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METHOD
Chemical characterization 
of cranberry extracts. 
PACs characterization of 
10 different V. macrocarpon 
extracts is performed by 
HPLC-FL-MS. The fluorimetric 
detector is used to differentiate 
HW-PACs from LW-PACs, while 
the MS detector allowed to 
distinguish PACs A from PACs 
B. Analyses are performed on 
tosohas TSKgel Amide 80 2.1mm 
ID x15cm 3.0μm as stationary 
phase and acetonitrile 0,5% 
formic acid (A), H2O 1% formic 
acid (B) as mobile phase.

BERRY DEFENCE™  
cell toxicity evaluation. 
Preliminarily, it is  performed 
an in vitro test to exclude toxic 
effects of BERRY DEFENCE™ on 
cell lines that are used in the 
following  experiments: Caco-
2 cells (intestinal epithelial 
cell model) and the T24 cells 
(bladder epithelial cell model). 
Caco2 and T24 cells are seeded 
in 96-well plates and cultured 
for 24 hours in specific medium 
plus defibrinated fetal bovine 
serum and antibiotics. Later, 
cell lines are incubated with 
BERRY DEFENCE™ (range 100-

2.5 mcg/mL) for 24 hours with 
the aim of identifying any cell 
toxicity. After that, MTT is 
added and, after 2 hours, the 
cells are solubilized and the 
optical density is measured 
at 570nm. Cell viability is 
considered 100% for cells not 
exposed to any treatment.

Effect on the production of 
inflammatory cytokines. 
The hypothetical  ant i -
inflammatory effect of BERRY 
DEFENCE™ on the intestinal 
epithelium is evaluated, in 
vitro, through the recording 
of inflammatory cytokine (IL-
8) release from Caco-2 cells 
monolayer incubated with 
ExPEC in presence/absence 
of BERRY DEFENCE™. Caco-
2 cells are cultivated until 
confluence is reached and then 
they are/are not pre-treated 
with BERRY DEFENCE™ for 16 
hours. Later, Caco-2 cells are 
incubated with ExPEC in a 1:50 
cell-to-bacteria ratio. After 2 
hours of incubation, bacteria 
are removed and the medium 
is collected after 16 hours to 
perform the enzyme-linked 
immunosorbent assay (ELISA) 
to analyze IL-8 release.

Effect of urinary metabolites 
on the adhesion of 
uropathogenic E. coli.  
Urine samples of three healthy 
volunteers are collected 
before and after three days 
of treatment with 205 mg 
of BERRY DEFENCE™. Few 
days before the first urine 
collection and over the entire 
study period, the subjects 
avoid eating apples, nuts, 
chocolate, cranberry and 
red fruits. After 2 hours of 
incubation of UPEC with 
urine samples (pre-sterilized 
by filtration), the bacterial 
suspension is centrifuged and 
suspended in RMPI medium. 
After that, UPEC is incubated 
with the confluent monolayer 
of T24 cells, for 60 minutes. 
At the end of the incubation 
the medium is removed, the 
monolayers are washed with 
sterile RMPI medium to remove 
non-adhered bacteria. At the 
end, the cells are mechanically 
removed and lysed, and 
the adherent bacteria are 
quantified by seeding on 
agarized LB medium.  

 
 

RESULTS
BERRY DEFENCE™ shows one 
of the highest PAC-A content 
and the most balanced 
amount of different PAC 
polymerization degree among 
the analysed cranberry dry 
extracts. Moreover, BERRY 
DEFENCE™ appears safe and 
seems to perform beneficial 
effects against E. coli acting 
both on gut and on urinary 
level. BERRY DEFENECE™ 
counteracts the ExPEC induced 
release of pro-inflammatory 
cytokines from gut epithelial 
cells. Furthermore, BERRY 
DEFENCE™-PAC ur inary 
metabolites show an anti-
adhesive effect against UPEC 
on bladder epithelial cells.  

CONCLUSION
BERRY DEFENCE™ could 
represent a promising food 
supplement active ingredient 
useful to prevent, mitigate and 
counteract UTIs caused by E. 
coli. It could be assume that 
the protective effects could be 
related to the characteristic 
qualitative and quantitative 
PAC content of the dry extract 
and to its metabolites.

Urinary tract infections (UTIs) 
are one of the most common 
bacterial infections in both 
community and hospital 
settings. About 150 million 
people worldwide develop 
UTI each year, above all 
female subjects, resulting 
in high costs to the health 
system. The most common 
pathogen responsible of 
80% cases of infection, 
is Escherichia coli. UTIs 
are usually treated with 
antibiotics ,  however, 
emerging antimicrobial 
resistance supports the need 
for alternative therapeutic and 
preventive strategies. Traditionally, 
cranberry (Vaccinum macrocarpon) has 
been used as a natural remedy against 
Uropathogenic E. coli (UPEC) infection 
thanks to its bacterial antiadhesion 
activity. Nowadays, the beneficial effects 
clinically proven are mostly attributed 
to a group of proanthocyanidins (PACs) 
with A-type linkages (PACs-A) rather 
than PACs with B-type linkages (PACs-B). 
It is documented that high weight (HW) 
and low-weight (LW) PACs of different 
kind of fruit could perform antimicrobial 
and protective activities in the gut and 
uroepitelial tract respectively. Moreover, 
gut microbiota PAC metabolites could 
have bacterial anti-adhesive properties 
in the uro-epithelial tract[*].

