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Abstract

Background: The aim of the current study was to investigate the effects of chronic prostatitis/chronic pelvic pain
syndrome (CP/CPPS) on bladder function via prostate-to-bladder cross-sensitization in a rat model of lipopolysaccha-
ride (LPS)-induced prostate inflammation.

Methods: Male rats were intraprostatically injected with LPS or saline, serving as control. Micturition parameters
were examined in a metabolic cage 10 or 14 days later. Subsequently, to evaluate bladder function, cystometry was
performed. Micturition cycles were induced by saline infusion and cholinergic and purinergic contractile responses
were measured by intravenous injection with methacholine and ATP, respectively. Thereafter, the prostate and bladder
were excised and assessed histopathologically for possible inflammatory changes.

Results: Metabolic cage experiments showed increased urinary frequency in rats with LPS-induced CP/CPPS.
Cystometry showed a significant increase in the number of non-voiding contractions, longer voiding time and lower
compliance in CP/CPPS animals compared to controls. Induction of CP/CPPS led to significantly reduced cholinergic
and purinergic bladder contractile responses. Histopathological analysis demonstrated prostatic inflammation in CP/
CPPS animals. There were no significant differences between the groups regarding the extent or the grade of bladder
inflammation. Prostate weight was not significantly different between the groups.

Conclusions: The present study shows that prostate-to-bladder cross-sensitization can be triggered by an infectious
focus in the prostate, giving rise to bladder overactivity and alterations in both afferent and efferent signalling. Future
studies are required to fully understand the underlying mechanisms.
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Introduction

Chronic prostatitis/chronic pelvic pain syndrome (CP/
CPPS) constitutes an important part of urology visits [1].
Despite rare association between bacterial foci in the pros-
tate and CP/CPPS, infection has for long been speculated to
be a potential factor that can trigger inflammatory pathways
in the pelvic region [1, 2]. Some studies have demonstrated
the presence of bacterial DNA in prostate tissues from men
with CP/CPPS [1, 3, 4] and it has been suggested that an
initial intraprostatic bacterial colonization could provoke
chronic inflammation that possibly entails insistent struc-
tural changes in the prostate [5].

A large number of male patients diagnosed with CP/
CPPS suffer from lower urinary tract symptoms (LUTS),
including urgency and frequency, similar to patients with
overactive bladder (OAB) [6, 7]. The potential mecha-
nisms by which chronic prostatic inflammation contrib-
utes to LUTS has recently been highlighted [6, 8—10].
Cross-organ sensitization between the urinary bladder
and prostate has been speculated as a potential mecha-
nism to explain the possible negative effects of chronic
prostate inflammation on bladder function [10-12]. A
recent study on zymosan-induced CP/CPPS in rats sup-
ports this notion [13].

Interstitial cystitis/bladder pain syndrome (IC/BPS)
is often referred to as a disease that more commonly
affects women [14]. Nevertheless, studies have suggested
that the true prevalence of IC/BPS in men is higher than
thought, which may be due to an underdiagnosis of this
pathology in male patients [15, 16]. Le., that many men
diagnosed with CP/CPPS may also have concomitant IC/
BPS. It is noteworthy that male patients suffering from
CP/CPPS frequently experience inadequate treatment
[17]. Besides a lack of effective medication, possible nega-
tive effects of chronic prostate inflammation on urinary
bladder function and urothelial pathophysiology may
explain the unsatisfactory management of men with CP/
CPPS. Considering the relatively large number of patients
who do not respond positively to treatment for CP/CPPS,
more effort is required to find an explanation for the
potential cross-organ sensitization between prostate and
bladder. For this, it is necessary to understand possible
underlying mechanisms for inflammatory processes in
the pelvic region. This will potentially lead to the discov-
ery of new and more effective pharmacological targets
for the treatment of male patients with CP/CPPS.

