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ABSTRACT

Conparison of the Effect of Ganberry Juice on

WUinary and Non-urinary Bacterial |solates

Debra Schm dt
Master of Science

Youngstown State University, 1985

The admni stration of cranberry juice has been used
successfully for the prevention and treatnent of urinary
tract infections. This investigation denonstrates cran-
berry juice to be a potent inhibitor of bacterial adherence.
S nce the initial event in colonization and invasi on by
m croorgani sns is the adherence to the epithelial cells
of rmucosal surfaces, it would appear this is the mechani sm
by whi ch cranberry juice conbats urinary tract infections.
Inthis investigationit is denmonstrated that adhesi veness
to hunman urinary tract epithelial cells was higher for
bacterial strains isolated frompatients wth di agnosed
urinary tract infection than for organisns isolated from
sput um stool and wound sources. Bacteria incubated in
cranberry juice showed a 70%decrease in adherence, In
addition Escherichia coli that were allowed to attach to

uroepithelial cells were rapidly rel eased when cranberry
juice was added. Wine collected after the ingestion of

12 ounces of cranberry juice inhibited adherence of E.coli

to uroepithelial cells by approximately 58%. Antiadherence



activity was also detected on uroepithelial cells collected
after ingestion of the cranberry juice. There was a 64%
decrease in bacteria adhering to these uroepithelial cells.
Antiadherence activity remained in the urine 4 hours after
ingestion of the cranberry cocktail. This study has
demonstrated that cranberry juice has a strong inhibitory
effect on the adherence of bacterial isolates to epithelial

cells.
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CHAPTER |
IYTRODUCTION

During the past fewyears it has been denonstrated
that urinary tract infections are the nost common bacteri al
i nfections of humans of all ages. Winary tract infections
are nost common in fenmal es with about 1% devel opi ng urinary
tract infections by age 10, and that increases to 3% to 5%
by adolescence: sone 65% of the cases in wonen are recurrent.
The rate of incidence increases about 1% per decade in wonen,
suggesting that 20% of all wormen will have urinary tract
infections at sone tine in their lives. The higher rate of
infectionin fenal es can be attributed to a nunber of factors:
a short urethra, anonmalies or obstructions of the urinary
tract, sexual intercourse, and pregnancy. By early adol escence,
about 1% of nales have urinary tract infections which recurs
in about 20% (Wight and Matsen, 1984). For this reason a
great deal of research both presently and in the past has
dealt with bacterial adherence since it appears that attach-
nent of bacteria to the nucosal surface is a prerequisite
for infection.

St udi es have shown that nost urinary tract infections
are due to gramnegative aerobic 'bacilli fthat originate in
the gut. Even though anaerobic fecal flora are al so present
in concentrations from100 to 1000 times greater in the stool,

they are rarely involved in urinary tract infections, The



most common pathogens causing urinary tract infections are
the Enterobacteriaceae. Escherichia coli is the most common
of these, accounting for approximately 80% of all urinary
tract infections; Klebsiella, Proteus and Enterobacter
follows, Pseudomonas, staphylocci and group 3 streptococci
account for about 5% to 10% of the remainder infections
(Kunin, 1975).

The urinary tract is normally resistant to infection.
In the healthy individual a variety of normal functions act
to continually reduce the body's bacterial burden. Desquam-
ation and other forms of epithelial cell turnover at body
surfaces remove large numbers of adherent bacteria. Defeaation
results in the elimination of 1012 bacteria daily, and
urination eliminates microorganisms colonizing the urethral
epithelium (Durtz and Mills, 1982). Also the mucus layer
overlying epithelial surfaces hinders contact betweencepithelial
cells and agents in the lumen: it also acts as a carrier of
defense factors secreted from epithelial cells, including
secretory IgA antibodies (Svanborg Eden, et al., 1981).
Successful pathogens are those that are capable of penetrating
these defense mechanisms, They attach to the mucosal surface
and are also capable of colonizing the new surface as cells
are desquamated, The bacteria may also penetrate the
epithelial barrier, (Beachey, 1981).

In spite of these host defenses most infections occur
via the mucous membranes. |In recent years, evidence has

accumulated to suggest that with urinary tract infections the



initial invasion is the adherence of bacteria to the epithelial
cells of the mucosal surfaces (Beachey, 1981)., This ability
to attach may be considered a prime determinant of bacterial
pathogenicity. Thus a successful infection depends on an
interaction of the virulence factors of the bacteria and the
host susceptibility and defense mechanisms.

Most recurrent urinary tract infections are caused
by the reintroduction of bacteria from the fecal reservoir
followed by the colonization of the vaginal and urethral
mucosa which precedes the bacteriuria (Schaeffer, et al.,
1979)., The resulting urinary tract infection may be sympto-
matic, as in acute pyelonephritis or acute cystitis, or may
be only detected at screening, as in -asymptomatic bacteriuria
(Svanborg Eden and Jodal, 1979). In symptomatic patients
the same bacterial organism can be detected in both the feces
and urine at the onset of the urinary tract infection. In the
asymptomatic patient, which is only picked up by screening,
the correlation between urinary and fecal bacterial strains
is poor (Svanborg Eden, et al., 1979). The difference between
the various forms of urinary tract infections appears to be
related to the expression of the virulence factors in the
bacterial strains. For example, it has been found that certain
E.eedd serotypes predominate in acute pyelonephritis. They
possess complete lipopolysaccharide (0 antigen) and capsular
polysaccharide (K antigen) which seems to enhance adherence
in these bacterial strains (Svanborg Eden, et al., 1980). In

the same report Svanborg Eden, et al. (1980) also observed



that once pathogenic bacteria: attach, they increase their
concentration of nutrients and they may forma pol ysaccharide
capsule in order to prevent phagocytosis. Secretion of the

| i posaccharide may be of inportance for the inflammatory
reaction and onset of synptons. Bacterial strains then

whi ch have | ow bacterial adherence may still be able to survive
inthe urinary tract but cannot cause naj or synptons in the
host. Also Svanborg Eden, et al. (1980) reported that E.coli

strains that were isolated fromthe urine of synptonatic
patients were not drawn randomy fromthe fecal reservoir.
The distribution of 0 and K antigens differed from fecal
E coli, which indicated selection. Bacterial strains causing
pyel onephrititis were richer in K antigen than strains causi ng
cystitis or those isolated fromthe feces.

