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This study assessed the effect of an 8 week consumption of dried cranberry juice (DCJ) on 65 healthy
young women. Basic biochemical and hematological parameters, antioxidant status, presence of
metabolites in urine, and urine ex vivo antiadherence activity were determined throughout the trial.
A 400 mg amount of DCJ/day had no influence on any parameter tested. A 1200 mg amount of
DCJ/day resulted in a statistically significant decrease in serum levels of advanced oxidation protein
products. This specific protective effect against oxidative damage of proteins is described here for
the first time. Urine samples had an inhibitory effect on the adhesion of uropathogenic Escherichia
coli strains, but no increase in urine acidity was noted. Hippuric acid, isomers of salicyluric and
dihydroxybenzoic acids, and quercetin glucuronide were identified as the main metabolites. In
conclusion, cranberry fruits are effective not only in the prevention of urinary tract infection but also

for the prevention of oxidative stress.
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INTRODUCTION

Cranberry Yaccinium macrocarpgrAiton, Ericaceae) fruits
and juice have been used to prevent urinary tract infection (UTI)
and to protect humans against oxidative strd3s@ranberries
contain mainly vitamin C, dietary fiber, glucose and fructose,
flavonoids [flavonols, anthocyanins, and proanthocyanidins

(condensed tannins)], and gallic, benzoic, citric, and oxalic acids.

The medicinal effectiveness and safety of cranberry juice/pills
have been critically evaluated recentB; 8). Cranberries seem
to be the most effective in preventing the adhesio&sd¢heri-
chia colito uroepithelial cells, which is responsible for 85% of
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UTlIs (4). Several human studies of cranberry for the treatment
of UTIs have been reporte@<7), but their meta-analysis failed

to show any therapeutic effec8)( The antiadherence activity
was mostly assigned to A type proanthocyanidin trim8r9j,
whereas anthocyanic or proanthocyanic fractions exhibited no
marked antibacterial activitylQ). No evidence was found in
the literature for antiadherent cranberry A type proanthocyanidin
trimers in human urinel(1—13). The ex vivo antiadherence
activity was found in mice in a 30 day experiment (14) and in
volunteers (=5 or 6, respectively) after a single dose of 42.5

g of dried cranberrieslf) or 246-750 mL of cranberry juice

(9, 16). It has been suggested that fructose is responsible for
the antiadherence activity of cranberriég), However, fructose

is contained in most fruits, but the effects on the urinary tract
were found only in cranberries. The antiadherence activity of
citrus juice was found on some. coli strains but not on the
strains equipped with P-fimbriad 7). An antiadherence effect

of fruits with comparable contents of fructose as cranberries
(grape and apple juices and raisins) has not been proven (9,
15). Raz et al. 18) assume that, considering its low bioavail-
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ability, the activity of cranberry components is primarily 0.12% trifluoroacetic acid and 5% acetonitrile in water (v/v); mobile
localized in lower parts of the gastrointestinal tract, where they phase B, 0.12% trifluoroacetic acid in acetonitrile (v/v); gradient30
selectively influence potentially pathogenic bacteria. min, 10—90% B; 30—36 min, 90% B.
Cranberry should be avoided by people with allergy/ Determination of Phenolic Acids and Metabolites Using Presepa-
P - f : - tion. The samples (DCJ or freeze-dried urine) were dissolved in a
hypersensitivity to thevacciniumspecies. A risk of kidney ;
stones (19—21) and increased salicylate concentration in urine50 mM phosphate buffer, pH 7.0 (44 mg of the sample in 1.5 mL),

. : . and the solutions were filtered through a Teflon membrane microfilter
(22) has been described in the literature. Recently, Aston et al'(porosity, 0.454m). The sample was then applied on a conditioned

(23) reviewed the literature on possible interactions between spg column (mixed sorbent RP/anex, Strata Screen A, Phenomenex,
cranberry juice and warfarin in humans: Several cranberry 200 mg/3 mL). The column was washed with 3 mL of deionized water
components may inhibit the activity of cytochrome P450 (CYP) and 3 mL of methanol and eluted with 3 mL of 1% HCI in methanol.
2C9 (24, 25), thus potentiating the anticoagulant effects of The eluate was evaporated using apditfeam at 40°C. The solid
warfarin. residue was dissolved in the respective mobile phase A and analyzed

However, none of the human studies with cranberries, PY #LC/MS using gradient elution: mobile phase A, 5.7 mM acetic
cranberry juice, concentrate, and/or pills evaluates the safetygf;%ii':]? g%sa;?rt]oT(t)r(;e(wv\;vgt.e{;z(\é/\g;nmggileggga?\';v?.Ba_lczestaraitrile;

. ; , 0— , ) ; , 10—-90% ;

of long-term regular consumption. In this study, we assessedmin’ 90% (v/v) B: 40-45 min, 90-10% (v/v) B: and 45-50 min, 10%
the effect of an 8 week consumption of 400 and 1200 mg/day (V) B
OT dried c;ranberry juice (DC‘,J) in young healthy Women. Basic Determination of Phenolic Acids and Metabolites without Presepa-
biochemical and hematological parameters, antioxidant status,ration. Freeze-dried urine samples were consequently analyzed directly
the presence of metabolites in urine, and urine ex Vivo after filtration, without prepurification using SPE. These analyses were
antiadherence activity were determined in the volunteers designed in order to identify possible metabolites that were not selected
throughout the trial. The contents of anthocyanins, phenolic by the SPE column used. The results of identified metabolites were
acids, and sugars were identified and determined, and in vitro consistent with those found using preseparation. The contamination of
antimicrobial and antiadherence activities were tested in DCJ. both chromatographic column and mass spectrometer was higher than
using preseparation. The samples (10 mg of the freeze-dried urine) were
dissolved in 1 mL of the respective mobile phase A, and solutions were
filtered through a Teflon membrane microfilter (porosity O:48) and

