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The administration of cranberry juice has been used 

successfully for the prevention and treatment of urinary 

tract infections. This investigation demonstrates cran- 

berry juice to be a potent inhibitor of bacterial adherence. 

Since the initial event in colonization and invasion by 

microorganisms is the adherence to the epithelial cells 

of mucosal surfaces, it would appear this is the mechanism 

by which cranberry juice combats urinary tract infections. 

In this investigation it is demonstrated that adhesiveness 

to human urinary tract epithelial cells was higher for 

bacterial strains isolated from patients with diagnosed 

urinary tract infection than for organisms isolated from 

sputum, 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 released when cranberry 

juice was added. Urine collected after the ingestion of 

12 ounces of cranberry juice inhibited adherence af E,coli 

to uroepithelial Cells by approximately 58%. Antiadherence 



a c t i v i t y  w a s  a l s o  d e t e c t e d  on u r o e p i t h e l i a l  c e l l s  c o l l e c t e d  

a f t e r  i n g e s t i o n  of t h e  c r anbe r ry  ju ice .  There was a 64$ 

dec rease  i n  b a c t e r i a  adher ing  t o  t h e s e  u r o e p i t h e l i a l  c e l l s .  

Antiadherence a c t i v i t y  remained i n  t h e  u r i n e  4 hours a f t e r  

i n g e s t i o n  of  t h e  c r anbe r ry  c o c k t a i l .  This s t udy  has 

demonstrated t h a t  c r anbe r ry  j u i ce  has a s t r o n g  i n h i b i t o r y  

e f f e c t  on t h e  adherence of b a c t e r i a l  i s o l a t e s  t o  e p i t h e l i a l  

c e l l s .  
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CHAPTER I 

IYTRODUCTION 

During the past few years it has been demonstrated 

that urinary tract infections are the most common bacterial 

infections of humans of all ages. Urinary tract infections 

are most common in females with about 1% developing urinary 

tract infections by age 10, and that increases to 3% to 5b 

by adolescencet some 65% of the cases in women are recurrent. 

The rate of incidence increases about 1% per decade in women, 

suggesting that 20% of all women will have urinary tract 

infections at some time in their lives. The higher rate of 

infection in females can be attributed to a number of factors: 

a short urethra, anomalies or obstructions of the urinary 

tract, sexual intercourse, and pregnancy. By early adolescence, 

about 15 of males have urinary tract infections which recurs 

in about 206 (Wright and r$<atsen, 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- 

ment of bacteria to the mucosal surface is a prerequisite 

for infection. 

Studies have shown that most urinary tract infections 

are due to gram negative aerobic 'bacilli *hat originate in 

the gut. Even though anaerobic fecal flora are also present 

in concentrations from 100 to 1000 times greater in the stool, 

they are rarely involved in urinary tract infections, The 



most common pathogens caus ing  u r i n a r y  t r a c t  i n f e c t i o n s  a r e  

t h e  Ente robac te r iaceae .  Escher ich ia  c o l i  is  t h e  most common 

of t h e s e ,  account ing f o r  approximately 80% of a l l  u r i n a r y  

t r a c t  i n f e c t i o n s ;  K l e b s i e l l a ,  Proteus  and Ente robac te r  

fo l lows ,  Pseudomonas, s t aphy locc i  and group 3 s t r e p t o c o c c i  

account f o r  about 5% t o  10% of t h e  remainder i n f e c t i o n s  

(Kunin, 1975).  

The u r i n a r y  t r a c t  is normally r e s i s t a n t  t o  i n f e c t i o n .  

I n  t h e  hea l thy  ind iv idua l  a  v a r i e t y  of normal func t ions  a c t  

t o  c o n t i n u a l l y  reduce t h e  body's b a c t e r i a l  burden. Desquam- 

a t i o n  and o t h e r  forms of e p i t h e l i a l  c e l l  tu rnover  a t  body 

s u r f a c e s  remove l a r g e  numbers of adherent  b a c t e r i a .  Defeaat ion 

r e s u l t s  i n  t h e  e l imina t ion  of l o i 2  b a c t e r i a  d a i l y ,  and 

u r i n a t i o n  e l i m i n a t e s  microorganisms co lon iz ing  t h e  u r e t h r a l  

ep i the l ium ( D a r t 2  and I v i i l l s ,  1982).  Also t h e  mucus l a y e r  

ove r ly ing  e p i t h e l i a l  s u r f a c e s  h inders  c o n t a c t  be tweensep i the l i a l  

c e l l s  and agen t s  i n  t h e  lumen: i t  a l s o  a c t s  as a c a r r i e r  of 

defense f a c t o r s  s ec re t ed  from e p i t h e l i a l  c e l l s ,  i nc lud ing  

s e c r e t o r y  IgA a n t i b o d i e s  (Svanborg Eden, a,, 1981).  

Success fu l  pathogens a r e  those  t h a t  a r e  capable  of pene t r a t i ng  

t h e s e  defense  mechanisms, They a t t a c h  t o  t h e  mucosal s u r f a c e  

and a r e  a l s o  capable  of co lon iz ing  t h e  new s u r f a c e  as c e l l s  

a r e  desquamated, The b a c t e r i a  may a l s o  p e n e t r a t e  t h e  

e p i t h e l i a l  b a r r i e r ,  (Beachey, 1981).  

I n  s p i t e  of t he se  hos t  defenses  most i n f e c t i o n s  occur 

v i a  t h e  mucous membranes. I n  r e c e n t  y e a r s ,  evidence has 

accumulated t o  sugges t  t h a t  w i t h  u r i n a r y  t r a c t  i n f e c t i o n s  t h e  



i n i t i a l  invas ion  i s  t h e  adherence of b a c t e r i a  t o  t h e  e p i t h e l i a l  

c e l l s  of t h e  mucosal s u r f a c e s  (Beachey, 1981).  This a b i l i t y  

t o  a t t a c h  may be considered a  prime determinant  of b a c t e r i a l  

pa thogenic i ty .  Thus a  s u c c e s s f u l  i n f e c t i o n  depends on an  

i n t e r a c t i o n  of t h e  v i r u l e n c e  f a c t o r s  of t h e  b a c t e r i a  and t h e  

hos t  s u s c e p t i b i l i t y  and defense  mechanisms. 

nlost r e c u r r e n t  u r i n a r y  t r a c t  i n f e c t i o n s  a r e  caused 

by t h e  r e i n t r o d u c t i o n  of b a c t e r i a  from t h e  f e c a l  r e s e r v o i r  

fol lowed by t h e  co lon iza t ion  of t h e  v a g i n a l  and u r e t h r a l  

mucosa which precedes t h e  b a c t e r i u r i a  (Schae f f e r ,  & a., 
1979). The r e s u l t i n g  u r i n a r y  t r a c t  i n f e c t i o n  may be sympto- 

mat ic ,  a s  i n  a c u t e  pye lonephr i t i s  o r  a c u t e  c y s t i t i s ,  o r  may 

be on ly  d e t e c t e d  a t  sc reen ing ,  a s  i n  ' .s~ymptomatic b a c t e r i u r i a  

(Svanborg Eden and Joda l ,  1979).  I n  symptomatic p a t i e n t s  

t h e  same b a c t e r i a l  organism can be de t ec t ed  i n  bo th  t h e  f e c e s  

and u r i n e  a t  t h e  onse t  of t h e  u r i n a r y  t r a c t  i n f e c t i o n .  In  t h e  

asymptomatic p a t i e n t ,  which i s  only picked up by sc reen ing ,  

t h e  c o r r e l a t i o n  between u r i n a r y  and f e c a l  b a c t e r i a l  s t r a i n s  

is poor (Svanborg Eden, & a,, 1979). The d i f f e r e n c e  between 

t h e  v a r i o u s  forms of u r i n a r y  t r a c t  i n f e c t i o n s  appears  t o  be 

r e l a t e d  t o  t h e  express ion  of  t h e  v i r u l e n c e  f a c t o r s  i n  t h e  

b a c t e r i a l  s t r a i n s .  For example, it has been found t h a t  c e r t a i n  

E . c o l i  sersBypes predominate i n  acu te  pye lonephr i t i s .  They --  
possess  complete l ipopolysacchar ide  (0 a n t i g e n )  and capsu la r  

po lysacchar ide  ( K  an3igen)  which seems t o  enhance adherence 

i n  t h e s e  b a c t e r i a l  sUrains  (Svanborg Eden, et Q., 1980). In  

t h e  same r e p o r t  Svanhorg Eden, & &. (1980) a l s o  observed 



that once pathogenic bacteria: attach, they increase their 

concentration of nutrients and they may form a polysaccharide 

capsule in order to prevent phagocytosis. Secretion of the 

liposaccharide may be of importance for the inflammatory 

reaction and onset of symptoms. Bacterial strains then 

which have low bacterial adherence may still be able to survive 

in the urinary tract but cannot cause major symptoms in the 

host. Also Svanborg Eden, et a. (1980) reported that E.coli 
strains that were isolated from the urine of symptomatic 

patients were not drawn randomly from the fecal reservoir. 

The distribution of 0 and K antigens differed from fecal 

E. coli, which indicated selection. Bacterial strains causing - - 
pyelonephrititis were richer in K antigen than strains causing 

cystitis or those isolated from the feces. 

The concept that adherence of bacteria to both 

vaginal and uroepithelial cells plays an important role in 

urinary tract infections has been both supported and questioned 

by in vitro studies comparing adherence in controls and patients. 

