This article was downloaded by: [University of Aberdeen]

On: 06 October 2014, At: 03:49

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Critical Reviews in Food Science and Nutrition

Lo Publication details, including instructions for authors and subscription information:
o http://www.tandfonline.com/loi/bfsn20

«F00 L
SCIQC"' Cranberry and Recurrent Cystitis: More than

and Marketing?
Humhﬂn Salvatore Micali ® , Gianmarco Isgro ® , Giampaolo Bianchi ? , Natalizia Miceli ® | Gioacchino
P - ® Calapai ¢ & Michele Navarra ° ¢
ﬂr . # Department of Urology, University of Modena & Reggio Emilia , Modena , Italy
’ = b Department of Drug Sciences and Health Products , University of Messina , Messina , Italy

¢ Department of Clinical and Experimental Medicine and Pharmacology , University of
Messina , Messina , Italy

4 JRCCS Centro Neurolesi “Bonino-Pulejo” , Messina , Italy
Accepted author version posted online: 26 Mar 2013.Published online: 05 Feb 2014.

To cite this article: Salvatore Micali , Gianmarco Isgro , Giampaolo Bianchi , Natalizia Miceli , Gioacchino Calapai & Michele
Navarra (2014) Cranberry and Recurrent Cystitis: More than Marketing?, Critical Reviews in Food Science and Nutrition, 54:8,
1063-1075, DOI: 10.1080/10408398.2011.625574

To link to this article: http://dx.doi.org/10.1080/10408398.2011.625574

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained

in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any

form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/loi/bfsn20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/10408398.2011.625574
http://dx.doi.org/10.1080/10408398.2011.625574
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Aberdeen] at 03:49 06 October 2014

Critical Reviews in Food Science and Nutrition, 54:1063-1075 (2014)
Copyright © Taylor and Francis Group, LLC

ISSN: 1040-8398 / 1549-7852 online

DOI: 10.1080/10408398.2011.625574

Taylor & Francis
Taylor & Francis Group

Cranberry and Recurrent Cystitis:
More than Marketing?

SALVATORE MICALIL' GIANMARCO ISGRO,! GIAMPAOLO BIANCHI,!
NATALIZIA MICELIL? GIOACCHINO CALAPAI? and MICHELE NAVARRA?#
"Department of Urology, University of Modena & Reggio Emilia, Modena, Italy

“Department of Drug Sciences and Health Products, University of Messina, Messina, Italy

3Department of Clinical and Experimental Medicine and Pharmacology, University of Messina, Messina, Italy

4IRCCS Centro Neurolesi “Bonino-Pulejo”, Messina, Italy

Epidemiologic studies indicate that millions of people suffer from recurrent cystitis, a pathology requiring antibiotic prophy-
laxis and entailing high social costs. Cranberry is a traditional folk remedy for cystitis and, which, in the form of a variety
of products and formulations has over several decades undergone extensive evaluation for the management of urinary tract
infections (UTI). The aim of this retrospective study is to summarize and review the most relevant and recent preclinical and
clinical studies on cranberries for the treatment of UTIs. The scientific literature selected for this review was identified by
searches of Medline via PubMed. A variety of recent experimental evidence has shed light on the mechanism underlying
the anti-adhesive properties of proanthrocyanidins, their structure—activity relationships, and pharmacokinetics. Analysis
of clinical studies and evaluation of the cranberry efficacyl/safety ratio in the prevention of UTlIs strongly support the use
of cranberry in the prophylaxis of recurrent UTIs in young and middle-aged women. However, evidence of its clinical use

among other patients remains controversial.

Keywords Cranberry, recurrent cystitis, proanthiocyanidine, phytotherapy

INTRODUCTION

Urinary tract infections (UTI) are among the most common
bacterial infections and have the heaviest impact on welfare
budgets and people’s quality of life. UTIs consist of clinical
signs and symptoms arising from the genitourinary tract together
with the presence of microorganisms in the urine exceeding
a threshold value for significance (ranging from 102 to 103
colony-forming units/mL).

UTTs are classified as either lower infections (confined to the
bladder; commonly called cystitis), or upper infections (present
in the renal parenchyma; also called pyelonephritis), and as
either uncomplicated or complicated. An uncomplicated UTI
is one occurring in a normal host who has no structural or
functional abnormalities, is not pregnant, or who has not been
instrumented (e.g., with a catheter). All other UTIs are con-
sidered complicated (Foxman, 2010). Cystitis, seen much more
frequently than pyelonephritis, is typically characterized by dy-
suria, frequency, and urgency, with or without suprapubic pain
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(Guay, 2008). Symptoms and classification of UTIs are summa-
rized in Table 1. Single UTI episodes are very common, espe-
cially in adult women, with women showing a 50-fold higher
rate of infection than adult men. Recurrent UTIs, defined as two
or more episodes over six months or three or more episodes
over one year (this definition applicable only to young women
with acute uncomplicated UTIs), are also common, occurring
in up to one-third of women after first-episode UTIs. Cystitis
is generally self-limiting, but is usually treated with antibiotics
that may affect both the intestinal and the vaginal microflora,
causing side effects such as colitis, vaginal yeast infections, and
antibiotic resistance.

Use of alternative strategies such as cranberry therapies for
the prophylaxis of recurrent UTIs may be the best to prevent
cystitis and preserve the effectiveness of our current antibiotics.

In this review, we present a broad overview of what lies
beyond the empirical use of cranberry in UTIs, summarizing
the most recent evidence supporting its clinical use.

The paper is divided into the following five sections re-
garding the relevance of cranberry to urinary tract infection:
1. Review criteria, 2. Pharmacognosy, 3. Pharmacology, 4.
Clinical evidence for the use of cranberry in UTIs, and 5.
Conclusions.
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Table1 Common UTIs symptoms and diagnosis

S. MICALI ET AL.

Organ Disease Symptoms Diagnosis
Bladder Uncomplicated lower Dysuria, frequency, urgency Urinalysis; urine culture if pyelonephritis is suspected, or if
UTI/Cystitis symptoms >2-4 days
Kidney Pyelonephritis Flank pain, nausea and vomiting, fever (>38°C), or Urinalysis; urine culture; abdomen ultrasound scan
costovertebral angle tenderness Unenhanced helical computed tomography (CT), excretory
urography, or dimercaptosuccinic acid (DMSA)
scanning, should be considered if the patients remain
febrile after 72 h of treatment
Bladder Complicated UTI Infection associated with a condition, such as a Rule out and manage the cause of genitourinary tract
and/or with/without structural or functional abnormality of the abnormality
Kidney pyelonephritis genitourinary tract, or the presence of an
underlying disease that interferes with host
defense mechanisms, which increase the risks of
acquiring infection or of failing therapy
REVIEW CRITERIA prevent bacterial adhesion to host cells in UTIs of Escherichia

Studies selected for this review were identified by searches
of Medline via PubMed and references from relevant articles.
Search keywords included cranberry, phytotherapy, Vaccinum
macrocarpon, urinary tract infection, natural drugs, cystitis, re-
current cystitis, PACs, and Escherichia coli.

The literature published in English over the last 15 years
(from January 1994 to February 2011) was reviewed, but some
earlier relevant papers were also included.

PHARMACOGNOSY

The English term “cranberry” is used to indicate the group
of small evergreen shrubs constituting the Oxycoccos sub-genus
of the Vaccinium genus (Ericaceae). Vaccinium erythrocarpon
Michx., Vaccinium macrocarpon Aiton, Vaccinium microcarpon
(Turcz. ex Rupr.) Schmalh, and Vaccinium oxycoccos L. are the
four species belonging to this sub-genus. These are prostrate
plants with slim branches which are not completely woody and
bear small coriaceous leaves. The flowers are white with a shade
of dark pink; the fruit is a berry which is larger than the flowers
and initially white before ripening into a bright red.

