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Abstract

Impairment of dopamine function, which is known to have major effects on behaviors and cognition, Kwang Taek Kims, M.D.,

. . . . . . . . Associate professor.

is one of the main problems associated with cerebral ischemia. Tadalafil, a long-acting

phosphodiesterase type-5 inhibitor, is known to ameliorate neurologic impairment induced by brain Corresponding author : Khae
injury, but not in dopaminergic regions. We investigated the neuroprotective effects of treatment with ::;"’Orll':t':p ':’O'}E;SZ:"D"
tadalafil on cyclic guanosine monophosphate level and dopamine function following cerebral Department of Urc,,o’gy,

ischemia. Forty adult Mongolian gerbils were randomly and evenly divided into five groups (n =8 in Gachon University Gil
each group): Sham-operation group, cerebral ischemia-induced and 0, 0.1, 1, and 10 mg/kg mﬂ':ilseﬁgg gisvh;-ndong,
tadalafil-treated groups, respectively. Tadalafil dissolved in distilled water was administered orally Namdong-Gu, Incheon

for 7 consecutive days, starting 1 day after surgery. Cyclic guanosine monophosphate assay and i:ﬁ;igéggpi:‘h‘gfpg;r:;&
immunohistochemistry were performed for thyrosine hydroxylase expression and western blot

analysis for dopamine D, receptor expression. A decrease in cyclic guanosine monophosphate level Received: 2012-12-10
following cerebral ischemia was found with an increase in thyrosine hydroxylase activity and a ?,\figgf:l:;gslg(ﬁ/lljo
decrease in dopamine D; receptor expression in the striatum and substantia nigra region. However,

treatment with tadalafil increased cyclic guanosine monophosphate expression, suppressed

thyrosine hydroxylase expression and increased dopamine D, receptor expression in the striatum

and substantia nigra region in a dose-dependent manner. Tadalafil might ameliorate cerebral

ischemia-induced dopaminergic neuron injury. Therefore, tadalafil has the potential as a new

neuroprotective treatment strategy for cerebral ischemic injury.
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Research Highlights

(1) A phosphodiesterase type-5 inhibitor tadalafil significantly increased cyclic guanosine
monophosphate level, suppressed thyrosine hydroxylase expression and increased dopamine D,
receptor expression in the striatum and substantia nigra region in a dose-dependent manner.

(2) Tadalafil has the potential as a new neuroprotective treatment strategy for cerebral ischemic
injury.
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INTRODUCTION

Ischemic brain damage shows many manifestations,
from neonatal asphyxia to adult stroke. Cerebral
ischemia due to neonatal asphyxia is a common cause
of functional and neurological damage in the developing
brain of neonates. On the other hand, adult stroke is the
second most common cause of death in industrialized
countries and it has a deeply negative social and
economic impact on those who survived, 80% of which
is composed of ischemic injury after occlusion of a
major cerebral artery or its branches!™. Tissue damage
following cerebral ischemia is caused by complex
pathophysiological processes, such as membrane
depolarization, inflammation, glutamate excitotoxicity,
and overexpression of dopamine. Ischemic episodes
induced injury to multiple brain regions, including
substantia nigra, basal ganglia, striatum, and
hippocampus results in cognitive impairments and
neurological damage’™. Dopamine, a major
catecholamine in the central nervous system,
contributes to control of motor activity, behavior, and
cognition, and its dysfunctions are involved in a variety
of neurological disorders, such as Parkinson’s
disease'®. The main determinant of dopamine pathway
is the dopamine receptors. Dopamine receptors are
divided into two classes, D;-like (D, D,) and D,-like (D,,
D3, D,) dopamine receptors. It has been shown that
dopamine D,-like receptor is closely related to various
neurodegenerative disorders such as Alzheimer’s
disease, Parkinson’s disease and stroke!"®.. The nigro-
striatal pathway, one of the major dopamine pathways,
is associated with the expression of tyrosine
hydroxylase-positive cells and it is closely influenced
after focal ischemia!®. Thyrosin hydroxylase is the
rate-limiting enzyme in the synthesis of catecholamine
neurotransmitters, such as dopamine, epinephrine, and
norepinephrine. More specifically, it converts L-tyrosine
to L-dihydroxyphenylalanine, which is the rate-limiting
step in the synthesis of dopamine™®. Therefore,
thyrosin hydroxylase activity shows a progressive
change following the alteration of dopaminergic
neurons in the substantia nigra of patients™.
Immunohistochemistry for detection of thyrosin
hydroxylase activity has been used as an important
method for detection of injury or death of dopaminergic
fibers and cell bodies?. Tadalafil, a long-acting
phosphodiesterase type-5 inhibitor, is a highly specific
key modulator of intracellular cyclic guanosine
monophosphate signaling pathways****. Cyclic
guanosine monophosphate also plays critical roles in
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modulation of brain functions, including neurogenesis,
synaptic plasticity, and physiological modulation of
neurotransmitters™ . Cyclic guanosine
monophosphate is down-regulated in both striatum and
nucleus accumbens by dopamine loss after brain
injury™®, otherwise, elevated production of cyclic
guanosine monophosphate inhibits apoptosis and
repairs damage by stimulating neurotransmitters™*®,
Phosphodiesterase type-5 inhibitors have also been
reported to regulate neurotransmitters, such as
dopamine and 5-hydroxytryptamine, after hippocampal
neurodegeneration by multiple mechanisms*2.

