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Abstract: Urinary tract infections (UTIs) are among the most prevalent bacterial infections, particularly affecting women, 
pregnant individuals, and children, and are often complicated by increasing antimicrobial resistance. This review evaluates the 
potential role of cranberry (Vaccinium macrocarpon) and its bioactive constituents, primarily A-type proanthocyanidins (PACs), 
in the prevention and adjunctive management of UTIs. Cranberry PACs exhibit a unique mechanism by inhibiting the adhesion 
of P-fimbriated Escherichia coli to uroepithelial cells, thereby reducing bacterial colonization. In addition, cranberries possess 
antimicrobial, antioxidant, and anti-inflammatory properties that further contribute to urinary tract health. Clinical studies 
show variable but promising results, especially in women with recurrent UTIs, with some trials demonstrating reduced 
recurrence rates when cranberry juice or extracts were consumed regularly. Pharmacokinetic studies indicate limited oral 
bioavailability of PACs, but their metabolites are excreted in urine where they exert local effects. Cranberry products are 
generally safe; however, potential drug interactions, particularly with warfarin, should be considered. This review concludes that 
cranberry may serve as an effective, non-antibiotic prophylactic option for recurrent UTIs, but standardized dosing, long-term 
safety, and high-quality clinical evidence remain areas for further research. 
Keywords: Urinary Tract Infection (UTI), Cranberry (Vaccinium macrocarpon), Proanthocyanidins (PACs), Anti-adhesion 
mechanism, Recurrent UTI prevention. 
 

I. INTRODUCTION 
 Urinary tract infection (UTI) is a common clinical problem, which can involve the urethra, bladder, and kidney.[1] UTI affects all 
age groups, but women are more susceptible than men, due to short urethra, absence of prostatic secretion, pregnancy and easy 
contamination of the urinary tract with faecal flora.[2]Additionally, the physiological increase in plasma volume during pregnancy 
decreases urine concentration and up to 70% pregnant women develop glucosuria, which encourages bacterial growth in the urine.[3] 
UTI in children is an important clinical problem. Renal scarring, which occurs in a small proportion of children (approximately 6% 
[4], is the most important outcome of infection as it is associated with significant future complications[5], and ultimately with end 
stage renal disease[6]. 
Classification of UTI –  
It is understood that the infection targets the different parts of the urinary tract and as a consequence results in the contagion of the 
lower and the upper urinary tracts. The infection is named based on the site of infection. The infection of urethra and ureter are 
referred to as urethritis and ureteritis respectively where as cystitis and pyelonephritis corresponds to bladder and kidney 
infections.[7]. Generally UTIs are classified based on the factors that trigger the infection and the nature of occurrence. Taking these 
aspects in to consideration, UTIs can be classified as follows: i. Uncomplicated or complicated (based on the factor that triggers the 
infection) ii. Primary or recurrent (depending on the nature of occurrence)[8]. Urinary tract infections (UTIs) are common, especially 
in women, and frequent antibiotic use has led to rising drug resistance. First-line treatments include nitrofurantoin, trimethoprim-
sulfamethoxazole, and Fosfomycin, with fluoroquinolones used for more severe cases. In pregnancy, cephalosporins and 
nitrofurantoin are preferred. Recurrent UTIs (rUTIs) should be managed with non-antibiotic strategies like immunostimulants (OM-
89) and vaginal estrogen for postmenopausal women. Antibiotic prophylaxis is a last resort due to resistance risks. Lifestyle 
changes, such as increased water intake, may help, while cranberry products and probiotics show limited effectiveness. The focus is 
on minimizing antibiotic use and promoting safer preventive options.[9] 
Botanical description 
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The scientific name for cranberry plant is Vaccinium macrocarpon [10]. Cranberries, blueberries, and Concord grapes are the only 3 
fruits that are native to the United States and Canada. Most commercial farms today are located in northern United States, 
Massachusetts, and New Jersey and the Canadian provinces of Quebec and British Columbia [11]. Commercial harvests occur in 
September and October. Cranberries contain 180% water and 10% carbohydrates [12]. Among other constituents are flavonoids, 
anthocyanins, catechin, triterpenoids, organic acids, and a small amount of ascorbic acid. The major organic acids are citric, malic, 
and quinic acids, with small amounts of benzoic and glucuronic acids [13]. Anthocyanin pigments obtained from cranberry pulp are 
used for coloring applications [14]. Cranberries can be processed into fresh fruit, concentrate, sauce products, and juice drinks [11]. 

 
II. TAXONOMY 

Family: Ericaceae (Heath family) 
Genus: Vaccinium 
Subgenus: Oxycoccus 
Common Species: 
Vaccinium macrocarpon (American cranberry) 
Vaccinium oxycoccos (Northern or common cranberry) 
 Morphology 
Growth Habit: 
Low-growing, perennial, trailing vines or shrubs 
Vines can extend up to 2 meters, but plants remain under 20 cm tall 
Leaves: 
Small, evergreen, ovate to lanceolate 
5–10 mm long, with entire margins and a leathery texture 
Arranged alternately on slender stems 
Stems: 
Thin, wiry, and woody at the base 
Capable of rooting at nodes, aiding vegetative spread 
 Flowers 
Type: Perfect (bisexual), actinomorphic 
Color: Pink to reddish-purple 
Structure: Four petals reflexed backward, exposing stamens and style 
Pollination: Primarily by bees; buzz pollination is common Fruit 
Type: True berry 
Size: 9–14 mm in diameter 
Color: Green when immature, ripening to deep red 
Taste: Highly acidic due to organic acids (especially quinic and citric acids) 
 Habitat 
Native Range: Temperate and boreal regions of the Northern Hemisphere 
Preferred Conditions: Acidic, nutrient-poor soils in bogs and wetlands 
Cultivation: Commercially grown in sandy peat soils with controlled flooding for harvest[15] 
 
1) Proanthocyanidins. American cranberry has a complex and rich phytochemical composition, particularly flavan-3-ols, A type 

procyanidins (PACs), anthocyanins, benzoic acid, and ursolic acid. Cranberry flavan-3-ols are present as monomers, oligomers, 
and polymers (Table 1) [16]. These oligomers and polymers are also referred to as PACs or condensed tannins and represent 
w85% of the total flavan-3-ols on a weight ba sis[17,18]. PACs with at least 1 A-type linkage account for 51–91% of total PACs in 
cranberry[19,20]. The 11 Abbreviations used: CETP, cholesterol ester transfer protein; CHD, coronary heart disease; CRP, C-
reactive protein; CVD, cardiovascular disease; DP, degree of polymerization; eNOS, endothelial NO synthase; FW, fresh 
weight; HDL-C, HDL cholesterol; ICAM-1, intercellular adhesion molecule 1; IMT, intima-media thickness; LDL-C, LDL 
cholesterol; MI, myocardial infarction; NF-kB, nuclear factor k-light-chain-enhancer of activated B cells; PAC, 
proanthocyanidin; PWV, pulse wave velocity; ROS, reactive oxygen species; sVCAM-1, soluble vascular cell adhesion 
molecule 1; UTI, urinary tract infection. distinction between A- and B-type PAC structures is of impor tance because the 
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difference can influence their biological properties. The A-type PACs exhibit significantly greater inhi bition of in vitro 
adhesion of P-fimbriated Escherichia coli bac teria to uroepithelial cells than the B-type PACs, the initial step of UTI[21]. 