Vaccinium macrocarpon Aiton, called “large cranberry”,
“North American cranberry” “bearberry”, or simply “cranberry”
is a member of the Ericaceae family and differs from the other
species belonging to the sub-genus Oxycoccus by its larger
leaves. It is native to North America and grows mainly in the
northeastern United States, Wisconsin, Canada, and the Pacific
Northwest (Neto et al., 2008). Vaccinium macrocarpon berries
are edible and were included in the diet of Native Americans who
employed them for the treatment of bladder and kidney ailments
and as dyes (Dugoua et al., 2008). The use of V. macrocarpon
juice to treat UTIs and wounds is reported in different manuals
of phytotherapy.

V. macrocarpon berries have attracted public attention due to
their potential health benefits (Neto, 2007). Recently, cranber-
ries have been found to be rich in phenols, which exhibit potent
antioxidant activity (Sun et al., 2002; Zheng and Wang, 2003),

coli, and stomach ulcers (Howell et al., 1998; Burger et al., 2000;
Foo et al., 2000a), as well as prevent the co-aggregation of many
oral bacteria (Steinberg et al., 2005; Weiss et al., 2005). In ad-
dition, they exhibit in vitro anticancer activity (Bomser et al.,
1996; Sun et al., 2002), protect against lipoprotein oxidation
(Wilson et al., 1998; Chu and Liu, 2005), and reduce choles-
terol in vivo (Reed et al., 2001).

Many of these bioactivities have been linked to the pres-
ence of a very wide variety of phytochemicals in cranberries.
They contain >80% water and 10% carbohydrates, vitamins,
mineral salts, organic acids (citric, malic, and quinic acids,
small amounts of benzoic and glucuronic acids), and pheno-
lic compounds including three classes of flavonoids [flavonols,
anthocyanins, and proanthocyanidins (PACs)], catechins or
flavan-3-ols and phenolic acids, among which the major is p-
hydroxycinnamic acid. Triterpenoids of the ursane type have
also been detected (Raz et al., 2004; Neto, 2007). The major
anthocyanins in cranberry are galactosides and arabinosides of
cyanidin and peonidin shown in Figure la and b (Fuleki and
Francis, 1968). Anthocyanin content can range between 25 and
91 mg per 100 g of ripe berry at harvest depending on culti-
var (Wang and Stretch, 2001). Quercetin is the major flavonol
in cranberries and exists in several glycosidic forms (Figure
Ic), primarily the 3-O-galactoside (Yan et al., 2002; Vveden-
skaya and Vorsa, 2004). Myricetin glycosides are also present in
lesser quantity (Figure 1d). The total flavonol content of cran-
berry fruit averages 20-30 mg per 100 g fresh berry weight
(Neto, 2007).

Cranberry PACs are primarily dimers, trimers, and larger
oligomers of epicatechin or poly-flavan-3-ols (Figure 2). They
contain two types of linkages between epicatechin units: the
more common 48— 8 linkage (B-type) and a less common
A-type linkage featuring both 48— 8 and 2—8—0—7 in-
terflavan bonds. The combination of linkages means that cran-
berry PACs are very diverse in three-dimensional (3-D) structure
(Neto et al., 2008). V. macrocarpon berry contains a significant
quantity of ursolic acid in its peel, in the aglycone form and as
the cis- and trans p-hydroxycinnamate esters shown in Figure 3
(Murphy et al., 2003).
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Figure 1 Cyanidin (a) and Peonidin (b) the major anthocyanin glycosides;
Quercetin glycosides (c) the major flavonols in Vaccinium macrocarpon berry;
Myricetin glycosides (d) also present in lesser quantities.

Today, most commercial cranberry farms are located in the
northern United States, Massachusetts, New Jersey, and the
Canadian provinces of Quebec and British Columbia. Com-
mercial harvests occur in September and October. Cranberries
can be processed into fresh berries, concentrate, sauce products,
and juice drinks (sweetened and non-sweetened). The single-
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Figure 2  Structure of a typical V. macrocarpon proanthocyanidin tetramer
composed of epicatechin units with one A-type linkage.

(a) Ry=H, R,=0OH
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Figure 3 The triterpenoid Ursolic Acid (a) and its hydroxycinnamate esters
(b) and (c) isolated from whole V. macrocarpon berry.

strength juice is very acidic (pH = 2.5) and unpalatable. The
leading brand of cocktail contains 33% pure cranberry juice.
Dried cranberry powder formulated in capsules or tablets is also
available. Some products available on the market are standard-
ized to total organic acids or polyphenolic content.

PHARMACOLOGY
Epidemiology of UTIs

UTIs are very common infections in otherwise healthy
women (about 13 million women each year in the United States
and approximately 150 million people worldwide), with an in-
cidence that ranks second only to respiratory infections. It has
been estimated that 40% of women develop at least one UTI
episode during their lifetimes. In 2006, UTIs were responsible
for 11 million physician visits, 1.7 million emergency room vis-
its, and almost half a million hospitalizations (Nielubowicz and
Mobley, 2010). The frequency of acute cystitis among young
women is 0.5-0.7 episodes per person per year (Hooton et al.,
1996). Approximately 25% of young females with acute cys-
titis develop recurrent UTIs within six months and, in those
with a history of one or more UTIs, the risk of a second within
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one year was found to be 70% (Foxman, 2010). A relevant
number of women affected by UTIs (more than a third) is treated
with antimicrobial therapy, with remarkable costs to healthcare
systems. In 2006 the societal expenditure for these infections
amounted to $3.5 billion in the United States alone (Nielubow-
icz and Mobley, 2010), equivalent to nearly $2.5 billion in 2010,
adjusted for inflation. This amount was similar to those in other
developed countries.

Although UTIs can occur in both men and women, females
are about 50 times more likely to contract UTIs compared with
males, especially because women have closer proximity of the
urethra to the anus and a shorter urethra (three to five cen-
timeters) that allows bacteria to ascend more easily into the
bladder. Males are less vulnerable because their urethras are
longer (about 18 cm) and because prostatic fluid serves as an
antibacterial shield. However, in men older than 50 years, the
incidence of UTISs rises dramatically (anywhere from 20 to 50%
prevalence) because enlargement of the prostate (benign pro-
static hypertrophy) may lead to failure to completely eliminate
urine from the bladder, thus easing the growth of bacteria. In
women, the incidence of infection also increases with age due
to the postmenopausal loss of estrogen causing a change in the
vaginal flora that, in turn, results in periurethral colonization
with pathogen agents.

Several risk factors may increase the risk of UTI genera-
tion, such as bladder or uterine prolapse that may occur in older
women. These factors also include high sexual intercourse fre-
quency; the use of oral contraceptives, diaphragm, and sper-
micides; pregnancy; and catheters placed in the bladder of both
males and females (Finer and Landau, 2004). Moreover, women
with recurrent UTIs have been shown to have an increased sus-
ceptibility to vaginal colonization with uropathogens, and col-
onization with Gram-negative bacilli was heavier and longer-
lasting compared with women without a history of recurrent
UTIs. This difference between women with and without re-
current UTIs seems to result from a greater propensity for
uropathogenic coliforms to adhere to the uroepithelial cells of
women with recurrent infection. The underlying cause of this
difference has not been determined, although, as also mentioned
by Finer and Landau (2004), in some cases this may be ge-
netically determined. Epidemiologic evidence and several case
reports suggest that uropathogenic Escherichia coli (UPEC) is
transmitted mostly through sexual activity. This hypothesis is
supported by the evidence that risk of UTIs is associated with
a higher frequency of vaginal intercourse and with a new sex
partner. Moreover, UTIs occur especially among women in the
age range 18-29 years, a time of life when most likely to be
initiating sexual activity (Foxman, 2010).

