail was
similurly diulyzed upxinst distilled water and lvophilized.

" Bacteria. The E. coli strains used are listed ia Table 1. The

bacteriu were grown uader conditions optimal for the pro-

duction of their surfuce lectins. Type 1 fimbriated bactenia
were grown in tryptic soy broth uader static oondmons at
37°C for 48 h. Afier being hurvested. the hacteria were
washed oace ia PBS aad suspended in PBS or ia the tested
juice (a a concentration of $°X 107 celtsrer mt-correspoad-

Jjuniar spectrophotameter ut 540 am. P fimbriated E. cali and
E. cali CFAA were grown on Cusaming Acids yeast extract
agar u( 37°C for 24 h: the hacteria were calfected from the
agar inta S ml of PBS. washed aace. und suspeaded to 2

ments. the cocktall was

and cockuail on adherence of £. callta eucaryaig cellsis due— i 1 aptical deAsityRODI Griis. icasdred ona Calémian=="":
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caBLE 1. & coli trias wsed fa chbs Mudy

Stcyin Serype oigia Source tacfeqeaset o m
47 Qs cn -, L. T, Mabley QO Tspep
267 OR:KLHM Diarvhicx 3. Goldtiac (16. 401
334 i OW:KEH- Diucrheu J. Galdlinr (6. 408
46 - -0 . . ¢ * F.d. Sitverblatt G . -
3 - Of:K"H4 * Diarrica J. Goldfar (16, 41t
349 * O:col:H~—- Diacrhex J. Goldhar (16. 41
569 07 CTl #H. L. T. Mobley O .. TypeP
£01 O4:H40 Diurrhex 4. Goldbar (6. 400 - . - .
7 Of3:K1:H4 . €T J. Goldhar (16, 401 - NFA
913 T 06 ’ cn H. L. T. Mobley Q4 “Type P
48771 o8 Tl H. L. T. Mobley Q1 Type P
CSHN O:KL2 Laborutary derivative 8. L, Eisenstein (14 )
H-1040G7 QXK sHI2 «« Diurrhex D. G. Evans (1M CFAN-
IHE-J002 OL:KI:H? on T. Kochonen (1K) Type P

< UTL Usinary teact lafoction. .
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concentration of 1.5 X 10" cells perml (3.0 OD unitstin PBS
of in the tested juice,

‘lypelﬁmbdu.TypclﬁmbnacwmpunﬁcdfmmE.coh
346 by the method of Eshdat ct al. (11). The fimbrial
preparauon was dissolved in 0:05 M Tris hydrochloride
bufler (pR 7.0) to 2 coacentration of 350 ug of protein per ml
as determined by the method of Bradford (5) with bovine
serim albumin (Sigma Chemical Co.. St. Louis, Mo.j as a
standard. To obtain better agglutinating uctivity. the fimbeial
prepafation was cross-linked by adding glutaraldehyde to-a
final concentration of 0.5% for 10 min at room temperature.

Tissue cultures, The animal cell lines used were Y1 mouse
sdreaal cortex tumor cells and Chinese hamster ovary
(CHO) cells (both from the American Type Cultare Collec-
tion). They were grown in 1.5-mm-diameter wells (i 24-well
semi-micro plates; Costar, Cambridge. Mass.) in 1 ml of
Eagle minimal sscaual medium supplemented with 10%
fetal caff serum. 1.0 M t'-glutamine, and 40 U of peacillin

-and 40 pg of streptomycin per ml and incubated st 37°Cia 2
fhumidified of 5% CO, ia 2ir for 48 h (9).

cells were disteibuted in wells of 2 96-well plastic microdilu-
tioa plate (Nuacloa-Delta: A/S Nunc. Roskilde. Deamark).
- To each well, 50 gl of the macrophages (S X 10° cells per mf)
- was added. The monolayers were incubated at 37°C for 30
win i & 5% OO0, atmosphere. The supematants containing
the noaadhiereat cells were removed by aspiwion.tnddtc
monolvasoflhcadhmmeeﬂseons:sdag macrophages
were washed three times with PBS-CaMg (154 mM Na(1. 7.6
mM Na,HPO,, ‘l.émMKH,PO‘.ImMCaCl‘.lmM
MgQL). pH 7.4, To block biading of the bacteria
to the plastic, the macrophage aolayers were incubated
with 100 ¢l of 1% bovine serum albumin in PBS-CaMg per
well at 37°C for 30 mia in 5% CO,, and the supematants were
asplm‘dzi;‘nd discanded just bcfon: the bacterial suspeasion

Yeast sggregation assay. Sacdwram_vccs cerevidlae (Bak-
ers® yeast: Standand Brands Inc.. New York. N.Y.1 cells
“were suspeaded in PBS (0 2 concentration of 0.5 mg/ml.
Yeast aggregation was moaitored ia a Payton Aggregometer.

" voluines of 2.25¢ suspension of ery

" uaits) with 20 l of human group A

previously (24). The rate of xggregation (change in transmit-
tance as a function of time) was calculated from the tangent
oflhcstccpcstslopcofdzceurvcpmduccd by the increase in
fight wransmittance as & result of sgaregate formauoa after
addition of 10 10 20 gl of the bacterial suspension. In each
test the activity of the bacteria in PBS was considered 100%:

usually it was 7 ©0 14 U/min. The coacentrations of test

. iahibitors needed to give 50% inhibition were calculated

from the linear curves of inhibition as described prcv:ously
13).

Yeast agglutination. Agelutination was performed by mix-
ing 20 ¢l of cross-linked imbriae (350 pg of protein per ml)
and 20 ¢ of yeast cells (0.5 mg/ml of PBS) on a glass slide:
the results were scored visually after 2 mia 2t room temper-
ature. For fahibition assays. the yeast cells were suspeaded
in serial dilutions of craaberry juice cocktail or S¥ fructose.
and the highest dilution giving complete agglutination was
noted. Each experiment was doae in triplicate. ™

Hemagglutination tests, To serial twofold dilutions in 50 ul
of the bacterial suspensioa (starting with 1.0 OD ualts) in
96-well (U-shaped) microdilution platcswa'caddedso-pl

sthrocytes prepared from
freshly drawa blood. For type 1 ﬁmbmxedbactau.guim
pig erythrocytes were used as fndicator cells. For all other ~
bacteria. human group A erythrocytes were used. The
empcsatine. | expcrglc‘t{t " ﬁat;:glo mti‘:a
temperature, In some: ts. utination was
assayed on & glass slide by mixing 20 ! ofbact«iags.og‘og
PBS). Hemagelutination was recorded after 3 min of hori-
zontal shaking at room temperature.

Gal-Gal beads sgelutination test. Latex beads coated with
Gal-Gal (Bach-test; Kabivitrum. Stockhola. Sweden) were
used as 8 test kit for the assay of P fimbiated E. coli as
described by de Man e al. (8). A drop (20 ¢l of the bead
suspension was placed on a sfide. Aa equal volume of the
bacterial suspeasion (3.0 OD units) was added and mixed
with the end of a toothpick. Agglutination was recorded afier
3 min of horizoatal shaking at room temperature. -

Adherence tests. The tested bacteria (5 % 107 cells per ml

of PBS1. without or with inhibitors at the desired concentra-
tion, were added in duplicate (0 wells nomeinmg«vashcd

mode! 300B (Payton, Scarborough.. Canadal-#t describied - .. x:ssuc culture.cells aad iacubated “at 37°C for 30 min. The--
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TABLE 2. Effect of cranberry juloc cockeall oa yeast sgeregution by ype 1 ibeiatod £. colt* .
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ANTIMICROU. AGENTS CHEMOTIER,

-
E ooll AQEr. e fa - ; : .q -

' - P88 Acve. e fahitNdoa Ager. " - Lakitidoa
267 1o 0.6 = 0.07 92 ‘NT
34 -6 =016 . Q4k = 01} 2 49 = 0.2 n
346 146 = 02 0 100 123 149 -~ 36 -
a 3650 04l =02 8y NT
349 is= 002 7 =02 8 - NT
81 76 =127 034 = 0.02 93 67026 n
&7 25=0.03 a4 = 0.0 &
CSHSO 1LS=127 a8 = am 93 , NT

Juice cockall (CSCo which was aoadiatyzod (aeutralized| or dialyzed

* I all experiments. the yeast oells were suspendod in PBS ocfa x 123 dilution of
agaiast PBS. All sests were run da triplicate, To (1S ml of yeast susponsion. 30 10 3 ¢f of bucterix
tested.

was measured as deseibed in the text. NT, Not

n PBS or test solution wis sdded. and sggregation Gager.t rate

4 Values ia this columa are not significeatly different frum thase obisdned with PBS ¢ > 0.05. SwdenC's £ eetil.

supernatants were decanted and the monolayers were
washed five times with PBS before they were stuined with
Giemsa stain. The cells were then examined under a light
microscope. and the percentage of tissue cells which bound