The concept that adherence of bacteria to both
vagi nal and uroepithelial cells plays an inportant role in
urinary tract infections has been both supported and questi oned
by in vitro studies conparing adherence in controls and patients.
In a study done in 1976 by Svanborg Eden and L.A Hanson, et
al., they determned that E.coli causing synptonatic urinary
tract infections differ fromE.coli causing asynptonatic
urinary tract infections. E.coli that were isolated fromthe
urine of patients wth acute pyel onephritis and acute cystitis
attached in larger nunbers to human urinary tract epithelial
cells in vitro than did E.coli frompatients wth asynptonatic
bacteriuria. They concluded that bacterial attachment nay

be one of the virulence factors determning the efficacy of



urinary tract invasion. A similar study was done by Svanborg
Eden and Jodal in 1979 this time using epithelial cells

obtained from the urinary tractof infection-prone and healthy
children. They combined these epithelial cells with E.coli
isolated from a patient with a recurrent urinary tract infection.
Once again there was higher bacterial adherence to epithelial
cells derived from patients with infection than for epithelial
cells obtained from the children with no prior history of

urinary tract infection. In vitro studies also demonstrated

that more E.coli bacteria attached to vaginal and periurethral
epithelial cells from patients with recurrent urinary tract
infections than to cells from subjects without such infections
(Svanborg Eden and Janson, 1979). All of these studies imply
a relationship between the adhesive capacity in vitro and the
severity of urinary tract infections in vivo. A study, however,
carried out by M.J. Harber, et al., (1982) suggested that
adherence is not a virulence factor for bacteria within the
urinary tract. They found, that of the bacteria tested,
the symptomatic and asymptomatic producing strains showed
no difference in their ability to adhere to either buccal
cells or uroepithelial cells. They felt that previous claims
for the existence of a correlation between adherence of urinary
pathogens and clinical severity of urinary tract infections
was unfounded.

Whereas E.coli in general causee most urinary tract
infections, Proteus mirabilis is common in young boys and in

patients with recurrent urinary tract infections, A investi-



gation by Svanborg Eden, P Larson, et al., (1980) denonstrated
that the attachment of P._mrabilis to human uroepithelial
cells is different fromtixat of E.coli. A major difference

is in the antigenic conposition of the cell wall of the two
speci es, P.mirabilis | acks a polysaccharide capsul e (Svanborg
Eden, L. Hagberg, et al., 1980). lost of the 335 P._nmirabilis
strains tested attached in |large nunbers to the uroepithelial
cells regardless of the bacteria's origin. There was no
difference i n nean adherence of strains isolated from
individuals with urinary tract infections and strains from
other sources. P.mirabilis strains also only attached to

squanous but not transitional epithelial cells, whereas E.coli

adhered to both types, These results suggest that P.mirabilis
is less efficient in colonizing the bladder in patients,

since the bl adder epitheliumonly contains transistional
epithelial cells.

There al so seens to be sonme debate over the method
of choi ce for studying bacterial adherence. Svanborg Eden,
et al.,in their studies relied on mcroscopic inspection of
i ncubated cell preparations. AJ. Schaeffer, et al,, (1979)
used bacteria | abeled mjth[gél uridine. The use of these
radi oi sotopically | abel ed bacteria elimnated probl ens
associated with identifying or renoving indi genous bacteria

that frequently colonize epithelial cells. KJ. Harber, et
al., (1981) felt that these nmethods did not allowfor a
di stinction between attachnent to urinary nmucus and attach-

ment to epithelial cells per se. They used a stain which



contained 0.25% toluidine blue in borax which allowed them to
visualize uromucoid. Svanborg Eden, et al. (1977) also

added a trypan blue stain to the cell suspension, before
counting, to exclude dead epithelial cells. Dead cells
appear not to bind as many bacteria as viable cells. However,
Chick, et al. (1981) found trypan blue an unreliable index

of cell viability and their test regarding adherence
differences was inconclusive.

A series of studies were also conducted to determine
the optimal conditions for bacterial adherence (A.J. Schaeffer,
et al., 1979). It was found that adherence was not appreciably
affected by temperature and was maximal at a pH of 4 to 5.
However, Parsons and Schmidt (1980) found no significant
differences in mean adherent bacteria at a (H of 4 and 6.4.
They also noted that maximal adherence occurred within one
minute and rather than increasing with time, .as other
investigators had reported , adherence decreased gradually
to a stationary level of adherence approximately 50% of that
observed initially, No relationship was found between the
age of the individual who donated the epithelial cells and
the capacity of E.coli to attach (Svanborg Eden and Jodal,
1979). Adherence was however, correlated with the day of the
menstrual cycle and was found to be highest during the
estrogen dependent phase and diminish after ovulation
(Schaeffer, et al., 1979). ddherence was also found to be

enhanced by bacterial incubation in broth for 72 hours and

inhibited by «-D-mannose (Schaeffer, et al., 1979).



The adherence of bacteria to uroepithelial cellsis
dependent on specific recognition systens between bacteria
and epithelial cells. Bacteria are thought to possess
certain nol ecular structures on their surfaces that are
capabl e of binding in a stereospecific fashion with specific
mol ecul ar structures on the surfaces of the tissue cells of
the host. Pili and finbriae are believed to nediate the
attachment of gramnegative bacteria to various host tissues.
Several experiments have supported this hypothesis, In a study
done by Svanborg Eden and Hansson (1978), they showed a
significant correlation between the presence of pili or

finbriae on E.coli and the ability of the bacteria to adhere

to uroepithelial cells. O the 12 strains tested, none with
adhesive ability lacked pili and only a few of the non-
adhering strains contained pili. Wen they treated the
bacteria to remove the pili a loss in adhesi on paralleled the
| oss of pili, It was then concluded that pili or substances
coappearing with pili were likely responsible for the ability
of E.coli to adhere to human uroepithelial cells, and thus
initiating various forns of urinary tract infection.

In a study of experinental ascending infection wth
Proteus, Silverblatt and (fek (1975) showed that rats inocul ated
wi th heavily piliated organi sns devel oped significantly nore
pyel onephritic kidneys than did animals chall enged with
lightly pilated Froteus. Furthernore, when they exam ned
the rat kidney by el ectron mcroscopy 24 hours | ater, many
heavily piliated bacteria had becone bound to the renal



pelvic mucosa, Another study using exfoliated rabbit bladder
cells and heavily and lightly piliated Proteus also confirmed
their results, once again the heavily piliated Proteus bound
more readily than did the lightly piliated strain (Silverblatt
and Ofek, 1975). A similar test was conducted using human
buccal epithelial cells and the results were once again the
same, showing that binding was not specific for cell type,

nor for animal species (Silverblatt and Ofek, 1975). Schaeffer,
et a+. (1979) noted that pili could be washed off the bacterial
surface when subjected to several washings prior to incubation.
Adherence decreased by 10 to 25%. Also bacteria that were
grown in broth for 72 hours to stimulate pili formation adhered
more than organisms grown on agar, a medium not conducive to

piliatdion (Schaeffer, et al., 1979).

