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Use of Arctostaphylos uva-ursi Extracts for the Treatment of Urinary Tract Infections



ABSTRACT

Extracts of the low-lying shrub Arctostaphylos uva-ursi, which is commonly referred to as “bearberry” or simply as Uva ursi, have been widely promoted and frequently used as an herbal treatment for urinary tract infections.  These extracts contain a wide range of organic chemicals such as arbutin (4-hydroxyphenyl-β-D-glucopyranoside), polyphenolic compounds, and flavonoids.  Arctostaphylos uva-ursi extracts have been shown to inhibit the growth of uropathogenic Gram-negative bacteria.  These include  Escherichia coli, Proteus mirabilis, Pseudomonas aeruginosa, and Klebsiella pneumoniae, Gram-positive bacteria such as Staphylococcus aureus and Staphylococcus saprophyticus, and the pathogenic yeast Candida albicans.  This review article summarizes the experimental work on the inhibition of microbial growth by Uva ursi extracts and their components.  It describes the complementary studies on the effects of these extracts on two key virulence factors, the enzyme urease and the ability of the microbes to form biofilms.  The article also reviews the antioxidant and anti-inflammatory properties of these extracts and their effects on other host functions.  The preliminary animal and human studies with Arctostaphylos uva-ursi extracts are summarized, as are the human clinical trials that have been completed so far.  These studies have shown that these extracts are relatively safe, although the key component arbutin can be metabolized to form the more toxic compound hydroquinone.  Although the laboratory data indicate that Uva ursi preparations can effectively inhibit urinary tract pathogens and so may represent an alternative to traditional antibiotics, the clinical studies are far more limited and currently insufficient to justify their widespread medical use.  Further areas of research might include the use of extracts from plants with low arbutin contents or the combination of Arctostaphylos uva-ursi extracts with those from other plants.  
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1. 
INTRODUCTION

One of the most active areas of research in herbal medicine is the identification of plant extracts with the potential for treating urinary tract infections (UTIs) [1-5].  This represents an extension of the traditional use of herbal preparations by Indigenous people in India, China, Africa, the South Pacific, and Europe [6-10].  This research has become particularly important because microbial resistance to traditional antibiotics has increased and there is consequently a growing need for alternative modes of therapy [11-14].  UTIs are among the most common human diseases and affect more than 150 million people worldwide each year [15].  UTIs can be classified according to the patient’s gender (male or female) or age (pediatric, adolescent, adult) [16-19].  Infections of the bladder are referred to as cystitis while infections of the kidneys are known as pyelonephritis [20].  Uncomplicated or community-acquired UTIs are due to microorganisms derived from the gastrointestinal tract, the genital system, or the external environment [21-22].  Complicated or catheter-associated UTIs are due primarily to the implantation of devices such as catheters in surgical or elderly patients [23-24].  Urinary tract infections may be acute or chronic [25-26], but many acute UTIs can recur even after treatment with antibiotics [27-28]. 

A number of different microorganisms can cause UTIs, including various Gram-negative bacteria, Gram-positive bacteria, and yeast  [29-30].  Approximately 75% of uncomplicated UTIs and 65% of complicated UTIs are associated with Gram-negative uropathogenic Escherichia coli (UPEC).  Other important Gram-negative bacteria associated with UTIs include Proteus mirabilis, Klebsiella pneumoniae (formerly K. aerogenes or Enterobacter aerogenes), and Pseudomonas aeruginosa.  About 6% of uncomplicated UTIs are caused by the Gram-positive bacterium Staphylococcus saprophyticus while about 11% of complicated UTIs are associated with Gram-positive Enterococcus species and 3% with Staphylococcus aureus.  The most common uropathogenic yeasts are Candida species, which are found primarily in complicated UTIs.  There are important geographic differences in the epidemiology of these infections [31].

[bookmark: _Hlk187660446]Much of the research on the use of herbal extracts for the treatment of UTIs has focused on the low-lying shrub Arctostaphylos uva-ursi, which is commonly referred to as “bearberry” or simply as Uva ursi [32-33].  This plant is a member of the family Ericaceae and is widely-distributed across North America, Europe, and Asia.  The fruits form small grape-like clusters and have been found to be eaten by bears.  Several medically-related internet sites describe the potential use of Uva ursi extracts for the treatment of urinary conditions [34-37].  Over-the-counter preparations derived from the leaves of the plants are widely available without a prescription as liquids or capsules in pharmacies or health food stores and from online-distributors [38].  This review summarizes the currently-available information about Arctostaphylos uva-ursi and the use of its extracts in the treatment of UTIs.  Although there is a large amount of in vitro microbiological data indicating that Uva ursi preparations can inhibit urinary tract pathogens, the in vivo clinical studies are far more contradictory and are currently insufficient to justify its widespread medical use.  It is thus important to understand both the potential uses and the limits of these extracts.

 2.  COMPOSITION OF UVA URSI EXTRACTS
[bookmark: _Hlk191286170]
[bookmark: _Hlk189729409][bookmark: _Hlk190950092]Arctostaphylos uva-ursi extracts contain a wide range of organic compounds [39].  High performance thin layer chromatography (HPTLC) of methanolic extracts of 16 samples of bearberry leaves from several countries in Europe and from sites in Mexico and Latin America revealed two general patterns [40].  The first contained multiple spots including a very intense one for arbutin (4-hydroxyphenyl-β-D-glucopyranoside).  The second also contained multiple spots but the arbutin one was not as intense.  These results were confirmed by 3H-nuclear magnetic resonance (NMR) analysis and by high performance liquid chromatography – diode array detector (HPLC-DAD) analysis.  These results allowed the authors to differentiate between Arctostaphylos uva-ursi and 
Arctostaphylos pungens.  Ultra high-performance liquid chromatography-photodiode array (UHPLC-PDA) analysis of methanolic extracts of these leaf samples indicated more clearly the presence of many polyphenolic metabolites.  These included gallic acid and gallotannins, several flavonoids such as quercetin, myricetin, kaempferol, and catechin [41].  The concentrations of these compounds differed between the two species.  Gallic acid, quercetin, myricetin, kaempferol, catechin, and epigallocatechin gallate have all been extensively studied due to their antimicrobial, anti-inflammatory, and antioxidant activities as well as their potential medical applications [42-47].  Many of these same compounds have been found in other species of the Ericaceae including bilberry, lingonberry, and blueberry [48].  