In a study done in 1976 by Svanborg Eden and L.A. Hanson, 

e., they determined that E.coli causing symptomatic urinary 
tract infections differ from E.coli causing asymptomatic 

urinary tract infections. E.coli that were isolated from the 

urine of patients with acute pyelonephritis and acute cystitis 

attached in larger numbers to human urinary tract epithelial 

cells in vitro than did E.coli from patients with asymptomatic 

bacteriuria. They concluded that bacterial attachment may 

be one of the virulence factors determining the efficacy of 



u r i n a r y  t r a c t  invasion.  A similar s tudy  was done by Svanborg 

Eden and Joda l  i n  1979 t h i s  time us ing  e p i t h e l i a l  c e l l s  

obta ined from t h e  u r i n a r y  t r a c t &  infec t ion- prone  and hea l thy  

c h i l d r e n .  They combined these  e p i t h e l i a l  c e l l s  wi th  E . co l i  

i s o l a t e d  from a p a t i e n t  w i t h  a r e c u r r e n t  u r i n a r y  t r a c t  i n f e c t i o n .  

Once aga in  t h e r e  was higher  b a c t e r i a l  adherence t o  e p i t h e l i a l  

c e l l s  der ived  from p a t i e n t s  wi th  i n f e c t i o n  than f o r  e p i t h e l i a l  

c e l l s  obta ined from the  c h i l d r e n  w i t h  no p r i o r  h i s t o r y  of 

u r i n a r y  t r a c t  i n f e c t i o n .  v i t r o  s t u d i e s  a l s o  demonstrated 

t h a t  more E .co l i  b a c t e r i a  a t t ached  t o  vag ina l  and p e r i u r e t h r a l  

e p i t h e l i a l  c e l l s  from p a t i e n t s  w i t h  r e c u r r e n t  u r i n a r y  t r a c t  

i n f e c t i o n s  than t o  c e l l s  from s u b j e c t s  wi thout  such i n f e c t i o n s  

(Svanborg Eden and Janson, 1979). A l l  of t h e s e  s t u d i e s  imply 

a r e l a t i o n s h i p  between t h e  adhesive  c a p a c i t y  in v i t r o  and t h e  

s e v e r i t y  of u r i n a r y  t r a c t  i n f e c t i o n s  in vivo.  A s tudy ,  however, 

c a r r i e d  ou t  by K.J. Harber, et a,, (1982) suggested t h a t  

adherence i s  n o t  a v i ru l ence  f a c t o r  f o r  b a c t e r i a  w i th in  t h e  

u r i n a r y  Crac t .  They found , tha t  of t h e  b a c t e r i a  t e s t e d ,  

t h e  symptomatic and asymptomatic producing s t r a i n s  showed 

no d i f f e r e n c e  i n  t h e i r  a b i l i t y  t o  adhere  t o  e i t h e r  buccal  

c e l l s  o r  u r o e p i t h e l i a l  c e l l s .  They f e l t  t h a t  previous  c la ims 

f o r  t h e  e x i s t e n c e  of a c o r r e l a t i o n  between adherence of u r i n a r y  

pathogens and c l i n i c a l  s e v e r i t y  of u r i n a r y  t r a c t  i n f e c t i o n s  

was unfounded. 

Whereas E . co l i  i n  gene ra l  causea most u r i n a r y  t r a c t  

i n f e c t i o n s ,  Proteus  m i r a b i l i s  i s  common i n  young boys and i n  

p a t i e n t s  wi th  r e c u r r e n t  u r ina ry  t r a c t  infect ions ,  An investi- 



gation by Svanborg Eden, P. Larson, g& a,, (1980) demonstrated 
that the attachment of 2. mirabilis to human uroepithelial 

cells is different from t2at of E.coli. A major difference 

is in the antigenic composition of the cell wall of the two 

species, 2,mirabilis lacks a polgcsaccharide capsule (Svanborg 

Eden, L. Hagberg, & a., 1980). I ~ O S ~  of the 335 2. mirabilis 

strains tested attached in large numbers to the uroepithelial 

cells regardless of the bacteria's origin. There was no 

d%fference in mean adherence of strains isolated from 

individuals with urinary tract infections and strains from 

other sources. 2.mirabilis strains also only attached to 

squamous but not transi$iooal 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 bladder epithelium only contains transistional 

epithelial cells. 

There also seems to be some debate over the method 

of choice for studying bacterial adherence. Svanborg Eden, 

et al.,in their studies relied on microscopic inspection of -- 
incubated cell preparations. A.J. Schaeffer, et aJ,, (1979) 

used bacteria labeled with d uridine. The use of these 

radioisotopically labeled bacteria eliminated problems 

associated with identifying or removing indigenous bacteria 

thst frequently colonize epithelial cells. K.J. Harber, g-J 

a1 (1981) felt that these methods did not allow for a ,. B 

distinction between attachment to urinary mucus and attach- 

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



contained 0.25% t o l u i d i n e b l u e  i n  borax which allowed them t o  

v i s u a l i z e  uromucoid. Svanborg Eden, et Q, (1977) a l s o  

added a t rypan  b lue  s t a i n  t o  t h e  c e l l  suspension,  before  

count ing ,  t o  exclude dead e p i t h e l i a l  c e l l s .  Dead c e l l s  

appear n o t  t o  bind as many b a c t e r i a  as v i a b l e  c e l l s .  However, 

Chick, et a. (1981) found t rypan  blue an  u n r e l i a b l e  index 

of c e l l  v i a b i l i t y  and t h e i r  t e s t  r ega rd ing  adherence 

d i f f e r e n c e s  was inconclusive .  

A s e r i e s  of s t u d i e s  were a l s o  conducted t o  determine 

t h e  opt imal  cond i t i ons  f o r  b a c t e r i a l  adherence ( A . J .  Schae f f e r ,  

e t  &., 1979) .  It  w a s  found t h a t  adherence was no t  app rec i ab ly  - 
a f f e c t e d  by temperature and was maximal a t  a  pH of 4 t o  5. 

However, Parsons and Schmidt (1980) found no s i g n i f i c a n t  

d i f f e r e n c e s  i n  mean adherent  b a c t e r i a  a t  a  pH of 4 and 6.4. 

They a l s o  noted t h a t  maximal adherence occur r&wi th in  one 

minute and r a t h e r  than i n c r e a s i n g  w i t h  t i m e , . a s  o t h e r  

i n v e s t i g a t o r s  had repor ted  , adherence decreased g radua l ly  

t o  a s t a t i o n a r y  l e v e l  of adherence approximately 50,6 of t h a t  

observed i n i t i a l l y ,  No r e l a t i o n s h i p  was found between t h e  

age o f  t h e  i n d i v i d u a l  who donated t h e  e p i t h e l i a l  c e l l s  and 

t h e  c a p a c i t y  of E .co l i  t o  a t t a c h  (Svanborg Eden and Joda l ,  

1979).  Adherence w a s  however, c o r r e l a t e d  wi th  t h e  day of t h e  

menstrual  cyc l e  and w a s  found t o  be h ighes t  du r ing  t h e  

e s t rogen  dependent phase and diminish a f t e r  ovu la t ion  

( ~ c h a e f f e r ,  et e., 1979). ddherence w a s  a l s o  found t o  be 

enhanced by b a c t e r k a l  incuba t ion  i n  b ro th  f o r  72 hours and 

i n h i b i t e d  by 4 -D-mannose (Schaeffer , a,, 1979). 



The adherence of bacteria to uroepithelial cells is 

dependent on specific recognition systems between bacteria 

and epithelial cells. Bacteria are thought to possess 

certain molecular structures on their surfaces that are 

capable of binding in a stereos~ecific fashion with specific 

molecular structures on the surfaces of the tissue cells of 

the host. Pili and fimbriae are believed to mediate the 

attachment of gram negative 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 

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

to uroepithelial cells. Of the 12 strains tested, none with 

adhesive ability lacked pili and only a few of the non- 

adhering strains contained pili. When they treated the 

bacteria to remove the pili a loss in adhesion paralleged the 

loss of pili, It was then concluded that pili or sub~tances 

coappearing with pili were likely responsible for the ability 

of E.coli to adhere to human uroepithelial cells, and thus 

initiating various forms of urinary tract infection. 

In a study of experimental ascending infection with 

Proteus, Silverblatt and Ofek (1975) showed that rats inoculated 

with heavily pilbted organisms developed significantly more 

pyelonephritic kidneys than did animals challenged with 

lightly pilated Froteus. Furthermore, when they examined 

the rat kidney by electron microscopy 24 hours later, many 

heavily piliated bacteria had become bound to the renal 



p e l v i c  mucosa, Another s tudy  us ing  e x f o l i a t e d  r a b b i t  b lhdder  

c e l l s  and heav i ly  and l i g h t l y  p i l i a t e d  Proteus  a l s o  confirmed 

t h e i r  r e s u l t s ,  once aga in  t h e  heav i ly  p i l i a t e d  Proteus  bound 

more r e a d i l y  t han  d id  t h e  l i g h t l y  p i l i a t e d  s t r a i n  ( S i l v e r b l a t t  

and Ofek,  1975).  A s i m i l a r  t e s t  was conducted us ing  human 

bucca l  e p i t h e l i a l  c e l l s  an& t h e  r e s u l t s  were once aga in  t h e  

same, showing t h a t  b ind ing  was no t  s p e c i f i c  f o r  c e l l  t ype ,  

nor  f o r  animal s p e c i e s  ( S i l v e r b l a t t  and Ofek, 1975).  Schae f f e r ,  

e t  a l .  (1979) noted t h a t  p i l i  could be washed o f f  t h e  b a c t e r i a l  -- 
s u r f a c e  when sub jec ted  t o  s e v e r a l  washings p r i o r  t o  i n c u b ~ t i o n .  

