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Taurine modulates neutrophil function but potentiates
uropathogenic E. coli infection in the murine bladder
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Abstract FEradication of a urinary tract infection (UTI)
appears to be related to a number of innate host defence
mechanisms and their interactions with invading bacteria.
Recurrent UTIs (rUTIs) pose a difficult problem in that
these bacteria use both host and bacterial factors to evade
elimination. Neutrophil bactericidal function is depressed,
both systemically and in urine, in patients with a history of
recurrent UTI. Taurine is a semi-essential amino acid and is
successful in preserving neutrophil bactericidal function in
urine. Taurine may preserve neutrophil function at the uro-
thelium and thus aid UTI resolution. Adult female (6 weeks
old) C57Bl/6 mice were randomised into three groups: a
saline gavage only control group, a saline gavage + E. coli
group, and a taurine gavage + E. coli group [21 g/70 kg tau-
rine in 0.9% normal saline (N/S) for 5 days]. Whilst taurine
gavage pre-treatment resulted in increased serum neutro-
phils respiratory burst activity, at the urothelial-endothelial
interface it caused higher colony forming units in the urine
and a higher incidence of E. coli invasion in the bladder
wall with no evidence of increased bladder wall neutrophils
infiltration on MPO assay of histological assessment. Histo-
logically there was also evidence of reduced bladder
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inflammation and urothelial cell apoptosis. In conclusion,
taurine effectively increases neutrophils activity but given
its anti-inflammatory properties, at the expense of
decreased urothelial-endothelial activation thus preventing
clearance of active E. coli infection in the bladder. Despite
the negative results, this study demonstrates the importance
of modulating interactions at the urothelial interface.
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Introduction

Urinary tract infection (UTI) is a significant uropathogenic
condition that accounts for a substantial amount of general
practitioner/hospital visits and medical expenditure. Esche-
richia coli (E. coli) is the commonest organism and affects
up to 40% of women in their lifetimes. Up to 25% of these
may experience a recurrence within the first 6 months and
many undergo multiple recurrent infections throughout
their lives and it is this group of women with recurrent or
persistent UTIs (rUTI) that pose the most difficult manage-
ment problem [1, 2].

Eradication of a UTI appears to be related to a number of
innate host defence mechanisms and their interactions with
invading bacteria. Host defences include urinary pH, uro-
thelial cell shedding, neutrophils activation and migration,
cytokine production (IL-6) and a number of anti-adherence
bladder-associated factors (Tamm Horsfall protein, secre-
tory IgA, uromucoid) [3].

rUTIs pose a difficult problem in that these bacteria use
both host factors (sequestering within host bladder urothe-
lial cells) and bacterial factors (type-1 pilated E. coli) to
evade elimination. Repeated courses of antibiotics may fail
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to adequately treat recurrent infections due to disruption in
first line defences, disturbed internal flora and creation of a
continual imbalance in body processes especially increased
bacterial adherence to mucosa and decreased bacterial kill-
ing by PMN [4].

We have previously demonstrated that neutrophil bacte-
ricidal function is depressed, both systemically and in the
harsh environment of the urine, in patients with a history of
recurrent UTI [5, 6]. This correlated with significant neu-
trophil cell death, both by apoptosis and necrosis. Further-
more, we have demonstrated that taurine is successful in
down regulating neutrophils cell death and preserving
bactericidal function in urine in vitro [6].

Taurine is a semi-essential beta-amino acid, the most
abundant found in neutrophils, and has been shown to play
a critical role in cellular metabolic pathways including
osmoregulation and membrane stabilisation, which may be
of particularly relevance in the hypertonic environment of
the bladder. In addition, previous studies from our labora-
tory have shown that taurine can maintain neutrophils
CDI11b activity and respiratory burst even when this
inflammatory cell is exposed to unfavourable conditions
[7].

Therefore, it was hypothesised that taurine would pre-
serve neutrophil function at the vasculo-urothelial interface
and thus aid UTI resolution in vivo. Oral administration of
taurine was assessed as a potential therapeutic option in a
murine model of UTL.