The earlier studies on the contents of Uva ursi extracts were recently extended using ion mobility-high resolution mass spectrometry (IMS-HRMS) to characterize nine leaf samples collected in Spain [49].  After extraction of ground leaf powder with 70% ethanol and separation with a high-performance liquid chromatography system, 88 different polyphenolic compounds were identified by mass spectrometry.  The concentrations of 14 of these compounds were determined in the samples and found to vary significantly among these samples.  The relative contents of arbutin and the flavonoids (+) catechin, myricetin, and quercetin glycoside were also analyzed in 42 wild populations of Arctostaphylos uva-ursi from the Iberian peninsula [50].  They were found to vary across both latitudinal and longitudinal gradients, reflecting differences in local microclimates.  The populations of Uva ursi were also shown to differ genetically.  An analysis of the total phenolic compound concentrations in three over-the-counter liquid preparations of Uva ursi using the colorimetric Folin-Ciocalteau reagent indicated they varied from 6.8 mg/ml (Honey Combs) to 93.6 mg/ml (Nature’s Answer) [51].

Of the various chemicals found in extracts of Uva ursi, arbutin is usually considered to be the most important in terms of the efficacy of these preparations as inhibitors of urinary tract pathogens [39,52-53].  This glycoside can occur as an α- or β-anomer depending on the configuration at the bond between D-glucose and the ring system (Fig. 1). The  β-anomer occurs naturally in plants such as Uva ursi while the α-anomer can be synthesized in the laboratory and is used primarily as a skin whitening agent [53-54].
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Fig. 1.  Structure of arbutin

β-arbutin is synthesized in vivo from hydroquinone and UDP-glucose (Fig. 2).  The biochemical pathway leading to hydroquinone is based on the shikimate pathway that is normally used for the synthesis of aromatic amino acids [55-57].  Chorismate is first converted to p-hydroxybenzoate (PHB) by chorismate lyase.  PHB is then transformed into hydroquinone by PHB-1-hydroxylase.  The hydroquinone is attached to D-glucose using UDP-glucose as the glycosyl donor in a reaction catalyzed by a UDPG transglycosylase termed arbutin synthase.  Recently, two groups achieved in vitro synthesis of β-arbutin using the same pathway by genetic engineering of microorganisms [58-59].  
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Fig. 2.  Pathway of arbutin biosynthesis	

Although arbutin is relatively stable, it may undergo spontaneous or acid-mediated hydrolysis to yield free D-glucose and hydroquinone (Fig. 3) [60-61].  The hydroquinone may then undergo spontaneous oxidation to form 1,4-benzoquinone, also called p-benzoquinone.  Many derivatives of arbutin including acylated and benzoylated forms have also been reported to occur in various plant species including Uva ursi [62].  Plant extracts often contain varying concentrations of arbutin, hydroquinone, and 1,4-benzoquinone as determined by a colorimetric assay, analytical high performance liquid chromatography, or other methods [63-66].    
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Fig. 3.  Degradation of arbutin

[bookmark: _Hlk187231683]3.  INHIBITION OF UROPATHOGENIC MICROBES BY UVA URSI EXTRACTS

Extracts of Arctostaphylos uva-ursi have the potential to inhibit the growth of those bacteria that can cause UTIs either alone or in combination with specific antibiotics.  The results reported by various investigators have varied, however, depending on the type of extract employed, the bacterial species tested, and the specific inhibition assay.  The solvents used to extract chemicals from Uva ursi leaves have included water, ethanol, methanol, and ethyl acetate.  The species studied have been Escherichia coli or other Gram-negative bacteria and Staphylococcus aureus or other Gram-positive bacteria.  The methods used to demonstrate growth inhibition have involved the measurement of zones of inhibition on agar plates around wells or paper disks to which Uva ursi extracts were added or the quantitation of growth as a minimum inhibitory concentration (MIC) in a series of tubes or wells in microtiter plates containing serial dilutions of extracts.

Holopainen et al. [67] prepared an extract of the aerial material from Arctostaphylos uva-ursi collected in Finland by macerating the tissue in 80% ethanol using a 5:1 ratio of solvent to plant material.  A 10 ml portion of the extract was evaporated to dryness and resuspended in 80% ethanol at 100 mg/ml.  Another 10 ml portion was evaporated, diluted 1:1 with water, and extracted again with ethyl acetate.  The solvent was evaporated off and the residue suspended in 80% ethanol.  The preparation was tested for inhibitory activity towards Escherichia coli (ATCC 11775), Proteus vulgaris ((DSM 30118), Streptococcus faecalis (ATCC 29212), and Enterobacter aerogenes (ATCC 13048).  Aliquots (0.1 ml) of the bacteria in 0.9% saline containing about 107 bacteria/ml were spread on tryptone soya peptone agar plates.  Wells were made in the agar to which 0.1 ml of a 10% or 5% test solution were added.  The zones of inhibition were measured after overnight incubation at 32oC.  The E. coli, P. vulgaris, and S. faecalis cultures showed good inhibition (21 to >24 mm ) with the ethanol extracts, but there was much less inhibition of E. aerogenes.  There was a similar inhibition with the ethyl acetate-treated samples.  HPLC analysis of the ethanol extract revealed the presence of arbutin, quercetin, kaempferol and several other compounds. 

Vučić et al. [68] made extracts of the leaves of natural populations of Uva ursi from central Bosnia and Herzegovina by mixing 10 g of leaves with 200 ml of water, ethanol, or ethyl acetate as the solvent for 24 hr.  The liquid was filtered through filter paper and the extraction process repeated with the same solvent two more times.  The supernatants were combined and evaporated to dryness under vacuum.  The total concentration of phenolic compounds in methanolic solutions of the extracts was determined using the colorimetric Folin-Ciocalteu reagent with gallic acid as the standard.  The total concentration of flavonoids was determined using another spectrophotometric method with rutin as the standard.  The aqueous and ethanol extracts had higher concentrations of both phenolic compounds and flavonoid compounds compared to the ethyl acetate extract.  Ten clinical samples of Escherichia coli and ten samples of Enterococcus faecalis from the Institute of Public Health in Banja Luka, Bosnia and Herzegovina were tested for inhibition by each extract.  The MIC was determined after 24 hr of incubation in Mueller Hinton broth.  The MICs for the aqueous extracts ranged from 1.25 mg/ml to 5 mg/ml but varied widely for both of the bacteria.  In general, the Enterococcus faecalis samples were more sensitive to the ethanol and ethyl acetate extracts (values from 1.25 mg/ml to 2.5 mg/ml) than the E. coli samples (values from 5 mg/ml to 10 mg/ml).  The specific phenolic compounds or flavonoids associated with inhibition were not identified.