In order for adherence to occur between bacteria
and epithelial cells, the epithelial cell must also contain
specific receptor sites that are recognized by a specific
molecule on the bvacteria. The inhibition of bacterial
adherence by purified receptor or ligand material serves to
demonstrate directly its role in adherence, unfortunately,
in most cases neither the ligand nor the receptor have been
identified or purified. Investigators have resorted to using
receptor or ligand analogues. The receptor site for the
Enterobacteriacae appears to be similar to the simple sugar
mannose. The ligand and receptor for other bacteria vary
according to the species.

Ofek, et al. (1977) performed a series of experiments



demonstrating that saturation of binding sites on the bacterial
surface by mannose or mannose-like sugars prevented the
attachment of these organisms to epithelial cell receptors.
When they added 3-mannose or its derivatives to the epithelial
cells to which E.coli was preattached, this caused rapid
release of the organism from the epithelial cells. They
concluded that the binding of E.coli to epithelial cellsis
mediated by a mannose specific lectin-like structure present
on the surface of the E.coli which binds to a mannose-like
receptor on the epithelial cell. Schaeffer, et al. (1979)
also showed that adherence wes markedly enhanced by bacterial
incubation in broth for 72 hours and inhibited by «-D-mannose.
These results suggest that adherence can be considered a
complex phenomenon and appears to be mediated by pili on the
bacteria and mannose residues on uroepithelial cells.

Uroepithelial cells appear to have a limited number
of receptors on their surface. With, increasing concentrations
of bacteria, the number of bacteria adhering per uroepithelial
cell increased but at high concentrations, adherence tended
to stabilize; at %his point the epithelial cells were saturated
(Schaeffer, et al., 1979).

An indication of the possible role of sugar binding
activity in infectivity was obtained by an in vivo study
performed by Aronson, et al. (1979) using mice, In these
experiments infective strains of E.coli were injected into
the bladder of mice in the presence or absence of different

sugars, It was found that methyl«-D-mannoside, but not



methyl« -D-glucoside, caused a narked reduction in the nunber
of bacteriuric mce, Smlar experinents were obtained in a
rabbit nodel of gastrointestinal infection where col oni zation
of E.coli was specifically blocked by 3-nmannose but not by
ot her sugars (H rschberger, et al., 1977).

S nce the attachment of certain bacterial pathogens
Is nmediated by bacterial surface structures, antibacteri al
agents altering the bacterial surface are likely to affect
attachrment, Snall amounts of antibacterial agents that
decrease attachnment nay be sufficient to prevent col onization
and may be sufficient for prophyl axis against recurrent
urinary tract infections. E.coli that were still viable,
were found to adhere | ess after treatnment wth sub=inhibitery
concentrations of anpicillin and amoxycillin (Svanborg Eden,
et al., 1978), HE senstein, et al. (1980) found a decrease in
t he mannose bindi ng capacity of E.coli after streptonycin,
tetracycline and trinmethoprimtreatnent, It appears that
certain properties of bacterial adherence (piliation, mannose
bi ndi ng, and adherence) appear to be nore sensitive than
others to suppression by different antibiotics.

QGowh of E.coli in streptonycin, gentamcin or tetra-

cycline, but not chloramphenicol or streptinonycin, resulted
in areductionin the degree of piliation of those cultures
(Eisenstéin, et al., 1980). Penicillin Ginhibits the
expressi on of the mannose specific ligands in E.coli by
distorting cell wall biosynthesis. Streptonycin suppresses

the formation and expression of the mannose specific ligand



in E.coli by acting on the bacterial ribosome to induce
misreading of messenger RNA, which leads to abnormal protein
synthesis (Beachey, 1981).

Although there are numerous antimicrobial agents
available for use in the treatment of urinary tract infections
only a few are suitable for long term prophylaxis. The
treatment of choice for recurrent urinary tract infections
is a continuous, low dosage prophylaxis. The agent used must
cover a wide range of pathogens, be of low toxicity, have
minimal side effects and should not produce a fecal reservoir
filled with resistant strains,

Cranberry juice, for some time, has been considered
a folk remedy for the relief of dysuria and urinary tract
infections. A study done by Sobota (1984) has now shown
cranberry juice to be a potent inhibitor of bacterial adherence,
In his study, a total of 77 clinical isolates of E.coli showing
a positive adherence were tested. Cranberry juice inhibited
adherence by 75% or more for over 60% of these strains. Also
urine from mice and humans drinking cranberry juice signifi-
cantly inhibited the adherence of E.coli to uroepithelial cells.
These results demonstrate cranberry juice contains an active
factor(s) that interferes with bacterial adherence.

The aim of this study is to continue to investigate
the potential role of cranberry juice in the treatment of
urinary tract infections. The effects of cranberry juice on
the adherence of various strains of bacteria were studied.

In addition the adhesive ability of the five bacterial



pat hogens nost commonly causing urinary tract infections
were conpared to see if strain or isolation source affects

adherence.



CHAPTER II
NMATERTALS AND METHODS

Bacteria and Culture Conditions

A total of 145 gram negative bacterial isolates
consisting of 15 Klebsiella, 5 Enterobacter, 30 Pseudomonas
32 Proteus and 63 Escheriehia coli were used in this study.
All urinary bacterial isolates were obtained from hospital
patients with a known urinary tract infection (greater than
105 bacteria per mL of urine), Other sources of bacteria
ranged from blood, stool, sputum, wound, throat and sar. All
bacteria were obtained from the microbiology laboratory at
Alliance City Hospital, Upon receipt, the organisms were
streaked on liacConkey agar plates and cultured for a minimum
of 24 hours at 37°c. They were then identified using APl 20E
strips which identify. gram negative organisms on the basis
of their specific biochemical reactions, Once identified,
the organisms were transferred to Brain Heart Infusion
agar deeps (BHI Difco) and grown at 37°C for 48 hours and
then stored at 2° = 6°C. Whm bacteria were needed for
testing, they were transferred from the BHI agar deeps to
BH broth (BHI Difco) and grown at 37°C for 48 hours. At
the end of this time period, 2 ml of the culture was removed
and centrifuged at 2,500 rpm for 10 minutes. The supernatant

was discarded and the bacterial pellet was resuspended in

2 ml of 0.01 ¥ phosphate buffered saline (PBS) at a H of



7.2, The pHof the PBS was determ ned using an Oaens Corning
pH and gas anal yzer. The concentration of bacteria was

approxi mately 107 bacteria per m.(Sobota, 1984).