In the present study, it was hypothesized that an
intraprostatic infectious focus could be an inducing fac-
tor for CP/CPPS which subsequently leads to pelvic
cross-sensitization. For this, prostatic inflammation was
induced in male rats by intraprostatic injection with
lipopolysaccharide (LPS), a component of the outer layer
of the cell wall of gram-negative bacteria. LPS can activate
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the immune system and cause chronic inflammation,
which in turn can cause release of various pro-inflam-
matory cytokines including interleukin-1 (IL-1), interleu-
kin-6 (IL-6) and tumor necrosis factor alpha (TNF-«) [2].
Micturition parameters were studied in a metabolic cage
at 10 and 14 days after LPS injection. Subsequently, uro-
dynamic properties were examined during cystometry by
repeated bladder filling. Further, methacholine (MeCh)
and adenosine-5'-triphosphate (ATP) were used to exam-
ine cholinergic and purinergic responses, respectively.
Lastly, inflammatory changes in the prostate and urinary
bladder were studied immunohistochemically.

Materials and methods

The current study aimed to investigate if bacterially
induced chronic prostate inflammation leads to symp-
toms of bladder overactivity. Further, the study aimed to
examine the potential underlying mechanisms causing
these alterations. Eighteen adult male Sprague—Dawley
rats (300—-450 g; Charles River Laboratories, Calco, Italy)
were used in the current study which was approved by
the local ethics committee at the University of Gothen-
burg, Sweden (permit number: 1794/2018). All experi-
ments were designed to minimize the suffering of the
animals during and after the surgical and experimental
procedures. The number of animals were chosen based
on previous studies and to ensure obtainment of objec-
tive and reliable results, i.e. avoid underpowering, but
at the same time minimize the number of animals used,
i.e. avoid overpowering. All drugs were purchased from
Sigma-Aldrich, St Louis, USA unless otherwise stated.

Study design

The animals were randomly divided into three groups
(n=6 in each group; Fig. 1). In group 1 and 2, LPS (100
uL; 100 pg*kg™!) was injected into the dorsal and ventral
lobes of the prostate (50 pL in each lobe). In group 3, the
rats were similarly injected with vehicle (100 pL saline,
serving as control). During intraprostatic injections, the
needle tip was tunnelled 2—3 mm subcapsularly and the
needle was held in injection site for approximately 20 s
as a standard procedure to avoid a possible leakage from
the prostate. All intraprostatic injections were performed
with laparotomy under deep anaesthesia with 3% isoflu-
rane on a thermo-regulated heating pad. Following the
injection procedure, abdominal muscle and skin were
closed with separate surgical sutures. A single dose of
subcutaneous buprenorphine (0.1 mg*kg™!) was used as
postoperative analgesia.

Metabolic cage
Ten or 14 days after intraprostatic LPS injection (termed
as group L10 and L14, respectively) or 10 days after
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Fig. 1 Study flowcharts. Timelines for the experimental procedures in each treatment group. Male rats were injected intraprostatically with either
lipopolysaccharide (LPS; (L10 and L14; 100 pg* kg™") or saline (Control; 100 uL). After 10 (L10, Control) or 14 (L14) days the rats were placed in a
metabolic cage for 16 h. Subsequently, cystometry was performed. This was followed by histopathological analysis of bladder and prostate tissues

intraprostatic saline injection (control), metabolic cage
experiments were carried out. The time intervals were
chosen based on previous observations of inflammatory
responses in the prostate [2, 13]. These previous studies
demonstrate possible differences at 10 and 14 days after
intraprostatic LPS injection, respectively. Further, they
indicate that 7 days may be too short of an interval for
observations of prostatitis after a single injection and that
differences that are seen after 14 days are not significantly
increased at later time points (i.e. after 21 days). Similar
to previous studies, the animals were currently placed in
a metabolic cage with free access to water and the voided
urine was collected continuously for 16 h, typically from
4 PM to 8 AM. [18, 19]. The total water intake and total
amount of expelled urine were measured. For registration
of the number of micturitions, a laser Doppler (WFL30-
40B416; SICK, Richmond Hill, Canada) that registered
each drop of voided urine was used. This allowed for mic-
turition frequency and voided volume per micturition to
be calculated. A MP150WSW data acquisition system
and the AcqKnowledge 3.8.1 software (BioPac Systems,
Goleta, USA) were used to record the metabolic cage
data.