Hassan et al. [69] prepared an extract from the leaves of Arctostaphylos uva-ursi grown in the Thunder Bay region of Northern Ontario, Canada by combining 2 g of dried plant material with two 50 ml portions of 95% ethanol for 24 hr at room temperature.  The extract was filtered through Whatman No 1 filter paper and evaporated to dryness under vacuum at 34oC.  The dried extract was suspended in 99% methanol at a concentration of 10 mg/ml or 20 mg/ml.  For the hole-plate diffusion assay, various Gram-positive or Gram-negative bacteria were diluted in phosphate buffered saline to give a concentration of 2 x 106 colony forming units (CFU)/ml and 100 µl aliquots were added to 25 ml of liquid LB agar.  After the agar had gelled, 6 mm wells were bored into the agar and 40 µl of the extract (10 mg/ml in methanol) added.  The plates were incubated at 32oC for 24 hr and the sizes of the zones of inhibition measured.  For E. coli, this zone was 16.6 mm.  For the determination of the MIC, 180 µl of serial dilutions of the extract in LB broth were added to the wells of a microtiter plate and 20 µl of a bacterial suspension at 2 x 106 CFU/ml added.  The plates were incubated at 32oC for 24 hr.   Resazurin (10 µl of 0.04% in phosphate buffered saline) was added to each well, and after 90 to 180 min in the dark, the color of the fluorescence detected with a short-wavelength UV lamp.  The MIC was taken as the concentration at which the color changed from blue to pink.  For E. coli, the MIC was >5 mg/ml.  

[bookmark: _Hlk187664950][bookmark: _Hlk187669775]Snowden et al. [70] prepared a different extract of Uva ursi by suspending 1 part of ground plant leaf and berry powder in 3 parts of a mixture of 95% ethanol/distilled water/glycerol (42/48/10) and incubating it for 14-21 days at room temperature.  The liquid was expressed from the solid plant material and filtered through paper.  A portion of the extract was dried and found to have a total concentration of nonvolatile solutes of 31 mg/ml.  When a culture of Staphylococcus aureus ATCC 11632 growing at 37oC in tryptic soy broth was treated with increasing amounts of the extract up to 20 µg/ml, there was a progressive decrease in viable cell count over a period of 24 hrs.  The concentration of the extract required to completely inhibit growth in 24 hr was determined to be 2.9 µl/ml for the liquid extract or 90 µg/ml for the nonvolatile solids.  These values were in the more active range of all the botanical extracts tested (MIC <200 µg/ml) but higher than tetracycline or vancomycin.  No specific components of the Uva ursi extract were identified as determining factors. 

Samoilova et al. [71] studied the growth rate of the standard laboratory strain E. coli BW25113 in a liquid M9 minimal salts medium supplemented with 0.2% D-glucose, 0.2% casamino acids, and 10 µg/ml thiamine.  This growth rate was reduced by about 30% when a boiled aqueous extract of Uva ursi was added.  The growth rate was even slower in the presence of the extract and 4 mM H2O2.  The Uva ursi extract also increased the susceptibility of the bacteria to growth inhibition and lysis by 30 µg/ml kanamycin and 10 µg/ml ampicillin.

Gerstel et al. [72] made a different extract of Uva ursi by combining one part of dried plant material (leaves and berries) with 3 parts of a mixture of 40% ethanol and 60% water.  After incubation at room temperature and centrifugation at 3000 x g to remove cell debris, the liquid was filtered through a 0.2 µm filter.  The solution was tested as an inhibitor of a standard strain of S. aureus (ATCC 14775), a penicillin-resistant strain (ATCC 11632), and a multidrug-resistant strain (ATCC BAA-44).  For determination of the minimum inhibitory concentrations, 18 hr cultures containing 1 to 5 x 108 colony-forming units/ml were diluted 1:1000 into tryptic soy broth and incubated at 37oC for 24 hr.  The MIC was defined as the concentration of extract needed to completely inhibit growth as measured by an increase in turbidity.  The values were 0.12 µg/ml for ATCC 14775, 0.25 µg/ml for ATCC 11632, and 0.25 µg/ml for ATCC BAA-44.  When growth was measured over a 12 hr period in tryptic soy broth liquid cultures containing the extract at a concentration of ½ the MIC or the full MIC, all three strains showed complete inhibition of growth at the full MIC as measured by colony-forming units.  The standard strain ATCC 14775 showed no growth at ½ MIC and the penicillin-resistant strain and the multidrug-resistant strain exhibited delayed growth at ½ MIC.  

Sumreen et al. [73] tested the effects of a commercial tincture of Uva ursi from the Schwabe Homeopathic Pharmaceutical Company in Germany on Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Klebsiella pneumoniae.  The bacteria were grown in nutrient broth and then swabbed onto nutrient agar plates.  Dried filter paper discs containing the tincture were placed on the agar surface and the zones of inhibition measured after 24 hr at 37oC.  The sizes of the zones were compared to those with ampicillin.  The zone for the Gram-positive bacterium S. aureus with the Uva ursi tincture (31 mm) was larger than those for the Gram-negative bacteria (13 to 18 mm).

Other studies have shown no bacterial inhibition by Uva ursi extracts.  Dykes et al. [74] examined the effect of an ethanolic leaf extract of Arctostaphylos uva-ursi on 25 bacterial strains alone or in combination with nisin.  Nisin is a polycyclic antibacterial peptide produced by the bacterium Lactococcus lactis which is used as a food preservative.  The extract showed no inhibitory activity towards any of the bacteria as measured by spot tests on agar plates or by a microdilution method in which two-fold dilutions were added to the wells of a microtiter plate.  On the other hand, nisin was inhibitory to many of the bacterial strains with MICs ranging from 31.3 to 500 µg/ml.  When the Uva ursi extract at a concentration of 5 mg/ml was combined with the nisin, the MIC decreased for eight of the 14 Gram-positive samples.  However it did not affect any of the Gram-negative samples.  

Hafizović et al. [75] examined the effects of an herbal tea of Arctostaphylos uva-ursi prepared using samples from a pharmacy in Sarajevo, Bosnia and Herzegovina at full strength and double strength.  Each was tested as an inhibitor of several strains of Escherichia coli (ATCC 14169, ATCC 12493), Staphylococcus aureus (ATCC 25923, ATCC 6538, ATCC 12493), Enterococcus faecalis (ATCC 29212), Candida albicans (ATCC 10231), and Pseudomonas aeruginosa (ATCC 27853),  The microbes were grown at 37oC in the wells of a microtiter plate containing 100 µl aliquots of sequential dilutions of the tea in tryptic soy broth for 24 hr.  The amount of bacterial growth was then assessed by spreading the contents of the wells on Mueller Hinton agar plates.  There was almost no inhibition of any of the samples.  

