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The effects of alpha-lipoic acid (ALA) on the urinary bladder injury in
rats exposed to chronic stress: A histochemical study
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ABSTRACT

Objective: In the present study, we aimed to investigate the morphological and biochemical effects of alpha-lipoic acid (ALA) on
bladder injury caused by water avoidance stress (WAS) and to show its effect on the number of degranulated mast cells, which

increase after stress.

Materials and Methods: Wistar albino rats were subjected to WAS and the animals in the treatment group were injected ALA. After
the urinary bladder tissues were subjected to routine tissue processing, hematoxylin-eosin staining and periodic acid-Schiff reaction
were applied to observe general morphology and acidic toluidine blue method to investigate mast cells. Biochemical assessments
of malondialdehyde (MDA) and glutathione (GSH) were also obtained. Transmission electron microscope was used for the
ultrastructural, and scanning electron microscope for the topographical analyses.

Results: The experiments showed that chronic stress caused injury in the bladder, increased degranulated and total number of mast
cells and decreased GSH and increased MDA levels. ALA treatment after WAS ameliorated bladder injury in most areas, decreased
degranulated and total mast cell number and increased GSH and decreased MDA levels.

Conclusion: It was concluded that ALA can be a useful agent in the treatment of interstitial cystitis.
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1. INTRODUCTION

Interstitial cystitis (IC) is a symptom syndrome complex
characterized by persistent pain and urinary frequency and/
or urgency [1, 2]. Bacterial and viral infections, hormonal and
neuropsychologic disorders, allergy and immune disorders
related to collagen diseases may cause IC, however, exact reasons
are not well understood [3, 4].

Physical and psychological stress affect negatively urinary
bladder epithelium [5]. One of the mechanisms related to stress
is mast cell activation, which is a characteristic of IC [6]. Studies
have reported that mast cells were significantly increased and
associated with bladder pain and inflammation in patients
with IC and in animal models [7]. Stress causes release of
corticotropin-releasing hormone, which is a potent activator
of mast cell degranulation. The inflammation effect of stress
shows itself in the urinary bladder as damage. Being exposed to
various stress conditions causes urothelial damage and increase

in the number of mast cells [8, 9]. Mast cells in the urinary
bladder and intestines are localized very close to the neurons
including neuropeptides and neurotransmitters. In the presence
of urothelial damage and factors causing bladder inflammation,
nerves release various neuropeptides when stimulated. These
neuropeptides cause inflammation. In the pathophysiology of
IC, mechanisms such as release of neuropeptides from mast cells
play a role [10, 11].

Mast cells are located in the connective tissue in humans and
rats [12]. The etiology of IC is not well understood; however,
mast cells were reported to play a role in inflammation and pain.
Mast cells act as modulators of nociceptive neurons via release
of histamine, serotonin, interleukin-1p (IL-1B), tumor necrosis
factor-a (TNF-a), and IL-6 [13].

Electron microscopic studies showed that mast cell activation
was present and they were localized around neuronal
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projections in IC [11]. The characteristic of mast cells is that
they contain dense granules in their cytoplasm. Granules
show metachromasia when stained with toluidine blue. Mast
cells are primarily localized around the blood vessels, nerves,
gland ducts, and epithelial serous and synovial membranes
surrounded by loose connective tissue. Mucosal mast cells are
found in the urinary bladder and gastrointestinal system, and
connective tissue mast cells in the lung and skin [14]. Being
exposed to various stress conditions causes urothelial damage,
leading to increase in the number of mast cells. Increased mast
cell activation causes release of inflammatory mediators such
as histamine, proteases, prostaglandins, leukotrienes, and
cytokines. Mast cells play a role in inflammatory diseases and
allergic reactions [15].

Alpha-lipoic acid (ALA) or thioctic acid is a natural
organic sulphur compound and a ketoacid dehydrogenase
mitochondrial complex that can be produced by plants,
animals and humans [16]. ALA and its metabolites function
as antioxidants [10, 17]. It was reported that ALA was
used as a therapeutic agent in diseases such as diabetic
neuropathy and stroke [18]. It was also reported that it played
a neuroprotective role in Parkinson’s disease [19]. ALA and
dihydrolipoic acid (DHLA) was shown to prevent oxidative
stress by repressing reactive oxygen species [20]. ALA and
DHLA play a role in regeneration of endogen and exogen
antioxidants such as vitamin C and E, and glutathione (GSH),
chelation of metal ions, and in repair of oxidized proteins [21,
22].