Adherence decreased by 10 t o  25%. Also b a c t e r i a  t h a t  were 

grown i n  b r o t h  f o r  72 hours t o  s t i m u l a t e  p i l i  format ion adhered 

more than  organisms grown on a g a r ,  a medium no t  conducive t o  

p W ~ o r n  (Schaef fe r ,  e t  a l . ,  1979).  

I n  o rde r  f o r  adherence t o  occur between b a c t e r i a  

and e p i t h e l i a l  c e l l s ,  t h e  e p i t h e l i a l  c e l l  must a l s o  c o n t a i n  

s p e c i f i c  r e c e p t o r  s i t e s  t h a t  a r e  recognized by a s p e c i f i c  

molecule on t h e  b a c t e r i a ,  The i n h i b i t i o n  of b a c t e r i a l  

adherence by p u r i f i e d  r e c e p t o r  o r  l i gand  m a t e r i a l  s e r v e s  t o  

demonstrate d i r e c t l y  i t s  r o l e  i n  adherence,  un fo r tuna t e ly ,  

i n  most ca ses  n e i t h e r  t h e  l igand  nor  t h e  r e c e p t o r  have been 

i d e n t i f i e d  o r  p u r i f i e d .  I n v e s t i g a t o r s  have r e s o r t e d  t o  u s ing  

r e c e p t o r  o r  l i gand  analogues.  The r e c e p t o r  s i t e  f o r  t h e  

En te robac t e r i acae  appears  t o  be s i m i l a r  t o  t h e  simple sugar  

mannose. The l i gand  and r e c e p t o r  f o r  o t h e r  b a c t e r i a  va ry  

accord ing  t o  t h e  spec i e s .  

Ofek, & a. (1977) performed a s e r i e s  of experiments 



demons t ra t ing  t h a t  s a t u r a t i o n  of b ind ing  s i t e s  on t h e  b a c t e r i a l  

s u r f a c e  by mannose o r  mannose-like suga r s  prevented t h e  

a t tachment  of t h e s e  organisms t o  e p i t h e l i a l  c e l l  r e c e p t o r s .  

When they  added 3-mannose o r  i t s  d e r i v a t i v e s  t o  t h e  e p i t h e l i a l  

c e l l s  t o  which E.col i  was p rea t t ached ,  t h i s  caused r a p i d  

r e l e a s e  of t h e  organism from t h e  e p i t h e l i a l  c e l l s .  They 

concluded t h a t  t h e  b ind ing  of E . co l i  t o  e p i t h e l i a l  c e l l s  is  

mediated by a mannose s p e c i f i c  l e c t i n - l i k e  s t r u c t u r e  p re sen t  

on t h e  s u r f a c e  of t h e  g , c o l i  which binds  t o  a mannose-like 

r e c e p t o r  on t h e  e p i t h e l i a l  c e l l .  Schae f f e r ,  et a. (1979) 
a l s o  showed t h a t  adherence was markedly enhanced by b a c t e r i a l  

i ncuba t ion  i n  b r o t h  f o r  72 hours and i n h i b i t e d  by&-2-mannose. 

These r e s u l t s  sugges t  t h a t  adherence can be c o n ~ i d e r e d  a 

complex phenomenon and appears  t o  be mediated by p i l i  on t h e  

b a c t e r i a  and mannose r e s i d u e s  on u r o e p i t h e l i a l  c e l l s .  

U r o e p i t h e l i a l  c e l l s  appear  t o  have a l i m i t e d  number 

of r e c e p t o r s  on t h e i r  su r f ace .  With, i n c r e a s i n g  concen t r a t i ons  

of b a c t e r i a ,  t h e  number of b a c t e r i a  adher ing  per  u r o e p i t h e l i a l  

c e l l  increased  bu t  a t  high concen t r a t i ons ,  adherence tended 

t o  s t a b i l i z e ;  a t  Q h i s  po in t  t h e  e p i t h e l i a l  c e l l s  were s a t u r a t e d  

( ~ c h a e f f e r ,  a., 1979).  

An i n d i c a t i o n  of t h e  poss ib l e  r o l e  of  sugar  binding 

a c t i v i t y  i n  i n f e c t i v i t y  w a s  obta ined by an  in vivo s tudy  

performed by Aronson, et Q. (1979 ) us ing  mice, I n  t h e s e  

experiments i n f e c t i v e  s t r a i n s  of E*c01i, were i n j e c t e d  i n t o  

t h e  b ladder  of mice i n  t h e  presence o r  absence of d i f f e r e n t  

sugars, It was found t h a t  methyla-D-mannoside, but  not 



methyl&-3-glucoside, caused a marked reduction in the number 

of bacteriuric mice, Similar experiments were obtained in a 

rabbit model of gastrointestinal infection where colonization 

of g.coli was specifically blocked by 3-mannose but not by 

other sugars (Hirschberger, & a l e ,  1977). 

Since the attachm~nt of certain bacterial pathogens 

is mediated by bacterial surface structures, antibacterial 

agents altering the bacterial surface are likely to affect 

attachment, Small amounts of antibacterial agents that 

decrease attachment may be sufficient to prevent colonization 

and may be sufficient for prophylaxis against recurrent 

urinary tract infections. E.coli that were still viable, 

were found to adhere less after treatment with sub*inhihftom 

concentrations of ampicillin and amoxycillin (Svanborg Eden, 

et &., 1978 ) , Eisenstein, et (1980) found a decrease in - 
the mannose binding capacity of H.coGi after streptomycin, 

tetracycline and trimethoprim treatment, It appears that 

certain properties of bacterial adherence (piliation, mannose 

binding, and adherence) appear to be more sensitive than 

others to suppression by different antibiotics. 

Growth of E.coli in streptomycin, gentamicin or tetra- 

cycline, but not chlorampkmicol or streptinomycin, resulted 

in a reduction in the degree of piliation of those cultures 

(EisenstCin, et a,, 1980). Penicillin G inhibits the 

expression of the mannose specific ligands in E.coli by 

distorting cell wall biosynthesis. Streptomycin suppresses 

t h e  formation and expression of  t h e  mannose s p e c i f i c  l igand 



i n  - -  E . c o l i  by a c t i n g  on t h e  b a c t e r i a l  ribosome t o  induce 

misreading of messenger R N A ,  which l e a d s  t o  abnormal p r o t e i n  

s y n t h e s i s  (Beachey, 1981 ).  

Although t h e r e  a r e  numerous a n t i m i c r o b i a l  a g e n t s  

a v a i l a b l e  f o r  use i n  t h e  t rea tment  of u r i n a r y  t r a c t  i n f e c t i o n s  

on ly  a few a r e  s u i t a b l e  f o r  l ong  term prophylaxis .  The 

t r ea tmen t  of cho ice  f o r  r e c u r r e n t  u r i n a r y  t r a c t  i n f e c t i o n s  

is a con t inuous ,  low dosage prophylaxis .  The agen t  used must 

cover  a wide range of pathogens,  be of  low t o x i c i t y ,  have 

minimal s i d e  e f f e c t s  and should n o t  produce a  f e c a l  r e s e r v o i r  

f i l l e d  w i th  r e s i s t a n t  s t r a i n s ,  

Cranberry j u i ce ,  f o r  some t ime,  has been considered 

a  f o l k  remedy f o r  t h e  r e l i e f  of d y s u r i a  and u r i n a r y  t r a c t  

i n f e c t i o n s .  A s tudy  done by Sobota (1984) has now shown 

c ranbe r ry  j u i ce  t o  be a  po ten t  i n h i b i t o r  of b a c t e r i a l  adherence,  

I n  h i s  s t u d y ,  a  t o t a l  of 77 c l i n i c a l  i s o l a t e s  of E . c o l i  showing 

a  p o s i t i v e  adherence were t e s t e d .  Cranberry j u i ce  i n h i b i t e d  

adherence by 75% o r  more f o r  over 60% of t h e s e  s t r a i n s .  Also 

u r i n e  from mice and humans d r i n k i n g  c r anbe r ry  j u i ce  s i g n i f i -  

c a n t l y  i n h i b i t e d  t h e  adherence of E , c o l i  t o  u r o e p i t h e l i a l  c e l l s .  

These r e s u l t s  demonstrate c r anbe r ry  j u i ce  c o n t a i n s  an  a c t i v e  

f a c t o r ( s )  t h a t  i n t e r f e r e s  wi th  b a c t e r i a l  adherence.  

The aim of t h i s  s t udy  is t o  con t inue  t o  i n v e s t i g a t e  

t h e  p o t e n t i a l  r o l e  of c r anbe r ry  ju ice  i n  t h e  t r ea tmen t  of 

u r i n a r y  t r a c t  i n f e c t i o n s .  The e f f e c t s  of c r anbe r ry  j u i ce  on 

t h e  adherence of v a r i o u s  s t r a i n s  of b a c t e r i a  were s t u d i e d .  

In addi t ion  the  adhesive a b i l i t y  of t h e  f i v e  b a c t e r i a l  



pathogens most commonly causing urinary tract infections 

were compared to see if strain or isolation source affects 

adherence. 



