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Escherichia coli is the most common cause of urinary tract infection. Elevated blood and urine interleukin-6
(IL-6) levels have been shown in inflammatory urinary tract diseases. The role of IL-6 in mediating the
urodynamic dysfunction in response to E. coli-induced urinary tract infection has not yet been fully elucidated.
In this study, we investigated the role of IL-6 in the nitric oxide (NO)-triggered alteration of contractile
responses in the urinary bladder under an E. coli-induced inflammatory condition. The electrical field stim-
ulation (EFS)-evoked contractions of the isolated detrusor strips, and immunoblotting for detecting protein
expression in the bladders was measured short term (1 h) or long term (6 or 24 h) after intraperitoneal
injection of E. coli endotoxin (lipopolysaccharide [LPS]) or intravesical instillation of human pyelonephrito-
genic E. coli-J96 (O4:K6) strain or LPS into mice. IL-6 and NO productions were increased in the urinary
bladders of mice 1 to 24 h after LPS or E. coli-J96 treatment. Inducible NO synthase (iNOS) expression and
protein kinase C (PKC) activation and EFS-evoked detrusor contractions were increased in the bladders at 6 h
after LPS or E. coli-J96 treatment, which could be reversed by anti-IL-6 antibody and iNOS inhibitor
aminoguanidine. At 1 h after LPS administration, bladder NO generation, endothelial NOS expression, and
EFS-evoked detrusor contractions were effectively increased, whereas anti-IL-6 antibody could not reverse
these LPS-induced responses. These results indicate that IL-6 may play an important role in the iNOS/NO-
triggered PKC-activated contractile response in urinary bladder during E. coli or LPS-induced inflammation.

Urinary tract infections have been estimated that are the com-
mon infection acquired in hospitalized adult patients with a prev-
alence of 1 to 10% representing 30 to 40% of all nosocomial
infections (4, 10, 14, 37). The development of urinary tract infec-
tions, including cystitis and pyelonephritis, in critically ill adult
patients has been associated with considerable morbidity, pro-
longed hospitalization, and greater healthcare expenditures (4,
10). Urinary tract infections can also be a significant source of
morbidity in the pediatric population (32). Escherichia coli is the
most common cause of urinary tract infection (35). Increased
frequency of micturition is a common symptom of urinary tract
infection (20). The exact mechanisms of the symptoms of urinary
tract infection are poorly understood.

Inflammation plays a role in most bladder pathologies (7, 30,
38). Infection of the urinary tract results in an inflammatory
response characterized by increased levels of urinary cytokines
and neutrophil influx (2, 6). In rodent or mouse urinary tract
infection models, which involved treatment with E. coli lipo-
polysaccharide (LPS) by intravesical instillation or intraperito-
neal injection, induced interleukin-6 (IL-6) and inducible nitric
oxide synthase (iNOS) expressions occurred within 4 to 24 h (9,
23, 29). It has been found that intravesical NO donors were
capable suppressing bladder hyperactivity induced by cyclo-

phosphamide-induced cystitis (25). The iNOS was originally
identified in activated murine macrophages and was induced
by inflammatory mediators in a number of cell types (18). A
direct relationship existed between urine nitrite levels and uri-
nary tract infection (28). LPS is capable of inducing iNOS
expression in the urinary bladder (23). A rapid upregulation of
endothelial NOS (eNOS) has been demonstrated in a mouse
model of E. coli LPS-induced bladder inflammation (12).
Moreover, elevated levels of inflammatory cytokines such as
IL-6 and IL-8 have been found in the sera and urine specimens
of younger infants and children with urinary tract infections
(11, 24). The IL-6 family of cytokines has been shown to play
especially important roles in regulating the various biological
responses through multichain receptor complex-mediated sig-
naling (36). Many lines of evidences suggest that this family of
cytokines plays important roles in regulating the immune re-
sponse and inflammation (26). Although IL-6 has been re-
ported to be elevated during urinary tract infection, the im-
portance of IL-6 in mediating the urodynamic dysfunction in
response to infection has not yet been fully elucidated. The
regulatory relationship between IL-6 and NO signals in the
inflammation of urinary bladder needs also to be clarified. In
the present study, therefore, we hypothesize that IL-6 plays a
regulatory role in the NO-triggered alteration of contractile
response in the urinary bladder under an uropathogenic Esch-
erichia coli-induced inflammatory condition.