Etiopathogenesis and Treatment of UTIs

Up to 85% of uncomplicated UTIs are caused by UPEC,
which is a Gram-negative, facultative anerobic bacteria different
from the E. coli strains that normally inhabit the gastrointestinal
tract, UPEC being better adapted to living within the urinary
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tract and evading the host’s immune response (Stamm, 2002).
Moreover, UPEC possess specific uroepithelial cell attachment
factors called fimbriae, allowing them to adhere to urinary ep-
ithelium more strongly than the same species obtained from
other sources. Not all strains of E. coli are capable of causing
UTIs. The other ten to 15% of UTIs are caused by streptococci
and staphylococci species. In rare cases, Candida albicans can
cause UTIs (e.g., in diabetic patients).

The first step of both acute and recurrent UTI generation
is the colonization of the vaginal introitus with uropathogenic
organisms originated in the rectal flora, followed by ascension
of the bacteria up the urethra. The second step is adherence
of the bacteria to the host bladder wall uroepithelial cells by
fimbriae (Types 1, P, S, and Dr), proteinaceous macromolecules
that strengthen the bond and disables the bacteria’s elimination
by the normal urine flow (Mulvey, 2002). Paradoxically, the
shear stress of urine flow enhances the adherence of the UPEC
(Thomas et al., 2004). P-fimbriae has a terminal receptor for the
“P” antigen (or pyelonephritis-associated pili) that contains a
D-galactose-D-galactose residue. This antigen is a blood group
marker which binds not only to red cells, but also to a specific
galactose dissaccharide that is also found on uroepithelial cells
and the surface of cells lining the vagina and the perineum.
Approximately 75% of the population expresses the P antigen,
and these individuals are particularly susceptible to UTIs. This
antigen is also found in vaginal and prostatic secretions which
are protective because they bind to the bacterial receptor, pre-
venting binding of the UPEC to the surface epithelium. Indi-
viduals most susceptible to UTIs would be those who express
P antigen on their cells and lack P antigen in their secretions
(Kaper et al., 2004). Fimbriae incorporate FimH, an adhesin
that recognizes mannose and binds to mannosylated residues
on the integral membrane proteins called uroplakins (UP), ex-
pressed by the bladder superficial epithelium, by which they
mediate the attachment. FimH are important also in promoting
internalization of E. coli and formation of intracellular bacterial
communities (IBCs) which mature into biofilm-like structures
inside individual cells. IBCs provide protection from host im-
mune defenses and from antibiotics, enhancing bacterial cell
survival and constituting a pathogen reservoir that may serve as
a source for recurrent UTL. In this manner, UPEC may survive
for several months in quiescent intracellular reservoirs (QIR) es-
tablishing a chronic infection state in the bladder which, under
the right circumstances, may lead to multiple relapses (Ander-
son et al., 2004; Rosen et al., 2007; Nielubowicz and Mobley,
2010).

Uncomplicated symptomatic acute cystitis and/or urethritis
are usually treated with antibiotics that are not always effective
and can cause adverse effects (ADR) such as known antibiotic
resistance and alteration of the normal vaginal microflora (Tem-
pera et al., 2009). This combination may contribute to persis-
tent genital microorganism colonization and the rise of UPEC
resistance. Long-term, low-dose antibiotic treatment may be
necessary in women with frequent UTI recurrences to prevent
future infections, but it also leads to the rise of ADR incidence,
increasing the risk of a subsequent infection.
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Therefore, prudent use of antibiotics for treatment of uncom-
plicated UTI is recommended; this could include the therapeutic
use of cranberry that has been advocated for the prevention and
treatment of UTIs.

Mechanisms of Action of Cranberry

Cranberries were being used as a medicine by Native Ameri-
cans before 1620 AD and have been used as a urinary antiseptic
for more than 200 years (Gunn, 1878). At present, a large body
of evidence shows that the dietary intake of berry fruits has a
positive impact on human health and disease (Seeram, 2008). In
1923, Blatherwick and Long 1923 proposed that cranberry acted
by producing acidic urine due to the excretion of hippauric acid
formed from abundant benzoic acid. Hippauric acid is a strong
bactriostatic agent that was once thought to have the potential
to acidify urine, but this theory was later disproved. Indeed, at
normal dosage, despite the acrid taste of the cranberry, ingestion
does not alter urinary pH so much so much as inhibit bacterial
growth (Bodel et al., 1959; Guay, 2009).

Urinary salicylate levels appear to increase significantly af-
ter regular ingestion of cranberry juice up to levels that may be
obtained after the ingestion of low-dose aspirin (Duthie et al.,
2005), but the relevance of this observation to date is unstud-
ied. Another explanation of the usefulness of cranberry juice in
UTIs was the non-enzymatic generation of nitric oxide (NO)
by dismutation of nitrite to NO and NO, under mildly acidic
conditions (MacMicking et al., 1997). NO possesses potent an-
timicrobial activities that, in part, may contribute to the antimi-
crobial effect of cranberry juice (Rhee and Charles, 2004). It
has now been established that cranberry prevents bacterial ad-
herence to uroepithelial cells, thus reducing the development
of UTIs. Sobota (1984) was the first to suggest this hypoth-
esis, showing that urine from subjects fed with a cranberry
cocktail exhibited significant anti-adherence detected in human
urine. In 1989, Zafriri and colleagues suggested that cranberry
juice inhibited adherence of type 1 fimbriated E. coli because
of its fructose content, a hypothesis without further scientific
support.

The current consensus is that the major mechanism by which
cranberry prevents UTIs involves inhibition of the binding of the
P-fimbriae of UPEC via mannose-specific, lectin-like structures
to mannose-like residues on mucosal cells. This assumption is
supported by evidence that the interaction of E. coli with uroep-
ithelial cells is mediated by a receptor containing D-mannose,
as both D-mannose and methyl y-D-mannopyranoside (¢« MM)
inhibited this adherence in a dose-dependent manner and dis-
placed the uropathogens from their attachment sites on epithelial
cells (Ofek et al., 1977). Moreover, MM has been shown to
dose-dependently reduce UPEC colonization in mice (Aronson
etal., 1979). However, the fine mechanisms by which cranberry
inhibits the interaction of UPEC fimbriae with their mucosal re-
ceptors remain unclear. Recently Liu et al. (2006) suggested that
cranberry juice decreases the adhesion forces of P-fimbriated

E. coliusing a model surface on which alteration of their confor-
mation changed from an extended to a more spherical cell-like
form, thus facilitating their elimination. Further study indicated
that cranberry juice cocktail significantly decreases nanoscale
adhesion strength between P-fimbriated E. coli HB101pDC1
cells and uroepithelial cell receptors, disrupting ligand—receptor
bonds at the single-cell level (Liu et al., 2008, 2010). More-
over, Ahuja et al. (1998) provided in vitro evidence supporting
cranberry juice’s irreversible inhibition of P-fimbriae of E. coli
expression, as assessed by transmission electron microscopy.
Consistent with this finding, Johnson et al. (2008) also used
scanning electron microscopy to reveal a decrease in the visible
p-fimbriae in E. coli cultured in the presence of cranberry juice
or PACs purified from whole cranberries. Furthermore, cran-
berry juice inhibited biofilm formation of P-fimbriated E. coli
(D1 Martino et al., 2005).