CHAPTER I1 

KATERIALS AND 14ETHOL)S 

Bac te r i a  and Cul ture  Condit ions 

A t o t a l  of 145 gram nega t ive  b a c t e r i a l  i s o l a t e s  

c o n s i s t i n g  of 15 K l e b s i e l l a ,  5 Ente robac te r ,  30 Pseudomonas 

32 e o t e u s  and62 Escher ieh ia  c o l i  were used i n  t h i s  s tudy.  

A l l  u r i n a r y  b a c t e r i a l  i s o l a t e s  were obta ined from h o s p i t a l  

p a t i e n t s  w i t h  a  known u r i n a r y  t r a c t  i n f e c t i o n  ( g r e a t e r  than  

5 10 b a c t e r i a  pe r  mL of u r i n e ) ,  Other sources  of b a c t e r i a  

ranged from blood,  s t o o l ,  sputum, wound, t h r o a t  and s a r ,  A l l  

b a c t e r i a  were obta ined from t h e  microbiology l a b o r a t o r y  a t  

Al l iance  C i t y  Hospi ta l ,  Upon r e c e i p t ,  t h e  organisms were 

s t r eaked  on PfiacConkey aga r  p l a t e s  and cu l tu red  f o r  a  minimum 

of 24 hours a t  37 '~ .  They were then i d e n t i f i e d  us ing  API 20E 

s t r i p s  which i d e n t i f y .  gram nega t ive  organisms on t h e  b a s i s  

of t h e i r  s p e c i f i c  biochemical r e a c t i o n s ,  Once i d e n t i f i e d ,  

t h e  organisms were t r a n s f e r r e d  t o  Brain Heart In fus ion  

aga r  deeps ( B H I  J i f c o )  and grown a t  3 7 ' ~  f o r  48 hours and 

then s t o r e d  a t  2' - 6 ' ~ .  When b a c t e r i a  were needed f o r  

t e s t i n g ,  t hey  were t r a n s f e r r e d  from t h e  B H I  aga r  deeps t o  

BHI b r o t h  ( B H I  Difco)  and grown a t  3 7 ' ~  f o r  48 hours. A t  

t h e  end of t h i s  time per iod ,  2 m l  o f  t h e  c u l t u r e  w a s  removed 

and cen t r i fuged  a t  2,500 rpm f o r  1 0  minutes. The supe rna t an t  

w a s  d i scarded  and the  b a c t e r i a l  p e l l e t  was resuspended i n  

2 ml of  0.01 phosphate b u f f e r e d  s a l i ne  (PBS) a t  a pH of  



7.2. The pH of the PBS was determined using an Owens Corning 

pH and gas analyzer. The concentration of bacteria was 

approximately lo9 bacteria per ml. (Sobota, 1984). 

Uroepithelial Cells 

Human urinary tract epithelial cells were obtained 

from the sediment of freshly voided midstream urine specimens. 

Urine specimens were obtained from one healthy individual 

with no prior history of urinary tract infection. A sterility 

control was done by inoculating one calibrated loopful (0.001 

ml) of urine onto blood and MacConkey agar plates and incubating 

them at 37'~ for 48 hours. Urine samples were also randomly 

screened for the presence of abnormal amounts of white blood 

cells and albumin, both of which indicate urinary tract 

infection. 

A 10 ml sample of urine was used for each unknown to 

be tested. The 10 ml of urine was centrifuged at 2,500 rpm 

for 10 minutes to harvest any cells. The supernatant was 

discarded and the epithelial pellet was washed one time with 

10 ml of PBS buffer, centrifuged for 10 minutes and the 

supernatant was discarded. The cell pellet was then resus- 

pended in PBS buffer to a final concentration of lo5 cells 

per ml using a hemocytometer. Uroepithelial cells were 

mostly of the squamous cell type (Sobota, 1984). 

Bacterial Adherence Test 

The method used in these experiments was that of 

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

by Parsons, et a1.,(1980). Two ml of uroepithelial cells at 



5 9 10  c e l l s  pe r  m l  was added t o  2 m l  of b a c t e r i a  a t  10 organisms 

per  m l , .  The r e s u l t i n g  sample was then vortexed and allowed 

t o  incuba te  f o r  30 minutes a t  3 7 ' ~  i n  a  water  bath .  The 

samples were mixed every 5 minutes by invers ion . .  Af t e r  

incuba t ion ,  1 m l  of t h e  c e l l - b a c t e r i a  mixture was removed 

us ing  a t u b e r c u l i n  syr inge .  The t u b e r c u l i n  sy r inge  con ta in ing  

t h e  1 m l  sample w a s  then  a t t ached  t o  a f i l t e r  appara tus  

con ta in ing  a 8 a m  pore s i z e  polycarbonate membrane f i l t e r  

(Nucleopore).  The sample was f i l t e r e d  and then  immediately 

washed wi th  30 r n l  of d i s t i l l e d  wate r ,  t h u s  removing any 

non-adherent b a c t e r i a  p re sen t  on t h e  f i l t e r .  The e p i t h e l i a l  

c e l l s  wi th  any adher ing  b a c t e r i a  were t rapped on t h e  nucleo- 

pore f i l t e r .  While s t i l l  wet, t h e  f i l t e r  was removed from 

t h e  ho lder  and pressed a g a i n s t  a  g l a s s  s l i d e  ( t o p s i d e  down) 

and allowed t o  dry ,  Af t e r  d ry ing  t h e  f i l t e r  was removed 

l e a v i n g  t h e  e p i t h e l i a l  c e l l s  adher lng t o  t h e  s l i d e .  Samples 

were then  gram s t a i n e d .  The Gram s t a i n  method used w a s  10 

seconds of Gram C r y s t a l  V io l e t ,  followed by 10 seconds of 

G r a m s  Iod ine ,  followed by 10 seconds of 957; e thanol  and 

f i n a l l y  10 seconds of Grams S a f r a n i n . .  This s t a i n  d i s t i n g u i s h e d  

gram nega t ive  b a c t e r i a  from g r a m  p o s i t i v e  b a c t e r i a ,  while i t  

a l s o  s t a i n e d  t h e  cytoplasm of t h e  e p i t h e l i a l  c e l l s  a  s l i g h t  

pink c o l o r  and t h e  nucleus a  purple  co lo r .  The gram nega t ive  

b a c t e r i a  on t h e  first 50 i n t a c t  e p i t h e l i a l  c e l l s  were counted 

v i a  o i l  emersion us ing  a  b r i g h t  f i e l d  microscope. Adherence 

w a s  recorded a s  t h e  average number of b a c t e r i a  per  e p i t h e l i a l  

c e l l  on the  50 counted c e l l s .  A c o n t r o l  of e p i t h e l i a l  c e l l s  



without  added b a c t e r i a  was run  concur ren t ly  wi th  t h e  unknown 

samples. Resu l t s  of t h e  adherence t e s t s  were omitted i f  t he  

background counts  exceeded f i v e  b a c t e r i a  per  e p i t h e l i a l  c e l l  

( E i s e n s t e i n ,  Beachey and Ofek, 1980). 

Cranberry J u i c e  

The c ranbe r ry  ju ice  used i n  t h e s e  experiments w a s  

one of two typesr  E i t h e r  Ocean Spray Cranberry Cockta i l  

ju ice  o r  c r anbe r ry  ju ice  obta ined from f r e s h  c r a n b e r r i e s .  

The ju ice  from t h e  f r e s h  c r a n b e r r i e s  was obta ined by c rush ing  

t h e  b e r r i e s  i n  a  b lender  a.nd then  c e n t r i f u g i n g  t h i s  mixture 

a t  4,000 rpn f o r  15 minutes t o  express  t h e  ju ice ,  The 

c ranbe r ry  j u i ce  was used f u l l  s t r e n g t h  un le s s  otherwise  

i n d i c a t e d ,  If t h e  c ranber ry  j u i ce  was t o  be d i l u t e d  it 

was d i l u t e d  wi th  d i s t i l l e d  water .  The pH of  t h e  Cranberry 

Cock ta i l  j u i ce  used i n  t hese  experiments was 3,1 while t h e  

f r e s h  c r anbe r ry  j u i c e ' s  pH w a s  2.7. 

S t a t i s t i c a l  Analysis  Methods 

Standard s t a t i s t i c a l  methods were used i n  t h i s  s tudy.  

Location and d i s p e r s i o n  were es t imated us ing  t h e  a r i t h m e t i c  

mean and t h e  s tandard  e r r o r ,  The two t a i l e d  Student  "t" 

t e s t  was used f o r  a l l  s t a t i s t i c a l  comparisons. The coef-  

f i c i e n t  of v a r i a t i o n  w a s  used t o  a s s e s s  any r e p r o d u c i b i l i t y  

s t u d i e s ,  



Adherence of B a c t e r i a l  Pathogens t o  U r o e ~ i t h e l i a l  C e l l s  

Each of t h e  145 gram nega t ive  b a c t e r i a l  i s o l a t e s  were 

incubated wi th  u r o e p i t h e l i a l  c e l l s  accord ing  t o  t h e  b a c t e r i a l  

adherence method descr ibed .  Bac te r i a  which had t h e  capac i ty  

t o  adhere were seen  on t h e  s u r f a c e  of t h e  e p i t h e l i a l  c e l l s ,  

Each of t h e  b a c t e r i a l  i s o l a t e s  was run  i n  conjunct ion wi th  

a c o n t r o l .  The c o n t r o l  f o r  t h i s  experiment cons i s t ed  of 

u r o e p i t h e l i a l  c e l l s  minus t h e  b a c t e r i a l  i s o l a t e . .  The r e s u l t s  

a r e  presented i n  Table 1, A l l  of t h e  b a c t e r i a l  pathogens 

t e s t e d  showed s i g n i f i c a n t  adherence t o  u r o e p i t h e l i a l  c e l l s  

when compared t o  t h e  c o n t r o l ,  g . c o l i  exh ib i ted  t h e  g r e a t e s t  

amount of adherence wi th  a  mean of 11.4 b a c t e r i a  per  c e l l .  