Materials and methods
UTI model

Adult female (6 weeks old) C57Bl/6 mice weighing 18-20 g
(Charles River Institute, Margate, Kent, UK) were used for
this study in a licensed biomedical facility. The mice were
acclimatised for 1 week before experimentation and caged
in groups of three or less in an air conditioned room at
ambient temperature of 21-22°C and 50% relative humid-
ity under a 12-h light—dark cycle. The animals were main-
tained on a purified chow pellet diet (W.M. Connolly &
Sons Ltd, Kilkenny, Ireland) and water. The biomedical
procedures used in this study were reviewed and approved
by The Irish Department of Health and conformed to Euro-
pean legislatory requirements. All procedures were carried
out under the supervision of a qualified biomedical techni-
cian. Animals were monitored daily for any adverse effects.

Mice were randomised into three groups: a saline gavage
only control group, a saline gavage + E. coli group [also
received 0.9% saline by gavage (0.5 ml) for 5 days], and a
taurine gavage + E. coli group (which received 21 g/70 kg
body weight of taurine in 0.9% normal saline by gavage for
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5 days). This dose is equivalent to the clinical dose of tau-
rine used in humans and as has previously been shown to be
protective in a murine model of melanoma [8].

The UTI model was established by intravesical inocula-
tion of a clinical isolate of 10° uropathogenic E. coli
(UPEC) trans-urethrally into the bladder as previously
described [9, 10]. The clinical isolate strain of UPEC AD
110 was obtained from ATCC (American Tissue Culture
Collection).

Briefly, on day 6, the mice were weighed, anaesthetised
with methoxyflurane (“Penthrane”, Abbot Labs Ltd, Kent,
UK—flow rate 50 ml/min maintenance). A sterile polyeth-
ylene catheter 0.61 mm external diameter, 0.28 cm internal
diameter, 25 cm length was gently inserted, using lubricant
(Instillagel, Bucks, UK) into the bladder through the ure-
thra and the bladder emptied with urine being preserved for
analysis. An inoculum of 25 ul containing 1 x 10° UPEC
organisms in PBS was then infused into the bladder over
30s via the same cannula. Vesicoureteral reflux was
avoided by injecting a small volume of E. coli that would
not cause significant distension of the empty bladder in
adult female (6 weeks old) C57Bl/6 mice according to
known maximal bladder capacity. Animals were cared for
in an isolation chamber for 24 h and then killed.

Sample collection
Urine assessment

Urine was collected before intravesical inoculation and
directly prior to killing. Bacterial growth was assessed, as
colony forming units (CFUs), by plating serial dilutions of
urine onto LB growth agar (Bio 101 Inc., Carlsbad, CA)
plates and incubating at 37°C for 24 h. Urine in all groups
was also assessed for urinary osmolarity.

Blood assessment

Blood was taken, under anaesthetic, into heparinised tubes
(Starstedt, Wexford, Ireland) by cardiac puncture during
killing for the assessment of neutrophil respiratory burst
activity.

Reactive oxygen intermediate (ROI) generation
(neutrophil respiratory burst activity)

Intracellular ROI generation by PMN was assessed using
the BurstTest® kit (Becton—Dickinson, Mountain View,
CA, USA). Briefly, 50 ul of whole mouse blood, taken dur-
ing killing, was incubated with 10 pl of (phorbol myristate
acetate) PMA at 37°C for 10 min. The fluorogenic probe
dihydrorhodamine 123 was added for ex-vivo for a further
10 min incubation at 37°C. Red blood cells were hypotonically
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lysed with lysing solution for 20 min; samples were centri-
fuged, washed and analysed flow cytometrically with
Jemn =520 nm.

ROI production is expressed as mean channel fluores-
cence (MCF) emitted by the cells. Neutrophils were gated
on a dual parameter dot plot of FLS and SLS and this
region was selected for analysis.

Bladder tissue assessment

Bladders were emptied and removed via midline lower
abdominal incision and each organ was weighed and
divided into three specimens for histological analysis of
bladder inflammation and apoptosis, neutrophils infiltration
using myeloperoxidase activity, and tissue culture for
E. coli.

Tissue was either stored in formaldehyde or homoge-
nised in 1 ml of cold buffer immediately using an electric
homogeniser (T8.01 Netzgerit, IKA WERKE, Germany)
on ice.

Bacterial enumeration in the bladder wall was assessed
by plating serial dilutions of tissue homogenate onto LB
growth agar (Bio 101 Inc., Carlsbad, CA) plates and incu-
bating at 37°C for 24 h.

The remaining homogenates were frozen at 80°C for
myeloperoxidase assay for assessment of neutrophils infil-
tration in bladder wall.