Although the functional role of tadalafil has been
dramatically revealed in various brain diseases, there
have been no reports on its efficacy in alleviation of the
effects related to dopamine and dopaminergic receptor
after cerebral ischemic injury. Therefore, in the current
study, we investigated the neuroprotective effects of
tadalafil on dopaminergic alteration in the striatum and
substantia nigra following cerebral ischemic injury.

RESULTS

Quantitative analysis of experimental animals

Forty adult male Mongolian gerbils were randomly
divided into five groups (n = 8 in each group): sham-
operation, cerebral ischemia-induced, 0.1, 1, 10 mg/kg
tadalafil-treated groups, and gerbils in the latter three
groups were orally administered tadalafil dissolved in
distilled water following cerebral ischemia. All 40 gerbils
were included in the final analysis. The study timeline is
presented in Figure 1.

Day0 Dayl Day2 Day3 Day4 DayS Day6 Day7  Day8

Tadalafil and/or distilled water administrated

Cerebral ischemic
injury induction or
sham operation

Sacrifice & tissue
preparation

Figure 1  Study timeline for cerebral ischemia induction,
sham-operation, tadalafil treatment and tissue preparation.

Effect of tadalafil on cyclic guanosine
monophosphate level in the striatum and substantia
nigra

Cyclic guanosine monophosphate level in the striatum
and substantia nigra of gerbils was detected in each
group (Table 1, Figure 2).
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Table 1 Effects of consecutive tadalafil treatment on cyclic guanosine monophosphate (cGMP) level, thyrosine hydroxylase
(TH) activity and dopamine D, receptor expression in the stratum and substantia nigra following cerebral ischemia
cGMP (pmol/mL) TH expression (/mm?) Dopamine D, receptor (relative absorbance value)
Striatum
Sham-operation 2.74+0.09 127.00+£2.08 1.00
Cerebral ischemia- 0.28+0.07% 145.96+1.64% 0.42+0.04%
induced
Tadalafil-treated
0.1 mg/kg 0.54+0.08% 140.94+2.14% 0.58+0.02%
1 mg/kg 1.02+0.09%° 135.76+2.38" 0.77+0.01°
10 mgl/kg 1.51+0.10° 133.12+2.35" 0.85+0.02°
Substantia nigra
Sham-operation 2.33+0.67 348.94+42.17 1.00
Cerebral ischemia- 0.81+0.02% 689.54+54.03% 0.59+0.01%
induced
Tadalafil-treated
0.1 mg/kg 1.06+0.02%° 598.74+59.85" 0.54+0.04°
1 mg/kg 1.11+0.01% 566.55+45.69" 0.63+0.02%
10 mg/kg 1.51+0.09° 456.05+46.83" 0.89+0.01°
The results are presented as mean + SEM of eight gerbils per group. P < 0.05, vs. sham-operation group. °P < 0.05, vs. cerebral ischemia-
induced group. One-way analysis of variance followed by Duncan’s post-hoc test was used in performance of statistical analysis.