2) Anthocyanins. Amounts of anthocyanins are remarkably high in cranberry, contributing to the color of the fruit and derived 
foodstuffs, as well as the potential effects on hu man health. American cranberry is one of the rare foods that comprise 
glycosides of the 6 aglycones of the anthocyanidin family: cyanidin, peonidin, malvidin, pelargonidin, delphinidin, and 
petunidin (Fig.1) [22]. The predominant anthocyanins are the3-O-galactosidesand3-O-arabinosides of cyanidinandpeonidin; a 
total of 13anthocyanins, mainly3-O-monoglycosides, have been detected [16,23]. Cranberry anthocyanin content increases with 
ripening and is also dependent on the cultivar and size of the fruit) [24-26]. 

3) Phenolic acids. Cranberry also contains phenolic acids, in cluding hydroxybenzoic and hydroxycinnamic acids. The former are 
the most abundant, with very high contents of benzoic acid at 474–557 mg/100 g FW [27-29]. 

4) Terpenes. Although much less studied than the polyphenol composition, the presence of potentially active terpenes in cranberry 
deserves further attention. Ursolic acid (Fig. 1) is abundant in American cranberry at 46–109 mg/100 g FW [30]. This triterpene 
is a constituent of numerous traditional herbal medicines and has strong anti-inflammatory effects.[31] 

5) Flavonols. Flavonols in cranberries consist mainly in glyco sides of quercetin, myricetin, and to a lesser extent, kaemp ferol 
(Fig. 1). Quercetin 3-galactoside is the predominant form, but at least 11 other glycosides are present in lower concentrations 
[16,23]. 

 
III. EXPERIMENTAL MODEL AND CLINICAL TRIALS 

Because the pathogenesis of UTI varies depending on the patient group, the selection of study participants is especially crucial. 
Because bacteria can enter the bladder during sex, young, sexually active women frequently get UTIs after having sex. Structural 
abnormalities in the urinary system that make patients more susceptible to turbulent urine flow and the introduction of germs from 
the periurethral region to the bladder, renal pelvis, and/or kidney can cause UTIs in young infants. These other populations are not 
the same as older women who experience recurring UTIs. Thus, one needs take into account the people, product used, dosage and 
mode of administration, duration of exposure, adherence to the regimen, and comparator agent selection in order to properly assess 
the ability of cranberries to prevent or treat UTIs. The findings of individual studies and meta-analyses have been consistent, which 
is not surprising given these factors [32]. 
 
A. Clinical Trials In Adult Women And In Women With Recurrent UTIs 
The majority of research on cranberry therapies has focused on women, who are more likely than men to get UTIs, and especially 
on women who experience recurring UTIs. A 66-year-old woman with chronic pyelonephritis that was resistant to antibiotic 
treatment was the subject of an early case report [33]. Her urine (as measured by albuminuria and pyuria) improved after 8 weeks of 
treatment with 180 mL cranberry juice twice daily, and after 9 months, the infection was nearly totally eradicated. For two and a half 
years, she did not need antibiotics again. Both cross-over [34] and parallel [35–37] designs were used in placebo-controlled trials 
that looked at women with a history of recurrent UTIs to see if cranberry consumption can stop outbreaks. There was only one 
research, and several cranberry products and placebos were used in these trials. [37] 
 
B. Clinical Trials in Children 
In a placebo-controlled parallel design research, Ferrara et al. [38] looked at 84 girls between the ages of 3 and 14 who had had 
more than one UTI in the previous 12 months. Partici pants received 100 mL of Lactobacillus GG five days a month, 50 mL of 
cranberry-lingonberry concentrate every day, or a 'no treatment' control for six months. The UTI rate was 48.1% for the control 
group, 42.3% for the Lactobacillus group, and 18.5% for the cranberry-lingonberry juice group. In a crossover trial, Foda et al. [39] 
recruited children with neuropathic bladders undergoing intermittent catheterisation, with an average age of 9.4 years. For six 
months, the children were given either water or 15 mL/(kg $ d) of cranberry juice cocktail. Asymptomatic bacteriuria and UTI 
recurrence did not differ between the two groups. However, the study's ability to demonstrate a statistically significant benefit was 
limited because 19 out of the 40 participants withdrew during the study period. Salo et al. (85) used a parallel trial strategy to 
examine 255 children who had previously been diagnosed with a UTI with either cranberry juice [5 mL/(kg $ d); up to 300 mL] or a 
placebo juice for six months. 
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IV. DIAGNOSIS 
A. Medical history  
The medical history is the primary basis for the clinical diagnosis of a urinary tract infection. Certain information can either raise  or 
lower  the likelihood of a urinary tract infection. Clinical research have demonstrated the following criteria [40, 41]. 1) Nycturia (↑), 
pollakiuria, and dysuria 2) Incontinence, either present or worsened (↑) Macrohematuria (↑) is the third 4) Suprapubic discomfort 
(↑) 5) Turbid urine with a "offensive" odour (↑) 6) Previous urinary tract infections (↑) 7) Vaginal discomfort and altered or fresh 
discharge (↓). 2) In addition, there are known risk factors that increase the chance of UTI. Among these are: 1) Sexual activity 
within the previous two weeks [42]. 2) Contraception using sper micide or a vaginal diaphragm [43] 3) DMPA (depot medroxypro 
gesterone acetate) contraception [44] 4) The use of antibiotics over the two to four weeks prior [45]. 
 
B. Urine testing  
1) Urine gathering 
The need to clean the perineum and vulva or glans penis, as well as to collect urine midstream, has been the subject of numerous 
research [46,47,48].  
 
2) Useful test techniques  
A bacteriological urine culture, along with pathogen identification, quantification, and sensitivity testing, is the gold standard for a 
urine test. Direct techniques are frequently employed in practice to identify the bacteria or inflammation (dip sticks) in order to 
determine whether the patient has a UTI at all. Both immersion culture media and urine microscopy can be used to determine the 
bacterial count. 
 