Cystometry

Immediately following each metabolic cage experi-
ment, cystometry was performed. Deep anaesthesia was
induced with 3% isoflurane and maintained during the

entirety of the cystometry investigations. The surgical
procedure followed previous similar studies [20]. Briefly,
the urinary bladder was exposed by laparotomy and the
femoral artery and vein were catheterized to monitor
blood pressure and administer drugs (MeCh and ATP),
respectively. After the catheterization of the femoral
blood vessels, a pressure sensing catheter and a cannula
were placed in the urinary bladder via a midline inci-
sion in the bladder dome and subsequently fixed with
a ligature. Saline was infused via the cannula to induce
simulated micturition cycles. The bladder was emptied
before each infusion and was filled until the rat voided
(approx. 30—40 s). The change in intravesical pressure
that occurred during bladder filling (AP), volume change
in the bladder (AV), voiding time and non-voiding con-
tractions (NVCs), defined as increases in intravesical
pressure more than 10 mmHg over baseline pressure
without any voiding, were noted during the experiments.
For standardization purposes, NVCs were counted dur-
ing a two hour period, from the beginning of the first
induced micturition cycle and onwards. Bladder com-
pliance was calculated by dividing AV by AP. Simulated
micturition cycles were performed five times before and
after concentration—response series of the cholinergic
agonist MeCh (1, 2 and 5 pug*kg ™' i.v.) and the purinergic
agonist ATP (5, 10 and 100 pg*kg ™' i.v.). Each concentra-
tion—response series was performed two times. Calcula-
tions were performed on the average responses during
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the induced micturition cycles and the concentration—
response series.

Histopathology

After the cystometry experiments, the dorsal and ventral
prostate lobes as well as the urinary bladder were excised
and the rats were euthanized. Total prostate weight was
noted and paraformaldehyde (4% in 0.1 M phosphate-
buffer solution) was used to fix the tissues before histo-
pathological analysis. After fixation (48—72 h), the tissues
were embedded in paraffin and sectioned into 8 um thin
tissue sections (Histolab Products AB, Gothenburg, Swe-
den). Haematoxylin—eosin staining was performed and
the histopathological analysis followed the same proce-
dure as previous studies [13, 21], including the use of a
similar grading scale (see Table 1). Prostatic inflamma-
tion was scored based on the magnitude or density of
lymphocytes (grade) and the extent or distribution of
lymphocyte infiltration (extent). The grade of inflam-
mation was scored from 0 to 3 where 0 represented no
inflammation and 3 represented severe inflammation
while the extent of inflammation was scored as focal (1),
multifocal (2) or diffuse (3), respectively (Fig. 2).

Statistics

Statistical measurements were performed using Graph-
Pad Prism version 8.2.1 (GraphPad Software Inc., San
Diego, USA). One-way ANOVA or two-way ANOVA fol-
lowed by Tukey's correction for multiple comparisons
was used for statistical comparisons of metabolic cage
and cystometry findings, as these data were assumed
to be normally distributed. Histopathological findings
were statistically compared using the non-parametric
Kruskal-Wallis test followed by Dunn's test for multiple

Table 1 Immunohistochemical grading scales
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comparisons, to compare the mean ranks between each
of the treatment groups and controls. Statistical signifi-
cance was regarded for p-values<0.05. Metabolic cage
and cystometry data are presented as mean 4+ SEM while
histopathological data are presented as median with
range.