‘more than 10 bacteria per cell was caleulated. In experi-

ments with macrophages: 100 ¢l of the bacterial suspension
(10%ml) was added in duplicate to each well containing the
macrophage monolayers. The microdilution plates were then
kept on ice for 30 min. The unbound bacteris were removed
by aspiration followed by three washes with PBS-CaMg. To
estimate the number of bacteria bound. the monolayers were
Iysed by sterile double-distilled water (100 ¢ per well)
followed by jacubation for 1 h at room temperature. The
Iysates were diluted (1:10%, 1:10%, 1:10%. and samples (S )
of cach dilution were plated in petri dishes on nutrient agar
for couats of CFU.
RESULTS
Efiect of cranberry juloe cocktall oa yeast ageregation by
Qpe 1 fimbeiated E. coli, Yeast ageregation by bacteria is a
measure of the ic activity of the bacteria and
correlates with their ability 10 adhere to epithelial cells via
1 fimbriac (24). We found that 2 12 dilution of cran-
T julcceocluﬂdmostoompl«dyiahibﬁedmaggt-
gatioa by eight straius of type 1 fimbriated £. colf of different
scrotypes (Table 2) and that dilutions of 1:12 to 1:50 gave
30% iahibition (Table 3). Different lots of the cocktail gave
similar inhibition (data not shown). The inhibitory effect was
completely lost after dialysis of the cocktail agafast PBS. as
showa for the three strains tested (Table 2). Preincubarion of

TABLE 3. ison of fnhibitory activities of cranberry juice
cockuall (CIC). fructose. and methyl e-mannoside (aMM1 on yeast
. ageregation by type 1 fimbiated £, cali
. Conca for 505 inkibition*
E.qali ;= - - - CiC
straia Fructose oMM - -
4 t Disiea £ % .

334 03s 9.0%9 M a4
346 an goan . 0w
CSHS0 .20 R X1 i A 7 @18

* Dut for (ructase und cackudl were detived (rom Fig. 1: oo methsl
o-manaoside. the duty were obiudnod froam sianilar cemes (oot shawnt,
Glucose Gt S71 wus ot inhibitary-for aay’ of the stexins tested.

¢ Cadculuted an the husin of 5% fructose present in the undiluted cacktsl.

the bacteriz with craaberry juice cockail diluted 1:2 fol-
fowed by washing with PBS did not affect their yeast-
ageregating activity (data not shown), suggesting that the

inhibitor acts as a hapten. As demonstrated with three

strains of type 1 fimbriated £. coli 334, 346, and CSHS0), the
inhibitory activity is dose dependeat in the range of dilytions
assayed (Fig. 1). Since fructose (~5%) and glucose (~75%)
are the major constitueats of the cockuil(l‘l)xn{siuoeboth
are dialyzable, thelr efiects on yeast aggregation by the
bacteria was examined. It was found that glucose at 2
concentration of S¥ was not inhibitory (data not shown),
while the inhibitory activities of dilutions of S% fructose

N
l'l'l'l'.

Percent Inhibitlon '
: '8 53 8 8 o 8 5 33

[ { ]

Q0 05 -0 ~ (5" 20 25
fog dilution of inhibtor

FIG. 1. lahibition by cranberry juice cocktall (@) and fructose

(S ) (410f veust uggregution by E. coli 331(AY. 346 (B), and CSHN

«C1
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were similur (o those of the same dilutions of the cocktail for
each of the tarce strains of E. coli tested (Fig. 1). The
coacentrations of cranberry juice cockul. fructose. glucose.
andmdhylc—manmidcmﬁdﬂ’inhib&ioaofy«st
ageregation by the three strains of E. col listed sbove are
different for the various strains (Tuble 3). a phenomenon
previously observed with type 1 fimbriated enterobacterial
species (13). Nevertheless. for cach of the strains tested. the
fructose coacealtration giving 505 inhibition was about the
same 25 that preseat in the dilution of crunberry juice
cocktail giving 50% inhibition and about 10 times that of
methyl a-mannoside. It was also found that both cranberry
Jjuice cockiail and a 5% solution of fructose completely
inhibited yeast agplutination by type 1 fimbrise. purified
from E. coli 346. up 10 a dilution 6f 1:100.

Effect of cranberry Julce cocktail oa the sdhereace of type 1

fimbriated E, coli stralas to anlmal celfs. The adherence of E.

* coli 346 to Chinese hamster ovary cells and to mouse adrenal
cclls was inhibited similarly by dilutons of cranberry Julee
cockeail and by fructose at comresponding concentrations
(Table 4). Inhibidon of binding of strain 827 t0 mouse
pecitoneal macrophages by cranberry juice cocktail was
similar to inhibition by fructose at concentrations present in
the juice (Fig. 2). Methy! o-mannoside was about 10 times
more inhibitory than fructose also in this assay system (data
not shown).

Effect of cranberry Juice cocktall oa hemagglutination by
(ype 1 and P fimbriated E. coli. The hemagglutinating activity
of 1 fimbriated E. coll 2ad of P fimbriated £, coll was

ed by cranberty juice cockeail. whereas the cockrail

had 00 cffect on the hemagplutinating activity of £. coli _

CFAA (Table S). The dialyzed-cocktail did aot fahibit the
sctivity of the type 1 or the CFA/ fimbriated bacteria. but it
was fully active against the P fimbriated bacteria. Fructose

Percent Inhidition

0 { 2 - 3

tog diution of iahibitor
FIG. . {ahibition by cruaberry juice cocktail (F) %ad by (ruc-.
fose (K1 (4] of adherence of £. cali K7 ta moust perttoneal
mamphzgcs PR SRR LA - .

CRANUERKY JCICE (NHIGOTS BACTERIAL ADHERENCE
1

= Culodtaced a1 perocnteges., with adhicreace fa PES an 1007, NT, Nex

¥

-

TAGLE & falditen effects of asndixyvzed xnd dixdyzed

Juloe coctaall «CICY oa iaa Cuused
C sodes ol E ol o
i HowppluGortion™ Gieer of buctecty la:
Ecdi  Fabdd o
“cula s Sockn e8s . Fructoue
- : ) Didszod’ Q%
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did not inhibit hemagglutination caused by the P fimbriated
strains tested (Table 5).

The inhibitory cffect of the dialyzed cranbecry juice cock-
tail on hemagelutination by P fimbriated bacteria wus time
dependent (Table 6). The lower the concentration of the
dialyzed cocktail needed 10 inhibit hemugelutination. the
fonger the preincubation period needed. The activity of the P
inhibitor ia the cocktail varied from one lot of cranberry
Juice cocktail to another. For example. with a ot different
from that used ia the experiment described in Table 6. no
inhibition was observed after 30 min of incubation with the
bacteria. However. afier 90 min of incubatioq. inhibition of
hemagglutination was observed. In a separate experiment.
samples of the two fots of cranberry joice cockiail mentioned
above were dialyzed against water: the nondialyzable mate-
rial was lyophilized: and the dry residues were dissolved in
PBS. each at 2 concentration of 2 mg/ml. Dilutions of these
solutions were incubated with the P fimbriated £, coli for 30
min. Whereas the solution from the first Jot was inhibitory up
to 1:31 dilution. the solution of the second lot was inhibitocy
up (o 1:8 dilution oaly. e

Effect of cranberry Julce cocktall oa sgglutinadon of Gal-
Gal beads by P fimbriated E. coli. To examine more specifi-
cally the effect of cranberry juice cocktail oa P fimbeiae, we
used indicator beads coated with Gal-Gal (8). la sgreemeat
with the results oltained ia the hemagglutination experi-
ments, the cockiall inhibited agelutiaation of the beads by
the P fimbeiated bacteria. 2ad the inhibitory activity was

preincubation of the P fimbriated bacteriz with cranberry
Juice cockeall followed by washing with PBS. Prefncubation

“TABLE &. Effect of preincubation with cranberry juloe cocktall
(CIC1 on hemugglutinating sctivity of P imbriated £, coll IHE

Hemugglatinxtiog activiy fa dialyzed CIC dilutiont

Preiacuturtioa
e (ol 12 . 1A 1% 1:16 13
Q - - + ++ “+<
2 - - * -t ++
10 - - - - ¥
15 - - - = ++
a - - - - ++