3) Dip sticks  
One of the most common tools for diagnostic testing when there is clinical evidence of a UTI in a patient is a urine dip stick. The 
most often used Multistix may be able to identify leukocyte esterase, blood (as an indicator of inflammation), protein, and nitrite (a 
metabolic result of common urinary tract pathogens). With a likelihood ratio [LR] of 2.6 to 10.6, the presence of nitrite raises the 
risk of a urinary tract infection. The sensitivity is really low, though. On the other hand, leukocyte esterase detection raises the 
likelihood to a lower extent (LR 1.0 to 2.6). Although blood detection has a high sensitivity, its specificity is limited. Research 
findings regarding the usefulness of protein detection in confirming UTIs are inconsistent. [49] 
 
4) Urine Microscopy 
Gram-stained microscopy has a limited sensitivity for detecting UTIs with <105 cfu/mL because of methodological limitations. 
According to certain research, skilled personnel can obtain more accurate diagnoses than urine cultures. Nevertheless, the research 
on microscopy that is now available is diverse, and every review study comes to the conclusion that it is challenging to draw broad 
conclusions [50]. 
 
5) Immersion culture media  
A plastic rod coated with culture medium—typically a mix of MacConkey and CLED agar—is used in these immersion assays. 
They need a 24-hour culture. It is impossible to replicate the laboratory-obtained sensitivity and specificity values in primary care 
settings (24). The results showed that the specificity was 94% (CI 88–98) and the sensitivity was 73% (95% CI 66–80) in the 
primary care context. The sensitivity is lowered to 65% (CI 55–74) and the specificity is almost the same (CI 90–99) if a female 
patient has previously had a negative nitrite test. Reliable detection of <104 cfu/ml is not possible with this method [51]. 
 

V. TREATMENTS 
A. Antibiotics 
Although trimethoprim/sulfamethoxazole (Bactrim, Septra) has been shown to have higher cure rates than amoxicillin, which has 
historically been the first-line antibiotic for UTIs, rising E. coli resistance rates have made it a less popular option. Additional 
options include cephalosporins like cefixime (Suprax), cefpodoxime, cefprozil (Cefzil), or cephalexin (Keflex) or 
amoxicillin/clavulanate (Augmentin). [52] Additionally, there was no discernible difference in the growth of resistant organisms at 
the end of therapy comparing treatments with short and conventional durations. [53] Therefore, in children with lower UTIs, a 
course of oral antibiotics lasting two to four days seems to be just as effective as a course lasting seven to fourteen days. 19.  
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It is not advised to take oral antibiotics in single doses or for a single day as this may be less effective than extended courses. [54, 
55]. The U.S. Food and Drug Administration has approved Ciprofloxacin (Cipro) for use in treating patients aged one to seventeen 
who have severe UTIs and pyelonephritis caused by E. coli. [56] Commonly used antibiotics are listed in Table 1. [57].  Antibiotic 
therapy plays a vital role in the management of urinary tract infections (UTIs). The selection of an appropriate antibiotic depends on 
the type of UTI—whether uncomplicated or complicated—as well as the causative microorganism and its resistance profile. The 
most common pathogens include Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, and Enterococcus faecalis. For 
uncomplicated UTIs, first-line drugs such as Nitrofurantoin, Trimethoprim-sulfamethoxazole (Co-trimoxazole), and Fosfomycin 
tromethamine are commonly prescribed due to their high efficacy and minimal resistance. Fluoroquinolones such as Ciprofloxacin 
and Levofloxacin are often used for complicated or recurrent infections, though their use should be restricted to avoid resistance 
development. Beta-lactam antibiotics, including Amoxicillin-clavulanate, Cefixime, Cefuroxime, and Ceftriaxone, are also effective 
alternatives, particularly in moderate to severe infections. In hospital-acquired or resistant infections, Aminoglycosides like 
Gentamicin or Amikacin may be administered parenterally. For infections caused by multidrug-resistant strains, Carbapenems such 
as Meropenem or Imipenem are considered last-resort options. The usual duration of therapy is 3–5 days for uncomplicated and 7–
14 days for complicated UTIs. Supportive measures, including adequate hydration, proper hygiene, and regular follow-up, further 
enhance therapeutic success and help prevent recurrence. [56,57] 
                     

 

Table no 1. Antibiotics and their dosing for UTI in market 
 

B. Cranberry 
Proanthocyanidins (PACs), a class of polyphenolic chemicals that have drawn a lot of interest due to their potential to prevent 
urinary tract infections (UTIs), are the mainstay of cranberries' pharmacological properties. The distinctive A-type chemical 
structure of cranberry PACs sets them apart from the B-type connections present in other fruits' PACs. This structural difference is 
thought to be essential for the cranberry's ability to prevent bacteria from adhering to the bladder wall, which is a pivotal stage in the 
formation of UTIs [58]. Numerous phenolic acids found in cranberries, such as hydroxycinnamic acid and benzoic acid, have been 
investigated for their antibacterial and anti-inflammatory qualities. [59, 60] 

 
VI. MECHANISM OF ACTION: 

A. Proanthocynin 
Cranberry metabolite Mechanism of action Clinical evidence study Notable 

metabolites 
Proanthocyanins- 
dins (PACs) 

Inhibits 
E. coil adhesion 
to uroepithelial 
cells 

Poor bioavailability, 
PAC 
metabolites, like 
valeric acid and 
valerodenedin- 
tected in urine 

Valeric acid, 
Valerodone 
derivatives 

Table no 2. Cranberry Proanthocyanin [61] 
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Cranberry's ability to prevent UTIs has been explained by a number of processes, with particular emphasis on its ability to disrupt 
bacterial adhesion in the urinary tract [62]. After eating cranberries, urine exhibits an antiadhesion reaction that stops uropathogenic 
P-fimbriated E. coli from sticking to receptors on bladder cells [63]. The bacteria won't proliferate and spread infection if they can't 
adhere to cells. Changes in bacterial morphology [65] and/or genetically driven reductions in P-fimbrial expression [65,66] could be 
the cause of the decrease in adhesion forces [64]. Furthermore, it has been shown that cranberry bioactives, particularly the bigger 
oligomer polyphenols, have a positive impact on gut flora. [67]. These mechanisms offer a thorough understanding of how 
cranberry ingredients aid in the management of UTIs and are mostly based on the bioactive components of cranberries, such as 
proanthocyanidins (PACs), flavonoids, and phenolic acids [68,69]. 
 