Results

Metabolic cage

There were no significant differences between the groups
regarding total water intake (»p=0.299) or total amount
of voided urine (p=0.735) during the metabolic cage
experiments (Table 2). The number of micturitions per
hour were significantly higher in the L14 group as com-
pared to controls (p =0.035). Similarly, the total number
of micturitions (over 16 h) were higher in the L14 group
as compared to controls (p=0.035, Table 2). No sig-
nificant differences were seen between the L10 and L14
groups regarding the number of micturitions per hour
or the total number of micturitions. The volume/mic-
turition was significantly lower in both L10 and L14 as
compared to controls (L10 vs control, p=0.016; L14 vs
control, p=0.018). Again, there was no significant differ-
ence between the L10 and L14 group (Table 2).

Cystometry

Baseline urinary bladder pressures were similar in all
groups, both before and after the administration of ago-
nist (MeCh and ATP). However, there were significantly
more NVCs in the CP/CPPS groups as compared to con-
trols (Fig. 3; control vs L10: 2.67 £0.76 vs 33.00+7.67,
p=0.014; control vs L14: 2.674+0.76 vs 34.83+8.43,
p=0.009). No significant difference was seen in regard
to NVCs between the CP/CPPS groups. Similarly, lower
bladder compliance (AV/AP) was observed in the CP/

Grade (Inflammatory cell density, cells/mm?)
0

1, mild

2. moderate

3, severe

Extent (Tissue area involved by inflammatory cell infiltrates)
1, focal

2, multifocal

3, diffuse

No inflammation
Individual inflammatory cells (< 100 cells/mm?)

Confluent sheets of inflammatory cells without
tissue destruction or lymphoid follicle forma-
tion (100-500 cells/mm?)

Confluent sheets of inflammatory cells with
tissue destruction or lymphoid follicle forma-
tion (> 500 cells/mm?)

<10%
10-50%
>50%

Grading scales used to score inflammatory changes in prostate and urinary bladder. The procedure for determination of grade and extent of inflammation was

adapted from Inamura et al. [21]



Aydogdu et al. BMC Urol (2021)21:113

Page 5 of 10

Dorsal
prostate

Ventral
prostate

Bladder

N /) AT (S

Fig. 2 Examples of inflammation scoring (grade). All tissues were stained with haematoxylin-eosin and examined at 10X (a-j) or 4X (k)
magnification. a No signs of inflammatory cells. b Individual inflammatory cells (arrows) separated by distinct interventing spaces are seen around
the glands (< 100 cells/mm?). ¢ Confluent sheets of inflammatory cells (arrowhead) around the glands without tissue destruction or lymphoid
nodule/follicle formation (100-500 cells/mm?). d Confluent sheets of inflammatory cells with lymphoid nodule formation (arrow) lie within stroma
around the glands (> 500 cells/mm?). e No signs of inflammatory cells. f Few inflammatory cells (arrow) seen around the glands (< 100 cells/mm?). g
Confluent sheets of inflammatory cells (arrowheads) around the glands without tissue destruction or lymphoid nodule/follicle formation (100-

500 cells/mm?). h Confluent sheets of inflammatory cells with lymphoid nodule formation (arrows) lie within stroma around the glands (> 500 cells/
mm?). i. No signs of inflammation. j Urinary bladder surface epithelium is partially diminished (arrow) and few inflammatory cells (arrowhead) are
seen under urothelium in the lamina propria (< 100 cells/mm?). k Urinary bladder surface epithelium is totally diminished (arrows), and there is
lymphoid cell infiltration in the lamina propria and through the bladder wall (arrowheads) without tissue destruction or lymphoid nodule/follicle

formation (100-500 cells/mm?). The scale bar in each image indicates 200 um

Table 2 Metabolic cage results

Control L10 L14
Total water intake (mL) 7504112 9834240 11.83+194
Total urine output (mL) 11924134 11.674+£109 13504+2.28
Total number of micturi- 6.50+£043 1350141 16.50£4.15%
tions
Micturitions/hour 041+£0.03 084+£0.09 1.034+0.26*
Volume/micturition (mL) 162+023 090+0.10%* 09140.13*

Comparisons between data from saline-treated controls and 10 (L10) and 14
(L14) days after intraprostatic injection with lipopolysaccharide (LPS)

*Denotes significant difference (p < 0.05) between control and treatment group;
n =26 per group. No significant differences were noted between the L10 and L14
groups

CPPS groups as compared to controls (control vs L10:
0.04140.002 vs 0.025+0.001, p<0.0001; control vs
L14: 0.04140.002 vs 0.02440.001, p<0.0001; Fig. 4a).