* Hemugglutiaxtdon was tasuvod with human type A envthracytes by the

glass slide cechnique. Symbols: « 4. very strong seglutinatien; <estcoag "
.; dgtlutination: 2. wesk sedfutioation: . no sgclutinxtion. Agghodastion & -~ - - B
“PBS wus very stroag &t Hll pecincibution Gaex, | . i
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TABLE 7, lahibiocy cffoct of acadiulyzed sad diatyzed

cranbenry juldé cocktall oa sgelatioxtion of Gud-Gal beads

. by P fugbciniod £. coll IHE o
D T Achudantag sotvi™ I CIC

Qw ﬂ‘," . . o-‘ g

: 12 BT 10 12

o + “+ + -

2 - = -+ -

10 - = + -

ls - L] o -

30 - - — -

* Symbols: +. siroag scclutination: =. weak sgeludasdon: —. e sceluti-
-?nwféungﬁuhMmmummmm

of the beads with the cockuail followed by washing. how-
ever, did not inhibit their ability to be agglutinated by P
fimbriated bacteria (data not shown). The minimal concen-
tration of cranberry juice cocktail needed to inhibit the
agelutination of the Gal-Gal-coated beads was dependent on
the preincubaton time of the bacteria with the cockeail
(Table 7). The Jonger the preincubation time. the lower the
conceatration of the cockiail needed to fnhibit sgefutination.
The nondialyzable inhibitor for P fimbriated £. coli con-
- tafns only small amouats of protein (4.85% as estimated by
the Bradford method {S] with bovine serum albumin as the
standard). The inhibitory activity, however, is heat stable
(00°C, 30 min) and is uaaficcted by incubation with trypsin
(0:30 cazyme/substrate ratio, 30 min, 37°C) or treatment with
acid 1 M HQL, 30 mia. roont temperature). These findiags
make it highly unlikely that the inhibition observed is due to
an.enzyme. .
. !nh!bltor:\- effect of cranberty juloe and other fruit Julces.
O'lnbmnuic'c, orange juice, and pineapple juice inhibited
yeast aggregation by type 1 fimbriated E. coli in a2 manaer
similar to that of cranberry juice cocktail (Table §). most
probably because of their fructose coatent. Dilutioas (1:2) of
- orange or pineapple juice, however, did not inhibit cither the
agglutination of Gal-Gal beads by P fimbriated bacteria or
the hemagglutination caused by E. coli expressing CFAN

"TABLE 8. Effocts of differeat fruit juid ‘oayas(wﬁou‘
by E. coll 346«

Resutt at Jeice dilution of:
Suoe 12 ' is i 110
Ager. K - - Agpr. « Ager. %
ak {ahibition rate [ahibitioa tae  Inhibition
Cranberry 51 )
Cocktall @ 10 013 %8 035 95
- Julee 0.13 9% 2.0 3 31 9
Ocange”. ..16. 8 37 53 S5 3
Pincapple’ ¢ 100 05 92 06 %

* Aggregation (2¢gr.f rate of the yeast by the bacteria fa PBS was 7.8 Usnia

and was taken as 100%.
4 3 20d 59% tahitition, according to 3 standard tahibition curve of fructose

. (Fig. 1. correspoad 10 0.33 and 0145 fructose, respoctively. indicatiag that- -

cranbeny juice coatains 20 sverage of 145G fructase. which & close ta the

1% reporied by the producer.
< Isrucli araage juice coatains & total of 8F sugur. of whick 4% is fructase.
. “ Pincapple juice contaias « tatal of 4% reducing sugars. of which X% is
uctosc.

ANTIICKOB. AGENTS CHEMOTHER.
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DISCUSSION

fn this study. the effect of cranbemry juice cockiad! on che
activity. of Gmbial fectias which mediste adficrence of £,
coli 1o different sugars on animal oclls was examined: I was

found that the cocktall coatains two different inhibitors, a
dislyzable oac and & mondialyzable ‘oac. The dialyzable
componeat of the cockuail inhibited the activity of the .
“manacse-specific type 1 fimbriated bucteriataa haptendike
manaer, as assaved by yeast aggregometry, hemagelutina.
tion, adhercace 10 tissue culture cells. and attachment to
mouse peritoncal macrophages. The finding that both cran-
berry juice cockiall and 5% fructose Tntibited yeast agplui-
aation by purified type 1 fimbriac proves that the fimbriac are
the target of inhibitory action.

1t is highly ualikely that the decrease in inhibitory activity
for type 1 fimbriated E. coli after dialysis is due to volume
. expaasion, since even at u dilutioa of 1:2 the dialyzed
material gave poor. if any, inhibition. whereas the dilution of

cranberry juice cockiail causing 50% inhibition of type 1
fimbriated E. cali was in the range of 1:12 to 1:52. At such
dilutions. cranberry juice cocluail contains 0.25 to 01K
fructose as calculated from the reported analysis (17). Cran-
berry juice was also inhibitory 10 tvpe 1 E. coli, most

bably because of the presence of fructose in the juice,
fnrgqod. the concentration of fructose required (o inhibit S0%
yeast aggregation by che bacteria or attachment of the
bacteria 10 macrophages was also in the range of 0.25 to
0.1%. : )

" As shown in Table 3. fructose is about 2 10 times weaker
inhibitor of type 1 fimbriae than methyl a-mannoside. Fruc-
tos¢ was shown previously by Old (26) to inhibit weakly type
1 fimbriated Salmonella txphimurium and Shigella fiexneri.
Subsequeady. Salit and Gottschlich (301 fouad that fructose
inhibits hemagglutination of guinea plg es by
purified type 1 fimbriae from E. coli and that this inhibitory
activity of fructose was 7.5 times less'than dist of methyl
o-mannoside, a value fn agreement with that obtained by us.
Taken together, our data show that most or &l of the
inhibltion of yeast aggregation by the cockrall or Juice is due
w0 the frictose conteat. Morcover. although glucose is
preseat in the cockeall at about the same conceatration
(~75%). this sugar does not iahibit the aggregation of yeast by
the type 1 fimbriated bacteria. The oaly other low-molecutar-
weight, dialyzable, organic coastitueats prescat in cranberry
Juice cockail at significant levelsare quinic acid (0.3%),
citric acid (0.3%). and malic acid (0.22%5). The cockeail also
coatains vitamin C (0.32 mg/ml) (17). Neutralized solutions
of these compounds, at the concentrations listed above. did
not {ahibit yeast ageregation by type 1 fimbriated E. coli
(data not shown). ] .

The cocktail also inhibited the P fimbriated E. cali- as
assayed by agelutination of human erythrocytes and of
Gal-Gal-coated beads. These bacteria were, hawever, not
inhibited by fructose. The inhibitor for P fimbriac was
uondialyzable, suggesting that it is of high molecular weight.
This activity is dependent on the level of the iahibitor and -
the time of preincubation of (he bacteria with the cocktail.

Evidence that the fnhibitor is adsorbed by the bacteria was
also obtained, since inhibition was observed even when
bacterix which had been preincubated-inrthe-cocktail were

-

- extensively washed with-PBS=Until the chemical nature-of ===+

the inhibitor is defined. it is too carly 1o speculate on the
mechaaism by which it binds to P fimbriated E. coli surfaces
and interferes with the ability of the P imbrial lectin 1o react
with Gal-Gal residues. Moreaver, at this stage. the possibil-
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wm«bﬁbpmadlmedbyhbddagbaamdudba%
::cewhﬁ&ﬂ:&o«ngmtol{_?.ul.uk:hummbk
sssume coasumpion of foods contdalag lalitbitors of
bacterial adherenoe might affect the Iafectious proocess.
Sobb(xmj.ud\ofoundthamcmbmyjmocmd
- cockiall inhibited bucterial adherence but fucked any bacte-
sicidad effect. ‘suggested that they ey uct by-preventing
adherenoe 10 and colonization of mucosdl surfuces. If so. the
possibility should be considered that the cocktall xcts cither
iudlcguLthcsoumcofmost umpa(hogcns.orinlhc
bladder, or at both sites. by preveating udherence to uad
subsequeat coloalzation of the mucosx by E. call strulas

with mannose-specific and Gul-Gal-specific lectins. The for-

mer mode of action s compatible with the supgestion thut
cranberry juioe cockiail may sct primarily us & preventive
agent in urinary (ract infection (35).

In conaection with this possibility. we should coasider the
information available o the adsorption of fructose in the
alimentary tract. This sugar is absorbed much more slowdy
thun glucose (7). Thus. since fructose is preseat in the
cockuail at levels  that are at feast 10 times higher than thosc
required for the inhibition of type 1 fimbriated £, cali. it is
oconceivable that inhibitory levels of the sugar are atwined in
the coloa. where most E. coli reside. Furthermore. it has
been shown that z diet rich in {ructose may result in
secretion of fructose in the urine. Whether or not the sume
argument may apply for the putative inhibitor of P fimbriated
fectin must await further study.

Another possa'bt‘lu\' is that dnnkmg cranbenry’ juice cock-
tail may affect the urinary coacentrations of Tamm-Horsfall
glycopeotein. which is known to interfere with the adherence
of type 1 E. coli to-human kidaey cells (10).