Numerous in vitro studies have evaluated the effects of cran-
berry on bacterial adhesion to model surfaces such as uroepithe-
lial cells, showing its ability to prevent bacterial adherence to
cells as well as to cause detachment of adherent bacteria from
cells (see Guay, 2009). Other evidence provided in animal and in
human subjects has supported this assumption (see Guay, 2009).
Experiments conducted to identify the component(s) of cran-
berry responsible for its anti-adhesive properties have shown
that the major constituent responsible are PACs, polyphenolic
metabolites widely distributed in higher plants which have been
ascribed several potential positive health benefits including an-
tibacterial and chemotherapeutic activities (Seeram, 2008). The
first to identify PACs as the compounds in cranberries respon-
sible for preventing uropathogenic phenotypes of P-fimbriated
E. coli from adhering to the urinary tract were Howell et al. in
1998. Commercially available cranberry powder and increasing
PAC extract concentrations also inhibited adherence of E. coli to
vaginal epithelial cells in a linear, dose-dependent relationship
over a PAC concentration range of 75 to 5 ug/mL (Gupta et al.,
2007). This vaginal effect may be relevant both for the pre-
vention of UTIs and for the maintenance of the normal vaginal
ecosystem, although clinical studies are required (Pérez-Lépez
et al., 2009). However, cranberry PACs do not inhibit adhesion
of type 1 E. coli to uroepithelial cells. Cranberry PACs are com-
posed of oligomers and polymers of flavans, and their specific
structure may influence biological activity. They can be dis-
tinguished into two types of PACs. The B-type PACs, present
in tannin-rich foods such as grapes and chocolate, in which
the flavan-3-ol units (epicatechin or catechin) are often linked
through a single bond. A less common structural feature of PACs
is the A-type linkage, in which exists a second ether linkage be-
tween an A-ring of the lower unit and C-2 of the upper unit (O7
— C2). PACs isolated from cranberry berry consist of predomi-
nantly epicatechin units with at least one unusual double A-type
linkage which may be important structural features in the anti-
adhesion process (Foo et al., 2000a). Several years later after
1998, Howell et al. (2005) compared the in vitro anti-adhesion
activity of A-linked PAC from cranberry juice with that of B-
linked PAC from commercial grape and apple juices, green tea,
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and dark chocolate, showing the lack of anti-adhesion activities
of B-linked PAC as compared with the A-linked PAC, thus sug-
gesting that the latter may be responsible for abridged bacterial
adherence to uroepithelial cells, thus reducing the development
of UTIs. Moreover, in vitro research (Foo et al., 2000b) showed
that the PACs trimers possessing A-type interflavanoid linkages
isolated from the ripe berries of cranberry are more effective
in preventing adherence of P-fimbriated E. coli isolates from
the urinary tract to cellular surfaces containing o-Gal(1—4)8-
Gal receptor sequences, similar to those on uroepithelial cells
(epicatechin-(48— 6)-epicatechin-(48—8, 28— 0—7)-epic-
atechin; epicatechin-(48— 8, 28— O— 7)-epicatechin; epicate-
chin-(48— 8)-epicatechin-(4—8, 28—0—T7)-epicatechin).
On the other hand, further constituents of cranberry juice such
as fructose, vitamin C, and 1-O-methylgalactose had minimal
to no effect on in vitro adherence of E. coli to mucosal surfaces
(Sobota, 1984; Turner et al., 2005).

Kinetics, Dosage, and Safety of Cranberry

It is known that oral absorption of flavonoids is more ef-
ficient with the intake of natural glycosylated forms as op-
posed to the aglycone (nonglycosylated) forms. The glycosy-
lated forms compete with glucose for intestinal sodium/glucose
cotransporter (SGLT1). However, only five percent of ingested
flavonoids reach the circulation, the flavonol forms being able
to do this most easily. Flavonoids not absorbed in the small in-
testine are subjected to microbial degradation in the colon. PAC
polymers may undergo biotransformation into sulfate esters
or glucoronide-conjugated metabolites by colonic microflora
(Santos-Buelga and Scalbert, 2000), and may be degraded into
phenolic acids which can be found in human urine following
consumption of PAC-rich chocolate (Rios et al., 2003). Scalbert
and Williamson (2000) suggested that the chemical and physi-
cal properties of PACs in the unmodified form are responsible
for their poor absorption by the gut. Even if hydrolysis occurs,
monomers and trimers are largely metabolized by liver first-
pass extraction, thus suggesting that the concentration of dietary
phenolics in plasma may be lower than necessary to achieve the
same results in vivo (Scalbert and Williamson, 2000). Further,
Dearing et al. (2002) proposed that any compounds in the uri-
nary tract initially derived from PACs in cranberry juice would
be vastly different than the original (unmodified) one. How-
ever, both cranberry PACs and/or metabolites could be active
in the colon as well as in the urinary tract. They could bind
to uropathogenic rectal E. coli isolates, thereby rendering them
anti-adherent before possible introduction into the urinary tract,
or they could alter the bacterial selection pressure in the colon to
favor nonadherent strains (Howell, 2007). Peak urinary antho-
cyanidin concentrations are seen three to six hours after intake
of cranberry; urinary excretion is nearly completed within the
first 12 hours and totally recovered after 24 hours (Ohnishi et al.,
2006). However, flavonoids are difficult to quantify in plasma af-
ter ingestion of cranberry products because of their tight binding

S. MICALI ET AL.

to plasma proteins and red/white blood cell membranes. In con-
trast, it is much easier to quantify free phenolic acids in plasma
after cranberry ingestion (Ruel and Couillard, 2007). Moreover,
the unusual heterogeneous structures of the A-linked cranberry
PACs may be biotransformed to unique biologically active uri-
nary metabolites or even reach the urine intact as dimers or
trimers (Howell, 2007).

Scientific literature is rich in studies conducted on admin-
istering cranberry in different ways and dosages. Oral delivery
of *C-labeled grape PACs to rats resulted in 19% of the dose
being excreted in urine, and 45% in feces (Harmand and Blan-
quet, 1978). In humans, a commonly recommended amount of
cranberry for UTI prevention is daily consumption of 300 mL
of cranberry juice containing 36 mg PACs measured using the
DMAC (dimethylaminocinnamaldehyde) method, which clini-
cally reduced bacteriuria and pyuria (Avorn et al., 1994). Very
recently, an excellent study (Howell et al., 2010) has evalu-
ated the dosage regimes and collection time-periods follow-
ing ingestion of a PAC-standardized cranberry powder (18 or
36 mg) with the aim of investigating persistence in urine over
a broader time period and to determine the most effective dose
of PAC equivalents per day. A randomized, double-blind versus
placebo multilcenter study recruited 32 volunteers from Japan,
Hungary, Spain, and France with the aim of determining if the
urinary anti-adhesion effect following consumption of cranberry
is universal within the population or is specific to certain eth-
nicities, dietary regimes, locations, etc. The study was carried
out using commercially available capsules of cranberry powder
in which dosages were standardized to deliver 18 or 36 mg of
PAC equivalents. It showed peak urinary anti-adhesion activity
six hours after ingestion of the PAC powder, with a reduction in
activity at 24 hours, parallel to a linear increase in urinary anti-
adhesion activity with increasing dosages of PAC equivalents
at both six and 24 hours. Interestingly, anti-adhesion effect was
shown 24 hours after consumption of 72 mg of PAC equivalents
without differences among all volunteers (regardless of country
location). Howell et al. (2010) concluded that administration
of PAC-standardized cranberry powder at dosages containing
72 mg of PAC per day in two split doses of 36 mg in the morn-
ing and evening may offer some protection against bacterial
adhesion and virulence in the urinary tracts.

Patient compliance regarding the ingestion of cranberry prod-
ucts has generally been good, and no side-effects have been as-
sociated with consuming multiple servings or supplements of
cranberry products. Given the strong scientific evidence sup-
porting its safety profile, cranberry supplementation as whole
berry or juice may be a valuable therapeutic choice in the treat-
ment of UTIs during pregnancy or breastfeeding (Dugoua et al.,
2008). However, in people with a tendency to develop kidney
stones or in the presence of renal impairment, it would be pru-
dent to avoid cranberry therapy or to limit cranberry juice intake
up to one liter per day. Moreover, episodes of gastric discom-
fort caused by excessive stomach acidity have been reported
after consumption of very large daily amounts of cranberry
juice.
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Case reports have suggested a possible interaction between
warfarin and cranberry juice/products through a mechanism
that could involve inhibition of the hepatic CYP2C9-mediated
metabolic clearance of warfarin by components in cranberry, or
by displacing warfarin from albumin sites due to the increased
salicylic acid concentration from drinking high amounts of cran-
berry juice (Paeng et al., 2007; Roberts and Flanagan 2011).
However, several recent studies (see Zikria et al., 2010) showed
that cranberry juice did not alter either the pharmacokinetic
(Ansell et al., 2009; Ngo et al., 2010) or the pharmacodynamics
of warfarin in patients (Mellen et al., 2010). No other interac-
tions have been reported between cranberries and other drugs
(Lilja et al., 2007).