MATERIALS AND METHODS

Bacterial strain. The human pyelonephritogenic E. coli strain J96 serotype
O4:K6 (ATCC 700336), which expresses type 1 and P-fimbrial adhesions, was
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used in the present study. The receptor-binding function of type I pili present on
strain J96 has been identified in establishing experimental rodent bladder infec-
tions (13). Moreover, E. coli endotoxin (LPS) prepared by trichloroacetic acid
extraction from E. coli serotype O26:B6 was purchased from Sigma.

Induction of inflammation. The experimental urinary bladder infection mod-
els including intraperitoneal injection and intravesical instillation with E. coli or
endotoxin were used in the present study as described previously (9, 23, 39, 40).
Adult female mice (ICR strain, 25 to 30 g) were used for all experiments. Mice
were purchased from the Animal Center of the College of Medicine, National
Taiwan University, Taipei, Taiwan. The Animal Research Committee of College
of Medicine, National Taiwan University, conducted the study in accordance
with the guideline for the care and use of laboratory animals. Mice were intra-
peritoneally injected with LPS (7.5 mg/kg) or with pyrogen-free water (control).
On the other hand, mice were anesthetized with ketamine (30 mg/kg) and
xylazine (4 mg/kg) and then instilled intravesically with strain J96 (108 CFU in
100 �l of sterile phosphate-buffered saline [PBS]) or LPS (1 mg in 100 �l of
sterile PBS). In some experiments, mice were intraperitoneally injected or in-
travesically instilled with anti-mouse IL-6 neutralizing antibody (anti-IL-6Ab
[R&D Systems]; 1 �g/kg or 0.1 �g in 100 �l of sterile PBS), normal goat
immunoglobulin G (IgG; a negative control for IL-6Ab [R&D Systems]; 1 �g/kg
or 0.1 �g in 100 �l of sterile PBS), NG-nitro-L-arginine methyl ester (L-NAME;
an NOS inhibitor; 10 mg/kg), aminoguanidine (an iNOS inhibitor; 50 mg/kg or 10
mg in 100 �l of sterile PBS), L-N6-(1-iminoethyl)lysine (L-NIL; an iNOS inhib-
itor; 10 mg/kg), or 1400W (N-[(3-aminomethyl)benzyl]acetamidine [Sigma]; a
potent selective iNOS inhibitor, 5 mg/kg), 30 min after LPS or J96 treatment.

The choice of dosages of experimental drugs and timing to perform animal
treatments in the present study was based on the experiences in references and
our preliminary studies.

Preparation of detrusor strips. Mice were sacrificed by ether anesthesia. After
the animal was sacrificed, the lower abdomen was opened, and the exposed
bladder was excised above the trigone. The isolated bladder was washed with
several changes of modified Krebs solution (sodium chloride, 130.6 mM; potas-
sium chloride, 4.8 mM; magnesium sulfate, 1.2 mM; sodium bicarbonate,12.5
mM; calcium chloride, 2.5 mM; and glucose, 11.1 mM) and opened by two lateral
incisions to give a rectangular sheet of tissue. The electrical field stimulation
(EFS)-evoked contractions was measured as described previously (39, 40). De-
trusor strips (3 mm long, 1 mm wide) were suspended in a 5-ml organ bath
between built-in vertical platinum electrodes. Initial tension was set at 1 g, which
was the optimal tension for this preparation in preliminary experiments. Tissues
were allowed to equilibrate for 60 min, during which Krebs solution was changed
and replaced with fresh solution. The preparation was maintained at 37.0 �
0.5°C and oxygenated with 95% oxygen and 5% carbon dioxide. Strips were
stimulated with supramaximal trains of pulses (pulse duration, 0.2 ms; train
duration, 10 s) at frequencies of 4 and 16 Hz. The tension was recorded through
an isometric transducer (Grass FT.03) on a data acquisition system with analyt-
ical software (Biopac Systems, Inc.).