1) Anti-adhesion activity of Proanthocynin 
Cranberries' anti-adhesion qualities, which are primarily brought about by the presence of special A-type proanthocyanidins (PACs), 
are the main factor contributing to its efficacy against UTIs. These substances prevent P-fimbriated Escherichia coli, the most 
prevalent bacteria that cause UTIs, from adhering to the urinary tract's lining cells. It is thought that A-type PACs selectively 
connect to the P-fimbriae on the surface of E. coli, changing the bacterial cell surface and inhibiting uroepithelial cell adhesion. This 
process lessens the possibility of bacterial colonisation and the emergence of an illness [70,71]. Cranberry PACs dramatically reduce 
the adherence of P-fimbriated E. coli to uroepithelial cells in lab settings, according to research by Howell that offered preliminary 
support for this anti-adhesion mechanism. These results have been supported by other research, which highlights cranberry's specific 
effect against P-fimbriated strains of E. coli, which cause a significant percentage of UTI cases [72,73]. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                                                       
 
 
 
                                                                             Fig no 1. MOA Of Proanthocyanin.[74] 

Cranberry fruit extract 
Proanthocyanidins (PACs) 

                          1.anti adhesion effect 
Prevent E.coli from attaching to urothelial cell                           

receptors 

2.inhibits biofilm formation 
Reduces bacterial colonization 

3.Acidifies urine 
Inhibits bacterial multiplication  

4. Anti-inflammatory action 
Anti-inflammatory action 

Reduces irritation and infection 
 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 13 Issue XI Nov 2025- Available at www.ijraset.com 
     

 
2198 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

2) Antimicrobial characteristics 
Cranberry components provide direct antibacterial activity against a variety of uropathogens, in addition to inhibiting bacterial 
adhesion. The potential of cranberries' flavonoids and phenolic acids to stop bacterial growth and eradicate them has been studied 
[75]. These substances have the ability to damage bacterial cell walls, obstruct quorum sensing, which is a process by which bacteria 
communicate, and stop vital bacterial enzymes from working. For instance, studies by Côté[76] revealed that cranberry extracts 
have antibacterial qualities against strains of E. coli that are resistant to antibiotics, indicating that cranberries may play a part in 
treating the growing problem of antibiotic resistance in the treatment of UTIs[76,77].  
 
3) The anti-inflammatory and antioxidant properties 
The inflammation and oxidative stress associated with UTI development might exacerbate the illness and prolong the healing 
period. Flavonoids and other antioxidants, which are abundant in cranberries, are essential for controlling inflammation and 
minimising oxidative damage. By scavenging reactive oxygen species (ROS) and influencing inflammatory signalling pathways, 
these substances may reduce the severity of UTIs and promote healing [78]. highlighted cranberry's anti-inflammatory properties 
and showed how consuming it could change inflammatory biomarkers in UTI settings [79]. This implies that cranberries' anti-
inflammatory and antioxidant qualities complement their antibacterial and anti-adhesion activities in the treatment of UTIs [79, 80]. 
 
B. Pharmaco-kinetic of cranberry 
Cranberry's pharmacokinetics—the processes of absorption, distribution, metabolism, and excretion (ADME) of its active 
ingredients—are essential to comprehending how well it works to treat UTIs and how it interacts with medications. 
Proanthocyanidins (PACs), flavonoids, and phenolic acids are among the bioactive substances found in cranberries. Their distinct 
pharmacokinetic characteristics influence their safety and therapeutic efficacy [81]. 
1) Absorption: The chemical makeup of cranberries and the type of cranberry product (juice, extract, or capsule) that is consumed 

determine how well the bioactive chemicals are absorbed. According to studies, PACs have a limited oral bioavailability 
because of their huge molecular size and complexity. Nevertheless, systemic effects can still be produced by trace levels that are 
absorbed through the gastrointestinal tract. Changes from the gut microbiota can affect the bioavailability of flavonoids and 
phenolic acids, which are absorbed more easily. After absorption, these substances can affect a number of metabolic processes, 
such as those that improve antioxidant defence and prevent bacterial adhesion [70,71,81]. 

2) Distribution: After being absorbed, the bioactive ingredients in cranberries are dispersed throughout the body, with their 
molecular size and lipophilicity determining their particular affinity for particular tissues. The chemicals' ability to enter the 
urinary tract, where they can have local antibacterial and anti-adhesion actions, depends on their distribution. Research has 
demonstrated that metabolites from cranberry components are present in urine, suggesting that they have successfully entered 
the urinary system [81,82]. 

3) Metabolism: Cranberry components are mostly metabolised in the gut and liver, where they go through a lot of 
biotransformation. Conjugation processes that increase their water solubility and facilitate their excretion are a part of this 
process. Additionally, cranberry components are metabolised by the gut microbiota into a variety of metabolites that may have 
health benefits. Urine and plasma have been found to contain these metabolites, which include those from PACs and flavonoids, 
suggesting systemic exposure and biological action [83,84]. 

4) Excretion: Proanthocyanidins, hippuric acid, benzoic acid derivatives, and urinary phenolic acids are among the cranberry-
derived substances whose excretion guarantees their activity in the urinary system. These metabolites enhance the antimicrobial 
environment, reduce bacterial adhesion, and acidify the urine, all of which contribute to the UTI-preventive benefits of 
cranberries. Furthermore, some substances are eliminated from the body entirely by being expelled into faeces through bile 
[81,85,86]. 

 
C. Toxicity Study 
1) Interactions 
There is a lot of curiosity and worry about how cranberries and prescriptions interact, especially when it comes to drugs like 
warfarin that have limited therapeutic windows. Cranberries may have an impact on the pharmacokinetics of medications taken 
together, either by changing how they are metabolised or by affecting how they are distributed and eliminated. Patients taking 
cranberry products along with warfarin have been reported to have higher international normalised ratio (INR) levels and an 
increased risk of bleeding.  
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Cranberry's effects on the cytochrome P450 enzyme system and/or platelet function are thought to be the cause of this interaction, 
which may prevent warfarin from being metabolised and increase its anticoagulant effects. Healthcare professionals need to be 
aware of the complex pharmacokinetics of cranberries and their potential to interact with drugs. In addition to being closely watched 
for any negative effects, patients on drugs with restricted therapeutic indices should be counselled about the possible hazards of 
consuming cranberries at the same time. To determine the underlying processes of these interactions and to develop 
recommendations for the safe co-administration of cranberry products with other drugs, more research is necessary. [87]. 

