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ABSTRACT

Purpose: We reproduced a non-bacterial experimental model to assess bladder inflammation and urinary glycosaminogly-
cans (GAG) excretion and examined the effect of dimethyl sulfoxide (DMSO).

Materials and Methods: Female rats were instilled with either protamine sulfate (PS groups) or sterile saline (control
groups). At different days after the procedure, 24 h urine and bladder samples were obtained. Urinary levels of hyaluronic
acid (HA) and sulfated glycosaminoglycans (S-GAG) were determined. Also to evaluate the effect of DMSO animals
were instilled with either 50% DMSO or saline 6 hours after PS instillation. To evaluate the effect of DMSO in healthy
bladders, rats were instilled with 50% DMSO and controls with saline.

Results: In the PS groups, bladder inflammation was observed, with polymorphonuclear cells during the first days and lym-
phomononuclear in the last days. HA and S-GAG had 2 peaks of urinary excretion, at the 1 and 7" day after PS injection.
DMSO significantly reduced bladder inflammation. In contrast, in healthy bladders, DMSO produced mild inflammation
and an increase in urinary HA levels after 1 and 7 days and an increase of S-GAG level in 7 days. Animals instilled with
PS and treated with DMSO had significantly reduced levels of urinary HA only at the 1% day. Urinary S-GAG/Cr levels
were similar in all groups.

Conclusions: Increased urinary levels of GAG were associated with bladder inflammation in a PS-induced cystitis model.
DMSO significantly reduced the inflammatory process after urothelial injury. Conversely, this drug provoked mild inflam-

mation in normal mucosa. DMSO treatment was shown to influence urinary HA excretion.
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INTRODUCTION Dimethyl sulfoxide (DMSO) has been used
as an intravesical therapy for IC due to its anti-inflam-
matory and analgesic properties. Although its mecha-

Interstitial cystitis (IC) is a heterogeneous nisms of action have not yet been fully elucidated, it
syndrome, diagnosed mainly in women, characterized is a well established treatment for IC, with proven
by painful bladder symptoms, nocturia, urinary fre- feasibility (2).
quency and urgency. These symptoms usually appear Impaired barrier function of bladder epithe-
acutely and follow a waxing and waning course (1). lium and subsequent infiltration of urine contents are
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expected initial events in the pathophysiology of IC.
Glycosaminoglycans (GAG) are complex long-chain
polysaccharides components of the extra cellular
matrix and cell surface, which play multiple physi-
ological functions (3). The GAG layer is thought to
create a hydrophilic coating in the underlying cells
by binding water, via their sulfated groups. Altera-
tions of the urothelial GAG layer, which may lead to
higher bladder permeability, might also be present in
IC (4).

Considering the lack of a defined cause and
also generally effective treatments, experimental
models of IC are a challenging field. Protamine
sulfate (PS) has been used in experimental models
of IC, which at a low concentration (10 mg/mL)
represents a noncytotoxic affront to urothelial barrier
instead of a bladder irritant (5,6) PS is a polycationic
quaternary amine which changes the permeability
of the urothelium and other types of epithelia (7). In
this study, we examined the urinary GAG excretion
and its correlation with inflammation and the effect
of treatment with DMSO in an experimental model
of IC, induced by PS.

MATERIALS AND METHODS

Animals and Induction of Bladder
Inflammation

Adult female Wistar rats (180 to 200 g) were
housed in light and temperature controlled rooms on a
12/12 hours light-dark cycle, with free access to water
and food, prior to their use in experimental studies.
All animal studies were carried out with the approval
of the University Ethics Committee.

Rats were anesthetized with an intraperitoneal
injection of xylazine (4 mg/kg) and ketamine (90 mg/
kg). External genitalia were cleansed with povidone-
iodine and a small quantity of 2% lidocaine Iubricant
was applied to the external urethra. A 24 gauge Y4-inch
catheter was inserted into the bladder and the urine
was drained. Bladder injury was induced with grade
X PS (Sigma, St. Louis, MO), 10 mg in 200 pL sterile
0.9% saline applied intravesically. After 30 minutes,
the bladder was drained and washed with 200 pL
0.9% saline. The catheter was removed and the rats
were allowed to recover. Control rats were initially
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injected with 200 pL saline and the same procedure
was followed.