Bladder tissue analysis
Bladder inflammation

The bladder inflammatory index (BII) was used to objec-
tively quantify inflammation on haematoxylin and eosin
(H&E)-stained histological sections. The BII grades the
severity of tissue oedema using a score of 0-3 as previously
described [11]. This was performed by two blinded individ-
uals experienced in microhistopathology techniques at
magnification of 60x.

Also, bladder wall neutrophil infiltration was assessed as
a measure of the inflammatory response. The number of
PMNs per five high power fields (60x) was counted for
each section.

Briefly, tissue specimens were fixed in formalin, and
stained with H&E (Harris haematoxylin-acidified papani-
colaou stain, Cellpath plc, Powys, UK).

Urothelial cell apoptosis
Further, paraffin-embedded bladder tissue was stained for

urothelial cell apoptosis by the Tunel end labelling method
using an in situ cell death detection kit (Roche Molecular

Biochemicals, Mannheim, Germany) according to the man-
ufacturer’s instructions after tissue preparation. Only posi-
tively stained urothelial layer cells were counted and
expressed as total cell number per high power field (400x).
Five fields were reported per slide in a blinded fashion by a
person experienced in immuno-histochemical techniques.

Bladder wall neutrophil infiltration

Myeloperoxidase is a haeme-containing enzyme that is
found primarily in PMNs, and so can be used as an indirect
measure of PMN infiltration into tissue. MPO was mea-
sured by spectrophotometer using o-diazidine spectropho-
tometric reduction method. One unit of MPO was defined
as that degrading 1 pmol of peroxide/min at 25°C and cal-
culated per gram of tissue using the following formula:
(absorbance/10 min)/weight of tissue used/0.0113 = MPO/
g of tissue and is expressed as mean £+ SEM.

Results
Serum

Neutrophil bactericidal function (neutrophil respiratory
burst) (N = 10)

Systemic neutrophil production of ROI in response to
E. coli stimulation for 10 min was measured on blood sam-
ples, taken ex-vivo post-bladder E. coli instillation, to
assess cellular bactericidal capacity. The taurine-treated
animals had a significantly higher respiratory burst when
compared to the saline-treated E. coli infection group
(41 £4.1 MCF vs. 22+ 2.0MCF, P=0.001, one-way
ANOVA with post hoc testing) (Table 1).

Urine
Urine osmolarity post-treatment

There was no difference in urine osmolarity following
saline or taurine gavage for 5 days (taurine 1,250 %+
0.019 mOsm vs. saline 1,243 & 0.018 mOsm, P =0.66,
unpaired ¢ test).

Bacterial growth in the urine (N = 9) (Table 2)

The presence of bacteria in the urine was assessed by plat-
ing the urine onto agar. The percentage of urine samples
with E. coli in the taurine gavage E. coli group is signifi-
cantly higher than the saline gavage E. coli group (78%
infected vs. 44% infected). Similarly, the taurine groups
had statistically higher numbers of CFUs present in the
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Table 1 Tissue injury (N = 10 per group)

Saline control Taurine + E. coli Saline + E. coli P value
Serum neutrophil respiratory burst activity 4 £ 1.6 MCF 41 + 4.1 MCF* 22 + 2.0 MCF 0.001
Bladder tissue MPO activity (units/g) 223+£0.21 25+0.18 3.56 +0.2" <0.01
Tissue oedema (BII) 0.61 & 0.03 (0.4-0.75) 1.28 +£0.29 (0.82-1.42) 2.67 £0.21 (2.12-3.029)* 0.0036
Neutrophil infiltration 12+2.6 36 +5.2° 137 £ 25 0.018
Bladder epithelial cell apoptosis 16 +1.3% 63.9 4 3.49%% 326 £1.61% 0.0001

All statistical analysis with one-way ANOVA with post hoc testing

Bladder epithelial cell apoptosis assessed by Tunel staining. Positively stained cells were counted and expressed as a percentage of total cell num-
ber per high power field. Only the epithelial layer was assessed and five fields of vision are reported per slide

£ Significant increase relative to saline + E. coli and saline control groups (P < 0.001)

" Significant increase in bladder tissue MPO activity in saline + E. coli groups which taurine pre-treatment reduced towards normal (P < 0.01)

* Saline + E. coli group has significantly more tissue oedema than the taurine and saline control groups (P = 0.0036). Tissue oedema was scored
microscopically (x60) and is expressed as median (95% confidence intervals)

% Taurine treatment significantly decreased neutrophil infiltration into the bladder tissue compared to saline + E. coli treatment (*P = 0.018). The
number of infiltrating neutrophils was counted in five high-powered fields per tissue section (x60)