Material. DCJ (NutriCran90, Decas Botanical Synergies, United analyzed by gradient elution (described above).
States), declared to contain 89% saccharides, 0.5% proteins, 7% ash, Antiadherence Activity of DCJ and Urines. The antiadherence
and 2.8 mg ascorbic acid/100 g, was used in the form of a food activity of DCJ and freeze-dried urine was tested on 12 pathogenic
supplement for the clinical part. One gelatin capsule of the food coli strains isolated from the urine of patients with UTIs. Strains that
supplement contained 200 mg of DCJ (equivalemt5t g of fresh were able to agglutinate red blood cells;(&Rh+) were selected in
cranberries), 290 mg of soy oil, 15 mg of lecithin, and 10 mg of order to confirm the presence of adherence factors. The selected strains
beeswax; gelatin capsules of placebo contained 443 mg of soy oil. Both were cultivated in tryptose broth (HiMedia, India) and then on an agar
capsules were kindly provided by Walmark a.s. (Tfinec, Czech medium (Colonisation Medium, HiMedia) at 3C, in an aerobic
Republic). atmosphere containing 10% G@r 16 h. The testing was performed

HPLC-MS Analysis of DCJ Components.Instrumentation. Mi- using red blood cells as described previously2g). Briefly, DCJ was
croliquid chromatograph CapLCullC/MS, Waters Corp., Milford, dissolved in phosphate-buffered saline (PBS), and consecutive dilutions
United States), coupled with an ion-trap mass spectrometer (LCQ, were prepared. Thirty microliters of each dilution was applied into wells
Finnigan, United States) or a hybrid mass spectrometer Q-TOF Premierof a U type 96 well microtiter plate (Gama, Czech Republic), and then,
(Waters Corp.) was used for all analyses. A microcolumn Gemini C-18 the bacterial suspensions ¥51° cells/mL in PBS, 1QuL) were added
(150 mm x 300 um, Phenomenex, United States) was used for and incubated for 10 min at room temperature. Ten microliters of a
chromatographic separation. The sample injection volume of 2 (partially red blood cell suspension (3% in PBS) was then added, and the plate
filling 10 uL loop) or 1uL (full loop injection mode using LL loop), was further incubated for 20 min. Inhibition of hemagglutination was
respectively, was used. Electrospray was the ionization technique useddetected microscopically in comparison with controls, containing only
lonization parameters were optimized using standards of malvidin-3- the respective bacterial strain and red blood cells.
glucoside and hippuric acid, respectively. Identification was based on  Quantitative Biofilm AssayAdhesion of the bacteria was then also
the MS and MS/MS spectra collected over the chromatographic peakstested using a microtiter polystyrene plate by a quantitative biofilm
and their comparison with spectra of standards. Calibration curves of assay modified from Christensen et &7). Samples of DCJ (0, 0.037,
4-hydroxybenzoic acid, quercetin, malvidin-3-glucoside, and hippuric 0.075, 0.15, 0.3, 0.6, 1.2, and 2.4 mg/mL), mannose (1%), and freeze-
acid were used for quantification. Each compound also served for dried urine (to their initial concentration) were dissolved in BHI (brain
guantification of related compounds (3-hydroxybenzoic acid for the heart infusion, Himedia) enriched with 0.25% glucose. These solutions
group of phenolic acids, quercetin, for flavonoids, malvidin-3-glucoside (200 «L) were applied to the wells of sterile microtiter plates. The
for anthocyanin dyes, and hippuric acid for conjugates of phenolic acids wells were then inoculated with/L of bacterial suspension at a density
with glycine). Response factors were neglected. Calibration depend- corresponding to degree 1 of the McFarland scale. Thus; 1@
encies for 3-hydroxybenzoic acid, quercetin, and hippuric acid exhibited colony-forming units (CFU)/mL were present in the wells. The plate

EXPERIMENTAL PROCEDURES

good linearity over the concentration range200 mg/L (? > 0.993 was then incubated in an aerobic atmosphere étCGdvernight and

in all cases). The calibration dependence for malvidin-3-glucoside was then carefully washed with water. The biofilm formed was fixed by
sufficiently linear in the concentration range of-100 mg/L R = 200 uL of 99% methanol (15 min). After they were dried, the wells
0.997). were stained with 160L of 1% crystal violet for 10 min and thoroughly

Anthocyanin DeterminationiThe samples (10 mg of DCJ or 100  washed with water. The fixed dye was then dissolved in AB0of
mg of freeze-dried urine) were dissolved in 1 mL of 0.01% HCI, v/v. 33% acetic acid. Color intensity, indicating the quantity of adhered
The solutions (0.5 mL) were then applied on a conditioned solid-phase bacteria, was determined spectrophotometrically at 570 nm (photometer
extraction (SPE) column (polymeric sorbent with reversed-phase MRX Il, Dynex) (28, 29).
separation mode, Strata SDB-L, Phenomenex, 500 mg/3 mL). The Antibacterial Activity of DCJ. The antimicrobial activity of DCJ
column was subsequently washed with 3 mL of 0.01% HCI, and the was tested using standard dilution micrometh®)dofy determining the
anthocyanins were eluted by 3 mL of acidified methanol (0.01% HCI minimal inhibition concentration (MIC) of the sample, needed to inhibit
in MeOH). The eluate was evaporated using a gentle stream af N bacterial growth. Testing was performed in microtiter plates, and the
40 °C. The solid residue was dissolved in the respective mobile phase samples were diluted geometrically in Mueliédiinton broth (Difco).
A and analyzed by.LC/MS using gradient elution: mobile phase A, Standard reference bacterial stra8taphylococcus aure®CM 3953,



Consumption of Dried Cranberry Juice J. Agric. Food Chem., Vol. 55, No. 8, 2007 3219

Enterococcus faecallSCM 4224.E. coli CCM 3954, andseudomonas  Tgpje 1. Anthocyanins Determined in DCJ?
aeruginosaCCM 3955 (according to the Culture collection of the

Masaryk University, Brno, Czech Republic) and strains isolated from anthocyanin % (m/m) anthocyanin % (m/m)
patients from the Olomouc University Hospital, Czech Repulfiic [ Pn-3.5-diGal 0.106 Cy-3-Ara 0.024
aureus, methicillin-resistarts. aureus, vancomycin-resistagntero- Cy-sleal 0.031 Pn-3-Gal 0.045
coccus faeciumand Clebsiella peumoniadproducing wide broad Cy-3-Glu 0.054 Pn-3-Glu 0.135
B-lactamase AmpA)], were used. A standard quantity of bacterfa{10 Pn-3-Ara 0.025 Dp 0.008
CFU/mL) was inoculated in all wells. The MIC was determined Cy-3-Pent 0.013 sum 0.44

following 24 h of incubation at 37C as the lowest sample concentration

that visibly inhibited bacterial growth. The type of the effect (bacte- apn, paeonidin; Cy, cyanidin; Dp, delphinidine; Gal, galactoside; Glu, glycoside;
riostatic or bactericide) was determined by inoculating the content of Ara, arabinoside; and Pent, nonidentified pentosid.

the wells without visible growth into blood agar.