Western blot analysis. Tissues were homogenized in buffer that contained 20
mM HEPES, 0.25 M sucrose, 0.5 mM EDTA, 2 mM dithiothreitol, 1 mM
phenylmethylsulfonyl fluoride, 10 �g of leupeptin/ml, 10 �g of aprotinin/ml, and
1 mM sodium orthovanadate (Na3VO4) (pH 7.5). The cell homogenates were
precleared from nuclei and cell debris by centrifugation at 10,000 � g for 15 min
at 4°C. The supernatant (total cell lysate) was then ultracentrifuged at 100,000 �
g for 1 h at 4°C, which resulted in a supernatant, referred to as the “cytosolic
fraction” and in a pellet (the crude membrane fraction). For protein kinase C
(PKC) immunoblotting, the pellet was resuspended in 250 �l of homogenizing
buffer and 1% (vol/vol) of Nonidet P-40 and incubated on ice for 30 min,
followed by centrifugation at 100,000 � g for 30 min at 4°C. The supernatant
fraction was termed the “membrane fraction.” Western blot analysis for the
presence of particular proteins or for phosphorylated forms of proteins was
performed on total cell lysates; the PKC isoform distribution was performed on
cytosolic and membrane fractions. Total protein containing 30 to 80 �g was
separated on 8% sodium dodecyl sulfate-polyacrylamide minigels and trans-
ferred to nitrocellulose membranes (Amersham). After blocking, blots were
incubated with antibodies for iNOS, eNOS, PKC isoforms (�, �, and ε; BD
Transduction Laboratories), phospho-eNOS, and phospho-PKC (pan; Cell Sig-
naling) in PBS-Tween 20 for 1 h, followed by two washes in PBS-Tween 20, and
then incubated with horseradish peroxidase-conjugated goat anti-mouse IgG for
30 min. Moreover, �-tubulin served as a control for sample loading and integrity.
The antibody-reactive bands were revealed by using an enhanced chemilumines-
cence kit (Amersham) and were used to expose to Kodak radiographic film. The
amount of polypeptide was quantitated by integrated densitometric analysis of
the film (Kodak Gel Logic-100 Imaging System). Densitometric readings were

corrected for the amount of protein in the samples loaded onto the gels. The
distribution of PKC isoforms is presented as the PKC membrane/cytosolic ratio.

RT-PCR for IL-6 and iNOS expression. The expression of IL-6 and iNOS in
bladder was determined by reverse transcription-PCR (RT-PCR) analysis. Tis-
sues were homogenized with 1 ml of TRIzol reagent (Gibco), and total RNA was
isolated in accordance with the manufacturer’s protocol. First-strand cDNA was
synthesized by the extension of (dT) primers with 200 U of SuperScript II reverse
transcriptase (Gibco) in a mixture that contained 1 �g of total RNA digested by
RNase-free DNase (2 U/�g of RNA) for 15 min at 37°C. The cDNA was then
used as a template in a PCR using the Perkin-Elmer DNA thermal cycler model
480. PCR was performed in a final volume of 50 �l that contained all 4 de-
oxynucleoside triphosphates, 1.5 mM MgCl2, 2.0 U of AmpliTaq (Gibco), and 0.4
�M concentrations of each primer (iNOS sense [5�-CCCTTCCGAAGTTTCT
GGCAGCAG-3�] and antisense [5�-GGGCTCCTCCAAGGTGTTGCCC-3�];
IL-6 sense [5�-TGGAGTCACAGAAGGAGTGGCTAAG-3�] and antisense [5�-
TCTGACCACAGTGAGGAATGTCCAC-3�]). The amplification cycles were
45 s at 94°C, 45 s at 65°C, and 2 min at 72°C. The PCR products were separated
by electrophoresis on a 1.8% agarose gel after 30 to 35 cycles and visualized by
ethidium bromide staining. The mRNA of �-actin served as control for sample
loading and integrity.