Carefully conducted clinical studies are required 10 estab-
lishi whether the cockuzil indeed fumctions in vivo and
whether any of the above mechanisms is operational.
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Exhibit D
CRANBERRY
America‘s Healtlful -Fl,'ll('f

Arthur A. Siciliano, Ph.D.

Cranbérries (V accinium macrocarpon; V. oxycoccus; Oxycoccus quadripetalus)
are a member of the heath family and are one of three fiuits native to North America.
The plants yield pink flowers followed by small, red-black edible berries from June to
July. They grow in the wild from the Car;)linas to Canada. The first cultivation in
North America occurred around 1816 (Henry Hall) and centered }in sandy “bogs,“
marshes; or in rain-soaked salt meadows in Massachusetts, New Jersey, Wisconsin, |
Washington and Oregon. Current U.S. usage is about 350 million pounds, representing
retail cranberry products valued at $1.1 billion.

’ Chemistry/Nutrition

_ Czaxibenies contain about 88% water. Among the other Qrganic constitﬁcnts are”
flavanoids, anthrocyanins (odain), catechin, triterpinoids, B-hydroxybutyric: acid, citric,
malic, glucuronic and quinic acids, ellagic acid and vitamin C. They are a good source
of fiber. Acid levels are high: pure cranbert)'juicc is as tart as pure lemon jtiice.

‘Raw cranberries are fairly low in calories -(209 calories/pound) and

carbohydrates (11%). Cranberry juice “cocktail,“ the leading consumer product

-~ p— a—
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prcpa:ed from a'anbeuy Jjuice, contams 140 calories per 8 ounce seiving, pnma:ily

from ﬂ1c swectencr com symp Dried, unsweetened cranbeny Juxce powder is

available in capsulc form (lé calories/capsule).

-

History
The word “cranberry* first appeared in a letter by Cape Cod missionary John

Eliot (1647). The earliest description of a European wild cranberry plant (marsh
wort/fenne berry) appeared in Lytes* “History of Plants* (1578). When the Pilgrims
arrived in New England, the local native Americans had been consummg wild
cranberries fo_f centuries as a foodstuff calle;d pemrﬁican, a combination of crushed
berties, fat and dried meat. Other tribes boiled the dried cranberries and seasoned them

with maple sugar. The English settlers found the sweetened berries made an excellent

- sauce for meats. (1)

Most all cranberry sales in the.early 1900's were of the fresh fruit. The crop was
| hand pxcked until recent times, although the first harvestmg “machines" were patented ~
in the late 1880s. In 1912, Marcus Urann began canning berries- and producmg
'cmqbeny jelly, a mixture of fruit and sugar. During the 1920's, cranberry sauce was
introduced, and in the 1940's dehydrated cranberries and cranberry juice cocktail

became available. Today, cranberries are marketed in a variety of forms (Table I).

19
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Medicinal Uses . . | :
Thetapeutxc appheatlons of ctanbemes dOCumented dunng the I7th centmy

',,_mcluded the relief of b!ood disorders, stomach adments, lxver problems, vommng,
_appeute loss, seurvy and cancer. Native Americans prepared wound dressmgs_ from
the whole dried fruit. New England folk medicine used boiled cranberries and seal oil
to reduce the severity of gall bladder attacks. Early scientists believed that cranberries
beneficial effects, especially in urinary tract disorders, were due to its low pH (high
acidity). German physic’iane in the mid-1800's noted hippuric acid excretion increased
- " after cranberry mgeetien (2). Since it- was known that benzoic acid was metabolized
° io hippuric acid, researchers suggested that the beneficial cﬁ‘ects of cranberries were |
due to these antimicrobial acids. |
‘As early asl914,'a report proposed that bacterial suppression was not related
to either pH or hippuric acid excretion (3). In 1966, researchers observed that the
eﬁ'ec(s on the pH of urine by cranberry juice were transient and that acidification may
not be the main mechanism.of action (4). Current thinking suggests that cranbeny juice
contains a .polymer that prevents the adherence of bacteria to the waIls/Immg of the
bladder and uﬁnal}; tract, thereby helpi;ng to prevent urinary infections (5-8). Other

uses of cranberry include its role in a regimen to decrease the recurrence-of urinary

stones (9) and as a urinary deodorant (10). .o

4
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Today, over 52 miillion households consume oranbeay products. The wﬂy
anecdobal use of crariberries to mamtam umiaty health is oontmually bcmg
substantiated by medical studies, and physucaans are reoommendmg a'anbcny products "

asan adjunct in avoiding urinary tract infections.(11). ' -
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Table L. i
| . o ‘Availableto | Unit*Strengt® |
"Form, Description - Use Coasumer in Compared 0
‘ . Retail Stores | Cranbenry Juice
- |~ Codul
Cranbeny Juice ~25% juice, swostencrs (com | Beversge Yes 1
Cocltail syrup), stabilizers - ' .
Cranberry Jiice | ~10% juioe content Beverage Yes 12
Drinks
CranbenySauce | Swectened/gellod berries Food Yes 12
Fresh or Frazen Pure fruit Food Yes 4
Whole Cranberrics
Dried Cranbeny Fiber from fruit hulls Flavor; color; and No 0
Press Cake ) . fiker source
CrabenryJuice | Prepared from eonom(mteb; Ingredient for drinks No 4
dilution
Cranbeny Juice Frozen concentrated juice Ingrodicat for No 27
Concentrate (frozen) , cranberny juice .
coackailddrinks
Cranberry Juice Purc unswoetened detwdrated | Ingrodicnt for No. 32
Concentraic Powder | juice and camrier capsules 1 ‘e
QunbenyPowder Cranberry juice, pardafly Food color - No 48
Gmbmyhﬁoc Unsweetened eranbenry juice | Dictary supplement Yes 32 «
Cspsules concentrate pawder in gelatin .
capsules
©1995 Arthre A, Siciliano
‘1
TAADMINWPSIMEMOSUAY 9SCRANBERLAAS
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INHIBITION OF BACTERIAL ADHERENCE BY CRANBERRY JUICE:

POTENTIAL USE FOR

THE TREATMENT OF URINARY TRACT
INFECTIONS |

A. E. SOBOTA*

J\wtbebwdmdwm Youngstown State Unlverslty, Youngstown, Obio

ABSTRACT

.. ..
-

Cranberry juice has been widely used for the treatment and prevention of urinary tract infections
and is reputed to give symptomatic relief from these infections. Attempts to account for the potential
benefit derived from the juice have focused on urine acidification and bacteriostasis. In this
investigation it is demonstrated that cranberry juice is a potent inhibitor of bacterial adherence. A
total of 77 clinical isolates of Escherichia coli were tested. Cranberry juice inhibited adherence by
76 per cent or more in over 60 per cent of the clinicsl isolates. Cranberry cocktsil was also given to
mice in the place of their narmal water supply for & period of 14 days. Urine ocollected from these
mice inhibited adherenceé of E. coli to uroepithelial cells by approximately 80 per cent. Antiadherence
activity could also be detected in human urine. Fifceen of 22 subjects showed significant antiadher-
ence activity in the urine 1 to 3 hours after drinking 15 ounces of cranberry cocktail. It is concluded
that the reported benefits derived from the use of cranberry juice may be related to its ability to

inhibit bactesial adherence. _

acterial adherence to mucosal surfaces is generally consid-
1 to be an important prevequisite for colonization and infec-
. Adherence of bacteria to epithelial cells has been shown
orrelate with virulence I:nfinfecuio;s of the ge&itouunaxy
t, gastrointestinal tract respiratory tract,** although
ently there Is some debate on the specific role of adherence
rinaty tract infections®* In view of ‘the importance of
sial adherence in colonization and infection, sttempts
been made to block the attachment of bacteria to mucosal
oes, Studies have shown that D-mannose and jts deriva-

can epecifically block adherence of Escherichia coli to K _
elial cells® The ¢ of this study was to examine the ‘a shaking water bath at §0 oscillations per minute for. 30
itial of cranberty fuics to bacterial adberence. It is minutes. When Julce or some other additive was'to
astrated thet Juloe, either es cranberry be tested, the E. coli was suspended in the test solution and ;
schly Julce, and urine from mice and human preincubated for 10 minutes at 37C. The sample was then
¢ -cocktail, has & strong inhibitory filtered using a syringe-type membrane filter holder through :
.o the adherence of isolates of E. coli toepithelial an 8 am. polycarbonate membrane filter (Nucleopore) and i
) . washed with 80 ml. of PBS. The filters were then placedon - it
glass slides, allowed t0 dry and then removed. The adhering

SATERIALS AND METHODS

teria. A total of 184 clinical isolates of E. coli were used
1 study. The bacteria were isolated from different patients
bacteriuria and were obtained from the clinical
lshoratory of the Youngstown Hospital Associa-

nd a private urologist. All isolates were stored in deep
abs of brain heart infusion (BHI). For adherence assays
cteria were transferred to BHI broth and grown under
conditions for 48 hours at 87C. Tihe bacteria were har-
by centrifugation, washed once in phosphate-buffered
(PBS, pH 7.2) and suspended to a final concentration of
ls per ml. via the use of a Petroff-Hausser chamber. In

alating techuiques were used.