Study Subjects.A total of 65 healthy women, students, and staff
of Palacky University, Olomouc, aged 198 years (mean, 21.6
1.6 years) with no known history of kidney calculi or antibiotic
treatment participated in the study. The study was approved by the

100 £
b #
Ethics Committee of the University Hospital and the Faculty of
Medicine and Dentistry, Palacky University in Olomouc, Czech s ™|
Republic. All of the participants signed an informed consent, and they 8 4o -
were aware of the study goals and instructed not to consume food rich § _ | ok *x
in phenolics, especially anthocyanin-containing fruits, but also coffee ¥ - .

and tea 24 h prior to each assessment. The volunteers were randomlyd
divided into three groups: group h[= 23, placebo (two capsules W
once/day), aged 21F 2.0 years, body mass index (BMI) 21422.1

kg/n?], group Il [n = 20, 400 mg of DCJ (two capsules once)/day, o ) )
aged 21.4k 2.0 years, BMI 21.2= 1.5 kg/n], and group Il f = 22, Figure 1. Effect of mannose, DCJ (in vitro), and urine of volunteers taking
1200 mg of DCJ (two capsules three times)/day, aged 220 years, placebo and DCJ (1200 mg/day, ex vivo) on adherence of uropathogenic
BMI 20.5 + 1.8 kg/n¥]. The volunteers consumed the capsules over 8 E. coli. Results are expressed as means + SE. The effect of the urine is
weeks with three blood and urine collections and blood pressure expressed per mmol of creatinine. The adherence in urines from the
measurements at days 0, 28, and 56. An additional blood collection placebo group was considered to be 100%. *p < 0.01 vs control and #p
was performed 8 months following the end of the supplementation < o5 yg placebo.

period (day 296) only in 10 volunteers from group . bacterial strains (MIC 179357 mg/mL). The highest activity

Clinical _B|ochem|stry and Hematolo_gy. B_a5|c biochemical and was observed in the case Bf aeruginosawith MIC 179 mg/
hematological parameters were determined in all samjabslesterol, mL

high-density lipoprotein (HDL) cholesterol, low-density lipoprotein . .
(LDL) cholesterol, triacylglycerols, ALT, AST, GMT, urea, creatinine, _ biosafety of DCJ.Fifty-seven out of a total of 65 volunteers
uric acid, and advanced oxidation protein products (AOPP) levels in finished the study. Two women withdrew from group |
serum, a blood count including a differential leukocyte count in morning [respiratory illness (1) and personal reasodg],(and six
fasting blood, pH, and sediment examination of midstream urine. These withdrew from group Il [respiratory illness (2), excessive
were determined at the Department of Clinical Biochemistry of urination (1), stomach acidity (1), and personal reasons (1)].
Sternberk Hospital (Czech Republic) using an ADVIA 1650 analyzer  Statistically evaluated results are presentedables 2—4.
(Bayer, SRN). In group Ill, these examinations were expanded with A significant decrease in HDL cholesterol was observed in group
12_h uring coIIe_ctions, determi_nation of total phenolic contents in urine | (placebo) on days 28 and 56 as compared to day 0. Moreover,
using Folin—Ciocalteu phenolic reage0), and selected parameters serum AST and creatinine levels dropped on dayEble 2).

for evaluation of oxidative stress [total antioxidant capacity and SH
groups in plasma, lipid peroxidation products such as malondialdehyde In group 11 (400 mg of DCJ /day), HDL cholesterol was lower

(MDA) in plasma and erythrocytes, glutathione (GSH), superoxide ©ON day 56 and AST was lower on days 28 and 56. The AST
dismutase (SOD), and glutathione peroxidase (GPX) in erythrocytes @nd hemoglobin levels on day 28 in group Il were significantly
as described by Psotova et @1]. The collected urine was stored at lower than in group I Table 3). In group Il (1200 mg of DCJ

4°C up to the transmission to the trial organizers and then immediately /day), a significant but clinically nonrelevant increase in diastolic

ce (% of respective control)
o
- -3 -3 n
(=3 (=3 (=2 (=3
)

N
=]

o

DCJ 37
Mg/mL

Control Mannose 1% DCJ 2400

ug/mL

placebo DCJ 1200
mg/day

in vitro ex vivo

evaporated to ca. 50 mL and freeze-dried. blood pressure was noted on day 0 as compared to groups |
Statistics. All of the results were evaluated using analysis of variance and Il. This event did not occur in subsequent examinations.
atp < 0.05. As compared to group I, ALT levels were lower on days 0 and
28, but AST levels were higher than in group Il on days 28
RESULTS and 56. A drop in the serum creatinine level was observed on
day 28 as compared to days 0 and 56 and also with group Il
Components of DCJ and Its in Vitro Biological Activity. (Table 4). However, all of these observed changes were within

DCJ contained £10% (m/m) phenolic acids, and benzoic, the normal physiological range and thus not due to any adverse
salicylic, ellagic, ferulic, caffeicp-coumaric, sinapic, vanillic, effect of the food supplement.