Experimental Groups

PS groups (n =7 per day) and control groups
(n =5 per day) were analyzed at different days fol-
lowing the procedure: 1* to 7%, 10th and 14th days
(total n = 108). The rats were housed 24 hours prior
to sacrifice in a metabolic cage in order to collect
urine. The bladder was removed and fixed in normal
10% buffered formalin and urine was immediately
centrifuged to remove exfoliated cells and urinary
debris and stored at -20°C for further analyses. Five
non-manipulated animals (day 0) also had their urine
collected. Prior to assay, the creatinine (Cr) content
was measured by a kit purchased from Sigma Chemi-
cal Co. (St. Louis, MO.).

To evaluate the effect of DMSO on this
experimental model, 6 hours after PS instillation,
the animals were intravesically instilled with 200
pL of either 50% DMSO (n =5 per day) or saline (n
= 5 per day) for 30 minutes. To assess the effect of
DMSO in healthy bladders, rats (n = 5 per day) were
instilled with 200 pL 50% DMSO and controls (n =
5 per day) with 200 uL saline for 30 minutes. One
and 7 days afterwards, 24 hrs urine was collected
and bladders were removed for histopathological
analysis.

Histopathology

Approximately 5 pm thick paraffin sections
were stained with hematoxylin and eosin for general
morphology. The samples were blinded reviewed by
two pathologists. Edema and vascular congestion
were graded 0 (absent), 1 (mild), 2 (moderate) and
3 (severe). Each inflammatory cell type was counted
(polymorphonuclear - PMN, mast cell and lympho-
mononuclear - LMN) in 5 cross sections at X400
magnification, at the most infiltrated area.

Measurement of Urinary Hyaluronic Acid
Urinary hyaluronic acid (HA) levels were

measured by a noncompetitive and nonisotopic fluo-
roassay. Plates were coated with hyaluronan binding
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proteins (HABP) and successively incubated with
samples containing standard solutions of HA or
urine samples from the different groups, biotin-
conjugated HABP and europium-labeled strepta-
vidin (Amersham Life Science, Buckinghamshire,
England). After release of europium from strep-
tavidin with enhancement solution (Perkin-Elmer
Life Sciences-Wallac Oy, Turku, Finland) the final
fluorescence was measured in a fluorometer (8). HA
concentration was normalized to Cr and expressed
in ng/mg Cr.

Measurement of Urinary Sulfated GAG

Two milliliters of urine from the different
groups of animals were applied in a Sephadex G25
column, equilibrated with distilled water, which
separates GAG from salt, pigments, smaller com-
pounds and other impurities. The inclusion volume
was discarded and the following 4 mL flow-through
were collected, vacuum dried and then, dissolved in
10 uL of distilled water and kept frozen at -20°C for
analysis. Afterwards, 5 pL of the stored samples and
5 pL of'an aqueous mixture of 1 mg/mL of standard
GAG (Chondroitin 4- and 6-sulfate (CS), Dermatan
sulfate (DS) and Heparan sulfate (HS)) were applied
in 0.2-cm thick agarose gel slabs (0.55% agarose
in 50 nM 1.3-diaminopropane/acetate buffer, pH
9.0) to proceed with the electrophoresis (9). The gel
slabs were then fixed with 0.1% cetyltrimethyl-am-
monium bromide, dried, stained with toluidine blue
and quantified by densitometry at 595 nm. GAG
concentration was normalized to Cr and expressed
in pg/mg Cr.

Statistical Analysis

Comparison between treated groups and their
respective control groups was carried out by perform-
ing Student’s-t-test for parametric data and Mann-
Whitney U test for non-parametric data. Comparison
between all the groups was carried out by ANOVA,
when normal distribution or Kruskal-Wallis test,
without normal distribution, followed by Dunn’s or
Tukey multiple comparison tests. We used the Sigma
Stat software for Windows, 2.0, 1999 (SSPS Inc.,
Chicago, IL).
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RESULTS
Histopathology

PS and Control Groups

Edema was more pronounced on the first three
days after PS injection. Vascular congestion grade
was in overall higher in PS groups and was consid-
ered statistically different on the first three days and
between the 6™ and 10™ days (Figure-1A).