 
VII. RECENT ADVANCEMENT 

Large recent meta-analyses and systematic reviews report that regular cranberry intake—particularly products standardized for A-
type PAC content—reduces recurrent UTI risk in many patient groups, though effect size varies by dose and product. The primary 
antimicrobial mechanism supported by in vitro and ex vivo work is anti-adhesion: A-type PACs block P-fimbriae/FimH-mediated 
attachment of uropathogenic E. coli to uroepithelial cells, reducing colonization. Recent randomized controlled trials and population 
studies (including whole-fruit powder and high-PAC capsule trials) have produced stronger clinical evidence that standardized 
cranberry products can lower culture-confirmed UTI incidence in selected cohorts. Researchers increasingly view PACs as an 
adjunct/ preventive strategy to reduce antibiotic use and the selective pressure driving resistance, rather than as a standalone 
treatment for acute infections [88]. Advances in formulation science — nanoencapsulation, polysaccharide/protein complexes, 
chitosan-based carriers and liposomal systems -are improving PAC stability, intestinal absorption and urinary excretion, addressing 
prior bioavailability limitations. Metabolomics work shows that gut and hepatic metabolism produce smaller PAC metabolites that 
are likely the bioactive urinary species, shifting focus from parent compounds to metabolite profiling in pharmacokinetic studies. 
Synergy studies report that PACs can potentiate efficacy of some antibiotics and urinary antiseptics in vitro, suggesting combination 
therapies might lower required antibiotic doses — though clinical confirmation is limited. Standardization problems persist: PAC 
quantification methods, A-type vs B-type proanthocyanidin reporting, and inconsistent dosing across trials make cross-study 
comparisons and dosing guidelines challenging. New in vitro models (organoid and flow-cell bladder epithelium systems) and better 
strain panels, including multidrug-resistant uropathogens, are being used to test anti-adhesive and anti-biofilm activity more 
rigorously. Regulatory and guideline opinions now often acknowledge cranberry’s preventive potential for recurrent UTI in specific 
populations, but recommend standardized high-PAC preparations and call for larger, well-powered RCTs to define optimal dose and 
target groups [89]. 
Large recent meta-analyses and systematic reviews report that regular cranberry intake—particularly products standardized for A-
type PAC content—reduces recurrent UTI risk in many patient groups, though effect size varies by dose and product. The primary 
antimicrobial mechanism supported by in vitro and ex vivo work is anti-adhesion: A-type PACs block P-fimbriae/FimH-mediated 
attachment of uropathogenic E. coli to uroepithelial cells, reducing colonization. Recent randomized controlled trials and population 
studies (including whole-fruit powder and high-PAC capsule trials) have produced stronger clinical evidence that standardized 
cranberry products can lower culture-confirmed UTI incidence in selected cohorts. Researchers increasingly view PACs as an 
adjunct/ preventive strategy to reduce antibiotic use and the selective pressure driving resistance, rather than as a standalone 
treatment for acute infections. Advances in formulation science — nanoencapsulation, polysaccharide/protein complexes, chitosan-
based carriers and liposomal systems -are improving PAC stability, intestinal absorption and urinary excretion, addressing prior 
bioavailability limitations. Metabolomics work shows that gut and hepatic metabolism produce smaller PAC metabolites that are 
likely the bioactive urinary species, shifting focus from parent compounds to metabolite profiling in pharmacokinetic studies. 
Synergy studies report that PACs can potentiate efficacy of some antibiotics and urinary antiseptics in vitro, suggesting combination 
therapies might lower required antibiotic doses — though clinical confirmation is limited. Standardization problems persist: PAC 
quantification methods, A-type vs B-type proanthocyanidin reporting, and inconsistent dosing across trials make cross-study 
comparisons and dosing guidelines challenging. New in vitro models (organoid and flow-cell bladder epithelium systems) and better 
strain panels, including multidrug-resistant uropathogens, are being used to test anti-adhesive and anti-biofilm activity more 
rigorously. Regulatory and guideline opinions now often acknowledge cranberry’s preventive potential for recurrent UTI in specific 
populations, but recommend standardized high-PAC preparations and call for larger, well-powered RCTs to define optimal dose and 
target groups. 

VIII. SUMMARY 
Recent advancements highlight the growing evidence supporting the antimicrobial potential of cranberry proanthocyanidins (PACs) 
in urinary tract infections (UTIs). Meta-analyses and systematic reviews demonstrate that cranberry products standardized for A-
type PACs effectively reduce the recurrence of UTIs across various populations.  
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The key antimicrobial mechanism involves the inhibition of Escherichia coli adhesion to uroepithelial cells through the interaction 
of PACs with bacterial fimbriae, thereby preventing colonization. Clinical trials using whole-fruit powder and high-PAC capsules 
have strengthened evidence for reduced culture-confirmed UTI rates. Researchers now consider PACs as valuable preventive 
adjuncts that can decrease antibiotic use and mitigate antimicrobial resistance rather than as stand-alone treatments. Advances in 
formulation technology—such as nanoencapsulation, liposomal systems, and chitosan-based carriers—have improved PAC stability, 
absorption, and urinary excretion. Metabolomic studies further reveal that PAC metabolites produced by gut and hepatic metabolism 
are the active urinary components responsible for antibacterial effects. Additionally, synergistic effects with antibiotics have been 
observed, although more clinical validation is required. Despite these promising developments, challenges remain in standardizing 
PAC quantification methods and determining optimal dosing, emphasizing the need for larger, well-designed clinical trials to 
establish cranberry’s therapeutic role in UTI prevention. 

 
REFERNCES 

[1] Al-Dujiaily AA, et al. Urinary tract infection during pregnancy in Tikrit. Med J Tikrit 2000; 6: 220-4.  
[2] Awaness AM, Al-Saadi MG, Aadoas SA. Antibiotics resistance in recurrent urinary tract infection. Kufa Medical Journal 2000; 3: 159.  
[3] Lucas MJ, Cunningharm FG. Urinary tract infection in pregnancy. Clin Obstet Gynecol 1993; 36: 855-68. 
[4] Wennerstrom M, Hansson S, Jodal U, Sixt R, Stokland E: Renal function 16 to 26 years after the first urinary tract infection in childhood. Archives of Pediatrics 

& Adolescent Medicine 2000, 154:339-345. 
[5] Sacks SH, Verrier Jones K, Roberts R, Asscher AW, Ledingham JG: Effect of symptomless bacteriuria in childhood on subse quent pregnancy. Lancet 1987, 

2:991-994. 
[6] Larcombe J: Urinary tract infection. In Clinical Evidence, Issue 7 Volume 7. London, BMJ Publishing; 2002:377-385. 
[7] http://www.betterhealth.vic.gov.au/bhcv2/bhcarticles.nsf/pages/ Urinary_tract_infection 
[8] Vasudevan, Ranganathan. (2014). Urinary Tract Infection: An Overview of the Infection and the Associated Risk Factors. Journal of Microbiology & 