In the present study, we aimed to investigate the effects of ALA
on bladder damage caused by chronic water avoidance stress
(WAS), morphologically and biochemically, and to show the
effect of WAS on mast cell number and morphology.

2. MATERIALS and METHODS

Female Wistar albino rats (250-300 g) were used in the present
study. Animals were obtained from Marmara University, The
Experimental Animal Implementation and Research Center.
All experiments were approved by the Marmara University
Local Ethical Committee for Experimental Animals (approval
number 03.2009.mar). The animals were housed with free
access to water and food in a 12-h light/dark cycle and humidity
controlled room (21£2°C and 65-70% humidity). For WAS, a
platform having a size of 8x8 cm was placed in a water container
with a diameter of 90 cm and a depth of 50 cm. The platform
was placed 1 cm above the water and the animals were placed
on that platform.

Experimental groups were as follows:

1. Control group (n=10): Tissues were obtained from this
group of animals without any procedure.

ALA group (n=10): This group of animals were given 25 mg/
kg ALA (i.p.) for 5 days, once a day, on the same hours with the
other groups.

2. WAS group (n=10): This group of animals were exposed to
WAS for 5 days on the same hours with the other groups for the
same duration (2 h).

3. WAS+ALA group (n=10): This group of animals were
exposed to WAS and immediately, 25 mg/kg ALA (i.p.) was
injected once a day.

4. Animals were decapitated after 5 days and bladder tissues
were obtained and fixed in 10% formaldehyde for 24 h for
light microscopic observation. For malondialdehyde (MDA)
and GSH measurements, tissues were kept at — 20°C until
biochemical evaluations were performed.

Light Microscopy

After fixation, tissues were dehydrated in increasing series of
ethanol and cleared in toluene. The tissues were incubated in
60°C incubator in liquid paraffin and then embedded. Five-
micron-thick sections were obtained on a rotary microtome.
Sections were stained with hematoxylin and eosin for
demonstrating bladder morphology and with periodic acid
Schiff (PAS) reaction for observing glycosaminoglycan (GAG)
layer.

Serial sections were obtained and stained with toluidine blue
to examine mast cell morphology and number. Granulated and
degranulated mast cells were counted separately in randomly
selected 10 areas under x40 objective of an Olympus BX51
photomicroscope (Olympus, Tokyo, Japan) with the aid of a
metric ocular.

Transmission Electron Microscopy

Bladdder tissues were fixed in 2.5% glutaraldehyde and then
postfixed in 1% osmium tetroxide for 1 h. After dehydrating
in increasing series of ethanol, tissues were cleared in
propylene oxide and incubated in propylene oxide/epon (1:1)
mixture overnight. On the next day, tissues were incubated
in pure epon, embedded in epon, and then polymerized in
60°C incubator overnight. Semi-thin sections were obtained
by an ultramicrotome (Leica Ultracut R) and stained with
toluidine blue for proper orientation. Thin sections were
obtained on grids coated with Coat-Quick ‘G’ pen. Sections
were contrasted with uranyl acetate and lead citrate, and
examined and photographed under an SIS Morada CCD
camera (Olympus, Tokyo, Japan) attached JEOL-JEM-
1200EX II transmission electron microscope (JEOL, Tokyo,
Japan).

Scanning Electron Microscopy

Bladdder tissues were fixed in 2.5% glutaraldehyde, postfixed in
1% osmium tetroxide for 1 h, dehydrated in increasing series
of ethanol, incubated in amyl acetate, and then dried in critical
point dryer (BIO-RAD E3000). Tissues were coated with gold
in a gold coating instrument (BIO-RAD-SC502) and examined
and photographed under a JEOL JSM-5200 scanning electron
microscope (JEOL, Tokyo, Japan).
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Biochemical Evaluations

Malondialdehyde (MDA) Measurement

Amount of MDA, an indicator of lipid peroxidation, was
determined by Beuge method [23]. After decapitation,
bladder tissues were washed in saline, dried and weighed.
10% bladder homogenate was prepared on ice in Ika Werk
homogenizator with 150 mM KCl solution. Thiobarbituric
acid (1 ml, 0.375%) was added onto the homogenate, left
in boiled water bath, and the tubes were cooled at room
temperature. After centrifugating (Hettich Universal) at
3000 cycles/min, top phase were taken and absorbance of the
resulting color was determined in a spectrophotometer at 532
nm.