and protocatechuic acids were identified. The total polyphenolic  Antioxidant Status. The AOPP level was measured in
content was 3% (m/m). Quercetin [0.3% (m/m)] and anthocyanin subjects in all three groups. While in group I, this parameter
dyes [0.44% (m/m)Table 1] were determined. Moreover, DCJ  of late oxidative stress was significantly increased on days 28
contained 42% (m/m) glucose, 26% (m/m) fructose, and 10% and 56, in group lll, a very strong significant AOPP drop was
(m/m) MgO as a carrier. The antiadherence activity of DCJ was observed even after 4 weeks of intervention. The values
shown for concentrations ranging from 0.075 to 0.12 mg/mL; measured were much lower than those usually observed in the
in the biofilm formation assay, significant reduction of adherence Czech population (Stejskal, personal communication); in some
was observed at 0.037 mg/mL. Marked reduction was neverthe-volunteers, the measured value was probably lower than 5.0
less observed in concentrations higher than 2.4 mgfduge uM (detection limit of the method usediable 4). Because of

1). DCJ displayed a slight antimicrobial activity on tested this unexpected result, we decided to perform additional analyses
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Table 2. Parameters of Clinical Biochemistry and Hematology in

Group | (Placebo)?

Valentova et al.

Table 4. Parameters of Clinical Biochemistry and Hematology in
Group Il (1200 of DCJ mg/Day)?

parameter day 0 day 28 day 56 parameter day 0 day 28 day 56
n 23 23 23 n 22 20 16
systolic blood pressure 110 £ 10 110+ 11 114 +£10 systolic blood pressure 119 + 114 115+ 11 116 £ 10
diastolic blood pressure 71£10 73+9 75+8 diastolic blood pressure 808 75+9 78+6
cholesterol (mM) 48+0.7 4707 48+0.8 cholesterol (mM) 46+0.8 4709 47+10
HDL cholesterol (mM) 201+0.34 1.77 £0.26> 1.71+0.34b HDL cholesterol (mM) 1.79 £0.23¢ 1.78 £0.27 1.72+0.21
LDL cholesterol (mM) 2.64 £0.50 2.54£0.53 2.45+0.54 LDL cholesterol (mM) 2.69 +0.67 2.67+0.72 2.60+0.74
triacylglycerols (mM) 1.11+0.38 1.03 £ 0.65 1.06 £ 0.59 triacylglycerols (mM) 1.26 +0.43 1.16 + 0.62 1.23+0.57
ALT (ukat/L) 0.33+0.14 0.34+0.19 0.30+0.18 ALT (ukat/L) 0.25+0.07¢ 0.25 +0.06¢ 0.25+0.07
AST (ukat/L) 0.37+0.07 0.33+0.09 0.24 +0.11b¢ AST (ukat/L) 0.40 +0.05 0.39 +0.06° 0.43 +£0.074¢
GMT (ukat/L) 0.25+0.12 0.30+0.20 0.24+0.10 GMT (ukat/L) 0.26+0.11 0.27+0.10 0.25+0.10
urea (mM) 297+0.71 3.21+0.73 3.24+0.51 urea (mM) 3.41+0.52 3.11+0.59 3.35+0.54
creatinine (xM) 84.7+55 81.0+52 79.0 + 4.6b¢ creatinine («M) 79.4+50 73.8+4.30d 82.6 £6.1¢
uric acid (M) 2738 +57.1 2478 +40.0 249.1 +50.6 uric acid (uM) 2658+465  289.7 +61.0¢ 270.5+516
AOPP (uM) 55.6 £ 14.5 65.5%39.9 51.2+27.3 AOPP (M) 474+250 953 +16.8bd¢ 114+ 12.1bde
urine pH 6.18 £ 0.52 5.91+0.69 5.98 £ 0.53 antioxidant capacity’ 6.90 +1.11 7.32+1.38 6.87£1.25
blood count SH groups? . 5.99 +1.07 5.87+0.79 493 +0.57b¢
hemoglobin (g/L) 1341+92  137.7+87  1333+80 SOD-ery (Ulgproteins)  259+051  273£042 = 268+0.33
12 MDA-eryd 0.46 +0.10 0.57+0.13 0.59 +0.13
erythrocytes (10%2/L) 463+0.21 4.48 £0.23 454 +0.26 g 11634245 11964234 12434241
leukocytes (10°L) 76+15 75+16 77+21 GSH-ery . 324, 6223, 3124,
thrombocytes (10°L) 276 542 285 4 55 277 4 61 GPX-ery (uUlg proteins)  10.60 £2.28  11.06 + 2.25 11.74 £3.01
- - - MDAY 0.16+0.041  0.16+0.031 0.15 +0.036
urine pH 5.79+0.49 5.89 + 0.54 5.75+0.58
2Data are expressed as means + SD. ?p < 0.05 vs day 0. ©p < 0.05 vs day total phenols urine 37.7+149  542+205b 37.8+12.7°
28. (mg/mol creatinine)
blood count
Table 3. Parameters of Clinical Biochemistry and Hematology in hemoglobin (g/L) 132.3+10.63 132.0+6.94 131.1+8.96
Group Il (400 mg of DCJ/Day)? erythrocytes (1012/L) 454+0.35 453+0.27 4.47+0.37
leukocytes (109/L) 731175 7.36+1.54 7.41+184
parameter day 0 day 28 day 56 thrombocytes (10%L) 276 +52 301+54 277 +54
n 20 19 18
systolic blood pressure 114+9 114 +13 116 +10 2 Data are expressed as means + SD. Y p < 0.05 vs day 0. ¢p < 0.05 vs day
diastolic blood pressure 76+5 78+9 Tx7 28. 9p < 0.05 vs group I. € p < 0.05 vs group II. fuA/mL of plasma. 9 umol/g of
cholesterol (mM) 47+0.7 47+0.6 50+0.8 protein.
HDL cholesterol (mM) 1.91+0.30 1.75+£0.22 1.69 +£0.23>
LDL cholesterol (mM) 250+ 0.51 2.39+051 2.30+0.46 80 -
triacylglycerols (mM) 1.36 £ 0.45 1.22+0.29 1.34 £0.58
ALT (ukat/L) 0.28 +0.09 0.30 +£0.08 0.30+0.08
AST (ukat/L) 0.36 +0.08 0.25 +0.072¢ 0.25+0.072 70 -
GMT (ukat/L) 0.22 £0.09 0.21+0.08 0.23£0.07
urea (mM) 311+0091 3.37+0.95 319+1.14
creatinine («M) 77.3+15.3¢ 75.2+6.9¢ 81.4+6.0 60 -
uric acid (¢M) 2579524 2499 +62.7 242.3+60.9
AOPP (uM) 429+10.1 57.5+19.8" 61.8+21.3
urine pH 6.13+0.88 5.71+0.51 5.97£0.70 50 1
blood count
hemoglobin (g/L) 1295+104  127.6+11.0°  1292+120 s
erythrocytes (10?/L) 4.62+0.30 4.58 +0.26 459 +0.28 = 40
leukocytes (10%/L) 786+183  7.89+152 7.97+1.25 &
thrombocytes (109/L) 303 +92 296 + 91 296 + 97 2
30
2Data are expressed as means = SD. ®p < 0.05 vs day 0. °p < 0.05 vs
group 1. 20 4
for evaluation of oxidative stress in group lll. A drop of total
plasma SH group level on day 56 and an increase in lipid 10 4
peroxidation products (MDA) in erythrocytes on days 28 and
56 were measured. Neither plasma antioxidant capacity, plasma

