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Impact of Nebulized Sildenafil on
Lung Histology in a Murine Model of
Chronic Asthma

Nebulize Sildefanilin Bir Astim Fare Modelinde
Akciger Histolojisi Uzerine Etkisi

ABSTRACT Objective: Sildenafil, which is used for the treatment of erectile dysfunction, has
been shown to inhibit inflammation in an animal model of asthma. We aimed to determine the
impact of nebulized sildenafil on lung histology in a murine model of chronic asthma. Material and
Methods: Forty-two BALB/c mice were divided into six groups; A, B, C, D, E, and the control gro-
up. All groups except controls were sensitized and challenged with ovalbumin. Then, mice in Gro-
up A received nebulized saline. Nebulized sildenafil citrate was administered to Group B, C, and D
at concentrations of 0.035 mg/ml, 0.07 mg/ml, and 0.105 mg/ml respectively, and nebulized bude-
sonide was administered at a concentration of 0.25 mg/ml to Group E for 15 minutes once a day,
for a week. Animals were sacrificed 24 hours after the last inhalational exposure and the airway sam-
ples were evaluated histologically by light and electron microscopy. Results: All the histologic pa-
rameters of asthma in Group B were significantly ameliorated when compared to the ones in Group
A.In Groups C and D, all the parameters except thicknesses of subepithelial smooth muscle layers
were significantly improved when compared to Group A. Thicknesses of basement membrane, su-
bepithelial smooth muscle, and epithelium were significantly smaller in Group B than Group E.
Thicknesses of basement membrane and subepithelial smooth muscle were significantly smaller in
Group C than Group E. Thickness of subepithelial smooth muscle was significantly smaller in Gro-
up D than Group E. Conclusion: The responses regarding improvement in asthma pathology were
found better with all doses of nebulized sildenafil than placebo and even nebulized steroid.

Key Words: Sildenafil; asthma; mice, inbred BALB C

OZET Amag: Erektil disfonksiyonun tedavisinde kullanilan sildenafilin bir astim hayvan mode-
linde inflamasyonu inhibe ettigi gosterilmistir. Biz ilk kez bir kronik astim fare modelinde ak-
ciger histolojisi iizerine nebulize sildenafilin etkisini aragtirmay1 amagladik. Gereg ve Yontemler:
Kirk iki BALB/c fare alt1 gruba ayrildi; A, B, C, D, E ve kontrol grubu. Kontroller disindaki tiim
fareler ovalbumin ile duyarlilastirildi ve provake edildi. Daha sonra Grup A’daki fareler nebu-
lize salin, Grup B, C ve D’dekiler siras1 ile 0.035 mg/ml, 0.07 mg/ml ve 0.105 mg/ml konsantras-
yonlarda nebulize sildenafil sitrat, Grup E’deki fareler 0.25 mg/ml konsantrasyonda nebulize
budesonidi giinde 15 dakika olmak iizere bir hafta boyunca aldi. Hayvanlar son inhalasyon ma-
ruziyetinden 24 saat sonra sakrifiye edildi ve havayolu 6rnekleri histolojik olarak 1s1k ve elek-
tron mikroskop ile degerlendirildi. Bulgular: Grup B’de astima ait tiim histolojik parametreler
Grup A ile kargilagtinldiginda anlaml olarak diizeldi. Grup C ve D’de subepitelyal diiz kas ka-
Iinhig1 disindaki tiim parametreler Grup A ile karsilastirildiginda anlamli olarak iyilesti. Bazal
membran, subepitelyal diiz kas ve epitel kalinliklar1 Grup B’de Grup E’ye gére anlamli olarak az-
di. Bazal membran ve subepitelyal diiz kas kalinliklar1 Grup C’de Grup E’ye gére anlaml olarak
azd1. Grup D’de subepitelyal diiz kas kalinlig1 Grup E’den anlamli olarak daha azdi. Sonug: Tiim
dozlardaki nebulize sildenafil, astimda iyilesmeyi gosterecek sekilde plasebodan ve hatta nebu-
lize steroidden daha iyi sonug verdi.