The bladder sections showed focal inflam-
matory changes. Control animals had low number of
inflammatory cells during all analyzed days. PMN
ranged from 0 to 10, mast cells from 0 to 6 and LMN
from 0 to 5/cross section (data not shown). In the PS
groups, there was a predominance of PMN in the first
four days (Figure-1B). The occurrence of mast cells
during all days was not influenced by either PS or
saline injection (p = 0.074) (Figure-1C). In contrast,
LMN infiltrate was more prominent at the 6" to 14"
day (Figure-1D).

DMSO Groups

Rats treated with DMSO had a significantly
reduced grade of edema, vascular congestion and
PMN count at the 1% day after PS instillation. At the
7™ day, edema, vascular congestion and inflammatory
infiltrates (LMN) were also significantly reduced in
the DMSO treated-group. Examples of these inflam-
matory alterations are shown in Figure-2. Conversely,
when DMSO was injected in healthy bladders, there
was a more pronounced PMN infiltrate at the 1% and
7" days and edema at the 1** day. Mast cell count was
increased only on the 7% day in the DMSO group
(Table-1).

GAG Measurement

PS and Control Groups

Urinary HA/Cr levels were higher in all days
following intravesical PS injection. There were two
peaks of urinary HA excretion, at the 1 day and 7®
days. Compared with the levels detected at day O
animals, HA/Cr on the 1 day was increased 2.4-fold
and on the 7™ day, 2.1-fold (p < 0.05) (Figure-3A).

Urinary S-GAG/Cr followed an almost
similar pattern of excretion following PS injection,
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Figure 1 — Histopathological analysis. Time course of effects of intravesical PS instillation on edema and vascular congestion grade
(4), on PMN count/field (B), on mast cell count/field (C) and on LMN count/field (D). Values are means in the bars and median with
interval (box plots) * p < 0.05, points on the PS time course vs. those on the control time course.

increasing at the first day with a more remarkable
peak at the 7" day. Urinary S-GAG/Cr levels at 7*
day were increased 2.1-fold compared to levels on
day 0 (p < 0.05) (Figure-3B).

DMSO Groups

The instillation of DMSO in healthy bladders
provoked an increase in urinary HA/Cr levels after 1
and 7 days and an increase of S-GAG/Cr level after
7 days. Animals instilled with PS and treated with
DMSO had significantly reduced level of urinary
HA only at the 1% day. Urinary S-GAG/Cr levels
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were similar in all groups (Table-2). There were no
differences in urinary creatinine levels between the
groups.

COMMENTS

The polycationic quaternary amine, PS, has
a well documented effect of increasing urothelial
permeability. PS increased water and urea permeabil-
ity, reduced the transepithelial resistance, provoked
patchy umbrella cell lysis and damage to the tight
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Table 1 — Pathological features in DMSO groups.

Group Edema (grade) Vascular Congestion PMN Count Mast Cell LMN Count
(grade) (median) Count (median) (median)
1 day 7 days 1 day 7 days lday 7days 1day 7days 1day 7 days
@m=5 @=5 @=5 @=5 @=5 @=5 @=5 @=5 @=5 @=5
Saline 0605 04+£05 12+04 1.0+1.2 0 0 1 0 0 0
DMSO 1.8+£08* 1.0+£1.0 20+£0.7 18+0.8 3* 1* 1 1* 0 0
PS+ . _ . _ .
. 3.0£0¢ 1.4£0.5 26+05 22+04¢ 20¢ 0 0 0 3+ 0
Saline
PS+ 1.6£0.5 04+£05 14+05 12+04 3 0 0 0 0 0
DMSO . : . . . . . .

*p < 0.05 - saline group X DMSO group at day 1 or 7 (Mann-Whitney U test), * p < 0.05 - PS+saline group X PS+DMSO group at day

1 or 7 (Mann-Whitney U test), DMSO = dimethyl sulfoxide.

junctions, with reduced expression of uroplakins and
Z0O-1, in an animal model (10). These findings were
also described in biopsies and cell culture obtained
from patients with IC (11).

Due to these actions, intravesical instillation
of PS could provide an effective and reliable model
of urothelial damage. We therefore chose it to study
the consequences of the increase of permeability on
the urothelium, focusing on bladder inflammation and
on urinary GAG behavior.