[bookmark: _Hlk188005542]Several laboratories have examined the effect of the compounds found in extracts of Arctostaphylos uva-ursi on the bacteria that can cause UTIs.  Maslov et al. [76] compared the sensitivities of Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Bacillus subtilis ATCC 6538, Proteus vulgaris NTCS 4636, Pseudomonas aeruginosa 27853, and the yeast Candida albicans ATCC 885/653 to β-arbutin, α-arbutin, and hydroquinone.  In the hole-diffusion method, the microbes were spread on agar plates and a 0.003 mM solution of the test compound added to a well in the center of the plate.  In the microdilution method, stock solutions at 0.2 M were serially diluted to determine the minimum inhibitory concentration.  In the hole diffusion method, the two Gram-positive bacteria gave zones of inhibition of 20.0 to 21.0 mm for β-arbutin and α-arbutin and 23.0 for hydroquinone.  The three Gram-negative bacteria and the yeast gave zones of inhibition of 14.0 to 18.0 mm with β-arbutin and 17.0 to 21.0 with α-arbutin.  Hydroquinone gave more variable results.  In the MIC assay, β-arbutin and α-arbutin were inhibitory to all of the microbes with most values falling between 0.00078 M and 0.00156 mM.  The microorganisms were less sensitive to hydroquinone with MIC values two- or three-times higher and between 0.00313 M and 0.00125 mM. 

[bookmark: _Hlk187933055]Rauha et al. [77] tested the effects of a series of plant extracts and phenolic substances on 12 samples of bacteria including Escherichia coli ATCC 11775, Pseudomonas aeruginosa ATCC 9027, and Staphylococcus aureus DSM 2023.  Although Arctostaphylos uva-ursi was not one of the plants tested, the compounds included gallic acid, (+) catechin, (+/-) catechin, flavone, quercetin, rutin, and kaempferol which have been found in some Uva ursi extracts.  Inhibition was studied by a hole-diffusion assay in which the microorganisms were spread on agar plates and 500 µl of a 1 mg/ml solution in methanol added to wells punched in the agar with a cork borer.  The zones of inhibition around the wells were measured after 3 days incubation at 25oC.  E. coli ATCC 11775 was inhibited by the flavonoids quercetin, (+/-) catechin, and kaempferol.  Ps. aeruginosa ATCC 9027 was inhibited by gallic acid, (+) catechin, (+/-) catechin, and kaempferol.  S. aureus DSM 2023 was inhibited by flavone, quercetin, and kaempferol. 

Shimizu et al. [78] isolated a phenolic compound called corilagen from an Arctostaphylos uva-ursi extract that had been found to inhibit methicillin-resistant Staphylococcus aureus (MRSA) bacteria.  The compound was purified to homogeneity and its structure determined by 3H-nuclear magnetic resonance (NMR) spectroscopy.  When corilagen was tested alone against two MRSA strains, the minimum inhibitory concentration was found to be 128 µg/ml.  However, when a lower concentration of 16 µg/ml was added along with a series of other antibiotics including the β-lactams oxacillin, cefmetazole, imipenem, and benzylpenicillin, the observed MIC was reduced.  This was a very dramatic effect with some of the MRSA strain but less so for S. aureus strain 209P.   In general, corilagen had no effect on the sensitivity of the bacteria to erythromycin, fosfomycin, ofloxacin, or streptomycin.  When liquid cultures of S. aureus strain OM584 grown in Mueller Hinton broth were treated with 5 µg/ml oxacillin alone, there was a slight reduction in the growth rate over 24 hr.  When  the bacteria were treated with 16 µg/ml corilagen alone, there was also a slight reduction in growth rate.  However, when the bacteria were treated with 5 µg/ml oxacillin along with 16 µg/ml corilagen, there was a dramatic decrease in the viable cell during the first five hours.  This was indicative of a bactericidal effect for the combination of compounds.

More recently, Lewis et al. [79] examined the effects of several phenolic compounds found in extracts of Uva ursi including (+) catechin and epigallocatechin gallate on a uropathogenic isolate of Escherichia coli (UPEC).  (+) Catechin had a very limited ability to inhibit the ability of the bacteria to adhere to and then invade bladder epithelial cells grown in culture.  Epigallocatechin gallate, on the other hand, showed no effect on  binding but caused a marked reduction in invasion of these cells as measured by the number of intracellular bacteria.  The other compounds tested including caffeic acid, phenylethyl ester, and resveratrol were more effective as inhibitors of either binding or host invasion.

4. INHIBITION OF UREASE ACTIVITY BY UVA URSI EXTRACTS
[bookmark: _Hlk188277203]
Extracts of Arctostaphylos uva-ursi have been shown to inhibit the activity of several proteins that can contribute to the virulence of urinary tract pathogens.  A key example is the enzyme urease (urea amidohydrolase, EC 3.5.1.5), which has become the focus of a large number of experimental studies [80-81].  Urease catalyzes the breakdown of urea to form two molecules of ammonia and one molecule of carbonic acid (Fig 4) [82].  The initial reaction in which one of the amino groups is removed is enzyme-catalyzed while the second reaction in which the other amino group is removed is spontaneous.  Under physiological conditions, the carbonic acid picks up H+ to form bicarbonate (HCO3-) and the two ammonia molecules become protonated to form two ammonium ions (NH4+).  The net decrease in the H+ concentration raises the pH.  Alkalinization of urine as a result of urease activity can change the pH from less than 6 to more than 8.5. 
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Fig. 4. Degradation of urea by urease

A major consequence of this change is the precipitation of salts and the formation of urinary infection stones in the kidneys and ureters (urolithiasis).  It also can lead to the encrustation of catheters that may have been inserted into the urethra and bladder [83-84].  The precipitates are composed primarily of magnesium ammonium phosphate (MgNH4PO4.6H2O, struvite) and calcium phosphate carbonate (Ca10(PO4)6CO3, calcium apatite) [85].  Crystals of calcium oxalate or monoammonium urate can also be formed, particularly in the kidneys, although these depend more on diet and host metabolism than on urease activity [86].  Struvite infection stones are complex structures containing an organic matrix composed of glycosaminoglycans from the host mucosa and bacteria [87-88].  

In addition to its effect on the pH of the urine, bacterial urease can directly damage host tissues, leading to inflammation and necrosis [89-90].  This is particularly a problem in the tubules of the kidney and associated with pyelonephritis caused by Proteus mirabilis.  The ammonia formed by urease can react with the thioester linkage between cysteine and glutamate in the C3 protein of the complement system.  This activates complement, leading to a respiratory burst and degranulation of polymorphonuclear leukocytes and monocytes.  Although urine contains many other potential nitrogen sources, the ammonia derived from urea can be used for biosynthesis if these are limiting.  The formation of ammonia by urease activity can thus also support the growth of other commensal bacteria in the urinary tract which are urease-negative.

All of the ureases from urinary tract pathogens are intracellular enzymes composed of multiple subunits which contain Ni2+ ions at the active site [81-82, 91-93].  They have a common catalytic mechanism and the three major subunits show significant sequence identity.  The ureases differ, however, in the location of the genes that encode the subunits, the structure of the native enzyme, and the regulation of enzyme synthesis.  Experiments have shown that the enzymes from Staphylococcus saprophyticus and Proteus mirabilis are essential virulence factors and that mutants lacking urease activity cannot cause a UTI [94-96].  Although Escherichia coli is the most common urinary tract pathogen, most clinical isolates are urease-negative.  