Cerebral ischemic injury led to a decrease in cyclic
A . guanosine monophosphate level in the striatum and
2 L substantia nigra, whereas treatment with tadalafil
Tgl significantly suppressed the decrease in cyclic
E 2f guanosine monophosphate level in a dose-dependent
% b manner (P < 0.05).
% ab
é T . . Effect of tadalafil on thyrosin hydroxylase
g a L expression in the striatum and substantia nigra
3 . .I_T_|. . . . The thyrosin hydroxylase expression in the striatum and
I Il v v substantia nigra was analyzed in each group (Table 1,
B o ar Figure 3). Cerebral ischemic injury led to an increase of
£ thyrosin hydroxylase expression in the striatum and
% T substantia nigra, whereas treatment with tadalafil
%’ 2 b significantly suppressed the increase in thyrosin
§ b hydroxylase expression in a dose-dependent manner
£ @b (P < 0.05).
S : [
é Effect of tadalafil on dopamine D, receptor
% . . . . . expression in the striatum and substantia nigra as
°© 0 i v v confirmed by western blot analysis
Mature dopamine D, receptor level was detected after
Figure 2 Effects of treatment with tadalal_‘il on cyc_lic the level of mature dopamine D, receptor (48-51 kDa)
?X;‘ggé'gﬁbrggﬁgh:iﬁga(‘; &%ﬁx\;’%glle(\:’;légrzﬁssctg:gj{; expression in the stria_tum and substantifa nigra of gerbils
. ) . from the sham-operation group was designated as 1.00
I: Sham-operation group; IlI: cerebral ischemia-induced .
group; llI-V: 0.1, 1, and 10 mg/kg tadalafil-treated groups, (Table 1, Figure 4).
respectively. One-way analysis of variance followed by
Duncan’s post-hoc test was used in performance of Cerebral ischemic injury led to a decrease in expression
statistical analysis, and the results are presented as . . ) ]
mean + SEM of eight gerbils per group. Each experiment of dopamine D, receptor in the striatum and substantia
was performed in triplicate. °P <0.05, vs. sham-operation nigra, whereas treatment with tadalafil significantly
group; °P < 0.05, vs. cerebral ischemia-induced group. suppressed the decrease in dopamine D, receptor in a
dose-dependent manner (P < 0.05).
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Absorbance of TH-immunoreactivity
in the striatum

Al A2 A3 Ad A5

(B) following cerebral ischemia.

Figure 3 Effects of treatment with tadalafil on thyroxine hydroxylase (TH) expression in the striatum (A) and substantia nigra

Upper: Photomicrographs of TH expression in the striatum and substantia nigra. WB: Whole brain. (A1, B1) Sham-operation
group; (A2, B2) cerebral ischemia-induced group; (A3-A5, B3-B5) 0.1, 1, and 10 mg/kg tadalafil-treated groups. The sections
were stained for TH immunoreactivity (brown). Scale bars: 200 pm. Lower: Quantification of TH expression in each group.
One-way analysis of variance followed by Duncan's post-hoc test was used in performance of statistical analysis, and the
results are presented as mean + SEM of eight gerbils per group. Each experiment was performed in triplicate. *P < 0.05,vs.
sham-operation group; P < 0.05, vs. cerebral ischemia-induced group.

Number of TH-positive cells
in the substatia nigra/mm?

B1 B2 B3 B4 B5

DISCUSSION

Dopamine appears to play an important role in mediation
of cerebral ischemic brain injury®*?%. Occurrence of
ischemic episodes, such as those encountered in cerebral
ischemia or anoxia, induces depletion of ATP level,
leading to neuronal loss through mechanisms involving
massive release of neurotransmitters, mainly dopamine
and glutamate in the striatum!®?¥. Accordingly, increased
extracellular dopamine concentration in cerebral ischemia
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was demonstrated using in vivo brain microdialysis®®>?. It
has also been demonstrated that ischemia-induced cell
damage is accelerated by dopamine®®” and extracellular
levels of dopamine in the brain are related to the severity
of cerebral ischemic injury®®. The loss of terminal
dopaminergic fibers in the striatum appears to be more
profoundly affected than the dopaminergic neuronal loss
in the pars compacta of substantia nigra®. In rodent
models, thyrosin hydroxylase activity showed a
progressive increase following the gain of dopaminergic
neurons in the striatum and substantia nigra after cerebral
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ischemia®®”. In this study, a significant increase in thyrosin

hydroxylase-positive cells was also observed in the
striatum and substantia nigra following induction of
cerebral ischemia in gerbils.
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Figure 4 Effects of treatment with tadalafil on dopamine
D, receptor expression in the striatum (A) and substantia
nigra (B) following cerebral ischemia.