CLINICAL EVIDENCE FOR THE USE OF CRANBERRY
IN UTI

Single UTI episodes are very common, especially in adult
women where there is a 50-fold predominance compared with
adult men. Recurrences requiring intervention are usually de-
fined as two or more episodes over six months or three or more
episodes over one year (Foster, 2008). Relapse is defined as
reinfection by the same bacterial strain within two weeks af-
ter treatment. There are several prophylaxis alternatives, the
choice being based on the frequency and pattern of recurrences:
continuous prophylaxis, postcoital prophylaxis, and intermittent
self-treatment have all been shown to be effective in the man-
agement of recurrent uncomplicated UTIs in non-menopausal
women (Linsenmeyer et al., 2004; Waites et al., 2004; Griffiths
et al., 2008).

All the trials published on the use of cranberry for prophylaxis
of recurrent cystitis in women showed a statistically significant
reduction of UTI episodes except for one trial from Barbosa-
Cesnik et al. (2011) which had the most numerous population
(318 female college students); the main features of the trials

Table 4 Trials on cranberry and elderly

examined are reported in Table 2. A minimum dose of the 36 mg
of PACs have been established as the minimum active dose in
the trial by Howell et al. (2010); this threshold is also reported
in the 2010 European Urology Association guidelines (Naber
et al., 2001). To date, no direct comparison between cranberry
prophylactic therapy and standard antibiotic therapy in women
has been published.

Because of its properties (good tolerance, low risk of induc-
ing bacterial resistance, and absence of cross reaction with other
drugs), cranberry has also been administered in children. Re-
current UTIs prophylactic treatment may benefit children with
anatomic or functional abnormality of the urinary tract as well as
healthy children suffering from recurrent cystitis; mean features
of the trial examined are reported in Table 3. Results of trials
evaluating cranberry for the prevention of cystitis in children
with some kind of urologic affection are in conflict; cranberry
seems to be helpful in patients with vescicoureteheral reflux, al-
though not for those with neurogenic bladder. However, clinical
evidence for the use of cranberry in pediatric patients is limited
and further studies could help to determine whether this drug
plays a role in recurrent cystitis prevention in this category of
patient. A trial published in 2009 by Ferrara et al. is interesting
in that it showed cranberry consumption reduced UTI episodes
among a population of healthy children, these data being homol-
ogous to those referring to healthy women. Elderly patients have
several factors predisposing to recurrent UTIs, such as benign
prostate hyperplasia, chronic urinary retention or urinary incon-
tinence, prolapse of pelvic organs, stool impaction, and physical
and cognitive decline. An alternative to standard pharmacologic
therapy appears desirable in a contemporary scenario of an el-
derly polypharmacy population. Despite these factors theoret-
ically supporting the use of cranberry, results of the trials are
also in these cases not univocal, although direct comparison be-
tween cranberry and antibiotic shows similar outcomes between
the two drugs, with less adverse events for the cranberry treat-
ment (Table 4). Almost all persons with neurologic impairment

Paper Type of trial ~ Trial duration Population

Trial design

Endpoint(S) Conclusion

Avorn et al. (1994) Randomized

placebo
controlled
McMurdo et al. Randomised, 35 days 376 older
(2005) placebo- hospitalized
controlled, patients
double-blind
McMurdo et al. Randomized Six months 137 women (age > Cranberry
(2009) placebo vs 45 years) with at
antibiotic least two previous

UTI

Six months 153 elderly women Cranberry juice To determine the effect of
vs placebo

Statistically significant reduction
regular intake of cranberry of pyuria and bacteriuria among
juice beverage on the cranberry arm of the trial
bacteriuria and pyuria in

elderly women

Cranberry juice Reduction of UTI episodes ~ UTI rate was lower than
vs placebo

anticipated, making the study
underpowered and
inconclusive. Significantly
fewer infections with E. coli
occurred in the cranberry juice
group

Reduction of UTI episode Trimethoprim had a very limited

tablets vs advantage over cranberry
tripthoprim
(100 mg) recurrent UTIs in older women

extract in the prevention of

and had more adverse effects




Downloaded by [University of Aberdeen] at 03:49 06 October 2014

1072

Table 5  Trials on cranberry and spinal cord injured (SCI) patients
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Raper Type of trial Trial duration Population Trial design Endpoint(S) Conclusion
Linsenmeyer  Double-blind placebo Four weeks 21 patients with  Cranberry tablets To determine the effectiveness  Positive statistically
etal. (2004)  controlled crossover SCI vs placebo of cranberry supplement at significant difference in
trial preventing UTIs UTI episodes in the
cranberry group
Hess et al. Randomized, 12 months 47 patients with  Cranberry tablet To determine the effectiveness  Significant reduction of UTI
(2008) double-blind, SCI vs placebo of cranberry supplement at was observed in the
placebo-controlled trial preventing UTIs cranberry arm of the trial
with a crossover design
Waites et al.  Randomized, Six months 48 patients with  Cranberry juice  To determine whether Cranberry extract taken in
(2004) double-blind, SCI vs placebo antibacterial effects of juice form did not reduce
placebo-controlled cranberry extract will reduce bacteriuria and pyuria
study or eliminate bacteriuria and

pyuria

related to spinal cord injury (SCI) have voiding dysfunction.
Once the leading cause of death, urinary complications remain
the leading cause of morbidity and the most common infection
in persons with SCI (Eves and Rivera, 2010). Chronic urinary
retention requiring urinary drainage (clean intermittent catheter-
ization) due to neurogenic bladder brings higher frequency of
multiple UTI. Results published on this topic are discordant, and
it is unclear if SCI patients have a true benefit ratio (Table 5).

CONCLUSION

There is very strong evidence supporting the use of cranberry
juice and derivatives in the prophylaxis of recurrent UTIs in
young and middle-aged women (see Jepson and Craig, 2008).
Not coincidentally, the Guideline on Urinary Tract Infections
from the European Association of Urology already includes
cranberry products among the alternative prophylactic methods
of managing recurrent uncomplicated UTI in women (Naber
et al., 2001). There is also some evidence that cranberry is ef-
fective in the elderly; however, in children or adults needing
catheterization, the efficacy of cranberry is questionable. Cur-
rent knowledge suggests that cranberry it is not effective in
people with a neuropathic bladder. Further, there is no clear
evidence that cranberry can be used to treat UTIs.

However, in judging scientific literature on the clinical
use of cranberry, one must take into account several criti-
cal points. First, to our knowledge, there are a very small
number of controlled trials that compare cranberry with gold
standards (e.g., antibacterials) for preventing UTIs. A study
started in September 2005, but not yet concluded, investigates
the effect of 12 months of cranberry prophylaxis (twice-daily
500 mg capsules) in comparison with antibiotic prophylaxis
(trimethoprim—sulfamethoxazole once-daily 480 mg) on the rate
of recurrence of UTIs and the development of antibiotic resis-
tance (Beerepoot et al., 2006). Theoretically, using cranberry in-
stead of antibacterials might reduce risk for the development of
antibacterial-resistant organisms, although the results support-
ing this have not been published. Recently, a study conducted
by McMurdo et al. (2009) showed that trimethoprim (100 mg)

had a very limited advantage over cranberry extract (500 mg)
in the prevention of recurrent UTIs in older women and pro-
duced more adverse effects. Moreover, some reports indicate
that drinking considerable amounts of cranberry juice over a
long period may not be well tolerated, determining a discrete
number of dropouts and lack of complete adherence to therapy.
In contrast, compliance of patients for the ingestion of dried
cranberry powder formulated in capsules or tablets appears to
be good. Second, the variability in the cranberry products used
in the clinical studies in terms of dosage and active principle
content confers great difficulty in the products’ comparison.
Standardization of PAC content in cranberry products is hoped
to allow comparative dose—response clinical studies, and deter-
mination of profile of biopharmaceutical medications, product
stability, and shelf-life. Third, many of the trials suffer from
various limitations, including lack of standard control and ran-
domization, no or improper blinding, small number of patients,
short trial duration, and no reported intent-to-treat analysis. An-
other problem limiting correct analysis of clinical data is the
lack of characterization of the extracts used in some clinical
studies. Insufficient description of the kind of extraction sol-
vent (i.e., ethanol, water, chloroform), the drug/extract ratio,
and titration contributes to the impossibility of establishing the
most effective cranberry preparation. Addressing these issues
will result in a more successful and wider use of this natural
drug.