[bookmark: _Hlk196462929]In a survey of 14 over-the-counter plant extracts often used for the treatment of urinary tract infections, the urease from Staphylococcus saprophyticus was found to be susceptible to inhibition by the Nature’s Answer® Uva ursi extract [97].  Urease activity was measured with a cell-free extract of the bacteria using a standard colorimetric assay for ammonia.  The activity was also inhibited by a green tea extract, but most of the others had no effect.  The Uva ursi extract could also inhibit the urease activity in whole cells of S. saprophyticus.  When bacterial cultures growing in an artificial urine medium were treated with 1/20 volume of this extract, the increase in pH which is normally observed did not occur and the viable cell count dropped to zero over 24 hr. 

These studies were extended by examining the effects of four different commercial preparations of Uva ursi on both S. saprophyticus and Proteus mirabilis [98].  All of the preparations inhibited the urease activity in cell-free extracts in vitro.  However, neither urease activity was inhibited by β-arbutin.  On the other hand, both activities were inhibited by increasing amounts of hydroquinone.  The enzyme from S. saprophyticus was inhibited about 20% by increasing amounts of 1,4-benzoquinone, but the one from P. mirabilis was completely inhibited by it.  When the kinetics of hydroquinone inhibition were analyzed using Lineweaver-Burke plots, a mixed inhibition pattern was observed in both cases in which the Vmax gradually decreased and the Km gradually increased.
 
The Nature’s Answer® Uva ursi extract and pure hydroquinone also inhibited the urease activity in whole cells of both S. saprophyticus and P. mirabilis.  Each bacterium was grown in an artificial urine medium to which 1% Uva ursi extract was added.  For S. saprophyticus, there was a decrease in the growth rate, a delay in the increase in pH, and a reduction in the yield of cells over 9 hr.  For P. mirabilis, there was an increase in the length of the lag phase but the pH rose rapidly and the final yield was the same.  When S. saprophyticus was grown in an artificial urine medium to which 1 mg/ml hydroquinone was added, there was only a slight increase in the lag phase and the pH still increased.  When P. mirabilis was grown in an artificial urine medium to which 50 µg/ml or 100 µg/ml hydroquinone was added, there was no effect.  However, when similar experiments were done using cultures containing 20 µg/ml or 50 µg/ml 1,4-benzoquinone, there was a delay in the increase in pH at both concentrations; growth in 50 µg/ml 1,4-benzoquinone also showed a long delay.  In related experiments, it was shown that (+) catechin and epigallocatechin gallate inhibited the urease activity in both cell extracts and whole cells of S. saprophyticus [99].  Arctostaphylos uva-ursi extracts have not been tested as inhibitors of the ureases from other urinary tract pathogens.

5. INHIBITION OF BACTERIAL ADHERENCE AND BIOFILM FORMATION BY UVA URSI EXTRACTS

Another key set of molecules that contribute to the virulence of urinary tract pathogens includes those which are involved in the adherence of the bacteria to host tissues and to the formation of biofilms.  These include the proteins that form pili or fimbriae and curli attached to the cell surface, a wide range of adhesins found in the outer membrane or associated with the peptidoglycan layer of the cell wall, and polysaccharides that may be part of surface layers or capsules [100-103].  A number of standardized protocols have been developed for measuring bacterial adhesion to cultured mammalian cells [104-105]  or for quantifying biofilm formation after growth of bacteria in the wells of plastic microtiter plates by staining with crystal violet [106-107].  In a survey of several over-the-counter herbal preparations, 0.5% Nature’s Answer® Uva ursi extract, 0.5% Sprouts green tea extract, and Wish Garden® UTI Herbal Supplement were the most effective in reducing biofilm formation by Staphylococcus saprophyticus ATCC 15305 during growth in either a rich medium or an artificial urine medium [108].  While (+) catechin, epigallocatechin gallate, gallic acid, hydroquinone, and arbutin caused some inhibition of growth, they did not individually affect biofilm formation as measured by the crystal violet staining method in these experiments.  

Several derivatives of hydroquinone but not hydroquinone itself showed antibiofilm activity towards several methicillin-sensitive and methicillin-resistant strains of S. aureus [109].  On the other hand, aqueous extracts of Arctostaphylos uva-ursi and several other plants stimulated biofilm formation by Escherichia -coli BW25113 [110].  β-Arbutin has been combined with umbelliferon (150 mg or 300 mg) and N-acetyl-cysteine (150 mg or 400 mg) to form a mixture termed Itxasol© [111-112].  This formulation was found to reduce the attachment of a strain of Enterococcus faecalis isolated from a patient with a UTI to urinary catheters [113].  

Several of the other compounds found in Uva ursi extracts have been found to affect biofilm formation.  Subinhibitory concentrations of gallic acid isolated from the bacterium Acinetobacter baumannii were found to reduce biofilm formation by uropathogenic strains of Escherichia coli, Enterobacter cloacae, Klebsiella pneumoniae, Pseudomonas aeruginosa and Candida albicans by 30% to 70% [114].  Catechin isolated from the leaves of Canarium patentinervium Miq, a rare tropical plant used for wound healing in Malaysia, was tested as an inhibitor of three reference strains of Escherichia coli and 15 clinical E. coli isolates from patients with UTIs [115].  The material showed good antibacterial activity alone and in combination with various antibiotics.  It also reduced biofilm formation by an average of 82% for the clinical isolates as measured in the wells of microtiter plates by the crystal violet assay after growth in Mueller-Hinton broth at 37oC for 24 hr.  The clinical isolates were tested for expression of the gene acrA by real-time polymerase chain reactions (PCR).  This gene together with acrB and tolC encode proteins that make up an efflux pump which has been implicated in the removal of antibiotics and biofilm formation [116].  The gene acrA was expressed in nine of the E. coli clinical isolates and the level of expression was reduced by catechin at a subinhibitory concentration of 0.5 mg/ml.  In a separate study, catechin alone or a combination of catechin, protocatechuic acid, and vanillic acid was found to be inhibitory to a uropathogenic strain of E. coli (ATCC 700416) [117].  Catechin alone and the combination of catechin, protocatechuic acid, and vanillic acid also inhibited the formation of biofilms on silicone catheters as well as in the wells of plastic microtiter plates as measured by staining with crystal violet.  

An extract of Alnus japonica, a Korean medicinal tree, was found to inhibit the formation of biofilms by the methicillin sensitive strains of Staphylococcus aureus ATCC 6538 and ATCC 25923, and by the methicillin-resistant Staphylococcus aureus (MRSA) isolate BAA-1707 [118].  Biofilm formation was again measured by crystal violet staining after growth of the bacteria in Luria-Bertani medium at 37oC in the wells of polystyrene plates.  The key metabolites contributing to the anti-biofilm activity were identified by high performance liquid chromatography (HPLC) as quercetin and tannic acid, which inhibited biofilm formation in a dose-dependent fashion.  Transcriptional analysis by a quantitative reverse transcription polymerase chain reaction (qRT-PCR) indicated that the A. japonica extract at a concentration of 20 µg/ml and purified quercetin and tannic acid reduced expression of a number of genes including agrA, sigB, sarA, icaA,and icaD.  The genes agrA, sigB, and sarA  are key regulators in S. aureus, and icaA and icaD are involved in the formation of a key intercellular adhesin [119].  