Experimentation. 1. 10.15406/jmen.2014.01.00008. 
[9] Rzepka-Gorska I, Sowinska E, Wilczynska E. [Urinary tract infections in relation to inflammatory conditions of the vagina in girls]. Ginekol Pol 1989; 60: 27-

32 
[10] Review of natural products: cranberry. Facts and Comparisons, 2001. 
[11] Cranberry Institute. Available at: http://www.cranberryinstitute.org. 
[12] Lenter C, ed. Geigy scientific tables. 8th ed. West Caldwell, NJ: CIBA Geigy, 1991 
[13] Borukh IF, Kirbaba VI, Senchuk GV. Antimicrobial properties of cran berry. Vopr Pitan 1972;31:82. 
[14] WooA,vonAlbe JH,AmundsonCH,etal.Anthocyaninrecoveryfrom cranberry pulp wastes by membrane technology. J Food Sci 1980;45: 875. 
[15] Nemzer, B. V., Al-Taher, F., Yashin, A., Revelsky, I., & Yashin, Y. (2022). Cranberry: Chemical Composition, Antioxidant Activity and Impact on Human 

Health: Overview. Molecules, 27(5), 1503.  
[16] Pappas E, Schaich KM. Phytochemicals of cranberries and cranberry products: characterization, potential health effects, and processing sta bility. Crit Rev Food 

Sci Nutr. 2009;49:741–81. 
[17] White BL, Howard LR, Prior RL. Impact of different stages of juice processing on the anthocyanin, flavonol, and procyanidin contents of cranberries. J Agric 

Food Chem. 2011;59:4692–8. 
[18] Gu L, Kelm MA, Hammerstone JF, Beecher G, Holden J, Haytowitz D, Gebhardt S, Prior RL. Concentrations of proanthocyanidins in com mon foods and 

estimations of normal consumption. J Nutr. 2004; 134:613–7. 
[19] Foo LY, Lu YR, Howell AB, Vorsa N. The structure of cranberry proanthocyanidins which inhibit adherence of uropathogenic P-fim briated Escherichia coli in 

vitro. Phytochemistry. 2000;54:173–81. 
[20] Feliciano RP, Krueger CG, Shanmuganayagam D, Vestling MM, Reed JD. Deconvolution of matrix-assisted laser desorption/ionization time-of-flight mass 

spectrometry isotope patterns to determine ratios of A-type to B-type interflavan bonds in cranberry proanthocyani dins. Food Chem. 2012;135:1485–93. 
[21] Howell AB, Reed JD, Krueger CG, Winterbottom R, Cunningham DG, Leahy M. A-type cranberry proanthocyanidins and uropathogen ic bacterial anti-

adhesion activity. Phytochemistry. 2005;66:2281–91. 
[22] Wu X, Prior RL. Systematic identification and characterization of an thocyanins by HPLC-ESI-MS/MS in common foods in the United States: fruits and 

berries. J Agric Food Chem. 2005;53:2589–99. 
[23] Côté J, Caillet S, Doyon G, Sylvain JF, Lacroix M. Analyzing cranberry bioactive compounds. Crit Rev Food Sci Nutr. 2010;50:872–88. 
[24] Vvedenskaya IO, Vorsa N. Flavonoid composition over fruit develop ment and maturation in American cranberry, Vaccinium macrocarpon Ait. Plant Sci. 

2004;167:1043–54. 
[25] Celik H, Ozgen M, Serce S, Kaya C. Phytochemical accumulation and antioxidant capacity at four maturity stages of cranberry fruit. Sci Hortic (Amsterdam). 

2008;117:345–8. 
[26] Brown PN, Murch SJ, Shipley P. Phytochemical Diversity of Cranberry (Vaccinium macrocarpon Aiton) Cultivars by Anthocyanin Determi nation and 

Metabolomic Profiling with Chemometric Analysis. J Agric Food Chem 2012;60:261–71. 
[27] Zuo Y, Wang C, Zhan J. Separation, characterization, and quantitation of benzoic and phenolic antioxidants in American cranberry fruit by GC-MS. J Agric 

Food Chem. 2002;50:3789–94. 
[28] Wang C, Zuo Y. Ultrasound-assisted hydrolysis and gas chromatogra phy-mass spectrometric determination of phenolic compounds in cranberry products. Food 

Chem. 2011;128:562–8. 
[29] Zhang K, Zuo Y. GC-MS determination of flavonoids and phenolic and benzoic acids in human plasma after consumption of cranberry juice. J Agric Food 

Chem. 2004;52:222–7. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 13 Issue XI Nov 2025- Available at www.ijraset.com 
     

 
2201 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

[30] Kondo M, MacKinnon SL, Craft CC, Matchett MD, Hurta RA, Neto CC. Ursolic acid and its esters: occurrence in cranberries and other Vaccinium fruit and 
effects on matrix metalloproteinase activity in DU145 prostate tumor cells. J Sci Food Agric. 2011;91:789–96. 

[31] Ikeda Y, Murakami A, Ohigashi H. Ursolic acid: an anti- and pro inflammatory triterpenoid. Mol Nutr Food Res. 2008;52:26–42. 
[32] Vasileiou I, Katsargyris A, Theocharis S, Giaginis C. Current clinical status on the preventive effects of cranberry consumption against uri nary tract infections. 

Nutr Res. 2013;33:595–607. 
[33] Moen DV. Observations on the effectiveness of cranberry juice in uri nary infections. Wis Med J. 1962;61:282–3. 
[34] Walker EB, Barney DP, Mickelsen JN, Walton RJ, Mickelsen RA Jr. Cranberry concentrate: UTI prophylaxis. J Fam Pract. 1997;45:167–8.  
[35] Barbosa-Cesnik C, Brown MB, Buxton M, Zhang L, DeBusscher J, Foxman B. Cranberry juice fails to prevent recurrent urinary tract in fection: results from a 

randomized placebo-controlled trial. Clin In fect Dis. 2011;52:23–30. 
[36] Stothers L. A randomized trial to evaluate effectiveness and cost effec tiveness of naturopathic cranberry products as prophylaxis against urinary tract infection 

in women. Can J Urol. 2002;9:1558–62. 
[37] Stapleton AE, Dziura J, Hooton TM, Cox ME, Yarova-Yarovaya Y, Chen S, Gupta K. Recurrent urinary tract infection and urinary Esch erichia coli in women 

ingesting cranberry juice daily: a randomized controlled trial. Mayo Clin Proc. 2012;87:143–50. 
[38] Ferrara P, Romaniello L, Vitelli O, Gatto A, Serva M, Cataldi L. Cranberry juice for the prevention of recurrent urinary tract infec tions: a randomized 