Yelic! cells. Uroepithelial cells were obtained from the

g urinary sediment of women with no history of urinary

fection. The cells were harvested by centrifugation and

. once with PBS. The pellet was resuspended in PBS,

rtherwise stated, o a final concentration of 10¥ cells per
hemocytometer. Buccal cells from the suthor and 3

ted for publication December 19, 1963.
sests for repriats: Dept. of Biological Sciences, Youngstown

dversity, Youngstown, OH 44555.

student volunteers were used. The cells were obtained by scrap-
ing the buccal mucous membranes with a cotton-tipped swab.
The cells were then suspended in PBS, centrifuged, washed 1
time with PBS and resuspended in PBS unless otherwise
stated. The final concentration was determined by hemocyto-
mLmeuyandadiumdasneoeesaqtoappmnma‘ tely 10° cells per

using a modification of the technique described by Patrsons and
associates.” Samples (0.5 ml) containing 10° bacteria and 10°
epitheliel cells in PBS were combined end incubated at 37C in

epithelial cells and bacteria were then stained with methylene
blue and exaniined with a bright-field microscope. Adherence
‘was recorded as the average number of bacteria per epithelial
cell. A total of 50 cells was counted for each sample, A control
sample wes included when buccal cells were examined. If ¢he
backgrot:ndemmt:uoeededSbactedaperoeﬂ.thexeaﬂtswere
omitted.

Cranberry juice. Three preparations of cranberry juice were
used in this-study: 1) crenberry cocktail, 2) cranberry concen-
trate and 3) freshly prepared juice. The freshly prepared juice
was obtained by crushing the berries in a blender {ollowgdby
centrifugation at 10,000 g for 30 minutes to express the julce.
For the adherence assay, the juice was either used full strength
or diluted with glass distilled water. . .

Animals. The mice used in this study were strain AS/KI
obtained from the Northeastern Ohio Universities College of
Medicine, Rootstown, Ohio. All experiments were conducted

undiluted cranberry cocktail was substituted as the only source
of liquid. To sample urine, the mice were placed on & sterile,
nonporous surface and grabbed suddenly, which usually caused

them to void urine ¥
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“with female mice weighing 10 to 20-gm. The mive-were main-
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Human subjects. Tweaty-twa “ealthy volunteers, 9 mele and Mechanlsns”  otion. Individusl of buocal, v
wfcmnk(l.g;u 18to 45 &) ipated I thic ctudy,
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performed at a pH of about 7.0. To assess the potential effect  8dded for 80 minutes to epithelial cells showing adberent
of acid pH on bacterial ddherence, tests were performed st ooli.‘meedj‘eetoftbejdoemsuﬁabk.lnkomemé
7 Jinterveks of 0.5 from pH 1,0 to 7.0. Minimal essential medium gﬁtheﬁdoeﬂsmeomplmlyﬁeedoftheadheﬁngneou
« containingBarl's ealts adjusted to the appropriste pH wasused  However, at other times, with cells from the same individua!
+ or the incubation medium.® Maximum adherence occurred st  very little release occurred. e
. d pH 4t0 pH 5 and & marked decrease in adher-  The effect of cranberry juice on the growth of E, coli was
{3 ence only occurred below pH 2, Therefare, no attempt was o150 examined. E. coli was inoculated into BHI containing 3:
MRt made to adjust the pHof the various preparations of cranberry pe:ceutfrahlypmpmdcuntgeuyjmoeadiustedtoapﬁo{
SR . - : Juice prior to testing. However, for each test, the pH of the 6.0 and a control medium containing 33 per cent glass distilled
@2 .-+~ = juice was measured and controls were run et this pH usinga  water. Growth was monitored at 24 and 48 hours. The control
N - . ., <itrate-phosphate buffer containing 0.85 per cent NaCl -cultures contained £.5 X 10* and 6.2 X 10* cfu per ml. while the
BERE &« The effect of the various preparations of cranberty juice on  treated contained 24 x 10° and €1 X 10* cfu per ml. After 48
ny the adherence of E. coli to’ uroepithelial and buccal cells is  hours the cultures were filtered through 0.23 4m. filters o
e, ©  presented in table 1. The degree of inhibition ranged from wpamutbebaaeﬁaﬁomtheaflmmgd.mm.mmlm
. greaterthan 97 per cent fh undiluted juice to approximately 30 medium was then tested for Inhibitory activity via the adher-
perwatazao}‘!ﬂuﬁon ofmmmmlg’gdsof&gaus mm&UﬁnmhudBEI%gzmeduaha;ehnemgg
" » Preparations of cranberry juice significantly inhiliited adher- showed & mean adherence o bactetia per uroepitheli
P "ell!atﬁ:exat‘a:t'liluti«ms;:fl:loo.,f v che Mmhmf«&ehﬁak%wxsz“m
e g most pelatable form of cranberry julce, cranberry slightly inhibitory showing adherence values of OF Uroep-
-+ cpcktail, contains, in addition to the juice, fructose, vitamin C  ithelial cells and 27.7 for buccal cells. The medium containing
3 “7atd small amounts of additional vitamins end minerals. The the cranberry juice was still strongly inhibitory showing edher-
3. < %~ concentration of the cranberry juice in the cocktail is approxi- enace values of 6.3 bacteria per uroepithelial cell and 8.8 hacteris ;
‘ﬁy';@mm&%:;lo&m Cés aleOpg;e:tof ﬁtmes %M%mw&ﬂdun&
BRI mesi per 6 ounce servingor 0.25 were for 7
i ';-';'m ml The concentration of the added fructose was not Onehdfdachumpkmlsewuhedzﬁmawit_hmg
: from Ocean Spray Cranberries, Inc. However, based Bothmsbedandunwashed&oolimwinginBHIplussspef;
informetion (26 gm. carbohydrate per 6 ounce cent water showed the gyplcal adberence pattern having mean?:

.
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: ml. were found to efther fnhibit or have no effect uroepithelial cell. . P
¥ . . ou bacterial adherence. The addition of 0.15 gm. per ml. of E}?edq’auabmyjdoeonc&nfcdlgahtad&ca&Atnﬁd.%
g:." - to freshly prepared cranberry julce (88 per. cent) of 134 clinical Isolates of B. coli wete screened. A ¥
[ *°- whowed no additive effect. When the concentration of cranherry  edherence to uroepithelial cells was demonstrable In 77 (67 per &
- was reduced to 10 per cent, & emall edditive effect coald ceat)oftheisohtesandtobucedeeﬂsin?l(&peroeat)ofg

3 afé

observed. Vitamin C was tested both as escorhic acid and  the isolates. The strains showing positive adherence were

-

W
' -.udhmmrbminconoennaﬂonsmgingﬁumo.ltomqg. .tested. The results are presented in table 2, Inhibition of %
f <o Perml There was no cbservable effect on adherence, ~ bacterial adherence is presented es & percentage of wuu:wl‘E<
“:
: TABLE 1. Effect of cranberry julce on adherence of E. odli to buccal end uroepithelial cells
) ; . Mean Bactetia per Celt* :
Dilecion af Crusberry T Uroepithelidl Cell Bucod Cell T .k
% B 3 yy B C +
Coutrol 36145 PYTPeY) 36279 22229 243 £27 zazad H
q . 09¢{ 013 11802 - 031004 L7 2020 . 058204 0,60 £ 0.18
e 186047 148016 LI6 %017 155%0.16 LW =047 161013
13 0752019 L5 £ 0.14 125 +0.18 193017 4.72£0J16- 307481,
15 4472025 639043 207041 610080 40304 2660 &4
L $25098 931%12 7110 627060 8672080 4SS0  cd
1100 21240 25128 20623 107425 LI LA — 176223 o
2:1000° 382139 231269 25674 2130 e 28345 - - BAIT .2
A, oocktall: B, conoeateete; C, fresh jaioe. —— -+ . - T

- 4% Swendard Error of Meaa.
* Siguificantly different (com control (p < 0.01).
* Significandy different from control (p < 0.05).
* Not éignificantly different (com control.
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SIVIUOLAWUN UF BACTERIAL ADHERENCE 8Y CRANBERRY JUICE

walues and was arbitasily divided into § —sSes. Caanbersy
cackusll fahibited adberence by 75 peroent  aore foc over 60
P ot ostiag o et tulod Fiftoen s were plased
] wete
onadiettn which codkall was cubstioited for ehelr