Quercetin also also found to inhibit biofilm formation by several antibiotic-resistant strains of S. saprophyticus [120].  By contrast, quercetin was found to decrease swarming behavior and increase biofilm formation by a wild-type strain of Proteus mirabilis HI4320 in a dose-dependent fashion [121].  These responses were associated with decreased expression of the genes flaA, flhD, mrpJ, umoC, rcsB, and rcsD, which are involved in flagella expression, and glnA, hisG, and speB, which are involved in polyamine synthesis.  Interestingly, expression of the outer membrane protein gene ompF increased slightly.  Quercetin in combination with the antibiotics tobramycin and amikacin inhibited biofilm formation by Pseudomonas aeruginosa strains obtained from patients with catheter-associated urinary tract infections [122]. 

Flavonoids and polyphenols isolated from Morus sp. leaves in Egypt were found to inhibit biofilm formation by clinical isolates of Enterococcus faecalis from patients with UTIs [123].  The effective compounds included kaempferol and quercetin as well their glycoside derivatives.  Metabolites derived from Vaccinium macrocarpon (cranberry) capsules were recovered from the urine of human volunteers and tested as inhibitors of biofilm formation by Candida albicans [124].  A large number of compounds were identified including polyphenols, anthocyanins, and flavonoids.  Some of the fractions reduced biofilm formation.  In a more recent study, the flavonoid rutin was found to inhibit host cell adhesion and biofilm formation by Pseudomonas aeruginosa MMA83 and methicillin-resistant Staphylococcus aureus IBRS MRSA 011 [125].   Host cell adhesion was measured by binding of the bacteria to HeLa cells grown in tissue culture plates.  Biofilm formation was assessed by binding of the bacteria to catheters and by binding of the dye Congo Red to the microbes.  Rutin has been found in extracts of Uva ursi [39].

6. ANTIOXIDANT AND ANTI-INFLAMMATORY ACTIVITIES OF UVA URSI EXTRACTS

In addition to its ability to inhibit the enzyme urease and to reduce bacterial adhesion and biofilm formation, Uva ursi extracts have antioxidant and anti-inflammatory activities.  The presence of pathogenic microbes in the bladder and other parts of the renal system leads to the activation of a complex set of innate defense mechanisms [126-129].  These defenses include the formation of reactive oxygen species (ROS) such as hydrogen peroxide, hydroxyl radicals, and superoxide anions which can kill the pathogen.  They also involve the production and release of a large number of cytokines and chemokines that together lead to an inflammatory response.  The activation of these defense mechanisms varies with the specific pathogen and site of infection [130].  The severity of an infection depends on the transcription of specific genes in both the bacteria and the host [131].  While host defense mechanisms can help eliminate the pathogen and are usually well-regulated and self-limiting, their activity and persistence can lead to host cell damage.  Plant extracts like that from Arctostaphylos uva-ursi contain a variety of chemicals that can act as antioxidants.  They may remove reactive oxygen species and may moderate host inflammation. The plant extracts can thus help minimize the clinical consequences of a UTI and give the host time to remove the pathogen.

An extract of Arctostaphylos uva-ursi leaves was prepared using a 50/50 (v/v) mixture of ethanol and water, and after filtration through Whatman filter paper, tested for its total phenolic content and antioxidant activity [132].  The total content was 102.11 mg of gallic acid equivalents per gram dry weight.  Among the polyphenols detected were catechin, epigallocatechin gallate, and epigallocatechin.  The antioxidation activity as measured in Trolox equivalents (TE) using the ABTS colorimetric method [133] was 90.42 mmol of TE per gram dry weight.  Antioxidant activity towards free methoxy (CH3O*) radicals was also demonstrated using electron paramagnetic resonance spectroscopy [134].  Another extract of bearberry containing 20% arbutin with a total phenolic compound concentration of 57.4 gallic acid equivalents/100 g was shown to reduce lipid oxidation in raw pork patties over a period of 12 days in a dose dependent fashion [135]. 

Samples of Arctostaphylos uva-ursi were collected across a range of heathland and forest habitats in Southern Europe and the leaves extracted with 70% ethanol/30% water [136].  Analysis of their chemical composition by high performance liquid chromatography indicated that they varied in arbutin content and in various phenolic compounds and flavonoids.  The extracts were tested for antioxidant activity using the ABTS and DPPH [137] scavenging assays and for reducing power with Fe(III) chloride and for ferrous ion chelation ability.  All of the extracts gave positive results which were positively correlated with their methyl arbutin and total phenolic concentrations.   More recently a 70% ethanol/30% water extract of Arctostaphylos uva-ursi was shown to have antioxidant activity as measured by the DPPH anti-radical assay and scavenging assays for hydroxyl radical, superoxide radicals, and nitrosyl radicals [138].  Although not all compounds in an Uva ursi extract have been tested as antioxidants, many of those which have been isolated from other plants in the family Ericaceae such as cranberry have been shown to have this activity [139].

An ethanolic extract of Arctostaphylos uva-ursi leaves along with those of 98 other plants was tested for anti-inflammatory activity using TLR-4 based laboratory assays [140].  In one assay, a HeLa-TLR4 transfected reporter cell line was activated by lipopolysaccharide LPS-EB from E. coli O111:B4 in the presence of varying amounts of extract.  The response was measured with luciferase compared to the 70% ethanol vehicle.  In another assay, the myeloid THP-1 cell line TIB-202 was activated by LPS-EB and TLR4 stimulation measured by an enzyme-linked immunosorbent assay (ELISA) for IL-8.  Cell viability in these experiments was measured with the Alamar Blue reagent.  The extract of Uva ursi gave a concentration-dependent inhibitory response in both assays and only reduced viability at very high concentrations.  In earlier experiments with a different test system, arbutin was found to inhibit nitric oxide (NO) production by lipopolysaccharide-stimulated mouse microglial macrophages [141].  It reduced expression of the genes for the pro-inflammatory cytokines interleukin-1β, TNF-α, COX-2, IL-6, and CXCL1 as measured by real-time polymerase chain reactions (PCR).  Arbutin also reduced formation of the protein Ninj1 involved in cell adhesion.  Although other compounds found in Uva ursi extracts were not tested for anti-inflammatory activity in these experiments, other studies have indicated that quercetin and epigallocatechin gallate can also interfere with TLR4 signaling pathways and reduce inflammation [142-143].