As reviewed in this paper, recent experimental evidence has
shed light on the mechanism underlying the anti-adhesive prop-
erties, structure—activity relationships, and pharmacokinetics of
PACs. Moreover, clinical studies have made a significant con-
tribution in establishing the cranberry efficacy/safety ratio in
the prevention of UTIs. Notwithstanding, in our opinion, fur-
ther studies are needed to address the bioequivalence of differ-
ent cranberry commercial formulations and to gather the other
needed information reported earlier. Furthermore, biopharma-
ceutical research coupled with clinical studies in a multidisci-
plinary approach continues to merit researchers’ attention and
support in order to respond to the rising problem of antibiotic
resistances of bacteria. This is in line with the trend toward
“natural” avenues to health that confer more compliance and
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acceptance of phytotherapic drugs such as cranberry compared
with synthetic drugs.

ABBREVIATIONS

ADR adverse effects

BPH benign prostatic hypertrophy

DMAC dimethylaminocinnamaldehyde

GLT1 S intestinal sodium/glucose cotransporter
IBCs intracellular bacterial communities
aMM methyl y-D-mannopyranoside

PACs proanthocyanidins

QIRs quiescent intracellular reservoirs
SCI spinal cord injury

UP uroplakins

UPEC  uropathogenic Escherichia coli
UTIs urinary tract infections
REFERENCES

Anderson, G. G., Martin, S. M. and Hultgren, S. J. (2004). Host subversion by
formation of intracellular bacterial communities in the urinary tract. Microbes
Infect. 6:1094-1101.

Ahuja, S., Kaack, B. and Roberts, J. (1998). Loss of fimbrial adhesion with the
addition of Vaccinum macrocarpon to the growth medium of P-fimbriated
Escherichia coli. J. Urol. 159:559-562.

Ansell, J., McDonough, M., Zhao, Y., Harmatz, J. S. and Greenblatt, D. J.
(2009). The absence of an interaction between warfarin and cranberry juice:
A randomized double blind trial. J. Clin. Pharmacol. 49:824-830.

Aronson, M., Medalia, O., Schori, L., Mirelman, D., Sharon, N. and Ofek,
1. (1979). Prevention of colonization of the urinary tract of mice with Es-
cherichia coli by blocking of bacterial adherence with methyl alpha-D-
mannopyranoside. J. Infect. Dis. 139:329-332.

Avorn, J., Monane, M., Gurwitz, J. H., Glynn, R. J., Choodnovskiy, I. and
Lipsitz, L. A. (1994). Reduction of bacteriuria and pyruria after ingestion of
cranberry juice. JAMA 271:751-754.

Barbosa-Cesnik, C., Brown, M. B., Buxton, M., Zhang, L., DeBusscher, J. and
Foxman, B. (2011). Cranberry juice fails to prevent recurrent urinary tract
infection: Results from a randomized placebo-controlled trial. Clin. Infect.
Dis. 52:23-30.

Beerepoot, M. A., Stobberingh, E. E. and Geerlings, S. E. (2006). A study of non-
antibiotic versus antibiotic prophylaxis for recurrent urinary-tract infections
in women (the NAPRUTI study). Ned Tijdschr Geneeskd. 150:574-575.

Blatherwick, N. R. and Long, M. L. (1923). Studies of urinary acidity. II. The
increased acidity produced by eating prunes and cranberries. J. Biol. Chem.
57:815-818.

Bodel, P. T., Cotran, R. and Kass, E. H. (1959). Cranberry juice and the antibac-
terial action of hippuric acid. J. Lab. Clin. Med. 54:881-888.

Bomser, J., Madhavi, D. L., Singletary, K. and Smith, M. A. (1996). In vitro
anticancer activity of fruit extracts from Vaccinium species. Planta Med.
62:212-216.

Burger, O., Ofek, 1., Tabak, M., Weiss, E. I., Sharon, N. and Neeman, 1. (2000).
A high molecular mass constituent of cranberry juice inhibits Helicobacter
pylori adhesion to human gastric mucus. FEMS Immunol. Med. Microbiol.
29:295-301.

Chu, Y. F. and Liu, R. H. (2005). Cranberries inhibit LDL oxidation and induce
LDL receptor expression in hepatocytes. Life Sci. 77:1892—-1901.

Dearing, M. D., Appel, H. M. and Schultz, J. C. (2002). Why do cranberries
reduce incidence of urinary tract infections? J. Ethnopharmacol. 80:211.

Di Martino, P., Agniel, R., Gaillard, J. L. and Denys, P. (2005). Effects of
cranberry juice on uropathogenic Escherichia coli in vitro biofilm formation.
J. Chemother. 17:563-5.

Dugoua, J-1., Seely, D., Perri, D., Mills, E. and Koren, G. (2008). Safety and effi-
cacy of cranberry (Vaccinium macrocarpon) during pregnancy and lactation.
Can J Clin Pharmacol 15:¢80-e86.

Duthie, G. G., Kyle, J. A., Jenkinson, A. M., Duthie, S. J., Baxter, G. J. and
Paterson, J. R. (2005). Increased salicylate concentrations in urine of hu-
man volunteers after consumption of cranberry juice. J. Agric. Food Chem.
53:2897-900.

Eves, F.J. and Rivera, N. (2010). Prevention of urinary tract infections in persons
with spinal cord injury in home health care. Home Healthc Nurse 28:230-241.

Ferrara, P, Romaniello, L., Vitelli, O., Gatto, A., Serva, M. and Cataldi, L.
(2009). Cranberry juice for the prevention of recurrent urinary tract infections:
A randomized controlled trial in children. Scand J Urol Nephrol. 9:1-5.

Finer, G. and Landau, D. (2004). Pathogenesis of urinary tract infections with
normal female anatomy. Lancet Infect. Dis. 4:631-635.

Foo, L. Y., Howell, A. B. and Vorsa, N. (2000a). The structure of cranberry
proanthocyanidins, which inhibit adherence of uropathogenic P-fimbricated
Escherichia coli in vitro. Phytochemistry 54:173—-181.

Foo, L. Y., Lu, Y., Howell, A. B. and Vorsa, N. (2000b). A-Type proantho-
cyanidin trimers from cranberry that inhibit adherence of uropathogenic P-
fimbriated Escherichia coli. J. Nat. Prod. 63:1225-1228.

Foster, R. T. Sr (2008). Uncomplicated urinary tract infections in women. Obstet.
Gynecol. Clin. North Am. 35:235-248

Foxman, B. (2010). The epidemiology of urinary tract infection. Nat. Rev. Urol.
7:653-660.

Fuleki, T. and Francis, F. J. (1968). Quantitative methods for anthocyanins. 3.
Purification of cranberry anthocyanins. J. Food Sci. 33:266-269.