Mmmhawdrmmmk ‘

getained water . At 2-day futeivals urine
was oollected from the mice for the sdhetence test. Since

ztodmuoﬁnlofmiumooﬂeccedﬁome@mm
urine from § mice was pooled, diluted 121 with glass distilled

.dét.nndﬂiml.musedfor.ewbincubaﬁohwidiozdof

E. coli and

on the cranbeiry cocktail were normally active and showed no
outwerd elgns of stress. : o

- The antiadherence activity of cranberry cocktsil was also
exsmined in human urine, Initial trisls were performed on 1
mm establish guidelines for a lsrger study. Cranberry

was Ist ingested in amounts ranging from § to 20
ounoes before retiring and the urine was sampled the following
momning and examined for antiadherence activity using uro-

2 cells, The results from these experiments were incon-
Antiadherence activity was observed but was not con-
sistent. In a 2nd series of experiments the urine was sampled 1
103 hours after ingesting the cocktail>Urine taken prior drink-
ing the cocktail was used as & baseline control. In a series of 6
experiments, it was found that ingestion of 15 ounces of the
cocktail resulted in a consistent inhibition of bacterial adher-
ence. On the basis of this observation an experiment was
designed in which 22 volunteers, 9 male and 18 female, were
asked to drink 15 ounces of cranberry cocktail and their urine

~was then sampled within 1 to 3 hours. Urine taken prior to

TasLe 2. Adherence of clinical isolates of E. coli to uroepithelial and
Buccal cells in the presence of undilited cranberry juice
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ingestion of the cocktail ¢~ 3d as & control: The resulis
vesented ia teble 4. Urine __m 16 of the 22 volunteers signtr:
?cmdyluhﬂp&ed adherence (p < 0.05).

increased uri excret
acid, a strong bacteriostatic agent associated with the ingestion
of cranberry Juice." It wes found that increases in urine acidity
were only slight end transient and hippuric acid rarely reached
a concentration in the urine necessary for bacteriostasis of
commion urinery tract pathogens. . )
In the initial experiments performed using cranberry cocktail
itwas.foundtbhxtbeoocktaﬂwasawzypoeentinhibitorof

components and has a pH of about 2.6, all of which could have

individaslly or collectively contributed to the observed inhibi- :

tion, The pH was ruled out &s a factor when it was found that
adherence was not affected above pH 2. This finding is con-
sistent with the observations of other investigators.** Fructose
is one of several carbohiydrates that can inhibit adherence
Fructose was tested &t concentrations approximating that in
the cocktail and was found to inhibit bacterial adherence in
this range. However, the contribution of fructose to the ob-
served inhibition of adherence by the cranberry cockiail ap-
pears to be minimal. No additive effect was observed except
when very low concentrations of cranberry juice were tested in
combinstion with fructose. Vitamin C, et the concentration

kv seensuiel Bl Bt in the cockail, had no observable effect on adherence.,
Adberence Urocpicheliel Boocd oocurring no ectonadb
5% Cells Cetis It therefore became spparent that some factor(e) in the cran-
n 1 berry juice, and not the pH or other constituents of the cocktail,
5-¢9 € € :
£5-6¢ 1€ - 10 . was primarily responsible for the inhibition. This was con-
25-8¢ ir ) 13 firmed when it wes demonstrated that pure cranberry juice,
ﬁ‘ u 17 either as a commercial concentrate or freshly prepared, is &
u u - strong inhibitor of bacterial adherence. Experiments designed
TABLE 3. Jahibition of adherence by urine from treated mice
. : ' Meaa Bacterial per Celt® s
Treatment Dey
4 R E 8 10 12 - K«
1a vicro coatrol A LS 30.7+37 BLL56 29539 HLxE62 Bl
Ustoe froom coatrol mice* 278121 A= 45 2982138 U232 321248 2:33
Urine from treeted mice* SA(£ 11 661 = 3¢ 63277 €21 = 51 422 56 LUz
* 2 Standerd Ervor of Meas.
< Not significantly different from control,
¢ Significendy different from control (p <001}
_ T4BLE d. Antiadherence activity of urine of human subjects after drinking cranberrry cocktall.
Trestment, =7 = . Mean Bacteris per Celt* ' .
‘oatrol urine {1282 461296 396266 05242 A48 405283
Yeated urine %6334 €02+82 22752 12714 18524 ‘11318
oatrol urine 376+36 I£3Y 38868 45683 dlA 49 Sa=€0
vested urciae © 166219 ULy |, 473226 @351 3634 14326
ontrol urine 389249 216£34 Co289%97 . BTALE62 - - 44393 TTUASTEIL. .-
veated urine L2017 25461 14315 UL 4S8 *981 16 152+ 18
onteol urine 314278 40875 384274 434S
reased urine 336255 “912 %29 36648 361337
¢+ Standard Ervor of Mean.

* Significandy different from control (p < 0.051.
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to'determine the concentration of juice necessary for Inhibition
produced the most striking results. At dilutions up to 1:100
significant inhibition of adherence was observed and in the
undiluted foam Inhibition in excess of 97 per cent wes observed.
The mode of action of cranberty juice clearly seems to be
aseociated with an interference of adheretice and in particalar
- with a surfade component of E. coli. These conclusions are
-besed on the following observations: 1) preincubation of the E.
ooli, but not epithelial celis, in cranberry juice strongly inhibited
atiachment, 2) washing of the E. coli cells restored the normal
sdherence pattern, 3) addition of the juice to epithelial cells
with presttachéd E. coli caused a rapid release, €) culture of
the E. coli in cranberry julce for 48 hours had no effect on

growth or permanent effect on
One of the problems that may be encountered in the clinical

juice would be the delivery of the factor(s) in _

use of cranberry
the juice responsible for the observed inhibition to the site of
infection. We have evidence that this does occur. First, it was
found that the factor(s) responsible for the inhibition of adher-
ence are relatively stable since the inhibitory activity of the
Juice is till evident after 48 hours of culture with E. coli.
8econdly, it was found that after ingestion of cranberry cock-
tail, the urine of mice and human subjects was able to signifi-
cantly inhibit adherence of E. coli to uroepithelial cells. It thus
appears that the active factor(s) in the juice can gurvive the
normal metabolic degradative processes in man and in the
mouse and accumulate in the urine, or alternatively, a metabolic
| e I g e e e secumulate In the
. - urine, %0 tter ity, urinary excretion
:  hippuric acid has been reported to increase with the ingestion
*  of cranberries and cranberry juice.” It was found in the present
" study that hippuric acid in concentrations reported to accu-
mulate in the urine did not inhibit bacterial adherence. -
There have been several reports in the Jiterature on the
successful use of cranberry juice to treat urinary tract infec-
tions.** The most comprehensive investigation was under-

'poddw response, 12 were moderately improved and 16
showed no improvement, Six weeks after wes disoon-
tinued, 27 of the ¢4 improvement had infec-

per cent of the cases. This would be expected if the was
acting o block adherence and thus would only be effective if
continvally present or until the normal defense mechanisms of

The potential use of cranberry juice in-the treatment of
urinary tract infections might be particularly beneficial in the
mansgement of patients who suffer recurrent infections. There
is presently & consensus that eradication of the infaction fol-
lowing by long-term prophylactic therapy would be beneficial.?
However, long-term prophylaxis with antimicrobisl agents pre-
sents several problems including toxicity, side effects and the
emergenoe of resistant populations. In contrast, Prodromos and
associates™ found cranberry juice was well accepted %thexr
patients and no clinical side effects were observed. In this
respect cranberry juice, or the factor(s) in’the juice, might be
of value es an adjunctive therapy and prophylaxis in patients

with recurrent urinary tract infections, especially where pre--

vious lon_g-(erm drug treatment has proven unsatisfactory. The
observation that cranberry juice also inhibits bacterial adher-
ence o buccal cells suggests that the juice, or the active factor

= SOBOTA

19 Bzl W, Cooper, J. end

in the fuice, meay be beneficial; for the treatment of other
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wwldqlgoﬁketothmkl).nﬁv::el&mgmdomsw

Cranberries, Inc,, for providing aid. Dr. Payl
VmZandt,RichadeheetsandﬁmEdmm&tedﬁédmvi‘ew

of the manuscript,
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~ Reduction of Bactenur:a and Pyuna
After Ingestion of Cranberry Juice
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Jeay Avom, MD; Mark Monane, MD, Ms:JetryH.Guwuz.MD'HobedJ Glym.PhD-
lgor(:hoodnovs!dy-(.ewisA.Upsuz.Mo

Ob}eeﬂve.—Todeteamemeeffedoftegdarwake of cranbemy juice bever-

age on bacleriuria and pyura i eldedy women.

placebo-controlied trial,

--Desl dodble-blind,
Subjects~Volunteer sample of 153 eldedy women (mean age, 78.5 years).