Uroepithelial Cells

Human urinary tract epithelial cells were obtained
fromthe sedinent of freshly voi ded m dstreamurine specinens.
Uri ne speci nens were obtained fromone heal thy individual
with no prior history of urinary tract infection. A sterility
control was done by inocul ating one calibrated [ oopful (0.001
m) of urine onto blood and MacConkey agar plates and incubating
themat 37°c for 48 hours. Urine sanples were al so randomy
screened for the presence of abnornmal amounts of white bl ood
cells and al bum n, both of which indicate urinary tract
I nfection.

A 10 m1 sanple of urine was used for each unknown to
be tested. The 10 ml of urine was centrifuged at 2,500 rpm
for 10 mnutes to harvest any cells. The supernatant was
di scarded and the epithelial pellet was washed one time with
10 m of PBS buffer, centrifuged for 10 mnutes and the
supernatant was discarded. The cell pellet was then resus-
pended in PBS buffer to a final concentration of 10° cells
per m using a henocytoneter. Uroepithelial cells were
mostly of the squanmous cell type (Sobota, 1984).

Bact eri al Adherence Test

The nethod used in these experinments was that of

Sobota (1984) and is a nodification of the technique described

by Parsons, et al.,(1980). Two m of uroepithelial cells at



105 cells per ml was added to 2 ml of bacteria at 109 organisms
per ml.. The resulting sample was then vortexed and allowed

to incubate for 30 minutes at 37°C in a water bath. The
samples were mixed every 5 minutes by inversion.. After
incubation, 1 ml1 of the cell-bacteria mixture weas removed
using a tuberculin syringe. The tuberculin syringe containing
the 1 ml1 sample was then attached to a filter apparatus
containing a 8 um pore size polycarbonate membrane filter
(Nucleopore). The sample wes filtered and then immediately
washed with 30 ml1 of distilled water, thus removing any
non-adherent bacteria present on the filter. The epithelial
cells with any adhering bacteria were trapped on the nucleo-
pore filter. While still wet, the filter was removed from

the holder and pressed against a glass slide (topside down)
and allowed to dry, After drying the filter was removed
leaving the epithelial cells adhering to the slide. Samples
were then gram stained. The Gram stain method used was 10
seconds of Gram Crystal Violet, followed by 10 seconds of
Grams lodine, followed by 10 seconds of 95% ethanol and
finally 10 seconds of Grams Safranin.. This stain distinguished
gram negative bacteria from gram positive bacteria, while it
also stained the cytoplasm of the epithelial cells a slight
pink color and the nucleus a purple color. The gram negative
bacteria on the first 50 intact epithelial cells were counted
via oil emersion using a bright field microscope. Adherence
was recorded as the average number of bacteria per epithelial

cell on the 50 counted cells. A control of epithelial cells
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without added bacteria was run concurrently with the unknown
samples. Results of the adherence tests were omitted if the
background counts exceeded five bacteria per epithelial cell

(Eisenstein, Beachey and Ofek, 1980).

Cranberry Juice

The cranberry juice used in these experiments was
one of two typesr Either Ocean Spray Cranberry Cocktail
juice or cranberry juice obtained from fresh cranberries.

The juice from the fresh cranberries was obtained by crushing
the berries in a blender and then centrifuging this mixture
at 4,000 rm for 15 minutes to express the juice, The
cranberry juice was used full strength unless otherwise
indicated, |If the cranberry juice was to be diluted it

was diluted with distilled water. The H of the Cranberry
Cocktail juice used in these experiments was 3.1 while the

fresh cranberry juice's H was 2.7.

Statistical Analysis Methods

Standard statistical methods were used in this study.
Location and dispersion were estimated using the arithmetic
mean and the standard error, The two tailed Student "t"
test was used for all statistical comparisons. The coef-
ficient of variation was used to assess any reproducibility

studies,



CHAPTER III

RESULTS

Adherence of Bacterial Pathogens to Uroepithelial Cells

Each of the 145 gram negative bacterial isolates were
incubated with uroepithelial cells according to the bacterial
adherence method described. Bacteria which had the capacity
to adhere were seen on the surface of the epithelial cells,
Each of the bacterial isolates was run in conjunction with
a control. The control for this experiment consisted of
uroepithelial cells minus the bacterial isolate.. The results
are presented in Table 1, All of the bacterial pathogens
tested showed significant adherence to uroepithelial cells
when compared to the control, E.coli exhibited the greatest
amount of adherence with a mean of 11.4 bacteria per cell.

Klebsiella, Enterobacter, Pseudomonas, and Proteus all

exhibited significant adherence but considerably less than
E.coli isolates,

When urinary and non-urinary E.coli isolates were
studied, there weresignificant differences between the two.
The 32 urinary E.coli isolates tested had a mean of 17.3
bacteria per cell in comparison to the mean of 5.4 bacteria
per cell for the 31 non-urinary E.coli. This can be seen in
Table 2.

To determine if the source from which the bacteria

were collected affected the adherence to uroepithelial cells,



bacterial isolates were cultured from four different origins
urine, sputum, wound and stool. Bacterial adherence testing
was carried out as previously described. Bacteria isolated
from the urine had a mean adherence of 13.7 bacteria per cell
in comparison to bacteria isolated from sputum, wound and
stool that had an average mean of 5.7 bacteria per cell.

These dataare presented in Table 3.

Effect of Cranberry Juice on Adherence

To determine whether cranberry cocktail affects the
adherence of bacteria to epithelial cells, five different
experiments were performed. Each experiment tested two
organisms, one showing strong adherence and one showing weak
adherence, belonging to the following groups: urinary Proteus

isolates, urinary Pseudomonas isolates, urinary E.coli isolates,

and E.coli isolated from non-urinary tract sources. For ease
of comparison a mean adherence for each of the five different
experiments was determined.

Bacteria and/or uroepithelial cells not exposed to
cranberry juice wereused as a control for the first three
methods (Procedures RC, UC, and PC). Epithelial cells and
bacteria were both resuspended in PBS buffer to their desired
concentrations. Each mixture was combined together forming
alrl ratio. Bacterial adherence was allowed to occur for 30
minutes in a 37°C water bath with mixing of the controls
occurring every 5 minutes. At the end of this time, 1 ml
volumes were removed and filtered as previously described.

Bacteria adhering to the first 50 intact epithelial cells



was determned for each control. The reproducibility of the
t echni que was assessed by determ ning the adherence of 5
seperate contrels prepared fromthe sane pools of bacteria
and uroepithelial cells. The coefficient of variation was
154 2%.