& Significantly greater apoptosis at 24 h in the taurine group compared to the saline control and E. coli-treated group (P = 0.0001)

Table 2 Urine bacterial growth

Table 3 Bladder tissue bacterial growth (N = 10)

Treatment (N =9) E. coli positive

culture (%)

Mean (CFU/ml) (range)

Taurine + E. coli 78% (7/9) 3.5 x 10% (2.55 x 10?
to 13 x 10°)
Saline + E. coli 44% (419) 1.2 x 10° (5.0 x 10!

t0 3.25 x 10°)

Treatment Positive bladder Mean (CFU/g)

(N=10) tissue for E. coli (%) (range)

Taurine + E. coli 100%* (10/10) 2.8 x 10° (4 x 10°
to 2.7 x 107)

Saline + E. coli 44% (419) 3.5 % 107 (6 x 10°
to 10 x 107)

Statistical analysis used was unpaired ¢ testing with Welsh correction

Presence of bacteria in the urine was assessed by colony counting
24-h post-plating urine sample on agar. The incidence of infection is
reported as a percentage of the group. There was no difference between
the groups (P = 0.1, unpaired 7 testing)

The number of CFU is reported as the mean with maximum and
minimum CFU for both groups

* Statistically significant higher number of bacteria present in the
infected urine of the taurine group compared to the saline group
(P =0.02, unpaired ¢ testing)

urine of E. coli-infected animals compared to the number of
CFU present in the urine of the E. coli-infected animals in
the saline group (3.5 x 106 vs. 1.2 x 106 CFU/g, P = 0.02,
unpaired ¢ test with post hoc testing.) The control animals
had no bacterial growth in their urine.

E. coli growth in urine (N = 3)

These data demonstrate that taurine treatment increases
bacterial infection in the mice bladders. It is possible that
taurine is having a direct effect on bacterial growth there-
fore E. coli proliferation in normal human urine supple-
mented with taurine at 1 and 2 mg/ml was assessed to
determine if taurine promoted bacterial growth in urine as
assessed by optical density of the culture at 24 h of three
samples of urine samples from healthy individuals.
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Statistical analysis performed using unpaired ¢ testing with Welsh cor-
rection

Presence of bacteria in the bladder tissue homogenate was assessed by
colony counting 24-h post-plating the sample on agar. The incidence
of infection is reported as a percentage of the total group

There is no difference between the numbers of bacteria present in the
bladder tissue of the infected animals

* Significantly higher incidence of bacterial infection in the bladder
tissue of the taurine-treated group (P < 0.05, unpaired ¢ testing). The
number of CFU is reported as the mean with maximum and minimum
CFU for both groups

Taurine does not enhance E. coli growth in normal
human urine (taurine 0.1250 £ 0.019 OD vs. control
0.1243 £ 0.018 OD, P =0.92, unpaired ¢ test). Further-
more, taurine supplementation does not alter E. coli growth
in 100% nutrient broth (CM67, Oxid, Basingstoke, UK).

Bladder tissue analysis
Bacterial growth in the bladder tissue (N = 10) (Table 3)

There was a significantly higher incidence of bacterial infil-
tration in the bladder tissue samples of the taurine-treated
E. coli group compared to the saline-treated E. coli group
(100 vs. 44%, P <0.05, unpaired ¢ testing with post hoc
analysis). There is no difference in the numbers of bacteria
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present (CFUs) in the E. coli-infected tissue of either group
(2.8 x 106 vs. 3.5 x 107 CFU/g) The control animals had
no growth in their bladder tissue.

Tissue myeloperoxidase (Table 1)

Mice pre-treated with taurine for 5 days had significantly
reduced neutrophil infiltration levels as assessed by tissue
MPO. There was significantly higher myeloperoxidase
content in the bladder tissue of the saline-treated E. coli-
infected animals compared to control animals and the
taurine animals with E. coli infection (control 2.43 +
0.21 units/g, saline + E. coli 3.56 £ 0.2 units/g, taurine +
E. coli 2.5 = 0.18 units/g, P < 0.05, one-way ANOVA with
post hoc testing).

Bladder inflammatory index (Table 1)

Bladder tissue oedema was significantly reduced in the tau-
rine-treated tissue compared to the saline-treated and saline
control animals (saline + E. coli 2.67 £ 0.21 vs. taurine
1.28 + 0.29, P =0.0036, one-way ANOVA with post hoc
testing).