lipid peroxidation product level, nor SOD, GSH, and GPX levels 0 -
in erythrocytes were affected. Eight months after the end of Day28 Day56 Day296
the intervention period, the AOPP level was measured in 10 Figure 2. Serum AOPPs in volunteers taking DCJ (1200 mg/day). Day
volunteers from group Ill. The AOPP level at day 296 (27.64 296 corresponds to 8 months after the end of the intervention period.
+ 6.54 mM) was significantly higher than on days 28 and 56 Data are expressed as means + SD. *p < 0.05 vs day 0 and “p < 0.05
but did not reach the level on day Bigure 2). vs days 28 and 56.

Identification and Determination of Metabolites in Urine.
No change in urine pH was observed throughout the study in collected urine from group IIl. Besides citric acid, hippuric and
volunteers from all groups. The total phenolic content in urine salicyluric acids, quercetin glucuronide, apigenin, and isomers
from group IIl, expressed per mol of creatinine, was significantly of dihydroxybenzoic acids were found. Of these, the hippuric
higher at day 28 but then dropped bagkX 0.05; Table 4). acid content dominated (7.01—42.82 mg/mmol of creatinine)
Organic acids and phenolic compounds were analyzed in followed by the isomers of the hydroxybenzoic aeglycine

Day 0
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30 - * that this peak did not correspond to the discussed conjugates
28 | and it was not taken into account in the quantification.
26 - An intensive peak of quercetin glucuronide was founoh&t
24 - 477. The loss of dehydrated glucuronic acid could be found in
22 | the appropriate collision spectra. The second minor peak
20 | exhibited similar fragmentation and was ascribed to a quercetin
18 - glucuronide isomer. Three peaks could be found in the
16 | reconstructed chromatogram forz 153. A similar fragmenta-
14 tion pattern was observed in the related collision spectra of each
peak. The cleavage of GQor H,O (losses of 44 and 18),
= @ placebo respectively, were dominant processes. The fragmemtzf35
7 1 ODCJ 1200 mg/day consequently lost COand a fragment ofm/z 109 lost HO.
The fragmentation spectra were compared with the fragmenta-
6 - tion of standards of protocatechuic and gentisic acids and a very
good agreement was found. These acids are reported as the sum
e 5 of dihydroxybenzoic acid isomers Figures 3and4.
£ Antiadherence Activity of Urines. The effect of the urine
3 on E. coli adhesion was tested using the biofilm assay.
-;-’ 41 Uropathogeni®. coli bacteria formed a biofilm with abundant
g population only in milieu containing urine from group |
£ 31 x (placebo; sed-igure 1). Samples from group Ill lowereH.
E’ coli adhesion in comparison with group | (p 0.05).
2 4
. DISCUSSION
b In vitro experiments with the cranberry juice and/or some its
components display antioxidant, chemoprotective, and antiad-
0 - hppurio ackl  salioyuric acd and awercetn dinycronybenzoio herence activitiesl). The comparison of clinical biochemistry
related isomers glucuronide acid isomers and hematology data between volunteers consuming placebo
Figure 3. Content of cranberry metabolites (4LCIMS, see the Experimental vs 400 or 1200 mg/day of DCJ for 56 days demonstrated no
Procedures) in urines from volunteers taking 1200 mg/day placebo or significant effect of the food supplement on the markers
DCJ. Results are expressed as means + SE. *p < 0.05 vs placeho. evaluated (Tables 2—4). The history of kidney calculi was an

exclusion criterion for participation in the study; therefore,

conjugate (salicyluric acid, 2.6012.53 mg/mmol of creatinine),  evaluation of this risk factor was not included here. In group
glucuronide of quercetin (0.965.25 mg/mmol of creatinine), I, the dose of 1200 mg/day of DCJ (an estimated daily intake
and isomers of dihydroxybenzoic acids{0.76 mg/mmol of 35 mg of total phenols, 7.8 mg of anthocyanins, and 14.4 mg
creatinine;Figure 3). The level of anthocyanins in analyzed of proanthocyanidins) led to a drop in AOPP to values not
urine was very low. The sum of identified dyes (cyanidin, related usually found in our population after the 8 week intervention
arabinoside, galactoside and glucoside, delphinidin, and relatedperiod (Table 4andFigure 1). Eight months after the end of
arabinosides) was below the limit of quantification and did not the study, the serum AOPP level was increased again, although
exceed approximately 0.7 mg/mmol creatinine. No proantho- not to the initial value Figure 2). This effect of plant
cyanidin oligomers were detected using both positive and antioxidants on AOPP level, apart from ascorbic acid, has not
negative ionization modes. In comparison with group | (pla- been described to dat8%). Although ascorbic acid was also
cebo), significantly higher levels of hippuric, salicyluric, and contained in DCJ, its daily intake in group Il was only 0.034
dihydroxybenzoic acids and quercetin glucuronide were found mg, which is negligible as compared to its intake from a normal
(Figure 3). diet. No relationship between AOPP and other parameters of