I: Sham-operation group; Il: cerebral ischemia-induced
group; IlI-V: 0.1, 1, and 10 mg/kg tadalafil-treated group,
respectively.

One-way analysis of variance followed by Duncan's
post-hoc test was used in performance of statistical
analysis, and the results are presented as mean + SEM of
eight gerbils per group. The results are expressed as
relative absorbance value of dopamine D, receptor/beta-
actin normalized to sham-operation group. Each
experiment was performed in triplicate. P < 0.05, vs.
sham-operation group; °P < 0.05, vs. cerebral ischemia-
induced group.

Dopamine might enhance the striatal damage via
dopamine D, receptor on ischemic neuronal cell®”,
Dopamine D, receptor is a family of G protein-coupled
receptors; its activation inhibits synaptogenesis in

dopaminergic neurons through translational regulation of
protein synthesis required for synapse formation.

A decrease in expression of dopamine D, receptor was
reported in the dorsal striatum, substantia nigra, and
ventral tegmental area in an animal model of cerebral
ischemial®?. Dopamine D, receptor also appears to be a
key modulator of dopamine stimulation. The
enhancement of dopamine D, receptor function, induced
by increased expression of Gi-a protein, accounts for the
decrease in release of dopamine in the striatum of rats
with cerebral ischemia®®?. Several studies have reported
that dopamine D, receptor stimulation may protect
mesencephalic dopaminergic neurons from glutamate-
and oxidative stress-induced cytotoxicity™* and cultured
cortical neurons from glutamate-induced cytotoxicity®>.
Dopamine D, receptor agonists are known to protect
against ischemia-induced hippocampal
neurodegeneration in global cerebral ischemia3¢. On
the other hand, chronic oral administration of a specific
antagonist of dopamine D, receptor to rats and mice
triggers decrement of the size of the axonal arbor of
substantia nigra, pars compacta dopaminergic neurons
in the striatum®”. Results of our study also showed
significantly decreased expression of dopamine D,
receptor in the striatum and substantia nigra following
cerebral ischemia, indicating that cerebral ischemia
suppressed dopamine D, receptor expression in the
striatum and substantia nigra.

Tadalafil, phosphodiesterase type-5 inhibitor, has been
widely used in treatment of erectile dysfunction, and has
also been used therapeutically for men with erectile
dysfunction in various brain disorders®®. Furthermore, it
has been reported to be effective in treatment of an
increasing number of various diseases, such as chronic
obstructive pulmonary disease, hypertension, and
coronary heart disease®.. For example, sildenafil citrate,
a potent phosphodiesterase type-5 inhibitor, protected
against ischemia/reperfusion-induced cardiac injury in
adult rabbits™*”. Production of cyclic guanosine
monophosphate occurs in response to nitric oxide and
natriuretic peptides. Cyclic guanosine monophosphate is
a key regulator of cell proliferation, differentiation, and
apoptosis, and it plays an important role in many
pathophysiological processes, including synaptic
plasticity, angiogenesis, inflammation, and cardiac
hypertrophy™®. A possible neuroprotective effect is also
suggested. The neuroprotective effect of
phosphodiesterase type-5 inhibitors has been attributed
to a decrease of cerebral metabolic rate, the retardation
of the rate of high-energy phosphate depletion, and the
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promotion of post-ischemic metabolic recovery™*“?, In

addition, although it is still obscure, phosphodiesterase
type-5 inhibitors modulate neurotransmitters such as
glutamate, dopamine, and serotonin after cerebral
injury™. Tadalafil can cross the blood-brain barrier and
induce significant improvement of learning/memory
through modulation of the glutamate-nitric oxide-cyclic
guanosine monophosphate signal transduction pathway.
In these effects, signaling has been shown to play an
important role in modulation of ion channels, synaptic
transmission, and neurotransmitters'****!, Elevated cyclic
guanosine monophosphate modulates excessive
neurotransmitters, and promotes blood overflowing in the
brain. Nitric oxide enhances angiogenesis via synthesis
of vascular endothelial growth factor and cyclic
guanosine monophosphate after stroke in the rat.
Sildenafil and an analog of cyclic guanosine
monophosphate also induced formation of capillary-like
tubes and these findings suggest that exogenous nitric
oxide enhances angiogenesis in ischemic brain, which is
mediated by the nitric oxide-cyclic guanosine
monophosphate pathway™. In this study, using enzyme
immunoassay, we evaluated the effect of tadalafil on
cerebral ischemia-induced cyclic guanosine
monophosphate alteration, and observed a decrease in
cyclic guanosine monophosphate level after transient
cerebral ischemia.