Neutrophil infiltration (Table 1)

Neutrophil infiltration was also assessed as a measure of the
inflammatory response. The number of PMN per five high
power fields (x60) was counted for each section. The tau-
rine-treated group had significantly less neutrophils in the
bladder tissue compared to the saline-treated group
(36 5.2 vs. 137 £ 25, P =0.018, one-way ANOVA with
post hoc testing) (Fig. 1a, b).

Bladder urothelial cell apoptosis (Table 1)

24-h post-E. coli infection in the saline treated animals had
significantly less urothelial cell apoptosis per HPF than the
taurine-treated E. coli infected group. The surface urothe-
lial layer had been shed and the underlying urothelial cells
proliferate to replace this discarded barrier (Fig. 2a, b).

The taurine-treated E. coli infected group had signifi-
cantly delayed urothelial cell apoptosis at 24 h resulting in
less urothelial cell exfoliation at 24 h (taurine + E. coli
63.9 + 3.49% vs. saline + E. coli 32.6 = 1.61%, P =0.0001,
one-way ANOVA with post hoc testing).

Discussion
Bladder mucosal defence networks are characterised by a

multifaceted interplay between urothelial, inflammatory
and immune cells that works to eradicate bacterial

Fig. 1 Neutrophil infiltrate. The number of infiltrating neutrophils
was counted in five high-powered fields per tissue section (x60). Neu-
trophils can clearly be seen migrating from the microvessel into the
bladder tissue in the saline-treated group (a). The number of neutro-
phils is significantly reduced in the bladder tissue of the taurine-treated
group (b). Tissue architecture is also preserved by taurine treatment

pathogens encountered in the endothelial-urothelial envi-
ronment. Neutrophil tissue infiltration has been shown to be
critical for bacterial clearance in murine models of UTI
[12, 13]. E. coli stimulates urothelial cells to produce
ICAM-1 and stimulate neutrophils CD11b in order to pro-
mote neutrophils migration across the urothelial barrier
[14]. This demonstrates that the bacterial/urothelial interface
interactions play a key role in induction of neutrophils migra-
tion during mucosal infection and show the necessity of host-
derived chemotactic factors and cell adhesion events.

As expected in this study, taurine treatment significantly
up-regulated peripheral blood neutrophil bactericidal func-
tion compared to saline-treated animals and this has been
demonstrated in a number of other studies [15, 16].

However, taurine failed to prevent or down-regulate
bladder wall and urinary infection. Although taurine did up-
regulated peripheral blood neutrophil function, taurine sig-
nificantly decreased neutrophil infiltration into the bladder
tissue (reduced myeloperoxidase activity in the bladder
tissue and tissue staining for infiltrating neutrophils) and
tissue oedema (a marker of inflammation). These data
demonstrate that taurine prevents the inflammatory response
to infection that occurs at the endothelial cell-target organ
tissue interface which in this model was bladder mucosa.
Taurine functions include: up-regulation of endogenous nitric
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Fig. 2 Bladder epithelial shedding. The number of apoptotic cells was
counted in five high-powered fields per tissue section and expressed as
a percentage of total cells number (x400). Apoptotic epithelial cells
can be seen detached from the epithelial barrier in the saline-treated
group (a). The number of apoptotic cells is significantly increased in
the taurine-treated group with delayed shedding evident (b)

oxide [17] (an endothelial protectant), inhibition of inducible
nitric oxide synthase [18], anti-oxidant properties and
preservation of cell—cell gap junctions [19] and thus serves
to suppress excess inflammation, oxidative stress and
apoptosis following a variety of stresses (ischaemic [20],
sepsis [21] and metabolic (glucose [16]). This results in less
recruitment and transmigration of activated neutrophils
across the endothelial-urothelial cell barrier into the urine.
It is well established that urothelial cells are the first host
barrier to come into contact with microbial invaders and as
a result these cells have a vital role to play in innate host
defence. The luminal surface of the bladder is normally
covered by extremely long-lived (average life span
50-200 days) [22] highly differentiated superficial facet
(umbrella) cells. Filamentous type-1 pili on E. coli contain
an adhesion molecule (FimH) which binds to mannose gly-
coprotein receptors on the bladder luminal surface. FimH-
mediated attachment of UPEC in the bladders of mice
results in rapid loss of this superficial facet cell layer via
apoptosis as a protective mechanism [23]. Six hours after
inoculation, exfoliation of bacteria-laden superficial facet cells
occurs, exposing underlying, less differentiated intermediate
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cells [24]. When apoptosis is blocked with a pan-caspase
inhibitor, exfoliation is delayed and this in turn has been
shown to significantly delay clearance of UPEC [24].