Anahtar Kelimeler: Sildenafil; astim; fare, inbred BALB C
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sthma is a chronic disease characterized by
Areversible airway obstruction, airway inf-

lammation and remodeling.! Current stra-
tegies for the management of asthma focus on
suppressing airway inflammation.? Inhaled gluco-
corticoids are currently the mainstay of asthma
therapy although several side effects may occur
when they are used at high doses or for a prolonged
time.? Airway remodeling is progressive structural
changes in the composition, content, and organi-
zation of the cellular and molecular constituents of
the airway wall.* Although current asthma thera-
pies are effective in reducing inflammation, airway
remodeling is poorly responsive to current thera-
pies, such as inhaled corticosteroids, antileukotrie-
nes, and theophylline.*® Thus, new therapeutic
options are required.

Phosphodiesterases (PDE) are the major cataly-
sing enzymes of hydrolysis of the cyclic adenosine
monophosphate (cAMP) and cyclic guanosine mo-
nophosphate (¢cGMP).¢ Inhibitors of PDE allow the
elevation of cAMP and cGMP which lead to airway
smooth muscle relaxation and inhibition of cellular
inflammation.” Toward et al.® reported that the
PDES inhibitor, sildenafil, inhibits inflammation
and airway reactivity in an animal model of airway
disease. However, there is no evidence that sildefa-
nil affects airway structure and influences airway
remodeling. The aim of the study was to investiga-
te the efficacy of nebulized sildenafil on lung histo-
logy in a murine model of asthma for the first time.

I MATERIAL AND METHODS
EXPERIMENTAL ANIMALS

Pathogen free, 6- to 8-week-old, male BALB/c mi-
ce, weighing 18 to 20 g, were purchased from Bor-
nova Veterinary Control and Research Institute
(Izmir, Turkey) and maintained in the pathogen-
free animal laboratory of Dokuz Eylul University.
They were kept in hygenic macrolene cages with
food and water allowed ad libitum in air-conditio-
ned rooms on a 12 hour light/12 hour dark cycle.
All experimental procedures complied with the re-
quirements of the Animal Care and Ethics Com-
mittee of the Dokuz Eylul University. Forty two
mice were divided into six groups, the study groups
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A, B, C, D, E, and the control group each including
seven mice.

SENSITIZATION AND INHALATIONAL EXPOSURE

BALB/c mice are high responders to ovalbumin.’
The mice in the study Groups A, B, C, D, E were
sensitized via two intraperitoneal injections, on
days 0 and 14 of the experiment, with 10 pg/0.1
mL chicken egg albumin (ovalbumin, grade V,
>98% pure; Sigma, St. Louis, MO, USA) that con-
tained alum as an adjuvant. The mice in the study
Groups A, B, C, D, E were then exposed to aeroso-
lized ovalbumin for 30 min per day, on three days
of the week, for eight weeks, beginning from the
21st day of the study. The mice in control group
received normal saline with alum intraperitone-
ally on days 0 and 14 of the experiment and aero-
solized saline without alum for 30 min per day, on
three days of the week, for eight weeks, beginning
from the 21st day of the study.”!° Exposures were
carried out in a whole body inhalation exposure
system. Temperature and relative humidity were
maintained at 20-25°C and 40-60%, respectively.
A solution of 2.5% ovalbumin in normal saline was
aerosolised by delivery of compressed air to a si-
destream jet nebuliser and injected into a cham-
ber. The aerosol generated by this nebuliser
comprised >80% particles with a diameter of <4
pm. Particle concentration was maintained in the
range of 10-20 mg/mm.3.10!

STUDY DRUGS

Mice with experimentally induced chronic asthma
in Group A received nebulized saline (placebo),
Groups B, C, and D received nebulized sildenafil
citrate dissolved in saline at the concentrations of
0.035 mg/ml, 0.07 mg/ml, and 0.105 mg/ml respec-
tively, and Group E was given nebulized budeso-
nide once a day for 15 minutes in the last week of
the challenge period by the same system used for
administration of aerosolized ovalbumin. Aeroso-
lized sildenafil citrate dose of 0.07 mg/ml was
choosen similar to another study conducted with
BALB/c mice.!? Sildenafil citrate was kindly dona-
ted by Fako Drug Industry (Istanbul, Turkey). Al-
though nebulized sildenafil citrate was not
available in the market, it was prepared as done in
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a previous study." Group E was treated with inha-
lation of 1 mg budesonide aerosol (0.25 mg/ml)."