. htervenﬂon.-—Sub]easwerelmdardyaslgnedbomsmueSOOaiperday
of a commerciafly avaliable standard cranbeny beverage or a specially prepared
synthefic placebo drink that was indistinguishable in taste, appearance, and vita-
min C content but lacked cranbeay content.

Outcome Measures.—A baseline urine sample and six clean-volded study urine
samples were collecled at approximately 1-month Intervals and fested quantita-
fively for bacteduria and the presence of while blood cells.

Results.

randomized to the cranberry beverage had odds of bacte-

~Subjects
thuria (defined as organisms numbering =10%ml) with pyuria that were oaly 42%
of the odds In the control group (P=.004). Theirodds of remaining bacleruric-pyuric,

given that they were bacterduric-pyuric in the previous moath, were only 27% of the

odds in the control group (P=.0086).

COndusloas.—nmeMgssuggesiMuseofaaanbenybevemge reduces

the

FOR DECADES cranberry-derived
Jbeverages have been thought to be use-
“ful fn reducing bacterial infections of the
bladder, but controversy exists as to*
whether this belief has
eited that crasbetriessre pordiisrly
are

tich in benzole acid, which fs excreted as
hippuric acid in the urine, Studies from
The 19203 to the 1970s suggested

SR
ve ts
oacerning urinary scidification

m«muumac&um
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Medicke, Bdgtam end

sentation of Gndings. N0 suthor geoves 85 2 0O
(40 Ooesn Spray or hias sy financial relzonstip
Y company,
‘epoiatrequests (0 Progam (or tve Analysis of Clinl-
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of bacteriuria with pyura in older women. Prevalent beliefs about the
eflects of cranbeny Juice on the urinary tract may have micrablologic justification.
| UAMA 19942451559

Mote recently, data have been pre-
sented on 3 different potential mecha-
nism of action: the inhibition by cran-
*berry juce of bacterial adherence to
mucosal surfaces. Sobots® and Schmidt
fgxyjuie;md ﬂwmwm

fed cranberry beverage inhibited
adhemof&chmc&iaw{ttomepl—
thelial cells by about 80%. Stmilar anti-
sdherence activity was found in human

o) bceeaben s G s
ce

fled sdherence of E' coli

to mucosal cells, One was fructose, con-

moun to many fruft juices, and the other

wasanondialyzable polymeric compound
with strains of E cold, Ofek et
3" were sble to isolate this compound
from g:nbenyand blueberry juices, but
not from grapefruif, orange, guava,
muango, and ux:zutxezpp!e Julces. They hy-
pothesized exposure of
to this compound in either the gut or the
bybladah& piﬂt:gum 2 badendh g:asﬁc effect
specific & present
on the pili of the bacterial surfa
Despite these intriguing ﬁndiugs and
the widespread use of bev-

. -erage (“cranberry juice cocktall™) for.its

supposedsdwuyeﬂ‘ectoumiuuyu-act
infection, no sdeqaately coutrolled, ran-

clinfesl rial bas been published

evaluating jts dlinjcal utility in prevent~
ing urinary tract infection. Previocas
studies of the effect of cranberry juice
on clinfeal urinary tract infections mostly
have been uncontrolled, have beea con-
ducted on s small scale, and have yielded
conflicting results.® % Our study wasde-
signed to sddress this question.
Bacteriuria js common among elderly
women both in and out of institutions.®
Although much bacteriuria in this age
group is asymptomatic and does not re-
quire treatment,™ a large propartion of
womenoldert.hanGSyearswxll experi-
ence at Jeast mxe&smnm paﬁe?d infection
per year. ’ ¢ group pre-
senfsan o to Jearn whether
the regular ingestion of cranberry juice
beverage caninfluence the urinary flora
or the host's granulocyte response to it.

METHODS
After approval by institutional teview
boards, subjects were recruited from a
large, mulitilevel long-term care facility
for the e!derly (the Hebrew Rehabilita-
tion Centerfor Aged), as well 2s from nine
complexesforelderlyresidentsin

'mmmu&.mm

wbowereapableofnginghfomedeon—
ﬁ y'i’fm nvited to fn wths:
800 mL of cranberyy fulce cocktall perday
throughout the 6-month d:udy.
Subfects were excluded if they had
terminal.disease or severe dementiz
only women were studied. In all sites,
163 eligible subfects sgreed to particl-
pate and contributed af least one urine
sample dterbaseline Aplacebo
wis de-
veloe;geOeemSpmy Cranberries, Inc,
Lakeville, Mass) that used fiavorings
and color to simalate the taste and 2p-
of commercislly availableeran-
moe cocktall, Because glucosein-
tolerance i3 common among elderly
wormen, both the cranberry and placebo
beverages were sweetened withsacclia-

rin. Beverages were deliveredin iden-
" tical containers &xcept forcaded lot nunt- =702
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bers. Subjects providing informed con-
sent were randomly
standard, commerclally

' in single or divided doses. -

‘¢ randomized subjects by means of
odd vs even digits in the subject's in-
stitutional identification numberortele-

numberto determine which coded
number of beverage would be used
throughout the study. Neither partici-
pants nor investigators were aware of
whether s given subject was recefving
beverage or placebo bever-
sge.Subjects were instructed not to con-
sumeany products otherthan
those distributed to them during the
study. To prevent the possibility that
subjects in the institutional setting who
were randomized to placebo beverage
might inadvertently consume standard
beverage elsewherein thein-
stitution, all such beverage was con-
verted to the placebo product through-
out the institution during the study. To
ensure that each subject continued to
recelve the correct beverage, patients
were interviewed monthly. In addition,
all bottle caps were collected from par-
ticipants each month, and the coded Jot
number printed on each bottle cap was
rechecked by s research sssistant.
: size calculations were per-
before the study began. We as-
sumed that thgn o:;:rall rate of ba&?ﬂi.
urizsnd pyuria control group would
be sbout (.50, and that the reduction at-

j samples
03% rate in the
group Therefore,
wd‘w:nd a confidence Jevel of
would require g sample size of 92
m in each grouﬁ & totsl of 192
wereenrolled in thestudy.Data

gre presented on the 163 subjects who
m:bgsennemineumplemda
. additional sample after random-
fzation, No data were avallsble for sub-
Jects who withdrewfrom the study with-

out iding any urine samples after
Ehe Baseline”

- At study entry, a getiatric nurse ob-
tained & complete medical history and
instructed subjectsin the proper method
of obtsining 2 midstream, clean-voided
specimen. In those subjects unable to
collect an adéjuate clean-voided spedi-
men themselves, the geriatric nurse as-
sisted in performing the dlean-catch pro-
cedure. Each month, the geriatricnurse
or & research assistant, both of whom
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- avallable, loé.174mmama-, determine evidence
. of symptomatic urinary tract fafection

as well a5 other symptoms occur-
xingh_th“p?iw-mdmndmdy
fntervale

this in the study record. No urine was
collected, and the subject was deferred
from further study until 1 shonth after
the end of any antibjotic course.

« Standardwrinalysis, bacterial culture,
and antibiotic sensitivity testing were
performed on each urine sample imme-
diately after collection. Urine samples
were collected untll each subject had

contributed 2 baseline specimen plus six
or had withdrawn

monthly

from the study. Data is incdladed
all urine samples contributed by sub-
Jects who provided at least one sample
after the baseline collection, whetheror
not they remained enrolled for 3ll six
monthly collections. Samples of both the
cranberry and placebo beverages were
analyzed by Natan Sharon, PhD, Weiz-
mann Institute, Rehovot, Isracl, for their
capacity to inhibit adhesion by F coli to
human erythrocytes, 2s described pre-
viously.*! These samples were identi-
fied by code number only to ensure
blinded assessment.

A second research assistant, unaware
of the experimental design or subject
assignment, entered data into 2 rela-
tional database, The primary outcome
was bacteriuria (organisms numbering
210%mL, regardless of organism) with

iz in 2 given study month. All sub-
who continued to contribute urine
samples were included in the analysis.
We used logistic regression analysis to
estimate the odds thatth!souto&emems
ith sssignment to the cran-

berry beverage group. Each participant
contributed nptosb:assas&enﬁ?l of this
outcome, corresponding to ow-up
intervals, Because replicate assessments
from the sanie participant were not sts-
tistically ent, SEs from the lo-
gistic n mode! that treated as-
by the esimating eqoatiog sopteschof

yté e equation approa

Liang and Zeger." Logistic regression
models with ¢djusted SEs were used to
examine and adjust for the effect of bac-
terjuria with pyuria at baseline when
examining the effect of cranberry bev-
erage on study outcomes after random-

- [zation. An additional variable consid-’
ered in the regression model was his--
. tory of urinary tract infection in the 6

and 12 months befare the study.
In secondary analyses we evaluated
transition probabilities into and out of

were blinded to subjects’ study group ™ e state of bacteriuria with pyuria. The

2l was to measure separately v ¥
o eversge might promobe et
eo\-,yﬁwadsﬁng'infecﬁou,orm
terval were estimated L Mne -

p N .
fn the cranberty y e
g

_siﬁon proba. re-
gression with SEs adjusted for repli. -
cate assessments t0 ite odds ra-

tios (ORs) and 95% Yonfidence intervals
for the transitions associated with tvest.
ment assignment. The unit of in
these logistic models was the I-month
study interval, First, we considered in.
tervals without bacteriuriz plus pyuria
at the beginning of the interval and pre-
dicted the probability of bacteriuria with
pyuria at the end of the interval. A sec-
ond ;xn;;del zvaluated ixtzhtervals withbac-
terjuria and pyuria at the beginning and
predicted the probability of no bacteri-
uria plus pyuria at the end of the month.