In this murine model of UTI there were significantly
more bacteria present in the urine and significantly higher
bladder tissue E. coli infiltration in the taurine-treated ani-
mals compared to the saline-treated group. The taurine-
treated group in this study showed significantly delayed
shedding of apoptotic bladder epithelial cells compared to
the saline-treated group, which, at 24 h, exposed the inter-
mediate cells. This result is consistent with recent data that
suggested taurine may prevent apoptosis in epithelial cells
[25] possibly through attenuation of DNA fragmentation
[26]. Indeed, it has been demonstrated that the anti-inflam-
matory properties of taurine protects the urothelium follow-
ing a variety of insults [27-30].

However, it may also be that E. coli which have pene-
trated the superficial urothelial layer has formed foci of
intracellular “bacterial factories” allowing bacterial multi-
plication [31] and which are protected from innate immu-
nity in the acute phase until the bacteria “permit” apoptotic
shedding and thus spread within the bladder and to within
intermediate layers of the exfoliated mucosa [32]. The
mechanism of this is unclear and further experimental work
needs to be carried out using immunofluorescence and con-
focal/electron microscopy techniques to examine for bacte-
rial reservoirs in bladder tissue.

FimH adhesin also stimulates the host-cell signalling
cascades and causes rearrangement of the cellular cytoskel-
eton thus allowing internalisation of E. coli. Once bacteria
subvert innate responses of urothelial cell apoptosis and
shedding, they invade superficial bladder cells, and mature
into biofilms creating pod-like bulges on the bladder sur-
face surrounded by a protective film of uroplakin (a trans-
membrane urothelial protein). This explains how bladder
infections may persist in the face of robust host defences
and systemic antibiotic treatment [33].

Furthermore, 100% of the taurine-treated animals had E.
coli within the bladder walls and a larger number of CFUs
within the urine compared to saline + E. coli animals. Even
the taurine + E. coli group that had cleared the infection
and had sterile urine displayed E. coli infiltrated bladder
tissue.

Our study demonstrates that animals can have sterile
urine but yet have bacterial infiltration in the bladder tissue.
These findings indicate that E. coli can establish a reservoir
in bladder tissue that may permit intracellular proliferation.
This invasion allows the bacterium to exploit the intracellu-
lar environment and affords the chance to multiply unhin-
dered by antibiotics or host defence.

In this present study, delayed urothelial cell apoptosis
and reduced epithelial cell shedding correlated with
increased incidence of persistent bladder infection.
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95% of recurrent UTIs are thought to be discrete infec-
tions caused by retrograde urethral ascent of bacteria from
the faecal flora. Many of the UTIs currently classified as
recurrent infections might be persistent infections which
have acquired the ability to invade uroepithelial cells and
proliferate internally. Recognising bacterial persistence is
important because the inappropriate use or dosing of anti-
microbials can confer transferable resistance and result in
multi-drug resistant strains and thus poorer bacteriological
and clinical outcomes.

Antibiotics have been chosen for their ability to kill the
infectious organism with maximal efficacy in the urine ren-
dering urine sterile within hours of the first dose; however,
the findings of this study suggest that tissue penetration is
an important factor to be considered in the choice of antibi-
otic for rUTL

The data from our work question the use of sterile urine
as an appropriate measure of bacterial eradication in rUTL
A bladder biopsy under cytoscopy may aid in the detection
of bacterial reservoirs in bladder epithelium in treatment of
unresolved rUTI and thus permit administration of pharma-
cological agents systemically or intra-vesically [34, 35] that
may allow normal or enhanced shedding of urothelium and
thus exposure or elimination of sub-mucosal bacterial res-
ervoirs.

In conclusion, this work demonstrates that despite aug-
mentation of neutrophil function, bladder cell exfoliation is
critical for bacterial clearance from the bladder. This shed-
ding of superficial urothelial cells may be viewed as a criti-
cal host defence mechanism to shed invading bacteria. Oral
taurine supplementation, whilst augmenting neutrophil
function, failed to prevent infection of the urothelium by
bacteria and seems to disrupt a vital bladder response
mechanism to invading bacteria probably through dampen-
ing endothelial cell-urothelial interactions.
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