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Abstract

Background: Interstitial cystitis (IC) is a chronic inflammatory of the bladder, while statin can increase its risk.
Recently, the exact mechanism is yet known. We hypothesizedsimvastatin can induce alteration of bladder
thickness.

Methods: Twenty-four female Wistar rats were aged 6-8 weeks old were divided into two groups and were
treated with simvastatin 50 mg/kg BW or carboxymethylcellulose 0.5% by oral gavage for 30 days. Each group
was then equally subdivided into three groups: control, Interstitial Cystitis (IC) day-0, and IC day-3. Either IC
or control rat group was induced by intravesical instillation of protamine sulfate or buffered saline respectively.
All animals in the control and IC day-0 group were sacrificed and collected for the bladder tissue in less than
three hours following intravesical treatment, while animals in the IC day-3 group three days after. All collected
tissue was prepared in hematoxylin-eosin staining and measured for the bladder thickness, namely the urothelial,
suburothelial, and detrusor layer by image analyzer application.

Results: There was no significant difference between the groups receiving simvastatin and placebo in the
thickness of the urothelium, suburothelium, and detrusor layers in all rat models, both control, IC0, and IC3 rats
(all p values > 0.05). However, the thickness of the urothelium layer was consistently lower in the simvastatin
group than in the placebo group in all rat models.

Conclusion: Mechanism of simvastatin toxicity on bladder tissue through urothelial denudation thus may alter
the urothelial barrier function.
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Introduction despite their hypolipidemic effects, namelyanti-
inflammatory, antiatherogenic, antifibrosis, and
even anti-cancer. But on the other hand, this
pleiotropic effect can trigger several toxicity such
as increasing the incidence of new-onset diabetes

Statins are widely used to lower LDL cholesterol
and prevention of cardiovascular disease.! Recently,
statins have been found to have many health benefits
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mellitus type 2, neurological-neurocognitive effects,
hepatotoxic, renal toxicity, and others.2 Another
statin toxicity is interstitial cystitis, while the exact
mechanism is unrevealed.?

Interstitial cystitis is a complex disease and may
involve a variety of unknown etiologies. One of
the main processes that occur in the pathogenesis
of interstitial cystitis is bladder urothelium barrier
dysfunction, which can be caused by failure of
urothelial cytodifferentiation, chronic inflammation
in the suburothelial tissue, increased apoptotic cells
and decreased proliferative cells. This dysfunction
results in the leakage of water, urine, potassium,
and other toxic substances in urine to the underlying
tissue, triggering symptoms of urgency, frequency,
and dysuria.* Based on this pathogenesis, we
hypothesized that statins exert a side effect of
interstitial cystitis through their antiproliferative
mechanism. This is reinforced by evidence that
statins inhibit the proliferative activity of stem cells
in vitro, where there is an increase in senescence and
apoptosis through upregulation of p16, p53, caspase
6, caspase 8, and caspase 9.° Therefore, in this study,
we aim to investigate the effect of simvastatin on
bladder thickness in the interstitial cystitis rat model.

Material and Method
Animal Preparation

This study used a total of 24 rat samples which
were initially subjected to acclimatization for 10 days.
After that, randomization was carried out using a
simple random sampling method and divided
equally into two groups, namely group C who only
received a placebo carboxymethylcellulose (CMC)
0.5% (n =12) and group S who received simvastatin
50 mg/kg BW (n = 12). All rats were kept in open,
humid, well-ventilated cages, and life / light cycle
12 hours / 12 hours. Each cage consists of four to five
rats. All rats received standard AD2 feed and free
access to tap water ad libitum.

Simvastatin Treatment

Simvastatin was prepared from generic tablet
form (Kimia Farma, Indonesia). The drug dosage
was based on previous research where simvastatin
50 mg / Kg BW is a hypocholesterolemic dose in
rats.%” All groups received treatment for 30 days
based on previous studies which found statin can
induce senescence within 20 days in vitro.® The
simvastatin tablets were turned into suspension

form with 0.5% carboxymethylcellulose (CMC) as
the solvent. Simvastatin suspension or 0.5% CMC
was administered by oral gavage and was adjusted
according to body weight each week. The duration
of administration between simvastatin doses is every
24 hours during the day or afternoon.

Induction of Interstitial Cystitis

After completing simvastatin or placebo
administration, each group of rats was further
divided into three subgroups, namely control rats,
Interstitial Cystitis (IC) day-0 rats, and IC day-3 rats.
The IC group and the control group were induced
by intravesical instillation of protamine sulfate and
buffered saline, respectively based on previous
studies.”!? Protamine sulfate (Sigma Aldrich, Japan)
was dissolved in buffered saline with a concentration
of 10 mg/ml, then put into an instillation tube in the
form of a 1 ml spoit mounted to a sterile 22 / 24G
vein catheter. Anesthetic experimental animals using
ketamine injection 10% (60 mg / Kg) intraperitoneally.
The rats were positioned dorsally recumbent and
mildly massaged in the lower abdominal region
to induce micturition. After identification of the
external urethral ostium, the lubricated distal end
of the instillation tube was inserted as deep as 3 mm
in a cephalocaudal position parallel to the urethra,
then rotate the proximal end of the instillation tube
vertically about 180 degrees. After that, the distal
end of the instillation tube was inserted 7 mm deep
into the bladder. An amount of 0.6 ml of protamine
sulfate or buffered saline was instilled with bolus for
30-45 seconds and was maintained in the bladder for
15 minutes while rotating the rats to homogenize the
contact of instillation solution to the entire lumen of
the bladder. Finally, the instillation tube is slowly
pulled out from the urethra.