The histological sections demonstrated a
clear difference between PS and control groups. The
inflammation was focal in the sections, in accordance
with other animal studies and with findings in biopsies
from IC patients (10,12). Features associated with IC
such as edema and congestion were detectable and
significant within the PS groups. There was an ap-
parent temporal evolution of the inflammation, from
PMN infiltrate in the first four days to a LMN infiltrate
after the 6" day, which lasted until the 14" day. These
results demonstrate that even after the removal of PS
from the bladder by washing it with saline, there is a
persistence of local inflammatory process, possibly
due to the increase of permeability and leakage of
urinary components.

DMSO, a U.S. Federal Drug and Food Ad-
ministration-approved intravesical therapy for IC, has
been used to provide symptomatic relief of chronic
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pain in these patients. DMSO has anti-inflamma-
tory and reactive oxygen scavenger actions, crosses
membranes easily, impairs the nerve conduction of
C-fibers, prevents depolymerization of HA, inhibits
angiogenesis of endothelial cells and has local anes-
thetic properties (2,13,14). However, its mechanism
of action and effects on bladder tissue function are
not completely understood.

As we found two major peaks of inflam-
mation, we examined the effect of DMSO on these
inflammatory changes and also on healthy blad-
ders. DMSO significantly reduced the inflammatory
process at both 1% and 7" days after the urothelial
injury, which proves its anti-inflammatory action
in the bladder. Conversely, this drug provoked mild
inflammation in normal mucosa. This finding might
support the initial complaint from some patients of
exacerbated urethral burning and pelvic pain after
DMSO instillation (2).

The GAG layer on the epithelial bladder sur-
face, with its hydrophilic characteristics , is thought
to shield the urothelium from microcrystals, proteins,
pathogens and noxious substances (15). GAG are
composed by repeating disaccharide units, consisting
of alternating hexosamine and uronic acid. Hyaluronic
acid (HA) is a nonsulfated GAG, most abundantly
found in loose connective tissue. In the bladder, HA
is more abundant in the underlying connective tissue
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Figure 2 — Light microscopy of dimethyl sulfoxide (DMSO) groups. A) PS + saline (1 day) - exulceration of the urothelium with intense

\ -

neutrophilic infiltrate. Note the complete loss of the urothelial architecture. B) PS + DMSO (1 day) - scarce neutrophils in the lamina
propria (arrows). Note the intact urothelium. C) PS + saline (7 days) - exuberant aglomeration of lymphocytes in the lamina propria
with some edema in the underlying layers. D) PS + DMSO (7 days), rare lymphocytes in the lamina propria (arrows). Note the intact

urothelium. (HE, X400)

of the mucosa and between the smooth muscle lay-
ers (16). Sulfated GAG (S-GAG) occur covalently
linked to protein cores, forming proteoglycans. The
cell surface proteoglycans are composed by proteins
and a dense layer of intercalated GAG, forming the
so-called GAG layer.

Based on the theory proposed by Parsons et
al. of an urothelial deficiency of GAG as an etiologi-
cal factor for IC (4), urinary concentration of these
compounds have been measured in order to establish
a disease marker. Despite the hypothesis of a deficient
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GAG layer on the cell surface, the amount of GAG in
the urine does not necessarily reflect this condition.
Different studies have described either decreased or
elevated total GAG and HA levels in patients with
IC (17). Recently, increased urinary S-GAG and
HA levels were associated with severe IC, based on
a symptom questionnaire (18,19).

We assessed urinary GAG to verify their
excretion in this model of urothelial injury. Urinary
HA and S-GAG had a similar pattern of excretion,
since two urinary peaks were detected, at the 1% and
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Figure 3 — Urinary GAG measurement. Time course of effects of intravesical PS or saline instillation on urinary HA (4) and urinary
S-GAG (B). The concentrations were normalized by urinary creatinine. Values are means + SD. * P < (.05, points on the PS time course
vs. those on the control time course. § P < 0.05, comparison between PS groups (HA: day 1 vs. day 0; day 7 vs. day 0) (S-GAG: day 7

vs. days 0, 2, 4 and 14).

at 7" day. These increased levels were concomitant
with more pronounced PMN infiltrate and edema, and
LMN infiltrate and vascular congestion, respectively.
These data might suggest that increased urinary levels
may be associated with bladder inflammation.
Urinary HA levels seemed to be associated
with the occurrence of PMN infiltrate. DMSO treat-
ment only influenced the urinary HA excretion at the
1%t day, concomitantly with reduced PMN infiltrate.