STUDY OBJECTIVE. The first aim of the study is PAC quali-quantitative characterization of nine cranberry dry extracts available 
on the market compared to BERRY DEFENCE™, an innovative V. macrocarpon dry extract with a well-studied PAC profile in 
term of “A-type” to ”B-type” interflavan bonds ratio and PAC-A degree of polymerization. The second aim of the study is to 
test cell toxicity of BERRY DEFENCE™ both on intestinal and on urinary tract epithelial models. The third aim of the study 
is to explore the antimicrobial mechanisms of action of BERRY DEFENCE™ in vitro, evaluating the dry extract impact on 
intestinal inflammation before and after treatment with ExPEC and to test the anti-adhesive property of urinary samples 
of healthy volunteers treated with BERRY DEFENCE™ against UPEC adhesion on T24 line cells.

BERRY DEFENCE™: a safe cranberry 
dry extract with dual target action 
for the management of UTIs.
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CHEMICAL CHARACTERIZATION OF CRANBERRY EXTRACTS
As represented in the charts below, PAC analytical profiles of  
9 different cranberry extracts present on the market 
are studied in comparison with BERRY DEFENCE™ .  
In particular, two main characteristics were considered:

1) PAC-A/ PAC-B ratio (Figure 1). 

2) PAC polymerization degree profile (Figure 2)

As shown in Figure 1, Extract 1 is the extract with the highest 
A/B ratio (2,9) followed, in the order, by BERRY DEFENCE™ (2,42), 
Extract 5 (1,1), Extract 7 (1,04), Extract 8 (0,99), Extract 6 (0,83), 
Extract 2 (0,56), Extract 4 (0,56). PAC A/B ratio in both Extract 3 
and Extract 9 is not detectable due to the low total PAC content 
in these products. Comparing PAC polymerization degree of the 
two highest A/B ratio extracts, as shown in Figure 2, it seems 
that Extract 1 and BERRY DEFENCE™ contain similar percentage 
of dimeric PACs (21,9% vs 22,6%). Extract 1 contains more trimeric/
tetrameric PACs than BERRY DEFENCE™ (38% vs 26%) which, 
by contrast, contains more pentameric/hexameric PACs than 
Extract 1 (40% vs 33,4%). For completeness, it is also shown 
the percentage of monomeric units per extract, even if they 
have not antiadhesive activity. Based on these results, overall,  
BERRY DEFENCE™ appears as one of the cranberry dry extracts 
with the highest PAC-A content and the most balanced amount 
of different PAC polymerization degree. 

BERRY DEFENCE™ CELL TOXICITY EVALUATION
In order to test the safety of BERRY DEFENCE™, T24 and Caco-2 
cell lines are treated with different cranberry dry extract dosages. 
As shown in Figure 3, no evidence of toxicity at any tested 
dosages on T24 cells is noted. For the highest dosages of BERRY 
DEFENCE™, it is recorded an increase of Caco-2 cell viability. It 
can be asserted that BERRY DEFENCE™ results safe on both 
T24 and Caco-2 cell lines. Therefore, BERRY DEFENCE™ can be 
involved in further investigation on these two human cell lines.

RESULTS AND DISCUSSION
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In summary, our preliminary results suggest that BERRY DEFENCE™ appears as a promising food supplement active ingredient 
useful to prevent, mitigate and counteract UTIs caused by E. coli. The reduction of ExPEC induced gut inflammation promoted by 
BERRY DEFENCE™ could prevent intestinal barrier damage and the consequent bacterial translocation towards other tissues as blood 
and organ as bladder. Furthermore, the antiadhesive effect of BERRY DEFENCE™ against UPEC could prevent E. coli colonization or 
its progression over the urinary tract. It can be stated that the protective effects can be related to the characteristic qualitative and 
quantitative PAC content of the dry extract and to its metabolites. Further investigations are needed to confirm these results.

CONCLUSION

EFFECT ON THE PRODUC-
TION OF INFLAMMATORY  
CYTOKINES

As shown in Figure 4, BERRY 
DEFENCE™ reduces the basal 
IL-8 release from Caco-2 
cells; ExPEC, alone, increases 
IL-8 release from Caco-2 cell 
monolayer (*P<0.01 vs control); 
the pro-inflammatory effect 
of ExPEC is counteracted by 
BERRY DEFENCE™ (#P<0.05 vs 
ExPEC). These results suggest 
that BERRY DEFENCE™ could 
exert an anti-inflammatory 
effect on intestinal epithelium 
preventing gut barrier damage 
and, consequently, bacterial 
translocation from gut lumen 
to other body’s districts as 
blood and bladder.

EFFECT OF URINARY METABO-
LITES ON THE ADHESION OF UPEC

The anti-adhesive activity of 
urine samples against UPEC 
has been evaluated on T24 
cells. The results are reported 
in Figure 5. The urine collected 
after the treatment with BERRY 
DEFENCE™ (1T, 2T and 3T) show 
an interesting anti-adhesive 

activity against UPEC (*P<0.05 
vs 3 control). It is known that 
low weight PACs-A and PACs 
metabolites produced by gut 
microbiota are well absorbed, 
and can reach the blood and 
excreted in the urine. The anti-
adhesive activity of the urine 
against UPEC recorded in this 
test confirms and strengthens 
literature data. Moreover, the anti-

adhesive effect appears subject 
dependent. The inter-individual 
variability could depend on the 
subjective microbiota finger 
print. We could suppose that 
quali-quantitative composition 
of gut microbiota influence the 
metabolism and absorption 
of PACs and PAC metabolites.

Figure 1: PAC A/B ratio in analysed cranberry dry extracts

Figure 4: evaluation of IL-8 release from Caco-2 
cells before and after the treatment with ExPEC 
and/or BERRY DEFENCETM 
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Figure 2: PAC polymerization degree in analysed cranberry dry extracts (relative percentage) Figure 3: evaluation of BERRY DEFENCETM toxicity on T24 and Caco-2 cell lines

Figure 5: evaluation of anti-adhesive activity of urine samples of three subjects against UPEC, before 
(C) and after (T) administration of BERRY DEFENCE™.