K l e b s i e l l a ,  Ente robac te r ,  Pseudomonas, and Proteus  a l l  

exh ib i t ed  s i g n i f i c a n t  adherence bu t  cons iderab ly  l e s s  t han  

E.col i  i s o l a t e s ,  --  
When u r i n a r y  and non-urinary E .co l i  i s o l a t e s  were 

s t u d i e d ,  t h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  between t h e  two. 

The 32 u r i n a r y  E . co l i  i s o l a t e s  t e s t e d  had a mean of 17.3 

b a c t e r i a  per  c e l l  i n  comparison t o  t h e  mean of 5,4 b a c t e r i a  

per  c e l l  f o r  t h e  31 non-urinary g , c o l i .  This can be seen i n  

Table 2. 

To determine if t h e  source  from which t h e  b a c t e r i a  

were c o l l e c t e d  a f f ec t ed  t h e  adherence t o  u r o e p i t h e l i a l  c e l l s ,  



b a c t e r i a l  i s o l a t e s  were c u l t u r e d  from f o u r  d i f f e r e n t  o r i g i n s  

u r i n e ,  sputum, wound and s t o o l .  B a c t e r i a l  adherence t e s t i n g  

w a s  c a r r i e d  o u t  a s  p rev ious ly  descr ibed .  B a c t e r i a  i s o l a t e d  

from t h e  u r i n e  had a mean adherence of 13.7 b a c t e r i a  per  c e l l  

i n  comparison t o  b a c t e r i a  i s o l a t e d  from sputum, wound and 

s t o o l  t h a t  had a n  average mean of 5.7 b a c t e r i a  per  c e l l .  

These d a t a  ar.e presented i n  Table 3. 

E f f e c t  of Cranberry Ju i ce  on Adherence 

To determine whether c ranber ry  c o c k t a i l  a f f e c t s  t h e  

adherence of b a c t e r i a  t o  e p i t h e l i a l  c e l l s ,  f i v e  d i f f e r e n t  

experiments were performed. Each experiment t e s t e d  two 

organisms,  one showing s t r o n g  adherence and one showing weak 

adherence,  belonging t o  t h e  fo l lowing  groupst  u r i n a r y  Proteus  

i s o l a t e s ,  u r i n a r y  Pseudomonas i s o l a t e s ,  u r i n a r y  E .co l i  i s o l a t e s ,  

and E . c o l i  i s o l a t e d  from non-urinary t r a c t  sources .  For ease  

of comparison a mean adherence f o r  each of t h e  f i v e  d i f f e r e n t  

experiments was determined.  

B a c t e r i a  and/or u r o e p i t h e l i a l  c e l l s  n o t  exposed t o  

c r anbe r ry  j u i ce  wereused a s  a c o n t r o l  f o r  t h e  f irst  t h r e e  

methods (Procedures  R C ,  U C ,  and PC). E p i t h e l i a l  c e l l s  and 

b a c t e r i a  were bo th  resuspended i n  PBS b u f f e r  t o  t h e i r  d e s i r e d  

concen t r a t i ons .  Each mixture was combined t o g e t h e r  forming 

a l r l  r a t i o .  B a c t e r i a l  adherence w a s  allowed t o  occur f o r  30 

minutes i n  a 3 7 ' ~  water  ba th  wi th  mixing of t h e  c o n t r o l s  

occu r r ing  every 5 minutes. A t  t h e  end of t h i s  t ime,  1 m l  

volumes were removed and f i l t e r e d  a s  p r ev ious ly  descr ibed .  

B a c t e r i a  adhe r ing  t o  t h e  f i r s t  50 i n t a c t  e p i t h e l i a l  c e l l s  



was determined for each control. The reproducibility of the 

technique was assessed by determining the adherence of 5 

seperate controls prepared from the same pols of bacteria 

and uroepithelial cells. The coefficient of variation was 

45,2% * 

In the first experiment , designated BC, fresh cran- 
berry juice was used to resuspend the bacterial pellet to a 

9 final concentration of 10 bacteria per ml. The bacteria 

suspended in cranberry juice were incubated at 37'~ for 30 

minutes in a water bath with agitation occuncihg every 5 

minutes. At the end of the 30 minutes the mixture was 

centrifuged at 2,500 rpm for 10 minutes and the supernatant 

containing the cranberry juice was discarded. The bacterial 

pellet was then resuspended in PBS to a final concentration 

9 of 10 bacteria per ml. 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 determined for each organism. The 

results can be seen in Table 4 under the heading Procedure 

BC, The mean adherence for the control group was 8.3 bacteria 

per uroepithelial cell while the mean adherence for the 

cranberry treated bacteria was significantly different with 

a mean adherence of 2.5 bacteria per uroepithelial cell. 

The second inhibition test, designated UC, involved 

the incubation of fresh cranberry juice with uroepithelial 

cells. Uroepithelial cells, collected from a fresh midstream 

u r i n e ,  were suspended i n  f r e s h  cranberry juice  t o  a f i n a l  



5 concentration of 10 cells per ml. The epithelial-cranberry 

juice mixture was allowed to incubate for 3 0  minutes at 37"~ 

in a water bath with manual mixing of the samples occurr5ng 

every 5 minutes. At the end of the 30 minutes, the mixture 

was centrifuged and the cells were harvested and resuspended 

5 in PBS buffer to a final concentration of 10 epithelial cells 

per ml. The adherence assay was performed using the treated 

uroepithelial cells and non-treated bacteria. l1:ean adherence 

values were determined for each of the organisms tested. The 

results are presented in Table 4. The control group'smean 

adherence was 8.3 bacteria p r cell while the mean adherence 

for Brocedure UC was 5,2 bac-eria per cell. To determine 

whether the inhibition of adlerence tests were reproducible, 

four organisms (2 urinary anc 2 non-urinary E.coli) were tested 

j times using Procedures 5C -nd UC. Coefficient of variation 

of variation of 26.9% 

I 
for Procedure BC was 22.35 while Procedure UC had a coefficient 

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 10 9 

cells per ml, and the uroepithelial cells, at a concentration 

5 of 10 cells per ml, were allowed to incubate separately for 

30 minutes in a 37'~ water bath. At the end of this time 

the two were combined, both still suspended in fresh cran- 

berry juice, and allowed to incubate at 37'~ for 30 minutes. 

The rest of  the adherence assay was carried out as previously 

described. Adherence values were  obtained for each o f  t h e  



organisms t e s t e d  and a r e  presented i n  Table 4  under t h e  

heading Procedure PC. Compared t o  t h e  c o n t r o l  of 8.3 b a c t e r i a  

per  c e l l ,  t h e  t r e a t e d  b a c t e r i a  and t r e a t e d  u r o e p i t h e l i a l  c e l l s  

showed s i g n i f i c a n t l y  reduced adherence,  a  va lue  of 2.8 b a c t e r i a  

per  c e l l .  Reproduc ib i l i t y  s t u d i e s  were once aga in  c a r r i e d  

ou t  f o r  t h i s  experiment, showing a c o e f f i c i e n t  of  v a r i a t i o n  

of 24.4%. 

The f o u r t h  method , des igna ted  C, involved t e s t i n g  of  

t h e  u r i n e  be fo re  and a f t e r  i n g e s t i o n  of c ranber ry  c o c k t a i l .  

An i n i t i a l  zero  time sample of u r ine  w a s  c o l l e c t e d  and then  

1 2  ounces of c ranber ry  c o c k t a i l  ju ice  was inges t ed .  The 

' u r i n e  taken a t  time zero served as t h e  c o n t r o l .  Af te r  2 

hours a second u r i n e  sample was c o l l e c t e d .  Both samples were 

cen t r i fuged  a t  2,500 rpm t o  recover  t h e  e p i t h e l i a l  c e l l s .  

The e p i t h e l i a l  c e l l s  were then  washed i n  PBS b u f f e r  and 

adherence t e s t s  were performed. The fo l lowing  combinations 

were t e s t e d :  

a )  zero  time e p i t h e l i a l  c e l l s  incubated wi th  each of t h e  
b a c t e r i a  

b )  2 hour e p i t h e l i a l  c e l l s  incubated with  each of t h e  
b a c t e r i a .  

The r e s u l t s  appear  i n  Table 5 .  Note t h a t  i n  a l l  e i g h t  b a c t e r i a  

t e s t e d  t h e r e  w a s  a s i g n i f i c a n t  decrease  i n  adherence on t h e  

e p i t h e l i a l  c e l l s  c o l l e c t e d  2 hours a f t e r  i n g e s t i o n  of t h e  

c ranber ry  c o c t a i l .  The mean adherence f o r  Procedure C w a s  

3.0 b a c t e r i a  per  e p i t h e l i a l  c e l l  compared t o  8.3 b a c t e r i a  

per  c e l l  f o r  t h e  c o n t r o l .  