We demonstrated that treatment with tadalafil
significantly increased cyclic guanosine monophosphate
level, suppressed thyrosin hydroxylase expression, and
increased cerebral ischemia-induced expression of
dopamine D, receptor in the striatum and substantia
nigra in a dose-dependent manner.

Results from this study suggest that tadalafil treatment
can suppress cerebral ischemia-induced excessive
dopamine expression in the striatum and substantia
nigra. These results also indicate that treatment with
phosphodiesterase type-5 inhibitors promotes
neurological function recovery of embolic stroke™®!.
Taken together, a phosphodiesterase type-5 inhibitor,
tadalafil, can ameliorate cerebral ischemia-induced
dopaminergic changes, thus, it might facilitate recovery
after cerebral ischemic injury.

MATERIALS AND METHODS

Design
Randomized, controlled, animal experiments.
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Time and setting

This study was performed in Gachon University of
Medicine and Science and College of Medicine, Kyung
Hee University, Republic of Korea from March 2010 to
September 2011.

Materials

Forty adult male Mongolian gerbils, weighing 70 £ 5 g,
aged 15 weeks, obtained from a commercial breeder
(Orient Co, Seoul, Korea), were used for the experiments.
Each animal was housed under controlled temperature
(22 £ 2°C) and lighting (08:00—20:00) conditions with
food and water made available ad libitum during the
entire period of study. All experimental procedures were
performed in accordance with the animal care guidelines
of the National Institutes of Health (NIH) and the Korean
Academy of Medical Sciences (http://www.kams.or.kr/).

Methods

Induction of transient global ischemia and tadalafil
treatment

A previously described surgical procedure was used for
induction of transient global ischemic injury of the
cerebrum™.. In brief, gerbils were anesthetized with
Zoletil 50° (10 mg/kg, intraperitoneal; Vibac Laboratories,
Carros, France) and bilateral neck incisions were made.
After neck dissection, both common carotid arteries were
exposed and occluded with aneurysm clips for 5 minutes;
the clips were then removed in order to restore cerebral
blood flow. Body and rectal temperature was maintained
at 36 + 0.5°C during surgery using a Homeothermic
Blanket Control Unit (Harvard Apparatus, Massachusetts,
MA, USA), and the gerbils were monitored for 2 hours to
prevent hypothermia after the operation. For the
sham-operation group, the same procedures, except for
the common carotid artery occlusions, were performed
according to the same timeline. Tadalafil-treated groups
received tadalafil (Cialis®: Eli Lilly Co, Indianapolis, IN,
USA) orally in distilled water once a day for 7
consecutive days, starting 1 day after surgery. The other
groups received the same dose of distilled water only
instead of tadalafil administration for the same period.
The study timeline is presented in Figure 1.

Tissue preparation

The gerbils were sacrificed 1 day after the last
administration of tadalafil or distilled water (8 days after
the operation). The animals were anesthetized using
Zoletil 50® (10 mg/kg, intraperitoneal; Vibac
Laboratories), followed by transcardial perfusion with
50 mM PBS, and fixed with a freshly prepared solution
consisting of 4% paraformaldehyde in 100 mM
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phosphate buffer (pH 7.4). Brains were harvested,
post-fixed in the same fixative overnight, and transferred
to 30% sucrose for cryoprotection. Coronal sections

(40 um thick) were made using a freezing microtome
(Leica, Nussloch, Germany). Ten consecutive sections
on average in the striatum and substantia nigra were
collected from each gerbil, and 40-50 sections were
used.

Measurement of cyclic guanosine monophosphate
production

In order to determine the effect of tadalafil on cyclic
guanosine monophosphate production, cyclic guanosine
monophosphate assay!*”! was performed according to
the manufacturer’s instructions using a commercially
available cyclic guanosine monophosphate competitive
enzyme immunoassay kit (Sapphire Bioscience Pty. Ltd.,
Redfern, Australia).