Measurement of IL-6 and nitrite/nitrate (NOx) levels in urinary bladder
tissue. IL-6 and nitrite from the urinary bladder were assayed by using a mouse
IL-6 ELISA kit (R&D Systems) and a NOx assay kit (R&D Systems). The
procedures for sample handling and assay were performed in accordance with
the manufacturer’s instructions. All assays were performed in duplicate.

Statistical analysis. Data are expressed as the means � the standard error of
the mean (SEM). Significant differences from the respective control values for
each experimental test condition were assessed by using analysis of variance and
the Bonferroni t test. P � 0.05 was considered to be significant.

RESULTS

IL-6 and NOx productions and IL-6 and NOS expression in
urinary bladders under E. coli endotoxin- or E. coli strain
J96-induced inflammation. As shown in Fig. 1 and 2, the levels
of IL-6 and NOx (nitrite plus nitrate) in the urinary bladders of
mice injected intraperitoneally or instilled intravesically with
E. coli endotoxin (LPS) or E. coli strain J96 were measured.
There were the significant increases in the IL-6 (Fig. 1) and
NOx (Fig. 2) levels in the urinary bladders of mice 1 to 24 h
after intraperitoneal injection of LPS (Fig. 1A and 2A) or 6 h
after intravesical instillation of J96 or LPS (Fig. 1B and 2B).
Aminoguanidine, an iNOS inhibitor, did not affect the increase
of IL-6 production in bladders instilled intravesically with J96
or LPS (Fig. 1B). Both aminoguanidine and anti-IL-6 antibody
markedly attenuated the increase of NOx production in uri-
nary bladder of mice 6 and 24 h after intraperitoneal injection
of LPS (Fig. 2A) or 6 h after intravesical instillation of J96 or
LPS (Fig. 2B). NOS inhibitor L-NAME could inhibit the blad-
der NOx production 1 h after LPS treatment (Fig. 2A), but
anti-IL-6-antibody could not (data not shown). IgG, a negative
control for anti-IL-6 antibody, did not affect the change of NOx
production by LPS or J96 (data not shown).

The inductions of iNOS proteins were increased in the uri-
nary bladders of mice 6 and 24 h after intraperitoneal injection
of LPS (Fig. 3A) or 6 h after intravesical instillation of J96 or
LPS, which could be reversed by the treatments of iNOS in-
hibitors aminoguanidine or 1400W and anti-IL-6 antibody
(Fig. 3). In Fig. 3B, the densitometric data of J96 (top left
panel) were as follows (n-fold): control, 1.0 � 0.0; J96 alone,
3.03 � 0.29; J96�IL-6Ab, 1.83 � 0.18; and J96�AG, 1.47 �
0.2 (n 	 3, P � 0.05, control versus J96 alone or J96 alone
versus J96�IL-6Ab or AG). IgG did not affect the change of
iNOS expression by J96 or LPS (Fig. 3B). Furthermore, the
iNOS and IL-6 mRNA expressions were inducted in the uri-
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nary bladders of LPS-treated mice (Fig. 4). Treatment of iNOS
inhibitors aminoguanidine and L-NIL markedly attenuated the
increase of iNOS mRNA expression (Fig. 4A). Anti-IL-6 an-
tibody could also suppress the LPS-induced iNOS mRNA ex-
pression in the urinary bladder (LPS 6 h, 270.4% � 23.6% of
control; LPS at 6 h � IL-6Ab, 122.8% � 11.4% of control; LPS
at 6 h � IgG, 281.2% � 13.1% of control, n 	 3; P � 0.05,
LPS � IL-6Ab versus LPS). However, aminoguanidine and
L-NIL did not affect the LPS-induced IL-6 mRNA expression
(Fig. 4B). On the other hand, 1 h after injection of LPS,
bladder eNOS and phosphorylated eNOS protein expressions
were markedly increased, which could not be reversed by the
treatment of anti-IL-6 antibody (Fig. 5A). The eNOS protein
expressions were not increased in urinary bladders of mice at
6 h after the treatment of LPS with or without aminoguanidine
and anti-IL-6 antibody compared to the control group (Fig.
5B). These results indicate that IL-6 signaling possesses the
ability to regulate the induction of iNOS, but not eNOS, in the
urinary bladder under E. coli-induced inflammatory condi-
tions.