In the first experinment , designated BC, fresh cran-
berry juice was used to resuspend the bacterial pellet to a
final concentration of 109 bacteria per ml. The bacteria
suspended in cranberry juice were incubated at 37°c for 30
mnutes in a water bath with agitation occurring every 35
mnutes. A the end of the 30 mnutes the mxture was
centrifuged at 2,500 rpmfor 10 mnutes and the supernatant
contai ning the cranberry juice was discarded. The bacteri al
pel | et was then resuspended in PBS to a final concentration
of 109 bacteria per ni. The adherence assay was then carried
out using the treated bacteria and non-treated uroepithelial
cells. The treated bacteria adhering to the first 50 intact
uroepithelial cells was determned for each organism The
results can be seen in Table 4 under the headi ng Procedure
BC. The nean adherence for the control group was 8.3 bacteria
per uroepithelial cell while the nean adherence for the
cranberry treated bacteria was significantly different with
a nmean adherence of 2.5 bacteria per uroepithelial cell.

The second inhibition test, designated UC, invol ved
the incubation of fresh cranberry juice wth uroepithelial
cells. TUroepithelial cells, collected froma fresh mdstream

urine, were suspended in fresh cranberry juice to a final
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concentration of 10° cells per m. The epithelial-cranberry
juice mxture was allowed to incubate for 30 mnutes at 37°¢C
in a water bath with manual m xing of the sanples occurririg
every 5 minutes. A the end of the 30 minutes, the mxture
was centrifuged and the cells were harvested and resuspended

in PBS buffer to a final concentration of 10° epithelial cells
per m. The adherence assay was performed using the treated
uroepithelial cells and non-treated bacteria. lean adherence
val ues were determ ned for each of the organisms tested. The
results are presented in Table &4, The control group's mean
adherence was 8.3 bacteria per cell while the nmean adherence
for Brocedure UC was 5,2 bacteria per cell. To determ ne

whet her the inhibition of adherence tests were reproducible,
four organisns (2 urinary and 2 non-urinary E.coli) were tested
5 times using Procedures BC and UC  Coefficient of variation
for Procedure BC was 22.3% while Procedure UC had a coefficient
of variation of 26.9%

The third method, designated PC, involved the incuba-
tion of both the uroepithelial cels and bacteria in fresh
cranberry juice. The bacteria, at a concentration of 109
cells per m, and the uroepithelial cells, at a concentration
of 10° cells per m, were allowed to incubate separately for
30 minutes in a 37°C water bath. At the end of this tine
the two were conbined, both still suspended in fresh cran-
berry juice, and allowed to incubate at 37°c for 30 mnutes.

The rest of the adherence assay was carried out as previously

described. Adherence val ues were obtained for each of the



organisms tested and are presented in Table 4 under the
heading Procedure PC. Compared to the control of 8.3 bacteria
per cell, the treated bacteria and treated uroepithelial cells
showed significantly reduced adherence, a value of 2.8 bacteria
per cell. Reproducibility studies were once again carried
out for this experiment, showing a coefficient of variation
of 24.4%.

The fourth method , designated C, involved testing of
the urine before and after ingestion of cranberry cocktail.
A initial zero time sample of urine was collected and then
12 ounces of cranberry cocktail juice was ingested. The
‘'urine taken at time zero served as the control. After 2
hours a second urine sample was collected. Both samples were
centrifuged at 2,500 rpm to recover the epithelial cells.
The epithelial cells were then washed in PBS buffer and
adherence tests were performed. The following combinations
were tested:

a) zero time epithelial cells incubated with each of the
bacteria

b) 2 hour epithelial cells incubated with each of the
bacteria.

The results appear in Table 5. Note that in all eight bacteria
tested there was a significant decrease i n adherence on the
epithelial cells collected 2 hours after ingestion of the
cranberry coctail. The mean adherence for Procedure C was

3.0 bacteria per epithelial cell compared to 8.3 bacteria

per cell for the control.

The fifth method, designated U used the urine
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collected at time zero and at 2 hours after ingestion of the
cranberry cocktail. The urine was centrifuged for 10 minutes
at 2,500 rpm. The urine from the 2 hour sample and epithelial
cells from the zero time sample were mixed and incubated at
37°C for 30 minutes. The urine from the zero time sample and
the epithelial cells from the zero time sample were mixed and
incubated so as to serve as a control. Bacterial adherence
tests were performed on both groups. The results appear in
Table 6. The urine from the 2 hour sample significantly
decreased the amount of bacteria adhering to the epithelial
cells. The mean adherence for Procedure U was 3.6 bacteria
per epithelial cell compared to 8.5 bacteria per epithelial
cell for the control group. To determine whether the inhibition
of sadherence tests was reproducible, fourorganisms (2 urinary
E.eeld and 2 non-urinary E.coli) were tested 5 times using
the two 1N vivo methods just described. Procedure C had a
coefficient of variation of 21.5% while Procedure U had a

coefficient of variation of 19.0%.

Pre- Attached Bacteria Test

Two urinary E.coli isolates were tested, one showing
a high degree of adherence, designated EcH, and one showing
a lower level of bacterial adherence, designated EclL. Bacteria
and uroepithelial cells were incubated for 30 minutes at 37°cC,
and then an equal volume of fresh cranberry ,juice was added,
and placed back into the 37°c water bath. At times of 0, 5,

10, 30, 60, 120, and 240 minutes a 1 ml volume of sample was



renoved and processed in the usual rmanner. A control consisting
of 2 ml of 109 bacteria per mL and 2 ml of 102 ur oepi t hel i al
cells per mi was included. The results can be seen in Table

/. It can be seen that the fresh cranberry juice significantly
reduced the attachnent of the bacteria to the uroepithelial
cells. Isolate EcH had an initial adherence of 19.5 bacteria
per cell, while at 30 mnutes after incubation wth the cran-
berry juice that adherence dropped to 6.1 bacteria per cell.

The sane situation occurred with isolate EcL.

Tinme Study
Urinary E.coli isolates, EcH and EcL, were used in

this study. Twelve ounces of cranberry coektail juice was
Ingested and at tine intervals of 0, 30, 60, 90, 120, and

240 mnutes urine specinens were col |l ected, Ten ml of each
speci men was centrifuged at 2,500 rpmfor 10 mnutes to harvest
the uroepithelial cells. The uroepithelial cells were washed
with 10 m1 of PBS buffer, centrifuged and resuspended in PBS
buffer to a final concentration of 10° cells per ml and
adherence tests were perforned. A control was included using
epithelial cells fromuntreated urine. The seven urine
sanpl es col | ected above, free of epithelial cells, were also

I ncubated with epithelial cells fromurine collected at tine
zero. A the end of the 30 mnutes incubationin a 37°c

wat er bath the sanpl es were subjected to the adherence assay.
The results can be seen in Table 8 Both the epithelial cells

and urine collected after ingestion of the twel ve ounces of
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cranberry cocktail juice significantly inhibited the adherence
of the bacteria. The time interval of 90 to 120 m nutes
after ingestion of the cranberry juice showed the greatest

amount of inhibition for both E.coli isolates tested,
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TABLE 1