Thyrosin hydroxylase immunohistochemistry
Following incubation of free-floating tissue sections
overnight with mouse anti-thyrosin hydroxylase antibody
(1:1 000, Santa Cruz Biotechnology, Santa Cruz, CA,
USA) at 4°C, the sections were incubated with
biotinylated anti-mouse secondary antibody (1:200,
Vector Laboratories, Burlingame, CA, USA) at 4°C for

1 hour. The sections were subsequently incubated with
avidin-biotin-peroxidase complex (Vector Laboratories)
for 1 hour at room temperature. Immunoreactivity was
visualized by incubating the sections in a solution
consisting of 0.05% 3,3-diaminobenzidine and 0.01%
H,0, in 50 mM Tris-buffer (pH 7.6) for approximately

3 minutes. The sections were then washed three times
with PBS and mounted onto gelatin-coated slides. The
slides were air-dried overnight at room temperature, and
cover slips were mounted using Permount® (Fisher
Scientific, Hampton, NH, USA).

Western blot analysis for dopamine D, receptor
expression

Striatum and substantia nigra tissues were collected, and
were immediately frozen at —70°C. These tissues were
homogenized on ice, and lysed in a lysis buffer
containing 50 mM hydroxyethyl piperazine
ethanesulfonic acid (pH 7.5), 150 mM NacCl, 10%
glycerol, 1% Triton X-100, 1 mM phenylmethyl
sulfonylfluoride, 1 mM ethylene glycol tetraacetate,

1.5 mM MgCl,*6H,0, 1 mM sodium orthovanadate, and
100 mM sodium flouride. A Bio-Rad colorimetric protein
assay kit (Bio-Rad Laboratories, Hercules, CA, USA)
was used for measurement of protein content. Protein
(30 pg) was separated on sodium dodecyl sulphate-

polyacrylamide gels and transferred onto a nitrocellulose
membrane. Mouse anti-actin antibody (1:500; Santa
Cruz Biotechnology) and mouse dopamine D, receptor
antibody (1:1 000; Santa Cruz Biotechnology) were used
as the primary antibodies for 24 hours at 4°C.
Horseradish peroxidase-conjugated anti-mouse antibody
for dopamine D, receptor (1:2 000; Vector Laboratories)
was used as the secondary antibody. All experimental
procedures were performed in normal laboratory
conditions and at room temperature; however,
membrane transfers were performed at 4°C using a cold
pack and pre-chilled buffer. Band detection was
performed using an enhanced chemiluminescence
detection kit (Santa Cruz Biotechnology).

Data analysis

For comparison of the relative expression of proteins, the
detected bands were calculated densitometrically using
Molecular Analyst™, version 1.4.1 (Bio-Rad
Laboratories). The numbers of thyrosin
hydroxylase-positive cells in the substantia nigra were
counted. The area of the striatum and substantia nigra
on each section was measured using an Image-Pro®
Plus computer-assisted image analysis system (Media
Cyberbetics, Silver Spring, MD, USA) attached to a light
microscope (Olympus, Tokyo, Japan). The numbers of
thyrosin hydroxylase-positive cells in the substantia nigra
were counted hemilaterally through a light microscope
(Olympus). The density of thyrosin hydroxylase-
immunoreactive fibers in the striatum was measured in
100 pm % 100 pym square images of the striatum using an
image analyzer (Multiscan, Fullerton, CA, USA). To
estimate the thyrosin hydroxylase staining density, the
optical density was corrected for the nonspecific
background density, which was measured in the
completely denervated parts of the striatum. The density
ratio of thyrosin hydroxylase-positive fibers in the
striatum was calculated as follows: the absorbance in the
lesion side divided by the absorbance in the intake
sidel®.

All results were statistically analyzed using SPSS for
Window, version 20.0 (SPSS, Chicago, IL, USA).
One-way analysis of variance followed by Duncan's
post-hoc test was used in performance of statistical
analysis and the results are expressed as mean + SEM.
Significance was set as P < 0.05.

Funding: This study was supported by the Research Fund of
Gachon University Gil Medical Center in 2011 and the National
Research Foundation of Korea funded by the Korean
Government, No. 2012R1A1A1013173.
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