PKC activation and contractile response in the urinary
bladders of under E. coli LPS or E. coli strain J96-induced
inflammation. �-Phorbol-12,13-dibutyrate (a PKC activator)
has previously been demonstrated to enhance the contractile
responses evoked by EFS in mouse or rat urinary bladders (16,
39). We next investigated the role of IL-6 in PKC activation
and contractile response in urinary bladders under E. coli LPS-
or E. coli strain J96-induced inflammation. As shown in Fig.
6Aa, the phosphorylation of PKC (pan) was markedly in-
creased in the membrane fraction of the urinary bladder at 6 h
after LPS treatment, which could be reversed by aminoguani-
dine and anti-IL-6 antibody. Moreover, the distribution of
PKC-�, -�, and -ε between the cytosolic and membrane frac-
tions in the urinary bladder was analyzed by Western blotting.
PKC-� and -ε proteins were markedly increased in the mem-
brane fraction of bladder 6 h after LPS treatment (Fig. 6Ab).
LPS did not affect the distribution of PKC-� between the
cytosolic and membrane fractions in the urinary bladders (Fig.

FIG. 1. Levels of IL-6 in the urinary bladders of E. coli- or endo-
toxin-treated mice. (A) Urinary bladders were isolated from mice 1, 6,
and 24 h after intraperitoneal injection of E. coli endotoxin (LPS).
(B) Bladders were isolated from mice 6 h after the intravesical instil-
lation of E. coli strain J96 (O4:K6) or LPS. In some experiments, mice
were instilled intravesically with iNOS inhibitor aminoguanidine (AG)
at 30 min after E. coli treatment. IL-6 levels in the urinary bladders
were assayed by using mouse IL-6 enzyme-linked immunosorbent as-
say kit. The data are presented as means � the SEM for four inde-
pendent experiments. *, P � 0.05 compared to the control.

FIG. 2. Levels of NOx in the urinary bladders of E. coli or endo-
toxin-treated mice. (A) Urinary bladders were isolated from mice 1, 6,
and 24 h after intraperitoneal injection of E. coli endotoxin (LPS).
(B) Bladders were isolated from mice 6 h after intravesical instillation
of E. coli strain J96 (O4:K6) or LPS. In some experiments, mice were
injected intraperitoneally (A) or instilled intravesically (B) with L-
NAME, anti-mouse IL-6 neutralizing antibody (anti-IL-6Ab), or amino-
guanidine (AG) 30 min after E. coli treatment. NOx (nitrite�nitrate)
levels in the urinary bladders were assayed by using NOx assay kit. The
data are presented as the means � the SEM for four independent
experiments. *, P � 0.05 compared to the control; **, P � 0.05
compared to LPS alone.
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6Ab). Both anti-IL-6 antibody and aminoguanidine treatments
reversed the alteration of PKC-� and -ε distribution triggered
by LPS (Fig. 6Ab). Similarly, the phosphorylation of PKC
(pan) was markedly increased in the membrane fraction of the
urinary bladder at 6 h after intravesical instillation of J96 or
LPS, which could be reversed by the treatments of anti-IL-6
antibody and aminoguanidine (Fig. 6B). IgG did not affect the
change of PKC activation by LPS or J96 (data not shown).

