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Purpose: To develop a rat model of bladder calculi in the neurogenic bladder following spinal cord injury (SCI) and assess
bacterial communities within the biofilm of bladder calculi using denaturing gradient gel electrophoresis (DGGE).

Methods: The silk tied to a small segment of the Teflon IV catheter was implanted through the urethra into the bladder of rats
with SCI induced by T9 laminectomy. After 6 months, the rats were sacrificed and their bladder calculi were collected by
opening the bladders through the low-midline incision. Genomic DNA was extracted from the biofilm of bladder calculi fol-
lowed by DGGE to obtain bacterial DNA. The DNA sequences were compared and analyzed using BLAST (Basic Local
Alignment Search Tool) to identify bacteria.

Results: After placing silk nidus in the bladder for 6 months, all 6 rats developed bladder calculi. According to DGGE analysis,
Pseudomonas aeruginosa was the most dominant strain, while Clostridium sp. and Lactobacillus sp. were relatively dominant
strains within the biofilm of bladder calculi in the rats with SCI.

Conclusions: DGGE analysis showed various microorganisms in the biofilm of calculi arising from a neurogenic bladder rat
model. This research design can be the basis for clinical studies and may be applied to calculi in patients with neurogenic blad-
der following SCI.
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o HIGHLIGHTS
- In the neurogenic bladder rat model, bacterial communities within the biofilm of the bladder calculi were analysed using the DGGE technique.
-This study will be the basic data for clinical research with the patients of spinal cord injury.
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INTRODUCTION

Bladder calculi are one of the most common urological prob-
lems in patients with neurogenic bladder (NB) following spinal
cord injury (SCI), usually occurring within one year of injury
[1,2]. A previous study found that 36% of SCI patients had blad-
der calculi during an 8-year follow-up period [1]. Urinary tract
infections (UTIs) play an important role in the formation of
bladder calculi in patients with NB following SCI, and the use
of an indwelling catheter is more closely related to calculi origi-
nating as encrustations [2,3]. The components of bladder cal-
culi in patients with NB following SCI are mainly related to in-
fections and are different from those of calculi that develop in
able-bodied elderly men with bladder outlet obstruction [4].
Since the development of bladder calculi in able-bodied indi-
viduals is relatively rare, there are only few studies on the patho-
genesis and prevention of bladder calculi in patients with NB
following SCI [5].

Bacteriological studies of urine and bladder calculi with tra-
ditional culture methods showed detection of Pseudomonas,
Klebsiella, Staphylococcus, and Proteus, with Escherichia coli be-
ing the most common; however, in about half of the cases, it
was sterile [6]. With recent advances in molecular biology and
culture techniques, microbial communities can be detected in
urine, which was previously thought to be sterile in healthy in-
dividuals [7,8]. Although it has been difficult to detect bacteria
that do not grow well in traditional cultures, these techniques
have enabled the identification of fastidious bacteria that are
difficult to cultivate [9,10].

Due to the difficulties caused by various host factors and ex-
ternal interferences in human studies, NB animal models are
needed to understand the mechanisms of calculi pathogenesis
and various changes that may affect bladder calculi formation
[9,11]. Linsenmeyer and Ottenweller [5] performed SCI sur-
gery 3 weeks after implantation of small pieces of catheters
through an abdominal incision into the bladders of Sprague-
Dawley rats, developing an NB rat model. All NB rats with im-
planted catheters had bladder calculi between 3 weeks and 3
months after SCI surgery. The components of bladder calculi in
NB rats following SCI were similar to those in patients with NB
following SCI, all of which were infection-related calculi.

We aimed to develop an NB rat model following SCI for the
study of bladder calculi by modifying the previous rat model [5]
by tying silk on a small segment of Teflon IV catheter as nidus
and implanting them into the bladder through the urethra and
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assessing bacterial communities within the biofilm of bladder
calculi using denaturing gradient gel electrophoresis (DGGE).

MATERIALS AND METHODS

Experimental Animals

Female Sprague-Dawley rats (Koatech Inc., Pyeongtaek, Ko-
rea), weighing approximately 50-100 g and 3-4 weeks old, were
used.

Rats were anesthetized by intraperitoneal administration of
Zoletil (Tiletamin, Virbac Korea, Seoul, Korea) (0.2 mL). After
exposing the T9 vertebrae, laminectomy was performed to
make rats with NB following SCI. At the end of a small segment
of a 24-G Teflon IV catheter, the silk was hung as nidus and im-
planted into the bladder through the urethra. After 6 months,
the rats were sacrificed by intravenous administration of sodi-
um pentobarbital (100 mg/kg) and their calculi and silk tied to
a small segment of the Teflon IV catheter were collected by
opening the bladder through the low-midline incision (Fig. 1).