HISTOLOGIC AND MORPHOMETRIC ANALYSIS

Two investigators blinded to the treatment groups
interpreted the histology. Animals were sacrificed by
an overdose of ketamine 24 hours after the last drug
administration, and tissue specimens were taken
from the mid zone of the left lung of mice. For light
microscopic evaluation, samples were fixed in 10%
formalin. Some tissue samples were stocked in 2.5%
gluteraldehyte for electron microscopic evaluation.

After samples were embedded in paraffin for
light microscopic evaluation, serial sections with 5
micrometer thickness were obtained. The first secti-
on was selected randomly, and afterwards ten secti-
ons in each mouse were chosen by skipping over ten
sections and proceeded to staining process. Three dif-
ferent staining processes were used for light micros-
copic evaluation. General tissue features were
examined and thicknesses of epithelium and subepit-
helial smooth muscle layers of the medium and small
airways were measured in the first ten samples which
were stained with hematoxylin and eosin (H&E).

The consecutive ten sections were stained
with toluidine blue and the other ten sections with
periodic acid shiff (PAS).

The thicknesses of epithelium and subepithe-
lial smooth muscle layers were measured from fo-
ur points of each airway at levels of 3, 6, 9 and 12
o’clock. As each section contained two to three air-
ways, nearly twenty or more airways were evalua-
ted in each mouse. Photomicrographs were taken
by JVC TK-890-E camera (Japan) which was adap-
ted on Olympus BH-2 RFCA model microscope
(Olympus Optical Co. Ltd, Tokyo, Japan). The his-
tological analysis was carried out with UTHSCSA
Image Tool for Windows Version 3.00 software.

A standard transparent counting frame repre-
senting an area of 16400 square micrometers was
manually used for mast cell enumaration. Photo-
micrographs were taken randomly from five fields
of each section which were stained with toluidine
blue. For each mouse, eight fields in each photog-
raph were examined.

Turkiye Klinikleri ] Med Sci 2010;30(2)

In ten sections of each mouse, goblet cells sta-
ined with PAS were enumerated. Randomly selec-
ted three to five airways were photographed in
each section. Circumferences of all airways were
measured and goblet cell numbers in these areas
were recorded. Goblet cell numbers in 100 microns
were analyzed by division of total goblet cell num-
ber to the total length of airway circumferences
and multiplying the result by one hundred.

Tissues were embedded in EPON for electron
microscopic evaluation. Airways were marked
from the semithin sections by light microscope. Ul-
trathin sections were stained with uraniyl acetate
and lead citrate. Libra 120 Carl Zeiss electron mic-
roscope (Oberkochen, Germany) was used for this
evaluation. Five to seven ultrathin sections were
taken from each two blocks in each mouse and ep-
ithelium of the airway, the surrounding structures,
and the intercellular connections were evaluated.
Eight to ten areas were photographed in each mo-
use by Trondle (2048 x 2048 pixel) digital camera
which was attached to the electron microscope.
thickness of the basement membrane of the respi-
ratory epithelium was measured at twenty points
which had equal distances to each other.!!

STATISTICAL ANALYSIS

SPSS 11 package program was used in the statisti-
cal analysis. Data were presented as mean =+ stan-
dard deviation (SD) (minimum-maximum) of seven
animals in each group. The comparisons between
all groups were conducted by using Kruskal-Wal-
lis method. When differences were statistically sig-
nificant, Mann-Whitney U test was used for inter-
group comparisons. A p< 0.05 was considered sta-
tistically significant.

I RESULTS

In order to show that the model of asthma was es-
tablished, we compared control group (non asth-
matic) with Group A (asthmatic, placebo). In the
chronic asthma group (placebo), the numbers of
mast cells as well as the thicknesses of basement
membrane, epithelium, and subepithelial smooth
muscle layer were significantly higher when com-
pared to the control group (p< 0.01, p< 0.01, p<
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0.01, p< 0.01 respectively). The numbers of goblet
cells were higher in asthma group than the control
group, but it was not statistically significant.
These results suggested that the model was
successfully established. In Table 1, data of each

group were presented as mean + SD of seven ani-
mals.