Rats in the CP/CPPS groups had significantly longer
voiding times compared to controls (L10 vs control,
133.70 s+2.99 vs 44.61 s+0.81, p<0.0001; L14 vs con-
trol, 141.2 s+3.19 vs 44.61 s+0.81, p<0.0001; Fig. 4b).
There were no significant differences between the CP/
CPPS groups in regard to voiding time or compliance.
Significantly decreased contractile responses (intra-
vesical pressure change, AP) to MeCh were seen in
the L14 group as compared to controls (at 1 pg*kg™":
L14 vs control, 0.69£0.14 vs 2.98 £0.79, p =0.013; at
2 ug*kg™': L14 vs control, 1.27 £0.35 vs 3.9340.72,
p=0.004). However, there were no significant differ-
ences between the L10 group and controls in regards
to AP at the same doses. At a dose of 5 pg*kg™!
MeCl, a significantly decreased response was seen in
both the L10 and L14 groups, as compared to controls
(Fig. 5a; L10 vs control, 3.26+0.48 vs 7.47 £1.01,
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Fig. 3 Total number of non-voiding contractions (NVCs) during
cystometry. The observed number of NVCs were low in saline-treated
controls. Following intraprostatic injection with LPS, the number of
NVCs were significantly increased after 10 (L10) and 14 (L14) days.
* denotes significant difference (p <0.05) between control and
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p<0.0001; L14 vs control, 1.82+0.43 vs 7.47 £1.01,
p<0.0001).

The contractile responses to all doses of ATP (5, 10
and 100 pg*kg™') were significantly decreased in both
the L10 and L14 groups as compared to controls (Fig. 5b;
at 5 pug*kg™*: L10 vs control, 0.1240.04 vs 1.01+0.24,
p=0.002; L14 vs control, 0.08+0.03 vs 1.01+0.24,
p=0.001; at 10 pg*kg: L10 vs control, 0.2440.09 vs
1.58+0.23, p<0.0001; L14 vs control, 0.13£0.05 vs
1.5840.23, p<0.0001; at 100 pg*kg™': L10 vs control,
1.52+0.41 vs 3.30+0.60, p<0.0001; L14 vs control,
0.80£0.20 vs 3.30£0.60, p <0.0001).

Histopathology

Prostate weight was not significantly altered in the L10
and L14 groups, as compared to controls (L10 vs con-
trol, 0.864+0.037 vs 0.758+0.038, p=0.113; L14 vs
control, 0.888 4+ 0.042 vs 0.758 +0.038, p =0.063). Grade

a
0.05

0.04

0.03-

0.024

0.01-

Compliance (ml/mmHg)

0.00

* k%

Conltrol L;O
Fig. 4 Bladder compliance (AV/AP) and voiding times during cystometry. To calculate compliance, the bladder was infused with saline while
continuously monitoring intravesical pressure. a Bladder compliance was significantly decreased at 10 (L10) and at 14 (L14) days after intraprostatic
injection with LPS. b Voiding times were significantly increased 10 (L10) and 14 (L14) days after intraprostatic injection with LPS. *** denotes
significant difference (p <0.001) between control and treatment groups; n =6 per group

*kk

L14
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3
& 150
g
= 100
o
£
-
‘o 504
>