The fifth method, designated U, used t h e  ur ine  



c o l l e c t e d  a t  t ime zero  and a t  2 hours a f t e r  i n g e s t i o n  of t h e  

c r anbe r ry  c o c k t a i l .  The u r i n e  was cen t r i fuged  f o r  10 minutes 

a t  2,500 rpm. The u r i n e  from t h e  2 hour sample and e p i t h e l i a l  

c e l l s  from t h e  zero  time sample were mixed and ihcubated a t  

3 7 ' ~  f o r  30 minutes.  The u r i n e  from t h e  zero  time sample and 

t h e  e p i t h e l i a l  c e l l s  from t h e  zero  time sample were mixed and 

incubated s o  a s  t o  s e rve  as a c o n t r o l .  B a c t e r i a l  adherence 

t e s t s  were performed on bo th  groups. The r e s u l t s  appear i n  

Table 6 .  The u r i n e  from t h e  2 hour sample s i g n i f ' i c a n t l y  

decreased t h e  amount of b a c t e r i a  adher ing  t o  t h e  e p i t h e l i a l  

c e l l s .  The mean adherence f o r  Procedure U was 3.6 b a c t e r i a  

p e r  e p i t h e l i a l  c e l l  compared t o  8.5 b a c t e r i a  per  e p i t h e l i a l  

c e l l  f o r  t h e  c o n t r o l  group. To determine whether t h e  i n h i b i t i o n  

of sdherence t e s t s  was r ep roduc ib l e ,  fourorganisms (2  u r i n a r y  

E .co l i  and 2 non- urinary E . c o l i )  were t e s t e d  5 t imes  u s ing  --  
t h e  two in vivo  methods j u s t  descr ibed .  Procedure C had a 

c o e f f i c i e n t  of v a r i a t i o n  of 21.5% whi le  Procedure U had a 

c o e f f i c i e n t  of  v a r i a t i o n  of 19.0%. 

Pre-Attached B a c t e r i a  Tes t  

Two u r i n a r y  E.co1i i s o l a t e s  were t e s t e d ,  one showing 

a high degree  of adherence,  des igna ted  EcH, and one showing 

a lower l e v e l  of b a c t e r i a l  adherence,  des igna ted  EcL. B a c t e r i a  

and u r o e p i t h e l i a l  c e l l s  were incubated f o r  30 minutes a t  3 7 ' ~ ~  

and t h e n m  equa l  volume of f r e s h  c r anbe r ry  , juice vias added, 

and placed back i n t o  t h e  3 7 ' ~  water  ba th .  lit t imes  of 0 ,  5 ,  

10,  30, 60,  120, and 240 minutes a 1 m l  volume of sample w a s  



removed and processed in the usual manner. A control consisting 

of 2 ml of lo9 bacteria per ml and 2 ml of lo5 uroepithelial 

cells per ml was included. The results can be seen in Table 

7. It can be seen that the fresh cranberry juice significantly 

reduced the attachment of the bacteria to the uroepithelial 

cells. Isolate EcH had an initial adherence of 19.5 bacteria 

per cell, while at 30  minutes after incubation with the cran- 

berry juice that adherence dropped to 6.1 bacteria per cell. 

The same situation occurred with isolate EcL. 

Time Study 

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

this study. Twelve ounces of cranberry co~ktail juice was 

ingested and at time intervals of 0, 30, 60, 90, 120, and 

240 minutes urine specimens were collected, Ten ml of each 

specimen was centrifuged at 2,500 rpm for 10 minutes to harvest 

the uroepithelial cells. The uroepithelial cells were washed 

with 10 ml of PBS buffer, centrifuged and resuspended in PBS 

5 buffer to a final concentration of 10 cells per ml and 

adherence tests were performed. A control was included using 

epithelial cells from untreated urine. The seven urine 

samples collected above, free of epithelial cells, were also 

incubated with epithelial cells from urine collected at time 

zero. At the end of the 30 minutes incubation in a 37'~ 

water bath the samples 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 twelve ounces of 



cranberry cocktail juice significantly inhibited the adherence 

of the bacteria. The time interval of 90 to 120 minutes 

after ingestion of the cranberry juice showed the greatest 

amount of inhibition for both E,coli isolates tested, 
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TABLE 4 

Ef fec t  o f  Cranberry Cockta i l  Ju ice  on B a c t e r i a l  I s o l a t e s  

a) S i g n i f i c a n t l y  d i f f e r e n t  f rom con t ro l  ( p <  0.01) 

b) S i g n i f i c a n t l y  d i f f e r e n t  f r o m  con t ro l  ( p  (0.05) 

- 
Procedure UC 

7.0 - + 1.77 

5.1 2 0.83 

4.7 2 1.60 

3.8 - + 0.76 

Procedure BC 

1.1 5 0.34 

2.7 + 0.62 

2 .0  + 0.41 

2.1 2 0.47 

B a c t e r i a l  I s o l a t e  

#5160 E . c o l i  ( u r i n a r y )  

#4796 E.col i  ( u r i n a r y )  

#811 Proteus 

#560 Proteus  

Procedure PC 

2.6 2 0.38 

2.4 + 0.62 

1.9 2 0.37 

3.2 + 0.52 

Control 

16.8 2 5.42 

9.8 - + 3.92 

7.1 2 1.09 

4.3 rt: 1.97 

4.5 2 0.48 

4.9 2 0.75 

3.9 t 0.54 

7 .3  2 1.97 

5.2 + 0 . 4 7 ~  

2.5 - + 0.40 

4.0 2 0.55 

2.1 - + 0.40 

3.7 2 0-59 

2.5 2 0 . 3 4 ~  

#9l lZ Pseudomonas 

#7285 Pseudomonas 

#?I75 E e c o l i  (non-urinary) 

#648 E.col i  (non-urinary) 

Mean Adherence f o r  
Each Procedure 

1.7 2 0.33 

2.6 2 0.45 

4.1 2 0.66 

3.6 2 0.61 

2.8 2 0 . 2 9 ~  

11.0 3 2.90 

5.8 - + 0.91 

4.4 2 1.09 

7 . 5 2  1.43 

8.3 + 1.48 



TABLE 5 

E f f e c t  of Inges t ion  of Cranberry Cockta i l  Ju ice  on B a c t e r i a l  I s o l a t e s  

a) S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l  ( p  < 0.01) 

r 

B a c t e r i a l  I s o l a t e  

#5160 E. c o l i  ( u r i n a r y )  

#4796 E . c o l i  ( u r i n a r y )  

#811 Proteus  

#560 Proteus 

#9112 Pseudomonas 

#7285 Pseudomonas 

#?I75 E m  c o l i  (non-urinary) 

#648 E . c o l i  (non-urinary) 
- 

Mean Adherence f o r  Each 
Procedure 

Con"co;i. 

16.8 - + 5.42 

9.8 2 3.92 

7 . 1  + 1.09 

4 . 3  + 1 - 9 7  

11.0 + 2.90 

5.8 - + 0.91 

4.4 - + 1.09 

Procedure C 

1.4 + 0.40 

4 .5  + 0.71 

1.4 + 0.44 - 

1 . 8  + 0.44 

5.2 + 0.99 - 

3.8  2 0.75 

2.4 + 0.95 

7.5 + 1.43 3.6 I 0.27a 

8 .3  + 1.48 3.0 + 0.52 



TABLE 6  

I n h i b i t i o n  of Adherence by Treated Urine 

#5160 E .  c o l i  (u r ina ry )  

#4796 E . c o l i  ( u r i n a r y )  

#811 Proteus  

#560 Proteus  

#9112 Pseudomonas 

#7285 Pseudomonas 

#7175 E .  c o l i  (non-urinary) 

#648 E . c o l i  (non-urinary) 

B a c t e r i a l  I s o l a t e  

Mean Adherence f o r  Each 
Procedure 1 8.5 5 1.47 

Control  Procedure U 

a)  S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l  ( p  d 0.01) 
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TABLE 8 

Time Study R e s u l t s  

* 2 Standard e r r o r  o f  mean 

a) S i g n i f i c a n t l y  d i f f e ren t  from c o n t r o l  ( p  <O. 01) 

b) S i g n i f i c a n t l y  d i f f e r e n t  f r o m  c o n t r o l  ( p  (0.05) 

c )  Not  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  c o n t r o l  

Minutes 

0 

30 

60 

90 

120 

24 0 

* 
Mean B a c t e r i a  p e r  C e l l  

Trea ted  U r o e p i t h e l i a l  C e l l s  

EcH 

11.8 2 3.09 

6.9 + 1 . 2 8 ~  

5.7 + 1 . 5 2 ~  

2.5 + 0 . 8 6 ~  

2.7 + 0 . 5 4 ~  

5.1 + o.60a 

Treated Urine 

E cL 

13.2 + 2.19 

10.3 + 3.33C 

5.1 + 0 . 6 7 ~  

4.0 + 0 . 8 7 ~  

3.6 + 0.70a 

6.4 - + 0 . 6 5 ~  

EcH 

15.1 + 2.02 

11.2 + 1.69' 

7.2 + 1 . 2 2 ~  

1.9  + 0 . 9 6 ~  

2.9 + 0 . 7 3 ~  

7.7 + 1.60a 

EcL 

11.1 2 2.42 

11.1 + 1.83' 