In Group B (sildenafil 0.035 mg/ml); the thick-
nesses of basement membrane, epithelium, and su-

bepithelial smooth muscle layer as well as the num-
ber of mast and goblet cells were significantly
smaller than the asthma group (Group A) (p< 0.01,
p< 0.01, p< 0.01, p< 0.01, p< 0.01).

Group C (sildenafil 0.07 mg/ml) and Group D
(sildenafil 0.105 mg/ml) had significantly lower
number of mast and goblet cells and decreased
thickness of basement membrane and epithelium
when compared to the asthma Group (Group A).

TABLE 1: Comparisons between placebo and control groups.

Placebo
Basement membrane thickness (nm)

10.65 + 2.06
(6.45-13.03)
3250+ 8.70
(20.34-45.12)
115+ 054
(0-2.2)
2.22+0.83
{1-3)

Subepithelial smooth muscle thickness (um)

Epithelial thickness (um)

Numbers of mast cells /16400 (um?)

Numbers of goblet cells/100{um)

651.47 + 99.72
(485.35-770.23)

Control p
299.68 + 37.53 <0.01
(245.19-380.25)

7.06 +1.42 <0.01
(5.02-9.65)

19.27 £1.56 <0.01
(16.34-21.5)

0.39+£0.22 <0.01

(0-0.7)
1.33 £ 0.81 0.08
{0-2)

Data were presented as mean + SD (min-max) of 7 animals in each group.

TABLE 2: Comparisons between placebo and nebulized sildenafil citrate groups.

0.035 mg/ml
247.45 + 65.87
(174.83-447.77)

#

6.25 +1.84
(3.33-9.04)
4§
14.34 £ 1.70
(11.49-16.81)
o
0.33+0.61
(0-2)

*

Basement membrane thickness (nm)

Subepithelial smooth muscle thickness (pm)

Epithelial thickness (um)

Numbers of mast cells / 16400 (um2)

0.4+0.54
1)

*

Numbers of goblet cells / 100um

Nebulized sildenafil citrate

0.07 mg/ml 0.105 mg/ml Placebo
279.02 £ 73.60 342.37 £ 95.89 651.47 £ 99.72
(161.18-398.66) (203.92-563.02) (485.35-770.23)

971214 9.86 +2.34 10.65 £ 2.06
(5.66-13.06) (6.83-13.68) (6.45-13.03)
22.63+2.36 23.33+1.87 3250+ 8.70
(18.85-27.3) {19.98-25.93) (20.34-45.12)
0.2+0.41 0.33 +0.61 1.15+£ 0.54
(0-1) (0-2) (0-22)
0.2+ 044 0.8+0.83 2.22+0.83
(0-1) (0-2) (1-3)

*1 p< 0.01 in groups vs. placebo, ** p< 0.05 in groups vs. placebo

: p<0.01in 0.035 mg/ml vs. 0.07 mg/ml sildenafil groups

#:p<0.01in 0.035 mg/ml vs 0.105 mg/ml sildenafil groups

Data were presented as mean + SD (min-max) of 7 animals in each group.
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Thicknesses of subepithelial smooth muscle layers
were not different in these groups when compared
to the asthma group (Group A) (Table 2).

Thicknesses of basement membrane, subepit-
helial smooth muscle, and epithelium were signifi-
cantly smaller in Group B (sildenafil 0.035 mg/ml)
than Group E (budesonide) (p< 0.01, p< 0.01, p<
0.01) (Table 3). Thicknesses of basement membrane
and subepithelial smooth muscle were significantly
smaller in Group C (sildenafil 0.07 mg/ml) than
Group E (budesonide) (p< 0.01, p< 0.01). Thickness
of subepithelial smooth muscle was significantly
smaller in Group D (sildenafil 0.105 mg/ml) than
Group E (budesonide) (p< 0.01). In Figure 1A-1E,
histological views of the airways taken by light and
electron microscopes of Group A - E were shown
respectively. When three different doses of nebuli-
zed sildenafil citrate were compared to each other,
thicknesses of subepithelial smooth muscle and ep-
ithelium were found significantly smaller in Group
B (sildenafil 0.035 mg/ml) than Group C (sildenafil
0.07 mg/ml) (p< 0.01, p< 0.01). Thicknesses of base-
ment membrane, subepithelial smooth muscle, and
epithelium were smaller in Group B (sildenafil
0.035 mg/ml) than Group D (sildenafil 0.105 mg/ml)
(p< 0.01, p< 0.01, p< 0.01). No difference was found
between the nebulized sildenafil citrate doses of
0.07 mg/ml and 0.105 mg/ml (Table 2).