Glutathione (GSH) Measurement

Glutathione measurement was done according to Ellman
method [24]. 10% homogenates, which were prepared for MDA
measurement, were used in GSH measurement. 0.4 ml 10%
homogenate was mixed with 0.2 ml 20% thiobarbituric acid
homogenate, and centrifuged (Hettich Universal) at 3000 cycles/
min. GSH was examined at top phase, and the precipitate was
thrown away. 1 ml 0.3 M Na HPO,+0.05 ml Ellman solution was
added and mixed, and incubated for 5 min. Absorbance of the
resulting color was determined in a spectrophotometer at 412
nm.

Statistical Analysis

Data were interpreted as mean+S.E.M. and evaluated with One-
Way ANOVA and Tukey-Kramer multiple comparison tests.
Significance level was determined as p<0.05.

3. RESULTS

General Morphology

Mucosa was in normal appearance in control (Figure la) and
ALA (Figure 1b) groups, and epithelium was intact. There was
severe epithelial damage and it was observed that epithelial
cells shed into the lumen in WAS group (Figure 1c). Although
epithelial damage was evident in some areas in WAS+ALA
group, the epithelium was generally intact (Figure 1d).

GAG layer was intact in control (Figure le) and ALA (Figure
1f) groups. Disorganized GAG layer and epithelial damage was
observed in WAS group and leukocytes which migrated to this
region were seen (Figure 1g). Although there was disorganization
in GAG layer in some regions, this layer was generally intact in
WAS+ALA group (Figure 1h).

Control

WAS+ALA

Figure 1. Normal appearance of epithelium (arrows) in control (a)
and ALA (b) groups. (c) Shed epithelium (arrow) and residual cells
(arrowhead) in the lumen in WAS group. (d) Normal appearance of
epithelium in WAS+ALA group (arrows). Normal appearing GAG
layer (arrows) in control (e) and ALA (f) groups. (g) Shed epithelium
in the lumen and damaged GAG layer (arrow), and inflammatory cell
infiltration (arrowhead) in WAS group. (h) Normal appearance of GAG
layer (arrows) in WAS+ALA group. (i) Granulated mast cell (arrow)
around a blood vessel in control group. (j) Granulated mast cells (arrows)
in the mucosal layer in ALA group. (k) Regranulated mast cell (arrow)
around a blood vessel in the mucosal layer in WAS group. (1) Granulated
mast cell (arrow) around a blood vessel in WAS+ALA group. (a-d)
Hematoxylin and eosin (H& E) staining. (e-h) Periodic acid-Schiff (PAS)
reaction. (i-1) Toluidine blue staining. Original magnification: x400.

Mast cell Morphology

Although, some granulated mast cells were observed in mucosal
regions of bladder sections in control and ALA groups, mast
cells were generally granulated in these groups (Figure 1i, 1j).
Besides granulated and degranulated mast cells in mucosa and
near the smooth muscle in WAS group, regranulated mast cells
were also observed (Figure 1k). Granulated mast cells and a few
degranulated mast cells were seen in WAS+ALA group (Figure
11).

Mast cells were generally granulated in semi-thin sections in
mucosal regions of control (Figure 2a) and ALA (Figure 2b)
groups. Granulated and degranulated mast cells were seen both
in mucosa and near the smooth muscle in WAS group (Figure
2¢). Mast cells were generally located near the blood vessels.
Many mast cells were observed to migrate to the epithelium and
degranulated in this region in WAS group. Besides granulated
mast cells in mucosal region, a few degranulated cells were also
observed in WAS+ALA group (Figure 2d).
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Semi-thin