5.2 - + 0 ~ 6 9 ~  

3.0 + 0 . 7 4 ~  

3.1 + 1 . 1 0 ~  

8.1 + 1 . 0 7 ~  



Previous investigations have suggested that the initial 

event in colonization and invasion is the adherence of bacteria 

to epithelial cells of the mucosal surface. All of the 145 

bacterial isolates in this study were shown to adhere to 

uroepithelial cells in varying degrees. Particular attention 

was focused on g.coli since it causes approximately 80j5 of 

all urinary tract infections, It was observed in this study 

that E.coli isolates adhered more readily than Klebsiella, 

'Proteus, Enterobacter, and Pseudomonas isolates. When E.coli 

was divided into urinary g.coli and non-urinary E.coli, 

E.coli isolated from patients with diagnosed urinary tract --  
infection adhered 70% more readily than did E.coli isolated 

from non-urinary sources, Similar results were found by 

Svanborg Eden, et g.  (1976) when they noted that &.coli 

isolated from the urine of patients with acute symptomatic 

pyelonephritis or cystitis attached to normal uroepithelial 

cells in larger amounts than did E,coli isolated from the 

urine of patients with asymptomatic bacteriuria. Since the 

asymptomatic bacteria screening strains adhered poorly in 

Svanborg Eden's study (1976), the importance of attachment as 

a mechanism in urinary tract colonization remained uncertain 

especially in these patients, However, in my particular 

study the comparison being made was between non-urinary E.coli 



and urinary E.coli and not E.coli isolated from asymptomatic 

patients. Asymptomatic bacteria may still be capable of 

adherence in the urinary tract. Nhen comparing urinary E.coli 

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

was noticed. These results suggest that attachment is an 

important mechanism in urinary tract colonization and may be 

an important virulence factor for E.colii causing urinary 

tract infections. 

Organisms isolated from patients with known urinary 

tract infections, adhered approximately 607; more readily than 

did ba~teria isolated from sputum, wound and stool cultures. 

These results support previous studies which indicate that 

adhesive molecules on the surface of the bacteria are 

recognized by specific receptor molecules on animal cells. 

3acterial isolates lacking these specific adhesive molecules 

appear to be either unable to attach to uroepithelial cells 

or may not form enough bonds to allow the bacterial isolate 

to remain attached. Beachey (1981) has shown that bacterial 

adherence involves the simultaneous binding of a large number 

of bacterial ligand molecules with a large number of receptor 

molecules to form multiple, independent bonds, therefore the 

attachmevll of bacteria becomes virtually irreversible. If 

only a few bonds are formed this interaction is relatively 

weak, thus the adherent bacteria may not be able to effec- 

tively overcome the physiologic cleansing mechanism of the 

tissue cell surface. 

A great  deal of variation was observed t h r o u g h o u t  t h i s  



s tudy  on the  adherence of b a c t e r i a  t o  u r o e p i t h e l i a l  c e l l s .  

Some c e l l s  from a  s i n g l e  i n d i v i d u a l  were covered wi th  b a c t e r i a  

while o t h e r  c e l l s  from t h e  same sample were f r e e  of b a c t e r i a .  

T h i s  phenomenon was a l s o  noted by o t h e r  r e s e a r c h e r s  (Schae f f e r ,  

e t  Q., 1979) (Svanborg Eden,& &. , 1977) (Parsons and - 
Schmidt, 1 9 8 0 ) .  One poss ib l e  explana t ion  f o r  t h i s  v a r i a t i o n  

could depend on t h e  matur i ty  of t h e  c e l l s ,  r e s u l t i n g  i n  

v a r i a t i o n s  i n  t h e  d e n s i t y  of r e c e p t o r  s i t e s ,  The popula t ion  

be inp  s t u d i e d  probably con ta ins  both  v i a b l e  c.el!laanLd c e l l s  i n  

va r ious  s t a g e s  of c e l l  dea th ,  If t h e  number of r e c e p t o r  s i t e s  

v a r i e s  f o r  each of  t hese  c e l l  types  t h i s  could exp la in  

t h e  degree  S f  v a r i a t i o n  seen i n  t h i s  s tudy.  A dead c e l l  may 

n o t  bind as many b a c t e r i a  as a more v i a b l e  u r o e p i t h e l i a l  c e l l .  

Also adherence may be a f f e c t e d  by changes i n  hormone l e v e l s  

i n  t h e  body, I t  may be t h a t  r e c e p t o r  s i t e s  a r e  more a v a i l a b l e  

du r ing  c e r t a i n  s t a g e s  of c e l l  development a s  we l l  as hormonal 

i n f luence .  Schae f f e r ,  & d. (1979) found t h a t  when adherence 

w a s  c o r r e l a t e d  wi th  t h e  day of t h e  menstrual  cyc l e ,  a  r e p e t i -  

t i v e  p a t t e r n  developed. Adherence was maximal du r ing  t h e  

e s t rogen  dependent phase and diminished a f t e r  ovula t ion .  

However, Svanborg Eden, .eJ a. (1980) found no c o r r e l a t i o n  

between hormone l e v e l s  and b a c t e r i a l  adherence.  Beachey (1981) 

pos tu l a t ed  t h a t  i n  some cases  it i s  t h e  arrangement of  t h e  

membrane r e c e p t o r s  on t h e  e p i t h e l i a l  c e l l  t h a t  determines  t he  

a b i l i t y  of c e r t a i n  t i s s u e s  t o  be colonized by a  p a r t i c u l a r  

b a c t e r i a l  pathogen. This sugges t s  t h a t  r e c e p t o r  and l i gand  

molecules must be accessible and arranged in a fash ion  t h a t  



many bonds are produced. 

The reproducibility of each technique was assessed 

by determining the adherence of 5 differen$ samples for 

each of the bacterial adherence exyeriments. When the 

samples were prepared using the same pool of bacteria and 

uroepithelial cells, the average coefficient of variation 

for the 5 ba.cteria1 adherence experiments and their controls 

was 21.64. Schaeffer, al. (1979) noted that the coefficient 

of variation for his technique was 22%. A 22% coefficient 

of variation was also noted by Schaeffer, et a. in his 1981 
bacterial adherence experiments. These comparisons show that 

the bacterial adherence assay is quite reproducible not only 

between experiments but also between different researchers. 

The administration of cranberry juice has been used 

in the past as a urinary a~idifier~for the prevention and 

treatment of urinary tract infections, It was believed that 

quinic acid, found in cranberries, was the precursor of the 

hippuric acid which is a strong antibacterial agent (IiIoen, 

1962) .  Bodel, & gl-. (1959), however, demonstrated that 

cranberry juice is not an effective acidifier of urine and 

it rarely increases the hippuric acid concentration in the 

urine to the minimum necessary for bacteriostasis of common 

urinary pathogens. Similar results were found by Sobota 

(1984). 

Cranberry cocktail, used in these experiments, also 

contains fructose and Vitamin C in addition to cranberry 

juice, Sobota (1984) has shown t h a t  t h e  amount of  fructose 



present in the cranberry cocktail had only a  minima^ effect 

on inhibition of adhernnce. He also found that Vitamin 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 ik was determined 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 cocktail 

thxt contains the active factor. 

In order to determine the concentration of cranberry 

juice necessary for adherence a dilution study was performed. 

These results indicate that dilutions up to lr'j00 of the 

cranberry cocktail still showed significant inhibitory 

effects. Sobota (1984) had noted that at dilutions up to 

1:lCO had a significant effect on adherence. Thus it appears 

that the cocktail is effective at dilutions 5 times greater 

than reported by Sobota (1984) .  

The results presented in this study confirmed cranberry 

juice to be an inhibitor of bacterial adherence. It 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 colonize and infect 

human mucosal surfaces and does not alter surface characteristics 

on epithelial cells. This is based on two observations; 

1) organisms preincubated in era-nberry juice had significantly 

reduced adherence whereas uroepithelial cells preincubated in 

cranberry juice were not as s t rongly  inhibited, The preincu-  



bated bacteria showed a 70s decrease in the number of adhering 

bacteria while the preincubated uroepithelial cells had a 37% 

decrease in the number of adhering bacteria, The cranberry 

juice seems to interfere more with the bacterial adherence 

factors than it does with the surface features of the uro- 

epithelial cell, 2) g.coli that wmallowed to attach to uro- 

epithelial cells were rapidly released from these cells after 

the addition of fresh cranberry juice, It appears that 

cranberry juice affects the bonds formed between the bacteria 

and epithelial cell either by weakening them or by completely 

breaking these bonds causing the release of the bacteria. 

This release is rapid, as shown in this study, where a 

significant decrease in the number of attached bacteria occurred 

5 minutes after the addition of the cranberry juice. It was 

noted that even after the cranberry juice was removed 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 lost 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:th&t 

whatever factor(s) is present must bind in a very specific 

manner either to the bacteria or epithelial cell so that it 

is not easily removed after one wash. After a series of 

washings this factor may be removed 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. 



Cf t he  e i g h t  s t r a i n s  b f  b a c t e r i a  t e s t e d ,  a l l  were 

s i g n i f i c a n t l y  i n h i b i t e d  a f t e r  i ncuba t ion  i n  c ranber ry  ju ice .  

This sueges t s  t h a t  c ranber ry  ju ice  may have u n i v e r s a l  e f f e c t s .  

Fur ther  s t u d i e s  would be needed t o  v e r i f y  t h i s  sugges t ion .  