I DISCUSSION

Airway inflammation in asthma causes subsequent
structural changes called as remodeling.’> The

structural changes in asthmatic airways occur as a
result of an injury/repair process. Currently, drugs
used for the treatment of asthma have a little ef-
fect on airway remodeling.'® Thus, we aimed to in-
vestigate the efficacy of nebulized sildenafil
especially on remodeling in a murine model of
chronic asthma.

Remodeling includes goblet cell hyperplasia in
the epithelium, mucous gland hyperplasia, reticu-
lar basement membrane thickening, increased vas-
cularity of mucosa, and thickening of the smooth
muscle layer.' In our study, the structural changes
observed in the asthmatic group revealed that the
model was established properly.

Sildenafil, a PDES inhibitor, is frequently used
for the treatment of erectile dysfunction.!® PDES5 is
expressed in pulmonary vascular smooth muscle,
bronchial blood vessels and airway smooth musc-
le.? Airway smooth muscle plays an important
role in airway inflammation and remodeling.?! The
inhibition of PDE5 leads to an increase in cGMP
levels and causes protein kinase G dependent smo-
oth muscle relaxation.”? High cAMP levels after
PDE4 inhibition also causes bronchodilation de-
pendent on protein kinase C and G,” and suppres-
sion of inflammation.?* There is evidence that
cAMP plays an important regulatory role in the
pathophysiology of asthma.?® cAMP also inhibits
PDES and allows increase in cGMP levels.?® PDE4
and PDES5, which predominate in airway epitheli-
al cells, hydrolyze most of the cAMP and cGMP.”
Similar inflammatory activities of cAMP and

TABLE 3: Comparisons between nebulized sildefanil (0.035 mg/ml) and nebulized budesonide groups.
Nebulized sildenafil citrate (0.035 mg/ml) Nebulized budesonide  p
Basement membrane thickness (nm) 247.45 + 65.87 366.49 + 104.62 < 0.01
(174.83-447.77) (71.35-494.48)
Subepithelial smooth muscle thickness (um) 6.25+1.84 13.39 £+2.42 <0.01
(3.33-9.04) (9.84-17.48)
Epithelial thickness (um) 14.34 £ 1.70 2754 £7.22 <0.01
(11.49-16.81) (13.96-36.54)
Numbers of mast cells /16400 (um?) 0.33+0.61 0.4 +0.63 0.718
(0-2) (0-2)
Numbers of goblet cells / 100 {um) 0.4+ 0.54 2.8+2.77 0.219
(0-1) {0-6)
Data were presented as mean ® SD (min-max) of 7 animals in each group.
Turkiye Klinikleri ] Med Sci 2010;30(2) 709
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FIGURE 1A: (Placebo group): In asthma group, light microscopic findings re-
vealed distrupted respiratory epithelium (Ep) and pericapillary (Ca) mononuclear
cell (Mn) infiltration and increased thickness of smooth muscle layer. In the high-
power, PAS (+) goblet cells (G) were seen. In electron microscopy, apical cyto-
plasm (A) of goblet cells were degranulated, the surface of epithelium was covered
with mucus (M), ciliary structure (S) was normal. Basement membrane (Bm).

FIGURE 1C: (Nebulized sildenafil 0.07 mg/ml): In light microscopy, respi-
ratory tract epithelium (Ep) and surrounding structures were normal. In elec-
tron microscopy, cilia (S) and epithelial cells (Ep) were normal. Integrity of
basement membrane (Bm) was not disrupted, apical part of the goblet cells
were full of secretory granules (Sg).

c¢GMP create the opportunity of new drug deve-
lopment for treatment of asthma via regulation of
cGMP 8195