7. INHIBITION OF OTHER HOST FUNCTIONS BY UVA URSI EXTRACTS

Another enzyme that can be inhibited by extracts of Arctostaphylos uva-ursi is tyrosinase (TYR) or polyphenol oxidase (PPO).  This copper-containing protein catalyzes the oxidation of L-tyrosine and L-dopamine and so plays a key role in the formation of melanin pigments [144].  It is able to oxidize a wide range of monophenolic and o-diphenolic compounds, leading to the formation of o-quinone.  Many plant extracts contain phenolic compounds that can act as competitive, noncompetitive, or uncompetitive inhibitors of this enzyme [145].  Dried leaves and shoots of Uva ursi collected in Russia were treated with water or with various water/ethanol mixtures in a boiling water bath and the extract dried [138].  The residues were dissolved in dimethyl sulfoxide (DMSO) and serially diluted.  They were tested for inhibitory activity in 96 well microtiter plates using purified enzyme and 2 mM L-tyrosine as the substrate.  Absorbance was directly measured at 492 nm.  All of the samples showed good anti-tyrosinase activity, comparable to that of Kojic acid, a standard inhibitor.  In other experiments, polyphenol oxidase in combination with the enzyme asparaginase or a low-frequency laser was found to reduce the adhesion of E. coli strains obtained from patients with urinary tract diseases to buccal epithelial cells or erythrocytes [146-147].  This was believed to be due to interference with the binding of type I or type P pili to the mammalian cells.  However, it is not yet clear how addition of a PPO or tyrosinase inhibitor might reduce the effects of a urinary tract infection.

Several isoforms of the enzyme UDP-glucuronosyl transferase have been found in human liver and intestinal cells [148].  These enzymes are believed to be involved in the metabolism of various endogenous metabolites including bilirubin, steroid hormones, thyroid hormones, and vitamins as well as a number of important oral drugs.  An Uva ursi extract was found to inhibit the activity of several UGT isoforms as measured by the transfer of glucuronic acid or glucuronamide to β-estradiol in vitro [149].  The reaction was also inhibited by (+) catechin, gallotannin, myricetin, and several other compounds often found in Uva ursi preparations.  Although this enzyme has not been identified in any of the urinary tract pathogens, the inhibition of host enzymes by Uva ursi extracts or their components may lead to unintended side effects.  

An extract of dried leaves of Arctostaphylos uva-ursi and its components arbutin and hydroquinone were also tested for their effects on human bladder T24 cells [150].  Proteins were extracted and analyzed by high performance liquid chromatography and MALDI-TOF mass spectrometry.  Compared to untreated cells, 17 proteins were upregulated following exposure to 320 µg/ml of hydroquinone for 2 hr.  These included the stress-signaling proteins 14-3-3 protein epsilon and 14-3-3 protein zeta/delta, the heat shock proteins HSP 90-alpha and HSP 90-beta, the oxidative stress response protein peroxiredoxin-1, as well as several proteins involved in central carbon metabolism and several eukaryotic translation factors.  These experiments were consistent with an observed dose-dependent cytotoxicity for hydroquinone.  In a related study, arbutin was found to decrease cell proliferation by TCCSUP human bladder cancer cells [151].  This was shown to be due to inactivation of an extracellular signal-regulated kinase and up-regulation of the regulatory protein p21.

8. PRELIMINARY ANIMAL AND HUMAN STUDIES WITH UVA URSI EXTRACTS

There have been a number of studies examining the effects of extracts of Arctostaphylos uva-ursi and its components on animals as a prelude to clinical investigations with humans.  Female Wistar rats were given several plant infusions including one made with Uva ursi as a replacement for tap water along with the standard lab diet [152].  After 12 days, 24 hr urine samples were collected and analyzed for total volume, pH, calcium, citrate, phosphate, or creatinine content.  There were no significant differences compared to the control, which was taken to mean that none of the plant extracts can directly affect urolithiasis and kidney stone formation.  In a related study, male Sprague Dawley rats were given a single dose (50 mg/kg body weight) of 16.6% extract of Uva ursi leaves in a hypotonic NaCl solution [153].  Urine flow was measured each hour for 8 hr and again after 24 hr.  The concentrations of Na+ and K+ ions were determined for the 8 hr and 24 hr samples.  With the Uva ursi extract, there was an increase in urine flow during the 8 hr test period, which remained above the control at 24 hr.  There were no significant differences in the electrolyte concentrations over the 24-hr test period. 

In a later study designed to evaluate the safety of Arctostaphylos uva-ursi, rabbits of both sexes were given oral injections of an extract of leaves (25 mg/kg body weight) at 24 hr intervals over a period of 90 days [154].  The animals were sacrificed and blood removed by cardiac puncture for analysis.  Gender-based differences were observed in blood parameters, kidney function parameters, cardiac enzymes, liver enzymes, or lipids.  Specifically, the urea concentrations were lower among females but higher among males compared to the controls.  Lactate dehydrogenase (LDH) levels were higher in both males and females, but creatine phosphokinase (CPK) levels were lower in females but higher in males.  Cholesterol, triglycerides, low density lipoproteins (LDL), and very low-density lipoproteins (VLDL) were higher in females compared to the controls.  On the other hand, triglycerides and VLDL concentrations were lower in males and the high-density lipoproteins (HDL) concentration was higher compared to the control.  Serum glutamate oxaloacetate transferase (SGOT) and serum glutamate pyruvate transferase (SGPT) levels were greatly elevated in males but not in females compared to the controls while alkaline phosphatase was decreased.  However, histological analysis indicated there was no significant pathology in the heart, stomach, liver, or kidney tissues. The effects on serum parameters was attributed to the anti-inflammatory effects of compounds in the Uva ursi extract, but the gender differences were not explained and the authors concluded that such extracts were safe for use in human medicine.

[bookmark: _Hlk189304128]Several groups have examined the metabolism of Uva ursi extracts in humans and animals.  In one study, 16 healthy human volunteers were given a dry extract of bearberry leaves as film coated tablets containing 472 mg of extract with the equivalent of 105 mg of arbutin or as 100 ml of an aqueous solution containing 945 mg of extract with the equivalent of 210 mg of arbutin [155].  Urine was collected prior to drug administration and during the 12-24 hr and 24-36 hr periods afterwards.  The urine was analyzed for hydroquinone, hydroquinone-glucuronamide, and hydroquinone sulfate using high performance liquid chromatography (HPLC).  The mean amounts of total hydroquinone, hydroquinone-glucuronamide, and hydroquinone sulfate did not differ for the two treatments.  Most of the excretion occurred in the first 4 hr and consisted primarily of hydroquinone-glucuronamide.  No urinary excretion of hydroquinone could be detected after 24 hr.  There was some intersubject variability but no unexplained pathological laboratory results. 