0 I 1
Control L10 L14

a
10
-O- Control

g-| & L10
= - L14
£ 6
£
E
o 47
<

*
2— *[
0 T T
1 2
MeCh (ng/kg)

b
5=
<O Control *
4- % L10
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Fig. 5 Intravesical pressure changes (AP) upon agonist stimulation. Bladder contraction as a response to a methacholine (MeCh;1, 2 and 5 ug*kg™'
i.v) and b ATP (5, 10 and 100 ug*kg" i.v.) in saline-treated controls (O) and 10 (L10; ) and 14 (L14; A) days post intraprostatic injection with LPS. *
denotes significant difference (p < 0.05) between control and treatment groups; n=6 per group
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Fig. 6 Histopathological analysis of prostate and bladder inflammation. Scatter plots with bars indicate the grade ofmﬂammauom (a, ¢, e) and the
4) days after intraprostatic injection with LPS. Analysis
(e-f). Extent of inflammation was graded for all
tissues that display a grade of inflammation > 0. * denotes significant difference (p < 0.05) between the treatment groups and controls in terms of

of inflammation in the dorsal prostate was significantly
higher in the L10 and L14 groups as compared to con-
trols (Fig. 6a). The extent of inflammation in the dorsal
prostate was higher in the L14 group as compared to
controls (Fig. 6b). Both grade (Fig. 6¢) and extent (Fig. 6d)

of prostatic inflammation in the ventral prostate were
significantly higher in the L14 group as compared to
controls. Regarding the bladder, the grade (Fig. 6e) and
extent (Fig. 6f) of inflammation were similar between all

groups.
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Discussion

In the present in vivo study it was investigated if a pri-
mary intraprostatic infectious focus could be an inducing
factor for an inflammatory state mimicking CP/CPPS.
Further, the potential effects of CP/CPPS were exam-
ined on both afferent (NVCs, compliance) and efferent
(voiding time, cholinergic and purinergic contractile
responses) nervous control of bladder function as well
as on possible inflammatory changes in the bladder.
Metabolic cage experiments confirmed experimentally
induced bladder overactivity and cystometry investiga-
tions showed significant negative effects of CP/CPPS on
both afferent and efferent signalling, without any dem-
onstration of significant inflammatory changes in the
bladder. Taken together, these data show that an initial
infectious focus in the prostate can provoke prostate-
to-bladder cross-organ sensory pathways in the pelvic
region. These observations may be of clinical relevance as
cross-organ sensitization in the pelvic region is believed
to be a contributing cause for the frequently observed
unsatisfactory treatment of men with CP/CPPS. Previous
studies advocated that CP/CPPS could be associated with
bacterial colonization in the prostate, at least in some
patients [1, 4]. Rudick et al. speculated that characteris-
tics of the pathogen and immunogenetic background of
the host could be important key features in determining
the development of chronic pelvic pain after an initial
infectious focus in the prostate [1]. The outcomes of the
present study support the idea that a primary infectious
focus in the prostate could be a more imperative cause of
CP/CPPS than previously assumed.

The current findings confirm that induction of CP/
CPPS by intraprostatic injection with LPS was a valid
choice of method. Metabolic cage experiments showed
increased urinary frequency in rats with LPS-induced
CP/CPPS, which could be interpreted as CP/CPPS hav-
ing a sensitizing effect on bladder afferent signalling. This
finding was in concordance with the outcomes of a pre-
vious study [13]. Likewise, cystometry data revealed an
increased number of NVCs in CP/CPPS groups, as well
as decreased compliance, which is in line with the findings
in previous studies that investigated the effect of chemi-
cally induced prostate inflammation on bladder function
[10, 13]. Although no significant differences between
the groups regarding prostate weight could be observed,
histopathological examination of the prostate tissues
revealed chronic inflammation following LPS injection.

Voiding times were significantly longer in both LPS-
injected groups, as compared to controls. This is inter-
preted as a demonstration of the effect of CP/CPPS on
efferent signalling. However, the increase in voiding
times in CP/CPPS groups could also be due to blad-
der outlet obstruction, potentially due to an increase in
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innate urethral contractile activity or BPH. Some previ-
ous studies have shown a correlation between chronic
prostate inflammation and BPH [2]. Chronic inflamma-
tion in the prostate is also related with a higher risk for
disease progression and acute urinary retention in men
with BPH [2, 22]. However, as previously mentioned,
no significant differences were seen between the groups
regarding prostate weight.