PDE4 inhibitors have been recently investiga-
ted as new treatment options in asthma.?® LASSBi-
0596, a novel PDE4 and 5 inhibitor, ameliorated
morphometrical and mechanical changes of lung in
a mouse model of asthma.”” PDE4 and PDES inhi-
bitors may have similar anti-inflammatory proper-
ties. In one study, sildenafil inhibited airway
hyperresponsiveness, leucocyte infiltration and ex-
haled nitric oxide levels after allergen exposure in
sensitized guinea-pigs.® It conflicts with another
study which indicated that sildenafil produced any
significant anti-inflammatory effect in a mouse
model of asthma.?®* However, in these two studies,
different animals, drug doses and routes were used.
It is known that inhalation drug therapy has lower
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ings, respiratory epithelium (Ep) was regular. In small figure, the length of ep-
ithelium was normal, thickness of smooth muscle was decreased and goblet
cells were not detected. Capillary section (Ca). In electron microscopy, api-
cal cytoplasm of secretory granules (Sg), whole epithelial cells (Ep) and cili-
ary structure (S) were normal.

T TR L
g .&j_ﬁgp‘*

-

FIGURE 1D: (Nebulized sildenafil 0.105 mg/ml): In light microscopy, gen-
eral structure was normal. Capillary section (C). In small figures, Goblet cells
(Ge), smooth muscle cells (Dh), perivasculary mast cells (M) with toluidine
blue staining were seen. In electron microscopy, epithelial cells and ciliary
structure (S) were normal, apical cytoplasm of some Goblet cells were full of
secretory granules (Sg). Basement membrane (Bm) was seen normal.

FIGURE 1E: (Nebulized budesonide): Goblet cells (G) and smooth muscle
cells (Dh) were seen in light microscopy. Epithelial cells (Ep) with and with-
out cilia and Goblet cells (G) were shown in electron microscopy.

systemic side effects and increased local efficacy in
target organ, in our case, the lung.®' In our study,
nebulized sildenafil, was used in a murine model
of asthma for the first time. We evaluated the effi-
cacy of three different doses of nebulized sildena-
fil and best improvement was achieved with the

Turkiye Klinikleri ] Med Sci 2010;30(2)
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smallest dose at a concentration of 0.035 mg/ml. In
accordance with our results, Toward et al.® sugges-
ted that low dose sildenafil attenuated bronchial
hyperreactivity and inflammation. However, in an-
other study, repeated administrations of high do-
ses of sildenafil showed no positive effect on
bronchial hyperreactivity and inflammation in sen-
sitized BP2 mice.* In our study, the improvement
of asthma was found with all doses of nebulized sil-
denafil when compared to placebo and even com-
pared to nebulized steroid.

Nitric oxide inhibits histamine mediated vaso-
dilatation, vasopermeation and leucocyte-endothe-
lial which
cell-dependent processes.® It also inhibits prolifera-

cell attachment are all mast
tion of airway smooth muscle, thus may protect aga-
inst airway remodeling. cGMP, a second messenger
in airway smooth muscle, has important relaxant
and antiproliferative effects.** Smooth muscle cells
in asthma can produce chemokines and cytokines
which may cause airway remodeling.* We suggest
that the favourable effect of nebulized sildenafil on
airway remodeling might come along via those inhi-

bitory mechanisms.

There were some limitations of our study such
as cytokine levels could not be evaluated and the
results found in our study may not translate to pos-
itive findings in human clinical trials. In addition,
the short treatment period for improvement in air-
way remodeling is another limitation of the cur-
rent study. Here, to determine the effect of
nebulized sildenafil in the treatment of chronic ast-
hma, we evaluated only histological changes. Most
of the asthma models are devoid of the chronic his-
topathologic changes seen in human asthma beca-
use of short term exposure to inhaled antigen.
Temelkovski et al.” suggested that this experimen-
tal model replicated many features of human ast-
hma. Although we could only evaluate the
histological changes of asthma, the validity of our
method increases the value of our study.

Our results pointed to the ameliorating effect
of nebulized sildenafil on the chronic changes in
the airways of asthmatic mice for the first time.
Further studies with long term treatments which
evaluate the effects of sildenafil on lung inflamma-
tion and remodeling are needed.