Griffiths, A. P, Beddall, A. and Pegler, S. (2008). Fatal haemopericardium and
gastrointestinal haemorrhage due to possible interaction of cranberry juice
with warfarin. J. R. Soc. Promot. Health 128:324-326.

Guay, D. R. (2008). Contemporary management of uncomplicated urinary tract
infections. Drugs 68:1169-1205.

Guay, D. R. (2009). Cranberry and urinary tract infections. Drugs 69:775-807.

Gupta, K., Chou, M. Y., Howell, A., Wobbe, C., Grady, R. and Stapleton,
A. E. (2007). Cranberry products inhibit adherence of P-fimbriated Es-
cherichia Coli to primary cultured bladder and vaginal epithelial cells.
J. Urol. 177:2357-2360.

Harmand, M. F. and Blanquet, P., (1978). The fate of total flavanolic oligomers
(OTF) extracted from Vitis viniferal in the rat. Eur. J. Drug Metab. Pharma-
cokinet. 1:15-30.

Hess, M. J., Hess, P. E., Sullivan, M. R., Nee, M. and Yalla, S. V. (2008). Evalua-
tion of cranberry tablets for the prevention of urinary tract infections in spinal
cord injured patients with neurogenic bladder. Spinal Cord. 46:622-626.

Hooton, T. M., Scholes, D., Hughes, J. P., Winter, C., Roberts, P. L., Stapleton,
A. E., Stergachis, A. and Stamm, W. E. (1996). A prospective study of risk
factors for symptomatic urinary tract infection in young women. N. Engl. J.
Med. 335:468-474.

Howell, A. B. (2007). Bioactive compounds in cranberries and their role in
prevention of urinary tract infections. Mol. Nutr. Food Res. 51:732-737.

Howell, A. B., Botto, H., Combescure, C., Blanc-Potard, A. B., Gausa, L.,
Matsumoto, T., Tenke, P., Sotto, A. and Lavigne, J. P. (2010). Dosage effect
on uropathogenic Escherichia coli anti-adhesion activity in urine following
consumption of cranberry powder standardized for proanthocyanidin content:
A multicentric randomized double blind study. BMC Infect. Dis. 10:94.

Howell, A. B., Reed, J. D., Krueger, C. G., Winterbottom, R., Cunning-
ham, D. G. and Leahy, M. (2005). A-type cranberry proanthocyani-
dins and uropathogenic bacterial anti-adhesion activity. Phytochemistry
66:2281-2291.

Howell, A. B., Vorsa, N., Der Marderosian, A. and Foo, L. Y. (1998). Inhibi-
tion of the adherence of P-fimbriated Escherichia coli to uroepithelial-cell
surfaces by proanthocyanidin extracts from cranberries. N. Engl. J. Med.
339:1085-1086.

Hutchinson, J. (2005). Do cranberries help prevent urinary tract infections?
Nursig Times 101:38.



Downloaded by [University of Aberdeen] at 03:49 06 October 2014

1074

Jass, J. and Reid, G. (2009). Effect of cranberry drink on bacterial adhesion in
vitro and vaginal microbiota in healthy females. Can J Urol. 16:4901-4907.

Jepson, R. G. and Craig, J. C. (2008). Cranberries for preventing urinary tract
infections. Cochrane Database Syst. Rev. (1):CD001321.

Johnson, B. J., Lin, B., Dinderman, M. A., Rubin, R. A., Malanoski, A. P. and
Ligler, F. S. (2008). Impact of cranberry on Escherichia coli cellular surface
characteristics. Biochem. Biophys. Res. Commun. 377:992-994.

Kaper, J. B., Nataro, J. P. and Mobley, H. L. (2004). Pathogenic Escherichia
coli. Nat. Rev. Microbiol. 2:123-140.

Kontiokari, T., Salo, J., Eerola, E. and Uhari, M. (2005). Cranberry juice and
bacterial colonization in children—a placebo-controlled randomized trial. Clin.
Nutr. 24:1065-1072.

Kontiokari, T., Sundqvist, K., Nuutinen, M., Pokka, T., Koskela, M. and Uhari,
M. (2001). Randomised trial of cranberry lingonberry juice and Lactobacil-
lus GG drink for the prevention of urinary tract infections in women. BJU
322:1571-1573.

Lilja, J. J., Backman, J. T. and Neuvonen, P. J. (2007). Effects of daily inges-
tion of cranberry juice on the pharmacokinetics of warfarin, tizanidine, and
midazolam — probes of CYP2C9, CYP1A2, and CYP3A4. Clin. Pharmacol.
Ther. 81:833-839.

Linsenmeyer, T. A., Harrison, B., Oakley, A., Kirshblum, S., Stock, J. A. and
Millis, S. R. (2004). Evaluation of cranberry supplement for reduction of
urinary tract infections in individuals with neurogenic bladders secondary
to spinal cord injury. A prospective, double-blinded, placebo-controlled,
crossover study. J. Spinal Cord. Med.27:29-34.

Liu, Y., Black, M. A., Caron, L. and Camesano, T. A. (2006). Role of cranberry
juice on molecular-scale surface characteristics and adhesion behavior of
Escherichia coli. Biotechnol. Bioeng. 93:297-305.

Liu, Y, Gallardo-Moreno, A. M., Pinzon-Arango, P. A., Reynolds, Y., Ro-
driguez, G. and Camesano, T. A. (2008). Cranberry changes the physico-
chemical surface properties of E. coli and adhesion with uroepithelial cells.
Colloids Surf B Biointerfaces 65:35-42.

Liu, Y., Pinzén-Arango, P. A., Gallardo-Moreno, A. M. and Camesano,
T. A. (2010). Direct adhesion force measurements between E. coli and hu-
man uroepithelial cells in cranberry juice cocktail. Mol. Nutr. Food Res.
54:1744-1752.

MacMicking, J., Xie, Q. W. and Nathan, C. (1997). Nitric oxide and macrophage
function. Annu. Rev. Immunol. 15:323-350.

McMurdo, M. E., Argo, I, Phillips, G., Daly, F. and Davey, P. (2009). Cran-
berry or trimethoprim for the prevention of recurrent urinary tract infections?
A randomized controlled trial in older women. J Antimicrob Chemother.
63:389-395.

McMurdo, M. E., Bissett, L. Y., Price, R. J., Phillips, G. and Crombie, I. K.
(2005). Does ingestion of cranberry juice reduce symptomatic urinary tract
infections in older people in hospital? A double-blind, placebo-controlled
trial. Age Ageing 34:256-261.

Mellen, C. K., Ford, M. and Rindone, J. P. (2010). Effect of high-dose cranberry
juice on the pharmacodynamics of warfarin in patients. Br.J. Clin. Pharmacol.
70:139-142.

Mulvey, M. A. (2002). Adhesion and entry of uropathogenic Escherichia coli.
Cell Microbiol. 4:257-271.

Murphy, B. T., MacKinnon, S. L. Yan, X. and Neto, C. C. (2003). Iden-
tification of triterpene hydroxycinnamates with in vitro antitumor activity
from whole cranberry fruit (Vaccinium macrocarpon). J. Agric. Food Chem.
51:3541-3545.

Naber, K. G., Bergman, B., Bishop, M. C., Bjerklund-Johansen, T. E., Botto,
H., Lobel, B., Jinenez Cruz, F. and Selvaggi, F. P. (2001). EAU guidelines
for the management of urinary and male genital tract infections. Urinary
Tract Infection (UTI) Working Group of the Health Care Office (HCO) of the
European Association of Urology (EAU). Eur. Urol. 40:576-588.

Neto C. C. (2007). Cranberry and blueberry: Evidence for protective effects
against cancer and vascular diseases. Mol. Nutr. Food Res. 51:652-664.

Neto, C. C., Amoroso, J. W. and Liberty, A. M. (2008). Anticancer activities of
cranberry phytochemicals: An update. Mol. Nutr. Food Res. 52:S18-S27.