Comparison of the Adhesive Ability of Bacterial Pathogens to Human Urinary Tract

Epithelial Cells

. Number of Mean Bacteria

Bacterial Isolate T latas per Cell Standard Error
Control 22 0.9 0.13
Klebsiella® 15 6.6 1.50
Enterobacter? 5 5.7 1.34
Pseudomonas® 30 7.6 0.71
Proteus? 32 5,2 0.51
E.coli® 63 11.4 1.41

a) Significantly different from contro (p<0.01)




TABLE 2

Comparison of the Adhesive Ability of Urinary E.coli and Non-urinary E.coll to
Human Urinary Tract Epithelial Cells

. Numbfr of Mean Bacgeria
Bacterial Isolate T P per OMHH Stan@arc Error
Non-urinary E.coli 31 54 0 45
Urinary E.coli 2 i 17 2 2 31

a) Significant difference from non-urinary E.coli (p <0.01)
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TABLE 3

Attachment of Bacterial Isolates from Various Sources to Human Urinary Tract

Epithelial Cells

Bacterial Isolates Number of ean Bacteria

Origin Isolates per Cell Stan@ar@ Error
Urine 53 13:% 1 55
M@C&Csm 29 6.1 0 85
Wound® 30 5.7 0 51
Stool? 17 5,04 073
a) Signifioantly mifferent from urine isolates (p <0 01)




TABLE 4

Effect of Cranberry Cocktail Juice on Bacterial Isolates

Bacterial Isolate Control Procedure uc Procedure BC | Procedure FC
#5160 E.coli (urinary) 16.8 + 5.42 7.0 £ 1.77 1.1 * 0.34 2.6 + 0.38
#4796 E.coli (urinary) 9.8 + 3.92 5.1 + 0.83 2.7 + 0.62 2.4 + 0.62
#811 Proteus 7.1 + 1.09 4,7 + 1.60 2.0 + 0.41 1.6 + 0.37
#560 Proteus 4,3 + 1.97 3.8 + 0.76 2.1 + 0.47 3.2 + 0.52
#9112 Pseudomonas 11.0 + 2.90 h.,5 + 0,48 2.5 = 0.40 1.7 + 0.33
#7285 Pseudomonas 5.8 £ 0.91 b,9 + 0.75 4.0 + 0.55 26 + 0.45
#7175 E.coli (non-urinary)| 4.4 + 1.09 3.9 + 0.54 2.1 = 040 4.1 + 0.66
#648 E.coli (non-urinary)| 7.5 + 1.43 7.3 * 1.97 3.7 + 0.59 3.6 + 0.61

Meen Adherence for 8.3 + 1.48| 52 + 0.47P 2.5 + 0.34%| 2.8 + 0,29

Each Procedure

a) Significantly different from

b) Significantly different from

control (p< 0.01)

control (p <0.05)
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Effect of Ingestion of Cranberry Cocktail Juice on Bacterial

5

| solates

a) Significantly different from control

(p<0.01)

Bacterial Isolate Control Procedure C
#5160 E.coli (urinary) 16.8 + 5.42 1.4 + 0.40
#4796 E.coli (urinary) 9.8 + 3.92 4.5 + 0.71
#811 Proteus 7.1 + 1,09 1.4 + 0.44
#560 Proteus h.3 +1.97 1.8 + 0.44
#9112 Pseudomonas 11.0 + 2,90 5.2 + 0.99
#7285 Pseudomonas 5.8 £ 0.91 3.8 + 0.75
#7175 E.coli (non-urinary) L.h + 1,09 2.4 *+ 0.95
#648 E.coli (non-urinary) 7.5 + 1.43 3.6 + 0.27
Mean Adherence for Each 8.3 + 1.48 3.0 + 0.522
Procedure —
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TABLE 6

Inhibition of Adherence by Treated Urine

Bacterial Isolate Control ' Procedure U
#5160 E.coli (urinary) 14.5 + 2,31 2:3 ¥ 0530
#4796 E.coli (urinary) 7:2 + 1,05 5.2 + 0.99
#811 Proteus 9.1 *+ 0.99 1.7 + 0.42
#560 Proteus 5.5 + 0,90 ho1 + 1.19
#9112 Pseudomonas 13.3 = 2.67 Sath + G072
#7285 Pseudomonas 6.0 + 0.89 3.9 + 1,00
#7175 E.coli (non-urinary) 4.3 + 0.91 Fui + 053
#6U48 E.coli (non-urinary) 8.1 # 2.00 2,9 + 0.37
Meen Adherence for Each 8.5 + 1.47 3.6 + 0.47

a) Significantly different from control (p<0.01)
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TABLE 7

Effect of Cranberry Juice on Pre-attached Urinary E.coli to Uroepithelial Cells

Mean Bacteria per omHH*
Minutes :
EcH EcL

Control 19.5 + 3.30 8.6 + 2,70
0 13.6 + 2.85° 7.0 + 1.09°
5 7.8 + 1,722 5.5 + 0.66°
10 7.5 + 1,072 3.5 + 0.49°
30 6.1 + 0,962 3.0 + 0.412
60 5.0 + 0,942 9,8 + P64
320 7.4 + 1,362 b o+ 1,39°
2L40 6.9 + 1,192 2.8 + 0,432

* + S3 ar® error of the men
a) Sign icmntly different fo m control (p < 0.01)
b) Sign iwwnm¥ly differentfraeom control (p< 0.05)

c) Not ignEflcantly @ifferent from control
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TABLE 8

Time Study Results

Mean Bacteria per Cell*

Treated Uroepithelial Cells

Treated Urine

Minutes
EcH EcL EcH EcL

0 11.8 + 3.09 13.2 + 2.19 15,1 + 2.02 11.1 + 2,42
30 6.9 + 1.28% 10.3 + 3.33° 11.2 + 1.69° 11.1 + 1.83°
60 57 + 1.52% 5.1 + 0.67% 7.2 + 1.22% 5.2 + 0,692
90 2.5 + 0,862 4.0 + 0,872 1.9 + 0,962 3.0 + 0,742
120 2.7 + 0.54% 3.6 + 0.702 2.9 + 0.73% 3.1 + 1.10%
240 5.1 + 0,602 6.4 + 0.65% 7.7 + 1.60% 8.1 + 1.07°

* + Standard error of mean

a) Significantly different from control (p <O.01)

b) Significantly different from control (p <0.05)

Cc) Not significantly different from control
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CHAPTER IV
DISCUSSION

Previous investigations have suggested that the initial
event in colonization and invasion is the adherence of bacteria
to epithelial cells of the mucosal surface. Al of the 145
bacterial isolates in this study were shown to adhere to
uroepithelial cells in varying degrees. Particular attention
was focused on E.coli Since it causes approxi nately 80% of
all urinary tract infections. It was observed in this study
that E.coli isolates adhered nore readily than Klebsiella,