Previous studies have shown reduced muscarinic
receptor-induced bladder contractility following induc-
tion of hemorrhagic cystitis [23, 24]. This is in line
with the findings in the present study. Further, the cur-
rent ATP-evoked purinergic bladder contractions were
reduced in both CP/CPPS groups, which is consistent
with the findings in a recent study on chemically induced
prostatitis [13]. However, reduced purinergic responses
are not in line with previous studies that investigated
bladder activity during cystitis [25—27]. This discrepancy
could be explained by the simple fact that the current
study is not a cystitis model. On the contrary, the current
histopathological data highlight the absence of significant
changes between the groups regarding bladder inflam-
mation. Another contributing factor could be alterations
in the cholinergic component of ATP-evoked bladder
contractility [24]. The reduced muscarinic and puriner-
gic bladder contractile responses that are observed in the
present study, despite likely simultaneous afferent sensiti-
zation, indicate that prostate-to-bladder cross-sensitiza-
tion can lead to local changes in the detrusor, urothelium
and/or on efferent nerves.

The histopathological analysis showed higher scores
for both the grade and extent of inflammation in the
ventral as well as the dorsal prostate following LPS
injection. This finding is in line with a recent study in
which zymosan was used to create a model of chemi-
cally induced CP/CPPS [13]. However, dissimilar from
the previous study, no increase in bladder inflamma-
tion scores could currently be observed. Much of the
recent literature is controversial regarding the exist-
ence of bladder inflammation after induced prosta-
titis in animal models [6, 10, 13]. This dissimilarity
between different studies is likely due to the different
substances being used to induce prostatitis and the
variety of inflammation evaluation methods. Regard-
ing this, it is important to point out that the present
study has some potential limitations. First, no pain
evaluation was performed. Such an evaluation could
have been beneficial to support the conclusion of
induced CP/CPPS. Second, cystometry was performed
under deep anaesthesia with isoflurane, which likely
influenced nerve transmission. However, cystometry,
including induction and maintenance of anaesthesia,
was performed similarly in all groups, thus allowing
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valid comparisons between the groups. Third, there is
a small risk that the surgical procedure that is required
for the intraprostatic injection could cause minor
injury to the pelvic floor, possibly affecting the blad-
der. Nevertheless, the same surgical procedure was
performed in all groups. In addition, the prostate and
bladder are in close proximity anatomically. However,
the histopathological analysis did not reveal any signif-
icant inflammatory changes in the bladder which indi-
cates that this potential pitfall was avoided.

In order to manage patients with inflammatory pain
syndromes adequately it is crucial to understand the
potential mechanisms underlying cross-sensitization
between adjacent organs in the pelvic and abdomen
region. Grundy et al. showed in a mouse model that
colitis induced neuroplasticity in sensory pathways
innervating the colon and bladder, resulting in blad-
der dysfunction [28]. It was further shown that the
changes in bladder function were not due to bladder
inflammation. Similar to this, the present study dem-
onstrates induced changes in bladder function that do
not correlate with inflammatory changes in the blad-
der. Instead, alterations in both afferent and effer-
ent signalling are indicated. Despite not performing
retrograde labelling or measuring nerve activity per
se, this sheds a light on the possible mechanisms of
cross-sensitization between the prostate and urinary
bladder. However, the exact underlying mechanisms of
prostate-to-bladder cross-organ sensitization are yet
to be fully elucidated and require further investigation.

Conclusions

The model of LPS-induced chronic prostatitis used in
the current study was shown to be valid for examining
prostate-to-bladder cross-organ sensitization. It was
shown that prostate-to-bladder sensitization could be
triggered by an initial bacterial focus in the prostate,
which upon development of chronic prostatitis gave
rise to overactive bladder and alterations in both affer-
ent and efferent signalling. Further clinical and inter-
vention studies are needed to elucidate the underlying
mechanisms of prostate-to-bladder cross-organ sensiti-
zation and improve the unsatisfactory management of
men with CP/CPPS.
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