The contractile responses of the isolated mouse urinary
bladder evoked by EFS (4 and 16 Hz) were significantly in-
creased at 1 h (Fig. 7Aa) or 6 h (Fig. 7Ab) after intraperitoneal
injection of LPS or at 6 h after intravesical instillation of J96 or
LPS (Fig. 7B). At 1 h after LPS treatment, L-NAME but not
anti-IL-6 antibody reversed the LPS-enhanced contractile re-

sponses (Fig. 7Aa). Treatments of anti-IL-6 antibody, amino-
guanidine, or 1400W could inhibit the increase of EFS-evoked
bladder contractile responses at 6 h after intraperitoneal injec-
tion of LPS (Fig. 7Ab) or intravesical instillation of J96 or LPS
(Fig. 7B). IgG did not affect the change of contractions by E.
coli (data not shown).

DISCUSSION

In this study, we investigated the role of IL-6 in the alter-
ation of the contractile response and its possible mechanism in
a uropathogenic E. coli-induced inflammatory urinary bladder.
The results indicate that IL-6 induces an iNOS/NO-triggered

FIG. 3. iNOS protein expressions in the urinary bladders of E. coli or endotoxin-treated mice. (A) Urinary bladders were isolated from mice
1, 6, or 24 h after the intraperitoneal injection of E. coli endotoxin (LPS). (B) Bladders were isolated from mice 6 h after intravesical instillation
of E. coli strain J96 (O4:K6) or LPS. In some experiments, mice were injected intraperitoneally (A) or instilled intravesically (B) with iNOS
inhibitors aminoguanidine (AG) and 1400W, anti-IL-6 antibody (IL-6Ab), or IgG (a negative control for IL-6Ab) 30 min after E. coli treatment.
�-tubulin served as a control for sample loading and integrity. In panel Ab, quantification of the expression of iNOS protein was performed by
densitometric analysis. The data are presented as the means � the SEM for four independent experiments. *, P � 0.05 compared to the control;
**, P � 0.05 compared to LPS alone. In panels Aa and B, the results shown are representative of three independent experiments.
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PKC-activated urinary bladder contraction under an E. coli-
induced inflammatory condition.

IL-6 is one of the major inflammation-associated cytokines
(21). Elevated plasma and urine levels of IL-6 have been dem-
onstrated in cancer and inflammatory diseases of the urinary
tract (1, 3, 17, 27). A study of interstitial cystitis patients has
shown that increased IL-6 levels were detected in spontane-
ously voided urine but not in ureteral urine and suggested that
IL-6 is the product of activated cells in the bladder (17). Re-
cently, Bouchelouche et al. (8) demonstrated that human de-
trusor smooth muscle cells can release IL-6 in response to
proinflammatory cytokines. Neuhaus et al. (19) have also
shown that IL-6 and IL-6 receptor expression was found in
urothelium, lamina propria, and detrusor cells isolated from
bladder biopsies of tumor patients; these researchers further
found that LPS stimulation evoked a time-dependent synthesis
and/or release of IL-6, IL-6 receptor, and transcription factor
signal transducer and activator of transcription 3 (Stat3) in
cultured human detrusor smooth muscle cells. In the present
work, we found that the IL-6 levels in the urinary bladders of
mice after intraperitoneal injection of LPS or intravesical in-
stillation of E. coli J96 strain or LPS were significantly in-
creased. The IL-6 protein and mRNA levels were marked
increased in the urinary bladders under an E. coli LPS-induced
inflammation. The IL-6 levels in urine were also elevated in
this condition (data not shown). Therefore, the previous find-
ings and our results suggest that detrusor cells and urothelium
may serve as a source of elevated IL-6 levels under a uropatho-
genic E. coli-induced inflammation.