Proteus, Enterobacter, and Pseudononas isolates. Wen E.coli

was divided into urinary E.coli and non-urinary E.coli,
E.eexs isolated frompatients with diagnosed urinary tract

I nffection adhered 70% nore readily than did E.coli isolated
fromnon-urinary sources., Smlar results were found by
Svanborg tden, et al, (1976) when they noted that E.coli

I solated fromthe urine of patients with acute synptomatic
pyel onephritis or cystitis attached to nornal uroepithelial
cells in larger anmounts than did E.coli isolated fromthe
urine of patients wth asynptonmatic bacteriuria. S nce the
asynptomati c bacteria screening strains adhered poorly in
Svanborg Elen's study (1976), the inportance of attachnent as
a mechanismin urinary tract col oni zati on renai ned uncertain
especially in these patients, However, in ny particul ar

study the conparison being nade was between non-urinary E.coli
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and urinary E.coli and not E.golj isolated fromasynptonatic
patients. Asynptonatic bacteria nay still be capabl e of
adherence in the urinary tract. When conparing urinary E.gcoli

to the unrelated non-urinary E.coli a significant difference

was noticed. These results suggest that attachnent is an
| nportant nechanismin urinary tract col onization and nay be

an inportant virul ence factor for E.coli causing urinary

tract infections.

Qrganisns isolated frompatients wth known urinary
tract infections, adhered approxi nmately 507% nore readily than
did vaeteria isolated from sputum wound and stool cultures.
These resul ts support previous studi es which indicate that
adhesi ve nol ecul es on the surface of the bacteria are
recogni zed by specific receptor nol ecul es on ani mal cells.
Bacterial isol ates | acking these specific adhesive nol ecul es
appear to be either unable to attach to uroepithelial cells
or nmay not formenough bonds to allowthe bacterial isolate
to remain attached. Beachey (1981) has shown that bacteri al
adher ence i nvol ves the simul taneous binding of a | arge nunber
of bacterial 1igand nol ecules with a |arge nunber of receptor
nol ecul es to formmnul tiple, i ndependent bonds, therefore the
attachment of bacteria becones virtually irreversible. If
only a few bonds are forned this interactionis relatively
weak, thus the adherent bacteria may not be able to effec-
tively overcone the physi ol ogi ¢ cl eansi ng nechani smof the
ti ssue cell surface.

& great deal of variation was observed throughout this
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study on the adherence of bacteria to uroepithelial cells.
Some cells from a single individual were covered with bacteria
while other cells from the same sample were free of bacteria.
This phenomenon was also noted by other researchers (Schaeffer,
et al., 1979) (Svanborg Eden, et al., 1977) (Parsons and
Schmidt, 1980). Ore possible explanation for this variation
could depend on the maturity of the cells, resulting in
variations in the density of receptor sites, The population
beinp studied probably contains both viable cells and cells in
various stages of cell death, If the number of receptor sites
varies for each of these cell types this could explain

the degree Sf variation seen in this study. A dead cell may
not bind as many bacteria as a more viable uroepithelial cell.
Also adherence may be affected by changes in hormone levels

in the body, It may be that receptor sites are more available
during certain stages of cell development as well as hormonal
influence. Schaeffer, et al. (1979) found that when adherence
was correlated with the day of the menstrual cycle, a repeti-
tive pattern developed. Adherence was maximal during the
estrogen dependent phase and diminished after ovulation.
However, Svanborg Eden, et al. (1980) found no correlation
between hormone levels and bacterial adherence. Beachey (1981)
postulated that in some cases it is the arrangement of the
membrane receptors on the epithelial cell that determines the
ability of certain tissues to be colonized by a particular
bacterial pathogen. This suggests that receptor and ligand

molecules must be accessible and arranged in a fashion that



nany bonds are produced.

The reproduci bility of each techni que was assessed
by determning the adherence of 5 different sanpl es for
each of the bacterial adherence experiments. Wen the
sanpl es were prepared using the sane pool of bacteria and
uroepi thelial cells, the average coefficient of variation
for the 5 vacterial adherence experinents and their controls
was 21.6%. Schaeffer, et al., (1979) noted that the coefficient
of variation for his technique was 22%. A 22% coefficient
t al. in his 1981

of variation was al so noted by Schaeffer,
bacteri al adherence experinents. These conpari sons show t hat
the bacterial adherence assay is quite reproduci bl e not only
bet ween experinents but al so between different researchers.

The admni stration of cranberry juice has been used
in the past as a urinary acidifier.for the prevention and
treatnent of urinary tract infections, It was believed that
quinic acid, found in cranberries, was the precursor of the
hi ppuric acid which is a strong anti bacterial agent (loen,
1962), Bodel, et al. (1959), however, denonstrated that
cranberry juice is not an effective acidifier of urine and
it rarely increases the hippuric acid concentration in the
urine to the mninumnecessary for bacteriostasis of common
urinary pathogens. Smnilar results were found by Sobota
(1984),

G anberry cocktail, used in these experinents, al so
contains fructose and Mtamn Cin addition to cranberry

juice, Sobota(1984) has shown that the amount of fructose



present in the cranberry cocktail had only a minimat effect
on inhibition of adhernnce. He also found that Vitamn C,
at concentrations found in cranberry cocktail juice, had

no profound effect on adherence. The pH of the cranberry
juice was ruled out as a factor when it was determ ned that
adherence was not affected above a pH of 2 (Sobota, 1984).
Therefore cranberry cocktail was used exclusively in these
studies since it is the cranberry juice in the cocktai
that contains the active factor

In order to determne the concentration of cranberry
juice necessary for adherence a dilution study was performed.
These results indicate that dilutions up to 1:500 of the
cranberry cocktail still showed significant inhibitory
effects. Sobota (1984) had noted that at dilutions up to
11100 had a significant effect on adherence. Thus it appears
that the cocktail is effective at dilutions 5 tines greater
than reported by Sobota (19384),

The results presented in this study confirmed cranberry
juice to be an inhibitor of bacterial adherence. |t appears
that cranberry juice prevents bacterial adherence by inter-
fering primarily with the surface properties of the bacteria
that may be pertinent for their ability to col onize and infect
human nmucosal surfaces and does not alter surface characteristics
on epithelial cells. This is based on two observations:

1) organi sns preincubated i n cranberry juice had significantly
reduced adherence whereas uroepithelial cells preincubated in

cranberry juice were not as strongly inhibited, The preincu-
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bated bacteria showed a 70% decrease in the nunber of adhering
bacteria while the preincubated uroepithelial cells had a 37%
decrease in the nunber of adhering bacteria, The cranberry
juice seens to interfere nore with the bacterial adherence
factors than it does with the surface features of the uro-
epithelial cell, 2) E.coli that wereallowed to attach to uro-
epithelial cells were rapidly released fromthese cells after
the addition of fresh cranberry juice, |t appears that
cranberry juice affects the bonds formed between the bacteria
and epithelial cell either by weakening themor by conpletely
breaki ng these bonds causing the rel ease of the bacteria.