DNA Extraction From Biofilm

The collected calculi were placed in plastic laboratory contain-
ers containing 10-mL phosphate-buffered saline (PBS) supple-
mented with 0.05% Tween 80 (polyoxyethylene sorbitan mono-
oleate; Sigma-Aldrich, St. Louis, MO, USA). The calculi were
manually fragmented with a sterile needle and shaken briefly.
They were then sonicated for 90 seconds in a water-bath soni-
cator to dislodge the adherent microorganisms. Cells within the
biofilm were harvested using sterile glass and washed once with
PBS. The samples were centrifuged, and the supernatants were
removed. Genomic DNA was then isolated from the harvested
bacteria. DNA was transferred into 1.5-mL tubes containing
100 mL of 5% boiling Chelex 100 resin (Bio-Rad Laboratories,
Hercules, CA, USA) and 20-mL Taq buffer, followed by incuba-
tion at 60°C for 30 minutes, heating in boiling water for 10
minutes, and cooling on ice for 3 minutes. The procedure was
repeated 4-5 times, and the samples were centrifuged at 13,200
rpm for 10 minutes.

DGGE Analysis of the Bacterial Community

The extracted DNA was amplified using the bacterial universal
primers 341F (5-CCT ACG GGA GGC AGC AG-3') and 907R
(5-CCG TCA ATT CCT TTG AGT TT-3). The amplified
DNA products were amplified again using 341F-GC (5'-CGC
CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA
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(5]

Fig. 1. (A) The calculi is seen in the opened bladder through the
low-midline incision. (B) The calculi and Teflon IV catheter
segment tied to silk extracted from a rat’s urinary bladder.

CGG GGG GCC-TAC GGG AGG CAG CAG-3') to attach a
41-bp GC clamp and 907R for DGGE. Because the sequence
length of the amplified DNA was 607 bp, 6% acrylamide was
used, and 45% urea and 60% formamide were used. The con-
centration gradient for each experiment was chosen based on
the optimal band pattern for each concentration. The final con-
centration of polymerase chain reaction (PCR) products was
adjusted to over 200 ng/uL, of which, 40 uL was loaded into
each lane. Gels were resolved at 65°C at 50 V for 16 hours. The
patterns were compared with ladders using commercial soft-
ware (InfoQuest FP SW; Bio-Rad Laboratories), and band in-
tensities were analyzed using Quantity One 1-D analysis soft-

28 www.einj.org

- Clostridium sp.
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Fig. 2. Denaturing gradient gel electrophoresis patterns of poly-
merase chain reaction products obtained using 907R and 341F-
GC on total genomic DNA isolated form calculi.

ware (Bio-Rad Laboratories). DNA was extracted from the rel-
evant bands, nested PCR was performed, and sequencing was
outsourced to a service vendor (SolGent Inc., Daejeon, Korea).
The sequences were compared and analyzed using BLAST (Ba-
sic Local Alignment Search Tool) (http://blast.ncbinlm.nih.
gov/Blast.cgi) [9,12].

RESULTS

NB Rat Model Following SCI for the Study of Bladder Calculi
When silks tied to a small segment of the Teflon IV catheter were
held in the bladder of rats with SCI for 6 months, all six rats had
bladder calculi (Fig. 1).

Bacterial Communities Within the Biofilm of Bladder
Calculi Using DGGE

When DGGE performed on the biofilm of bladder calculi from
each of the 6 rats with NB following SCI showed 6 bands. The
sequencing of each band reveled bacterial strains Pseudomonas
aeruginosa, Clostridium sp., Lactobacillus sp., Staphylococcus
aureus, E. coli, and Corynebacterium sp. (Fig. 2). Based on the
band density, P aeruginosa was most evident, and Clostridium
sp. and Lactobacillus sp. showed relatively clear patterns, indi-
cating their dominance within the biofilm (Fig. 2).
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DISCUSSION

Although the incidence of bladder calculi accounts for only 5%
of all urinary calculi, it is the most common urinary complica-
tion in patients with NB following SCI and is primarily due to
limited fluid intake, urinary stasis, bladder outlet obstruction,
anatomical abnormalities, catheterization, or recurrent UTI
[1,2,6]. Bladder calculi in patients with NB following SCI are
mainly associated with UTI, and a variety of foreign bodies,
such as Foley balloon fragments, hair, and silk sutures, can be
involved in the formation of bladder calculi as nidus [13-15].
However, studies on how infections lead to the formation of
calculi are lacking [5]. Human studies in patients with NB fol-
lowing SCI are challenged by host factors and external interfer-
ence, including concomitant diseases, various methods of blad-
der emptying, and the use of prophylactic antibiotics [9,11]. An
animal model for the study of bladder calculi in the NB follow-
ing SCI was developed using Sprague-Dawley rats [5]. All six
rats with NB following SCI with a 0.5-cm piece of latex 14F
Foley catheter implanted into the bladder for 3 weeks to 3
months through an abdominal incision had bladder calculi [5].
The compositions of these calculi are similar to those of infec-
tion-related calculi in patients with NB following SCI [5]. The
authors have reported bacterial communities with the biofilm
of an IV catheter placed in the bladder through the urethra of
female rats [9]. Therefore, we aimed to develop an animal mod-
el of bladder calculi that is easily reproducible through the ure-
thra in female rats for the fundamental study of mechanisms
and various changes that can affect the formation of bladder
calculi. In our experiments, all 6 rats with NB following SCI
with implanted silk tied to a small segment of the 24-G Teflon
IV catheter into the bladder and maintained for 6 months had
bladder calculi.