I REFERENCES

Hansel TT, Barnes PJ. Novel drugs for treat- 7. Fan Chung K. Phosphodiesterase inhibitorsin ~ 11. Babayigit A, Olmez D, Karaman O, Bagriyanik
ing asthma. Curr Allergy Asthma Rep airways disease. Eur J Pharmacol HA, Yilmaz O, Kivcak B, et al. Ginseng ame-
2001;1(2):164-73. 2006;533(1-3):110-7. liorates chronic histopathologic changes in a
Kumar RK. Understanding airway wallremod- 8, Toward TJ, Smith N, Broadley KJ. Effect of rznouorgl'zg;?g)ﬂgtgsthma. Allergy Asthma Proc
eling in asthma: a basis for improvements in phosphodiesterase-5 inhibitor, sildenafil (Vi- R _
therapy? Pharmacol Ther 2001;91(2):93-104. agra), in animal models of airways disease. 12 Lagente V, Naline E, Guenon |, Corbel M, Boi-
Rizzo MC, Solé D. Inhaled corticosteroids in Am J Respir Crit Care Med 2004;169(2):227- :;h:s‘mE' siﬁ‘gﬁf:rgothsft:'O?e:t't:';ai’ggfar:d
th? treatment OT respiratory allergy. safety vs. 3 anti-in?lammatory activities J Pharmacol Exp
efficacy. J Pediatr (Rio J) 2006:82(5 Suppl): g TemelkovskiJ, Hogan SP, Shepherd DP, Fos- Ther 2004:310(1):367-75

5198-205 or 2004;310(1):367-75.

’ ter PS, Kumar RK. An improved murine model . . .

) . ) Lo S ) . 13. Ichinose F, Erana-Garcia J, Hromi J, Raveh
Sumi Y, Hamid Q. Airway remodeling in of asthma: selective airway inflammation, ep- Y. Jones R. Krim L. et al. Nebulized sildenafil
asthma. Allergol Int 2007;56(4):341-8. ithelial lesions and increased methacholine re- is’ asel ecti\;e pulménary'vasodil ator in lambs
Payne DN, Rogers AV, Adelroth E, Bandi V, sponsiveness following chronic exposure to with acute pulmonary hypertension. Crit Care
Guntupalli KK, Bush A, et al. Early thickening aerosolised allergen. Thorax 1998;53(10):849- Med 2001;29(5):1000-5.
of the reticular basement membrane in chil- 56. 14. Gong PH, Gao ZC, Hu P, Xu Y. Investigation
dren with difficult asthma. Am J Respir Crit 10, Uzuner N, Kavukgu S, Yilmaz O, Ozkal S, of the measurement of murine ainway hyper-

Care Med 2003;167(1):78-82.

Torphy TJ. Phosphodiesterase isozymes: mo-
lecular targets for novel antiasthma agents. Am
J Respir Crit Care Med 1998;157(2):351-70.

Turkiye Klinikleri ] Med Sci 2010;30(2)

Islekel H, Karaman O, et al. The role of L-car-
nitine in treatment of a murine model of
asthma. Acta Med Okayama 2002;56(6):295-
301.

responsiveness and the therapeutic effects of
budesonide on ovalbumin sensitized and chal-
lenged mice. Chin Med J (Engl)
2005;118(23):1959-64.

711



Karaman ve ark.

Cocuk Saglig ve Hastaliklar1

15.

16.

17.

18.

19.

20.

21.

22.

Tagaya E, Tamaoki J. Mechanisms of airway
remodeling in asthma. Allergol Int
2007;56(4):331-40.

Bergeron C, Boulet LP. Structural changes in
airway diseases: characteristics, mechanisms,
consequences, and pharmacologic modula-
tion. Chest 2006;129(4):1068-87.

Kips JC, Pauwels RA. Airway wall remodel-
ling: does it occur and what does it mean? Clin
Exp Allergy 1999;29(11):1457-66.

inci K, Ergen A. [The first line oral pharma-
cotherapy for the treatment of erectile dys-
function]. Turkiye Klinikleri J Surg Med Sci
2007;3(38):26-33.

Raeburn D, Souness JE, Tomkinson A, Karls-
son JA. Isozyme-selective cyclic nucleotide
phosphodiesterase inhibitors: biochemistry,
pharmacology and therapeutic potential in
asthma. Prog Drug Res 1993;40:9-32.