WAS+ALA

Figure 2. (a) Normal epithelial layer (arrows) and granulated mast cells
(arrowhead) in the epithelium in control group. Inset: Granulated mast cell
(arrow). (b) Normal epithelial layer (arrow) and granulated mast cell (arrow)
in ALA group. Inset: Granulated mast cell (arrow). (c) Epithelial cell remnants
(asterisk) in the lumen and released mast cell granules (arrowhead) in WAS
group. Inset: Released mast cell granules (arrowhead) from a degranulated
mast cell (arrow) in the mucosa. (d) Granulated mast cells (arrows) in the
mucosa in WAS+ALA group. Inset: Granulated mast cell (arrow). (e) Normal
urothelium (arrows) in control group. Inset: Normal urothelium (arrow) and
normal appearing tight junction (arrowhead). (f) Normal urothelium (arrow)
and granulated mast cell (m) in the epithelium in ALA group. Inset: Normal
appearing tight junction (arrow). (g) Epithelial cells shed into the lumen
(arrows) in WAS group. (h) Normal urothelium (arrows) in WAS+ALA
group. Inset: Normal appearing tight junction (arrow). Normal appearing
urothelium in control (i) and ALA (j) groups. (k) Epithelial cells were shed
into the lumen (asterisk) in WAS group. (1) Normal appearing urothelium in
WAS+ALA group. (a-d) Toluidine blue stained semi-thin sections. Original
magnification: x400, insets: x1000. (e-h) TEM imaging. Bars: 10 ym, insets: 2
um. (i-1) SEM micrographs. Bars: 10 ym.

Transmission Electron Microscopy

In semi-thin sections of control (Figure 2e) and ALA (Figure 2f)
groups, epithelium was normal and intact. Tight junctions were also
intact and fusiform vesicles were normal in appearance in both goups.
A few mast cells were present near the blood vessels. Severe epithelial
degeneration was seen in WAS group (Figure 2g). Epithelial cells
shed into lumen, intercellular junctions were opened, and there were
vacuoles in the cells. The number of fusiform vesicles was decreased.
Besides epithelial damage in some regions, intercellular openings,
and degranulated mast cells in the epithelium, there was generally
an amelioration of these findings in WAS+ALA group (Figure 2h).
Tight junctions were intact in this group.

Scanning Electron Microscopy

Urothelial surface was normal in control (Figure 2i) and ALA

(Figure 2j) groups. There was severe epithelial shedding in WAS
group (Figure 2k). Besides epithelial shedding in some regions,
most regions appeared normal in WAS+ALA group (Figure 21)
compared to WAS group.

Mast Cell Number

The number of granulated and degranulated mast cells in the
mucosal layer of control and ALA groups was similar (Figure 3a).
The number of granulated (p<0.05) and degranulated (p<0.01)
mast cells was increased compared to control group. The number
of granulated and degranulated mast cells was decreased in
WAS+ALA group compared to WAS group (p<0.001).
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Figure 3. Statistical analysis. (a) Mast cell number. *p<0.05, **p<0.01;
compared to control group. +++p<0.001; compared to WAS group. (b)
MDA analysis. *p<0.01; compared to control groups. +p<0.05; compared
to WAS group. (c) GSH analysis. ***p<0.001; compared to control groups.
+++p<0.001, compared to WAS group.
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MDA Measurement

In the present study, WAS caused lipid peroxidation in the
bladder tissue and MDA levels, which is an indicator of lipid
peroxidation, was increased compared to the control groups
(Figure 3b, p<0.01). MDA levels in WAS+ALA group was
decreased compared to the WAS group (p<0.05).

GSH Measurement

Glutathione was decreased in WAS group compared to control
groups (Figure 3c, p<0.001). GSH level was increased in
WAS+ALA group compared to WAS group (p<0.001). Values of
control and ALA groups were similar.

4. DISCUSSION

In the present study, ALA, a potent antioxidant, was used in rats
exposed to WAS, and was observed to have ameliorating effects
on bladder tissue. WAS is a model of physical and psychological
stress and accepted as moderate stress [25-27].

WAS is a life stress causing psychological effects. It was reported
that WAS applied for 10 days caused increased anxiety and pain
in rats [28]. Studies have shown that repeated psychological
stress in rodents induced bladder dysfunction [29]. In the
studies using WAS model, bladder epithelium was observed
to be injured and epithelial morphology was changed [26, 30].
It was also observed that WAS induced bladder overactivity
in mice [31]. WAS mimics features of urinary frequency and
bladder hyperalgesia seen in patients with IC [32]. In the present
study, WAS was applied for 5 days in the rats. As a result, in line
with the previous studies, bladder epithelium was injured. This
injury demonstrated itself as opening of intercellular junctions,
shedding of epithelial cells into the lumen, and decrease in the
number of fusiform vesicles.