controlled trial in children. Scand J Urol Nephrol. 2009;43:369–72.  
[39] Foda MM, Middlebrook PF, Gatfield CT, Potvin G, Wells G, Schillinger JF. Efficacy of cranberry in prevention of urinary tract infection in a susceptible 

pediatric population. Can J Urol. 1995;2: 98–102. 
[40] Bent S, Saint S: The optimal use of diagnostic testing in women with acute uncomplicated cystitis. Am J Med 2002; 113 (Suppl 1A): 20–8.  
[41] Little P, Turner S, Rumsby K, et al.: Developing clinical rules to pre dict urinary tract infection in primary care settings: sensitivity and specificity of near 

patient tests (dipsticks) and clinical scores. Br J Gen Pract 2006; 56: 606–12. 
[42] Foxman B, Geiger AM, Palin K, Gillespie B, Koopman JS: First-time urinary tract infection and sexual behavior. Epidemiology 1995; 6: 162–8. 
[43] Fihn SD, Boyko EJ, Normand EH, et al.: Association between use of spermicide-coated condoms and Escherichia coli urinary tract in fection in young women. 

Am J Epidemiol 1996; 144: 512–20.  
[44] Ziaei S, Ninavaei M, Faghihzadeh S: Urinary tract infection in the users of depot-medroxyprogesterone acetate. Acta Obstet Gynecol Scand 2004; 83: 909–11.  
[45] Smith HS, Hughes JP, Hooton TM, et al.: Antecedent antimicrobial use increases the risk of uncomplicated cystitis in young women. Clin Infect Dis 1997; 25: 

63–8. 
[46] Samenvattingskaart NHG-Standaard: URINEWEGINFECTIES NHG STANDAARD. http://nhg.artsennet.nl/upload/104/standaarden/ M05/start.html 
[47] Baerheim A, Laerum E: Home-voided urine specimen in women. Diagnostic agreement with clean-catch midstream specimens. Scand J Prim Health Care 

1990; 8: 207–11.  
[48] Lifshitz E, Kramer L: Outpatient urine culture: does collection technique matter? Arch Intern Med 2000; 160: 2537–40. 
[49] Schmiemann, G., Kniehl, E., Gebhardt, K., Matejczyk, M. M., & Hummers-Pradier, E. (2010). The diagnosis of urinary tract infection: a systematic 

review. Deutsches Arzteblatt international, 107(21), 361–367. 
[50] 23. Whiting P, Westwood M, Bojke L, et al.: Clinical effectiveness and cost-effectiveness of tests for the diagnosis and investigation of urinary tract infection in 

children: a systematic review and econ omic model. Health Technol Assess 2006; 10: iii-iv, xi-xiii, 1–154. 
[51] Gatermann S, Fünfstück R, Handrick W, et al.: Harnwegsinfektion – Mikrobiologisch-infektologische Qualitätsstandards. In: Mauch M, Podbielski A, Hermann 

M (eds.): München, Jena: Urban & Fischer 2005; 8–21. 
[52] Zorc JJ, Kiddoo DA, Shaw KN. Diagnosis and manage ment of pediatric urinary tract infections. Clin Microbiol Rev. 2005;18(2):417-422. 
[53] Michael M, Hodson EM, Craig JC, Martin S, Moyer VA. Short versus standard duration oral antibiotic therapy for acute urinary tract infection in children. 

Cochrane Database Syst Rev. 2003;(1):CD003966. 
[54] Tran D, Muchant DG, Aronoff SC. Short-course versus conventional length antimicrobial therapy for uncompli cated lower urinary tract infections in children: 

a meta analysis of 1279 patients. J Pediatr. 2001;139(1):93-99.  
[55] Keren R, Chan E. A meta-analysis of randomized, con trolled trials comparing short- and long-course anti biotic therapy for urinary tract infections in children. 

Pediatrics. 2002;109(5):E70. 
[56] Committee on Infectious Diseases. The use of systemic f luoroquinolones. Pediatrics. 2006;118(3):1287-1292. 
[57] White, B. (2011). Diagnosis and treatment of urinary tract infections in children. American family physician, 83(4), 409-415. 
[58] Williams G, Hahn D, Stephens JH, Craig JC, Hodson EM. Cranberries for preventing urinary tract infections. Cochrane Database Syst Rev. (2023) 

4:CD001321. doi: 10.1002/14651858.CD001321.pub6. 
[59] Jurikova T, Skrovankova S, Mlcek J, Balla S, Snopek L. Bioactive compounds, antioxidant activity, and biological effects of European cranberry (Vaccinium 

oxycoccos). Molecules. (2019) 24:24. doi: 10.3390/molecules24010024. 
[60] Nemzer BV, Al-Taher F, Yashin A, Revelsky I, Yashin Y. Cranberry: chemical composition, antioxidant activity and impact on human health: overview. 

Molecules. (2022) 27:1503. doi: 10.3390/molecules27051503 
[61] Peron G, Pellizzaro A, Brun P, Schievano E, Mammi S, Sut S, et al. Antiadhesive activity and metabolomics analysis of rat urine after cranberry (Vaccinium 

macrocarpon Aiton) administration. J Agric Food Chem. (2017) 65:5657–67. doi: 10.1021/acs.jafc.7b01856. 
[62] Howell AB, Vorsa N, Der Marderosian A, Foo LY. Inhibition of the ad herence of P-fimbriated Escherichia coli to uroepithelial-cell surfaces by 

proanthocyanidin extracts from cranberries. N Engl J Med. 1998; 339:1085–6. 
[63] Howell AB, Botto H, Combescure C, Blanc-Potard AB, Gausa L, Matsumoto T, Tenke P, Sotto A, Lavigne JP. Dosage effect on uropa thogenic Escherichia coli 

anti-adhesion activity in urine following con sumption of cranberry powder standardized for proanthocyanidin content: a multicentric randomized double blind 
study. BMC Infect Dis. 2010;10:94. 

[64] Tao Y, Pinzón-Arango PA, Howell AB, Camesano TA. Oral consump tion of cranberry juice cocktail inhibits molecular-scale adhesion of clinical uropathogenic 
Escherichia coli. J Med Food. 2011;14:739–45. 

[65] Liu Y, Black MA, Caron L, Camesano TA. Role of cranberry juice on molecular- scale surface characteristics and adhesion behavior of Esch erichia coli. 
Biotechnol Bioeng. 2006;93:297–305. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 13 Issue XI Nov 2025- Available at www.ijraset.com 
     

 
2202 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

[66] Ahuja S, Kaack B, Roberts JA. Loss of fimbrial adhesion with the addition of Vaccinium macrocarpon to the growth medium of P fimbriated Escherichia coli. J 
Urol. 1998;159:559–62. 