Urine from urinary tract infections has been found to con-
tain an isoform of NO synthase, which is an endogenous source

of urine nitrite (33). Increased NO production in the bladder
during urinary tract infections have previously been linked to
iNOS activation, which occurs at 4 h after LPS administration
(23). Recently, eNOS was shown to be an early bladder re-
sponder to intraperitoneal administered LPS, at 1 h after the
LPS treatment, before the infiltration of inflammatory cells
(12). Several lines of evidence, in addition to data in our study,
showed the upregulation of eNOS as an early event in inflam-
matory processes of the bladder urothelium (12, 22, 39, 40).
Kang et al. (12) further demonstrated that Akt and eNOS are
both localized in the bladder urothelium and that phosphory-
lation of eNOS by Akt provides an attractive mechanism for
rapid increases in urinary NO production. Similarly, in the
present study, after short-term LPS treatment for 1 h, eNOS
and phosphorylated eNOS proteins and NOx levels in the
mouse urinary bladders were markedly increased, whereas
iNOS could not be detected. In contrast, after LPS or E. coli
J96 strain treatment for 6 h, iNOS proteins and NOx levels in
the mouse urinary bladders were markedly elevated, whereas
eNOS proteins were not changed. We further found that anti-
IL-6 antibody can inhibit the induction of iNOS expression and
NOx production in bladders by LPS or E. coli J96 strain treat-
ment for 6 h, whereas the increase in eNOS expression in

FIG. 4. Induction of iNOS and IL-6 mRNA expression by E. coli
endotoxin in the mouse urinary bladder. Urinary bladders were iso-
lated from mice 3 to 24 h after intraperitoneal injection of E. coli
endotoxin (LPS) in the presence or absence of iNOS inhibitors amino-
guanidine (AG) and L-NIL. (A) The top panel is representative of
typical gel electrophoresis from a RT-PCR analysis of bladder iNOS
mRNA. (B) The top panel is representative of typical gel electrophore-
sis from a RT-PCR analysis of bladder IL-6 mRNA. The bottom
portions in panels A and B show the mRNA of �-actin served as a
control for sample loading and integrity. The results shown are repre-
sentative of three independent experiments.

FIG. 5. eNOS expressions in the urinary bladders of E. coli endo-
toxin-treated mice. Urinary bladders were isolated from mice at 1 h
(A) or 6 h (B) after the intraperitoneal injection of E. coli endotoxin
(LPS) in the presence or absence of anti-IL-6 antibody (IL-6Ab) or
aminoguanidine (AG). Bladder eNOS and phosphorylated eNOS (p-
eNOS) were detected by Western blotting. �-Tubulin served as a
control for sample loading and integrity. In panel A, quantification of
the expression of eNOS protein was performed by densitometric anal-
ysis. The data are presented as means � the SEM for four independent
experiments. *, P � 0.05 compared to the control. In panel B, the
results shown are representative of three independent experiments.
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bladders by LPS treatment for 1 h is not affected by anti-IL-6
antibody. Moreover, selective iNOS inhibitors could not sup-
press the LPS-triggered induction in IL-6 mRNA expression in
bladders. Taken together, these results indicate that IL-6 plays
an important role in the regulation of iNOS, but not eNOS,
expression in the urinary bladders under an E. coli-induced
inflammatory condition.

The neuronal and mechanical events associated with bladder
filling and micturition become hypersensitive and progressively
painful during an acute urinary bladder inflammation in hu-
mans (5). It has been reported that the intravesical adminis-
tration of LPS for 1 h induced rat detrusor hyperreflexia (15).
Exogenous application of bacterial exotoxin N-formyl-methio-
nyl-leucyl-phenylalanine has also been shown to cause a sig-
nificantly large, monophasic contracture in rabbit detrusor dur-
ing the 10-min period of toxin exposure (31). Although IL-6
and NO have been reported to be elevated during urinary tract
infection, the regulatory relationship between IL-6 and NO
signals in the alteration of contractile response in urinary blad-