Reconstructed chromatograms and related collision spectraoxidative damage was found gble 4). AOPP are generated
in Figure 4 show a typical analysis of the dominant metabolites by the reaction of free radicals with proteins. They activate
as well as unmetabolized dihydroxybenzoic acids in urine. As proinflammatory cytokines, which initiate the oxidative burst
mentioned above, the content of hippuric acid was relatively of neutrophiles, monocytes, and T-lymphocyt88)( Patients
high and a single peak dominated in the reconstructed chro-with ischemic heart disease and uremic syndrome have higher
matogram ain'z 178. The loss of C@resulting in the formation AOPP levels. In both groups of patients, AOPP levels were
of the ionm/z134 can be clearly seen in the related collision significantly higher than in healthy volunteer34( 35). Our
spectrum collected over the chromatographic peak. Consequenstudy demonstrated that DCJ may have not only antiadherence
fragmentation led to a peaki/z 77 corresponding to the  but also antiatherogenic effects. Ruel et &6)(described a
deprotonated benzene. lowering of lipid peroxidation products after drinking cranberry

Four peaks exhibiting analogous fragmentation were found juice [men,n = 21, 38+ 8 years, 7 mL/kg body mass (BM),
in the reconstructed chromatogram ratfz 194 (considered 2 weeks]. Juice components were not analyzed. Recently, the
isomers of salicyluric acid). The cleavage of £@m/z44 = antioxidant status and biomarkers related to heart disease and
194 — 150) and the formation of phenoxide dominated in the cancer were evaluated in healthy female volunteers consuming
collision spectra of all four peaks. Because the standards of 750 mL of 27% cranberry juice/day for 2 weeks. AOPP were
isomers of “salicyluric acid” were not available, the identity of not evaluated in this study, and no significant differences
the last eluted peak (retention time 11.82 min) was not in plasma antioxidant potential, GPX, catalase, SOD and
sufficiently elucidated. However, considering higher polarity of MDA, urine 8-oxo-deoxyguanosine, or DNA damage in lym-
hydroxylated conjugate with respect to hippuric acid, we suggest phocytes were found{). This is in accordance with our results,
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Figure 4. Typical chromatograms («LC/MS, see the Experimental Procedures) of cranberry metabolites in the urine of volunteers taking 1200 mg/day
DCJ.

which showed parameters of oxidative damage for group Il glycosides have been found to be absorbed and excreted into
within normal physiological values (Table 4). The daily intake urine unmetabolized by both humans and rats. However, only
of cranberry anthocyanins in the study of Duthie et aF) (vas 0.1% of the amount ingested was excreted into the uti2¢. (
comparable with our dose of 400 mg/day of DCJ, while the Ohnishi et al. recently showed that cranberry anthocyanins are
intake of proanthocyanidins corresponds more to 1200 mg/day excreted in a total amount corresponding to 5% of the dose
of DCJ. Interestingly, the total phenolic content in the juice used consumed within 24 h after consumption with a maximum
by Duthie et al. (37) was much higher than that in our DCJ excretion between 3 a@n6 h (38). Only one reference to a
(405 vs 4.5 times the content of anthocyanins). However, the possible presence of proanthocyanidin trimers and oligomers
total intake of identified cranberry components in our study in urine was found in the litterature (11). The authors describe
group Il (1200 mg/day of DCJ) was 2.5 higher for proantho- administration of“C-labeled hawthorn proanthocyanidins (not
cyanidins and 10 times higher for anthocyanins. indicating the type) to mice finding both trimers and oligomers

The ex vivo antiadherence activity of human urine has been in the urine. However, the authors measured only urine
to date studied only after a single dose of cranberry products. radioactivity without identification of the compounds responsible
Thus, the antiadherence activity on uropathogé&nicoli was for it.
found in the urine of six volunteers after drinking of 240 mL The present study demonstrated that after 8 weeks of
of cranberry juice (9) as well as in three out of five women consumption of DCJ, human urine had an inhibitory effect on
after the consumption of 42.5 g of dried cranberries).(Dose- the adhesion of bacteria causing acute and/or chronic UTI
dependent antiadherence activity was recently noted in 20 (Figure 1), but we failed to identify which cranberry metabolites
healthy volunteers after a dose of 750 mL of total drink were responsible for this effect. The in vitro antiadherence
combining cranberry juice with a placebo drink in a double- activity of single metabolites is the subject of our ongoing
blind placebo-controlled crossover trial (16). research.

A significantly higher level of hippuric acid, conjugates of In conclusion, DCJ in a daily dose of 400 mg of DCJ over 8
some other phenolic acids, and quercetin glucuronide was foundweeks in healthy women did not influence any of the parameters
in urine from group Il as compared to group . Salicyluric acid tested. In volunteers consuming 1200 mg/day of DCJ, a
excretion in volunteers consuming cranberry juice (250 mL/ statistically significant decrease in the serum level of AOPP
day for 2 weeks) has been reporté2). Zhang and Zuo (13)  was observed. To date, this specific protective effect against
found benzoicp-hydroxybenzoicp-hydroxybenzoic, 2,3- and  oxidative damage of proteins has not been described in any
2,4-dihydroxybenzoic, and sinapic acids in the plasma and urine antioxidant-containing food supplement. The urine of these
of one volunteer after consumption of a single dose of cranberry volunteers had an inhibitory effect on the adhesion of uropatho-
juice (1800 mL). genicE. colistrains, but no increase in urine acidity was found.

On the other hand, no significant increase in the concentration Cranberry fruits, either as a functional food or a food supple-
of anthocyanins or proanthocyanins in the urine of group Il ment, are effective not only in the prevention of UTI, but they
was found. A very low content of these compounds, reported may also be beneficial in the prevention of oxidative stress in
as active factors in inhibition dt. coli adhesion, was found in  risk groups of a population, for example, people with metabolic
the urine. Various berry (but nor cranberry) anthocyanin syndrome and patients on dialysis.