Tissue Preparation and Bladder Thickness

Measurement

Tissue collection time was adjusted according to
the rat model group. In the control and IC day-0 rat
model, the animals were sacrificed less than 3 hours
after the instillation procedure. As for the IC day-3
rat model, the animals have sacrificed three days
after the instillation procedure. Initially, all rats were
killed through the cervical dislocation technique then
the bladder organs were taken. The tissue samples
were fixed in 10% neutral formaldehyde solution
overnight and then made in the form of paraffin
blocks according to standard procedures. The paraffin
blocks were cut using a microtome with a thickness of
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5pm, followed by floating in a warm water container.
After that, the specimens were placed on a slide and
glued with a thin layer of albumen. The slides were
then processed using the hematoxylin-eosin staining
procedure.

The slides were examined using an Axio Imager.
A2 microscope using a 20X magnification objective
lens. Each slide was photographed to randomly
obtain five different images that clearly show the
full thickness of all bladder tissue layers, namely the
urothelial, suburothelial, and detrusor layers. The
width of each layer was calculated using the Image]J
NIH application. Five measurements on each slide
were then averaged to obtain the representative data.

Statistical Analysis

All collected data were analyzed by SPSS version
17.0 with a 95% confidence interval (a = 0.05). Data
for the bladder layer thickness is expressed in
terms of mean * standard deviation, or median *
standard error of mean if not normally distributed.
Independent Sample T-test or Mann Whitney method
was used to compare the thickness of each bladder
layer among treatment groups in the same mouse
model. A p-value < of 0.05 was considered significant.

Result and Discussion

The results of tissue thickness measurements at
various layers can be seen in Table 1. In the control
rat model without interstitial cystitis induced, it was
revealed that the thickness of the urothelium layer in
the simvastatin group was lower than in the placebo
group, although not significantly different (0.298
£ 0.023 mm vs. 0.321 + 0.122 mm, p = 0.564). The
same thing was also observed in the mouse model
of interstitial cystitis on day 0 (almost significant,
p=0.061) and day 3 (p=0.538). However, the thickness
of the urothelium layer was consistently lower in the
simvastatin group than in the placebo group in all rat
models. The thickness of the suburothelial layer in
the group receiving simvastatin was always higher
than the group receiving placebo, except for the rat
model of interstitial cystitis on day 0. Meanwhile, the
thickness of the detrusor layer in the group receiving
simvastatin was always lower than the group
receiving placebo, except for the 3rd-day interstitial
cystitis rat model. Figure 1 also shows that there are
differences in tissue thickness between the treatment
groups, both in control, IC0O, and IC3 rats.

Table 1: Differences in bladder tissue thickness at different layers of treatment groups

Urothelial Thickness (um) Suburothelial Thickness (um) | Detrusor Thickness (um)
Group
Mean (SD) P value* Mean (SD) P value® Mean (SD) P value*
C-C 321 (122)* 907 (233) 2,186 (464)
0.564° 0.657 0.814
S-C 298 (23) 978 (195) 2,087 (664)
C-ICO 290 (49) 983 (166) 1,741 (327)
0.061 0.386° 0.467
S-ICO 205 (55) 809 (142)* 1,510 (499)
C-IC3 344 (39) 919 (209) 1,901 (439)
0.538 0.549 0.395
S-IC3 327 (031) 1,037 (309) 2,426 (1.,060)

C-C, Carboxymethylcellulose-Control Rat; C-ICO, Carboxymethylcellulose -Interstitial Cystitis Rat Day 0; C-IC3,
Carboxymethylcellulose-Interstitial Cystitis Rat Day 3; S-C, Simvastatin-Control Rat; S-IC0, Simvastatin-Interstitial Cystitis

Rat Day 0; S-IC3, Simvastatin-Interstitial Cystitis Rat Day 3.

* Data were not normally distributed expressed in median + standard error

#T-independent test
$Mann-Whitney test
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Figure 1: Representative Image of the Bladder Tissue Showing All Layers in the Treatment Group.

C-C, Carboxymethylcellulose-Control Rat; C-ICO, Carboxymethylcellulose -Interstitial Cystitis Rat Day 0; C-IC3,
Carboxymethylcellulose-Interstitial Cystitis Rat Day 3; S-C, Simvastatin-Control Rat; S-IC0O, Simvastatin-Interstitial Cystitis

Rat Day 0; S-IC3, Simvastatin-Interstitial Cystitis Rat Day 3.

In this study, no significant difference was found
between the thickness of various layers of bladder
tissue between those receiving simvastatin and those
receiving placebo. However, in the urothelium layer,
the group receiving simvastatin always had a lower
mean thickness value than the group receiving the
placebo. Denudation or thinning of the urothelium
is one of the typical features that indicate bladder
urothelium barrier dysfunction in interstitial cystitis.
The presence of this dysfunction results in the
leakage of water, urine, potassium, and other toxic
substances in the urine to the suburothelial tissue and
the underlying bladder wall, triggering symptoms of
urgency, frequency, and dysuria.* On the one hand,

the difference in urothelial tissue thickness was almost
significant in a mouse model of interstitial cystitis
induced acutely by protamine sulfate. Instillation
of protamine sulfate has been known to make
umbrella cell exfoliation in the first two days of the
administration, thereby exacerbating the dysfunction
of the previously thinned urothelial barrier.! The
impact of this dysfunction of the urothelium barrier
was seen in this study, while only on day 3 after
protamine sulfate instillation, the group receiving
simvastatin had greater detrusor tissue thickness
than the group receiving placebo. This urothelial
barrier dysfunction can be caused by several factors,
including failure of cytodifferentiation of the basal
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layer and urothelial intermediates in response to
damage to the overlying umbrella cells that may
occur in this study.!?13

Conclusion

Mechanism of simvastatin toxicity on bladder
tissue through urothelial denudation thus may alter
the urothelial barrier function.
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