This release is rapid, as shown in this study, where a
significant decrease in the nunber of attached bacteria occurred
5 minutes after the addition of the cranberry juice. It was
noted that even after the cranberry juice was renoved and
replaced with P3S buffer the inhibitory effect on the bacteria
still remained. Sobota (1984) had found in his study that
after 1 wash 90% of the inhibitory activity was | ost and after
2 washes the normal adherence pattern was restored. It was
found in this study, however, that only 11% of the inhibitory
activity was lost after 1 wash. This result suggests-that
what ever factor(s) is present nust bind in a very specific
manner either to the bacteria or epithelial cell so that it

Is not easily renoved after one wash. After a series of
washings this factor nay be renoved and normal adherence once
again restored as indicated by Sobota's (1984) findings.

Differences between these two studies could be due to species

or type differences.
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0f the eight strains »f bacteria tested, all were
significantly inhibited after incubation in cranberry juice.
This suggests that cranberry juice may have universal effects.
Further studies would be needed to verify this suggestion.

A vivg results from this study showed a significant
decrease in adherence of bacteria to uroepithelial cells
collected after the ingestion of 12 ounces of cranberry

cocktail, E.coli failed to adhere to uroepithelial cells

collected two hours after ingestion of the cranberry

cocktail, In contrast uroepithelial cells collected before
ingestion were capable of bacterial adherence. This phenomenon
occurred for all eight strains ¢85 bacteria tested. These
results had not been previously reported. It was noted
earlier that in the in_ritro study the juice had only a
minimal effect (377 decrease in adherence) on the epithelial
cells while in the in vivo study bacterial adherence decreased
by 64%, This indicates that a metabolite of the cranberry
juice may have a more profound affect on the mucosal surface
lining the urinary tract than did the non-metabolized factor
present in the cranberry juice. Also it must be noted that

it is uncertain to what extent epithelial cells in the urine
can be representative of the intact mucosal surface, Similar
results were observed when untreated uroepithelial cells

were incubated in urine collected two hours after ingestion

of the cranberry cocktail juice. Uroepithelial cells incubated

in treated urine showed a 58% decrease in mean bacterial

adherence when compared to uroepithelial cells incubated in



untreated urine. It was also observed that there was nd
significant difference between urine controls (urine collected
prior to ingestion and controls in which PBS buffer was
substituted for urine). These results indicate that substances
present in the urine, before ingestion of cranberry juice,

had no effect on bacterial adherence. Any decrease noted
after ingestion would be due to some factor(s) or metabolite

of the cranberry juice.

Therefore cranberry juice appears to contain an
active factor(s) that can survive normal metabolism in man
and can accumulate in the urine,or possibly a byproduct
of cranberry juice metabolism accumulates i n the .utine.

Similar suggestions were made by Sobota (1984). In his study
fifteen mice were given cranberry cocktail in replacement

of their water for a period of 14 days. Urine samples
collected from the mice were found to significantly inhibit
adherence of bacteria to epithelial cells.

Previous results along with results from this study
indicate that there is a faector present in the cranberry
juice which appears to alter the way bacteria adhere to
mucosal surfaces. This active factor, which is the potent
inhibitor of bacterial adherence, is not known at this time,
nor is it known exactly how it interferes with bacterial
adherence. From both the in vivo and in vitro studies performed
here, It appears that it alters the uroepithelial cell surface
components as well as the surface properties of the bacteria.

The active factor present in cranberry juice appears to bind



to bacterial isolates in a very specific manner. This was
demonstrated earlier when washing of the cranberry treated
bacteria did not remove the majority of the active factor.
The slight decrease in adherence seen with cranberry treated
epithelial cells may be due to non-specific binding of the
factor to the epithelial cells. In this case, the factor
can then be carried over to the bacteria during their inter-
action resulting in decreased adherence.

Results from the time study indicate that this
inhibitor is also quite stable. The active factor or some
metabolite of it first appeared in the urine approximately
one hour after ingestion, Urine samples collected 4 hours
after ingestion of 12 ounces of juice still continued to
show a'significant decrease in adherence. Sobota (1984)
performed a similar experiment in which human subjects
ingested 15 ounces of cranberry cocktail and urine samples
were then collected 1 to 3 hours after ingestion, Fifteen of
22 subjects showed significant antiadherence activity 1 to
3 hours after drinking the juice. Difference in anti-
adherence activity in the urine collected from each subject
could be explained by the difference in uroepithelial cell
populations and the rate of metabolism for each subject.

It was already noted by several researchers that variation
in uroepithelial cell receptivity between individuals exists
(Schaeffer, et a1.,1979) (Schaeffer, et al., 1981) (Parson
and Schmidt, 1980). This factor present in the urine after

ingestion of the cranberry cocktail juice was found in high
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enough concentrations allowng it to bind to or affect the
receptor sites on the uroepithelial cell and still be

present in high enough concentrations in the urine to inhibit
adher ence.

There have been several reports on the beneficial
side effects of cranberry juice in the treatnent of urinary
tract infections. Steinlieb (1963) recomended an 8 ounce
gl ass of cranberry juice four times a day in patients with
certain urinary tract infections. A study by Frodonas, et al.
(1966) showed the inhibiting effect of cranberry juice on
bacteria. Sixty patients with known acute urinary tract
i nfections were treated with 16 ounces of cranberry juice
per day for three weeks. A the end of the time, 53% of
the patients had a positive clinical response and 20% had
moderate inprovenent. After the cranberry juice therapy had
been di scontinued, 61% show ng i nprovenent had recurring
urinary tract infections.

. Evidence has accumul ated to show that in order for
adherence to occur between bacteria and epithelial cells,
the epithelial cell nust contain specific receptor sites that
are recognized by specific nolecules on the bacteria. A
conpound is needed to mmc the structure of the nenbrane
receptor and bacterial adhesin so as to act as a conpetitive
I nhi bitor of bacterial adherence. The use of nontoxic,
nonanti biotic bacteriostatic agents such as cranberry juice

in the-treatment of urinary tract infections may be very

beneficial, Cranberry juiceis found to be well tolerated



for long periods of time by patients, with no clinical side
effects (Prodomas, et al., 1966). It may be especially
useful for long termprophylaxis in patients with recurrent
urinary tract infections, in which long termantibiotics

woul d present problens.
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