Consumption of Dried Cranberry Juice

ABBREVIATIONS USED

ALT, alanine aminotransferase, AOPP, advanced oxidation
protein products; AST, aspartate aminotransferase; BHI, brain
heart infusion; BM, body mass; BMI, body mass index; CFU,
colony-forming units; DCJ, dried cranberry juice; GMb;
glutamyl transferase, GPX, glutathione peroxidase; GSH, glu-
tathione; HDL, high-density lipoproteins; LDL, low-density
lipoproteins; MDA, malondialdehyde; MIC, minimal inhibition
concentrationgLC/MS, microliquid chromatograph(y) coupled

with mass spectrometr(y); PBS, phosphate-buffered saline; SOD,
superoxide dismutase; SPE, solid phase extraction; UTI, urinary

tract infection.

ACKNOWLEDGMENT

We declare that the results were interpreted independently and

that they do not express any trade interest of Walmark, a.s.,
which provided the DCJ, DCJ-containing food supplement, and
placebo.

LITERATURE CITED

(1) Klein, M. A. Cranberry Yaccinium macrocarpgnAiton. In
Encyclopedia of Dietary Supplemen®oates, P., Blackman, M.
R., Cragg, G., Levine, M., Moss, J., White, J., Eds.; Marcel
Dekker: New York, 2005; pp 143—149.

(2) National Committee for Clinical Laboratory StandarBsrfor-
mance Standards for Antimicrobial Susceptibility Testihgelfth
informational supplement; National Committee for Clinical
Laboratory Standards: Wayne, PA, 2002.

(3) Jepson, R. G.; Mihaljevic, L.; Craig, J. Cranberries for preventing
urinary tract infectionsCochrane Database Syst. Re2004,
CD001321.

(4) Berger, R. E. Cranberries for preventing urinary tract infections.
J. Urol. 2005,173, 1988.

(5) Crews, W. D., Jr.; Harrison, D. W.; Griffin, M. L.; Addison,

K.; Yount, A. M.; Giovenco, M. A.; Hazell, J. A double-blinded,

placebo-controlled, randomized trial of the neuropsychologic

efficacy of cranberry juice in a sample of cognitively intact older
adults: Pilot study findingsl. Altern. Complement. Me&005,

11, 305—309.

McMurdo, M. E.; Bissett, L. Y.; Price, R. J.; Phillips, G.;

Crombie, |. K. Does ingestion of cranberry juice reduce

symptomatic urinary tract infections in older people in hospital?

A double-blind, placebo-controlled triaAge Ageing2005,34,

256—261.

Super, E. A.; Kemper, K. J.; Woods, C.; Nagaraj, S. Cranberry

use among pediatric nephrology patiedmbul. Pediatr2005,

5, 249—-252.

Foo, L. Y.; Lu, Y. R.; Howell, A. B.; Vorsa, N. A-type

proanthocyanidin trimers from cranberry that inhibit adherence

of uropathogenic P-fimbriate8scherichia coli.J. Nat. Prod.

2000,63, 1225—-1228.

Howell, A. B.; Reed, J. D.; Krueger, C. G.; Winterbottom, R.;

Cunningham, D. G.; Leahy, M. A-type cranberry proanthocya-

nidins and uropathogenic bacterial anti-adhesion actiftyy-

tochemistry2005, 66, 2281—2291.

(10) Leitao, D. P.; Polizello, A. C.; lto, I. Y.; Spadaro, A. C.
Antibacterial screening of anthocyanic and proanthocyanic
fractions from cranberry juicel. Med. Food 2005, 8, 36-40.

(11) Ammon, H. P. T.; Kaul, R. Crataegus. Herz-kreislauf-wirkunen
von crataegusextrakten, flavonoiden und procyanidibesch.
Apothek. 21994,134, 2631—-2636.

(12) McGhie, T. K.; Ainge, G. D.; Barnett, L. E.; Cooney, J. M;
Jensen, D. J. Anthocyanin glycosides from berry fruit are

(6)

@)

®)

©)

absorbed and excreted unmetabolized by both humans and rats.

J. Agric. Food Chem2003,51, 4539—4548.

(13) Zhang, K.; Zuo, Y. G. GC-MS determination of flavonoids and
phenolic and benzoic acids in human plasma after consumption
of cranberry juiceJ. Agric. Food Chem2004,52, 222—227.

J. Agric. Food Chem., Vol. 55, No. 8, 2007 3223

(14) Howell, A. B.; Leahy, M.; Kurowska, E.; Guthrie, N. In vivo
evidence that cranberry proanthocyanidins inhibit adherence of
P-fimbriatedE. coli bacteria to uroepithelial cell&ed. Am. Soc.
Exp. Biol. J.2001,15, A284.

(15) Greenberg, J. A.; Newmann, S. J.; Howell, A. B. Consumption
of sweetened dried cranberries versus unsweetened raisins for
inhibition of uropathogeni&scherichia coliadhesion in human
urine: A pilot study.J. Altern. Complement. Me@005, 11,
875—878.

(16) Di Martino, P.; Agniel, R.; David, K.; Templer, C.; Gaillard, J.
L.; Denys, P.; Botto, H. Reduction &scherichia coladherence
to uroepithelial bladder cells after consumption of cranberry
juice: A double-blind randomized placebo-controlled cross-over
trial. World J. Urol. 2006,24, 21-27.

(17) Zzafriri, D.; Ofek, I.; Adar, R.; Pocino, M.; Sharon, N. Inhibitory
activity of cranberry juice on adherence of type 1 and type P
fimbriated Escherichia colito eucaryotic cells.Antimicrob.
Agents Chemothef.989,33, 92-98.

(18) Raz, R.; Chazan, B.; Dan, M. Cranberry juice and urinary tract
infection. Clin. Infect. Dis.2004,38, 1413—1419.

(19) Gettman, M. T.; Ogan, K.; Brinkley, L. J.; Adams-Huet, B.; Pak,
C. Y.; Pearle, M. S. Effect of cranberry juice consumption on
urinary stone risk factorsl. Urol. 2005,174, 590—594.