RESULTS "~

A total of 818 urine specimens were
collected from the study subjects after
growth of 10° ox;'a.r‘:gnsmnﬁil’gd oed

of 1 jsms per milliliter or
more, gbout one third produced no bae-
terial growth, and the remainder yielded
intermediste growth of erganisms. Es-
cherichia coli was the most commonly
identified organism (43% of isolates), with
Klebsiella the second most commonsingle
organism (7%); mixed flora accounted for
22% of ba: urine samples.
As In other studies of urinary tract in-
fection In the elderly ®& the proportion
of isolates represented by E coli was
smaller than that seen in wrinary tract
infection In y women,

“The analyses follow indlude datz
from all 153 subjects who contribated one
or more urine samples after randomizs-
tion; 109 subjects were community dwell-
fng, and 44 were residents of s long-term
care facility. Sixty of those randomized to
the cranberty grvup and 61 of those in
the placebo group completed the full 6
months of study. As shown in Tsble 1,
both groups were similar in age, number
of medications used, and number of medi-
cal problems, &s well as bactedtni:t.

ia, and urinary tract symptoms
gﬁe, glthough subjects randomized
to the cranberry group had a lower rate
of previous urinary tract infection by his-
tory. Only four subjects used estrogen-
containtng compautls (Lwain cxcligroupl.
Slightly less than half of all urine samples
revealed white bload celie an micrascapic -

- éxAlination (4 4%) or had aasitive T
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emical test Jor leukocyte wterase
L0%). Symptoms referable to the uri-

byreturned
ﬂeapsandsubjecttepoxtexeeeded
Y4 of assigned quantities.
lacterjuria with pyuria was found in
‘% of urine samples in the placebo
up and odly 16.0% in the group ran-
dzed to the cranberyy beverage. We
found a difference in the mezn pro-
lon- of r urine
nlesin each group for each individual
%5 vs 16.5%, respectively). The dif-
::e was pot present in the first

wmedbetweeam&slmdz

hen felriy stable

for replicate assessments of the
uals, we found an OR of

relative to control subfects (95%
ence interval, 0.23 60 0.76; P=.004).
Yect persisted when we added to
el & varizble describing 2 his-
{ arinary trget infection in the 6
3 prior to randomization (OR for
m fn eranb group, 0.53;
) or 12 months prior to random-
(OR, 0.48; P=01). Subjectsin the
Ty group also exhibited a trend
less bacteriuria irrespective of

arch 9, 1994—Vol 271, to. 10

pyuria (34% of all urine samples in the,

control group vs 23% in the cranberry
group), but this difference was not sta-
tistically significant in the replicate as-
sessment analysis (P=.09).

The average 1-month probability of
change from iurd jcurinetoa
sample not meeting criteriz for infection
was S inthe group and 28in
the placebo group (Table 2). The average
I-awath probability of change from non-
b el

h group and 12
group.'As a-result, when odds of
transition fnto and out of infection were

bacterfurie-pyurictono i

sic urine on successive months (Table 2).
Forintervalsbeginning with abacteriuric-
pyuric urine sample, the OR for s bacte-
giuriepyuric sample at the end of the
interval in the cranberry group was 0.27
(P=006), indicating that these subjects
were only sbout 2 quarter as likely 2s
controls to continue to have a bacteriuric-
pyuricurine sample. These were
also unaffected by adjusting for a history
of urinary tract tnfection in the 6 months
(OR, 0.3%; P=02) or 12 months (OR, 0.30;
P=.01) before the study began. Most sub-
Jjects with bacteruria were asymptom-

: atic, and many with symptoms referable

to the urinary tract did not have bacte-

~cerning the effects of

o 3 8 ¥ a

Baseﬁnei.z‘a"‘(s's
- Tame, ma

Percentage of wdne samples sl each adith that
had bacterisda aumbedng 210%mly
with pywda focsubjects candomizedRithe cranbery
'&WG(WW““M"W(“~

rivria or pyuria. Of the 473 urine samples
collected in the cranbetry group, only 20
«%)Mgzthesubjug;'md a
rent wi ‘s reporting urinary
tract symptoms, compared with 37 (7%)
of 498 urine samples in the placebo group,

* although this did not reach statistical sig-
nificance,

Antibiotic use after randomization in-
cluded 16 instances of treatment for uri-
nary tract infection in the control group
(3.2 per 100 person-months) vs elght in-

“stances in the experimental group (1.7
per100 person-months). All decisions to
ase antibiotics were made by subjects’
x s&‘l?sigms, who were unaware of
ly design or group assi t.
No significant difference was m

in the adidification of urine in the cran- .

betry group vs placebo (median
pHa&OandS.ﬁ.tespecﬂvely{ )
In analyses of the coded study bever-
ages for their effect on bacterial sdhe-
siveness™™ conducted by DrSharonand
collesgues at the Weizmann Institute, 18
of 18 samples of the active cranberry
beverage used in the study were foand
to inhibit X cold adhesion in vitro; none

of the 15 es of beverage
decades of folk wisdom con-

Juice on
the urinary tract, to our this
stud; the first -

y represents &p;lacte:om

trolled, large-scale dlinical

ment the in vivo effect of cranberties on
bacterjuriz with pyuris. While ssymptom-
atic bacterfuria in elderly women fs com*
monly observed, it does not represent 2
condition with 2 negative prognosis® or
one that requires treatment."=* How-
ever, demonstration of the ‘capacity of
cranberry beverage to reduce the occur-
rence of bacteriuria with pyurizin eldesly
women does lend credence to the belief
that it contains a substance with bielogic -

2ctivity in relation to the urinary~met.—.

The effect was not séer i the first study
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montly; it appeared only atter 4 to 8 weeks Althoagh the control group subjects had
of use of beverage and then  nearly ientical rates of bacteriuriz and
pe:sisbedatabwtthesamelevd.'.[his pyuriaatbaseline, and baseline stafus was
Lime course could be compatible withmodi- controﬂedforinallmphmtements.
ﬁabanofgm;ﬂmz,whmhmthetypid control subjects were more Fkely to have
pathogens in wrinary tract infections  histories of urinary tract infections. The
smoengwomen. Themodest reductionseen effectof the aranberry beverage persisted
hthenteofanﬁbioﬁsmﬂ)edby even when this information was included
experimental group subjects’ physicians  in the multivariate regression tion.
to treat urinary tract infection suggests _ nenteofau:iﬁondiﬁ‘emﬂsﬁghdybe-
that this difference may have manifested ~ tween the two groups: of those who con-
§tself in important clinical outcomes. tributed one ar more urine samples fol--
We did not find evidence that urinary  Jowing the baseline measurement, 60(83%)
sddification was responsible for the ob-  of 72subjectsin the cranberry group com-
served effect, since themedianpHof urine  pleted all 6 months of the study compared
eamplesinﬂ:emnbenygrwp(&ﬂ)was with 61 (75%) of 81 in the placebo group.
actually higher than that In the experi-  Ifsubjects with sterfle urine samples were
mental group (5.5). While cranberry julce  more likely o drop out before contribut-
hasbeen advocated as a urinary acidifier ingﬂleﬁxﬂGmonﬂzsofsmdy.ﬂﬂseould

to prevent urinary tract infections, not
all studies have shown a reduction in
urine pH with cranberry juice ingestion,
even with consumption of 2000 mL per
dsy. % The amounts used in this trial
(300 mL)may not have been large enough
to produce this effect. Blatherwick?! in
wmmatsuppzwdon of bac-
by cranbenry. jmeecanswuptiou
was not related to urine pH or hippuric
8did formation but rather to some
ﬁostaﬂcpropexﬂeso!‘mnbeznjmeeor
fts components.
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Despite the populantyof use of cran-
berry juice for prevention of trinary
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sition snalyses indicate that its effect
was more pronounced In ‘converting
urine samples out of 2 state of bacteri-
uﬁaﬁtb&mu.ascompa'edmthpm-
venting the conversion of noninfected
urine samples to bacterd ones.
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