Injury in the GAG layer causes activation of the submucosal
sensory neurons and pain [10]. Proinflammatory mediators
are released due to triggering of substance P release. As a result,
damage in the surface urothelial cells occur and epithelial cells
are shed into the lumen. In the present study, GAG layer damage
was demonstrated by PAS reaction, and in light and electron
microscopic examinations, opening of intercellular junctions
and epithelial cells in the lumen was observed in WAS group.

Clinicalandlaboratorystudies proved that mastcells playa central
role in the pathophysiology of IC [33]. Mast cell increase and
activation, and prevention of this increase by medical treatment
and deactivation of proinflammatory mediators was observed
in patients with IC. Mast cells in smooth muscle and mucosal
layers of urinary bladder in these patients were increased [34].
Mast cells are activated by a series of mechanisms in the bladder
wall. Epithelial permeability increase due to potassium ion flow
may cause mast cell activation. It was reported that there was
an anatomical and functional relation between mast cells and
neurons. Scanning electron microscopic studies showed that
mast cells were located in the neighborhood of endothelial cells
and neuronal projections [35, 36]. In human studies and animal
models, a series of free neuropeptides and neurotransmitters

were shown activating submucosal nerves and mast cells in the
epithelium. Neuroinflammatory and neuroendocrine alterations
in the bladder of patients with IC contribute to pain symptoms
and frequent urination in these patients [33]. The inflammatory
progression of IC was found to be related to the expression levels
of inflammatory cytokines such as IL-6, IL-17, and IL-1B, and
also related to mast cell activation [6, 37, 38]. In the present
study, only mucosal mast cells were counted and mast cells in the
smooth muscle layer were not included. Degranulated mast cells
were increased in number in WAS group. Degranulated cells
were observed in smooth muscle layer, although quantitative
analysis was not performed. Antioxidant ALA treatment was
observed to repress degranulation.

Alpha-lipoic acid might be useful clinically in the treatment
of IC [39]. Urothelial expression of fractalkine and its receptor
was reported to be increased in chronic cystitis model in mouse
[40]. Fractalkine is a protein belonging to cytokine family
[41]. Fractalkine receptors were increased in cytitis caused by
cyclophosphamide in rat [40]. Because the cystitis caused by
cyclophosphamide exposure corresponds to IC in humans,
reducing fractalkine in the treatment of this clinical situation
by ALA treatment was accepted as a potential target [40, 42].
Two hypotheses were suggested in the mechanism of effect of
ALA. The first one is that ALA is a potential agent reducing
fractalkine mRNA and its protein expression [43]. ALA also
decreases fractalkine mediated inflammatory processes. The
second hypothesis is that ALA has the capacity to inhibit TNF-a
induced fractalkine expression.

In chronic cystitis models in rat, a prominent decrease in the
antioxidant defense parameters was observed. Harmful effects
of oxidative stress were reversed by powerful antioxidant effects
of ALA in inflamed bladder [42]. It was also reported that ALA
might prevent contractile function disorder in bladder tissue in
vitro [44]. It was suggested that ALA might be used as a new
strategy in treatment of IC [42]. In the present study, it was
observed that bladder injury findings due to oxidative stress
decreased by ALA treatment; therefore, similar to the above
studies, we suggest it should be supported by clinical studies so
that ALA can be used as a therapeutic agent.

Previous studies have shown that increased free oxygen radicals
and lipid peroxidation played a role in the pathogenesis of many
diseases [45]. In chronic WAS studies, increased MDA levels
and decreased GSH levels were observed [46]. Similarly, we
demonstrated significantly increased MDA levels in the bladder
tissue of stress model in rat, which is a sign of lipid peroxidation;
and in parallel with this finding, we observed significantly
decreased GSH levels. ALA treatment decreased MDA levels and
increased GSH levels. These findings indicate that ALA decreases
oxidative stress in the bladder in IC model [47]. ALA was shown
previously to be an antioxidant in the bladder tissue [48].

5. CONCLUSION

In conclusion, in the present study, it was shown that bladder
mucosa injury and mast cell degranulation, related to oxidative
stress, in WAS model in rat were reversed by ALA tratment.
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We suggest that these findings should be supported by clinical
studies and ALA should be tried as a therapeutic agent in the
treatment of IC.
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