It is well known that UTIs are associated with the formation
of bladder calculi in patients with NB following SCI [3]. Urease-
producing bacteria, such as Proteus, Klebsiella, Pseudomonas,
and coagulase-negative staphylococci, play an important role in
alkalizing urine and forming struvite calculi, but its pathophysi-
ology has not been established [16,17]. In a study that conduct-
ed a bacteriological evaluation of urine and calculi from pa-
tients with bladder calculi [6], 24 out of 50 cases were negative
in urine culture. The most commonly cultured microorganism
was E. coli, but in some cases, different microorganisms were
isolated from urine and calculi cultures. In studies that analyzed
bacteria from the standard culture of the calculi themselves,
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bacteria were isolated in approximately 15%-70% of the calculi,
and E. coli and Pseudomonas spp. were the most commonly
isolated bacteria from calculi cultures [16]. A study that ana-
lyzed microbiological features of 203 febrile patients with upper
urinary tract calculi revealed that the most commonly isolated
bacteria from urine culture were E. coli (44.1%), followed by
Enterococci spp. (11.8%), Proteus spp. (8.6%), Streptococcus aga-
lactiae (6.6%), Klebsiella spp. (5.3%), Pseudomonas spp. (4.6%),
coagulase-negative staphylococci (4.0%), Staphylococcus epider-
midis (4.0%), Serratia spp. (2.6%), Enterobacter spp. (0.7%), Aci-
netobacter spp. (0.7%), and mixed infections (7.2%) [18]. Howev-
er, E. coli is not a urease-producing bacterium and is not
thought to be involved in the formation of urinary calculi. Bac-
teriological results obtained from standard cultures of urine
and calculi do not appear to reflect the bacteria involved in the
formation of calculi in patients with bladder calculi [19].

Recent advances in culture techniques and molecular biology,
such as enhanced quantitative urine culture and 16S rRNA gene
sequencing, have revealed that there are a variety of microor-
ganisms that are not well identified in standard urine cultures
[7,8]. The combination of DGGE and PCR allows the identifi-
cation of the DNA of various microorganisms present in the
biofilm of urinary calculi, which can help determine how they
play a role in the formation of bladder calculi [9,20]. As a result
of the combination of DGGE and PCR, P. aeruginosa was the
most dominant within the biofilm of bladder calculi from each
of the six rats with NB following SCI. Clostridium sp. and Lac-
tobacillus sp. were identified relatively dominant strains. This
study is useful in that it developed an animal model for bladder
calculi as the basis for clinical research, and showed that the
DGGE technique and PCR are effective in identifying various
microorganisms in the biofilm of calculi arising from NB.

The present study had several limitations. The Teflon IV
catheter and silk used as nidus for the formation of bladder cal-
culi in this animal model have limitations in reproducing the
clinical situation in patients with NB following SCI. The com-
position of the bladder calculi obtained from this animal model
was not analyzed. It has been reported that silk sutures can act
as nidus in the formation of bladder calculi in patients with NB
following SCI [15]. The composition of all calculi obtained
from an animal model developed by implanting a piece of latex
into the bladder of Sprague-Dawley rats with NB following SCI
was infection-related calculi similar to those of patients with
NB following SCI [5]. The animal model of bladder calculi de-
veloped in this study does not fully reflect all clinical issues as-
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sociated with calculi in patients with NB, but is expected to
provide basic data for clinical studies.

In conclusion, the Sprague-Dawley rat model implanted with
silks tied to a small segment of the Teflon IV catheter after lam-
inectomy seems to be an animal model suitable for the study of
calculi in NB following SCI. Using DGGE analysis of the bacte-
rial community, this study demonstrated various microorgan-
isms in the biofilm of calculi arising from a NB rat model fol-
lowing SCI. This is useful in that it developed an animal model
for bladder calculi as the basis for clinical research, and showed
that the DGGE technique is effective in identifying various mi-
croorganisms in bladder calculi.
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