In  v ivo  r e s u l t s  from t h i s  s tudy  showed a s i g n i f i c a n t  -- 
decrease  i n  adherence of b a c t e r i a  t o  u r o e p i t h e l i a l  c e l l s  

c o l l e c t e d  a f t e r  t h e  i n g e s t i o n  of 12 ounces of c ranber ry  

c o c k t a i l ,  g , c o l i  faiihed t o  adhere t o  u r o e p i t h e l i a l  c e l l s  

c o l l e c t e d  two hours a f t e r  i n g e s t i o n  of t h e  c ranber ry  

c o c k t a i l ,  I n  c o n t r a s t  u r o e p i t h e l i a l  c e l l s  c o l l e c t e d  before  

i n g e s t i o n  were capable  of b a c t e r i a l  adherence. This phenomenon 

occurred f o r  a l l  e i g h t  s t r a i n s  00 b a c t e r i a  t e s t e d .  These 

r e s u l t s  had n o t  been prev ious ly  r epo r t ed .  I t  was noted 

e a r l i e r  t h a t  i n  t h e  i n  v i t r o  s tudy  t h e  ju ice  had only a  

minimal e f f e c t  (37:: decrease  i n  adherence)  on the  e p i t h e l i a l  

c e l l s  whi le  i n  t h e  in vivo s tudy  b a c t e r i a l  adherence decreased 

by 64:, This i n d i c a t e s  t h a t  a  metabol i t e  of  t h e  c ranber ry  

ju ice  may have a more profound a f f e c t  on t h e  mucosal s u r f a c e  

l i n i n g  t h e  u r i n a r y  t r a c t  than d i d  t h e  non-metaboliz&_f!acttor 

p re sen t  i n  t h e  c ranber ry  ju ice .  Also it  must be noted t h a t  

it i s  u n c e r t a i n  t o  what e x t e n t  e p i t h e l i a l  c e l l s  i n  t h e  u r i n e  

can be r e p r e s e n t a t i v e  of t h e  i n t a c t  mucosal s u r f a c e ,  S imi l a r  

r e s u l t s  were observed when un t r ea t ed  u r o e p i t h e l i a l  c e l l s  

were incubated i n  u r i n e  c o l l e c t e d  two hours a f t e r  i n g e s t i o n  

of t h e  c r anbe r ry  c o c k t a i l  ju ice .  U r o e p i t h e l i a l  c e l l s  incubated 

i n  t r e 3 t e d  u r i n e  showed a  58% decrease  i n  mean b a c t e r i a l  

adherence when compared to uroepithelial cells incubated in 



un t r ea t ed  u r i n e .  It w a s  a l s o  observed t h a t  t h e r e  t ~ s s  ln6 

s i g n i f i c a n t  d i f f e r e n c e  between u r i n e  c o n t r o l s  ( u r i n e  c o l l e c t e d  

p r i o r  t o  i n g e s t i o n  and c o n t r o l s  i n  which PBS b u f f e r  was 

s u b s t i t u t e d  f o r  u r i n e ) .  These r e s u l t s  i n d i c a t e  t h a t  subs tances  

p r e s e n t  i n t h e  u r i n e ,  be fore  i n g e s t i o n  of c r anbe r ry  j u i ce ,  

had no e f f e c t  on b a c t e r i a l  adherence.  Any decrease  noted 

a f t e r  i n g e s t i o n  would be due t o  some f a c t o r ( s )  o r  me tabo l i t e  

of  t h e  c r anbe r ry  juice .  

Therefore  c ranber ry  j u i ce  appears  t o  c o n t a i n  an 

a c t i v e  f a . c t o r ( s )  t h a t  can su rv ive  normal metabolism i n  man 

and can accumulate i n  t h e  u r ine ,o r  p o s s i b l y  a byproduct 

of cranberry j u i ce  metabolism accumulates i n  t h e - u e i a e .  

S i m i l a r  sugges t i ons  were made by Sobota (1984). In  h i s  s t udy  

f i f t e e n  mice were given c r anbe r ry  c o c k t a i l  i n  replacement 

of t h e i r  wa te r  f o r  a  per iod  of 14 days. Urine samples 

c o l l e c t e d  from t h e  mice were found t o  s i g n i f i c a n t l y  i n h i b i t  

adherence of b a c t e r i a  t o  e p i t h e l i a l  c e l l s .  

Previous  r e s u l t s  a long  wi th  r e s u l t s  from t h i s  s t udy  

i n d i c a t e  t h a t  t h e r e  is a f a a t o r  p r e s e n t  i n  t h e  c r anbe r ry  

j u i ce  which appears  t o  a l t e r  t h e  way b a c t e r i a  adhere  t o  

mucosal s u r f a c e s .  This a c t i v e  f a c t o r ,  which is t h e  po t en t  

i n h i b i t o r  of b a c t e r i a l  adherence,  i s  n o t  known a t  t h i s  t ime,  

no r  i s  it known e x a c t l y  how it i n t e r f e r e s  w i th  b a c t e r i a l  

adherence.  From both  t h e  in vivo  and v i t r o  s t u d i e s  performed 

he re ,  i t  appears  t h a t  i t  a l t e r s  t h e  u r o e p i t h e l i a l  c e l l  s u r f a c e  

components as w e l l  as t h e  su r f ace  p r o p e r t i e s  of  t h e  b a c t e r i a .  

The a c t i v e  f a c t o r  present  i n  cranberry juice  appears t o  bind 



t o  b a c t e r i a l  i s o l a t e s  i n  a very s p e c i f i c  manner. T h i s  w a s  

demonstrated e a r l i e r  when washing of t h e  c ranber ry  t r e a t e d  

b a c t e r i a  d i d  n o t  remove t h e  major i ty  of t h e  a c t i v e  f a c t o r .  

The s l i g h t  decrease i n  adherence seen wi th  c ranber ry  t r e a t e d  

e p i t h e l i a l  c e l l s  may be due t o  non- spec i f ic  b inding of t h e  

f a c t o r  t o  t h e  e p i t h e l i a l  c e l l s .  In  t h i s  c a s e ,  t h e  f a c t o r  

can then  be car r ied .  over t o  t h e  b a c t e r i a  du r ing  t h e i r  i n t e r -  

a c t i o n  r e s u l t i n g  i n  decreased adherence. 

3 e s u l t s  from the  time s tudy  i n d i c a t e  t h a t  t h i s  

i n h i b i t o r  i s  a l s o  q u i t e  s t a b l e .  The a c t i v e  f a c t o r  o r  some 

metabolite of i t  f irst  appeared i n  t h e  u r i n e  approximately 

one hour a f t e r  i nges t ion ,  Urine samples c o l l e c t e d  4  hours 

a f t e r  i n g e s t i o n  of 1 2  ounces of ju ice  s t i l l  continued t o  

show a ' s i g n i f i c a n t  decrease  i n  adherence. Sobota (1984) 

performed a similar experiment i n  which human s u b j e c t s  

inges ted  15 ounces of c ranber ry  c o c k t a i l  and u r ine  samples 

were then  c o l l e c t e d  1 t o  3 hours a f t e r  i n g e s t i o n ,  F i f t e e n  of 

22 s u b j e c t s  showed s i g n i f i c a n t  an t iadherence  a c t i v i t y  1 t o  

3 hours a f t e r  d r ink ing  t h e  ju ice .  a i f f e r e n c e  i n  a n t i -  

adherence a c t i v i t y  i n  t h e  u r i n e  c o l l e c t e d  from each s u b j e c t  

could be explained by t h e  d i f f e r e n c e  i n  u r o e p i t h e l i a l  c e l l  

popula t ions  and t h e  r a t c  of metabolism f o r  each s u b j e c t .  

It was a l r e a d y  noted by s e v e r a l  r e s e a r c h e r s  t h a t  v a r i a t i o n  

i n  u r o e p i t h e l i a l  c e l l  r e c e p t i v i t y  between i n d i v i d u a l s  e x i s t s  

(Schae f f e r ,  et g . ,  19'79) (Schaef fe r ,  et gl-, , 1981) (Parson 

and Sclimidt, 1980) .  This f a c t o r  p r e s e n t  i n  t h e  u r i n e  a f t e r  

i n g e s t i o n  of t h e  cranberry cocktail juice was found in high 



enough concentrations allowing 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 

adherence. 

There have been several reports on the beneficial 

side effects of cranberry juice in the treatment of urinary 

tract infections. Steinlieb (1963) recommended an 8 ounce 

glass of cranberry juice four times a day in patients with 

certain urinary tract infections. A study by Frodomas, & g. 

(1966) showed the inhibiting effect of cranberry juice on 

bacteria. Sixty patients with known acute urinary tract 

infections were treated with 16 ounces of cranberry juice 

per day for three weeks. At the end of the time, 53s of 

the patients had a positive clinical response and 20); had 

moderate improvement. After the cranberry juice therapy had 

been discontinued, 61$ showing improvement had recurring 

urinary tract infections. 

Evidence has accumulated to show that in order for 

adherence to occur between bacteria and epithelial cells, 

the epithelial cell must contain specific receptor sites that 

are recopized by specific molecules on the bacteria. A 

compound is needed to mimic the structure of the membrane 

receptor and bacterial adhesin so as to act as a competitive 

inhibitor of bacterial adherence. The use of nontoxic, 

nonantibiotic bacteriostatic agents such as cranberry juice 

in the,ttraatment of urinary tract infections may be very 

beneficial, Cranberry juice is found to be well tolerated 



for lone periods of time by patients, with no clinical side 

effects (Prodomas, a,, 1 9 6 6 ) .  It  may be especially 

useful for long term prophylaxis in patients with recurrent 

urinary tract infections, in which long term antibiotics 

would present problems. 
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