[bookmark: _Hlk189306601]In another study, three volunteers were given 150 mg of arbutin in the form of 150 ml of an aqueous bearberry extract [156].  Urine was collected before the treatment and at 2 hr intervals for 24 hr after the treatment.  The urine was again analyzed by HPLC and revealed the excretion of hydroquinone glucuronamide and hydroquinone sulfate.  About 50% of the applied arbutin was excreted after 4 hr and 79% to 99% after 24 hr.  Only one of the test subjects excreted any hydroquinone.  In a different study, 100 female rats were given 3 ml of 0.3 mg/ml or a 17 mg/ml solution of arbutin by gavage (direct feeding into the stomach through a tube) [157].  Blood samples (1 ml) were collected from the posterior orbital venous plexus at times up to 36 hr and centrifuged to separate the plasma.  The plasma was analyzed for arbutin and hydroquinone by HPLC.  The results indicated that the concentration of arbutin with either test solution reached a peak at 4 hr.  The 0.3 mg/ml solution had a half-life of 43.0 hr and the 17 mg/ml solution had a half-life of 12.7 hr but no hydroquinone itself could be detected in the plasma.

9. CONTROLLED HUMAN CLINICAL TRIALS WITH UVA URSI EXTRACTS
  
Several studies have examined the use of Arctostaphylos uva-ursi extracts as an alternative or adjunct to standard antibiotic therapy for the treatment of human urinary tract infections.  In one detailed investigation designated ATAFUTI, patients with a history of uncomplicated UTIs were matched and divided into four groups [158-159].  Those in Group 1 (n = 102) were given a daily dose of 1600 mg of Uva ursi extract containing 20% arbutin divided into three capsules along with advice to take 1200 mg of ibuprofen if necessary; those in Group 2 (n = 86) were given an Uva ursi placebo along with advice to take 1200 mg of ibuprofen as necessary; those in Group 3 (n = 97) were given the Uva ursi extract along with an ibuprofen placebo; and those in Group 4 (n = 97) were given both Uva ursi and ibuprofen placebos.  The patients were asked to keep daily diaries in which they recorded urinary symptoms including burning, urgency, day time frequency and night time frequency on a 6-point scale with 1 = no problem and 6 = most severe after 2 to 4 days.  An extensive statistical analysis of the patient records indicated there was no effect of either the Uva ursi extract or the ibuprofen on the severity of the symptoms. 

In a separate detailed study (REGATTA) [160-161], patients with uncomplicated UTIs were treated either with an Uva ursi extract (n = 207) or fosfomycin (n = 191).  The Uva ursi treatment involved 3 x 2 tablets containing 105 of arbutin) for five days while the fosfomycin treatment involved a single dose of 3 g or a placebo dissolved in orange juice.  Participants completed a daily diary which included an 8-item symptom questionnaire for at least 7 days until the symptoms were resolved.  A more detailed follow up occurred on day 28 with another follow-up phone call at three months.  The number of all antibiotic courses from days 0 to 28 was reduced by 61.8% for the group treated with Uva ursi compared to the fosfomycin-treated group.  On the other hand, the total burden of symptoms decreased more slowly from days 0 to 7 for the group treated with Uva ursi compared to the fosfomycin-treated group.  Eight women in the Uva ursi-treated group developed pyelonephritis compared to only two in the fosfomycin-treated group.  A new clinical trial (BRUMI) has been proposed but the results have not yet been reported [162].  Further large-scale clinical trials using Uva ursi extracts are clearly warranted.

Another study involved a retrospective review of the charts of 103 individuals who had undergone 82 different treatment regimens at naturopathic centers for UTIs [163].  Of these patients, 52 (50.5%) were treated with botanical products and 46 (44.7%) were treated with antibiotics.  There were 43 patients who provided follow-up data, of which 65% reported non-pharmacological treatment success.  Two of the treatment regimens involved Uva ursi leaf among several other constituents, one of which gave a statistically significant success rate.

10.   FUTURE PROSPECTS

There is a growing interest in the use of natural plant-based products for the treatment of urinary tract infections as evidenced by the large number of recently published reviews and proposals [164-170].  Extracts from bearberry (Arctostaphylos uva-ursi) may be useful in this regard.  However, as this review indicates, the laboratory-based evidence supporting its potential value is much stronger than the current clinical evidence.  Extracts of Uva ursi and their components can inhibit the growth of both Gram-positive and Gram-negative uropathogens, particularly at high concentrations.  They can also inhibit urease activity and decrease biofilm formation.  However, they may also alter other host functions and so can have unintended side effects.

A major issue in the use of Uva ursi extracts is the potential toxicity of the hydroquinone that may be formed by the degradation of arbutin, a key component of these extracts. Hydroquinone has been found to be both mutagenic and carcinogenic in vitro and in vivo, although the risks to humans appear to be low [171}.  A risk assessment of free hydroquinone derived from bearberry leaves indicated that human therapeutic doses were within acceptable safety limits [172].  One solution to this potential problem might be to use the tools of molecular biology to produce genetically-modified forms of Arctostaphylos uva-ursi which have little or no arbutin but still contain the polyphenols and flavonoids that an inhibit urease activity or limit biofilm formation.  Because the use of a GMO may impact public acceptance of the modified Uva ursi extracts, an alternative solution would be to start with isolates of Arctostaphylos uva-ursi which naturally produce lower amounts of arbutin in the development of new products [50,65].

A different approach may be to combine extracts of Uva ursi with other chemicals that can also affect urinary tract pathogens.  A mixture called Itxasol© composed of β-arbutin, umbelliferon, and n-acetyl cysteine has been found to be useful in treating UTIs [111].  It may prove effective to combine Uva ursi with D-mannose [173-174], cranberry (Vaccinium macrocarpon) extracts [175-176], or other medicinal herbal extracts that have been described [177-178].  A dry extract from Uva ursi was combined with D-mannose and extracts of several other plants and found to reduce the incidence of recurrent cystitis [179].  This has also been done with cranberry extract in the form of Crano-cure [180] and with various European [181-182], Chinese [183], and Indian [184] herbal preparations.  These have been found to be useful in the treatment of urinary tract infections.  Other combinations are possible and should be explored.  It would be particularly important to ensure that these combinations have low toxicity risks.

11.   CONCLUSION

Extracts from Arctostaphylos uva-ursi may be useful for the herbal treatment of certain urinary tract infections.  They can reduce the growth of most uropathogenic microorganisms and can inhibit key virulence factors such as the enzyme urease and the formation of biofilms.  They appear to be safe and can be produced and sold around the world at relatively low cost.  However, the clinical data supporting their widespread medical use is still quite limited.  Further randomized controlled trials comparing them to standard antibiotics and to other herbal preparations should be carried out using patients of varying gender and age with both uncomplicated community-acquired infections and complicated catheter-associated infections.
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