(20) McHarg, T.; Rodgers, A.; Charlton, K. Influence of cranberry
juice on the urinary risk factors for calcium oxalate kidney stone
formation.BJU Int. 2003,92, 765—768.

(21) Terris, M. K.; Issa, M. M.; Tacker, J. R. Dietary supplementation
with cranberry concentrate tablets may increase the risk of
nephrolithiasisUrology 2001,57, 26-29.

(22) Duthie, G. G.; Kyle, J. A.; Jenkinson, A. M.; Duthie, S. J.; Baxter,
G. J.; Paterson, J. R. Increased salicylate concentrations in urine
of human volunteers after consumption of cranberry juite.
Agric. Food Chem2005,53, 2897—2900.

(23) Aston, J. L.; Lodolce, A. E.; Shapiro, N. L. Interaction between
warfarin and cranberry juic€harmacotherap006 26, 1314—
1319.

(24) Sylvan, L.; Justice, N. P. Possible interaction between warfarin
and cranberry juiceAm. Fam. Physicia@005 72, 1000; author
reply 1000.

(25) Walsh, K. M. Getting to yesl. Am. Geriatr. Soc2005, 53,
1072.

(26) Foo, L. Y.; Lu, Y. R.; Howell, A. B.; Vorsa, N. The structure of
cranberry proanthocyanidins which inhibit adherence of uro-
pathogenic P-fimbriateBscherichia colin vitro. Phytochemistry
2000,54, 173—181.

(27) Christensen, G. D.; Simpson, W. A.; Younger, J. J.; Baddour,
L. M.; Barrett, F. F.; Melton, D. M.; Beachey, E. H. Adherence
of coagulase-negative staphylococci to plastic tissue-culture
plates—A quantitative model for the adherence of staphylococci
to medical devices]. Clin. Microbiol. 1985,22, 996—1006.

(28) Ren, D. C.; Zuo, R. J.; Barrios, A. F. G.; Bedzyk, L. A.; Eldridge,

G. R.; Pasmore, M. E.; Wood, T. K. Differential gene expression

for investigation ofEscherichia colibiofilm inhibition by plant

extract ursolic acidAppl. Environ. Microbiol.2005,71, 4022—

4034.

Wakimoto, N.; Nishi, J.; Sheikh, J.; Nataro, J. P.; Sarantuya, J.;

Iwashita, M.; Manago, K.; Tokuda, K.; Yoshinaga, M.; Kawano,

Y. Quantitative biofilm assay using a microtiter plate to screen

for enteroaggregativEscherichia coliAm. J. Trop. Med. Hyg.

2004,71, 687—690.

Zheng, W.; Wang, S. Y. Antioxidant activity and phenolic

compounds in selected herkl.Agric. Food Chem2001,49,

5165—-5170.

31) Psotova, J.; V&ta, R.; Zdafilova, A.; Anzenbacherova, E.;

Kosina, P.; Svobodova, A.; HiBaJ.; Jirovsky, D.; Stiborova
M.; Lichnovsky, V.; Vicar, J..8nanek, V.: Ulrichova, J. Safety
assesment of sanguiritrin, alkaloid fraction of Macleaya cordata,
in rats.Vet. Med.-Czect2006,51, 145—155.

(29

~

(30)



3224

(32

(33)

(34)

(35)

(36)

J. Agric. Food Chem., Vol. 55, No. 8, 2007

Griffiths, H. R.; Moller, L.; Bartosz, G.; Bast, A.; Bertoni-
Freddari, C.; Collins, A.; Cooke, M.; Coolen, S.; Haenen, G.;
Hoberg, A. M.; Loft, S.; Lunec, J.; Olinski, R.; Parry, J.;
Pompella, A.; Poulsen, H.; Verhagen, H.; Astley, S. B. Biom-
arkers.Mol. Aspects Med2002,23, 101—208.

Kalousova, M.; Zima, T.; Tesar, V.; Dusilova-Sulkova, S.; Skrha,
J. Advanced glycoxidation end products in chronic diseases-
clinical chemistry and genetic backgroundiitat. Res-Fundam.
Mol. Mech. Mutagen2005,579, 37-46.

Kaneda, H.; Taguchi, J.; Ogasawara, K.; Aizawa, T.; Ohno, M.
Increased level of advanced oxidation protein products in patients
with coronary artery diseasé@therosclerosi®002,162, 221—
225.

Witko Sarsat, V.; Friedlander, M.; Capeillere Blandin, C.;
Nguyen Khoa, T.; Nguyen, N. T.; Zingraff, J.; Jungers, P.;

Descamps Latscha, B. Advanced oxidation protein products as

a novel marker of oxidative stress in uremiadney Int.1996,
49, 1304—1313.
Ruel, G.; Pomerleau, S.; Couture, P.; Lamarche, B.; Couillard,

Valentova et al.

density lipoprotein levels in men after short-term cranberry juice
consumptionMetabolism2005,54, 856—861.

(37) Duthie, S. J.; Jenkinson, A. M.; Crozier, A.; Mullen, W.; Pirie,

L.; Kyle, J.; Yap, L. S.; Christen, P.; Duthie, G. G. The effects
of cranberry juice consumption on antioxidant status and
biomarkers relating to heart disease and cancer in healthy human
volunteersEur. J. Nutr.2006,45, 113—122.

(38) Ohnishi, R.; Ito, H.; Kasajima, N.; Kaneda, M.; Kariyama, R.;

Kumon, H.; Hatano, T.; Yoshida, T. Urinary excretion of
anthocyanins in humans after cranberry juice ingestosci.,
Biotechnol., Biochen2006,70, 1681—1687.

Received for review December 12, 2006. Revised manuscript received
February 20, 2007. Accepted February 23, 2007. Financial support from
the Czech Ministry of Education, Youth and Sport (MSM 6198959216)
and Ministry of Trade and Commerce (FT-TA3/024) is greatly
acknowledged.

C. Changes in plasma antioxidant capacity and oxidized low- JF0636014