Table 2 — Urinary GAG levels in DMSO groups.

Additionally, higher levels of this compound were as-
sociated with this type of inflammatory infiltrate when
DMSO was instilled in healthy bladders. DMSO treat-
ment did not influence urinary S-GAG excretion.
HA also has an influence on inflammation
process, such as migration, differentiation, cellular
proliferation, angiogenesis and induction of proin-
flammatory cytokines and chemokines. During in-
flammation or after injury, HA may either be degraded

Group HA/Cr (ng/mg) S-GAG (pg/mg)
1 day 7 days 1 day 7 days
(n=75) n=5) (n=5) (n=5)
Saline 1.6+0.3 1.5+04 2.0+04 1.3+0.3
DMSO 4.5+2.2% 6.0 £2.0* 1.9+0.7 2.6 +0.8*
PS + Saline 7.6 £ 3.0¢ 8.6+23 43+12 3.8+0.9
PS + DMSO 34+0.7 54+0.7 33+1.3 3.8+19

*p < 0.05 - saline group X DMSO group at day 1 or 7 (Mann-Whitney U test); * p < 0.05 - PS+saline group X PS+DMSO group at

day 1 or 7 (Mann-Whitney U test); DMSO = dimethyl sulfoxide.
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into smaller weight molecules, by hyaluronidases, or
have its synthesis enhanced, by hyaluronan synthases.
Degradation could also occur mediated by free radi-
cals (20). As DMSO has an anti-inflammatory effect,
depolymerization of HA and is know to be a scavenger
of the intracellular hydroxyl radical, the concomitant
reduced inflammation and urinary HA levels in the
DMSO-treated group might represent an impairment
of either degradation or synthesis of this compound.

Sulfated GAG also play role in inflammation
and wound healing process. After injury they become
soluble as they are released from their protein core.
Likewise, their synthesis is also enhanced during
inflammation. Both synthesized and released S-GAG
participate in different phases of the inflammation and
tissue repair (20). The treatment with DMSO did not
significantly alter the urinary S-GAG excretion in this
experimental model. At the first day after the injury, the
higher urinary S-GAG concentration may have corre-
sponded to a desquamation of the superficial urothelial
layers that occurred due to the instillation of PS after
the treatment with DMSO. The second peak of urinary
excretion might represent the urothelial recovery pro-
cess, in which these compounds may play a part.

Although this is an acute model of urothelial
injury and so, not necessarily representative of the IC
patient, it supplies valuable information concerning
urinary GAG excretion and its relationship with bladder
inflammation, validated by the changes occurred after
DMSO treatment. In an acute phase there is an increased
GAG excretion, which may be observed in phases of
worsening symptoms. However, in a chronic phase,
GAG production and excretion may reach equilibrium
and urinary levels might not reflect any changes.

CONCLUSIONS

Intravesical instillation of PS promoted focal
inflammatory changes, with two distinct types of in-
filtrate, PMN initially and LMN afterwards. Elevated
levels of urinary GAG were associated with bladder
inflammation. Two peaks of urinary excretion were
concomitant with PMN and LMN infiltrate. The
treatment with DMSO reduced these inflammatory
changes. This local anti-inflammatory action may be
a mechanism by which it exerts a beneficial effect
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on IC. On the other hand, it caused inflammation in
normal mucosa, which could explain the initial flare-
up of symptoms that some patients relate. Urinary HA
levels seemed to be associated with the occurrence
of PMN infiltrate, since lower urinary HA levels and
reduced PMN infiltrate were concomitant findings
after DMSO instillation. DMSO treatment did not
influence urinary S-GAG excretion.
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of markedly reducing the inflammatory response in
animals subjected to the urothelial damage protocol.
Interestingly, DMSO induces a mild inflammatory
response in normal bladder, which may, in part, ex-
plain its action in interstitial cystitis in both helping
and eventually harming patients.
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