Ngo, N., Brantley, S. J., Carrizosa, D. R., Kashuba, A. D., Dees, E. C., Kroll,
D. J., Oberlies, N. H. and Paine, M. F. (2010). The warfarin-cranberry juice

S. MICALI ET AL.

interaction revisited: A systematic in vitro—in vivo evaluation. J. Exp. Phar-
macol. 2:83-91.

Nielubowicz, G. R. and Mobley, H. L. (2010). Host—pathogen interactions in
urinary tract infection. Nat. Rev. Urol. 7:430-441.

Nishizaki, N., Someya, T., Hirano, D., Fujinaga, S., Ohtomo, Y., Shimizu, T.
and Kaneko, K. (2009). Can cranberry juice be a substitute for cefaclor
prophylaxis in children with vesicoureteral reflux? Pediatr. Int. 51:433-434.

Ofek, I., Mirelman, D. and Sharon, N. (1977). Adherence of Escherichia
coli to human mucosal cells mediated by mannose receptors. Nature 265:
623-625.

Ohnishi, R., Ito, H., Kasajima, N., Kaneda, M., Kariyama, R., Kumon, H.,
Hatano, T. and Yoshida, T. (2006). Urinary excretion of anthocyanins
in humans after cranberry juice ingestion. Biosci Biotechnol. Biochem.
70:1681-1687.

Paeng, C. H., Sprague, M. and Jackevicius, C. A. (2007). Interaction between
warfarin and cranberry juice. Clin Ther. 29:1730-1735.

Pérez-Lopez, F. R., Haya, J. and Chedraui, P. (2009). Vaccinium macrocarpon:
An interesting option for women with recurrent urinary tract infections and
other health benefits. J. Obstet. Gynaecol. Res. 35:630-639.

Raz, R., Chazan, B. and Dan, M. (2004). Cranberry juice and urinary infections.
Clin. Infect. Dis., 38:1413-1419.

Reed, J. D., Krueger, C. G. and Porter, M. L. (2001). Cranberry juice powder
decrease low-density lipoprotein cholesterol in hyperchlosterolemic swine.
FASEB J. 15:LB54.

Rhee, K. Y. and Charles, M. (2004). Antimicrobial mechanisms of cranberry
juice. Clin. Infect. Dis. 39:877.

Rios, L. Y., Gonthier, M. P., Remesy, C., Mila, 1., Lapierre, C., Lazarus, S. A.,
Williamson, G. and Scalbert, A. (2003). Chocolate intake increases urinary
excretion of polyphenolderived phenolic acids in healthy human subjects.
Am. J. Clin. Nutr.77:912-918.

Roberts, D. and Flanagan, P. (2011). Case report: Cranberry juice and warfarin.
Home Healthc. Nurse. 29:92-97.

Rosen, D. A., Hooton, T. M., Stamm, W. E., Humphrey, P. A. and Hultgren, S.
J. (2007). Detection of intracellular bacterial communities in human urinary
tract infection. PLoS Med. 4:1949-1958.

Ruel, G. and Couillard, C. (2007). Evidence of the cardioprotective potential of
fruits: The case of cranberries. Mol. Nutr. Food Res. 51:692-701.

Santos-Buelga, C. and Scalbert, A. (2000). Proanthocyanidins and tannin-like
compounds-nature, occurrence, dietary intake and effects on nutrition and
health. J. Agric. Food Chem. 80:1094-1117.

Scalbert, A. and Williamson, G. (2000). Dietary intake and bioavailibility of
polyphenols. J. Nutr, 130:2073S-2085S.

Schlager, T. A., Anderson, S., Trudell, J. and Hendley, J. O. (1999). Effect of
cranberry juice on bacteriuria in children with neurogenic bladder receiving
intermittent catheterization. J. Pediatr. 135:698-702.

Seeram, N. P. (2008). Berry fruits: Compositional elements, biochemical ac-
tivities, and the impact of their intake on human health, performance, and
disease. J. Agric. Food Chem. 56:627-629.

Sobota, A. E. (1984). Inhibition of bacterial adherence by cranberry juice: Poten-
tial use for the treatment of urinary tract infections. J. Urol. 131:1013-1016.

Stamm, W. E. (2002). Scientific and clinical challenges in the management of
urinary tract infections. Am. J. Med. 113:15-4S.

Steinberg, D., Feldman, M., Ofek, I. and Weiss, E. 1. (2005). Cranberry high
molecular weight constituents promote Streptococcus sobrinus desorption
from artificial biofilm. Int. J. Antimicrob. Agents 25:247-251.

Stothers, L. (2002). A randomized trial to evaluate effectiveness and cost ef-
fectiveness of naturopathic cranberry products as prophylaxis against urinary
tract infection in women. Can J Urol. 9:1558-1562.

Sun, J., Chu, Y. F, Wu, X. Z. and Liu, R. H. (2002). Antioxidant and antiprolif-
erative activities of common fruits. J. Agric. Food Chem. 50:7449-7454.

Tempera, G., Furneri, P. M., Cianci, A., Incognito, T., Marano, M. R. and Drago,
F. (2009). The impact of prulifioxacin on vaginal lactobacillus microflora: An
in vivo study. J. Chemother. 21:646—650.

Thomas, W. E., Nilsson, L. M. Forero, M., Sokurenko, E. V. and Vogel, V. (2004).
Shear-dependent ‘stick-and-roll” adhesion of type 1 fimbriated Escherichia
coli. Mol. Microbiol. 53:1545-1557.



Downloaded by [University of Aberdeen] at 03:49 06 October 2014

CRANBERRY AND RECURRENT CYSTITIS 1075

Turner, A., Chen, S. N., Joike, M. K, Pendland, S. L., Pauli, G. F. and Farnsworth,
N. R. (2005). Inhibition of uropathogenic Escherichia coli by cranberry juice:
A new antiadherence assay. J. Agric. Food Chem. 53:8940-8947.

Vvedenskaya, I. O. and Vorsa, N. (2004). Flavonoid composition over fruit
development and maturation in American cranberry, Vaccinium macrocarpon
Ait. Plant Sci. 167:1043-1054.

Waites, K. B., Canupp, K. C., Armstrong, S. and DeVivo, M. J. (2004). Effect
of cranberry extract on bacteriuria and pyuria in persons with neurogenic
bladder secondary to spinal cord injury. Spinal Cord Med. 27:35-40.

Wang, S. Y. and Stretch, A. W. (2001). Antioxidant capacity in cranberry is influ-
enced by cultivar and storage temperature. J. Agric. Food Chem. 49:969-974.

Weiss, E. 1., Houri-Haddad, Y., Greenbaum, E., Hochman, N., Ofek, 1. and
Zakay-Rones, Z. (2005). Cranberry juice constituents affect influenza virus
adhesion and infectivity. AntiViral Res. 66:9-12.

Wilson, T., Porcari, J. and Harbin, D. (1998). Cranberry extract inhibits low
density lipoprotein oxidation. Life Sci. 62:PL381-PL386.

Yan, X., Murphy, B. T., Hammond, G. B., Vinson, J. A. and Neto, C. C. (2002).
Antioxidant activities and antitumor screening of extracts from cranberry fruit
(Vaccinium macrocarpon). J. Agric. Food Chem. 20:5844-5849.

Zafriri, D., Ofek, 1., Adar, R., Pocino, M. and Sharon, N. (1989). Inhibitory
activity of cranberry juice on adherence of type 1 and type P fimbriated
Escherichia coli to eucaryotic cells. Antimicrob. Agents Chemother. 33:
92-98.

Zheng, W. and Wang, S. Y. (2003). Oxygen radical absorbing capacity of phe-
nolics in blueberries, cranberries, chokeberries, and lingonberries. J. Agric.
Food Chem. 51:502-509.

Zikria, J., Goldman, R. and Ansell, J. (2010). Cranberry juice and warfarin:
When bad publicity trumps science. Am. J. Med. 123:384-392.