[67] Krueger CG, Reed JD, Feliciano RP, Howell AB. Quantifying and char acterizing proanthocyanidins in cranberries in relation to urinary tract health. Anal 
Bioanal Chem. 2013;405:4385–95. 

[68] Hisano M, Bruschini H, Nicodemo AC, Srougi M. Cranberries and lower urinary tract infection prevention. Clinics (Sao Paulo). (2012) 67:661–7. doi: 
10.6061/clinics/2012(06)18. 

[69] González de Llano D, Moreno-Arribas MV, Bartolomé B. Cranberry polyphenols and prevention against urinary tract infections: relevant considerations. 
Molecules. (2020) 25:3523. doi: 10.3390/molecules25153523. 

[70] Blumberg JB, Camesano TA, Cassidy A, Kris-Etherton P, Howell A, Manach C, et al. Cranberries and their bioactive constituents in human health. Adv Nutr. 
(2013) 4:618–32. doi: 10.3945/an.113.004473  

[71] Urena-Saborio H, Udayan APM, Alfaro-Viquez E, Madrigal-Carballo S, Reed JD, Gunasekaran S. Cranberry proanthocyanidins-PANI nanocomposite for the 
detection of bacteria associated with urinary tract infections. Biosensors (Basel). (2021) 11:199. doi: 10.3390/bios11060199 

[72] Howell AB, Botto H, Combescure C, Blanc-Potard AB, Gausa L, Matsumoto T, et al. 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. 
(2010) 10:94. doi: 10.1186/1471-2334-10-94  

[73] Howell AB, Dreyfus JF, Chughtai B. Differences in urinary bacterial anti-adhesion activity after intake of cranberry dietary supplements with soluble versus 
insoluble Proanthocyanidins. J Diet Suppl. (2022) 19:621–39. doi: 10.1080/19390211.2021.1908480. 

[74] Foo, L.Y., Lu, Y., Howell, A.B., and Vorsa, N., The structure of cranbeny proanthocyanidins which inhibit adherence of uropathogenic P- fimbriated Escherichia 
coli in vitro, Phytochem- istry, 2000a; 54:173-181. 

[75] Colletti A, Sangiorgio L, Martelli A, Testai L, Cicero AFG, Cravotto G. Highly active Cranberry’s polyphenolic fraction: new advances in processing and 
clinical applications. Nutrients. (2021) 13:2546. doi: 10.3390/nu13082546  

[76] Côté J, Caillet S, Doyon G, Dussault D, Sylvain JF, Lacroix M. Antimicrobial effect of cranberry juice and extracts. Food Control. (2011) 22:1413–8. doi: 
10.1016/j.foodcont.2011.02.024 

[77] Samarasinghe S, Reid R, AL-Bayati M. The anti-virulence effect of cranberry active compound proanthocyanins (PACs) on expression of genes in the third-
generation cephalosporin-resistant Escherichia coli CTX-M-15 associated with urinary tract infection. Antimicrob Resist Infect Control. (2019) 8:181. doi: 
10.1186/s13756-019-0637-9 

[78] Allameh Z, Salamzadeh J. Use of antioxidants in urinary tract infection. J Res Pharm Pract. (2016) 5:79–85. doi: 10.4103/2279-042X.179567  
[79] Vostalova J, Vidlar A, Simanek V, Galandakova A, Kosina P, Vacek J, et al. Are high proanthocyanidins key to cranberry efficacy in the prevention of recurrent 

urinary tract infection? Phytother Res. (2015) 29:1559–67. doi: 10.1002/ptr.5427  
[80] Mantzorou M, Giaginis C. Cranberry consumption against urinary tract infections: clinical state of-the-art and future perspectives. Curr Pharm Biotechnol. 

(2018) 19:1049–63. doi: 10.2174/1389201020666181206104129. 
[81] Feliciano RP, Mills CE, Istas G, Heiss C, Rodriguez-Mateos A. Absorption, metabolism and excretion of cranberry (poly) phenols in humans: a dose response 

study and assessment of inter-individual variability. Nutrients. (2017) 9:268. doi: 10.3390/nu9030268. 
[82] Barani M, Sangiovanni E, Angarano M, Rajizadeh MA, Mehrabani M, Piazza S, et al. Phytosomes as innovative delivery systems for phytochemicals: a 

comprehensive. 
[83] Luo B, Wen Y, Ye F, Wu Y, Li N, Farid MS, et al. Bioactive phytochemicals and their potential roles in modulating gut microbiota. J Agric Food Res. (2023) 

12:100583. doi: 10.1016/j.jafr.2023.100583. 
[84] Sallam IE, Abdelwareth A, Attia H, Aziz RK, Homsi MN, von Bergen M, et al. Effect of gut microbiota biotransformation on dietary tannins and human health 

implications. Microorganisms. (2021) 9:965. doi: 10.3390/microorganisms9050965. 
[85] Baron G, Altomare A, Regazzoni L, Fumagalli L, Artasensi A, Borghi E, et al. Profiling Vaccinium macrocarpon components and metabolites in human urine 

and the urine ex-vivo effect on Candida albicans adhesion and biofilm-formation. Biochem Pharmacol. (2020) 173:113726. doi: 10.1016/j.bcp.2019.113726. 
[86] González de Llano D, Esteban-Fernández A, Sánchez-Patán F, Martínlvarez PJ, Moreno-Arribas MV, Bartolomé B. Anti-adhesive activity of cranberry phenolic 

compounds and their microbial-derived metabolites against uropathogenic Escherichia coli in bladder epithelial cell cultures. Int J Mol Sci. (2015) 16:12119–
30. doi: 10.3390/ijms160612119. 

[87] Hamann GL, Campbell JD, George CM. Warfarin-cranberry juice interaction. Ann Pharmacother. (2011) 45:420–0. doi: 10.1345/aph.1P451 88.Paeng CH, 
Sprague M, Jackevicius CA. Interaction between warfarin and cranberry juice. Clin Ther. (2007) 29:1730–5. doi: 10.1016/j.clinthera.2007.08.018 

[88] Jepson, R. G., & Craig, J. (2012). Cranberries for preventing urinary tract infections. Cochrane Database of Systematic Reviews, (10), CD001321. 
[89] Xia, J.-y., Yang, C., Xu, D.-f., Xia, H., Yang, L.-g., & Sun, G.-j. (2021). Consumption of cranberry as adjuvant therapy for urinary tract infections in susceptible 

populations: A systematic review and meta-analysis with trial sequential analysis. 
 



 