der in response to E. coli-induced inflammation still remains to
be clarified. In the present study, we found that, (i) for 1 h of
LPS treatment, nonspecific NOS inhibitor L-NAME, but not
anti-IL-6 antibody, reversed the LPS-induced NO production
and LPS-enhanced contractile response in bladders; and (ii)
for 6 h of LPS treatment, both anti-IL-6 antibody and selective
iNOS inhibitors aminoguanidine and 1400W treatments could
inhibit the increase in NO production and EFS-evoked bladder
contractile responses at 6 h after LPS or E. coli J96 strain
treatment. These results indicate that IL-6 activates an iNOS-
regulated enhancement of contractile response in an E. coli-
induced urinary bladder inflammatory condition, whereas IL-6
does not seem to be involved in the enhancement of eNOS-
regulated contractile response in the urinary bladder by short-
term E. coli endotoxin treatment.

A facilitatory presynaptic muscarinic mechanism in the
urinary bladder, which is involved in the enhancement of ace-
tylcholine release during continuous EFS, has been shown to
be dependent on a PKC-mediated signaling pathway and influx

FIG. 6. Activation of PKC in the urinary bladder of E. coli or endotoxin-treated mice. Urinary bladders were isolated from mice 6 h after
intraperitoneal injection of E. coli endotoxin (LPS) (A) or 6 h after intravesical instillation of E. coli strain J96 (O4:K6) or LPS (B). In some
experiments, mice were injected intraperitoneally (A) or instilled intravesically (B) with anti-IL-6 antibody (IL-6Ab) or aminoguanidine (AG, an
iNOS inhibitor) at 30 min after E. coli treatment. PKC activation was assayed as the phosphorylation of PKC (Aa and B) and the translocation
of PKC isoforms from cytosolic fraction to membrane fraction (Ab) by Western blot analysis using anti-phospho-PKC (pan) antibody and
anti-PKC-�, -�, and -ε antibodies, respectively. �-Tubulin served as a control for sample loading and integrity. In Aa, the data are presented as
means � the SEM for six independent experiments. *, P � 0.05 compared to the control; **, P � 0.05 compared to LPS alone. In panels Ab and
B, the results shown are representative of four independent experiments.
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extracellular Ca2� into the parasympathetic nerve terminals
via L and N-type Ca2� channels (34). The PKC activator phor-
bol 12,13-dibutyrate has been shown to induce the contractile
responses in rabbit bladder dome and urethra (41). Our pre-
vious studies have shown that the contractions of the isolated
mouse and rat detrusor strips evoked by EFS were enhanced
30 min after �-phorbol 12,13-dibutyrate treatment (16, 39).
The enhancement of detrusor contractions induced by short-
term LPS treatment could also be inhibited by the PKC inhib-
itors chelerythrine and Ro32-0432 (39). In the present study,

we further investigated the regulatory role of IL-6 in the PKC
activation in the LPS or E. coli-J96 strain-induced urinary
bladder inflammation. The results showed that the phosphor-
ylation of PKC (pan) in the membrane fraction of urinary
bladder and the translocation of PKC-� and PKC-ε from the
cytosolic fraction to the membrane fraction in urinary bladder
were markedly increased at 6 h after LPS or J96 treatment,
which could be reversed by aminoguanidine and anti-IL-6 an-
tibody. These results indicate that IL-6 is capable of activating
PKC-� and -ε and imply that an IL-6 and iNOS/NO-activated
PKC-related pathway is involved in the alteration of contractile
responses in E. coli-induced urinary bladder inflammation.

In conclusion, E. coli-induced inflammation triggered the
expressions of IL-6, eNOS, and iNOS in urinary bladders.
Anti-IL-6 antibodies are capable of inhibiting the induction of
iNOS expression, but not eNOS, the activation of PKC and the
enhancement of contractile response in urinary bladders dur-
ing E. coli-induced inflammation. Selective iNOS inhibitors did
not suppress E. coli-triggered IL-6 expression. These results
indicate that IL-6 may play an important regulatory role in the
iNOS/NO-triggered PKC-activated contractile response in uri-
nary bladder during E. coli-induced inflammation.
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