Sebkhi A, Strange JW, Phillips SC, Wharton
J, Wilkins MR. Phosphodiesterase type 5 as
a target for the treatment of hypoxia-induced
pulmonary  hypertension.  Circulation
2003;107(25):3230-5.

Panettieri RA Jr, Kotlikoff MI, Gerthoffer WT,
Hershenson MB, Woodruff PG, Hall IP, et al.
National Heart, Lung, and Blood Institute. Am
J Respir Crit Care Med 2008;177(3):248-52.

Nijkamp FP, Folkerts G. Nitric oxide and
bronchial hyperresponsiveness. Arch Int Phar-
macodyn Ther 1995;329(1):81-96.

712

28.

24,

25.

26.

27.

28.

29.

Torphy TJ. Beta-adrenoceptors, cAMP and
airway smooth muscle relaxation: challenges
to the dogma. Trends Pharmacol Sci
1994;15(10):370-4.

Toward TJ, Broadley KJ. Goblet cell hyper-
plasia, airway function, and leukocyte infiltra-
tion after chronic lipopolysaccharide exposure
in conscious Guinea pigs: effects of rolipram
and dexamethasone. J Pharmacol Exp Ther
2002;302(2):814-21.

Nejman-Gryz P, Grubek-Jaworska H,
Glapiniski J, Hoser G, Chazan R. Effects of the
phosphodiestrase-4 inhibitor rolipram on lung
resistance and inflammatory reaction in ex-
perimental asthma. J Physiol Pharmacol
2006;(57 Suppl 4):229-39.

Pelligrino DA, Wang Q. Cyclic nucleotide
crosstalk and the regulation of cerebral va-
sodilation. Prog Neurobiol 1998;56(1):1-18.

Fuhrmann M, Jahn HU, Seybold J, Neurohr C,
Barnes PJ, Hippenstiel S, et al. Identification
and function of cyclic nucleotide phosphodi-
esterase isoenzymes in airway epithelial cells.
Am J Respir Cell Mol Biol 1999;20(2):292-302.

Dastidar SG, Rajagopal D, Ray A. Therapeu-
tic benefit of PDE4 inhibitors in inflammatory
diseases. Curr Opin Investig Drugs
2007;8(5):364-72.

Campos HS, Xisto DG, Oliveira MB, Teixeira
I, Negri EM, Mauad T, et al. Protective effects
of phosphodiesterase inhibitors on lung func-
tion and remodeling in a murine model of

30.

31.

32.

33.

34,

35.

chronic asthma. Braz J Med Biol Res
2006;39(2):283-7.

Clayton RA, Dick CA, Mackenzie A, Naga-
sawa M, Galbraith D, Hastings SF, et al. The
effect of selective phosphodiesterase in-
hibitors, alone and in combination, on a
murine model of allergic asthma. Respir Res
2004;5:4.

Schiitte H, Grimminger F, Otterbein J,
Spriestersbach R, Mayer K, Walmrath D, et al.
Efficiency of aerosolized nitric oxide donor
drugs to achieve sustained pulmonary va-
sodilation. J  Pharmacol Exp Ther
1997;282(2):985-94.

Al Qadi-Nassar B, Bichon-Laurent F, Portet K,
Tramini P, Amoux B, Michel A. Effects of L-
arginine and phosphodiesterase-5 inhibitor,
sildenafil, on inflammation and airway re-
sponsiveness of sensitized BP2 mice. Fun-
dam Clin Pharmacol 2007;21(6):611-20.

Coleman JW. Nitric oxide: a regulator of mast
cell activation and mast cell-mediated inflam-
mation. Clin Exp Immunol 2002;129(1):4-10.

Hamad AM, Clayton A, Islam B, Knox AJ.
Guanylyl cyclases, nitric oxide, natriuretic pep-
tides, and airway smooth muscle function. Am
J  Physiol Lung Cell Mol Physiol
2003;285(5):L973-83.

Vermeer PD, Harson R, Einwalter LA,
Moninger T, Zabner J. Interleukin-9 induces
goblet cell hyperplasia during repair of human
airway epithelia. Am J Respir Cell Mol Biol
2003;28(3):286-95.

Turkiye Klinikleri ] Med Sci 2010;30(2)



